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Preface

Blood Cells has been written with both the practis-
ing haematologist and the trainee in mind. My aim
has been to provide a guide for use in the diagnostic
haematology laboratory, covering methods of col-
lection of blood specimens, blood film preparation
and staining, the principles of manual and auto-
mated blood counts and the assessment of the
morphological features of blood cells. My objective
has been that the practising haematologist should
find this book sufficiently comprehensive to be a
reference source while, at the same time, the trainee
haematologist and biomedical scientist should find
it a straightforward and practical bench manual.
I'hope that the medically trained haematologist will
gain a fuller understanding of the scientific basis of
an important segment of laboratory haematology
while the laboratory scientist will understand more
of the purpose and clinical relevance of laboratory
tests. I trust it is not too ambitious to hope to be “all
things to all men’. This edition has been expanded to
keep it as comprehensive and up-to-date as possible

and includes more guidance on the further tests that
should be performed for any given provisional
diagnosis. The chapter on supplementary tests now
includes more details on the role of immunopheno-
typing. In addition, cytogenetic and molecular
genetic techniques are discussed briefly. However,
microscopy and the automated full blood count
remain the core of the book. My overriding purpose
has been to show that microscopy not only provides
the essential basis of our haematological practice
but can also lead to the excitement of discovery.
The decline in the number of blood films made
and the increasingly heavy clinical commitments of
any haematologist who is not purely a laboratory
haematologist make this book more than ever neces-
sary. If I succeed in sending the reader back to the
microscope with renewed interest and enthusiasm
I'shall be well satisfied.

Barbara J. Bain
London, 2006
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List of abbreviations

aCML atypical chronic myeloid leukaemia

ACTH adrenocorticotropic hormone

AIDS acquired immune deficiency syndrome

ALL acute lymphoblastic leukaemia

AML acute myeloid leukaemia

ANAE a-naphthyl acetate esterase

ANBE a-naphthyl butyrate esterase

ATLL adult T-cell leukaemia/lymphoma

ATP adenosine triphosphate

B-PLL B-lineage prolymphocytic leukaemia

CAE chloroacetate esterase

CD cluster of differentiation

CDA congenital dyserythropoietic anaemia

CDC Centers for Disease Control

CGL chronic granulocytic leukaemia

CHCM cellular haemoglobin concentration mean
(Technicon H.1 series counters)

CLL chronic lymphocytic leukaemia

CLL/PL CLL, mixed cell type

CML chronic myeloid leukaemia

CMML chronic myelomonocytic leukaemia

CMV cytomegalovirus

CV coefficient of variation

DDAYVP 1-deamino-8-D-arginine vasopressin

DNA deoxyribonucleic acid

EBYV Epstein—Barr virus

EDTA ethylenediaminetetra-acetic acid

ESR erythrocyte sedimentation rate

FAB French—American—British (classifications of
haematological neoplasms)

FBC full blood count

FDA Food and Drug Administration

FISH fluorescence in situ hybridization

FITC fluorescein isothiocyanate

G6PD glucose-6-phosphate dehydrogenase

G-CSF granulocyte colony-stimulating factor

GM-CSF granulocyte macrophage colony-
stimulating factor

GPI glycosylphosphatidylinositol

Hb haemoglobin concentration

Hct haematocrit

HDW haemoglobin distribution width

HELLP haemolysis, elevated liver enzymes and
low platelet (syndrome)

HEMPAS hereditary erythroid multinuclearity
with positive acidified serum test

HES hypereosinophilic syndrome

HHV6 human herpesvirus 6

HIV human immunodeficiency virus

HLA histocompatibility locus antigen

HPFH hereditary persistence of fetal haemoglobin

HPLC high performance liquid chromatography

HTLV-I human T-cell lymphotropic virus I

HTLV-II human T-cell lymphotropic virus II

ICSH International Committee (now Council) for
Standardization in Haematology

IL interleukin

ITP idiopathic (autoimmune) thrombocytopenic
purpura

JMML juvenile myelomonocytic leukaemia

LCAT lecithin-cholesterol acyl transferase

LDH lactate dehydrogenase

LI lobularity index (H.1 series counters)

LUC large unstained cells (H.1 series counters)

MALT mucosa-associated lymphoid tissue

MCH mean cell haemoglobin

MCHC mean cell haemoglobin concentration

M-CSF macrophage colony-stimulating factor

MCV mean cell volume

MDS myelodysplastic syndrome/s

MGG May-Griinwald-Giemsa (stain)

MIRL membrane inhibitor of reactive lysis

MPC mean platelet component concentration

MPM mean platelet mass

MPO myeloperoxidase

MPYV mean platelet volume

MPXI mean peroxidase index (H.1 series counters)

NAP neutrophil alkaline phosphatase



x List of abbreviations

NASA naphthol AS acetate esterase

NASDA naphthol AS-D acetate esterase

NCCLS National /Committee for Clinical
Laboratory Standards

NK natural killer (cell)

NRBC nucleated red blood cell

PAS periodic acid-Schiff (reaction)

PCDW platelet component distribution width

PCH paroxysmal cold haemoglobinuria

PCR polymerase chain reaction

Pct plateletcrit

PCV packed cell volume

PDW platelet distribution width

Peg-rHuMGDF polyethylene glycol recombination
human megakaryocyte growth and development
factor

PHA phytohaemagglutinin

PLL prolymphocytic leukaemia

PMDW platelet mass distribution width

PNH paroxysmal nocturnal haemoglobinuria

POEMS polyneuropathy, organomegaly,
endocrinopathy, M protein, skin changes
(syndrome)

PRV polycythaemia rubra vera

RBC red blood cell count

RDW red cell distribution width

RNA ribonucleic acid

RT-PCR reverse transcriptase polymerase chain
reaction

SBB Sudan black B

SD standard deviation

SI Systeme International

SLVL splenic lymphoma with villous lymphocytes

TNCC total nucleated cell count

T-PLL T-lineage prolymphocytic leukaemia

TRAP tartrate-resistant acid phosphatase

TTP thrombotic thrombocytopenic purpura

WBC white blood cell count

WHO World Health Organization

WIC WBC in the impedance channel (Cell-Dyn
instruments)

WOC WBC in the optical channel (Cell-Dyn
instruments)

Note to the reader

Unless otherwise stated, all photomicrographs have
been stained with a May-Griinwald-Giemsa stain
and have a final magnification of approximately
912.



1 Blood sampling and blood film preparation

and examination

Obtaining a blood specimen

Performing an accurate blood count and correctly
interpreting a blood film require that an appropriate
sample from the patient, mixed with the correct
amount of a suitable anticoagulant, is delivered to
the laboratory without undue delay. No artefacts
should be introduced during these procedures.

The identity of the patient requiring blood sam-
pling should be carefully checked before performing
a venepuncture. This is usually done by requesting
the patient to state surname, given name and date
of birth and, for hospital inpatients, by checking a
wristband to verify these details and, in addition, the
hospital number. To reduce the chance of human
error, bottles should not be labelled in advance. The
person performing the phlebotomy must conform
to local guidelines, including those for patient iden-
tification. Although traditionally more attention has
been given to patient identification in relation to
blood transfusion it should be noted that wrong
treatment has also followed misidentification of
patients from whom samples are taken for a blood
count and identification must also be taken seriously
in this field. More secure identification of inpatients
can be achieved by the use of electronic devices in
which the patient’s identity is scanned in from a bar-
coded wristband by means of a hand-held device.

Patients should either sit or lie comfortably and
should be reassured that the procedure causes only
minimal discomfort; they should not be told that
venepuncture is painless, since this is not so. It is
preferable for apprehensive patients to lie down.
Chairs used for venepuncture should preferably
have adjustable armrests so that the arm can be
carefully positioned. Armrests also help to ensure
patient safety, since they make it harder for a faint-
ing patient to fall from the chair. I have personally
observed one patient who sustained a skull fracture

when he fainted at the end of a venepuncture
and fell forward onto a hard floor, and two other
patients, neither previously known to be epileptic,
who suffered epileptiform convulsions during vene-
puncture. Such seizures may not be true epilepsy,
but consequent on hypoxia following brief vagal-
induced cessation of heart beat [1]. If venepunctures
are being performed on children or on patients
unable to cooperate fully then the arm for vene-
puncture should be gently but firmly immobilized
by an assistant. Gloves should be worn during
venepuncture, for the protection of the person
carrying out the procedure. Non-latex gloves must
be available if either the phlebotomist or the patient
is allergic to latex. The needle to enter the patient
must not be touched, so that it remains sterile.

Peripheral venous blood

In an adult, peripheral venous blood is most easily
obtained from a vein in the antecubital fossa (Fig. 1.1)
using a needle and either a syringe or an evacuated
tube. Of the veins in the antecubital region the
median cubital vein is preferred, since it is usually
large and well anchored in tissues, but the cephalic
and basilic veins are also often satisfactory. Other
forearm veins can be used, but they are often more
mobile and therefore more difficult to penetrate.
Veins on the dorsum of the wrist and hand often have
a poorer flow and performing venepuncture at these
sites is more likely to lead to bruising. This is also
true of the anterior surface of the wrist where, in
addition, venepuncture tends to be more painful and
where there is more risk of damaging vital structures.
Foot veins are not an ideal site for venepuncture and
it is rarely necessary to use them. Injuries that have
been associated with obtaining a blood sample from
the antecubital fossa include damage to the lateral
antebrachial cutaneous nerve [2] and inadvertent
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arterial puncture. Complications are more likely
with the less accessible basilic vein than with the
median antecubital or the cephalic vein. If anterior
wrist veins have to be used there is a risk of damage
to the radial or ulnar nerve or artery. Use of foot
veins is more likely to lead to complications, e.g.
thrombosis, infection or poor healing.

When a vein is identified it is palpated to ensure
it is patent. A patent vein is soft and can be com-
pressed easily. A thrombosed vein feels cord-like
and is not compressible. An artery has a thicker wall
and is pulsatile. If a vein is not visible (in some
dark-skinned or overweight people) it is identified
by palpation after applying a tourniquet to achieve
venous distension. If veins appear very small, warm-
ing of the arm to produce vasodilatation helps, as
does tapping the vein and asking the patient to
clench and unclench the fist several times.

It should be noted that pathogenic bacteria can be
cultured from reusable tourniquets and it is prudent
practice to use disposable tourniquets at least for
patients at particular risk of infection [3].

Cephalic

caphalic
wain

Fig. 1.1 Anterior surface of the left
arm showing veins most suitable for
venepuncture.

The arm should be positioned on the armrest so
that the vein identified is under some tension and
its mobility is reduced. The skin should be cleaned
with 70% ethanol or 0.5% chlorhexidine and allowed
to dry, to avoid stinging when the skin is penetrated.
A tourniquet is applied to the arm, sufficiently
tightly to distend the vein, but not so tightly that
discomfort is caused. Alternatively, a sphygmoman-
ometer cuff can be applied and inflated to diastolic
pressure, but the use of a tourniquet is usually
quicker and simpler. If it is particularly important to
obtain a specimen without causing haemoconcentra-
tion, e.g. in a patient with suspected polycythaemia,
the tourniquet should be left on the arm only long
enough to allow penetration of the vein. Otherwise
it can be left applied while blood is being obtained,
to ensure a continuing adequate flow of blood. It is
preferable that the tourniquet is applied for no more
than a minute, but the degree of haemoconcentra-
tion is not great, even after 10 minutes application.
The increase of haemoglobin concentration and of
red cell count is about 2% at 2 and at 10 minutes [4].
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Fig. 1.2 Venepuncture technique using needle and
syringe.

Blood specimens can be obtained with a needle
and an evacuated tube (see below) or with either
a needle or a winged blood collection cannula (a
‘butterfly’) and a syringe. A winged cannula is
preferable for small veins and difficult sites. A 19 or
20 gauge needle is suitable for an adult and a 21 or
23 gauge for a child or an adult with small veins.
When using a syringe, the plunger should first be
moved within the barrel of the syringe to ensure
that it will move freely. Next the needle is attached
to the syringe, which, unless small, should have
a side port rather than a central port. The guard is
then removed. The needle is now inserted into the
vein with the bevel facing upwards (Fig. 1.2). This
may be done in a single movement or in two separate
movements for the skin and the vein, depending on
personal preference and on how superficial the vein
is. With one hand steadying the barrel of the syringe
so that the needle is not accidentally withdrawn
from the vein, blood is withdrawn into the syringe
using minimal negative pressure. Care should be

taken not to aspirate more rapidly than blood is
entering the vein, or the wall of the vein may be
drawn against the bevel of the needle and cut off the
flow of blood. If the tourniquet has not already been
released this must be done before withdrawing the
needle. Following removal of the needle, direct
pressure is applied to the puncture site with cotton
wool or a sterile gauze square, the arm being kept
straight and, if preferred, somewhat elevated.
Adhesive plaster should not be applied until pres-
sure has been sustained for long enough for bleed-
ing from the puncture site to have stopped.

The needle should be removed from the syringe
before expelling the blood into the specimen con-
tainer, great care being taken to avoid self-injury
with the needle. The needle should be put directly
into a special receptacle for sharp objects without
resheathing it. The blood specimen is expelled
gently into a bottle containing anticoagulant and is
mixed gently by inverting the container four or five
times. Forceful ejection of the blood can cause lysis.
Shaking should also be avoided. The specimen
container is then labelled with the patient’s name
and identifying details and, depending on hospital
standard operating procedure, possibly also with a
bar-code label, which is also applied to the request
form and subsequently to the blood film. The time of
venepuncture should also be recorded on the bottle.
Bottles should not be labelled in advance away from
the patient’s bedside as this increases the chances of
putting a blood sample into a mislabelled bottle.
Recording the time of venepuncture is important
both to allow the clinician to relate the laboratory
result to the condition of the patient at the time and
also to allow the laboratory to check that there has
been no undue delay between venepuncture and
performing the test.

When blood is taken into an evacuated tube
the technique of venepuncture is basically similar.
A double-ended needle is screwed into a holder,
which allows it to be manipulated for venepuncture
(Fig. 1.3). Alternatively, a winged cannula can be
attached to an evacuated tube, using a plastic holder
into which an adaptor is screwed. Once the vein has
been entered an evacuated tube is inserted into the
holder and is pushed firmly so that its rubber cap is
penetrated by the needle, breaking the vacuum and
causing blood to be aspirated into the tube (Fig. 1.4).
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Evacuated tubes are very convenient if multiple
specimens are to be taken, since several evacuated
tubes can be applied in turn. Only sterile vacuum
tubes should be used for obtaining blood specimens.
In children and others with very small veins an
appropriately small vacuum tube should be used so
that excessive pressure does not cause the vein to
collapse. Once all necessary specimen tubes have
been filled, the needle is withdrawn from the vein,
still attached to the holder. To reduce the possibility
of a needle-prick injury it is necessary to either:
(i) use a specially designed device that permits the
needle to be discarded with a single-hand technique;

Fig. 1.3 Venepuncture technique
using an evacuated container; the
distal end of the needle has been
screwed into the holder and the
proximal needle has then been
unsheathed and inserted into a
suitable vein.

Fig. 1.4 Venepuncture technique
using an evacuated container; the
evacuated container has been
inserted into the holder and forced
onto the sharp end of the needle.

(ii) remove the needle from the holder with a
specially designed safe device; or (iii) throw away
the holder with the needle. When blood samples
are obtained with an evacuated tube system the
anticoagulant from one tube may contaminate
another. Heparin may interfere with coagulation
tests, ethylenediaminetetra-acetic acid (EDTA) with
calcium measurements and fluoride with haemato-
logical investigations. It is therefore advised, by the
NCCLS (National Committee for Clinical Laboratory
Standards, now renamed Clinical and Laboratory
Standards Institute) that samples be taken in the
order shown in Table 1.1 [5].
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Table 1.1 Recommended order for taking blood samples.

Blood culture tubes

Plain glass tubes for serum samples

Sodium citrate tubes

Gel separator tubes/plain plastic tubes for serum
Heparin tubes/heparin gel separator tubes
EDTA tubes

Fluoride tubes for glucose

EDTA, ethylenediaminetetra-acetic acid.

If there is a need for a large specimen or a large
number of specimens either an evacuated tube sys-
tem or a syringe and winged cannula should be
used. In the latter case the tubing is pinched off to
allow several syringes in turn to be attached. This
technique is also useful in children and when small
veins make venepuncture difficult.

A blood specimen should not be taken from a vein
above the site of an intravenous infusion, since
dilution can occur. However, venepuncture below
the site of an infusion is not associated with clin-
ically significant inaccuracy.

‘Capillary blood’

It is often necessary to obtain blood by skin puncture
in babies and infants and in adults with poor veins.
‘Capillary” or, more probably, arteriolar blood may
be obtained from a freely flowing stab wound made
with a sterile lancet on the plantar surface of a
warmed and cleansed heel (babies less than 3 months
of age and infants), the plantar aspect of the big toe
(infants) or a finger, thumb or ear lobe (older
children and adults). The correct site for puncture of
the heel is shown in Fig. 1.5. The lateral or posterior
aspect of the heel should not be used in a baby, as the
underlying bone is much closer to the skin surface
than it is on the plantar aspect. In older patients a
finger (excluding the fifth finger) or the thumb is
preferred to an ear lobe, since bleeding from the ear
lobe may be prolonged in a patient with a haemostatic
defect, and pressure is difficult to apply. The palmar
surface of the distal phalanx is the preferred site on a
digit, since the underlying bone is closer to the skin
surface on other aspects. The middle or ring finger
of the non-dominant hand is preferred; these digits
are less painful than the index finger. In adults, skin

Fig. 1.5 The areas of the foot of a baby or infant that are
suitable for obtaining capillary blood.

punctures should ideally be more than 1.5 mm deep
in order that the lancet passes through the dermal-
subcutaneous junction where the concentration of
blood vessels is greatest, permitting a free flow of
blood. Lancets used for heel puncture in full-term
babies must not exceed 2.4 mm in length, since this
is the depth below the skin of the calcaneal bone.
Much shorter lancets are available and should be
selected for use in premature babies. Osteomyelitis
of the calcaneal bone has resulted from inadvertent
puncture of the bone [6]. Previous puncture sites
should be avoided, to reduce the risk of infection.
Safety lancets, with a blade that retracts permanently
after first use, have been developed in order to reduce
the risk of accidental injury to phlebotomy staff. They
are available in sizes appropriate for adults and
children, infants and premature neonates.

Capillary samples should be obtained from warm
tissues so that a free flow of blood is more readily
obtained. If the area is cool then it should be warmed
with a wet cloth, no hotter than 42°C. The skin
should then be cleansed with 70% isopropanol and
dried with a sterile gauze square (since traces of
alcohol may lead to haemolysis of the specimen).
The first drop of blood may be diluted with tissue
fluid and should be wiped away with a sterile gauze
square. Flow of blood may be promoted by gentle
pressure, but a massaging or pumping action should
not be employed, since this may lead to tissue fluid
being mixed with blood.
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Capillary blood can be collected into reusable
glass pipettes or into glass capillary tubes. Reusable
pipettes are not recommended, since they require
cleaning. Capillary tubes coated with EDTA can be
used, but tubes containing heparin are not suitable
for full blood count (FBC) specimens since cellular
morphology and staining characteristics are altered.
Disposable pipettes complete with diluent, suitable
for both automated and manual counts, are com-
mercially available. Caution is necessary if glass
capillary tubes are used, because of the risk of injury
to the person obtaining the blood sample [7]. Caution
should also be employed in the use of spring-loaded
skin-prick devices, since transmission of hepatitis
B from one patient to another has occurred when
there has been failure to change the platform as
well as the lancet between patients [8]. However,
automated lancets do ensure a standardized depth
of penetration. Use of one proprietary automated
incision device (Tenderfoot) has been reported to
cause less bruising and to be associated with less
haemolysis of capillary samples than when the
device is not used [9,10].

Platelet counts performed on capillary blood are
often lower than are those on venous blood [11] and
other parameters may also vary (see Chapter 5).
The precision of measurement of haemoglobin con-
centration (Hb) on a single drop of capillary blood is
poor and it is therefore recommended that several
drops be put into an EDTA-containing tube [12].

Cord blood

Blood samples can be obtained from the umbilical
cord immediately after birth. Cord blood is best
obtained with a syringe and needle after removing
any blood from the surface of the cord with a gauze
square. Expressing blood from the cut end of the
cord can introduce Wharton's jelly into the blood
sample, with subsequent red cell agglutination.
Haematological parameters on cord blood are not
necessarily the same as those obtained from capillary
or venous specimens from the neonate.

Obtaining a blood specimen from other sites

It may sometimes be necessary to obtain blood from
the femoral vein or from indwelling cannulae in

various sites. When blood is obtained from a
cannula the first blood obtained may be diluted by
infusion fluid or contaminated with heparin and
should be discarded. In infants, blood can be
obtained from scalp veins or jugular veins.

Anticoagulant and specimen container

The anticoagulant of choice for blood count speci-
mens is one of the salts of EDTA. K,EDTA, K,EDTA
and Na,EDTA have all been used. The preferred
anticoagulant, recommended by the International
Committee (now Council) for Standardization in
Haematology (ICSH), is K,EDTA in a final con-
centration of 1.5-2.2 mg/ml [13]. Both dry EDTA
and EDTA in solution are in use. If screw-capped
tubes are being used, a solution has the advantage
that mixing of blood specimens is easier so clotted
specimens are less common. However, if a dry
evacuated tube system is used, in which the inside
of the tube is coated with the anticoagulant, poor
mixing is not a problem. It should also be noted that
some parameters are altered by dilution, and if too
little blood is taken into a tube, dilution may be
appreciable. Excess EDTA also has deleterious effects
on cell morphology in stained blood films. Na,EDTA
is less soluble than the potassium salts. K,EDTA
causes undesirable cell shrinkage, which is reflected
in a lower microhaematocrit (see p. 24).

Many laboratories use automated blood counting
instruments with a sampling device, which is able
to perforate the rubber cap of a blood specimen con-
tainer and thus reduces unnecessary handling of
blood. To take advantage of this it is necessary that
not only evacuated tubes but also all blood con-
tainers have rubber caps that can be penetrated and
resealed without permitting leakage.

Guidelines

Guidelines for the procedure of venepuncture [5]
and for the protection of phlebotomists and labor-
atory workers from biological hazards [14] have
been published by the NCCLS. It is recommended
that ‘standard precautions’ proposed by the Centers
for Disease Control (CDC), previously referred to
as ‘universal precautions’, should be applied to
phlebotomy. This policy means that all blood
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specimens are regarded as potentially infectious. The
following specific recommendations are made [14]:
1 Gloves should preferably be worn for all
phlebotomy; their use is particularly important if
the phlebotomist has any breaks in the skin, if the
patient is likely to be uncooperative, if the phlebot-
omist is inexperienced or if blood is being obtained
by skin puncture.

2 Gloves should be changed between patients.

3 An evacuated tube system should be used in
preference to a needle and syringe.

4 If a needle and syringe has to be used and it is
then necessary to transfer blood to an evacuated
tube the rubber stopper should not be removed. The
stopper should be pierced by the needle and blood
should be allowed to flow into the tube under the
influence of the vacuum. To avoid the possibility of
a self-inflicted wound the evacuated tube must not
be held in the hand during this procedure, but
instead should be placed in a rack.

Needle-prick injury

Precautions should be taken to avoid needle-prick
(needle-stick) injuries. Hepatitis B can be readily
transmitted by such injury, particularly when the
patient is HBe antigen positive. Overall transmission
rates of 7-30% have been reported following needle-
prick injuries involving infected patients. If the patient
is HBe antigen positive, the rate of transmission is of
the order of 20% if hepatitis B immunoglobulin is
given after the injury and about 30-40% if it is not
given [15,16]. Reported rates of transmission of
hepatitis C have varied from zero to 7%, with a mean
of 1.8% [17] but, when sensitive techniques are used,
the rate of transmission has been found to be about
10% [18]. Transmission occurs only from patients
who are positive for hepatitis C viral RNA [17].
Human immunodeficiency virus (HIV) is much less
readily transmitted than hepatitis B or C but a risk
does exist. In 3430 needle-prick injuries reported up
to 1993 the overall transmission rate was 0.46% [19].
Other infections that have been transmitted occasion-
ally by needle-prick injury include malaria, crypto-
coccosis, tuberculosis, viral haemorrhagic fever and
dengue fever [20-24].

A risk of injury and viral transmission also exists
if glass capillary tubes are used for blood collection,

and alternative blood collection devices have there-
fore been advised by the USA’s Food and Drug
Administration (FDA) [7].

Because it has proved impossible to eliminate
needle-stick injuries totally, all hospitals should have
agreed policies for meeting this eventuality. Both
laboratory managers and occupational health services
have a responsibility in this regard. Staff who are
performing venepunctures should be offered vaccina-
tion against hepatitis B and the adequacy of their
antibody response should be verified; if a needle-
prick injury from a known hepatitis B-positive source
occurs, the antibody titre should be checked and a
booster vaccination should be given if necessary [14].
Phlebotomists with an inadequate antibody response
to vaccination should, in the event of a needle-prick
injury from an infected source, be offered hepatitis B
immunoglobulin. Phlebotomists who have chosen
not to be vaccinated should be offered hepatitis B
immunoglobulin and vaccination should again be
offered. Antiretroviral prophylaxis should be offered
to those exposed to a risk of HIV exposure through
needle-stick injury and ideally should be admin-
istered within a few hours of exposure; the risk of
infection becoming established is reduced but not
eliminated [25]. Prophylaxis offered may be zido-
vudine alone but double or triple agent antiretroviral
therapy (e.g. zidovudine plus lamivudine with or
without indinavir or nelfinavir) is likely to be more
effective. Current CDC recommendations can be
found on the CDC’s web site (http: //www.cdc.gov).
The use of nevirapine is not recommended because
of the possibility of serious toxicity [26]. There
appears to be no effective post-exposure prophylaxis
for hepatitis C infection [17] but the consensus view
is that interferon therapy is indicated in acute infec-
tion including that acquired by needle-stick injury.
Interferon alpha-2b in a dose of 5 million units daily
for 4 weeks followed by the same dose three times
a week for a further 20 weeks has been found to be
efficacious [27]. Unless all new staff are routinely
tested for HIV, occupational health services should
consider at least offering storage of serum samples
so that baseline HIV testing is possible in the event
of a subsequent needle-prick injury. If this policy is
not followed, serum storage should be offered in the
event of a needle-prick injury from a seropositive
source or from a source of unknown HIV-status.
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Making a blood film

A blood film may be made from non-anticoagulated
(native) blood, obtained either from a vein or a
capillary, or from EDTA-anticoagulated blood.
Chelation of calcium by EDTA hinders platelet
aggregation so that platelets are evenly spread and
their numbers can be assessed more easily (Fig. 1.6).
Films prepared from capillary blood usually show
prominent platelet aggregation (Fig. 1.7) and films
from native venous blood often show small
aggregates (Fig. 1.8). Films prepared from native
venous or capillary blood are free of artefacts due

to storage or the effects of the anticoagulant. A few
laboratories still use such films as a matter of
routine, but otherwise their use is obligatory for
investigating abnormalities such as red cell crena-
tion or white cell or platelet aggregation that may be
induced by storage or EDTA. Conversely, making
a blood film from EDTA-anticoagulated blood
after arrival of the blood specimen in the laboratory
has the advantage that some of the artefacts that
may influence the validity of results obtained from
automated instruments are more likely to be detected,
e.g. the formation of fibrin strands, aggregation of
platelets or agglutination of red cells induced by

Fig. 1.6 Ablood film from EDTA-
anticoagulated blood showing an
even distribution of platelets.

Fig. 1.7 Ablood film from non-
anticoagulated capillary blood
showing the aggregation of platelets
that usually occurs.
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Fig. 1.8 Ablood film from non-
anticoagulated venous blood
showing the minor degree of platelet
aggregation that usually occurs.

cold agglutinins. Good laboratory practice includes
recording the date and time the specimen is
received in the laboratory and making a film shortly
after receipt of the specimen. In this way the length
of any delay in transit is known and attribution
of morphological changes to prolonged storage of
EDTA-anticoagulated blood (‘storage artefact’, see
p- 63) can be confirmed.

Manual spreading of a blood film on
a glass slide (wedge-spread film)

Glass slides must be clean and free of grease. They
should not be too porous or background staining
is increased [28]. A spreader is required and must
be narrower than the slide. If a coverslip is to be
applied the spreader must also be narrower than the
coverslip so that cells at the edge of the blood film
are covered by the coverslip and can be easily
examined microscopically. A spreader can be readily
prepared by breaking the corner off a glass slide
after incising it with a diamond pen; this provides
a smooth-edged spreader that is large enough to
be manipulated easily. Spreaders made by cutting
transverse pieces from a slide are inferior since they
are more difficult to handle and have at least one
rough edge that may damage gloves or fingers.

The laboratory worker spreading blood films
should wear gloves. A drop of blood (either native
or anticoagulated) is placed near one end of the slide.

- P

Anticoagulated blood from screw-top containers can
be applied to the slide using a capillary tube, which
is then discarded. A drop of blood from specimen
containers with penetrable lids can be applied to the
slide by means of a special device that perforates the
lid. The spreader is applied at an angle of 25-30°, in
front of the drop of blood, and is drawn back into
it (Fig. 1.9). Once the blood has run along its back
edge, the spreader is advanced with a smooth
steady motion so that a thin film of blood is spread
over the slide. If the angle of the spreader is too
obtuse or the speed of spreading is too fast, the film
will be too short. An experienced operator learns
to recognize blood with a higher than normal
haematocrit (Hct), which is more viscous and
requires a more acute angle to make a satisfactory
film and, conversely, blood with a lower than
normal Hct, which requires a more obtuse angle.
The spreading technique should produce a film of
blood with a fairly straight tail. A film of the shape
of a thumbprint means that, when observing the
film microscopically and moving across the film,
the observer moves from an area that is optimal for
identification of cells to an area that is too thick. It is
important that the spreader is wiped clean with
a dry tissue or gauze square after each use since it is
otherwise possible to transfer abnormal cells from
one blood film to another (Fig. 1.10).

As soon as slides are made they should be labelled
with the patient’s name and the date or with an
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identifying number. Small numbers of slides can be

labelled with a diamond marker or by writing
details on the thick part of the film. The fastest way
to label large numbers of slides is with a methanol-
resistant pen or by writing in pencil on the frosted
end of a slide. Slides that are frosted at one end on
both sides are useful because they avoid waste of
staff time ensuring that the slide is the right way up.
Blood films should be dried rapidly. A hot-air blower
or a fan to increase air circulation can be useful. If
films are dried slowly, there is shrinkage of cells that

Fig. 1.9 The method of spreading a
blood film.

can lead to the appearance of cytoplasmic blebs and
villi, bipolar lymphocytes, hyperchromatic nuclei
and inapparent nucleoli [28]; these changes can
occur not only in normal cells but also in neoplastic
cells so that their characteristic features are less
apparent.

Fig. 1.11 shows a well-spread film in comparison
with examples of poor films resulting from faulty
technique.

Unless otherwise stated, this book deals with
morphology as observed in wedge-spread films.
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Fig. 1.10 Blast cells from a patient
with acute leukaemia that have been
inadvertently transferred to the
blood film of another patient by the
use of an inadequately cleaned

spreader.

Fig. 1.11 Unsatisfactory and satisfactory blood films:

(a) uneven pressure has produced ridges; (b) too broad
and too long—the edges and the tail of the film cannot be
examined adequately; (c) too long and streaked by an
uneven spreader; (d) too thick and short due to the wrong
angle or speed of spreading; (e) even distribution of blood
cells has been interrupted because the slide was greasy;
(f) satisfactory.

Most of the photographs are of manually spread
films, which were prepared from recently collected
EDTA-anticoagulated blood.

Other methods of spreading thin films

Automated spreading of blood films

Wedge-spread films can be prepared by mechanical
spreaders, which can be integrated into a staining
machine or an automated full blood counter. A film
of blood one cell thick can also be spread on a glass
slide by centrifugation in a specially designed
centrifuge, but this method is little used.

Filns from blood with a very high Hct

If blood has a very high Hct, e.g. Hct>0.60,
Hb >20 g/d], it can be impossible to make a good
blood film, even if the angle and the speed of
spreading are adjusted. Mixing a drop of blood and
a drop of either saline or blood group AB plasma
reduces viscosity so that a film can be made in which
details of red cell morphology can be appreciated.

Buffy coat films

Buffy coat films are useful to concentrate nucleated
cells, e.g. to look for low-frequency abnormal cells
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or bacteria. A tube of anticoagulated blood is
centrifuged and a drop of the buffy coat is mixed
with a drop of autologous EDTA-anticoagulated
plasma and spread in the normal manner.

Thick films

Thick films are required for examination for malarial
parasites and certain other parasites, the red cells
being lysed before the film is examined. Parasites
are much more concentrated in a thick film, so that
searching for them requires less time. To make
a thick film, several drops of native or EDTA-
anticoagulated blood are placed in the centre of a
slide and stirred with a capillary tube or an orange
stick into a pool of blood of such a thickness that
typescript or a watch face can be read through the
blood (Fig. 1.12). The blood film is not fixed but,
after drying, is placed directly into an aqueous
Giemsa stain so that lysis of red cells occurs; this
allows the organisms to be seen more clearly.

Fig. 1.12 Thick films for examination for malarial
parasites: (a) unstained film showing the correct thickness
of the film of blood; and (b) film stained without fixation,
causing lysis of red cells.

Unstained wet preparations

Unstained wet preparations are useful for searching
for motile parasites such as microfilariae, which can
be seen agitating the red cells. A drop of anti-
coagulated blood is placed on a slide and covered
with a coverslip.

Fixation, staining and mounting

Fixation

Following air drying, thin films are fixed in absolute
methanol for 10-20 minutes. Poor fixation and
characteristic artefactual changes occur if there is
more than a few per cent of water in the methanol
(Fig. 1.13); this renders interpretation of morphology,
particularly red cell morphology, impossible and,
if the film is not examined carefully, can give a
mistaken impression of hypochromia. In warm,
humid climates it may be necessary to change
methanol solutions several times a day. Similar
artefactual changes can be produced by condensa-
tion on slides. In humid climates, slides should be
fixed as soon as they are thoroughly dry. A hot-air
blower can be used to accelerate drying. In any
circumstances, prolonged delay in fixation should
be avoided as this can lead to alteration in the
staining characteristics of the film, which can
acquire a turquoise tint.

Staining

There is little consistency between laboratories in
the precise stain used to prepare a blood film for
microscopic examination, but the multiple stains in
use are based on the Romanowsky stain, developed
by the Russian protozoologist in the late nineteenth
century [29]. Romanowsky used a mixture of old
methylene blue and eosin to stain the nucleus of
a malarial parasite purple and the cytoplasm blue.
Subsequently, Giemsa modified the stain, combining
methylene azure and eosin. The stain most com-
monly used in the UK is a combination of Giemsa’s
stain with May-Griinwald stain; it is therefore
designated the May-Griinwald—Giemsa (MGG) stain.
The stain most commonly used in North America is
Wright's stain, which contains methylene blue and
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Fig. 1.13 Artefactual changes
produced by 5% water in the
methanol used for fixation.

S "‘-..’

eosin; the methylene blue has been heated, or
‘polychromed’, to produce analogues of methylene
blue. Sometimes this is combined with Giemsa’s stain
to give a Wright-Giemsa stain, which is generally
held to give superior results. It has been demon-
strated by chromatography that dyes prepared by
traditional organic chemistry methods are not pure,
dyes sold under the same designation containing a
variable mixture of five to ten dyes [30]. Variation
between different batches prepared by the same
manufacturer also occurs.

The essential components of a Romanowsky-type
stain are: (i) a basic or cationic dye, such as azure B,
which conveys a blue-violet or blue colour to nucleic
acids (binding to the phosphate groups of DNA and
RNA) and to nucleoprotein, to the granules of
basophils and, weakly, to the granules of neutrophils;
and (ii) an acidic or anionic dye, such as eosin, which
conveys a red or orange colour to haemoglobin and
the eosinophil granules and also binds to cationic
nuclear protein, thus contributing to the colour of
the stained nucleus. A stain containing azure B and
eosin provides a satisfactory Romanowsky stain [29],
as does a mixture of azure B, methylene blue and
eosin [30]. The ICSH reference method for the
Romanowsky stain [31], which uses pure azure B
and eosin Y, gives very satisfactory results but such
pure dyes are expensive for routine use. Satisfactory
and reasonably consistent staining can be achieved
using good quality commercial stains and an
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automated staining machine. This method has been
used for staining the majority of blood films photo-
graphed for this book.

Traditionally, cytoplasm that stains blue and
granules that stain purple have both been designated
‘basophilic’, and granules that stain violet or
pinkish-purple have been designated “azurophilic’.
In fact all these hues are achieved by the uptake of a
single basic dye such as azure B or A. “Acidophilic’
and ‘eosinophilic” both refer to uptake of the acidic
dye, eosin, although ‘acidophilic” has often been
used to describe cell components staining pink, and
‘eosinophilic” to describe cell components staining
orange. The range of colours that a Romanowsky
stain should produce is shown in Table 1.2.

Staining must be performed at the correct pH.
If the pH is too low, basophilic components do not
stain well. Leucocytes are generally pale, with eo-
sinophil granules a brilliant vermilion. If the pH is
too high, uptake of the basic dye may be excessive
leading to general overstaining, it becomes difficult
to distinguish between normal and polychromatic
red cells, eosinophil granules are deep blue or dark
grey, and the granules of normal neutrophils are
heavily stained, simulating toxic granulation.

Stain solutions may need to be filtered shortly
before use, to avoid stain deposit on the blood film,
which can be confused with red cell inclusions. If an
automated staining machine is used, superior results
are usually achieved with a dipping technique, in
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Cell component staining

Table 1.2 Characteristic staining of

Colour different cell components with a

Chromatin (including Howell-Jolly bodies)
Promyelocyte granules and Auer rods
Cytoplasm of lymphocytes

Cytoplasm of monocytes

Cytoplasm rich in RNA (i.e. ‘basophilic cytoplasm’)
Dohle bodies

Specific granules of neutrophils, granules of
lymphocytes, granulomere of platelets
Specific granules of basophils

Specific granules of eosinophils

Red cells

Romanowsky stain.
Purple

Purplish-red

Blue

Blue-grey

Deep blue
Blue-grey

Light purple or pink

Deep purple
Orange
Pink

which the entire slide is immersed in the stain, than
with a flat-bed stainer, in which staining solution
is applied to a horizontal slide. The latter type of
staining machine is more prone to leave stain
deposits on the slides and, if the blood film is too
long or badly positioned, some parts of it may
escape staining.

Destaining an MGG-stained blood film can be
done by flooding the slide with methanol, washing
in water and then repeating the sequence until all
the stain has gone. This can be useful if only a single
blood film is available and a further stain, e.g. an
iron stain, is required.

Staining for malarial parasites

The detection and identification of malarial parasites
is facilitated if blood films are stained with a Giemsa
(or Leishman) stain at pH 7.2. At this pH, cells that
have been parasitized by either Plasmodium vivax or
Plasmodium ovale have different tinctorial qualities
from non-parasitized cells and are easily identified.
The inclusions in parasitized cells are also evident
(see p. 145).

Mounting

If films are to be stored, mounting gives them
protection against scratching and gathering of dust.
As stated above, the coverslip should be sufficiently
wide to cover the edges of the blood film. A neutral
mountant that is miscible with xylene is required.

As an alternative to mounting, blood films can be
sprayed with a polystyrene or acrylic resin.

If films are not to be stored, a thin film of o0il can be
smeared on the stained slide to permit microscopic
examination at low power before adding a drop
of oil to permit examination with the oil immersion
lens.

Storage of slides

Ideal patient care and continuing education of
haematology staff dictate that blood films should be
stored as long as possible, preferably for some years.
Unfortunately, the very large numbers of blood
specimens now being processed daily by most
haematology laboratories means that this is often
difficult. The most economical way to store slides
is in metal racks in stacking drawers. Labels show-
ing the patient’s name, the date and the laboratory
number should be applied in such a way that they
can be read when the slides are in storage. Slides
that have been freshly mounted should be stored in
cardboard trays or stacked in racks, separated from
each other by wire loops until the mountant has
hardened and dried. When the mountant is no
longer sticky, slides can be stacked closely together
for maximum economy of space. Glass slides are
heavy and if large numbers are to be stored the floor
of the room may need to be strengthened.

When a patient has a bone marrow aspiration
performed, a blood film should always be stored
permanently with bone marrow films so that when
it is necessary to throw out old peripheral blood
films to make room for new ones, at least this film
is available for review. A laboratory should also
maintain a separate file of teaching slides. These
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Fig. 1.14 A drawing of a microscope showing the names of the individual parts.

should include examples of rare conditions and
typical examples of common conditions.

Setting up and using a microscope

All laboratory workers should learn to set up a
microscope correctly early in the course of their
training. The following is the correct procedure for
setting up a binocular microscope.

1 If you need to move or lift the microscope do so
using only the arm (Fig. 1.14). Sit at the microscope
and make sure that the height is correct for com-
fortable viewing. Adjust the chair or the height of
the microscope above the bench, as necessary.

2 Plug in the electric lead and switch on the mains
power supply.

3 Turn on the microscope.

4 Turn up the rheostat until there is a comfortable
amount of light.

5 Lower the stage and rotate the x 10 objective into
place; it will click when it engages.

6 Select a slide and place it on the stage, being
careful to place it with the blood film and cover
slip uppermost. Handle the slide only by its edges.
Secure the slide with the levers provided for this
purpose.

7 Raise the condenser as high as it will go.

8 Open the field diaphragm and the condenser
aperture diaphragm fully.

9 Move the stage until the film of blood is beneath
the objective, in the beam of light.

10 Raise the stage, looking at the slide from the side
or the front rather that using the oculars (eyepieces),
until the slide almost touches the objective.

11 Adjust the position of the oculars so that they
match your interpupillary distance and look at the
slide through the oculars, making sure that the light
is at a comfortable level.
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12 Lower the slide slowly using the coarse focus
knob until the slide comes into focus.

13 Using the coarse and then the fine focus, focus
on the slide with your right eye to the right ocular
then, without moving the slide, rotate the ring on
the left ocular so that the image recorded by your
left eye is also sharp. (With some microscopes it is
possible to adjust both oculars.)

14 Close the field iris diaphragm fully. The field iris
diaphragm is near the lamp and controls the area of
illumination.

15 Lower the condenser until the edge of the field
iris diaphragm comes into focus. Adjust the focus
by moving the condenser so that the edges of the
diaphragm appear faintly blue rather than faintly
red (Kohler illumination). Check that the aperture
in the field iris diaphragm is centred and, if it is
not, centre it using the two centring screws on the
condenser.

16 Open the field iris aperture so that the whole
field of view is illuminated but no wider. If it is
opened too wide, stray light will enter the field of
view (particularly important for photography, for
which purpose the diaphragm can be closed further
till only the photographic frame is illuminated).

17 Using the appropriate lever or ring, close the
condenser aperture diaphragm to about 70-80% of
the numerical aperture marked on the objective. A
condenser scale near the lever or ring permits this to
be done. This aperture controls the angular aperture
of the cone of light that reaches the condenser lens.
The more you close this aperture the less light there
is and the lower the resolution but the greater the
contrast and depth of focus. For optimal optics, the
condenser aperture iris should be reset for each
objective.

18 Examine the slide with the x 10 objective®, then
rotate in a x40 objective. Readjust the focus and
the condenser aperture iris and adjust the field
iris diaphragm so that only the field of view is
illuminated. Re-examine the slide.

19 Before using an oil immersion lens, rotate out the
non-oil objective and put a drop of immersion oil in
the centre of the slide. Rotate in an oil immersion
objective, e.g. X 60 or x 100, and focus, using the
coarse and then the fine focus and adjust the con-
denser aperture iris. Be careful not to rotate in any

objective other than an oil immersion objective
while there is a drop of oil on the slide. If you are not
sure if an objective is for oil immersion or not, read
its label. Do not use excess o0il and do not mix two
different types of oil. Do not overfill a bottle of oil or
oil will get on your fingers.

20 After examining a slide with an oil immersion
objective, gently wipe the oil from the objective and
from the slide. If the slide has been freshly mounted,
remove the oil gently so that the cover slip is not
accidentally removed, removing enough of the
oil that a non-oil lens will not be contaminated if
the slide is again placed on a microscope stage.
Removing oil from slides does not require lens
tissues; ordinary tissues are satisfactory. Non-
mounted blood films are not advised but, if they are
used, be careful to minimize scratching of the blood
film when removing oil.

21 When you have finished working, rotate back in
the lowest power objective and lower the stage.
Remove traces of oil from any oil immersion lens
using methanol and lens tissues. Turn down the
rheostat before turning off the microscope. Do not
leave the microscope turned on when you are away
from your workstation; in some poorly designed
microscopes the lamp is very close to the field
diaphragm and prolonged heat will damage the
leaves of the diaphragm.

22 Keep the microscope clean. Dust can be removed
with a small brush. Lenses should be cleaned only
with lens tissues. These can be moistened with
methanol (or a mixture of 3 parts methanol to 7 parts
ether).

23 Cover the microscope with a dust cover when
not in use.

* Note: microscopes used by haematology labor-
atories do not usually have a x4 objective fitted,
unless histological sections are also being examined.
If a x 4 objective is to be used, e.g. for examining a
trephine biopsy section, swing out the condenser
before viewing the slide.

Identifying the source of a problem and
preventing problems

1 If there is no light, check that the light beam has
not been deflected to a camera.
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2 If you cannot focus on a blood film check if the
slide is upside down and make sure that there are
not two coverslips instead of one. Some microscopes
have a ’‘stop’ on the coarse focus; if necessary,
release it. Rarely, very thick slides may make it
impossible to focus with a high power lens if a
coverslip is mounted. Unsuitably thick coverslips
can have the same effect.

3 If you cannot see the image clearly, clean the
slide using tissues and methanol. Sealed methanol-
soaked squares of tissue used to prepare the arm
for venepuncture are convenient for cleaning slides
and avoid the need to have a bottle of methanol in
the microscopy laboratory. If cleaning the slide does
not help, clean the objective gently using a lens
tissue and methanol. Do not use xylene unless you
are unable to get the lens clean with methanol.

4 If you wear spectacles you will find that it is im-
possible to use a microscope with bifocal or varifocal
lenses. Modern plastic spectacle lenses are easily
scratched and if there is an antiglare coating to the
lenses this can also be scratched. Be sure that the
oculars have a protective rubber guard if you are
using spectacles with this type of lens or lens coating.

Examining a blood film

1 Check the label of the slide (patient identity and
date).

2 Examine the film macroscopically for unusual
characteristics.

3 Adjust the microscope as above and examine
the film microscopically, examining the edges and
the tail and then the whole film under low power,
e.g. x 10 objective.

4 Next examine the whole film with a x 40 or x 50
objective. This is the most important part of the film
examination as it is possible to scan the entire film to
note any rare abnormal cells. Be systematic: look
specifically at red cells, white cells and platelets.

5 Examine with an oil immersion lens only if there
is some particular reason to do so.

Test your knowledge

Multiple choice questions (MCQ)

(1-5 answers may be correct)

MCQ 1.1 Blood for a full blood count should
normally be anticoagulated with

(a) Heparin T/F
(b) Citrate T/F
(c) Calcium T/F
(d) Fluoride T/F
(e) Asodium or potassium salt of EDTA T/F

MCQ 1.2 A needle-prick injury can lead to trans-
mission of

(a) Hepatitis B T/F
(b) Hepatitis C T/F
(c) Human immunodeficiency virus (HIV) T/F
(d) Malaria T/F
(e) Dengue fever T/F

MCQ 1.3 Good phlebotomy practice includes
(a) Labelling the necessary tubes carefully before

going to the patient’s bedside T/F
(b) Shaking the blood sample vigorously to ensure
that the anticoagulant is dissolved T/F

(c) Holding a specimen container firmly in the
non-dominant hand if it is necessary to transfer
blood from a syringe and needle to an evacuated
container T/F

(d) Recording family name, given name and date
and time of sampling on the specimen container

T/F

(e) Wearing gloves for the procedure T/F

MCQ 1.4 Skin puncture ‘capillary” blood samples
(a) Often have a higher platelet count than venous

samples T/F
(b) Ideally are obtained from the posterior or lateral
aspect of the heel T/F
(c) If obtained from an ear lobe, sometimes result in
persistent bleeding T/F
(d) Should be obtained by a puncture at least
1.5 mm deep T/F

(e) Should exclude the first drop of blood T/F

Extended matching question (EMQ)

Ol’lly one answer is correct

EMQ 1.1
Theme: Romanowsky-stained blood film
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Options
Blue-grey
Deep blue
Deep purple
Orange

Pink

Red

Black
Bluish-green

TOTmgnNT >

For each structure choose the most accurate term
from the options listed above to describe the colour
in a correctly stained blood film. Each option may be
used once, more than once or not at all.

Cellular structure Matching option

1 Howell-Jolly body

2 Dohle body

3 Pappenheimer body

4 Cytoplasm of atypical lymphocyte
5 Basophil granules
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2 Performing a blood count

In the past, blood counts were performed by slow and
labour-intensive manual techniques using counting
chambers, microscopes, glass tubes, colorimeters, cen-
trifuges and a few simple reagents. The only tests
done with any frequency were estimations of hae-
moglobin concentration (Hb), packed cell volume
(PCV) and white blood cell count (WBC). Hb was
estimated by a method depending on optical density
and was expressed as mass/volume, or even as a
percentage in relation to a rather arbitrary ‘normal’
that represented 100%. PCV was a measurement of
the proportion of a column of centrifuged blood that
was occupied by red cells. Now expressed as a
decimal fraction representing volume/volume, it was
initially expressed as a percentage. White cells were
counted microscopically in a diluted blood sample
in a haemocytometer, a counting chamber of known
volume. All cell counts were expressed as the num-
ber of cells in a unit volume. The red blood cell count
(RBC) was performed occasionally, mainly when
there was a need to make an estimate of red cell size.
Platelets were counted, by light or phase-contrast
microscopy, only when there was a clear clinical need.
From the primary measurements relating to red cells
other values were derived: the mean cell volume
(MCV), mean cell haemoglobin (MCH) and mean cell
haemoglobin concentration (MCHC). The formulae
for these derived measurements are as follows:

MCY (7 - PCY (/D x1000
RBC (cells/1) x 1012
Hb (g/dl)x 10
MCH =
(Pg) RBC (cells /1) x 10712
Hb (g/dl)
MCHC (g/dl)=——=—
®/ D=5y

These and many other measurements are now
made on automated and semi-automated instru-
ments within minutes using either modifications of
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the manual techniques or totally new technologies.
Measurements are precise, i.e. repeated measure-
ments on the same sample give very similar results.
As long as the instruments are carefully calibrated
and the blood has no unusual characteristics, meas-
urements are also accurate, i.e. they give results
that are very close to ‘truth’. However, despite the
widespread use of automated instruments, the
manual techniques remain important both as refer-
ence methods and in the investigation of blood
samples that appear to give anomalous test results
on automated instruments. They also illustrate the
principles that underlie various measurements.

Basic techniques

Haemoglobin concentration

To measure haemoglobin concentration (Hb), a
known volume of carefully mixed whole blood is
added to a diluent which lyses red cells to produce a
haemoglobin solution; lysis occurs because of the
hypotonicity of the diluent, but may be accelerated
by the inclusion in the diluent of a non-ionic deter-
gent to act as a lytic agent. The Hb is then deter-
mined from the light absorbance (optical density)
of the solution of haemoglobin or its derivative at
a selected wavelength.

Cyanmethaemoglobin method

The International Committee (now Council) for
Standardization in Haematology (ICSH) has recom-
mended a reference method in which haemoglobin
is converted to cyanmethaemoglobin (haemiglobin-
cyanide) [1]. This method has three significant
advantages:

1 Haemoglobin, methaemoglobin and carboxyhae-
moglobin are all converted to cyanmethaemoglobin
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Fig. 2.1 Absorbance spectrum of
cyanmethaemoglobin.

and are therefore included in the measurement.
Of the forms of haemoglobin likely to be present
in blood, only sulphaemoglobin—usually present
in negligible amounts—is not converted to cyan-
methaemoglobin, although carboxyhaemoglobin is
more slowly converted than the other forms.

2 Stable secondary standards that have been com-
pared with the World Health Organization (WHO)
international standard are readily available for
calibration.

3 Cyanmethaemoglobin has an absorbance band at
540 nm, which is broad and relatively flat (Fig. 2.1)
and thus measurements can be made either on a
narrow-band spectrophotometer or on a filter photo-
meter or colorimeter that reads over a wide band of
wavelengths.

The reference method requires the addition of a
diluent that contains: (i) potassium cyanide and
potassium ferricyanide, to effect the conversion to
methaemoglobin; (ii) dihydrogen potassium phos-
phate to lower the pH, accelerate the reaction, and
allow the reading of light absorbance at 3 minutes
rather than 10-15 minutes; and (iii) a non-ionic
detergent, to accelerate cell lysis and reduce the
turbidity due to precipitation of lipoproteins (and to
a lesser extent red cell stroma), which is otherwise a
consequence of the lower pH achieved by the dihy-
drogen potassium phosphate [2]. The absorbance
of light by the solution is measured at 540 nm in a
spectrophotometer. At this wavelength, the light
absorbance of the diluent is zero; either water or,

Performing a blood count 21

I I I I 1
500 600 700 800 900

Wavelength (nm)

preferably, the diluent can be used as the blank. No
standard is required, since the haemoglobin con-
centration can be calculated from the absorbance,
given that the molecular weight and the millimolar
extinction coefficient of haemoglobin are known.
However, the wavelength of light produced by the
instrument must be verified and the absorbance
scale calibrated. A reference solution of cyan-
methaemoglobin can be used for calibration.

In routine practice, Hb is usually measured by
means of a photometer or colorimeter in which light
of approximately 540 nm is produced by use of a
yellow-green filter such as the Ilford 625. The light
passing through the solution is detected by a photo-
electric cell and the instrument scale shows either
light absorbance or transmittance. Comparison of the
instrument reading with that for a reference solution
allows calculation of the Hb; this is most conveni-
ently performed using a standard curve or a conver-
sion table. Alternatively, the photometer can be
calibrated to produce a direct readout of Hb; a refer-
ence cyanmethaemoglobin solution is suitable for
verifying the accuracy of instruments of this type.

Certain characteristics of pathological blood
samples may lead to inaccuracy in a cyanmethae-
moglobin estimation of Hb. The presence of sulp-
haemoglobin will lead to slight underestimation of
total haemoglobin: a concentration of 15 g/dl will
be measured as 14.8 g/dl if 5% of haemoglobin is
present as sulphaemoglobin [2]. The slow conver-
sion of carboxyhaemoglobin to methaemoglobin
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leads to overestimation of the Hb if the test is read at
3 minutes, since carboxyhaemoglobin absorbs more
light at 540 nm than does cyanmethaemoglobin. The
maximum possible error that could be caused if 20%
of the haemoglobin were in the form of carboxy-
haemoglobin, a degree of abnormality that may be
found in heavy smokers, would be 6% [2].

Spectrophotometers and photometers are both
sensitive to the effect of turbidity, which may be
caused by a high WBC, high concentrations of lipids
or plasma proteins, or non-lysed red cells. Increased
turbidity causes a factitiously elevated estimate
of Hb. When the WBC is high, turbidity effects are
circumvented by centrifugation or filtration of the
solution prior to reading the absorbance. When
turbidity is due to a high level of plasma protein
(either when a paraprotein is present or when there
is polyclonal hypergammaglobulinaemia resulting
from severe chronic infection or inflammation), it
can be cleared by the addition of either potassium
carbonate or a drop of 25% ammonia solution.
When turbidity is due to hyperlipidaemia, a blank
can be prepared from the diluent and the patient’s
plasma or the lipid can be removed by diethyl ether
extraction and centrifugation. The target cells of
liver disease or red cells containing haemoglobin
S or C may fail to lyse in the diluent and, again,
increased turbidity produces a factitiously high
reading of Hb. Occasionally, this phenomenon is
observed without any identifiable abnormality in
the red cells to account for it. Making a 1 : 1 dilution
in distilled water ensures complete lysis of osmotic-
ally resistant cells.

The cyanmethaemoglobin method has been
modified for application in automated instruments
by the use of various lytic agents and by reading
absorbance after a shorter time or at a different
wavelength.

Other methods

Alternative methods of measuring Hb are not
widely used except when they have been incorpor-
ated into haemoglobinometers. Such methods usu-
ally require standardization by reference back to a
cyanmethaemoglobin standard, but they otherwise
avoid the use of cyanide, which is potentially toxic if
released into the environment in large quantities.

Haemoglobin can be converted into a sulphated
derivative with maximum absorbance at 534 nm by
addition of sodium lauryl sulphate [3]. Conversion
is almost instantaneous and methaemoglobin, but
not sulphaemoglobin, is converted. This method
correlates well with the reference method that is
employed for calibration. This method is suitable
for use with a spectrophotometer and has also been
incorporated into several automated instruments.

Hb can also be measured following conversion
to azidmethaemoglobin by the addition of sodium
nitrate and sodium azide. This is the method
employed by one portable haemoglobinometer
(HemoCue, Clandon Scientific Ltd.), which employs
measurements at two wavelengths, 570 and 880 nm,
to permit compensation for turbidity. A modification
of this instrument permits accurate measurements
down to 0.1g/l, so that it is also suitable for
measurement of dilute solutions of haemoglobin,
e.g. haemoglobin in fluid salvaged during surgery
or haemoglobin in plasma or urine [4].

Hb can be measured as oxyhaemoglobin, in
which case concentration of carboxyhaemoglobin,
sulphaemoglobin and methaemoglobin will not
be measured accurately. An artificial or secondary
standard is needed. This method has been incor-
porated into directly reading haemoglobinometers,
which are standardized to give the same result as
a cyanmethaemoglobin method.

Hb can be measured as haematin produced under
alkaline conditions. The alkaline—-haematin method
measures carboxyhaemoglobin, sulphaemoglobin
and methaemoglobin, although it does not adequately
measure haemoglobin F or haemoglobin Bart’s,
which are resistant to alkaline denaturation. An
artificial standard is required. The acid-haematin
method is less reliable and is not recommended.

Hb can be estimated without chemical con-
version by measuring absorbance at 548.5 nm, at
which wavelength deoxyhaemoglobin and oxyhae-
moglobin both have the same optical density and
that of carboxyhaemoglobin is not much less. Hb
is calculated by comparison of absorbance with
that of an artificial standard. Absorbance can also
be integrated between 500 and 600 nm, the integral
absorbance of oxyhaemoglobin, deoxyhaemoglobin
and carboxyhaemoglobin being similar over this
waveband.



New methods for the estimation of haemoglobin
concentration have been introduced specifically for
near-patient testing (see p. 54).

Recommended units

The ICSH has recommended that Hb be expressed
as g/l (mass concentration), or as mmol/I (molar
concentration) in terms of concentration of the
haemoglobin monomer. The conversion factor, if
Hb is expressed in g/l, is 0.06206, i.e. an Hb of
120 g/1=120 x 0.06206 mmol /1 =7.45 mmol/1.1f Hb
is expressed in molar concentration, then MCH and
MCHC should also be expressed in this manner. An
MCH of 27 pg is equivalent to 1.70 fmol. Similarly,
an MCHC of 330g/l (33 g/dl) is equivalent to
20 mmol/1. There are no clear practical advantages
in expressing Hb as molar concentration and the
potential for confusion and risk to patients if con-
version to these units were to be attempted might be
considerable. Despite the advice of the ICSH, many
laboratories, preferring familiarity to correctness,
continue to express Hb as g/dl.

Packed cell volume

The packed cell volume (PCV) is the proportion of a
column of centrifuged blood that is occupied by red
cells. Some of the measured column of red cells
represents plasma that is trapped between red cells.
The PCV is expressed as a decimal fraction rep-
resenting 1/1 (litres/litre). The terms ‘packed cell
volume” and ‘haematocrit” (Hct) were initially syn-
onymous and were used interchangeably, but the
ICSH has now recommended that PCV be reserved
for estimates made by the traditional technique of
centrifugation and Hct for estimates derived by
other methods on automated instruments. The
original method of measuring the PCV, as devised
by Maxwell Wintrobe, required 1 ml of blood and
prolonged (30 minutes to 1 hour) centrifugation in
graduated glass tubes with a constant internal bore.
This method, sometimes referred to as the macro-
haematocrit, is the basis of the reference method [5],
but for routine use it is cumbersome and slow. Since,
for these reasons, it is no longer used in the diagnos-
tic laboratory, it will not be discussed further. It has
been replaced by the microhaematocrit, which has
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clinical usefulness by itself, can be combined with
the Hb to derive an estimate of the MCHC, and can
be used to calibrate automated counters.

Microhaematocrit

A small volume of blood is taken by capillarity into
an ungraduated capillary tube (usually 75 mm long
with an internal diameter of 1.2 mm) leaving about
15 mm unfilled. The end of the tube distant from the
column of blood is sealed by heat, or by modelling
clay or a similar product. It is then centrifuged for
5 or 10 minutes, at a high ¢ value (for example
10 000-15 000 g) in a small, specially designed cen-
trifuge, to separate the column of blood into red
cells, buffy coat and plasma (Fig. 2.2). The PCV is
read visually on a scale, the buffy coat of white cells
and platelets being excluded from the measurement.
The ICSH has published a selected method that
employs 5 minutes centrifugation [6]. A further
3 minutes centrifugation is advisable if the sample is
polycythaemic, in order to reduce the abnormal
plasma trapping [7]. The microhaematocrit is usu-
ally measured on ethylenediaminetetra-acetic acid
(EDTA)-anticoagulated venous blood but it can also
be performed on capillary blood if the sample
is taken into a microhaematocrit tube the interior
of which is coated with heparin (2 iu). Plastic (poly-
carbonate) tubes are available and are safer than
glass tubes.

A microhaematocrit can also be measured
automatically by an instrument that is suitable for

Fig. 2.2 Measurements of packed cell volume (PCV) by
the microhaematocrit technique; paired tests from three
patients are shown.
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Table 2.1 Some factors affecting the microhaematocrit.

Factors decreasing the
microhaematocrit

Factors increasing the
microhaematocrit

Consequent on dilution

Consequent on an alteration
in the amount of trapped plasma

Consequent on red cell shrinkage

Use of EDTA solution rather than
dry EDTA (0.5% lower)

Longer period of centrifugation
Increased centrifugal force (e.g.
increased radius of centrifuge or
increased speed of centrifugation)
Elevated ESR

Excess EDTA [12,13]
K,EDTA rather than K,EDTA or
Na,EDTA [11] (about 2% lower)

Shorter period of centrifugation
Decreased centrifugal force

Microcytosis (e.g. iron deficiency
or thalassaemia trait)

Sickle cell trait or sickle cell disease
Spherocytosis

Reduced flexibility of red cells on

prolonged storage at room temperature

K,EDTA or Na,EDTA

Narrower tubes than recommended [14]

Soda lime tubes [14]

Fully oxygenated blood [15]

Borosilicate tubes
Deoxygenated blood [15]

EDTA, ethylenediaminetetra-acetic acid; ESR, erythrocyte sedimentation rate.

near-patient testing, which incorporates a cen-
trifuge and an infrared analyser [8].

It should be noted that there are hazards asso-
ciated with determining the microhaematocrit.
Glass capillary tubes may break during insertion of
modelling clay, leading to a penetrating injury and
blood inoculation to the user. In one case human
immunodeficiency virus (HIV) was transmitted and
the house officer concerned subsequently developed
the acquired immune deficiency syndrome (AIDS)
[9,10]. Glass capillary tubes can also break during
centrifugation, leading to a risk of injury and viral
transmission [10].

The microhaematocrit has several sources of
imprecision and inaccuracy. Because of the small-
ness of the tube, reading the level correctly can be
difficult. Tubes may taper or be of an uneven bore.
The seal is not flat, tending to be convex if modelling
clay is used and concave if heat sealing is employed,
although the error introduced by the type of seal is
usually minor [11]. The amount of plasma trapping
is usually around 1-3%, but is variable. It is less with
longer periods of centrifugation and higher g values,
but is also affected by other technical factors and by

the characteristics of the blood sample (Table 2.1). It
should be noted that in the USA blood is usually
taken into K,EDTA, and in the UK it is more usually
taken into K,EDTA; because of the cell shrinkage
that occurs, the microhaematocrit with K,EDTA is
about 2% lower than with K,EDTA [16]. The pre-
cision of the microhaematocrit can be improved by
making at least three replicate measurements and
taking the average; this is necessary when a manual
PCV is used to calibrate an automated instrument. It
has been recommended that, because of the increase
in microhaematocrit that occurs with deoxygenation,
blood should be fully oxygenated when a micro-
haematocrit is used for calibration of an automated
instrument [15].

Plasma trapping

Attempts have been made to make the microhaem-
atocrit more accurate by ‘correcting’ the PCV for
plasma trapping. A more accurate PCV means that
an estimated MCV is also more accurate. In experi-
mental conditions this can be done by labelling
plasma proteins with 3!l and determining the



amount of radioactive isotope that is trapped in the
red cell column. The correction may itself be inac-
curate, since estimates of plasma trapping are lower
when 13-labelled fibrinogen is used than when
1311 ]abelled albumin is used [11]. Such correction is
clearly impracticable in routine diagnostic practice
and it has been suggested that an arbitrary plasma
trapping correction should be applied instead, par-
ticularly when the estimated PCV is to be used for
calibration. This procedure is not recommended
since, although the correction to be applied is based
on experimental evidence, itis nevertheless arbitrary
when applied to an individual blood sample and
there is no agreement as to what percentage correc-
tion is appropriate. Different studies have produced
estimates varying from 1.3% to 3.2% for mean plasma
trapping. The ICSH Committee on Cytometry refer-
ence method does allow for the effect of plasma
trapping [17] (see below). It is important that a
standard procedure be used and that if a laboratory
chooses to use a plasma trapping correction in
calibrating an instrument it applies this correction
when determining the reference range and con-
tinues to apply it when testing patient or blood
donor samples.

Minor alterations in technique such as using or
not using a plasma trapping correction can alter the
percentage of blood donors whose donations are
deferred, or the clinician’s assessment of whether or
not a polycythaemic patient requires venesection. A
similar variation of a few per cent in the MCV can be
diagnostically important in screening for thalas-
saemia trait and can render nomograms devised for
this purpose invalid. There is a similar effect on the
use of MCV as a screening tool unless precisely the
same technique is used in calibrating the instrument
when the reference range is devised and when the
patient samples are studied.

One circumstance in which a plasma trapping
correction is considered appropriate is when a
microhaematocrit is being used for estimation of
total red cell mass. Allowance should be made for the
greater degree of plasma trapping of polycythaemic
blood. It is suggested that if the PCV is less than
0.50 after centrifugation for 5 minutes, 2% correction
should be applied; if it is greater than 0.50, a further
5 minutes centrifugation should be carried out and
the correction should be 3% [18].
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Reference method

The ICSH reference method for the PCV [17] is
based on determination of the Hb on whole blood
and packed red cells, following centrifugation in a
microhaematocrit centrifuge. The measurement on
packed red cells is performed on cells obtained from
the middle of the column of red cells where there is
little trapping of plasma or white cell contamination.
It therefore produces a measurement that does not
include trapped plasma. The reference PCV is

Standard whole blood haemoglobin concentration

Packed red cell haemoglobin concentration

For blood with a normal haematocrit, a spun
microhaematocrit is usually within 0.011/1 of the
reference PCV.

A ‘surrogate reference method” using a micro-
haematocrit determined in borosilicate capillary
tubes has also been proposed, this method being
more applicable to diagnostic haematology labor-
atories [19]. It also produces a measurement that is
free of the effect of trapped plasma.

Other haematocrit methods

With automated instruments in current use, Hct is
computed from the number and size of electrical
impulses generated by red cells passing through a
sensor (see pp. 36 and 39).

The red cell count

The red cell count (RBC) was initially performed by
counting red cells microscopically in a carefully
diluted sample of blood contained in a counting
chamber (haemocytometer) with chambers of known
volume [20]. Although this method was capable
of producing satisfactory results if great care was
exercised, it proved very unreliable in routine use
because of a high degree of imprecision, and it was
also very time-consuming. For this reason the RBC
and the parameters derived from it were measured
or calculated on only a minority of blood specimens.

More precise and therefore more clinically useful
RBCs can be performed on single-channel semi-
automated impedance counters (see p. 35), such as
the Coulter Counter model ZM, which count cells in
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an accurately fixed and known volume of diluted
blood as they pass through an aperture. Although
accurate setting of thresholds is needed, the instru-
ments do not require calibration. The raw instrument
cell counts produced are non-linear with increasing
cell concentration because of the greater likelihood
of two cells passing through the aperture simultane-
ously (coincidence); depending on the instrument,
coincidence correction may be an automatic func-
tion of the instrument or may be carried out by the
user by reference to a table. White cells are also
included in the RBC. Because red cells are normally
atleast 100-fold more numerous than white cells the
inaccuracy introduced by this is usually not great.
RBCs determined on single-channel impedance
counters are much more precise than those pro-
duced in counting chambers and they can also be
produced with much less labour. They are there-
fore more clinically useful. They can be used with
a manual Hb and PCV to calculate MCV and MCH,
which are also much more precise than those derived
from manual RBCs.

RBCs from single-channel semi-automated im-
pedance counters can also be used to calibrate fully
automated blood cell counters that count electrical
impulses generated by red cells passing through a
sensor (see p. 35). Automated instruments count of
the order of 20 000-50 000 cells, so that the precision
is again much greater than that of a haemocytometer
count based on 500-1000 cells.

The reference method for the RBC employs a
semi-automated single-channel aperture-impedance
method with accurate coincidence correction being
achieved by extrapolation from counts on serial
dilutions [21].

Derived red cell variables—red cell indices

Given the three measured variables (Hb, PCV and
RBCQ), it is possible to derive the MCV, MCH and
MCHC. When no plasma trapping correction is used,
the MCV derived from a microhaematocrit will be
an overestimate of the true value and the MCHC
will be an underestimate. This is of no clinical con-
sequence, since reference ranges will be derived in
the same manner. The measured and derived vari-
ables that describe the characteristics of red cells are
often referred to collectively as the red cell indices.

The white cell count

A manual white cell count (WBC) is performed after
diluting an aliquot of blood in a diluent that lyses
red cells and stains the nuclei of the white cells [20].
White cells are counted microscopically in a hae-
mocytometer with chambers of known volume.
Nucleated red blood cells (NRBC) cannot be readily
distinguished from white cells in a counting cham-
ber. If NRBC are present their percentage can be
counted on a stained blood film and the total
nucleated cell count (TNCC) can be corrected. The
manual WBC is imprecise, but this is of less practical
importance than the imprecision of the RBC since
clinically important changes in WBC are usually of
sufficient magnitude to be detected even with an
imprecise method.

White cells can also be counted in diluted whole
blood following red cell lysis, using a single-channel
semi-automated impedance counter. In fully auto-
mated counters, white cells are counted by impedance
technology or light scattering. Automated counters
are inadequate for counting very low numbers of
white cells, e.g. for ensuring that units of blood
products for transfusion have fewer than 5x 108
white cells. In this circumstance, flow cytometry
following staining of white cell nuclei with a DNA
stain is required [22].

The reference method for the WBC employs a
semi-automated single-channel aperture-impedance
method with accurate coincidence correction being
achieved by extrapolation from counts on serial
dilutions [21]. The lower threshold is set between
the noise produced by red cell stroma and the
signals from leucocytes.

The platelet count

Platelets can be counted in a haemocytometer using
either diluted whole blood (in which red cells can be
either left intact or lysed) or platelet-rich plasma
(prepared by sedimentation or centrifugation). If very
large platelets are present, a whole-blood method is
preferred to the use of platelet-rich plasma to avoid
the risk of large heavy platelets being lost during
preparative procedures. The use of platelet-rich
plasma may be preferred if the platelet count is
low. When the method leaves platelets intact, large



platelets can be distinguished from small red cells by
the platelet’s shape, which may be oval rather than
round, and by its irregular outline, with fine projec-
tions sometimes being visible. Use of ammonium
oxalate, which lyses red cells, as a diluent produces
a higher and more accurate count than use of formol-
citrate, which leaves red cells intact [23]. Platelet
counts are best performed on anticoagulated venous
blood obtained by a clean venepuncture. Counts on
blood obtained by finger-prick tend to be lower.

Platelets can be visualized in the counting chamber
by light or phase-contrast microscopy. When using
light microscopy, brilliant cresyl blue can be added
to the diluent. This stains platelets light blue and
facilitates their identification. On light microscopy,
platelet identification is aided by their refractivity.
It is easier to identify platelets by phase-contrast
microscopy and such counts are therefore generally
more precise.

Manual platelet counts are generally imprecise,
particularly when the count is low. They are also
very laborious, so that when this was the only tech-
nique available, counts were performed only when
there was a clear clinical indication.

Platelets can be counted by semi-automated
methods using impedance counters following the
preparation of platelet-rich plasma. Coincidence cor-
rection and the use of two thresholds, to exclude
both debris and contaminating red cells and white
cells, are necessary. These techniques are also labori-
ous and the several steps involved make them prone
to error.

Laboratories with instrumentation suitable for
an automated RBC but not an automated platelet
count can estimate the platelet count indirectly by
measuring the RBC and calculating the platelet
count on the basis of the red cell : platelet ratio in
a stained blood film.

However, the only satisfactory way to perform
the number of platelet counts required by mod-
ern medical practice is with fully automated blood
cell counters. Such instruments count platelets by
impedance, light-scattering or optical fluorescence
technology. In a further refinement of the method,
a monoclonal antibody to a platelet glycoprotein
can be incorporated so that platelets are reliably
distinguished from other small particles. Counts are
generally precise, even at low levels, but unusual
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characteristics of the blood sample can cause inac-
curacy (see p. 184). Manual haemocytometer counts
remain necessary in some patients with giant plate-
lets which, with many automated counters, cannot
be distinguished from red cells.

Various proposals have been made for a reference
method for the platelet count. The platelet count can
be determined indirectly, using the reference method
for the RBC and determining the red cell : platelet
ratio on an automated instrument that is capable of
distinguishing reliably between these two cell types.
Alternatively, the platelet count can be determined
by flow cytometry using a fluorochrome-labelled
monoclonal antibody, such as CD41, CD42a or CDé61,
that binds specifically to platelets. Either a known
amount of fluorescent beads can be used as a cali-
brant, or the ratio of red cells to fluorescent platelets
can be determined and the platelet count can be
calculated from a reference RBC [24-26]. The latter
procedure is preferred, and is now the proposed inter-
national reference method [27], since dilution errors
do not affect the count; a mixture of CD41 and CD61
directly labelled antibodies is employed. It should
be noted that, when there is an inherited platelet
membrane defect with absence of one of the platelet
glycoproteins, the relevant monoclonal antibody will
not bind to platelets, hence the use of two antibodies.
A similar flow cytometry technique has been recom-
mended for routine platelet counts in severely
thrombocytopenic patients, when an accurate platelet
count is particularly important for determining
whether or not a platelet transfusion is needed [28].

The differential white cell count

A differential white cell count is the assigning of
leucocytes to their individual categories, this cat-
egorization being expressed as a percentage or, when
the WBC is available, as an absolute count. The
ICSH recommends that the differential leucocyte
count be expressed in absolute numbers [29]. A dif-
ferential count carried out by a human observer using
a microscope is referred to as a manual differential
count. It is usually performed on a wedge-spread
film, prepared either manually or with a mechan-
ical film spreader. Automated differential counts
are now generally performed by flow cytometry as
part of a full blood count (FBC), differentiation
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between categories being based on the physical
characteristics of the cells and sometimes on their
biochemical characteristics.

Cells that are normally present in the peripheral
blood can be assigned to five or six categories,
depending on whether non-segmented or band forms
of neutrophils (see p. 91) are separated from seg-
mented neutrophils or are counted with them. The
differential count also includes any abnormal cells
that may be present. NRBC can be included as a
separate category in the differential count or, altern-
atively, their number can be expressed per 100 white
cells. In the former case the uncorrected count is
designated the TNCC rather than the WBC, and this
is used for calculating absolute cell numbers. In the
latter case, the TNCC is corrected to a WBC by sub-
tracting the number of NRBC. Laboratories should
consistently follow one or other convention of ex-
pressing counts. In my opinion, it is probably better
not to correct the TNCC to a WBC, but to calculate
absolute counts from the TNCC and the percentage
of each cell type, NRBC being included in the dif-
ferential count. The advantage of this policy is that
the TNCC is likely to be a precise measurement,
whereas the ratio of NRBC to WBC, calculated by
counting NRBC /100 WBC, is likely to be imprecise;
it is better not to replace a precise measurement
of the TNCC with an imprecise estimate of the
WBC. The USA’s National Committee of Clinical
Laboratory Standards (NCCLS), however, recom-
mends that NRBC be expressed per 100 WBC [30].

Differential white cell counts, like all laboratory
tests, are subject to both inaccuracy and impreci-
sion. Manual differential counts are generally fairly
accurate, but their precision is poor, whereas auto-
mated counts are generally fairly precise but are
sometimes inaccurate.

Inaccuracy

With a manual differential count, inaccuracy or
deviation from the true count results both from
maldistribution and from misidentification of cells.

Maldistribution of cells

The different types of white cell are not distributed
evenly over a slide. The tail of the film contains

more neutrophils and fewer lymphocytes, whereas
monocytes are fairly evenly distributed along the
length of the film [31]. When large immature cells
(blasts, promyelocytes and myelocytes) are present
they are preferentially distributed at the edges of the
film rather than in the centre and distally rather than
proximally, in relation to lymphocytes, basophils,
neutrophils and metamyelocytes [32]. The maldis-
tribution of cells is aggravated if a film is too thin
or if a spreader with a rough edge has been used.
Various methods of tracking over a slide have been
proposed to attempt to overcome errors due to
maldistribution (Fig. 2.3). The method shown in
Fig. 2.3a compensates for maldistribution between
the body and the tail, but not for maldistribution
between the centre and the edge, whereas the
‘battlement” method shown in Fig. 2.3b tends to do
the reverse, since the customary 100-cell differential
count will not cover a very large proportion of the
length of the blood film. A modified battlement
track (Fig. 2.3c) is a compromise between the two
methods. In practice, the imprecision of a manual
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Fig. 2.3 Diagrams of blood films showing tracking
patterns employed in differential white blood cell count:
(a) tracking along the length of the film; (b) battlement
method; and (c) modified battlement method—two fields
are counted close to the edge parallel to the edge of the
film, then four fields at right angles, then two fields
parallel to the edge and so on.



count is so great that a small degree of inaccuracy
caused by maldistribution of cells is not of any great
consequence. If there is white cell aggregation, the
maldistribution of cells is so great that an accurate
differential count is impossible.

Misidentification of cells

Inaccuracy due to misidentification of cells is
usually not great when differential counts are per-
formed by experienced laboratory workers on high
quality blood films. An exception to this is the
differentiation between band forms and segmented
neutrophils. Criteria for making this distinction
differ between laboratories, and there is also incon-
sistency in the application of the criteria within a
laboratory because of an element of subjectivity.
Occasionally it is also difficult to distinguish a
monocyte from a large lymphocyte or a degranu-
lated basophil from a neutrophil. Marked storage
artefact renders a differential count very inaccurate;
specifically, degenerating neutrophils may be mis-
classified as NRBC and preferential disintegration
of neutrophils can cause a factitious elevation of the
lymphocyte count. Inaccuracy can also be intro-
duced into a count if many smear cells (see p. 124)
are present and are not included in the count. If the
smear cells are, for example, lymphocytes, then the
percentage and absolute number of lymphocytes
will be falsely low and the percentage and absolute
number of all other cell types will be falsely high.
Smear cells whose nature can be determined should
be counted with the category to which they belong.
Smear cells, the nature of which is not clear, should
be counted as a separate category or the percentage
and absolute number of cells of most categories will
be falsely elevated.

Imprecision

The imprecision or lack of reproducibility of a count
can be expressed as either the standard deviation
(SD) or the coefficient of variation (CV) of replicate
counts. The small number of cells conventionally
counted in a manual differential count leads to poor
precision [33]. When replicate counts are made
of the percentage of cells of a given type among
randomly distributed cells, the SD of the count is
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related to the square root of the number of cells
counted. Specifically, the SD of the proportion of
a given cell type, 6, is equal to [34]:

[6(1-0)
n

The 95% confidence limits of the proportion, i.e.
the limits within which 95% of replicate counts
would be expected to fall, are equal to 6 = 1.96 SD.
The confidence limits of a given percentage of cells
when 100 or more cells are counted are shown in
Table 2.2. It will be seen that the confidence limits
are wide. For example, the confidence limits of a
10% eosinophil count on a 100-cell differential count
are 4-18%. The precision of the absolute count of
any given cell count cannot be any better than the
precision of the percentage but, if it is calculated
from an automated WBC which itself is quite a pre-
cise measurement, it is not a great deal worse. The
imprecision of a manual differential count is greatest
for those cells that are present in the smallest num-
bers, particularly the basophils. If it is diagnostically
important to know whether or not there is basophilia
then it is necessary to improve precision, either by
performing an absolute basophil count in a haemo-
cytometer or by counting many more than the usual
100 cells (e.g. at least 200-500 cells). Similarly, if
neutrophils constitute only a small proportion of
cells (e.g. in chronic lymphocytic leukaemia), it is
again necessary to count a larger number of cells
to improve precision and determine whether there
is neutropenia. Although the precision of a manual
count could be improved by routinely counting more
cells, it is not feasible in a diagnostic laboratory to
routinely count more than 100 or, at the most, 200
cells. The poor precision of the count of cells present
in the smallest numbers means that the reference
limits for manual basophil and eosinophil counts
include zero. It is therefore impossible on the basis
of amanual count to say that a patient has basopenia
or eosinopenia. It should also be noted that the
precision of the band count is so poor that it is not
generally very useful to count band cells separately
from segmented neutrophils. A comment such as
‘left shift’ or ‘increased band cells’ can be made
when such cells are clearly increased.

There is no internationally agreed reference
method for the manual differential count, though
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Table 2.2 Precision achieved with

Observed Total number of cells counted (n) differential counts of various
percentage numbers of leucocytes.
of cells 100 200 500 1000 10 000

0 0-4 0-2 0-1 0-1 0-0.04
1 0-6 0-4 0-3 0-2 0.8-1.2
2 0-8 0-6 0-4 1-4 1.7-2.3
3 0-9 1-7 1-5 2-5 2.7-3.3
4 1-10 1-8 2-7 2-6 3.6-4.4
5 1-12 2-10 3-8 3-7 4.6-54
6 2-13 3-11 4-9 4-8 5.5-6.5
7 2-14 3-12 4-10 5-9 6.5-7.5
8 3-16 4-13 5-11 6-10 7.4-8.6
9 4-17 5-15 6-12 7-11 8.4-9.6
10 4-18 6-16 7-14 8-13 9.4-10.6
15 8-24 10-21 12-19 12-18 14.6-15.4
20 12-30 14-27 1624 17-23 19.6-20.4
25 16-35 19-32 21-30 22-28 24.6-25.4
30 21-40 23-37 26-35 27-33 29.5-30.5
35 25-46 28-43 30-40 32-39 34.5-35.5
40 30-51 33-48 35-45 36-44 39.5-40.5
45 35-56 38-53 40-50 41-49 44.5-45.5
50 39-61 42-58 45-55 46-54 49.5-50.5

Ninety-five per cent confidence limits of the observed percentage of cells when the total
number of cells counted (n) varies from 100 to 10 000. Ranges for n =100 to n = 1000 are

derived from reference [33].

the NCCLS has established a reference method [30].
It uses a manually wedge-spread, Romanowsky-
stained film. Two hundred cells are counted by each
of two trained observers using a ‘battlement” track
(see Fig. 2.3b). The results are averaged to produce
a 400-cell differential count, which is then divided
by four.

The reticulocyte count

Reticulocytes are young red cells, newly released
from the bone marrow, that still contain ribosomal
RNA. On exposure of unfixed cells to certain dyes,
such as brilliant cresyl blue or ‘new methylene blue’,
the ribosomes are precipitated and stained by the
dye, to appear as a reticular network; as the cells are
still living when exposed to the dye, this is referred
to as supravital staining. With new methylene blue,
red cells stain a pale greenish-blue while the reticu-
lum stains bluish-purple.

The amount of reticulum in a reticulocyte varies
from a large clump in the most immature cells
(group I reticulocytes) to a few granules in the most

mature forms (group IV reticulocytes) (Fig. 2.4). The
difficulty in determining whether one or two dots
of appropriately stained material represent RNA
has led to various definitions of a reticulocyte being
proposed. The minimum requirement varies from a
single dot, through two or three dots to a minimum
network. Since the majority of reticulocytes in the
peripheral blood are group IV, the precise definition
of a reticulocyte that is employed will have an
appreciable effect on the reticulocyte count. The
NCCLS classifies as a reticulocyte “any non-nucleated
red cell containing two or more particles of blue-
stained material corresponding to ribosomal RNA’
[35]. This definition is also accepted by the ICSH [36].

The RNA, which is responsible for forming the
reticulum following supravital staining, gives rise,
on Romanowsky-stained films, to diffuse cytoplas-
mic basophilia. The combination of cytoplasmic
basophilia with the acidophilia of haemoglobin
produces staining characteristics known as poly-
chromasia. Not all reticulocytes contain enough RNA
to cause polychromasia on a Romanowsky-stained
film, but whether polychromatic cells correspond



Fig. 2.4 Reticulocytes stained with
new methylene blue. (a) A group
Ireticulocyte with a dense clump of
reticulum, several group II
reticulocytes with a wreath or
network of reticulum and several
group Il reticulocytes with a
disintegrated wreath of reticulum.

(b) Group IT, IIT and IV reticulocytes:

the group IV reticulocyte has two
granules of reticulum. There is also
a cell with a single dot of reticulum.
By some criteria this would also be
classified as a reticulocyte. (c) Three
reticulocytes and a Howell-Jolly
body.

(a)

(b)
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Table 2.3 The characteristic appearance of various red cell inclusions on a new methylene blue reticulocyte preparation.

Name Nature Appearance
Reticulum Ribosomal RNA Reticulofilamentous material or scanty small granules
Pappenheimer bodies Iron-containing inclusions One or more granules towards the periphery of
the cell, may stain a deeper blue than reticulum
Heinz bodies Denatured haemoglobin Larger than Pappenheimer bodies, irregular in shape,

Howell-Jolly bodies DNA
Haemoglobin H Denatured
inclusions haemoglobin H

usually attached to the cell membrane and may
protrude through it, pale blue

Larger than Pappenheimer bodies, regular in shape,
distant from the cell membrane, pale blue

Usually do not form with short incubation periods;
if present they are multiple and spherical giving a
‘golf-ball” appearance, pale greenish-blue

only to the least mature reticulocytes (equivalent to
the group I reticulocytes) [37] or to all but the most
mature reticulocytes (group I, II and III reticulo-
cytes) [38] is not certain.

There are certain other inclusions that can be con-
fused with the reticulum of reticulocytes. Methods
of making the distinction are given in Table 2.3 and
these other inclusions are discussed in more detail
in Chapter 7. Cells containing Pappenheimer bodies,
in particular, can sometimes be difficult to distinguish
from late reticulocytes with only a few granules of
reticulofilamentous material. If necessary, a reticu-
locyte preparation can be counterstained with a
Perls’ stain (see p. 266), to identify Pappenheimer
bodies, or by a Romanowsky stain, to identify
Howell-Jolly bodies. When a reticulocyte prepara-
tion is fixed in methanol and counterstained with a
Romanowsky stain, the vital dye, e.g. the new
methylene blue, is washed out during the methanol
fixation. The reticulum is then stained by the basic
component of the Romanowsky stain [39].

Reticulocytes are usually counted as a percentage
of red blood cells. The use of an eyepiece containing
a Miller ocular micrometer disc (Fig. 2.5) facilitates
counting; reticulocytes are counted in the large
squares and the total red cells in the small squares,
which are one-ninth of the size of the large cells. If 20
fields are counted, the reticulocytes among about
2000 cells are counted and the reticulocyte percent-
age is equal to:

Reticulocytes in 20 large squares x 100

Erythrocytes in 20 small squares X9

Fig. 2.5 The appearance of a Miller ocular micrometer for
use in counting reticulocytes.

This method gives superior precision to counting
the proportion of reticulocytes without an ocular
insert [40]. Consecutive rather than random fields
should be counted, since there is otherwise a
tendency to subconsciously select fields with more
reticulocytes [40]. It is also essential that the same
principles of counting cells as are used in manual
counting chamber counts are followed, i.e. the cells
overlapping two of the four borders are not counted.
Failure to follow this practice is thought to be the
explanation of a bias towards lower counts that has
been observed if a Miller disc is used [41]. The num-
ber of cells to be counted to achieve an acceptable
degree of reproducibility increases as the percentage



Table 2.4 Cells to be counted to achieve a reasonably
precise reticulocyte count.

Reticulocyte  Approximate number  Equivalent to

count (%) of cells to be total count of
counted in small
squares for CV of 10%
1-2 1000 9000
3-5 500 4500
6-10 200 1800
20-25 100 900

The number of cells to be counted in the small square of a Miller
graticule to achieve an acceptable degree of precision for the
reticulocyte count, from reference [36].

CV, coefficient of variation.

of reticulocytes falls. If a Miller graticule is used, the
number of cells that should be counted to achieve
a CV of about 10% is shown in Table 2.4 [36].
Reticulocyte counts have traditionally been ex-
pressed as a percentage. If an RBC is available an
absolute reticulocyte count, which gives a more
accurate impression of bone marrow output, can be
calculated. As an alternative, a result that is more
meaningful than a percentage can be produced by
correcting for the degree of anaemia as follows:

Reticulocyte index
_ reticulocyte percentage x observed PCV

normal PCV

for example,

1.2x0.29

Reticulocyte index = =0.77

This example shows that an apparently normal
reticulocyte count can be demonstrated to be low if
allowance is made for the presence of anaemia. This
procedure and the use of an absolute reticulocyte
count give similar information. A more complex
correction [42] can be made that allows for the fact
that in anaemic persons, under the influence of an
increased concentration of erythropoietin, reticulo-
cytes are released prematurely from the bone mar-
row and spend longer in the blood before becoming
mature red cells. The reticulocyte index and the
absolute reticulocyte count both give a somewhat
false impression of bone marrow output in this cir-
cumstance. The reticulocyte production index [42] is
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calculated by dividing the reticulocyte index by the
average maturation time of a reticulocyte in the
peripheral blood at any degree of anaemia. Although
the reticulocyte index and the reticulocyte produc-
tion index have not found general acceptance, the
concepts embodied in them should be borne in mind
when reticulocyte counts are being interpreted.

Although the absolute reticulocyte count or one
of the reticulocyte indices is to be preferred as an
indicator of bone marrow output, the reticulocyte
percentage has the advantage that it gives an indica-
tion of red cell lifespan. If a patient with a stable
haemolytic anaemia has a reticulocyte count of 10%
it is apparent that one cell in 10 is no more than
1-3 days old.

The reticulocyte count is stable with storage of
EDTA-anticoagulated blood at room temperature for
up to 24 hours [43] and at 4°C for several days [36].

The NCCLS reference method for the reticulocyte
count is based on new methylene blue [44].

Units and approved abbreviations

The ICSH have recommended standardized abbre-
viations for peripheral blood variables. These are
shown together with the approved units of the
Systéme International (SI) and their abbreviations in
Table 2.5.

Automated blood cell counters

Principles of operation of automated
haematology counters

The latest fully automated blood cell counters
aspirate and dilute a blood sample and determine
8-46 variables relating to red cells, white cells and
platelets. Many counters are also capable of identi-
fying a blood specimen (e.g. by bar-code reading),
mixing it, transporting it to the sampling tube and
checking it for adequacy of volume and absence of
clots. Some are also linked to an automated film
spreader. To avoid any unnecessary handling of
blood specimens by instrument operators, sampling
is usually by piercing a cap. Apart from the meas-
urement of Hb, all variables depend on counting
and sizing of particles, whether red cells, white cells
or platelets. Particles can be counted and sized
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Table 2.5 Units, abbreviations and symbols used for describing haematological variables*.

Variable Abbreviation Unit Symbol

White blood cell count WBC number x 10°/1

Red blood cell count RBC number x 10'2/1

Haemoglobin concentration Hb grams/litre OR g/l
grams/decilitre OR g/dl
millimoles per litre mmol/1

Haematocrit Hct litre/litre 1/1

Packed cell volume PCV litre /litre 1/1

Mean cell volume MCV femtolitre fl

Mean cell haemoglobin MCH picograms OR rs
femtomoles fm

Mean cell haemoglobin concentration MCHC grams/litre OR g/l
grams/decilitre OR g/dl
millimoles per litre mmol/1

Platelet count Plt number x 10°/1

Mean platelet volume MPV femtolitre fl

Plateletcrit Pct litre /litre 1/1

Reticulocyte count Retic number x 10°/1

Erythrocyte sedimentation rate ESR millimitres mm

(Westergren, 1 hour)

*In addition, it should be noted that the approved abbreviation for ‘international units’ is iu.

either by electrical impedance or by light scattering.
Automated instruments have at least two channels.
In one channel a diluent is added and red cells are
counted and sized. In another channel a lytic agent
is added, together with diluent, to reduce red cells
to stroma, leaving the white cells intact for counting
and also producing a solution in which Hb can be
measured. Further channels are required for a dif-
ferential WBC, which is often dependent on study of
cells by a number of modalities, e.g. impedance
technology with current of various frequencies, light
scattering and light absorbance. A separate channel
or an independent instrument may be required for
a reticulocyte count.

Automated instruments cannot recognize all the
significant abnormalities that can be recognized
by a human observer. They are therefore designed
to produce accurate and precise blood counts on
specimens which are either normal or show only
numerical abnormalities, and to alert the instrument
operator when the specimen has unusual charac-
teristics that could either lead to an inaccurate
measurement or require review of a blood film. This
is often referred to as ‘flagging’. Results should be
flagged: (i) when the blood sample contains blast

cells, immature granulocytes, NRBC or atypical
lymphocytes; (ii) when there are giant or aggregated
platelets or for any reason red cell and platelet popu-
lations cannot be separated; and (iii) when there
is an abnormality likely to be associated with facti-
tious results.

A new challenge to automated instruments is the
production of accurate red cell indices, as well as
total haemoglobin concentration, in patients who are
infused with haemoglobin-based blood substitutes.
This can be achieved with Bayer instruments (see
below), which measure size and haemoglobin con-
centration of individual red cells [45].

Beckman-Coulter instruments

Blood cells are extremely poor conductors of elec-
tricity. When a stream of cells in a conducting
medium flows through a small aperture across
which an electric current is applied (Fig. 2.6) there is
a measurable increase in the electrical impedance
across the aperture as each cell passes through,
this increase being proportional to the volume
of conducting material displaced. The change in
impedance is therefore proportional to the cell
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Mercury-containing
manometer for
controlling and
metering flow
through the aperture

Wires from electrodes
which stop and start
particle counting

Fig. 2.6 Semi-diagrammatic representation of part of Coulter Counter, model FN, showing the aperture tube and
the manometer used for metering the volume of cell suspension counted. Right: diagrammatic representation of the

cross-section of the aperture tube of an impedance counter.

volume. Cells can thus be both counted and sized
from the electrical impulses that they generate. This
is the principle of impedance counting, which was
devised and developed by Wallace Coulter in the
late 1940s and 1950s and which ushered in the
modern era of automated blood cell counting.
Aperture impedance is determined by capacitance
and inductance as well as by resistance. Various fac-
tors apart from cell volume influence the amplitude,
duration and form of the pulse, these being related
to the disturbance of electrical lines of force as well
as to the displacement of the conducting medium.
Cell shape is relevant, as well as cell volume, so that
cells of increased deformability, which can elongate
in response to shear forces as they pass through the
aperture, appear smaller than their actual size and
rigid cells appear larger [46]. Furthermore, cells that
pass through the aperture off centre produce aber-
rant impulses and appear larger than their actual

size. Cells that recirculate through the edge of an
electrical field produce an aberrant impulse, which
is smaller than that produced by a similar cell pass-
ing through the aperture; a recirculating red cell can
produce an impulse similar to that of a platelet pass-
ing through the aperture. Cells that pass through the
aperture simultaneously, or almost so, are counted
and sized as a single cell; the inaccuracy introduced
requires correction, known as coincidence correction.
Aberrant impulses can be edited out electronically.
Sheathed flow or hydrodynamic focusing can direct
cells to the centre of the aperture to reduce the prob-
lems caused both by coincidence and by aberrant
impulses. Both sheathed flow and sweep flow behind
an aperture can prevent recirculation of cells.
Impedance counters generally produce very pre-
cise measurements of cell volume and haemoglobin
content and concentration. However, there are some
inaccuracies inherent in the method, which are
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greater when cells are abnormal. The voltage pulse
produced by a cell passing through the sensing zone
canbe regarded as the cell’s electrical shadow, which
suggests a particle of a certain size and shape. A nor-
mal red cell probably passes through the aperture in
a fusiform or cigar shape [46], producing an elec-
trical shadow similar to its actual volume, whereas
a sphere produces an electrical shadow 1.5 times its
actual volume [46]. A fixed rigid cell will appear
larger than its actual volume. Furthermore, cell
deformability is a function of haemoglobin concen-
tration within an individual cell. The effect of cell
shape is not the same with all impedance counters.
In one study the inaccuracy was greater with a
Coulter STKR and a Cell-Dyn 3000 than with a
Sysmex K-1000 and was not seen with a Sysmex
NE-8000 [47].

Beckman—Coulter instruments (previously Coulter
counters) initially measured Hb by a modified cyan-
methaemoglobin method. For example, with the
Coulter Counter S Plus IV, Hb was derived from the
optical density at approximately 525 nm after a reac-
tion time of 20-25 seconds. A cyanide-free reagent
for Hb determination was subsequently introduced.
Coulter instruments count and size red cells, white
cells and platelets by impedance technology. Platelets
and red cells are counted and sized in the same
channel. The measurement of MCV and RBC allow
the Hct to be derived, and the measurement of mean
platelet volume (MPV) and the platelet count allow
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the derivation of an equivalent platelet variable, the
plateletcrit (Pct). The MCH is derived from the Hb
and the RBC. The MCHC is derived from the Hb,
RBC and MCV. The variation in size of red cells is
indicated by the red cell distribution width (RDW),
which is the SD of individual measurements of red
cell volume. The equivalent platelet variable is the
platelet distribution width (PDW). There is often
some overlap in size between small red cells and
large platelets. Depending on the model of instru-
ment, platelets and red cells may be separated from
each other by a fixed threshold, e.g. at 20 fl, or by a
moving threshold, or the data from counts between
two thresholds, e.g. 2 and 20 fl, may be used to fit a
curve, which is extrapolated so that platelets falling
beyond these thresholds, e.g. between 0 and 70 fl, are
also included in the count. White cells are counted
in a separate channel, the Hb channel, following red
cell lysis. NRBC present are mainly included in the
‘WBC’. Histograms of volume distribution of white
cells, red cells and platelets are provided (Fig. 2.7).
The fully automated Coulter instruments—
Coulter STKS, MAXM, HmX, Gen S and LH750—
produce a five-part differential white cell count,
which is based on various physical characteristics of
white cells, following partial stripping of cytoplasm
(Fig. 2.8; Table 2.6). Three simultaneous measure-
ments are made on each cell: (i) impedance measure-
ments with low-frequency electromagnetic current,
dependent mainly on cell volume; (ii) conductivity
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Fig. 2.8 Printouts of Coulter STKS automated counter. (a) Scatter plot of white cell volume against discriminant function
1. There are four white cell populations: NEUT, neutrophils; EOS, eosinophils; MONO, monocytes; and LYMPH,
lymphocytes. (b) Scatter plots of white cell volume against discriminant function 2 showing three white cell populations:
GRAN, neutrophils, eosinophils and basophils; MONO, monocytes; and LYMPH, lymphocytes. (c) Scatter plots of white
cell volume against discriminant function 3 showing three white cell populations; BASO, basophils; MONO, monocytes;
and LYMPH, lymphocytes. (d) Histogram showing size distribution of red cells and platelets.

measurements with high-frequency (radiofrequency)
electromagnetic current, which alters the bipolar
lipid layer of the cell membrane allowing the cur-
rent to penetrate the cells and is therefore depend-
ent mainly on the internal structure of the cell,
including nucleocytoplasmic ratio, nuclear density
and granularity; (iii) forward light scattering at

10-70° when cells pass through a laser beam, deter-
mined by the structure, shape and reflectivity of the
cell. In recent instruments (e.g. the Gen S and LH750),
the software permits further analysis of this data:
conductivity measurements are corrected for the
effect of cell volume so that they more accurately
reflect internal cell structure and nucleocytoplasmic

(b)

(d)
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Table 2.6 Technology employed in automated full blood counters performing 5-7 part differential counts.

Instrument

Technology

Coulter STKS, Gen S and
LH750 (Beckman—Coulter)

A°T 5diff counter
(Beckman—Coulter)

Sysmex SE-9000
(Sysmex Corporation)

Sysmex XE-2100
(Sysmex Corporation)

H.1,H.2and H.3 and
Advia 120 (Bayer)

Cell-Dyn 3500
(Abbott Diagnostics)

Cell-Dyn 4000
(Abbott Diagnostics)

ABX Pentra 60 and

ABXPentra 120 Retic
(ABX Diagnostics)

(i) Impedance with low frequency electromagnetic current
(i) Conductivity with high frequency electromagnetic current
(iii) Laser light scattering

(i) Impedance measurements following differential lysis
(ii) Impedance technology and absorbance cytochemistry (after interaction with
chlorazole black)

(i) Impedance with low frequency electromagnetic current
(ii) Impedance with high frequency electromagnetic current
(iii) Impedance with low frequency electromagnetic current at low and high pH

(i) Impedance with low frequency electromagnetic current

(ii) Impedance with radiofrequency electromagnetic current

(iii) Forward light scatter

(iv) Sideways light scatter

(v) Fluorescence intensity following interaction with a polymethine fluorescent dye

(i) Light scattering following peroxidase reaction

(i) Light absorbance following peroxidase reaction

(iii) Light scattering following stripping of cytoplasm from cells other than
basophils by a lytic agent at low pH

(i) Forward light scatter

(ii) Narrow angle light scatter

(iii) Orthogonal light scatter

(iv) Polarized orthogonal light scatter

As above plus:

(v) NRBC count following binding to fluorescent dye

(i) Impedance

(i) Light absorbance following staining of granules with chlorazol black E
(iii) Impedance following preferential stripping of cytoplasm from basophils

atlow pH

ratio—designated ‘opacity’; light-scatter measure-
ments are corrected for the effect of cell volume so
that separation of different cell types is improved—
designated ‘rotated light scatter’. The abbreviation
VCS (volume, conductivity, scatter) is used. Five cell
populations are discriminated by three-dimensional
cluster analysis based on cell volume, ‘opacity” and
rotated light scatter; clusters are separated by mov-
ing curvilinear thresholds. Clusters are represented
graphically by plots of cell volume against three
discriminant functions derived from the data. Plots
of size against discriminant function 1 (mainly
derived from light scatter) separate cells into four
clusters: neutrophils, eosinophils, monocytes and
lymphocytes plus basophils (Fig. 2.8a). Basophils
are located in the upper right-hand quadrant of the
lymphocyte box. Plots of size against discriminant
function 2 (mainly based on conductivity measure-

ments with high-frequency electromagnetic current)
separate cells into three clusters—lymphocytes,
monocytes and granulocytes (Fig. 2.8b). A plot of
size against discriminant function 3, obtained by
gating out neutrophils and eosinophils, shows
basophils as a cluster separate from lymphocytes
and monocytes (Fig. 2.8¢). In addition, there is a
multicolour three-dimensional scatter plot.

With the latest Beckman—Coulter instrument, the
LH750, precision is improved by counting white
cells, red cells and platelets in triplicate and by
extending the counting time if the WBC or platelet
count is low. Particles greater than 35 fl after red cell
lysis are counted as white cells. The instrument is
able to count NRBC and corrects the WBC for NRBC
interference [48]. Platelets are counted between
2 and 20 fl but the curve is extrapolated to 70 fI to
include large platelets. Reticulocytes can be counted
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Fig. 2.9 Scatterplot and histograms produced by Beckman-Coulter AT 5diff counter: (a) normal; (b) sample with

eosinophilia; (c) sample with monocytosis.

in a separate mode (see p. 49). A new red cell
variable, the mean sphered cell volume (MSCV),
represents the average volume of sphered red cells,
measured in the reticulocyte channel [49]. Normally
the MSCV is greater than the MCV (of non-sphered
cells) and an inversion of this relationship suggests
the presence of spherocytosis or a similar shape
change [49]. The Coulter Gen S and LH750 VCS
differential white cell data can be used as an ‘alarm’
for samples that are likely to contain malaria
parasites [50].

Earlier Coulter instruments (the S Plus series and
the STKR) produce a three-part differential count
based solely on impedance sizing following partial
stripping of cytoplasm, the categories of white cell
being granulocyte, lymphocyte and mononuclear cell.

Another current instrument marketed by
Beckman—Coulter instrument, the AT 5diff counter,
performs a five-part differential count by means of
measurements in two channels (Fig. 2.9; Table 2.6).
The WBC and the basophil count are determined by
impedance measurements following differential
lysis, basophils being more resistant to stripping of
cytoplasm in acid conditions. Other cell types are
determined in a second channel using a combina-
tion of measurements of volume (by impedance
technology) and absorbance cytochemistry (after

interaction with chlorazole black). Chlorazol black
binds to the granules of eosinophils (most strongly),
neutrophils (intermediate) and monocytes (least
strongly); lymphocytes are unstained. The prin-
ciples underlying the differential count on this instru-
ment have much in common with those employed
in Bayer instruments (see below). The instrument
has a very small sample volume requirement so is
suitable for use with paediatric samples.

Information on Beckman—Coulter instruments
is available on the company website, www.
beckman.com.

Sysmex and other instruments incorporating
impedance measurements

After the expiry of the initial patent of Coulter
Electronics, impedance counters were introduced
by a number of other manufacturers, among whom
Sysmex Corporation are prominent. These instru-
ments operate according to similar principles to
those of Coulter instruments. Some instruments
integrate the pulse heights from the red cell channel
to produce Hct and derive the MCV from the RBC
and Hct while others do the reverse. Variables meas-
ured are similar to those of Coulter analysers, often
including a three-part (Fig. 2.10)—or with added
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Fig. 2.10 Numerical printout and histograms of white
blood cell (WBC), red blood cell (RBC) and platelet (PLT)
volume produced by a Sysmex NE 5000 automated
haematology analyser. White cells are classified into small
cells (W-SC), which are mainly lymphocytes, intermediate
sized cells (W-MC), which are mainly monocytes and
large cells (W-LC), which are mainly neutrophils.

technology, five-part or six-part—differential count.
Platelets may be separated from red cells by fixed
thresholds or moving thresholds. The RDW on most
instruments represents the SD of cell size meas-
urements. Sysmex instruments give the option of
CV as an index of RDW. Most impedance counters
initially measure Hb by a modified cyanmethae-
moglobin method but this is now often replaced by
cyanide-free methodology. For example, Sysmex
instruments use a lauryl sulphate method.

Sysmex SE-9000

The Sysmex SE-9000 and later instruments have an
Hb channel that is separate from the WBC channel.
This permits the use of a strong lytic agent so that

high WBCs are unlikely to interfere with Hb
estimates. Hb estimation is by a lauryl sulphate
method. There are moving thresholds for both red
cells and platelets, which are counted by impedance
technology. As with earlier instruments, histograms
of red cell, white cell and platelet volume distribu-
tion are provided (Fig. 2.11a). The MCV on this and
certain other Sysmex instruments (K-1000, NE-8000
and SE-9000) has been noted to increase on deoxy-
genation and decrease on oxygenation [15]. The
MCHC shows inverse changes. It is likely that the
same effect would be observed with other auto-
mated counters, since the same phenomenon is
observed with a microhaematocrit. The NE-8000
does not show the same inaccuracy in MCV and
MCHC estimates with hypochromic cells as is seen
with the Coulter STKR; for the K-1000, inaccuracy is
intermediate [47].

The SE-9000 produces a five-part differential
count by combining data from three channels
(see Table 2.6). In the granulocyte-lymphocyte—
monocyte channel leucocytes are separated from
red cell ghosts and platelet clumps and are divided
into three major clusters (Fig. 2.11b) by a plot of
radio-frequency capacitance measurements against
direct current impedance measurements. Radio-
frequency measurements depend on internal cellular
structure—nucleocytoplasmic ratio, chromatin struc-
ture and cytoplasmic granularity—while direct cur-
rent measurements depend on cell size. Eosinophils
are detected by direct current measurements of cell
size following exposure to a lytic agent at alkaline
pH. Basophils are detected by direct current meas-
urements of cell size following exposure to a lytic
agent at acid pH. The neutrophil count is deter-
mined by subtracting basophil and eosinophil counts
from the granulocyte count. Immature granulocytes
can be separated from erythrocytes and the residues
of other leucocytes in the immature myeloid infor-
mation (IMI) channel (Fig. 2.11b, right). Any abnor-
malities can thus be flagged as: “? left shift’, ?
immature granulocytes’ or *? blasts’.

The immature myeloid index has been found to
be useful as a predictor of a rise in CD34-positive
stem cell numbers in patients being prepared for a
peripheral blood stem cell harvest, and can serve as
a trigger to start monitoring the number of CD34-
positive cells [51].
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Fig. 2.11 Graphic output of Sysmex SE-9000 automated haematology analyser. (a) White cell scatter plots and red cell,
platelet, eosinophil and basophil volume histograms on a normal sample. (b) White cell scatter plots—radiofrequency (RF)
against direct current (DC)—of an abnormal sample with an increase of immature granulocytes. White cell populations
shown are: GRAN, granulocytes; LYMPH, lymphocytes; MONO, monocytes (left); and immature granulocytes in a
separate cluster from erythrocytes and residues of other leucocytes (right).

impedance measurements) and radiofrequency cur-
rent (for determining the internal structure of a cell)
The Sysmex XE-2100 [52] incorporates fluores-  to perform a differential count (Fig. 2.12). A poly-
cence flow cytometry into a multichannel instru-  methine fluorescent dye combines with nucleic acids
ment that also utilizes laser light, direct current (for (nuclear DNA and RNA in cytoplasmic organelles)

Sysmex XE-2100
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of ‘permeabilized’ cells. This instrument has the
capacity to count reticulocytes, recognize and count
RNA-containing platelets and recognize and count
NRBC, cells with the characteristics of immature
granulocytes (promyelocytes, myelocytes and meta-
myelocytes, IG) and haemopoietic progenitor cells
(HPC). Recognition of the latter depends on the
greater lipid content of cytoplasmic membranes of
more mature cells, so that differential lysis can be
used to lyse mature cells and leave haemopoietic
progenitor cells less damaged; this variable was also
included in the SE-9500 instrument. Blast cells can
be differentiated from less immature cells. The XE-
2100 can operated in CBC/DIFF mode, in which
TNCC are counted and the presence of NRBC is
flagged, or in NRBC mode, in which NRBC are
counted and the WBC is computed by subtraction
of NRBC from TNCC. This instrument also has the
capacity to determine a platelet count by both
impedance technology and an optical method,
following interaction with a fluorescent dye—the
latter in the reticulocyte channel. At low counts the
optical-fluorescence platelet count is usually more

accurate [53] whereas at high counts the linearity of
the impedance count is better. Which count is more
accurate depends on the cause of the thrombocy-
topenia. Patients on chemotherapy may have WBC
fragments, leading to the optical count being an
overestimate of the platelet count, whereas in patients
with low platelet counts and large platelets, e.g.
due to autoimmune thrombocytopenic purpura or
thrombotic thrombocytopenic purpura, the optical
count is more accurate. If the analyser is left to use
the switching algorithm it will report the more accur-
ate count.

The XE-2100 is a multichannel instrument, the
channels being as follows.
1 A haemoglobin channel using a strong lytic agent
and a cyanide-free reagent (lauryl sulphate) for the
measurement of Hb.
2 A red cell channel/platelet channel with which
red cells and platelets are counted and sized by
impedance technology, following hydrodynamic
focusing; in addition to the usual red cell variables,
mean platelet size, platelet distribution width (the
width of the platelet size histogram at 20% of the



peak height) and the percentage of large platelets
(platelet large cell ratio, P-LCR, platelets larger than
12 fl expressed as a percentage) are provided. An
increased percentage of large platelets has been
observed in patients with hyperlipidaemia and this
has been suggested as a possible risk factor for
thrombosis [54]. An increase in MPV, PDW and
P-LCR has been observed in autoimmune thrombo-
cytopenic purpura in comparison with aplastic
anaemia [55].

3 A white cell differential channel in which neu-
trophils plus basophils, eosinophils, lymphocytes
and monocytes are differentiated from each other,
by cluster analysis, following interaction with a
fluorescent dye; measurements made are of sideways
light scatter (indicative of the internal structure of
cells), forward light scatter (indicative of cell size)
and fluorescence intensity (indicative of the size
of the nucleus). Immature granulocytes are counted
in this channel. An increased percentage of imma-
ture granulocytes has been found predictive of
infection; however, although more predictive than
the WBC it was no better than the absolute neu-
trophil count [56].

4 A white cell/basophil channel in which all cells
except basophils are lysed so that basophils can be
differentiated from other leucocytes by cluster
analysis, using forward light scatter and sideways
light scatter.

5 A NRBC channel in which NRBC are differentiated
from white cells and from red cell ghosts by cluster
analysis based on fluorescence intensity and forward
light scatter, following lysis of NRBC and inter-
action of cells with a fluorescent dye. NRBC are less
fluorescent and scatter less light than leucocytes.
Persisting NRBC in the peripheral blood following
stem cell transplantation have been found to cor-
relate with a significantly worse prognosis [57].

6 Animmature myeloid channel in which granulo-
cyte precursors and putative haemopoietic stem
cells can be differentiated from mature leucocytes
by cluster analysis based on impedance and radio-
frequency current analysis following differential
lysis. The absolute count of HPC has been found to
be a clinically useful measurement in determining
the optimal timing for harvesting peripheral blood
stem cells. Since the HPC count is quick and
economical it can be used to predict when it is
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worthwhile performing the more slow and expens-
ive measurement of CD34-positive cells [58].
7 A reticulocyte channel (used only when the
instrument is run in reticulocyte mode) in which
platelets are also enumerated optically with an
immature platelet count (‘reticulated platelets’) being
determined by a fluorescence/optical method; the
fluorescent dye is a proprietary mixture of polyme-
thine and oxazine. The immature platelet fraction has
been found to be increased in conditions of increased
platelet turnover, e.g. autoimmune thrombocyto-
penic purpura, thrombotic thrombocytopenic pur-
pura and pregnancy-associated hypertension [59].
The instrument has a switching algorithm to select
the most accurate platelet count and this should not
be over-ridden [60]. Inaccurate impedance counts
can occur in the presence of red cell fragments
or giant platelets. Inaccurate optical/fluorescence
counts can occur when white cell fragments are
present, e.g. in leukaemia. The reticulocyte channel
can also be used to enumerate and monitor red cell
fragments in patients with microangiopathic hae-
molytic anaemia [61]. For further information on the
reticulocyte count, see p. 49.

Information about Sysmex instruments is avail-
able on the company website www.sysmex.com.

Bayer instruments

A cell passing through a focused beam of light
scatters the light, which may then be detected by
photo-optical detectors placed lateral to the light
beam. The degree of scatter is related to the cell size
so that the cell can be both counted and sized. By
placing a detector in the line of the light beam it is
also possible to measure light absorbance. The light
beam can be either white light or a high-intensity,
coherent laser, which has superior optical qualities.
The light detector can be either a photomultiplier
or a photodiode both of which convert light to
electrical impulses that can be accumulated and
counted.

H.1 series

The H.1 series of Bayer (previously Technicon)
instruments (Bayer Diagnostics)—the H.1, H.2 and
H.3—count and size cells by light scattering, using
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plots produced by a Technicon H.2 counter. In the peroxidase channel forward light scatter, largely determined by cell
volume is plotted against light absorbance, largely determined by the intensity of the peroxidase reaction. There are five
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white light for counting and sizing leucocytes and a
laser for counting and sizing red cells and platelets.
The red cells are isovolumetrically sphered, so that
light scatter is not dependent on cell shape and can
be predicted from the laws of physics. Cells move
through a laser beam, and light scattered forward is
measured at a narrow (2-3°) and a wider (5-15°)
angle. A comparison of the two allows the com-
putation of the size and haemoglobin concentration
of individual red cells. Histograms showing the
distribution of red cell volume and haemoglobin
concentration are provided, together with a plot of
volume against haemoglobin concentration (Fig. 2.13).
The histogram of the cell volumes permits the
derivation of the MCV, RDW and Hct.

Similarly, the histogram of haemoglobin con-
centrations permits the derivation of the cellular
haemoglobin concentration mean (CHCM) and the

haemoglobin distribution width (HDW), the latter
being indicative of the variation in haemoglobin
concentration between individual cells. Bayer instru-
ments measure Hb by a modification of conventional
cyanmethaemoglobin methodology, and the MCH
and MCHC are computed from the Hb, RBC and
MCV. An optional lauryl sulphate method for Hb
estimation is also available. The MCHC and CHCM
are independently derived measurements, both rep-
resenting the average haemoglobin concentration in
a cell. They should give essentially the same result.
This acts as an internal quality control mechanism
since errors in the estimation of Hb, e.g. consequent
on a very high WBC, cause a discrepancy between
these two measurements. It would be theoretically
possible to omit the haemoglobin channel and com-
pute Hb from the CHCM, RBC and MCV derived
from light-scattering measurements.



The technology of the H.1 series of instruments
appears to produce accurate estimations of MCV,
PCV and MCHC, which agree well with reference
methods [62,63]. It has been possible to avoid the
inaccuracies of earlier light-scattering instruments
(in which light scattering was influenced by cellular
haemoglobin concentration as well as cell size) and
the inaccuracies inherent in some impedance coun-
ters (in which the electrical shadow is influenced by
cellular deformability as well as cell size). Cells that
cannot be isovolumetrically sphered, e.g. irreversibly
sickled cells, will not be sized accurately. Similar
measurements of two-angle light scatter permit
platelets to be counted and sized (platelet count and
MPV). A plateletcrit and PDW are also computed.
Platelet counts using this technology appear to be
superior, particularly when the count is low, to
counts using impedance technology (Coulter or
Sysmex) [26].

Hypochromic cells, as detected by these instru-
ments, correlate with the observation of hypochromic
cells on a blood film. The percentage is increased in
iron deficiency and the anaemia of chronic disease.
The percentage of hypochromic cells has been found
to be very sensitive in the detection of functional
iron deficiency in patients given erythropoietin, e.g.
haemodialysis patients. Similar changes have been
observed in iron-replete healthy volunteers and it
has been suggested that this measurement might
be useful in detecting illicit erythropoietin use by
athletes [64]. However, in hospitalized patients, an
increased percentage of hypochromic cells shows
poor specificity for iron deficiency [65]. Hypochro-
mic macrocytes have a different significance, being
indicative of either dyserythropoiesis or an increased
percentage of reticulocytes.

The differential count of the H.1 series is derived
from two channels (see Table 2.6). The peroxidase
channel uses white light and incorporates a cyto-
chemical reaction in which the peroxidase of
neutrophils, eosinophils and monocytes acts on a
substrate, 4-chloro-1-naphthol, to produce a black
reaction product, which absorbs light. Light scatter,
which is proportional to cell size, is then plotted
against light absorbance, which is proportional
to the intensity of the peroxidase reaction (see
Fig. 2.13). Neutrophils, eosinophils, monocytes
and lymphocytes fall into four clusters, which are
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separated from each other and from cellular debris by
a mixture of moving and fixed thresholds. A further
cluster represents cells that are peroxidase-negative
and larger than most lymphocytes, these being
designated large unstained cells (LUC). In healthy
subjects, LUC are mainly large lymphocytes but
abnormal cells such as blast cells and atypical lym-
phocytes can fall into this category. In the perox-
idase channel, basophils fall in the lymphocyte
category. They are separated from all other leucocytes
in an independent basophil/lobularity channel, on
the basis of their resistance to stripping of cytoplasm
by a lytic agent in acid conditions. Basophils, sized
by forward light scatter, are larger than the stripped
residues of other cells (see Fig. 2.13). The basophil/
lobularity channel is also used to detect the presence
of blasts. Forward light scatter, which is proportional
to cell size, is plotted against high-angle light scat-
ter, which is a measure of increasing nuclear density
and lobulation. Blasts are detected as a population
with an abnormally low nuclear density. In addition,
the ‘lobularity index” (LI) is a measure of the ratio of
the number of cells producing a lot of high-angle
light scatter (Ilobulated neutrophils) to cells produc-
ing less high-angle light scatter (mononuclear cells,
immature granulocytes and blasts).

Instruments of the H.1 series, in addition to
‘flagging’ the presence of blasts, atypical lympho-
cytes, immature granulocytes and NRBC, produce
two new white cell parameters—LI (described above)
and the mean peroxidase index (MPXI). The latter
is a measure of average peroxidase activity and is
decreased in inherited peroxidase deficiency and also
in acquired deficiency, as occurs in some myelodys-
plastic syndromes and myeloid leukaemias. A fall
occurs during pregnancy, with a nadir at 20 weeks
[66]. MPXI is increased in infection, in some myeloid
leukaemias and myelodysplastic syndromes, in
AIDS and in megaloblastic anaemia.

The later Bayer instrument, the Advia 120
operates on similar principles to the H.1 series
instruments. The primary TNCC is provided by the
basophil /lobularity channel rather than the per-
oxidase channel. There is improved cluster analy-
sis in the basophil/lobularity channel permitting
more accurate flagging of the presence of NRBC
(Fig. 2.14). The platelet count is determined by two-
dimensional analysis of size and refractive index,
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Fig. 2.14 Scatter plots produced by
the Bayer Advia 120, showing the
peroxidase channel (top left, Perox),
the basophil channel (top right,
Baso), a plot of red cell size versus
haemoglobin concentration (bottom

left, RBC V/HC) and the reticulocyte
channel scatter plot (bottom right,
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using laser light scatter at two angles; this has been
found to produce a more accurate platelet count
than that of the H.3 [67]. There is an expanded range
of platelet parameters—mean platelet component
concentration (MPC), platelet component distribu-
tion width (PCDW), mean platelet mass (MPM) and
platelet mass distribution width (PMDW). Refer-
ence ranges have been published and it has been
suggested that the MPC may be a useful indicator of
platelet activation [68].

The latest instrument in this series is the Advia
2120, which incorporates a cyanide-free haemoglobin
method, enumeration of NRBC, correction of the
TNCC to a WBC, and a reflex slide-spreader that
adjusts for haematocrit and white cell count. The
NRBC count is based on data from both the unstained
area of the peroxidase channel and from a combina-
tion of data from the peroxidase channel and the
basophil /lobularity channel.

Information on Bayer instruments is available on
the company website www .bayer.com.

Abbott (Cell-Dyn) instruments

Cell-Dyn 3500

The Cell-Dyn 3500 (Abbott Diagnostics) is a multi-
channel, automated instrument incorporating both
laser light-scattering and impedance technology.
Hb is measured as cyanmethaemoglobin. Red cells,
white cells and platelets are counted and sized by
impedance technology following cytoplasmic strip-
ping of white cells. Histograms of size distribution
are provided (Fig. 2.15).

The WBC is also estimated in a light-scattering
(laser) channel, which provides, in addition, an
automated five-part differential count [69] (see
Table 2.6). White cells mainly maintain their integrity
and are hydrodynamically focused to pass in single
file through the laser beam. In this channel, red cells
are rendered transparent because their refractive
index is the same as that of the sheath reagent. Four
light-scattering parameters are measured:
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WAC (size)

Fig. 2.15 Graphic output of Cell-Dyn 3500 automated counter, showing histograms of volume distribution of RBC,
platelets (PLT) and white cells (WIC) derived from the impedance channel.

1 Forward light scatter at 1-3° (referred to as 0°
scatter), which is mainly dependent on cell size

2 Narrow-angle light scatter at 7-11° (referred to as
10° scatter), which is dependent on cell structure
and complexity

3 Total polarized orthogonal light scatter at 70-100°
(referred to as 90° scatter)

4 Depolarized orthogonal light scatter at 70-100°
(referred to as 90°D scatter).

Scatter plots of white cell populations are pro-
vided (Fig. 2.16). Cells are first separated into granu-
locytes and mononuclear cells (Fig. 2.16a) on the
basis of their lobularity and complexity. Next,
granulocytes are separated into eosinophils and
neutrophils on the basis of the unique ability of
eosinophils to depolarize light (Fig. 2.16b). Next, the
mononuclear cells are separated into monocytes,
lymphocytes and degranulated basophils (basophil
granules being soluble in the sheath reagent) on the
basis of cell size and complexity (Fig. 2.16c). Finally,
all five populations are indicated (colour coded)
on a plot of lobularity against size (Fig. 2.16d). The
identification of cell clusters with anomalous char-
acteristics permits blasts, atypical lymphocytes,
NRBC and immature granulocytes to be flagged.

The measurement of WBC by two technologies
provides an internal quality control mechanism.

The WBC in the impedance channel (WIC) is
falsely elevated if NRBC are present, whereas the
WBC in the optical channel (WOC) excludes NRBC
by means of a moving threshold. However, since the
optical channel employs a less potent lytic agent,
WOC may be falsely elevated when there are

osmotically resistant red cells, as occurs with some
neonatal blood samples. The likelihood of NRBC or
osmotically resistant red cells is flagged and an
algorithm selects the preferred result. If a suspicion
of both NRBC and osmotically resistant cells is
flagged, an extended period of lysis can be used to
produce an accurate WOC.

Cell-Dyn 4000

The Cell-Dyn 4000 incorporates, in addition to the
variables measured by the Cell-Dyn 3500, an auto-
mated reticulocyte count and an erythroblast count
[70,71]. Reticulocytes are recognized by analysis
of both low-angle light scatter and green fluores-
cence following interaction with the DNA-RNA
dye, CD4K530. They can be distinguished from
platelets, leucocyte nuclei and Howell-Jolly bodies.
Erythroblasts are recognized after interaction of
permeabilized cells with a fluorescent DNA-RNA
dye, propidium iodide, using three measurements—
two light-scattering measurements relating to cell
size and a measurement of red-fluorescence signals
derived from erythroblast nuclei and damaged white
cells. NRBC are distinguished from platelets, Howell-
Jolly bodies and basophilic stippling. Since NRBC
are enumerated separately from WBC, the Cell-Dyn
is able to produce a WBC rather than a TNCC. The
Cell-Dyn 4000 also gives a confidence estimate for
the blast flag, which has been found to be clinically
useful [72]. It also incorporates a ‘flag’ for non-
viable white cells, which can alert the instrument
operator to an aged sample [71] or a pathological
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sample with an increase in apoptotic cells. There is
a ‘flag’ for atypical lymphocytes, which has been
found to be sensitive although not very specific [73].
The Cell-Dyn 4000 can be used for an immunological
platelet count, employing a fluorescent-labelled CD61
monoclonal antibody [74]. This is a more expensive
method, which is indicated for verifying low counts
rather than being a routine method. It is indicated
whenever the platelet count approaches a level that
might trigger platelet transfusion (e.g. less than
20 or less than 10 x 10°/1) and whenever there are
giant platelets or significant numbers of red cell
fragments or markedly microcytic cells [75]. This
instrument has the possibility of an extended lyse
period when red cells are incompletely lysed and
an extended count mode for cytopenic samples. The
Cell-Dyn 4000 can also be used to quantitate T cells,
B cells and natural killer cells [76] and to quantitate
fetal Rh D-positive cells in the circulation of an Rh
D-negative mother, maternal blood being incubated
with a monoclonal anti-D antibody conjugated to
fluorescein isothiocyanate (FITC) [77].

Cell-Dyn instruments have been observed to
given abnormal patterns in some patients with

LYMPH

.#w

Fig. 2.16 Graphic output of a Cell-
Dyn 3500 counter, showing white
cell scatter plots derived from the
white cell optical channel. (a) A plot
of 90° scatter (indicating lobularity)
against 10° scatter (indicating
complexity) separates a granulocyte
cluster from a mononuclear cluster.
(b) 90°D (depolarized) scatter against
90° scatter separates the granulocyte
cluster into eosinophils (which
T ' y depolarize light) and neutrophils
(which do not). (c) 0° scatter (related
to size) against 10° scatter (related
| tocomplexity) separates the
mononuclear cell cluster into
lymphocytes, monocytes and
degranulated basophils. (d) The
five populations thus identified are
shown on a plot of 90° scatter
(related to lobularity) against 0°
scatter (related to size). GRAN,
granulocytes; MONONUC,
mononuclear cells; NEUT,
neutrophils; MONO, monocytes;
LYMPH, lymphocytes; and EOS,
eosinophils.

EQS

MNEUT

MOND

Sipe (CP)

Plasmodium falciparum or P. vivax malaria, as a result
of the depolarization of light by malarial pigment
(haemozoin) [78]. This can serve to alert laboratory
staff to this diagnosis.

Cell-Dyn Sapphire

The latest Abbott Cell-Dyn instrument is the Cell-
Dyn Sapphire. It incorporates four optical detectors
for polarized and depolarized light and three fluor-
escence detectors. The type of laser and the reagents
differ from those of earlier instruments but the prin-
ciples are the same. NRBC are enumerated following
staining with the fluorochrome, propidium iodide;
this also permits the provision of a viability index
for white cells. Optional tests are a reticulocyte count,
an immuno-platelet count (using a CD61 monoclonal
antibody) and a measurement of CD3-positive/
CD4-positive and CD3-positive/CD8-positive T cells
(using fluorochrome-labelled monoclonal antibod-
ies). The RBC can be measured by an optical as well
as an impedance method. Hb is measured by imida-
zole ligand chemistry. As with several earlier instru-
ments, the Cell-Dyn Sapphire may show atypical



polarization events in patients with malaria, since the
malarial pigment haemozoin shares with eosinophil
granules the ability to depolarize light. The atypical
signals appear on the neutrophil-eosinophil scatter
plot in a different position from signals generated
by eosinophil granules.

Information on Abbott instruments is available on
the company website www.abbottdiagnostics.com.

Horiba ABX instruments

ABX instruments such as the ABX Pentra 60 and
ABX Pentra DX 120 (Horiba ABX Diagnostics) are
haematology analysers that have evolved from
Helios Argos instruments. Red cells, white cells
and platelets are counted and sized by impedance
technology and histograms of size distribution are
provided. The Hct is determined by summing the
amplitudes of electrical signals generated by red cells
and providing a coincidence correction. Platelets are
separated from red cells by a floating threshold
between 18 and 25 fl. Haemoglobin is measured by
one of two methods, either by a cyanmethaemoglobin
method or by oxidation of haem iron followed by
stabilization to produce chromogenic substances
that can be quantified. A five-part differential count
is based on two channels (see Table 2.6). In one
channel, light absorbance and impedance meas-
urements are made, after interaction of cells with
chlorazol black E, the active principle of Sudan black
B (Fig. 2.17). This dye stains eosinophil granules most
strongly, neutrophil granules somewhat less and
monocyte granules more weakly; light absorbance
of stained cells is determined both by the strength
of staining of granules and the degree of complex-
ity of the nucleus. In a second channel, basophils
are differentiated from other white cells by imped-
ance measurements following differential cytoplas-
mic stripping. Different white cell populations are
displayed on a plot of light absorbance against
impedance and are enumerated by cluster analysis
(with moving thresholds). Two further abnormal
white cell populations are enumerated, when pre-
sent. “Atypical lymphocytes” are both counted separ-
ately and included in the total lymphocyte count
(in contrast to the Bayer instruments, where ‘large
unstained cells” are counted separately but excluded
from the lymphocyte count). ‘Large immature cells’
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are counted separately but are also assigned to either
the neutrophil category or the monocyte category,
depending on their light absorbance. The “atypical
lymphocyte’ category may include not only atypical
lymphocytes in conditions such as infectious mono-
nucleosis, but also lymphoma cells, cells of chronic
lymphocytic leukaemia, small blast cells and plasma
cells. The ‘large immature cell” category may include
myeloblasts, monoblasts, promyelocytes (including
those present in promyelocytic leukaemia), myelo-
cytes, metamyelocytes, lymphoblasts and lymphoma
cells. The Pentra DX 120 also includes a reticulocyte
count (see below).

Information on Pentra instruments can be found
on the company website www .horiba-abx.com.

Automated differential counters

Pattern-recognition automated differential
counters

CellaVision AB has produced a pattern-recognition
automated differential counter, the Diffmaster
Octavia, based on microscopy of an MGG or
Wright-Giemsa stained blood film interpreted by
a computer program employing neural networks.
The identification of cells can be confirmed visually
and, if necessary, altered. Information is available
at www.cellavision.com.

Automated reticulocyte counts and
reticulated platelet counts

Automated reticulocyte count

Most automated reticulocyte counts depend on the
ability of various fluorochromes to combine with
the RNA of reticulocytes. Fluorescent cells can then
be counted in a flow cytometer. The fluorochromes
also combine with DNA so that nucleated cells
fluoresce. An alternative technology is based on
staining of RNA by a non-fluorescent nucleic acid
stain such as new methylene blue or oxazine 750.
Reticulocytes are then detected by light scattering or
light absorbance or by analysis of three different cell
properties (Coulter instruments). White cells, nucle-
ated red cells and platelets can usually be separated
from reticulocytes on the basis of gating for size and
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either their light scattering /absorbance or the intens-
ity of their fluorescence. Reticulocyte counts can be
expressed as an absolute count or as a percentage of
total red cells.

Because of the large number of cells counted,
automated reticulocyte counts are much more
precise than manual counts. It was hoped that they
might also be more accurate, since the subjective
element in recognizing late reticulocytes with only
one or two granules of positively staining material is
eliminated. However, the automated countis altered
by: (i) the choice of fluorochrome; (ii) the duration of

Fig. 2.17 Histograms of red cell
(RBC) and platelet (PLT) size
distribution and scatter plots of the
differential white cell channel (DDM)
and the reticulocyte channel (RET) of
the Horiba ABX Pentra 120 analyser.

exposure of the blood to the fluorochrome; (iii) the
temperature at which the sample is kept after mix-
ing; and (iv) the setting of thresholds—the upper
threshold to exclude fluorescing nucleated cells
and the lower threshold to exclude background
autofluorescence.

Similar considerations apply to automated retic-
ulocyte counts using non-fluorescent nucleic acid
stains. A reference range for an automated reticulo-
cyte count is therefore specific to an instrument and
method. Reference ranges that have been established
show considerable variation. It is still necessary



to consider the manual count to decide whether
a range represents ‘truth’. Ideally, automated and
manual counts should show a close correlation; mean
counts should be similar, and the intercept on the y-
axis of the regression line of automated counts on
manual counts should be small.

Automated reticulocyte counts fall as the blood
ages in vitro. This is likely to reflect reticulocyte
maturation. It also occurs with manual counts but
because of the imprecision of the manual count it is
less likely to be noticed. If blood is stored at 4°C the
reticulocyte count is stable for 72 hours but if it is left
at room temperature a 5% fall is noted by 24 hours
and a 10% fall by 48 hours [79]. Ideally counts should
be performed within 6 hours of venepuncture.

Automated reticulocyte counts can be performed
on general purpose flow cytometers, such as the
Becton Dickinson FACScan or the Coulter EPICS XL,
or on a dedicated reticulocyte counter, such as the
Sysmex R-1000, R-2000 or R-3000 (Fig. 2.18). Increas-
ingly an automated reticulocyte counting capacity is
incorporated into an automated full blood counter,
asin the Sysmex XE-2100 (see Fig. 2.12), the Bayer H.3
and Advia 120 (Figs 2.19 & 2.20), the Cell-Dyn 3500
and 4000, the later versions of the Coulter STKS (Fig.
2.21), the Coulter MAXM, HmX, Gen S and LH750
and the ABX Pentra 120 and Pentra Retic. Techno-
logies employed are summarized in Table 2.7 [41,79].

Automated reticulocyte counts can also be per-
formed by image analysis of a blood film stained
with new methylene blue [80].

The automated reticulocyte count, like the manual
count, is useful in determining whether anaemia is
caused by failure of bone marrow output or increased
red cell destruction. Because of its greater precision,
the automated reticulocyte count is also useful in
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monitoring the response to erythropoietin therapy in
chronic renal failure and in detecting bone marrow
recovery following therapy for aplastic anaemia or
following chemotherapy for malignant disease.
Automated reticulocyte counters can also pro-
vide various indices of reticulocyte immaturity,
since intensity of fluorescence or uptake of another
nucleic acid stain is proportional to the amount of
RNA in the cell. Instruments may divide reticulo-
cytes into low, intermediate and high (or low and
high) fluorescence/absorbance/light scatter, higher
values indicating an increasing degree of imma-
turity. They may also give a mean measurement.
The count of immature reticulocytes varies greatly
between instruments but, nevertheless, such meas-
urements may be of clinical significance when
considered in relation to the reference range for the
instrument in question. In anaemia consequent on
haemolysis or blood loss, the percentage of imma-
ture reticulocytes rises as the total reticulocyte count
rises [81]. However, when there is dyserythropoiesis
the percentage of immature reticulocytes may be
elevated despite a normal or reduced total reticulo-
cyte count. This has been observed, for example,
in acute myeloid leukaemia, the myelodysplastic
syndromes, megaloblastic anaemia and aplastic
anaemia [81-83]. A disproportionate increase in
immature reticulocytes indicates abnormal matura-
tion of reticulocytes [82]. In other anaemias with
little dyserythropoiesis but with a poor reticulo-
cyte response, e.g. iron deficiency anaemia or the
anaemia of chronic renal failure, the absolute
reticulocyte count is reduced, but the percentage of
immature reticulocytes is normal. The percentage of
immature reticulocytes is increased, without anaemia
or any increase in the reticulocyte percentage, in
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Fig. 2.19 Printout of a Bayer H.3
counter showing the scatter plot of
: : Red cells the reticulocyte counting channel.
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late reticulocytes.

Fig. 2.20 Photograph of the colour
monitor of a Bayer H.3 automated
counter. The scattergram shows
volume and haemoglobin content of
reticulocytes (blue) in relation to size
and haemoglobin content of other red
cells (red) on both a Mie map and a
red cell cytogram. This sample had a
greatly increased reticulocyte count
as a consequence of a haemolytic
transfusion reaction.
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Fig. 2.21 Scatter plot of the reticulocyte channel of the
Coulter Counter STKS showing clusters of mature red
cells (left) and reticulocytes (right) following vital staining
of reticulocytes by new methylene blue.

a significant proportion of patients with cardiac and
pulmonary disease [84]. It has been suggested that
this results from erythropoietin release as a response
to hypoxia.

When effective erythropoiesis is restored after a
period of reduced output of red cells—e.g. following
bone marrow transplantation or during recovery
from chemotherapy—there is a rise in the percent-
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age and absolute count of immature reticulocytes
in advance of any rise in the total reticulocyte per-
centage, neutrophil count or platelet count [85].
Similarly, an increase in the percentage of immature
reticulocytes predicts haemopoietic recovery when
severe aplastic anaemia is treated with immunosup-
pressive therapy, occurring in advance of a rise in
the neutrophil count or the total reticulocyte count
[86]. Immature reticulocyte counts have been found
to be useful in predicting the optimal time for a
peripheral blood stem cells harvest in some, but not
all, studies [47].

As for the reticulocyte count, the immature reticu-
locyte fraction is an instrument-dependent measure-
ment and instrument-specific reference ranges are
therefore required. For example, the Pentra 120 Retic
immature reticulocyte fraction is higher than that of
either the Sysmex XE-2100 or the Sysmex R-2000 [87].

The most recent Bayer instruments provide other
reticulocyte indices such as the haemoglobin con-
tent and concentration; haemoglobin content (CHr)
provides an early sensitive index of iron deficiency
but this measurement is lacking in specificity [65].
The Sysmex XE-2100 produces a measurement
known as the Ret-y, which is the mean value of
forward light scatter by reticulocytes. It can be
converted to a reticulocyte haemoglobin equivalent,
Ret-H,, which gives similar information to Bayer
instruments CHr in early iron deficiency [88].

Table 2.7 Technologies employed

for automated reticulocyte counting Instrument

Fluorochrome or stain

in current instruments [41,79].

Fluorescence-based methods
R-1000, R-2000, R-3000, R-3500,

Auramine O

SE-9000 and SE-9500 (Sysmex)

XE-2100 (Sysmex)
Cell-Dyn 4000 (Abbott)

XL (Beckman—Coulter)
FACScan (Becton Dickinson)

Pentra 120 Retic

A proprietary polymethine dye
CD4K530 (light scatter and fluorescence
intensity measurements)

Coriphosphine O
Thiazole orange

Thiazole orange

(Horiba ABX Diagnostics) [79]

Non-fluorescent RNA-binding agents

H.3 and Advia 120 (Bayer)
Cell-Dyn 3500 (Abbott)

STKS/MAXM/Gen S
(Beckman—Coulter)

Oxazine 750 (absorbance measurement)

New methylene blue (light scattering
measurement)

New methylene blue (VCS—volume,

conductivity and scatter measurements
on ghosts of sphered cells)
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Reticulated platelets

Young platelets, newly released from the bone
marrow, contain significant amounts of RNA; they
can be identified on a blood film after exposure of
the blood to methylene blue. By analogy with retic-
ulocytes, they have been called ‘reticulated platelets’.
Automated reticulocyte counters can be modified to
measure reticulated platelets. The Sysmex R-3000
has been modified to measure both reticulated
platelets and large platelets. Reticulated platelets
can also be enumerated on a flow cytometer after
exposure to a fluorescent dye, such as thiazole
orange, capable of binding to nucleic acids. The con-
centration of the fluorescent dye must be carefully
judged to avoid binding to platelet components
other than RNA [89]. It is also possible to use two-
colour fluorescence, combining a nucleic acid stain
with a fluorochrome-labelled platelet monoclonal
antibody such as CD61 [90].

In most studies, an increased percentage of reticu-
lated platelets has been found to indicate that
thrombocytopenia results from increased platelet
destruction rather than bone marrow failure but
there is some overlapping of results and conflicting
data have also been published [89,91,92]. Following
bone marrow transplantation [93] and during treat-
ment of thrombotic thrombocytopenic purpura [90],
an increase in reticulated platelets heralds a rise in
the platelet count.

Near-patient testing

Various small instruments are simple enough in their
operation that they can be used for near-patient
testing by individuals who are not fully trained
biomedical scientists, but have been specifically
trained for this more limited role. Some instruments
measure a number of variables whereas others—e.g.
the HemoCue portable haemoglobinometer (see
p- 22)—measure only Hb. There are also certain
methods that have been specifically developed for
this setting.

An estimate of Hb can also be made by comparing
the intensity of colour of a drop of blood on filter
paper with a colour scale [94]. This method is
suitable for screening in peripheral clinics with no
ready access to laboratories. It is likely to be used
particularly in developing countries, but also has

potential as a test for screening blood donors prior
to blood donation. The colour of a drop of blood can
similarly be compared with coloured discs, as in the
Lovibond Tintometer (www.tintometer.com).

A novel method for estimating Hb is employed
by a portable haemoglobinometer, the HB-SCAN
(Haemo Wave AB, Sweden). The unopened tube
of blood is exposed to oscillating electric fields. The
amount of energy absorbed at the specific (radio)
frequencies used is influenced in a predictable way
by the concentration of haemoglobin. The results
are said by the manufacturer to be linear between
5and 18 g/dlwith a CV of 3% or less. The apparatus
requires no reagents or consumables.

Another novel instrument, the Hemoscan, is a
portable instrument with a hand-held probe, which
is placed beneath the tongue [95]. The probe emits
light that reflects from the target tissue to a tiny
camera. The instrument is said to produce an estimate
of Hb, PCV and WBC. A similar principle underlies
the Hemo-Monitor and the Astrim, which measure
Hb non-invasively on the basis of light absorbance in
the near-infrared range when the fingers are inserted
into the instrument [96,97]; estimates have been found
to be comparable to laboratory measurements in most
patients but not in those with a paraprotein [97].
However, the correlation with standard methods
and the accuracy do not appear to be sufficient at
present for this to be a useful advance [98].

An instrument capable of measuring haemato-
crit and bilirubin concentration on 25 ul of blood
(Bilirubin Plus, Hematechnologies, Inc.) is potentially
of value for near-patient testing on babies. The same
company manufactures a near-patient instrument
(ESR PLUS) that performs a modified erythrocyte
sedimentation rate (which correlates well with stand-
ard methods), a Het, Hb and total protein and biliru-
bin concentrations on a 25 pl EDTA-anticoagulated
capillary sample. The Hct is measured optically,
after centrifugation, and the Hb by photometry.

Storage of blood specimens prior
to testing

If there is to be any delay in performing a blood
count, the specimen should be stored at 4°C. Storage
at room temperature increases the number of ‘flags’
and introduces inaccuracies. For example, with the
H.1 series of instruments a left shift flag becomes



very frequent, the MCV rises and the MCHC falls.
Similarly, room temperature storage of samples for
counts on a Cell-Dyn 3500 instrument was observed
to cause an increased number of ‘flags’, a fall of the
WBC as measured by the optical system (but not by
the impedance system), a fall in the neutrophil per-
centage, a rise in the lymphocyte percentage, a rise
in the MCV and a fall in the MCHC [99]. Platelet
characteristics vary on storage. For example, with
the Advia 120 there is a rise in the MPV and a fall in
the MPC [68].

Test your knowledge

Multiple choice questions (MCQs)

(1-5 answers may be correct)

MCQ 2.1 The measurement most likely to correlate
with hypochromia observed on a blood film is

(a) The RBC

(b) The PCV/Hct

(c) The MCV

(d) The MCH

() The MCHC

MCQ 2.2 Erroneous measurements of haemoglobin
concentration by the cyanmethaemoglobin method
may result from the presence of a significant pro-
portion of

(a) Oxyhaemoglobin

(b) Deoxyhaemoglobin

(c) Carboxyhaemoglobin

(d) Sulphaemoglobin

(e) Methaemoglobin

MCQ 2.3 The platelet count may be estimated by

(a) Microscopy, using a counting chamber

(b) Impedance measurements

(c) Light-scattering measurements

(d) Estimation of their ratio to red cells, in combina-
tion with an RBC

(e) Turbidity measurements

MCQ 2.4 The International Council for Standardiza-
tion in Haematology (ICSH) accepts as suitable units
for the measurement of haemoglobin concentration
(a) fl

(b) g/dl
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(© g/l
(d) mmol/1
(e) %

MCQ 2.5 Fluorescence measurements are used in
various automated instruments to

(a) Count platelets

(b) Measure the MCV

(c) Detect young platelets

(d) Detect and count NRBC

(e) Countreticulocytes

MCQ 2.6 Anautomated differential white cell count
may be inaccurate because of

(a) The presence of NRBC

(b) Inherited peroxidase deficiency

(c) Anincreased reticulocyte count

(d) The presence of microcytic red cells

(e) Non-lysis of erythrocytes

Extended matching questions (EMQs)

Only one answer is correct.

EMOQ 2.1

Theme: Red cell inclusions

Options

A Aniron-containing granule on a Perls’ stain

B Denatured haemoglobin

C Anuclear fragment in the cytoplasm

D An iron-containing granule on a Romanowsky
stain

E A network of precipitated ribosomes

F Small granules representing ribosomes

Which option from the above list best describes the
nature of the red cell inclusion?

Inclusion Matching option

1 Heinz body

2 Pappenheimer body
3 Siderotic granule

4 Howell-Jolly body
5 Basophilic stippling

EMQ 2.2
Theme: statistical terms
Options
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A Count per unit volume

B Deviation from the true value

C The range within which a stated percentage of
measurements are expected to fall

D Lack of reproducibility

E An estimate of imprecision

F An estimate of inaccuracy

Which option from the above list best explains the
statistical term?

Term Matching option

1 Imprecision

2 Inaccuracy

3 Confidence limit

4 Standard deviation

5 Coefficient of variation

EMQ2.3

Theme: Automated differential count
Options

A Basophil

B Eosinophil

C Erythrocyte

D Leucocyte

E Neutrophil

F Nucleated red blood cell
G Platelet

H Reticulocyte

Which option from the above list describes the
cell or other particle identified by the following
characteristics?

Measurement Matching option

1 Particle size between 2 and 20 1

2 Intense peroxidase activity

3 In comparison with other leucocytes, resistant to lysis
4 Depolarized orthogonal light scatter

5 Interaction with CD61
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3 Morphology of blood cells

Examining the blood film

Blood films should be examined in a systematic
manner, as follows.

1 Patient identification should be checked and
confirmed and the microscope slide matched with
the corresponding full blood count (FBC) report.
The sex and age of the patient should be noted since
the blood film cannot be interpreted without this
information. In a multiracial community it is also
helpful to know the ethnic origin of the patient.

2 The film should be examined macroscopically
to confirm adequate spreading and to look for any
unusual spreading or staining characteristics. The
commonest macroscopic abnormality is an increased
blue coloration caused by hypergammaglobulin-
aemia (Fig. 3.1) due either to a paraprotein, e.g. in

' |

Fig. 3.1 Peripheral blood film of a patient with multiple
myeloma (left) compared with another blood film stained
in the same batch (right). The deeper blue staining occurs
because the high concentration of immunoglobulin leads
to increased uptake of the basic component of the stain.

multiple myeloma and related conditions, or to
a reactive increase in immunoglobulins, e.g. in cir-
rhosis or rheumatoid arthritis. Abnormal staining
characteristics are also caused by the presence of
foreign substances such as heparin, which conveys a
pink tinge, or the vehicles of certain intravenous
drugs. Occasionally, macroscopic abnormalities are
caused by precipitation of cryoglobulin, gross red
cell agglutination, platelet clumping or the presence
of clumps of tumour cells (Figs 3.2-3.4).

3 The film should be examined microscopically,
using a microscope correctly set up to give optimal
illumination. Examination should take place first
under alow power (e.g. with the x 10 or x 25 objective)

& . -"-'5
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Room Warmed
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Fig. 3.2 Peripheral blood films from a patient with a
potent cold agglutinin. The left hand film, which shows
marked agglutination, was prepared from EDTA-
anticoagulated blood that had been standing at room
temperature. The right hand film, which shows no
macroscopic agglutination, was prepared from blood
warmed to 37°C.
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Fig. 3.3 Peripheral blood film from a patient with
multiple myeloma showing cryoglobulin precipitates.
Courtesy of Dr Sue Fairhead, London.

and then with a higher power (x40 or x 50 object-
ive) with an eyepiece magnification of x 10 or x 12.
It is only necessary to use oil immersion and a x 100
objective when observation of fine detail is required
or when searching for malaria parasites. Laboratories
using unmounted films may find it useful to have a
x 50 oil immersion objective in addition to a x 100. It
should be noted that some immersion oils can cause
contact dermatitis and care should therefore be
exercised in their use [1]. The use of a relatively low
power is important since it allows rapid scanning
of alarge part of the film and facilitates the detection

Fig. 3.4 Peripheral blood film
showing visible aggregates of
tumour cells. (a) Macroscopic
photograph of slide. (b) Photo-
micrograph showing that the visible
masses are clumps of tumour cells.
Courtesy of Dr Sue Fairhead.



Fig. 3.5 Platelet aggregate in a peripheral blood film. The
platelets have agglutinated and some have discharged
their granule contents and thus appear grey.

of abnormal cells when they are present at a low
frequency. It is also useful in the appreciation of
rouleaux and red cell and white cell agglutination.
Examination of the blood film must also include
examination of the edges and the tail since large
abnormal cells and clumps of cells are often dis-
tributed preferentially in these areas. Platelet aggreg-
ates and fibrin strands, if present, are often found in
the tail of the film.

On placing a film under the microscope the first
decision to be made is whether or not it is suitable
for further examination. Spreading, fixation and
staining must be satisfactory and there should be no
artefactual changes produced by excess ethylenedi-
aminetetra-acetic acid (EDTA) or prolonged storage.
It is unwise to give an opinion on an inadequate
blood film. A well-spread film should have an
appreciable area where cells are a monolayer, i.e.
where they are touching but not overlapping. White
cells should be distributed regularly without undue
concentration along the edges or in the tail, such
as occurs when the film is spread too thinly.
Granulocytes are found preferentially along the
edges and in the tail of a wedge-spread film and
lymphocytes are preferentially in the centre but in
a carefully spread film the difference is not great
(see p.28).
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Fig. 3.6 Fibrin strands in a peripheral blood film from a
patient with a hypercoagulable state. The fibrin strands
are very weakly basophilic and cause deformation of the
red cells between which they pass. Fibrin strands can also
form when there has been partial clotting of a blood
specimen because of difficulty in venepuncture.

Blood films should be examined for platelet
aggregates (Fig. 3.5), which may cause the platelet
count to be falsely low, or fibrin strands (Fig. 3.6),
which indicate partial clotting of the sample with
the likelihood that the platelet count and possibly
other variables are invalid. Platelets that have dis-
charged their granules following aggregation may
appear as pale blue masses not immediately iden-
tifiable as platelets.

Storage-induced artefacts

Blood films should be made without delay but
laboratories that receive specimens by post or trans-
ported from a distance should be aware of the
changes induced by storage. Prolonged storage of
EDTA-anticoagulated blood causes loss of central
pallor simulating spherocytosis [2], crenation or
echinocytic changes in red cells (Fig. 3.7), degenera-
tion of neutrophils (see Fig. 3.7) and lobulation
of some lymphocyte nuclei (Fig. 3.8). Excess EDTA
may itself cause crenation of red cells and also
accelerates the development of storage changes.
Degenerating neutrophils may have a similar
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Fig. 3.7 Peripheral blood film showing storage
artefact—crenation (echinocytosis), a disintegrated cell
and a neutrophil with a rounded pyknotic nucleus.

appearance to necrobiotic neutrophils formed in
vivo (see Fig. 3.89) or may be completely amorphous.
If there has been prolonged delay in the blood speci-
men reaching the laboratory, e.g. 3 days or more,
most of the neutrophils will have degenerated and
the white blood cell count (WBC) will have fallen as
a consequence. If an inexperienced laboratory worker
does not recognize the storage artefact and attempts
to perform a differential count, a factitious neu-
tropenia and lymphocytosis will be recorded.

®

Fig. 3.8 Peripheral blood film showing storage
artefact—mild crenation and lobulation of a lymphocyte
nucleus.

Inexperienced observers may also misclassify
neutrophils with a single rounded nuclear mass as
nucleated red blood cells (NRBC). Storage also leads
to artefactual changes in other components of the
automated blood count.

Another unusual artefactual change is produced
by accidentally heating samples, e.g. by transport-
ing a blood specimen in a hot car [3]. This causes
dramatic fragmentation of red cells (Fig. 3.9), which
can be confused with hereditary pyropoikilocytosis.

Fig. 3.9 Peripheral blood film from
ablood specimen that has been
transported in a hot motor vehicle,
showing red cell budding and
fragmentation.



Fig. 3.10 Peripheral blood film from
a patient with hyperlipidaemia
showing misshapen red cells with
fuzzy outlines and blurring of the
outline of the lobes of a neutrophil
consequent on the high concentration
of lipids.
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Fig. 3.11 Red cell agglutinates in the peripheral blood
film of a patient with a high titre cold agglutinin.
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If a blood film is regarded as suitable for further
examination then all cell types and also the back-
ground staining should be evaluated systematic-
ally. The film appearances should be compared
with the FBC and a judgement made as to whether
the WBC, haemoglobin concentration (Hb), mean
cell volume (MCV) and platelet count are consistent
with the film, or whether there is some unusual fea-
ture that could invalidate them. If the FBC and the
film are inconsistent with each other then the blood
specimen should be inspected and the FBC—and if
necessary the film—should be repeated. Such dis-
crepancies may be due to: (i) a poorly mixed or
partly clotted specimen; (ii) a specimen that is too
small so that the instrument has aspirated an inad-
equate volume; or (iii) the blood film and FBC being

Morphology of blood cells 65

derived from different blood specimens. If such
technical errors are eliminated, discrepancy may be
due to an abnormality in the specimen such as
hyperlipidaemia or the presence of a cold agglu-
tinin. Hyperlipidaemia may be suspected when
there are blurred red cell outlines (Fig. 3.10) and red
cell agglutinates are often present in the film when
there is a cold agglutinin (Fig. 3.11). The validation
of the blood count by comparison with the blood
film and by other means is dealt with in Chapter 4.

Erythrocytes

The majority of normal red cells or erythrocytes are
disciform in shape (Fig. 3.12) [4]; a minority are
bowl-shaped. On a stained peripheral blood film
they are approximately circular in outline and show
only minor variations in shape and moderate vari-
ations in size (Fig. 3.13). The average diameter is
about 7.5 um. In the area of a film where cells form a
monolayer, a paler central area occupies approxim-
ately the middle third of the cell.

The normal shape and flexibility of a red cell are
dependent on the integrity of the cytoskeleton to
which the lipid membrane is bound. An abnormal
shape can be caused by a primary defect of the
cytoskeleton or membrane or be secondary to red
cell fragmentation or to polymerization, crystalliza-
tion or precipitation of haemoglobin. The red cell
membrane is a lipid bilayer crossed by several
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Fig. 3.12 Scanning electron micrograph of a normal red
cell (discocyte). Courtesy of Professor A. Polliack,
Jerusalem, from Hoffbrand and Pettit [4].

transmembrane proteins, most importantly protein
3 and the glycophorins. The principal protein of the
cytoskeleton is spectrin; heterodimers composed
of oo and B spectrin chains assemble into spectrin
tetramers, which are bound to other spectrin tetra-
mers to form a complex network. The cytoskeletal
network is bound to the lipid bilayer by interactions
of spectrin B chain with ankyrin and the transmem-
brane protein, band 3, and interactions of spectrin o
and B chains with actin, protein 4.1 and the trans-
membrane protein, glycophorin C; the interaction of
ankyrin with band 3 is modulated by protein 4.2
while the interaction of spectrin and actin is stabil-
ized by interaction with protein 4.1 and adducin
(see Fig. 8.30) [5].

Certain terms used to describe red cell morpho-
logy require definition. Two terms are used to
describe cells of normal morphology: (i) normo-
cytic, which means that the cells are of normal
size; and (ii) normochromic, which means that the
cells contain the normal amount of haemoglobin
and therefore stain normally. Other descriptive
terms imply that the morphology is abnormal and
they should therefore not be used, when reporting
blood films, to describe normal physiological vari-
ation. For example, the cells of a neonate should

Fig. 3.13 Peripheral blood film of a healthy subject
showing normal red cells and platelets. The red cells show
little variation in size and shape. Some of the platelets
show granules dispersed through the cytoplasm while
others have a granulomere and a hyalomere.

not be reported as ‘macrocytic’ since it is normal
for the cells of a neonate to be larger than those of
an adult. Similarly, the red cells of a healthy preg-
nant woman should not be reported as showing
“anisocytosis’ or ‘poikilocytosis’ since no abnormal-
ity is present. Policy differs between laboratories
as to whether every normal film is reported as
being normocytic and normochromic or whether
a comment on the red cell morphology is made
only when it is abnormal or when it is particularly
significant that it is normal. Either policy is accept-
able as long as it is consistently applied and clinical
staff are aware of it. If a patient is anaemic but
the red cells are normocytic and normochromic it is
useful to say so since this narrows the diagnostic
possibilities.

Anisocytosis

Anisocytosis is an increase in the variability of
erythrocyte size beyond that which is observed in
anormal healthy subject. Anisocytosis is a common,
non-specific abnormality in haematological dis-
orders. In automated instrument counts an increase
in the red cell distribution width (RDW) (see p. 36) is
indicative of anisocytosis.



Fig. 3.14 Microcytosis in a patient with § thalassaemia
trait; the MCV was 62 fl. The blood film also shows mild
hypochromia, anisocytosis and poikilocytosis.

Microcytosis

Microcytosis is a decrease in the size of the erythro-
cytes. Microcytes are detected on a blood film by a
reduction of red cell diameter to less than 7-7.2 ym
(Fig. 3.14). The nucleus of a small lymphocyte,
which has a diameter of approximately 8.5 um, is a
useful guide to the size of a red cell. Microcytosis
may be general or there may be a population of
small red cells. If all or most of the red cells are small
there is a reduction in the MCV (see p. 26) but a
small population of microcytes can be present with-
out the MCV falling below the reference range.
Some of the causes of microcytosis are listed in
Table 3.1.

The red cells of healthy children are smaller
than those of adults, whereas those of neonates are
much larger, so that cell size must be interpreted in
the light of the age of the subject. Microcytosis is
uncommon in neonates but can occur in o thalas-
saemia disorders and when iron deficiency results
from intrauterine blood loss; it is also likely that
microcytosis is present at birth in congenital sidero-
blastic anaemia and atransferrinaemia. As a group,
Black people have smaller red cells than white
people; this is likely to be largely the result of a high
prevalence of o thalassaemia trait, together with a
lower prevalence of B thalassaemia trait, haemoglobin
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Table 3.1 Some causes of microcytosis.

Inherited

B thalassaemia heterozygosity (B thalassaemia trait, B
thalassaemia minor)

B thalassaemia homozygosity or compound
heterozygosity (B thalassaemia major or intermedia)

8B and Y8 thalassaemia heterozygosity or 6f3
thalassaemia homozygosity

Haemoglobin Lepore heterozygosity or homozygosity

Hereditary persistence of fetal haemoglobin
homozygosity and some instances of heterozygosity

0! thalassaemia heterozygosity

o' thalassaemia homozygosity or, to a lesser extent,
heterozygosity

Haemoglobin Constant Spring heterozygosity

Haemoglobin H disease

Sickle cell heterozygosity [6,7] (disputed, see p. 303)

Haemoglobin C heterozygosity [6,7] and homozygosity

Sickle cell/haemoglobin C disease [8]

Haemoglobin E heterozygosity [9] and homozygosity [10]

Haemoglobin D-Los Angeles (D-Punjab) heterozygosity

Heterozygosity for other rare abnormal haemoglobins
producing thalassaemia-like conditions (e.g.
haemoglobin Tak, haemoglobin Indianapolis)

Congenital sideroblastic anaemia

Atransferrinaemia

Ferrochelatase deficiency (erythropoietic protoporphyria)
(11]

Hepatoerythropoietic porphyria [12]

Associated with iron overload but with absent bone
marrow iron [13]

Associated with elliptocytosis [14]

Inherited iron malabsorption plus defect in incorporation
of iron [15]

Acaeruloplasminaemia [16]

Copper deficiency [17]

Haem oxygenase deficiency [18]

Homozygosity for DMT1 mutation [19]

Acquired

Iron deficiency (including bone marrow iron deficiency
in pulmonary haemosiderosis)

Anaemia of chronic disease

Myelodysplastic syndromes, particularly but not only [20]
associated with acquired haemoglobin H disease

Secondary acquired sideroblastic anaemia (e.g. caused by
various drugs; some cases of lead poisoning and some
cases of copper deficiency [21] or zinc excess with
functional copper deficiency, e.g. ingestion of zinc-
containing coins as a feature of mental illness) [22-24]; ?
hyperzincaemia with hypercalprotectinaemia (nature of
anaemia not specified) [25]

Hyperthyroidism [26]

Ascorbic acid deficiency (rarely) [27]

Cadmium poisoning [28]

Aluminium poisoning

Antibody to erythroblast transferrin receptor [29]
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Fig. 3.15 Macrocytosis associated with liver disease; the
MCV was 105 fl. Several target cells are also present.

C trait and other haemoglobinopathies which are
associated with microcytosis, rather than to any
intrinsic ethnic difference in red cell size.

Macrocytosis

Macrocytosis is an increase in the size of erythro-
cytes. The erythrocytes of neonates show a con-
siderable degree of macrocytosis if they are assessed
in relation to those of adults (see p. 131). Fetal red
cells are also much larger than those of adults.
A slight degree of macrocytosis is also seen as a
physiological feature of pregnancy [30] and in
older adults [31].

Macrocytosis is recognized on a blood film by an
increase in cell diameter (Fig. 3.15). It may be a
generalized change, in which case the MCV will be
raised, or it may affect only a proportion of the red
cells. Macrocytes may be round or oval in outline,
the diagnostic significance being somewhat differ-
ent. Some of the causes of macrocytosis are listed
in Table 3.2.

Hypochromia

Hypochromia is a reduction of the staining of the
red cell (Fig. 3.16); there is an increase in central
pallor, which occupies more than the normal

Fig. 3.16 Hypochromic red cells in a patient with iron
deficiency anaemia. The film also shows anisochromasia.

approximate one-third of the red cell diameter.
Hypochromia may be general or there may be a
population of hypochromic cells. Severe hypochro-
mia may be reflected in a reduction in the mean cell
haemoglobin concentration (MCHC), but the sensi-
tivity of this measurement to hypochromia depends
on the method by which it is measured (see p. 40).
Any of the conditions leading to microcytosis may
also cause hypochromia, although in some subjects
with o or B thalassaemia trait the blood film shows
microcytosis without appreciable hypochromia and,
in rare patients with copper deficiency, hypochro-
mia is associated with macrocytosis [34]. Red cells of
healthy children are often hypochromic if assessed
in relation to the appearance of the red cells of
adults. Since the intensity of staining of the red cell
is determined by the thickness of the cell as well as
by the concentration of haemoglobin, hypochromia
can also be noted in cells that are thinner than nor-
mal, whether or not they have a normal volume and
haemoglobin concentration; such cells are desig-
nated ‘leptocytes’.

Hyperchromia

The term “hyperchromia’ is rarely used in describ-
ing blood films. It can be applied when cells are
more intensely stained than normal but it is more
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Table 3.2 Some causes of macrocytosis.
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Associated with reticulocytosis
Haemolytic anaemia
Haemorrhage

Associated with megaloblastic erythropoiesis

Vitamin B, , deficiency and inactivation of vitamin B,, by chronic exposure to nitric oxide

Folic acid deficiency, antifolate drugs (including methotrexate, pentamidine, pyrimethamine and trimethoprim and
including methotrexate administered intrathecally [32]), cough mixture abuse [33]

Scurvy

Drugs interfering with DNA synthesis—used as anticancer drugs, immunosuppressive agents and in the treatment of

the acquired immunodeficiency syndrome (including doxorubicin, daunorubicin, azathioprine, mercaptopurine,

cyclophosphamide, cytarabine, fluorouracil, hydroxycarbamide (previously known as hydroxyurea), procarbazine,

thioguanine, zidovudine and stavudine)

Rare inherited defects of DNA synthesis (including hereditary orotic aciduria, thiamine-responsive anaemia, Wolfram’s

syndrome (also known as DIDMOAD—Diabetes Insipidus, Diabetes Mellitus Optic Atrophy and
Deafness—syndrome), and the Lesch-Nyhan syndrome)

Associated with megaloblastic or macronormoblastic erythropoiesis

Myelodysplastic syndromes including primary acquired sideroblastic anaemia
Some acute myeloid leukaemias

Multiple myeloma

Ethanol intake

Liver disease

Phenytoin therapy

Some cases of copper deficiency [34]

Arsenic poisoning [35]

? Familial macrocytosis [36]

Associated with macronormoblastic erythropoiesis

Some congenital dyserythropoietic anaemias, particularly type I

Pure red cell aplasia of infancy (Blackfan-Diamond syndrome) including a forme fruste with macrocytosis only [37]
Aplastic anaemia

Maternally inherited sideroblastic anaemia [38]

Pearson’s syndrome

Anorexia nervosa [39]

Genetic haemochromatosis [40]

Uncertain mechanism

Cigarette smoking [31]

Chronic obstructive airways disease

Trisomy 18 [41]

Trisomy 21 (Down’s syndrome) [41,42]

Triploidy [41,43]

Familial autoimmune/lymphoproliferative disorder [44]
Development of antibodies to thrombopoietin [45]
Imatinib therapy in chronic myeloid leukaemia [46]

Factitious

Cold agglutinins

Delay in measuring MCV in some types of hereditary stomatocytosis, particularly hereditary cryohydrocytosis [47]
Marked delay in measuring MCV with certain automated counters (see Chapter 4)

MCV, mean cell volume.
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useful to indicate why a cell is hyperchromic.
Spherocytes (see p. 72) and irregularly contracted
cells (see p. 74) stain more intensely than normal;
the MCHC may be increased, indicating that the
hyperchromia is related not only to a change in
the shape of the cell but also to a true increase in the
haemoglobin concentration. Some macrocytes are
thicker than normal and this causes them to be
hyperchromic without any increase in haemoglobin
concentration; central pallor may be totally lacking.

Anisochromasia

Anisochromasia describes an increased variability
in the degree of staining or haemoglobinization of
the red cell (see Fig. 3.16). In practice, it usually
means that there is a spectrum of staining from
hypochromic to normochromic. Anisochromasia
commonly indicates a changing situation, such as
iron deficiency developing or responding to treat-
ment or anaemia of chronic disease developing or
regressing. Anisochromasia is reflected in an ele-
vated haemoglobin distribution width (HDW) meas-
ured by some automated instruments (see p. 44).

Dimorphism

Dimorphism indicates the presence of two distinct
populations of red cells (Fig. 3.17). The term is most
often applied when there is one population of hypo-

Fig. 3.17 A dimorphic peripheral blood film from a
patient with sideroblastic anaemia as a consequence

of a myelodysplastic syndrome. One population of

cells is normocytic and normochromic while the other

is microcytic and hypochromic. One of the poorly
haemoglobinized red cells contains some Pappenheimer
bodies.

chromic, microcytic cells and another population of
normochromic cells, the latter being either normo-
cytic or macrocytic. Since the term is a general one, it
is necessary to describe the two populations. They
may differ in their size, haemoglobin content or shape
and this is relevant to the differential diagnosis.
Automated counters may confirm the visual impres-
sion of dimorphism, although some instruments
may be unable to distinguish between a difference
in size and a difference in haemoglobin concen-
tration (see p. 181). Causes of a dimorphic film
included iron deficiency anaemia (following admin-
istration of iron or blood transfusion), sideroblastic
anaemia, the heterozygous state for hereditary
sideroblastic anaemia, macrocytic anaemia post-
transfusion, double deficiency of iron and either
vitamin B,, or folic acid, unmasking of iron defi-
ciency following treatment of megaloblastic anaemia
and delayed transfusion reactions. Rare causes in-
clude mosaicism for B thalassaemia trait associated
with a constitutional chromosomal abnormality [48]
and chimaerism post-stem cell transplantation
when either the donor or the host has microcytosis
with a genetic basis.

Polychromasia

Polychromasia or polychromatophilia describes red
cells that are pinkish-blue as a consequence of
uptake both of eosin (by haemoglobin) and of basic
dyes (by residual ribosomal RNA). Since reticulo-
cytes (see p. 30) are cells in which ribosomal RNA
takes up a vital dye to form a visible reticulum it will
be seen that there is likely to be a relationship
between reticulocytes and polychromatic cells. Both
are immature red cells newly released from the bone
marrow. However, the number of polychromatic
cells in a normal blood film is usually less than 0.1%
[49], considerably less than the normal reticulocyte
count of around 1-2%. This is because only the most
immature (grade I) reticulocytes are polychromatic.
In conditions of transient or persistent haemopoietic
stress, when erythropoietin levels are high, imma-
ture reticulocytes are released from the bone
marrow. They are considerably larger than mature
erythrocytes and, as a consequence of a reduced
haemoglobin concentration, are less dense. On aver-
age their diameter is about 28% greater than that of



Fig. 3.18 Scanning electron microscopy of a reticulocyte.
Courtesy of Professor A. Polliack, from Hoffbrand and
Pettit [4].

Fig. 3.19 A polychromatic cell which is also larger then a
normal cell; it may be designated a polychromatic
macrocyte. The film also shows anisocytosis and
poikilocytosis.

a mature erythrocyte [49]. On scanning electron
microscopy they have an irregular, multilobated
surface (Fig. 3.18). They are readily recognized,
in May-Griinwald-Giemsa (MGG)-stained films, by
their greater diameter, their lack of central pallor
and their polychromatic qualities (Fig. 3.19). They
are often referred to as “polychromatic macrocytes’.
Late reticulocytes, which are the only forms present
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in the blood of haematologically normal subjects,
are cup-shaped and only slightly larger than mature
erythrocytes. They are therefore difficult to recog-
nize on an MGG-stained film.

The total number of reticulocytes, the propor-
tion of early reticulocytes and the number of poly-
chromatic macrocytes increase as a physiological
response to increasing altitude or other hypoxic
stimulus and as a normal response to anaemia when
there are no factors limiting erythropoiesis. In
severely anaemic patients, a lack of polychromasia
is significant. It is absent in pure red cell aplasia and
in aplastic anaemia and is inconspicuous in the
anaemia of chronic disease and often in renal failure
when the erythropoietin response is inadequate.
The absence of polychromasia in a patient with
sickle cell anaemia or other haemolytic anaemia
is important since it may indicate complicating
parvovirus-induced red cell aplasia.

Polychromatic erythrocytes are increased in
myelofibrosis and in metastatic carcinoma of the
bone marrow. In these conditions the number of
polychromatic cells is greater than would be
expected from the degree of anaemia and the poly-
chromatic cells may be abnormal—more deeply
basophilic than normal and not always increased
in size [28].

When the reticulocyte count is increased, auto-
mated counters show an increased MCV and RDW.
Bayer H.1 series instruments show, in addition,
an increased HDW and reticulocytes are seen as
hypochromic macrocytes on the red cell cytogram
(see Fig. 8.56).

Poikilocytosis

A cell of abnormal shape is a poikilocyte.
Poikilocytosis is therefore a state in which there is an
increased proportion of cells of abnormal shape.
High altitude produces some degree of poikilo-
cytosis in haematologically normal subjects [50].
Poikilocytosis is also a common, often non-specific
abnormality in many haematological disorders. It
may result from the production of abnormal cells by
the bone marrow or from damage to normal cells
after release into the blood-stream. If poikilocytosis is
very marked, diagnostic possibilities include myelo-
fibrosis, congenital and acquired dyserythropoietic
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Fig. 3.20 Peripheral blood film showing deformation of
red cells by a precipitated cryoglobulin.

anaemias, hereditary pyropoikilocytosis and haemo-
globin H disease. The presence of poikilocytes of cer-
tain specific shapes, e.g. spherocytes or elliptocytes,
may have a particular significance (see below).

It is important not to confuse deformation of red
cells due to a plasma abnormality with true poikilo-
cytosis. The presence of cryoglobulin can lead to
remarkable deformation of red cells (Fig. 3.20).
Because the cryoglobulin may be only weakly
basophilic it may not be readily apparent. The
appearance of something extraneous indenting red
cells provides a clue.

Spherocytosis

Spherocytes are cells that, rather than being disciform,
are spherical or near-spherical in shape (Fig. 3.21)
[51]. They are cells that have lost membrane without
equivalent loss of cytosol, as a consequence of an
inherited or acquired abnormality of the red cell cyto-
skeleton and membrane. In a stained blood film,
spherocytes lack the normal central pallor. The
diameter of a sphere is less than that of a disc-shaped
object of the same volume, and thus a spherocyte
may appear smaller than a discocyte. It is preferable,
however, to restrict the term ‘microspherocyte” to

Fig. 3.21 Scanning electron micrography of spherocytes and forms intermediate between discocytes and spherocytes.
From Bessis [51].



Table 3.3 Some causes of spherocytosis.

Conditions that may be associated with numerous

spherocytes

Hereditary spherocytosis

Warm autoimmune haemolytic anaemia

Delayed transfusion reactions

ABO haemolytic disease of the newborn

Administration of anti-D to Rh D-positive patients, e.g.
in the treatment of autoimmune thrombocytopenic
purpura

Clostridium perfringens (previously known as Clostridium
welchii) sepsis

Drug-induced immune haemolytic anaemia (innocent
bystander mechanism)

Zieve’s syndrome*

Low erythrocyte ATP caused by phosphate deficiency
[52,53]

Snake-bite induced haemolysis

Bartonellosis (Oroya fever)

Fresh-water drowning or intravenous infusion of water

Conditions that may be associated with smaller
numbers of spherocytes

As an isolated feature

Immediate transfusion reaction

Acute cold autoimmune haemolytic anaemia
Chronic cold haemagglutinin disease

Rh haemolytic disease of the newborn
Penicillin-induced haemolytic anaemia

Acute attacks of paroxysmal cold haemoglobinuria
Infusion of large amounts of intravenous lipid [54]
Pyrimidine 5’-nucleotidase deficiency? [55]

In association with other poikilocytes

Normal neonate

Hyposplenism

Sickle cell anaemia

Microangiopathic haemolytic anaemia

Mechanical haemolytic anaemia

Heterozygosity for hereditary elliptocytosis with transient
severe manifestations in infancy [56]

Hereditary pyropoikilocytosis (including homozygosity
for mutations causing hereditary elliptocytosis)

Rh null phenotype

ATP, adenosine triphosphate.
*Irregularly contracted cells may be more characteristic.
Spherocytes may be spiculated.

cells of reduced volume rather than merely reduced
diameter. Macrospherocytes may be a feature of
hereditary stomatocytosis (over-hydrated variant);
they result from osmotic swelling. In examining
a blood film for the presence of spherocytes it is
important to examine that part of the film where the
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cells are just touching, since normal cells may lack
central pallor near the tail of the film. Overlapping
cells can also give a false impression of spherocytosis.
Spherocytes do not stack well into rouleaux.

The distinction between spherocytes and irregu-
larly contracted cells (see below) is important since
the diagnostic significance is different.

Some of the causes of spherocytosis are shown
in Table 3.3. There are a variety of underlying
mechanisms. In hereditary spherocytosis there is an
abnormality of the cytoskeleton with a secondary
destabilization and loss of membrane. In acquired
conditions, spherocytosis can result from direct
damage to the red cell membrane, e.g. by heat
(Fig. 3.22), clostridial toxins (Fig. 3.23) or snake
venoms. Loss of membrane can follow antibody coat-
ing of the cell by alloantibodies (Fig. 3.24), autoanti-
bodies or drug-induced antibodies; the macrophages
of the reticuloendothelial system recognize immu-
noglobulin or complement on the surface of the
cell and remove pieces of membrane. When red
cells fragment, those fragments with a relative lack
of membrane form microspherocytes; this is the
mechanism of formation of spherocytes in micro-
angiopathic haemolytic anaemia, mechanical haemo-
lytic anaemia and hereditary pyropoikilocytosis.

Fig. 3.22 Peripheral blood film of a patient with severe
burns showing spherocytes, microspherocytes and red
cells that appear to be budding off very small spherocytic
fragments.
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Fig. 3.23 Peripheral blood film of a patient with
clostridial septicaemia showing many spherocytes.
Courtesy of Professor H. Smith, Brisbane.

Erythrocytes stored for transfusion become sphero-
echinocytes as the blood ages (see below). Rarely,
marked spherocytosis has been described in hypo-
phosphataemia, e.g. in liver disease [52], in acute
diabetic ketoacidosis [53] and during over-vigorous
correction of hyperphosphataemia [57]; the mechan-
ism is likely to be adenosine triphosphate (ATP)
depletion. In Heinz body haemolytic anaemias,
although most abnormal cells are irregularly con-
tracted cells (see below), there are usually also some
spherocytes.
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Irregularly contracted cells

Irregularly contracted cells lack central pallor and
appear smaller and denser than normal erythrocytes
without being as regular in shape as spherocytes
(Fig. 3.25). Irregularly contracted cells are formed
when there is oxidant damage to erythrocytes, or
damage to red cell membranes by precipitation of
unstable haemoglobin or free o or B chains. Blood
films showing irregularly contracted cells often also
show some spherocytes; these are formed when
a red cell inclusion, such as a Heinz body, has
been removed by the pitting action of splenic
macrophages with associated loss of red cell mem-
brane. Keratocytes (see below) may likewise be
present as a result of the removal of a Heinz body.
Blood films showing irregularly contracted cells
may also show ghost cells and also hemighosts or
blister cells. The latter are cells in which most of the
haemoglobin has precipitated in half of the cell leav-
ing the red cell membranes in apposition with each
other in the other half of the cell; Heinz bodies may
be present in the clear area as well as in the rest of
the cell [58] (Figs 3.26 & 3.27). Some causes of irregu-
larly contracted cells are shown in Table 3.4.

Elliptocytosis and ovalocytosis

Elliptocytosis indicates the presence of increased
numbers of elliptocytes and ovalocytosis the pres-
ence of increased numbers of ovalocytes. These
terms have not been used in any consistent manner

Fig. 3.24 Spherocytes in the

peripheral blood film of an iron
a deficient patient who suffered a

delayed transfusion reaction due to

! ’ an anti-Rh D antibody; the film is

{ dimorphic showing a mixture of the

recipient’s hypochromic microcytic

cells and the donor cells which have
become spherocytic.



Fig. 3.25 Peripheral blood film of a patient with
haemoglobin C disease showing irregularly contracted
cells and several target cells.

Fig. 3.26 Scanning electron micrograph showing a hemi-
ghost cell containing Heinz bodies. Courtesy of Dr T.K.
Chan and colleagues, Hong Kong, and the British Journal of
Haematology [58].

but it has been suggested that a cell with a long axis
more than twice its short axis should be designated
an elliptocyte while a cell with the long axis less
than twice its short axis is designated an ovalocyte
[61]. When elliptocytes or ovalocytes are numerous
(Fig. 3.28) and are the dominant abnormality it is
likely that the patient has an inherited abnormal-
ity affecting the red cell cytoskeleton, such as hered-
itary elliptocytosis (see p. 322). Smaller numbers of
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Fig. 3.27 Transmission electron micrograph showing a
hemi-ghost cell containing Heinz bodies. Courtesy of

Dr T.K. Chan and colleagues, Hong Kong, and the British
Journal of Haematology [58].

Table 3.4 Some conditions that are associated with
irregularly contracted cells.

Conditions that may be associated with numerous irregularly

contracted cells

Haemoglobin C disease

Haemoglobin C/f thalassaemia

Sickle cell/haemoglobin C disease

Unstable haemoglobins

Acute haemolysis in G6PD deficiency or other
abnormalities of the pentose shunt

Severe oxidant stress (drugs or chemicals) in patients
without abnormalities of the pentose shunt

Zieve’s syndrome

Wilson’s disease [59]

Conditions that may be associated with smaller numbers of

irregularly contracted cells

Minor haemolytic episodes in G6PD deficiency

Moderate oxidant stress in patients without abnormalities
of the pentose shunt

Defects in glutathione biosynthesis

Neonatal glutathione peroxidase deficiency (which is
probably secondary to transient deficiency of selenium,
an essential co-factor)

Haemoglobin C trait

Unstable haemoglobins

B thalassaemia trait

Haemoglobin H disease

Haemoglobin E disease or trait

Hereditary xerocytosis (dehydrated variant of hereditary
stomatocytosis)

Congenital dyserythropoietic anaemia type II [60]

G6PD, glucose-6-phosphate dehydrogenase.
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elliptocytes or ovalocytes may be seen in iron defi-
ciency, in some patients with § thalassaemia hetero-
zygosity and homozygosity, megaloblastic anaemia,
myelofibrosis and myelodysplastic syndromes and
occasionally in inherited red cell enzyme abnor-
malities, e.g. pyruvate kinase deficiency; in these
conditions it is likely that elliptocytes reflect dysery-
thropoiesis. Elliptocytosis in myelodysplastic syn-
dromes has been linked to an acquired deficiency of
protein 4.1 [62]. In Papua New Guinea, ovalocytosis
has been associated with Gerbich negativity and a
specific mutation in the gene encoding glycophorin

Fig. 3.28 Peripheral blood film of a
patient with hereditary elliptocytosis
showing elliptocytes and ovalocytes.

C[63]. Macrocytic ovalocytes or oval macrocytes are
characteristic of megaloblastic anaemia and South-
East Asian ovalocytosis (see p. 327) and are also seen
in dyserythropoiesis, e.g. in idiopathic myelofibro-
sis. Elliptocytes are biconcave and thus are capable
of forming rouleaux.

Teardrop cells (dacrocytes)

Teardrop or pear-shaped cells (dacrocytes) (Fig. 3.29)
occur when there is bone marrow fibrosis or severe
dyserythropoiesis and also in some haemolytic

Fig. 3.29 Peripheral blood film of a
patient with idiopathic myelofibrosis
showing teardrop poikilocytes
(dacrocytes).



Fig. 3.30 Echinocytes in the
peripheral blood film of a patient
with chronic renal failure.

anaemias. They are particularly characteristic of
megaloblastic anaemia, thalassaemia major and
myelofibrosis—either idiopathic myelofibrosis or
myelofibrosis secondary to metastatic carcinoma or
other bone marrow infiltration. In both thalassaemia
major and idiopathic myelofibrosis, the proportion
of teardrop cells decreases following splenectomy
suggesting either that they are the product of extra-
medullary haemopoiesis or that they are formed
when the spleen causes further damage to abnormal
red cells. Teardrop cells that are present in occa-
sional cases of autoimmune haemolytic anaemia
[64], Heinz body haemolytic anaemia and [} thalas-
saemia major are likely to be consequent on the
action of splenic macrophages on abnormal erythro-
cytes, resulting from the removal of part of the
red cell, Heinz bodies or o chain precipitates.
Teardrop poikilocytes are common in patients with
erythroleukaemia [65].

Spiculated cells

The terminology applied to spiculated cells is con-
fused. In particular, the term ‘burr cell’” has been
used by different authors to describe different cells
and therefore is better abandoned. The terminology
of Bessis [51] is recommended since it is based on
careful study of abnormal cells by scanning electron
microscopy and is clear and relatively easy to apply.
Bessis divided spiculated cells into echinocytes,
acanthocytes, keratocytes and schistocytes.
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Echinocytes

Echinocytes are erythrocytes that have lost their
disc shape and are covered with 10-30 short blunt
spicules of fairly regular form (Figs 3.30 & 3.31). The
main causes of echinocytosis are shown in Table 3.5.
Echinocytes may be produced in vitro by expos-
ure to fatty acids and certain drugs or simply by
incubation. The end stage of a discocyte—echinocyte

Fig. 3.31 Scanning electron micrograph of an echinocyte.
Courtesy of Professor A. Polliak, from Hoffbrand and
Pettit [4].
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Table 3.5 Some causes of echinocytosis.

Storage artefact

Liver disease, particularly with coexisting renal failure
Nutritional or other phosphate deficiency [57]
Pyruvate kinase deficiency

Phosphoglycerate kinase deficiency

Aldolase deficiency [66]

Decompression phase of diving [67]
Haemolytic uraemic syndrome

Following burns

Following cardiopulmonary bypass
Post-transfusion (spheroechinocytes)

transformation is a spheroechinocyte. A sphero-
echinocyte is also formed when a spherocyte under-
goes an echinocytic change and, similarly, other
abnormally shaped cells, e.g. acanthocytes, can
undergo an echinocytic change.

When donor blood is stored for transfusion, cells
become spheroechinocytes (Fig. 3.32) as lysolecithin
is formed and as ATP concentration decreases;
membrane lipid, both cholesterol and phospholipid,
is then lost when microvesicles containing small
amounts of haemoglobin are shed from the tips of
the spicules. When blood is transfused and there is
resynthesis of ATP many of the cells revert to cup-
shaped stomatocytes rather than to discocytes; those
that have lost a lot of membrane remain spherocytic.

In vivo, echinocyte formation may be related to
increased plasma fatty acids (such as occurs during
heparin therapy), ATP depletion and lysolecithin

formation. During echinocyte formation there is
entry of calcium into cells with polymerization of
spectrin. Echinocytosis is reversible in vitro and in
vivo, e.g. by suspending cells in fresh plasma or by
allowing ATP resynthesis.

In laboratories that make films from EDTA-
anticoagulated blood rather than fresh blood by far
the most common cause of echinocytosis is delay in
making the blood film (see Fig. 3.7). This storage
artefact, often referred to as ‘crenation’, is likely
to be caused by a fall in ATP or by lysolecithin for-
mation. Echinocytosis, other than as an artefactual
change, is quite uncommon. The prevalence is greater
in neonates [68]. It can occur in liver disease [68] but
acanthocytosis (see below) is more common. It can
occur in the early stages of the haemolytic uraemic
syndrome but subsequently echinocytosis resolves
leaving only the features of microangiopathic
haemolytic anaemia. Echinocytosis, other than as
a storage artefact, is probably most common in criti-
cally ill patients with multiorgan failure including
both hepatic and renal failure.

Echinocytosis observed following the development
of hypophosphataemia in patients on parenteral
feeding is attributable to a fall in ATP concentration
and this may also be the mechanism operating when
echinocytes develop in hereditary pyruvate kinase
deficiency and in phosphoglycerate kinase deficiency.
Echinocytosis occurring in hypothermic, heparinized
patients on cardiopulmonary bypass has been
attributed to a rise of free fatty acid concentration.

Fig. 3.32 Spheroechinocyte in a
peripheral blood film made from
blood taken shortly after a blood
transfusion. The spheroechinocyte is
a transfused cell.



Fig. 3.33 Acanthocytes in a patient
with anorexia nervosa.

The echinocytosis that has been noted as a delayed
response in severely burned patients may be the
result of lipid abnormalities.

Acanthocytes

Acanthocytes are cells of approximately spherical
shape bearing between two and 20 spicules that are
of unequal length and distributed irregularly over
the red cell surface (Figs 3.33-3.38). Some of the
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spicules have club-shaped rather than pointed ends.
Causes of acanthocytosis are shown in Table 3.6.
Acanthocyte formation probably results from a
preferential expansion of the outer leaflet of the lipid
bilayer that comprises the red cell membrane [74].
Acanthocytes cannot form rouleaux.

Unlike echinocytosis, acanthocytosis is not rever-
sible on suspending cells in fresh plasma. In acan-
thocytosis associated with abetalipoproteinaemia
or liver disease the cholesterol : phospholipid ratio

o A 2

Fig. 3.34 Scanning electron micrograph of an
acanthocyte. Courtesy of Professor A. Polliack, from
Hoffbrand and Pettit [4].

Fig. 3.35 Scanning electron micrograph showing
acanthocytes in a patient with the McLeod phenotype.
Courtesy of Dr G. Lucas, Manchester.
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Fig. 3.36 Unusually numerous acanthocytes in the peri-
pheral blood film of a haematologically normal subject who
has had a splenectomy. The film also shows a target cell.

in the red cells is increased. This is in contrast to the
target cells associated with liver disease in which
the cholesterol and phospholipid concentrations
rise in parallel.

Acanthocytosis as an inherited phenomenon is
associated with a number of different syndromes and
its presence may help in their diagnosis. It was first
described in association with retinitis pigmentosa,
degenerative neurological disease, fat malabsorp-
tion and abetalipoproteinaemia [75]. Subsequently,
it was recognized in association with several rare
degenerative neurological diseases with normal f
lipoproteins [76,77]. These conditions have been
designated choreoacanthocytosis or neuroacantho-
cytosis. The acanthocytes may be more apparent on

Fig. 3.37 Numerous acanthocytes in
a patient with abetalipoproteinaemia.

Fig. 3.38 Numerous acanthocytes in
the blood film of a baby with infantile
pyknocytosis.



Table 3.6 Some causes of acanthocytosis.

Conditions associated with large numbers of

acanthocytes

Inherited

Hereditary abetalipoproteinaemia

Hereditary hypobetalipoproteinaemia (some cases)

Associated with degenerative neurological disease but
with normal lipoproteins—neuroacanthocytosis
(CHAC (VPS13A) or JPH3 mutation)

McLeod red cell phenotype (mutation in the KX gene)

In(Lu) red cell phenotype (dominantly inherited Lu(a-b-
phenotype))

Associated with abnormal band 3 of red cell membrane
[69] resulting from a mutation in the SLC4A1 (solute
carrier family 4, anion exchanger, member 1) gene [70]

Hereditary high red cell membrane phosphatidylcholine
haemolytic anaemia [71]

Acquired

Hypobetalipoproteinaemia caused by malnutrition or
lipid deprivation

‘Spur cell” haemolytic anaemia associated with liver
disease (usually associated with alcoholic cirrhosis but
also occasionally with severe viral hepatitis, neonatal
hepatitis, cardiac cirrhosis, haemochromatosis or
advanced Wilson’s disease)

Infantile pyknocytosis

Vitamin E deficiency in premature neonates

Myelodysplastic syndrome [72]

Conditions associated with small numbers of acanthocytes
Inherited

Heterozygotes for the McLeod phenotype

Pyruvate kinase deficiency

Woronet's trait

Dyserythropoiesis associated with a GATAI mutation [73]

Acquired

Post-splenectomy and hyposplenism
Anorexia nervosa and starvation
Myxoedema and panhypopituitarism

a wet preparation [78]. Most cases result from muta-
tion in the CHAC or VPS13A gene [79]; inheritance
can be autosomal recessive or autosomal dominant.
A minority of cases represent Huntingdon-disease-
like 2 resulting from a mutation in the JP3 (junc-
tophilin 3) gene [80]. Several inherited abnormalities
of red cell antigens are characterized by acantho-
cytosis. In the In(Lu) phenotype, in which there is
suppression of Lu and several other blood group
antigen systems, there are no associated abnormalit-
ies [81] whereas some cases of the McLeod pheno-
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type, in which there is mutation in the KX gene and
Kell antigens are lacking, also have chronic granulo-
matous disease; female carriers of this mutation
have two populations of red cells, one acanthocytic
and one not. Acanthocytosis has also been associated
with a deficiency of band 3 protein [69].

Keratocytes

Keratocytes (or horned cells) (Fig. 3.39) are cells
with pairs of spicules—usually two but sometimes
four or six—which have been formed by the fusion
of opposing membranes to form a pseudovacuole
with subsequent rupture of the membrane at the cell
surface. They are formed when there is mechanical
damage to red cells, e.g. by fibrin strands or a
malfunctioning cardiac prosthesis. They have been
observed in microangiopathic haemolytic anaemia,
in disseminated intravascular coagulation and in
renal disease, e.g. glomerulonephritis, uraemia and
post-transplantation. They can also result from
removal of a Heinz body (Fig. 3.40) [82].

Schistocytes

Schistocytes are fragments of red cells formed either
by fragmentation of abnormal cells, e.g. in hereditary
pyropoikilocytosis, or following mechanical, toxin
or heat-induced damage of previously normal cells
(Fig. 3.41). When consequent on mechanical damage,
schistocytes often coexist with keratocytes. Many
schistocytes are spiculated. Others have been left
with too little membrane for their cytoplasmic vol-
ume and therefore have formed microspherocytes
(spheroschistocytes). In burnt patients, schistocytes
may be microdiscocytes as well as microsphero-
cytes (see Fig. 3.78). An uncommon form of red
cell fragment, a linear or filamentous structure, is
observed in sickle cell anaemia [83] (Fig. 3.42).
The commonest causes of schistocyte formation
are microangiopathic and mechanical haemolytic
anaemias. Schistocytes may be a feature of the
myelodysplastic syndromes [84] and are common in
patients with erythroleukaemia [65].

Target cells

Target cells have an area of increased staining which
appears in the middle of the area of central pallor
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(Figs 3.43). Target cells are formed as a consequence
of there being redundant membrane in relation to the
volume of the cytoplasm. They may also be thinner
than normal cells. In vivo they are bell-shaped and
this can be demonstrated on scanning electron

Fig. 3.40 Scanning electron micrograph of a keratocyte,
formed by removal of a Heinz body. Courtesy of Dr

M. Amare and colleagues and the British Journal of
Huaematology [82].

Fig. 3.39 Keratocytes in the
peripheral blood film of a patient
with microangiopathic haemolytic
anaemia.

microscopy (Fig. 3.44). They flatten on spreading to
form the characteristic cell seen on light microscopy.
Target cells may be microcytic, normocytic or
macrocytic, depending on the underlying abnor-
mality and the mechanism of their formation. Some
of the causes of target cell formation are shown in
Table 3.7. Target cells may also be an artefact, as
aresult of using dirty slides [90].

Target cells may be formed because of an ex-
cess of red cell membrane, as when there is excess

* Yo

Fig. 3.41 Fragments including microspherocytes in the
peripheral blood film of a patient with the haemolytic
uraemic syndrome. The film also shows polychromasia
and a nucleated red blood cell (NRBC).



Fig. 3.42 The blood film of a patient
with sickle cell anaemia showing
linear red cell fragments and
increased numbers of irregularly
contracted cells; the latter feature
resulted from a severe pulmonary
sickling crisis at the time the film
was made.

Fig. 3.43 Peripheral blood film of a haematologically
normal patient who has had a splenectomy, showing
target cells and a Howell-Jolly body.

membrane lipid. This is the mechanism of formation
in obstructive jaundice, severe parenchymal liver dis-
ease and hereditary deficiency of lecithin-cholesterol
acyl transferase (LCAT). The ratio of membrane
cholesterol to cholesterol ester is increased. Red cells
lack enzymes for the synthesis of cholesterol and
phospholipid and for the esterification of choles-
terol so that changes in the membrane lipids are
passive, reflecting changes in plasma lipids. When
LCAT activity is reduced, the ratio of cholesterol to
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Table 3.7 Some causes of target cell formation.

Conditions that are often associated with large numbers of

target cells

Obstructive jaundice

Hereditary LCAT deficiency

Familial hypobetalipoproteinaemia [85]

Haemoglobin C disease

Sickle cell anaemia

Compound heterozygosity for haemoglobin S and
haemoglobin C

Haemoglobin D disease

Haemoglobin O-Arab disease

Conditions that may be associated with moderate or small

numbers of target cells

Parenchymal liver disease

Splenectomy and other hyposplenic states

Haemoglobin C trait

Haemoglobin S trait

Haemoglobin E trait and disease

Haemoglobin Lepore trait

B thalassaemia minor and major

Haemoglobin H disease

Iron deficiency

Sideroblastic anaemia

Hereditary xerocytosis (dehydrated variant of hereditary
stomatocytosis) [86]

Analphalipoproteinaemia [87] and
hypoalphalipoproteinaemia [88]

Hereditary phytosterolaemia [89]

Acquired phytosterolaemia as a result of parenteral
nutrition [89]

LCAT, lecithin-cholesterol acyl transferase.
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cholesterol ester in the red cell membrane increases.
There may also be an increase in total membrane
cholesterol, with a proportionate increase in lecithin
and with a decrease in ethanolamine. LCAT is
synthesized in hepatocytes and so it may be reduced
in liver disease. In obstructive jaundice very high
levels of bile salts inhibit LCAT. This does not, how-
ever, appear to be the sole mechanism of target cell
formation in obstructive jaundice since patients
may have target cells without their plasma being
able to inhibit the LCAT activity of normal plasma.
When target cells are formed as a consequence of
plasma lipid abnormalities they revert to a normal
shape on being transfused into a subject with nor-
mal plasma lipids. If changes in membrane lipids
that would normally cause target cell formation occur
in patients with spherocytosis the cells become more
disciform; this phenomenon may be observed when
a patient with hereditary spherocytosis develops
obstructive jaundice.

An alternative mechanism of target cell formation
is a reduction of cytoplasmic content without a pro-
portionate reduction in the quantity of membrane.
This is the mechanism of target cell formation in a
group of conditions such as iron deficiency, thalas-
saemias and haemoglobinopathies in which target
cells are associated with hypochromia or microcyto-
sis. Target cells are much less numerous in iron
deficiency than in thalassaemias. The reason for this
is not clear.

Fig. 3.44 Scanning electron
micrographs of target cells. From
Bessis [51].

Stomatocytosis

Stomatocytes are cells that, on a stained blood
film, have a central linear slit or stoma (Fig. 3.45).
Occasionally such cells are seen in the blood films of
healthy subjects. On scanning electron microscopy
or in wet preparations with the cells suspended in
plasma they are cup- or bowl-shaped (Fig. 3.46).
Stomatocytes can be formed in vitro, e.g. in response
to low pH or exposure to cationic lipid-soluble drugs
such as chlorpromazine; the change in shape is
reversible. The end stage of a discocyte-stomatocyte
transformation is a spherostomatocyte. Stomato-
cytosis results from a variety of membrane abnor-
malities but probably essentially from expansion of
the inner leaflet of the lipid bilayer that comprises
the red cell membrane [74]. In liver disease, stoma-
tocyte formation has been attributed to an increase
of lysolecithin in the inner layer of the red cell mem-
brane. In hereditary spherocytosis and autoimmune
haemolytic anaemia, progressive loss of membrane
leads to formation of stomatocytes, spherostomato-
cytes and spherocytes.

Stomatocytes have been associated with a great
variety of clinical conditions [91,92] but an aetio-
logical connection has not always been established.
The commonest cause of stomatocytosis is alcohol
excess and alcoholic liver disease; in these cases
there is often associated macrocytosis and in those
with very advanced liver disease there may also be



Fig. 3.45 Peripheral blood film showing stomatocytes.

Fig. 3.46 Scanning electron micrograph of stomatocytes.
From Bessis [51].

triconcave cells [93]. The combination of stomato-
cytosis and macrocytosis is also seen in patients
receiving hydroxycarbamide (previously known as
hydroxyurea) and occasionally in the myelodys-
plastic syndromes. It is possible that chlorpro-
mazine exposure can cause stomatocytosis in vivo
as well as in vitro since an association has been
observed [92]. Certain inherited erythrocyte mem-
brane abnormalities are characterized by stomato-
cytes either alone in hereditary stomatocytosis and
hereditary xerocytosis—or in association with other
abnormalities in Rh,; or Rhy,,, syndromes [94]
and South-East Asian ovalocytosis. Stomatocytosis
in hereditary high red cell membrane phosphati-
dylcholine haemolytic anaemia is associated with
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numerous target cells [71]; this condition is now
thought to be identical to hereditary xerocytosis [95]
(see p. 329). Stomatocytosis has been associated
with some cases of hereditary haemolytic anaemia
associated with adenosine deaminase overproduc-
tion [95]. Analphalipoproteinaemia (Tangier dis-
ease) [87] and hypoalphalipoproteinaemia [88] are
associated with stomatocytosis. Increased stomato-
cytes have been reported in association with target
cells in a single patient with familial hypobetalipo-
proteinaemia but in the published photograph the
target cells are much more convincing than the
stomatocytes [85]. LCAT deficiency shows both tar-
get cells and stomatocytes. An increased incidence
of stomatocytosis has been reported in healthy
Mediterranean (Greek and Italian) subjects in
Australia [96]. This condition, designated Mediter-
ranean stomatocytosis/macrothrombocytopenia,
is now known to be a manifestation of hereditary
phytosterolaemia (see p. 369) [97]. Similar morpho-
logical features, also associated with haemolytic
anaemia and thrombocytopenia, occur in associ-
ation with parenteral nutrition with soy-based lipid
emulsions [89].

Sickle cells

A sickle cell is a very specific type of cell that is
confined to sickle cell anaemia and other forms of
sickle cell disease. Sickle cells are crescent- or sickle-
shaped with pointed ends (Fig. 3.47). The character-
istic shape is very apparent on scanning electron
micrography (Fig. 3.48). The blood film in sickle cell
anaemia may also show boat- or oat-shaped cells
(see Fig. 3.46) that are not pathognomonic for the
presence of haemoglobin S but are highly sugges-
tive. Other highly characteristic poikilocytes formed
in the presence of haemoglobin S are SC poikilocytes,
formed when both haemoglobin S and haemoglobin
C are present (Fig. 3.49) and ‘Napoleon hat cells’ that
are characteristic of haemoglobin S-Oman (Fig. 3.50).

Pincer cells

Pincer or mushroom-shaped cells are a feature
of hereditary spherocytes resulting from deficiency
of band 3 (Fig. 3.51). They are also common in
erythroleukaemia [65]. Similar cells can be seen in
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Fig. 3.47 Peripheral blood film showing a sickle cell, boat-
shaped cells and an NRBC.

oxidant-induced haemolysis, when they result from
removal of two adjacent Heinz bodies.

Inclusions in erythrocytes

Howell-Jolly bodies

Howell-Jolly bodies (see Fig. 3.43) are medium
sized, round, cytoplasmic red cell inclusions that
have the same staining characteristics as a nucleus
and can be demonstrated to be composed of DNA.

A Howell-Jolly body is a fragment of nuclear mater-

ial. It can arise by karyorrhexis (the breaking up of
a nucleus) or by incomplete nuclear expulsion, or
can represent a chromosome that has separated
from the mitotic spindle during abnormal mitosis.
Some Howell-Jolly bodies are found in erythrocytes
within the bone marrow in haematologically nor-
mal subjects but, since they are removed by the
spleen, they are not seen in the peripheral blood.
They appear in the blood following splenectomy
and are also present in other hyposplenic states,
including transient hyposplenic states resulting
from reticuloendothelial overload. They can be a
normal finding in neonates (in whom the spleen is
functionally immature). The rate of formation of
Howell-Jolly bodies is increased in megaloblastic

Fig. 3.49 Peripheral blood film from a patient with
compound heterozygosity for haemoglobin S and
haemoglobin C showing a characteristic SC poikilocyte.

Fig. 3.48 Scanning electron
micrograph of a sickle cell. From
Bessis [51].



Fig. 3.50 Peripheral blood film

of a patient with compound
heterozygosity for haemoglobin S
and haemoglobin S-Oman showing
the ‘Napoleon hat’ red cells that

are characteristic of haemoglobin
S-Oman. Courtesy of DrR. A. Al
Jahdamy and colleagues, Oman.
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patient with hereditary spherocytosis
as a result of a band 3 mutation
showing pincer or mushroom cells.

Fig. 3.51 Peripheral blood film of a '

anaemias and, if the patient is also hyposplenic,
large numbers of Howell-Jolly bodies will be seen
in the peripheral blood.

Basophilic stippling

Basophilic stippling (Fig. 3.52) or punctate basophilia
describes the presence in erythrocytes of consider-
able numbers of small basophilic inclusions that are
dispersed through the erythrocyte cytoplasm and
can be demonstrated to be RNA. They are com-
posed of aggregates of ribosomes; degenerating
mitochondria and siderosomes may be included in
the aggregates but most such inclusions are nega-
tive with Perls’ acid ferrocyanide stain for iron. Very
occasional cells with basophilic stippling can be
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seen in normal subjects. Increased numbers are seen
in the presence of thalassaemia minor (particularly
B thalassaemia trait and a thalassaemia trait due to
haemoglobin Constant Spring), thalassaemia major,
megaloblastic anaemia, unstable haemoglobins,
haemolytic anaemia, dyserythropoietic states in
general (including congenital dyserythropoietic
anaemia, sideroblastic anaemia, erythroleukaemia
and idiopathic myelofibrosis), liver disease and
poisoning by heavy metals such as lead, arsenic, bis-
muth, zing, silver and mercury. Basophilic stippling
is a prominent feature of hereditary deficiency of
pyrimidine 5-nucleotidase [98], an enzyme that is
required for RNA degradation. Inhibition of this
enzyme may also be responsible for the prominent
basophilic stippling in some patients with lead
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poisoning. Similar findings have been reported in a
putative deficiency of CPD-choline phosphotrans-
ferase, resulting in accumulation of the pyrimidine
phosphodiester, CPD-choline [99].

Pappenheimer bodies

Pappenheimer bodies (see Fig. 3.17) are basophilic
inclusions that may be present in small numbers
in erythrocytes; they often occur in small clusters
towards the periphery of the cell and can be
demonstrated to contain iron. They are composed of
ferritin aggregates, or mitochondria or phagosomes
containing aggregated ferritin. They stain on a
Romanowsky stain because clumps of ribosomes are
co-precipitated with the iron-containing organelles.
A cell containing Pappenheimer bodies is a sidero-
cyte. Reticulocytes often contain Pappenheimer
bodies. Following splenectomy in a haematologically
normal subject, small numbers of Pappenheimer
bodies appear, these being ferritin aggregates. In
pathological conditions, such as lead poisoning or
sideroblastic anaemia, Pappenheimer bodies can also
represent iron-laden mitochondria or phagosomes.
If the patient has also had a splenectomy they will be
present in much larger numbers.

Micro-organisms in erythrocytes

Both protozoan parasites (see pp. 142-155) and
other micro-organisms (see p. 136) can be seen
within red cells.

Fig. 3.52 Prominent basophilic
stippling in the peripheral blood film
of a patient who has inherited both 8
thalassaemia trait and hereditary
elliptocytosis. The film also shows
microcytosis and numerous
elliptocytes and ovalocytes. One of
the heavily stippled cells is a teardrop
poikilocyte. Courtesy of Dr F. Toolis,
Dumfries.

Fig. 3.53 Peripheral blood film of a patient with
congenital erythropoietic porphyria showing radially
arranged crystals in red cells. Courtesy of Dr Anna Merino
and colleagues, Barcelona, and the British Journal of
Haematology [100].

Crystals

Slender purple-violet crystals, often radially ar-
ranged, have been observed in red cells in congenital
erythropoietic porphyria (Fig. 3.53) [100].

Circulating nucleated red blood cells

Except in the neonatal period and occasionally in
pregnancy, the presence of NRBC (see Fig. 3.41) in
the peripheral blood is abnormal, generally indicat-
ing hyperplastic erythropoiesis or bone marrow
infiltration. In the neonatal period, an increased



number of NRBC are seen in premature neonates
and when there is growth retardation or the neonate
has experienced hypoxia. An increased NRBC count
at birth with a rise rather than a fall in the neonatal
period has been found predictive of intraventricular
haemorrhage in premature babies [101]. Increased
numbers of NRBC can also be seen in babies with
Down’s syndrome.

If both NRBC and granulocyte precursors are
present the film is described as leucoerythroblastic
(see p. 233). NRBC in the peripheral blood may be
morphologically abnormal; e.g. they may be mega-
loblastic or show the features of iron deficient or
sideroblastic erythropoiesis. An increased frequency
of karyorrhexis in circulating NRBC may be seen in
arsenic and lead poisoning [102] and in certain
dyserythropoietic states such as erythroleukaemia
and severe iron deficiency anaemia. Examination of
a buffy coat film is helpful if assessment of morpho-
logical abnormalities in NRBC is required.

Red cell agglutination, rouleaux formation
and red cell rosetting

Red cell agglutinates (see Fig. 3.11) are irregular
clumps of cells whereas rouleaux (Fig. 3.54) are
stacks of erythrocytes resembling a pile of coins.
Reticulocytes may form agglutinates when their
numbers are increased; this is a normal phe-
nomenon. Mature red cells agglutinate when they
are antibody-coated. Small agglutinates may be seen
in warm autoimmune haemolytic anaemia whereas

Fig. 3.54 Peripheral blood film of a
patient with multiple myeloma
showing increased rouleaux
formation consequent on the
presence of a paraprotein; the film
also shows increased background
staining and a circulating myeloma
cell.
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the presence of cold agglutinates may cause massive
agglutination (see Fig. 3.2).

Rouleaux formation is increased when there is
an increased plasma concentration of proteins of
high molecular weight. The most common causes
are pregnancy (in which fibrinogen concentration
is increased), inflammatory conditions (in which
polyclonal immunoglobulins, o, macroglobulin and
fibrinogen are increased) and plasma cell dyscrasias
such as multiple myeloma (in which increased
immunoglobulin concentration is caused by the
presence of a monoclonal paraprotein). Rouleaux
formation may be artefactually increased if a drop
of blood is left standing for too long on a microscope
slide before the blood film is spread.

Abnormal clumping of red cells can also occur in
patients receiving certain intravenous drugs that
use polyethoxylated castor oils as a carrier (e.g.
miconazole, phytomenadione and ciclosporin).

Rosetting of red cells
(Fig. 3.55) is a rare phenomenon that is likely to be
immunologically mediated.

around neutrophils

Leucocytes

Normal peripheral blood leucocytes are classified
either as polymorphonuclear leucocytes or as
mononuclear cells, the latter term indicating
lymphocytes and monocytes. Polymorphonuclear
leucocytes are also referred to as polymorphonu-
clear granulocytes, polymorphs or granulocytes. The
term ‘granulocyte’ has also been used to refer more
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generally to both the mature polymorphonuclear
leucocytes usually seen in the peripheral blood and
their granulated precursors. Polymorphs have lobu-
lated nuclei, which are very variable in shape, hence
‘polymorphic’, and prominent cytoplasmic granules,
which differ in staining characteristics between the
three classes—neutrophil, eosinophil and basophil.
Mononuclear cells may also have granules; in the case
of the monocyte they are inconspicuous, whereas in
the lymphocyte they are sometimes prominent but
are not numerous. In pathological conditions and in
certain physiological conditions, such as pregnancy
and during the neonatal period, precursors of poly-
morphs may appear in the peripheral blood. A

g Fig. 3.55 Red cell rosetting.

variety of abnormal leucocytes may also be seen in
certain disease states.

Granulocytes

The neutrophil

The mature neutrophil measures 12-15pm in
diameter. The cytoplasm is acidophilic with many
fine granules. The nucleus has clumped chromatin
and is divided into two to five distinct lobes by fila-
ments, which are narrow strands of dense heterochro-
matin bordered by nuclear membrane (Fig. 3.56).
The nucleus tends to follow an approximately

N\ A

Fig. 3.56 Peripheral blood film of a
healthy subject showing a normal
polymorphonuclear neutrophil and
normal small lymphocyte. The
disposition of the nuclear lobes
around the circumference of a circle
is apparent.
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Fig. 3.57 Peripheral blood film of a healthy female
showing a normal neutrophil with a drumstick.

circular form since in the living cell the nuclear lobes
are arranged in a circle around the centrosome.
In normal females a ‘drumstick” may be seen pro-
truding from the nucleus of a proportion of cells
(Fig. 3.57). A normal neutrophil has granules spread
evenly through the cytoplasm but there may be
some agranular cytoplasm protruding at one mar-
gin of the cell. This may represent the advancing
edge of a cell in active locomotion.

Characteristics of the nucleus

The neutrophil band form and left shift. A cell that other-
wise resembles a mature neutrophil but that lacks
nuclear lobes (Fig. 3.58) is referred to as a neutrophil
band form or a ‘stab’ form (from the German
Stabzelle referring to a shepherd’s staff or crook). The
Committee for the Clarification of Nomenclature of
Cells and Diseases of the Blood Forming Organs has
defined a band cell as “any cell of the granulocyte
series which has a nucleus which could be described
as a curved or coiled band, no matter how marked
the indentation, if it does not completely segment
the nucleus into lobes separated by a filament’.
A filament is a thread-like connection with no
significant nuclear material” [103]. A band is dif-
ferentiated from a metamyelocyte (see below) by
having an appreciable amount of nucleus with par-
allel sides. Small numbers of band cells are seen in
healthy subjects. An increase in the number of band
cells in relation to normal neutrophils is known as
a left shift. When a left shift occurs, neutrophil pre-
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Fig. 3.58 A neutrophil band form. The nucleus is non-
segmented and also has chromatin that is less condensed
than that of the majority of segmented neutrophils.

cursors more immature than band forms (metamy-
elocytes, myelocytes, promyelocytes and blast cells)
may also be released into the blood. A left shift is
a physiological occurrence in pregnancy. In the
non-pregnant patient it often indicates response to
infection or inflammation, or some other stimulus to
the bone marrow. A left shift, including even a few
blast cells, is produced by the administration of
cytokines such as granulocyte colony-stimulating
factor (G-CSF) and granulocyte macrophage
colony-stimulating factor (GM-CSF).

The actual percentage or absolute number of
band forms or the ratio of band forms to neutrophils
that is regarded as normal is dependent on the
precise definition of band form used and how the
definition is applied in practice. Inconsistency
between laboratories with regard to definition is
common, as is variation between and within labor-
atories as to how definitions are applied.

Band cell counts have been employed in the
detection of infection in neonates, but again various
definitions have been applied [104,105]. For example,
Akenzua et al. [104] defined a (segmented) neu-
trophil as a cell with lobes separated by a thin
filament whose width is less than one-third the max-
imum diameter of the lobes whereas Christensen
et al. [106] required the lobes to be separated by a
definite nuclear filament.

The neutrophil lobe count and right shift. In normal
blood, most neutrophils have one to five lobes.
Six-lobed neutrophils are rare. A right shiftis said to
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be present if the average lobe count is increased or if
there is an increased percentage of neutrophils with
five or six lobes. The average lobe count of normal
neutrophils varies between observers, with values
of 2.5-3.3 obtained in different studies [107]. In prac-
tice, a formal lobe count is time-consuming and the
presence of more than 3% of neutrophils with five
lobes or more (Fig. 3.59) is a more practical indicator
of right shift. This is also a more sensitive index of
neutrophil hypersegmentation than the average
lobe count and allows hypersegmentation to be
detected in patients in whom a simultaneous
increase in band forms means that the average lobe
count is normal. A further index of right shift, which
has been found to be more sensitive than either of
the above, is the segmentation index:

Number of neutrophils with 5 lobes or more x 100

Number of neutrophils with four lobes

Values of greater than 16.9 are abnormal [108]. A
right shift or neutrophil hypersegmentation is seen
in megaloblastic anaemia and in occasional patients
with infection, uraemia or myelodysplastic syn-
drome. There is also a significant incidence in iron
deficiency anaemia when other haematinic deficien-
cies are excluded [109]. Some hypersegmented
neutrophils are seen following the administration
of G-CSF [110]. Hypersegmented neutrophils are
diploid cells; in patients with megaloblastic anaemia
they are not derived from giant metamyelocytes

Fig. 3.59 A hypersegmented
neutrophil showing seven nuclear
lobes. The film also shows
anisocytosis with both microcytes
and macrocytes.

[111]. Neutrophil hypersegmentation occurs as a
rare hereditary characteristic with an autosomal
dominant inheritance [112]. In the inherited condi-
tion known as myelokathexis there is neutropenia in
association with a defect of neutrophil lobulation
[113,114]. Neutrophils are hypersegmented with
long chromatin filaments separating the lobes
and with coarse, almost pyknotic chromatin; Dohle
bodies, toxic granulation and neutrophil vacuola-
tion have also been noted [114]. Rarely, a similar
anomaly is seen in the myelodysplastic syndromes
but at least some of these cases differ from the
inherited condition in that the hypersegmented
neutrophils are tetraploid (Fig. 3.60).

The presence of macropolycytes with more than
five lobes (see p. 106) is not an indication of right
shift since the increased number of lobes is con-
sequent on an increased DNA content rather than
on any abnormality of nuclear segmentation.

The neutrophil drumstick, sessile nodules and other nuclear
projections. Some neutrophils in normal females
have a drumstick-shaped nuclear appendage about
1.5 um in diameter, which is linked to the rest of the
nucleus by a filament [115] (see Fig. 3.57). These
drumsticks represent the inactive X chromosome of
the female. Similar projections with central pallor
(racquet forms) are not drumsticks and do not have
the same significance. In cells without drumsticks,
the inactive X chromosome may be condensed



Fig. 3.60 Peripheral blood film of a
patient with a myelodysplastic
syndrome showing two neutrophils.
Both are macropolycytes and one
shows a defect of nuclear
segmentation resembling
myelokathexis. The size of the cells
and the amount of nuclear material
suggests that they are tetraploid cells.

Fig. 3.61 Peripheral blood film of a healthy female
showing a band neutrophil with a sessile nodule.

beneath the nuclear membrane, where it can be
detected in some neutrophil band forms [116], or it
may protrude from the nucleus as a sessile nodule
(Fig. 3.61). Like drumsticks, sessile nodules are
usually only found in females. In one study the fre-
quency of drumsticks was found to vary from one in
38 to one in 200 neutrophils, and to be characteristic
of the individual but also proportional to the lobe
count [115,117]. If a left shift occurs, the proportion
of cells with drumsticks reduces, whereas in
macropolycytes (see p. 106), and when there is right
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shift due to megaloblastic anaemia or hereditary
hypersegmentation of neutrophils, the frequency of
drumsticks is increased.

The presence and frequency of drumsticks is
related to the number of X chromosomes. They
do not occur in normal males, in individuals with
the testicular feminization syndrome who are
phenotypically female but genetically (XY) male, or
in Turner’s syndrome (XO) females. In males with
Klinefelter’s syndrome (XXY) drumsticks are found
but in lower numbers than in females. Paradoxically,
XXX females rarely have cells with double drum-
sticks and on average their lobe count and frequency
of drumsticks are lower than those of normal
females; they have an increased incidence of sessile
nodules and it has been suggested that the presence
of an extra X chromosome inhibits nuclear segmen-
tation [118]. However, triploidy, with the karyotype
69 XXY, is associated with the presence of drumsticks
and in addition the nuclei are large and show
increased sessile nodules and thorn-like and club-
shaped projections [119]. Females with an isochro-
mosome of the long arms of the X chromosome have
larger and more frequent drumsticks, whereas
females with deletions from the X chromosome
have smaller drumsticks [112]. Natural human
chimaeras whose cells are a mixture of cells of male
and female origin have a drumstick frequency con-
sistent with a male/female mixture of neutrophils
[117] and, similarly, an alteration of the drumstick
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count may be seen after bone marrow transplanta-
tion when bone marrow from a female has been
transplanted into a male or vice versa.

The proportion of neutrophils with drumsticks
and sessile nodules is reduced in women with
chronic granulocytic leukaemia (CGL) but returns
to normal when the WBC falls on treatment [120].

The drumstick count (and the average lobe count)
are reduced in Down’s syndrome [121].

In addition to drumsticks and sessile nodules,
neutrophil nuclei may have other projections that can
have the shape of clubs, hooks or tags. These projec-
tions can also be seen in the neutrophils of males.
Increased nuclear projections are a relatively un-
common feature of the myelodysplastic syndromes
(Fig. 3.62). Several thread-like projections from the
nuclei of most neutrophils is a characteristic fea-
tures of congenital trisomy 13 syndrome [122,123].

Other abnormalities of neutrophil nuclei. Other abnor-
malities of neutrophil nuclei are shown in Table 3.8.
Reduced neutrophil segmentation that is not con-
sequent on temporary bone marrow stimulation
with release of immature cells is seen as an in-
herited anomaly (the Pelger-Huét anomaly) or as
an acquired anomaly (the pseudo-Pelger-Huét or
acquired Pelger-Huét anomaly). The Pelger-Huét
anomaly was first described by Pelger in 1928 and
its familial nature was recognized by Huét in 1931
[140]. It is inherited as an autosomal dominant char-

Fig. 3.62 Peripheral blood film of a
patient with chronic myelomonocytic
leukaemia showing neutrophils with
abnormal nuclear projections.

acteristic with a prevalence between one in 100 and
one in 10 000 in different communities [141]. It has
been recognized in many ethnic groups including
white and Black people, Chinese, Japanese and
Indonesians. It results from a mutation in the LBR
gene encoding the lamin B receptor [142]. The
abnormality is distinctive. The majority of neutrophils
have bilobed nuclei (Fig. 3.63a), the lobes being
rounder than normal and the chromatin more con-
densed than would be expected for the degree
of nuclear lobulation; a characteristic spectacle or
pince-nez shape is common. Other nuclei are shaped
like dumbells or peanuts (Fig. 3.63b). A small pro-
portion of neutrophils, usually not more than 4%,
have non-lobulated nuclei (Fig. 3.63c); they are
distinguished from myelocytes by a lower nucleo-
cytoplasmic ratio, the condensation of nuclear chro-
matin and the maturity of the cytoplasm. Subjects
with the Pelger-Huét anomaly also show reduced
lobulation of eosinophils and basophils [143]. In
rare homozygotes with the Pelger-Huét anomaly
all the neutrophils have round or oval nuclei.
Neutrophils, eosinophils, basophils and monocytes
are non-lobulated and there may also be mild neu-
tropenia, giant platelets and mild thrombocytopenia
[144]. Homozygotes may also show developmental
delay, epilepsy and skeletal abnormalities [142]. The
distinction between the Pelger-Huét anomaly and
a left shift is important since heterozygosity for the
inherited condition is of no clinical significance. If
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Table 3.8 Some alterations and abnormalities that may be present in neutrophil nuclei.

Abnormality Presence noted in

Left shift

Hypersegmentation
Iron deficiency
Uraemia
Infection

Pregnancy, infection, hypoxia, shock

Megaloblastic erythropoiesis

Hereditary neutrophil hypersegmentation

Myelokathexis [113]

Myelodysplastic syndrome [124]

Hyposegmentation

Pelger-Huét anomaly

Bilobed neutrophils with reduced specific granules (lactoferrin deficiency) [125]
Non-lobed neutrophils with other congenital anomalies (one case) [126]
Acquired or pseudo-Pelger-Huét anomaly (myelodysplastic syndromes and acute

myeloid leukaemia)

Increased nuclear projections

Trisomy 13 syndrome [122]

Associated with large platelets (single family) [127]
Associated with a large Y chromosome (drumstick-like) [128]

Turner’s syndrome [129]

As anisolated defect [130]
Myelodysplastic syndromes

Ring nuclei

Chronic granulocytic leukaemia [131]

Acute myeloid leukaemia [132]
Chronic neutrophilic leukaemia [133]
Megaloblastic anaemia [134]

Heat stroke [135]
Hyperthermia [136]
Burns

Botryoid nucleus

Dense chromatin clumping

Myelodysplastic syndromes [137]

Reversible effect of certain drugs (including mycophenolate mofetil)

Myelokathexis [114]

Detached nuclear fragments

Dysplastic granulopoiesis due to HIV infection [138] or administration of drugs

interfering with DNA synthesis [139], including chlorambucil, mycophenolate

mofetil and tacrolimus

HIV, human immunodeficiency virus.

a left shift occurs in a patient with the Pelger-Huét
anomaly the proportion of non-lobed neutrophils is
further increased. If a subject with the Pelger-Huét
anomaly develops megaloblastic erythropoiesis, a
right shift occurs and neutrophils with three, four or
even five lobes are seen [145]; megaloblastosis also
causes loss of the characteristic dense clumping of
the nuclear chromatin and drumsticks may become
identifiable.

In another congenital anomaly, designated either
‘lactoferrin deficiency” or ‘specific granule defici-
ency’, neutrophils with a marked reduction in the

numbers of specific granules also have bilobed
nuclei [125,146].

A single patient has been described in whom non-
lobed neutrophils were associated with skeletal
malformations, microthalmia and mental retarda-
tion [126].

The acquired Pelger-Huét anomaly (Fig. 3.64) is
common in myelodysplastic syndromes and in
acute myeloid leukaemias. It occurs occasionally
in other haematological neoplasms, particularly
idiopathic myelofibrosis and during the evolution
of CGL. Features that help in making the distinction
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Fig. 3.63 Peripheral blood film of a patient with the
inherited Pelger-Huét anomaly showing three
neutrophils with: (a) bilobed nucleus; (b) peanut-shaped
nucleus; and (c) non-lobed nucleus.

|

b
Fig. 3.64 Peripheral blood film of a patient with the
acquired Pelger—-Huét anomaly as part of a therapy-
related myelodysplastic syndrome showing: (a)
neutrophil with non-lobed nucleus; and (b) anisocytosis,
poikilocytosis and neutrophil with bilobed nucleus.

from the inherited Pelger-Huét anomaly are that
the percentage of affected neutrophils is usually
less and there is commonly an association with
neutropenia, hypogranularity of neutrophils, Déhle
bodies (see p. 103) or dysplastic features in other
lineages.

Reduced neutrophil lobulation is rarely seen in
other circumstances but has been described in asso-
ciation with therapy with colchicine, ibuprofen [147],
paclitaxel [148], docetaxel [148], mycophenolate

(b)



\@!\{1 -

Fig. 3.65 Peripheral blood film from a patient with
reversible myelodysplasia caused by mycophenolate
mofetil. Both neutrophils have a non-segmented rounded
nucleus with very coarse chromatin clumping; one also
has a high nucleocytoplasmic ratio.

mofetil [149] (Fig. 3.65) and other drugs, and in
infectious mononucleosis, malaria, myxoedema,
metastatic carcinoma involving the bone marrow,
chronic lymphocytic leukaemia (CLL) and acute
enteritis [112].

Neutrophils with ring or doughnut nuclei
(Fig. 3.66) are seen occasionally in normal subjects.
Their frequency is increased in CGL, in chronic
neutrophilic leukaemia and probably in the myelo-
dysplastic syndromes [131]; occasionally they are
prominent in acute myeloid leukaemia (AML) [132].

Another acquired defect of the neutrophil nucleus
is radial segmentation to form a ‘botryoid” nucleus,
i.e. a nucleus with a shape resembling a bunch of
grapes. The change is consequent on contraction of
microfilaments radiating from the centriole. Botryoid
nuclei have been demonstrated in burns (Fig. 3.67),
heat stroke [135] and in hyperthermia arising from
brain stem haemorrhage [136].

Excessive clumping of the neutrophil nuclear
chromatin is observed sometimes in the myelodys-
plastic syndromes and in AML and also in the
reversible pseudo-Pelger—-Huét anomaly associated
with administration of various drugs.

Rarely, neutrophils have detached nuclear frag-
ments (Fig. 3.68) equivalent to the Howell-Jolly
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Fig. 3.66 Peripheral blood film of a patient with chronic
granulocytic leukaemia (CGL) showing neutrophils and
neutrophil precursors. There is one neutrophil with a ring-
shaped nucleus.

Fig. 3.67 Peripheral blood film from a patient with severe
burns showing a neutrophil with a botryoid nucleus
containing a small Dohle body.

bodies of erythrocytes; their nature can be con-
firmed by a Feulgen stain for DNA. Such inclusions
are indicative of dysgranulopoiesis. They were first
reported in a patient on azathioprine therapy [139].
They are also seen occasionally in patients on anti-
cancer chemotherapeutic agents, in association
with a reversible drug-induced pseudo-Pelger-Huét
anomaly. They are not infrequently observed in
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HIV-positive individuals [138], the latter sometimes
in the absence of any drug therapy.

The administration of G-CSF and GM-CSF can be
associated with the appearance of a proportion of
neutrophils with hypersegmented, hyposegmented
and ring nuclei [150].

Neutrophils occasionally show features of apop-
tosis, i.e. the nucleus becomes homogeneous with
peripheral chromatin condensation or, alternatively,
the nucleus fragments into rounded homogeneous
masses. This is a non-specific abnormality that may
be seen in infective, inflammatory and autoimmune
conditions or during cytotoxic chemotherapy [151].
Apoptosis should be distinguished from the mor-
phologically similar degenerative changes that occur
as an in vitro artefact on prolonged storage of blood
(see pp. 63-64).

Abnormalities of neutrophil cytoplasm

Abnormalities of neutrophil cytoplasm are summar-
ized in Table 3.9.

Reduced granulation. Reduced granulation of neu-
trophils occurs as a congenital anomaly, e.g. in
lactoferrin (specific granule) deficiency, but this is
rare. It is usually an acquired abnormality, most
often as a feature of one of the myelodysplastic
syndromes (Fig. 3.69). In HIV infection some neu-
trophils may show reduced granulation but this is

Fig. 3.68 Peripheral blood film of
a patient on combination
chemotherapy for lymphoma
showing a neutrophil with a
detached nuclear fragment
(Howell-Jolly body-like inclusion).

Fig. 3.69 Peripheral blood film of a patient with acute
myeloid leukaemia (AML) showing three blasts and a
hypogranular neutrophil.

not as marked as in the myelodysplastic syndromes.
Reduced granulation may be apparent in severe
infections, as a result of discharge of granules;
residual granules may be prominent. Neutrophils
produced in response to administration of G-CSF
may be hypogranular [110].

Increased granulation. Increased granulation of neu-
trophils, with granules appearing both larger and
more basophilic than normal, is designated toxic
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Table 3.9 Some alterations and abnormalities of neutrophil cytoplasm.
Abnormality Presence noted in
Reduced granulation Myelodysplastic syndromes and acute myeloid leukaemia
Congenital lactoferrin (specific granule) deficiency [125]
Grey platelet syndrome (some families) [152]
Increased granulation ‘"Toxic’ granulation—pregnancy, infection, inflammation, G-CSF
and GM-CSF therapy [153,154]
Aplastic anaemia
Hypereosinophilic syndromes
Alder—Reilly anomaly
Chronic neutrophilic leukaemia [133]
Myelodysplastic syndromes (uncommonly) [155]
Myelokathexis [114]
Abnormal granulation Chédiak-Higashi syndrome and related anomalies [156,157]
Alder-Reilly anomaly
Acute myeloid leukaemia [158] and myelodysplastic syndromes [155]
Vacuolation Infection, G-CSF therapy, GM-CSF therapy
Acute alcohol poisoning [159,160]
Jordans’ anomaly [161]
Carnitine deficiency
Kwashiorkor [162]
Myelokathexis (some families) [114,163]
Dohle bodies or similar inclusions Infection, inflammation, burns, pregnancy, G-CSF therapy
Myelodysplastic syndromes and acute myeloid leukaemia
May-Hegglin anomaly
Fechtner [164] and Sebastian syndromes
Kwashiorkor [162]
Myelokathexis [114]
Actin inclusions Congenital abnormality associated with anaemia and grey skin [165]
Phagocytosed material Bacteria and fungi Bacterial and fungal infections
Parasites Leishmaniasis, malaria (rare)
Cryoglobulin Multiple myeloma and other
cryoglobulinaemias
Mucopolysaccharide Various carcinomas [166]
Wilms’ tumour
Hirschsprung’s disease [167]
Nucleoprotein Systemic lupus erythematosus [168] (‘LE cell’)
Melanin Melanoma [169]
Bilirubin crystals or Severe hyperbilirubinaemia [170,171]
amorphous deposits
Cystine crystals Cystinosis [172]
Haemosiderin Iron overload [173]
Erythrocytes Autoimmune haemolytic anaemia, paroxysmal

cold haemoglobinuria [174], incompatible blood

transfusion, potassium chlorate poisoning

G-CSF, granulocyte colony-stimulating factor; GM-CSF, granulocyte macrophage colony-stimulating factor.



100 Chapter 3

granulation (Fig. 3.70). When neutrophil maturation
is normal, the azurophilic or primary granules
become less strongly azurophilic as the cell matures
so that, rather than staining reddish-purple, they
stain violet or fail to stain at all. In a neutrophil
showing toxic granulation the primary granules
remain strongly azurophilic; this may be related to
a higher concentration of acid mucosubstances than
in normal neutrophils [175]. Degranulation may
lead to neutrophils that show toxic granulation also
having reduced numbers of granules. Although
‘toxic” granulation is characteristic of infection it is
non-specific being seen also in the presence of tissue
damage of various types. It is also a feature of nor-

Fig. 3.70 Three neutrophils in the
peripheral blood film of a patient
with bacterial infection showing toxic
granulation and vacuolation.

Fig. 3.71 Peripheral blood film of a
patient with the idiopathic
hypereosinophilic syndrome
showing a normal neutrophil, a
neutrophil with abnormally heavy
granulation and a hypogranular
band eosinophil.

mal pregnancy and occurs with cytokine therapy
(G-CSF and GM-CSF) even in the absence of infec-
tion. Other causes of heavy neutrophil granulation
are shown in Figs 3.71 and 3.72 and in Table 3.9.

Abnormal granulation and Auer rods. Abnormal neu-
trophil granulation is seen in a number of inherited
conditions including the Chédiak-Higashi syndrome
and the heterogeneous group of conditions giving
rise to the Alder-Reilly anomaly (Table 3.10). The
Alder-Reilly anomaly occurs as an isolated abnor-
mality, in association with an abnormal peroxidase
[176] and as a feature of the mucopolysaccharidoses,
Tay-Sachs disease or Batten-Spielmeyer—Vogt



Fig. 3.72 Peripheral blood film of a

patient with the Maroteaux-Lamy

syndrome showing the Alder—Reilly
anomaly of neutrophils. The
neutrophil has granules that
resemble ‘toxic” granules. The other
granulocyte is probably an eosinophil
with granules having very abnormal
staining characteristics. Courtesy of
Mr A. Dean, Nottingham.
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Table 3.10 Inherited conditions in which leucocytes have abnormal granules or cytoplasmic inclusions.

Abnormality Associated features Morphology of Nature of granules Nature of cells affected
granules or or inclusions
inclusions
Chédiak-Higashi Anaemia, neutropenia, Giant granules with Giant secondary Neutrophil, eosinophil,
anomaly* thrombocytopenia, colour ranging from  (specific) granules basophil, monocyte,
jaundice, neurological grey tored lymphocyte, melanocyte,
abnormalities, renal tubular cell, many
recurrent infections other body cells
Alder—Reilly Tay-Sachs disease, Dark red or purple Mucopolysaccharide  Neutrophil, eosinophil,
anomaly*! mucopolysaccharidoses  inclusion which or other abnormal basophil, monocyte
(Hunter’s syndromet, may resemble toxic carbohydrate (rarely), lymphocyte
Sanfilippo syndrome, granules, inclusions
Morquio’s syndrome, or vacuoles in
Scheie’s syndrome, lymphocytes
Maroteaux-Lamy
syndrome)
May-Hegglin Thrombocytopenia, Resemble Dohle Amorphous areasof ~ Neutrophil, eosinophil,
anomaly? giant platelets bodies cytoplasm containing  basophil, monocyte

structures related to
ribosomes

* Autosomal recessive.
*Hunter’s syndrome is sex-linked recessive.
¥ Autosomal dominant.

disease. The abnormal neutrophils may have heavy
granulation resembling toxic granulation or there
may be large, clearly abnormal granules (see Fig.
3.72). In the Chédiak-Higashi syndrome (Fig. 3.73)
the abnormal granules are quite variable in their
staining characteristics and some may resemble
Déhle bodies (see p. 103); at the ultrastructural level,
however, they are abnormal granules rather than

rough endoplasmic reticulum, being formed by the
fusion of primary granules with each other and with
secondary granules. There have been reports of
abnormal neutrophil granulation resembling that
of the Chédiak-Higashi syndrome but with atypical
features [156]. In an apparently distinct syndrome,
abnormal granulation of all mature myeloid cells
was associated with bile duct atresia and livedo
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Fig. 3.73 Peripheral blood film of a patient with the
Chédiak-Higashi syndrome showing a neutrophil with
giant and abnormally staining granules. Courtesy of Dr J.
McCallum, Kirkaldy.

reticularis [171]. Giant bright blue inclusions com-
posed of actin have been described in the neu-
trophils and other leucocytes of an infant with
anaemia and grey skin discoloration [165] (Fig. 3.74)
and in a second infant without associated abnormal-
ities [177]. Occasional patients with myelodysplas-
tic syndromes or with AML have giant granules in
neutrophils, which are morphologically similar to
those of the Chédiak-Higashi syndrome [158].

;8 ‘e

The Auer rod that is seen in haematological
malignancies, specifically AML and refractory
anaemia with excess of blasts in transformation (one
of the myelodysplastic syndromes, as defined by the
French-American-British (FAB) group), is formed
by fusion of primary granules. Auer rods are usu-
ally confined to blast cells (Fig. 3.75) but occasionally
they are seen in maturing cells, including neutro-
phils, which are part of the neoplastic clone.

Vacuolation. Neutrophil vacuolation may occur as
the result of fusion of granules with a phagocytic
vacuole with subsequent exocytosis of the contents
of the secondary lysosome. This is usually a feature
of infection (see Fig. 3.70) and partial degranula-
tion of the neutrophil may also be apparent. Vacuo-
lation of neutrophils can also occur as a toxic effect
following ethanol ingestion [159] (Fig. 3.76) but this
is much less often observed than ethanol-induced
vacuolation of myeloid precursors; the vacuolation
is attributed to both invagination of the membrane
with inclusion of plasma and mitochondrial
swelling and disruption [160]. A rare cause of
neutrophil vacuolation (together with vacuolation
of neutrophil precursors, monocytes and some
eosinophils, basophils and lymphocytes) is a famil-
ial defect designated Jordans’ anomaly [161,178];
cells contain neutral lipid which is stainable with oil
red O and the vacuoles are due to dissolution of
lipid [178]. Jordans’ original patients may have had
carnitine deficiency, which is known to cause lipid

v

Fig. 3.74 Bone marrow film of a
patient with giant actin inclusions
(Brandalise’s syndrome) showing

blue inclusions in a neutrophil and a
‘ promyelocyte. Similar inclusions

were present in peripheral blood
neutrophils and also in eosinophils,
basophils, monocytes and
lymphocytes. Courtesy of Dr. R.C.
Ribeiro, Memphis.
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Fig. 3.75 Peripheral blood film of a patient with AML
showing blasts, one of which contains an Auer rod.

Fig. 3.76 Peripheral blood film of a patient with a heavy
alcohol intake showing heavy vacuolation of neutrophils.
Courtesy of Dr Wendy Erber, Cambridge.

storage myopathy with lipid vacuoles in neutrophils
[179]. Similar lipid vacuoles in neutrophils occur in
neutral lipid storage disease (also known as triglycer-
ide storage disease with impaired long-chain fatty
acid oxidation and as Dorfman-Chanarin syndrome
[180,181]). Neutrophil vacuolation is also observed
in some families with myelokathexis [163] and is a
feature of the neutrophil dysplasia associated with
the acquired chromosome anomaly, 17p—.

Déhle bodies and similar inclusions. Dohle bodies are
small, pale-blue or blue-grey cytoplasmic inclusions,

Fig. 3.77 Peripheral blood film of a patient with
septicaemia showing a Dohle body in a neutrophil.

single or multiple, often found towards the peri-
phery of the cell (Fig. 3.77). They usually measure
only 1-2 um in diameter but may be up to 5 um. At
the ultrastructural level, they are composed of stacks
of endoplasmic reticulum together with glycogen
granules. Their ribosomal component is indicated
by pink staining with a methyl green—pyronin stain
and by destruction by ribonuclease; they are seen
better in films made from non-anticoagulated blood
[182]. Dohle bodies are associated with pregnancy,
infective and inflammatory states, burns (Fig. 3.78)
and administration of cytokines such as G-CSF and
GM-CSF. They may be seen in the myelodysplastic
syndromes and in AML, and have been described
in pernicious anaemia, polycythaemia rubra vera
(PRV), CGL, haemolytic anaemia, Wegener’s granu-
lomatosis, and following use of anticancer chemo-
therapeutic agents [183].

Large inclusions resembling Dohle bodies, often
numerous and sharply defined, are a feature of the
May-Hegglin anomaly which is also characterized
by thrombocytopenia and giant platelets (Fig. 3.79);
they are often spindle- or crescent-shaped, randomly
distributed in the cell rather than near the cell mar-
gin, and more intensely staining than Dohle bodies.
At the ultrastructural level these inclusions differ
from the Dohle bodies of reactive states; they appear
as an amorphous area largely devoid of organelles,
often incompletely surrounded by a single strand of
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Fig. 3.78 Peripheral blood film from a patient with severe

burns showing a prominent Déhle body. The red cells also
show abnormalities attributable to burns.
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Fig. 3.79 Peripheral blood film of a patient with the
May-Hegglin anomaly showing a May-Hegglin
inclusion, which resembles a Dohle body. Large platelets
are also apparent. Courtesy of Dr N. Parker, London.

rough endoplasmic reticulum and containing a few
dense rods and spherical particles which are prob-
ably ribosomes [184]. They are composed largely
of a mutant form of the non-muscle myosin heavy
chain Ila protein [185].

Inclusions resembling Dohle bodies but differing
from them ultrastructurally have also been associated

Fig. 3.80 Peripheral blood film of a patient with
Plasmodium falciparum malaria showing malarial
pigment in a neutrophil and ring forms of the parasite
within red cells.

with the features of Alport’s or Epstein’s syndrome.
The names Fechtner’s syndrome [164] and Sebastian
syndrome have been proposed for two of these
genetically related conditions (see Table 8.13).

In normal subjects, Dohle bodies are rare. In one
study they were seen in three of 20 healthy subjects
with an average frequency of 0.1 per 100 cells [183].
In pregnancy, the number of Dohle bodies per
100 cells increases in parallel with the WBC [182];
the increased frequency persists into the post-
partum period.

Exogenous neutrophil inclusions. Since neutrophils
are phagocytes they may contain inclusions that
represent phagocytosed material such as micro-
organisms (see pp. 136-140) or cryoglobulin. Malarial
pigment is occasionally observed in neutrophils
(Fig. 3.80) but is more commonly present in mono-
cytes. Less often malaria parasites are present
(Fig. 3.81). Cryoglobulin (Fig. 3.82) may be seen as
single or multiple round, weakly basophilic inclu-
sions or as a single large inclusion that displaces the
nucleus. Phagocytosis of cryoglobulin occurs in
vitro, when the blood is left standing, rather than in
vivo [186]. Abnormal mucopolysaccharide, which
circulates in the blood of patients with malignant
diseases, may be ingested by neutrophils; the blood
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Fig. 3.81 Peripheral blood film of a
patient with malaria showing
microgametocytes of Plasmodium
vivax that have been phagocytosed by
neutrophils.
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Fig. 3.82 Peripheral blood film of a patient with cryoglobulinaemia showing cryoglobulin that has been ingested by
neutrophils and appears as: (a) small round inclusions; and (b) large masses filling the cytoplasm and displacing the
nucleus. Some extracellular cryoglobulin is also present. Courtesy of Mr A. Dean.
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film may also show amorphous or fibrillar deposits [187]. Refractile golden yellow haemosiderin inclu-
[166]. The formation of lupus erythematosus (LE) sions were observed in a patient with thalassaemia
cells is usually an in vitro phenomenon but theymay ~ major who had iron overload and sepsis [173].

be seen in the peripheral blood (Fig. 3.83), e.g. in Neutrophils may also ingest red cells, a pheno-
patients with severe lupus erythematosus [168]. menon referred to as erythrophagocytosis. This has
Square or rectangular crystals of cystine can be  been observed in autoimmune haemolytic anaemia,
seen in peripheral blood leucocytes in cystinosis =~ paroxysmal cold haemoglobinuria, during acute
but are more readily detected with phase-contrast ~ exacerbations of chronic cold haemagglutinin dis-
microscopy [172]. Large cytoplasmic inclusions ease, in other patients with a positive direct
were observed in a case of colchicine poisoning  antiglobulin test and in haemolysis induced by
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Fig. 3.83 Peripheral blood film showing a lupus
erythematosus (LE) cell that has formed spontaneously.

snake-bite, both with and without a positive direct
antiglobulin test [188]. It is also seen in patients with
defective red cells, as in sickle cell anaemia and
sickle cell /haemoglobin C disease and in any severe
haemolytic anaemia due to an intrinsic red cell defect.
Erythrophagocytosis has been reported in a patient
given G-CSF and GM-CSF,; the latter agent appeared
to be the principal cause [189]. Abnormal neutrophils
showing marked erythrophagocytosis were reported
in a patient with chronic myelomonocytic leukaemia
(CMML) [190]. Ingestion of melanin has been seen
in patients with metastatic melanoma (Fig. 3.84).
Rarely, bilirubin crystals are seen within neutrophils
of infants and children with a markedly elevated
plasma bilirubin; they are refractile and faintly
yellow (Fig. 3.85); they have been found to form in
vitro when EDTA-anticoagulated blood is allowed
to stand for at least 30 minutes [191].

Other abnormalities of neutrophil morphology

Macropolycytes. A macropolycyte is about twice the
size of a normal neutrophil (Fig. 3.86); its diameter
is 15-25 pm rather than 12-15 pm and analysis of
its DNA content shows that it is tetraploid rather
than diploid, the number of lobes present being
increased proportionately. Some macropolycytes are
binucleated (Fig. 3.87). Occasional macropolycytes
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Fig. 3.84 A neutrophil containing melanin in a patient
with widely disseminated malignant melanoma. Courtesy
of Dr J. Luckit, London, and Dr D. Swirsky, Leeds.
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Fig. 3.85 A neutrophil containing refractile bilirubin
crystals. Courtesy of Dr Sudharma Vidyatilake, Colombo.

are seen in the blood of healthy subjects. Increased
numbers are seen in an inherited (autosomal domin-
ant) condition in which 1-2% of neutrophils are
giant with six- to 10-lobed nuclei, or with twin
mirror-image nuclei [192]. Increased numbers,
together with rather non-specific dysplastic fea-
tures, have been described in DiGeorge’s syndrome
[193]. Macropolycytes, including binucleated cells,
have been observed following the administration of



Fig. 3.86 Peripheral blood film of a patient with a
myelodysplastic syndrome showing a macropolycyte,
which is twice the size of the adjacent normal, neutrophil.
The nucleus is also twice normal size and shows increased
nuclear segmentation; it is likely that this is a tetraploid
cell. In addition the film shows anisochromasia.

Fig. 3.87 Peripheral blood film of a patient with chronic
lymphocytic leukaemia (CLL) and reversible
chlorambucil-induced myelodysplasia showing a
binucleated tetraploid neutrophil. Courtesy of the late Dr
P.C. Srivastava, Burton-on-Trent.

G-CSF [153] and are present in increased numbers
in megaloblastic anaemia. In megaloblastic anaemia
they have a DNA content varying between diploid
and tetraploid [111]; in contrast to hypersegmented
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Fig. 3.88 Peripheral blood film of a patient with AIDS
showing a hypogranular (probably tetraploid) giant
metamyelocyte.

neutrophils, they are derived from giant metamye-
locytes. They have also been reported in chronic
infection, CGL and other myeloproliferative disor-
ders, and following the administration of cytotoxic
drugs and antimetabolites. Most macropolycytes
have nuclear and cytoplasmic staining character-
istics that are the same as those of other neutrophils
but in megaloblastic anaemia macropolycytes may
be seen which have a more open chromatin pattern
and do not have an increased number of lobes [194].
Patients with HIV infection may have not only binu-
cleate macropolycytes and macropolycytes with an
open chromatin pattern but also circulating giant
metamyelocytes (Fig. 3.88), cells that are character-
istic of megaloblastic anaemia and are usually seen
only in the bone marrow.

Necrobiotic (apoptotic) neutrophils and other myeloid
cells. Necrobiotic neutrophils are cells that have died
in the peripheral blood by a process known as apop-
tosis or ‘programmed cell death’. Occasionally such
cells are seen in the blood of healthy subjects and are
recognized by their dense, homogeneous (pyknotic)
nuclei, which eventually become completely round
or fragment into multiple dense masses; the cyto-
plasm shows prominent acidophilia (Fig. 3.89).
Infection is the most common cause of apoptotic



108 Chapter 3

Fig. 3.89 Peripheral blood film of a patient with
megaloblastic anaemia showing a necrobiotic (apoptotic)
neutrophil. The chromatin has condensed and the nucleus
has fragmented into rounded pyknotic masses. The film
also shows anisocytosis, macrocytosis and a teardrop
poikilocyte.

neutrophils [195]. Some patients with AML have
numerous necrobiotic myeloid cells (Fig. 3.90). If
blood is left at room temperature for a long time,
a similar change can occur as an in vitro artefact
(see p. 63). Leucocytes that have degenerated to the
extent that nuclear material is no longer apparent
have been designated necrotic; this is generally an
artefact consequent on prolonged storage.

 vg

Fig. 3.90 Peripheral blood film of a patient with AML
showing five apoptotic leukaemic cells.

Neutrophil aggregation. Aggregation of neutrophils
with or without aggregation of platelets develops in
vitro in some patients when EDTA-anticoagulated
blood is allowed to stand. This is an antibody-
mediated time-dependent phenomenon which is
not of any clinical significance although it may
lead to erroneous automated WBCs. Neutrophil
aggregation has also been observed as a transient
phenomenon in association with infectious
mononucleosis [196] and in acute bacterial infection
(Fig. 3.91). Occasionally, it is observed in a patient

Fig. 3.91 Peripheral blood film of a
patient with overwhelming sepsis
showing neutrophil aggregation, left
shift, toxic granulation and
neutrophil vacuolation.



Fig. 3.92 Peripheral blood film of
a patient with rheumatoid arthritis
showing neutrophil aggregation
caused by a cold antibody. In this
patient, in vitro neutrophil
aggregation was observed for more
than a decade and often led to
inaccurate automated white blood
cell counts (WBCs).

b

over many months or years and may then be
associated with autoimmune disease (Fig. 3.92).

In some patients when the cause is a cold-acting
antibody, red cell agglutinates coexist.

Neutrophil or other leucocyte fragments

Occasionally, circulating fragments of neutrophil
cytoplasm are present in patients with sepsis [197]
or in patients to whom G-CSF has been adminis-
tered [110]. Fragmentation of neutrophils has been
observed, in association with microangiopathic
haemolytic anaemia, in a patient with clot formation
at the tip of a dialysis catheter [198]. The mechanism
is likely to have been mechanical damage to neu-
trophils. Neoplastic cells, such as leukaemic blast
cells, are more prone to fragmentation than are
normal cells and leucocyte fragmentation is not
infrequently observed in AML (see Fig. 4.2).

The eosinophil

The eosinophil (Fig. 3.93) is slightly larger than
the neutrophil with a diameter of 12-17 pm. The
nucleus is usually bilobed but occasional nuclei are
trilobed, the average lobe count being about 2.3.
In females, eosinophils may have drumsticks
(Fig. 3.94), but as the frequency of drumsticks is
related to the degree of lobulation of the nucleus
they are quite infrequent. Eosinophil granules are
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Fig. 3.93 An eosinophil in the peripheral blood film of a
healthy subject.

spherical and considerably larger than those of neu-
trophils; they pack the cytoplasm and stain reddish-
orange. The cytoplasm of eosinophils is weakly
basophilic, ribosomes and rough endoplasmic
reticulum being more abundant than in mature neu-
trophils; when degranulation occurs the pale blue
cytoplasm is visible. Very occasional eosinophils
in healthy subjects contain some granules with
basophilic staining characteristics.
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Fig. 3.94 Peripheral blood film of a female with
idiopathic hypereosinophilic syndrome (HES) showing
two eosinophils, one of which has a drumstick.

Abnormalities of eosinophil nuclei

Eosinophils may show nuclear hypersegmentation
(Fig. 3.95), hyposegmentation (Fig. 3.96) or ring-
shaped nuclei (Fig. 3.97). Hypersegmentation can
occur in megaloblastic anaemia. It can also be a
hereditary phenomenon [199]; in one family hyper-
segmented eosinophils were also poorly granulated
[200] without any apparent clinical defect. Increased
lobulation has also been reported in Down’s syn-
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Fig. 3.95 Peripheral blood film of a patient with
idiopathic HES showing eosinophil hypersegmentation.
Both eosinophils have nuclei with four lobes.

drome [201] and in myelokathexis [114]. Reduced
eosinophil lobulation occurs in the Pelger-Huét
anomaly (see Fig. 3.96) and has also been observed
in lactoferrin (specific granule) deficiency [125].
Hypersegmentation, hyposegmentation and ring-
shaped nuclei can all occur as acquired abnormali-
ties. Hyposegmentation of eosinophil nuclei occurs
as an acquired phenomenon in myeloproliferative
disorders including idiopathic myelofibrosis and
in the myelodysplastic syndromes (Fig. 3.98). In
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Fig. 3.96 Peripheral blood film of a
patient with the inherited
Pelger-Huét anomaly showing a
bilobed neutrophil and a nonlobed
eosinophil.
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Fig. 3.97 Peripheral blood film of a patient with cyclical
oedema with eosinophilia showing an eosinophil with a
ring-shaped nucleus.
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Fig. 3.98 Peripheral blood film of a patient with a
myelodysplastic syndrome showing a non-lobulated and
hypogranular eosinophil.

the latter group of disorders the chromatin may be
clumped and the nuclei entirely or largely non-lobed
[202]; this may be regarded as an acquired Pelger—
Huét anomaly confined to eosinophils. Patients
with eosinophilic leukaemia may have both
hypersegmented and hyposegmented eosinophils.
Hyposegmented eosinophils can be seen in reactive
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Fig. 3.99 Peripheral blood film of a patient with the
Chédiak-Higashi syndrome showing an abnormally
granulated eosinophil. Courtesy of Dr J. McCallum.

eosinophilia [203]. Ring eosinophils are seen in a
variety of conditions [204]; they appear to have no
specific diagnostic significance.

Abnormalities of eosinophil granules and
cytoplasm

Abnormal eosinophil granules may be seen, together
with abnormal neutrophil granules in a variety of
inherited conditions including the Chédiak-Higashi
syndrome (Fig. 3.99) and the Alder—Reilly anomaly
(see Fig. 3.72; Table 3.10). In the Alder—Reilly
anomaly, eosinophil granules may be grey-green
or purple on Romanowsky staining [140]. In the
Chédiak-Higashi syndrome, some granules are blue-
grey. A further abnormality, confined to eosinophils
and basophils, has been noted in one family, the
inheritance being autosomal dominant [199]; inclu-
sions were grey or grey-blue. Cytoplasmic inclu-
sions are present in eosinophils in the May-Hegglin
anomaly and in the actin inclusion (Brandalise’s)
syndrome [165].

In acquired disorders of granulopoiesis it is not
uncommon to see eosinophils in which some gran-
ules have basophilic staining characteristics. These
are immature granules, sometimes designated
‘pro-eosinophilic granules’. Such cells are increased
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Fig. 3.100 Peripheral blood film of a patient with CGL
showing a normal neutrophil and an eosinophil with
some basophilic granules.

in frequency in CGL (Fig. 3.100), eosinophilic
leukaemia and certain categories of AML in which
eosinophils are part of the leukaemic clone, particu-
larly cases of acute myelomonocytic leukaemia with
eosinophilia associated with inversion of chromo-
some 16. In all the above cases the abnormal gran-
ules are shown on ultrastructural examination to
be eosinophil granules with unusual staining char-
acteristics in some patients with CGL there are also
hybrid cells with a mixture of granules of eosinophil
type and basophil type [205].

In acquired disorders, eosinophils may be
vacuolated or wholly or partly agranular. Hypo-
granularity could result from defective formation of
eosinophil granules in dysmyelopoietic states but
since it is usually accompanied by vacuolation it
appears likely that in most instances it results from
degranulation.

Vacuolation and hypogranularity are seen in
some but not all cases of eosinophilic leukaemia.
However, the changes are quite non-specific being
also sometimes seen in reactive eosinophilia. For
example, among seven patients with eosinophilia
associated with B and T lymphoblastic leukaemia
or lymphoma five had cytologically abnormal
eosinophils [203].

Fig. 3.101 A basophil and a small lymphocyte in the
peripheral blood film of a healthy subject.

Fig. 3.102 Peripheral blood film of a patient with the
Chédiak-Higashi syndrome showing an abnormal
basophil. Courtesy of Dr J. McCallum.

The basophil

The basophil (Fig. 3.101) is of similar size to the
neutrophil (10-14 um in diameter). The nucleus is
usually obscured by purple-black granules, which
are intermediate in size between those of the neu-
trophil and those of the eosinophil. Basophils have
abnormal granules in various inherited conditions
(Fig. 3.102; also see Table 3.10).

Granules can be reduced in number in myelopro-
liferative disorders and in the myelodysplastic syn-
dromes (Fig. 3.103), and degranulation can occur
in acute allergic conditions (such as urticaria and



Fig. 3.103 Peripheral blood film of a patient with a
myelodysplastic syndrome showing a hypogranular
basophil.

anaphylactic shock), and during post-prandial
hyperlipidaemia. A reduction in the number of
granules can also be artefactual since basophil
granules are highly water-soluble.

Lymphocytes and plasma cells

The lymphocyte

Peripheral blood lymphocytes vary in diameter from
10 to 16 um. The smaller lymphocytes (10-12 um),
which predominate, usually have scanty cytoplasm
and a round or slightly indented nucleus with con-
densed chromatin (Fig. 3.104). The larger lympho-
cytes (12-16 um), which usually constitute about
10% of circulating lymphocytes, have more abundant
cytoplasm and the nuclear chromatin is somewhat
less condensed (Fig. 3.105). The smaller lymphocytes
are usually circular in outline, whereas larger ones
may be somewhat irregular. The cytoplasm, being
weakly basophilic, stains pale blue. Lymphocytes
may have small numbers of azurophilic granules,
which contain lysosomal enzymes; occasional larger
cells with more abundant cytoplasm have a dozen
or so quite prominent granules. Such cells have been
designated ‘large granular lymphocytes’ (Fig. 3.106).
In healthy subjects they sometimes constitute as
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Fig. 3.104 A small lymphocyte in the peripheral blood
film of a healthy subject.

Fig. 3.105 Alarge lymphocyte in the peripheral blood
film of a healthy subject.

Fig.3.106 A large granular lymphocyte in the peripheral
blood film of a healthy subject.
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many as 10-15% of lymphocytes but usually they
are less frequent.

Mature lymphocytes have a nucleolus but,
because of the condensation of the chromatin, it is
not usually visible in small lymphocytes. In large
lymphocytes the nucleolus can sometimes be
discerned. Because of the chromatin condensation,
it is similarly difficult to detect sex chromatin in
lymphocytes but sometimes it is visible condensed
beneath the nuclear membrane in the larger lym-
phocytes with more dispersed chromatin [116]. The
lymphocytes of infants and children are larger and
more pleomorphic than those of adults. In general,
the functional subsets of lymphocytes cannot be
distinguished morphologically, but lymphokine-
activated cytotoxic T cells and natural killer cells
are found within the population of large granular
lymphocytes.

Morphological abnormalities of lymphocytes in
inherited conditions

Inclusions may be found in lymphocytes in the
Chédiak-Higashi syndrome and Alder—Reilly
anomaly (see Table 3.10). In the Chédiak-Higashi
syndrome the lymphocyte inclusions can be very
large (Fig. 3.107) but in the Alder-Reilly anomaly
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Fig. 3.107 Peripheral blood film of a patient with the
Chédiak-Higashi syndrome showing a lymphocyte with a
large cytoplasmic inclusion. Courtesy of Dr J. McCallum.

(Fig. 3.108) they are only a little larger than the
granules of normal large granular lymphocytes.
Heterozygous carriers of the Chédiak-Higashi
syndrome may also have lymphocyte inclusions
but only in a small proportion of cells [206].
Occasionally, in the Alder-Reilly anomaly, inclu-
sions are found in lymphocytes in the absence of
neutrophil abnormalities. Lymphocyte inclusions
are usually found when the Alder-Reilly anomaly
is consequent on Tay-Sachs disease or on the
mucopolysaccharidoses, although they are rare
in Morquio’s syndrome. Heterozygous carriers for
Tay-Sachs disease may have lymphocyte inclusions
[140], but in a much lower proportion of lympho-
cytes than in homozygotes. Alder-Reilly inclusions
may be round or comma-shaped; they are some-
times surrounded by a halo, and tend to be clus-
tered at one pole of the cell (see Fig. 3.108a). When
the Alder-Reilly anomaly is due to one of the
mucopolysaccharidoses the inclusions stain poly-
chromatically with toluidine blue (see Fig. 3.108b)
but when the underlying cause is Tay—Sachs disease
they do not.

Lymphocyte vacuolation occurs in many inherited
metabolic disorders including the following: I-cell
disease (mucolipidosis type II) (Fig. 3.109), sialidosis
(mucolipidosis type I), the mucopolysaccharidoses,
Jordans” anomaly (see p. 102), Niemann-Pick disease
type A, Wolman’s disease, cholesteryl ester storage
disease, GM1 gangliosidosis (small vacuoles in late
infantile (type 2) disease and larger vacuoles in
infantile (type 1) disease), mannosidosis, Pompe’s
disease, Tay—Sachs disease, juvenile Batten’s disease
(but not other types of Batten’s disease), galactosid-
aemia (see Fig. 3.122), galactosialidosis (combined
deficiency of B-galactosidase and o-neuraminidase),
sialic acid storage disease and several other rare
congenital disorders of metabolism [61,207-210].
In Tay—Sachs disease and Batten-Spielmeyer—Vogt
disease, heterozygous carriers may also have
lymphocyte vacuolation. The metabolic product
responsible for vacuolation varies. In some con-
ditions, e.g. Wolman’s disease and cholesteryl ester
storage disease, it is lipid and stains with oil red O,
whereas in Pompe’s disease it is glycogen and the
periodic acid-Schiff (PAS) reaction is positive. In the
mucopolysaccharidoses, vacuoles may result from
dissolution of abnormal granules. The presence of a
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Fig. 3.108 Peripheral blood film of a patient with the
Sanfilippo syndrome showing: (a) abnormal lymphocyte
inclusions, which are surrounded by a halo; and (b) blood
film of the same patient stained with toluidine blue to
show metachromatic staining of the lymphocyte
inclusions. Courtesy of Mr A. Dean.

pink-staining ring around cytoplasmic vacuoles has
been strongly associated with type II mucopolysac-
charidosis (Hunter’s disease) [211]. In I-cell disease,
vacuoles were reported to be PAS and Sudan black
B positive in one patient but were negative in
another [212]. In the mucopolysaccharidoses there
is variable staining with toluidine blue, depending
on the specific metabolic defect present.
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Fig. 3.109 Peripheral blood film of a child with I-cell
disease. One of the two lymphocytes shows heavy
cytoplasmic vacuolation.

Fig. 3.110 Peripheral blood film of a postoperative
patient showing a plasma cell and a neutrophil with toxic
granulation and a drumstick.

Reactive changes in lymphocytes

Lymphocytes can respond to viral infections and
other immunological stimuli by an increase in
number and cytological alterations. B lymphocytes
can differentiate into plasma cells (Fig. 3.110).
Intermediate stages are also seen and are designated
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Fig. 3.111 The same peripheral blood film as shown in
Fig. 3.110 showing a plasmacytoid lymphocyte.
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Fig. 3.112 A Mott cell in the peripheral blood.
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plasmacytoid lymphocytes (Fig. 3.111) or Tiirk cells.
Plasmacytoid lymphocytes may contain abundant
globular inclusions (Fig. 3.112) composed of im-
munoglobulin. Such cells have been called ‘Mott
cells’, ‘morular cells” or ‘grape cells’. Plasmacytoid
lymphocytes may also contain crystals of im-
munoglobulin (Figs 3.113 & 3.114). Both T and B
lymphocytes can also transform into immunoblasts
—large cells with a central prominent nucleolus and
abundant basophilic cytoplasm (Fig. 3.115). Cells
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Fig. 3.113 A plasmacytoid lymphocyte containing
crystals in the peripheral blood film of a patient with
bacterial sepsis.

showing other less specific changes in lymphocyte
morphology are subsumed under the designation
‘atypical lymphocytes’ or ‘atypical mononuclear
cells” (Fig. 3.116). Abnormalities include increased
size of the cell, immaturity of the nucleus including
lack of chromatin condensation and presence of a
nucleolus, irregular nuclear outline or nuclear lobu-
lation, cytoplasmic basophilia, cytoplasmic vacuo-
lation and irregular cellular outline. Mitotic figures
may be observed (Fig. 3.117). The commonest cause
of large numbers of atypical lymphocytes is
infectious mononucleosis, which is discussed,
together with other causes of atypical lymphocytes,
on p. 400. Multilobated lymphocyte nuclei, often
with a clover leaf-shaped nucleus, are characteristic
of adult T-cell leukaemia/lymphoma (ATLL) (see
p- 453) but are also occasionally seen in carriers of
the human T-cell lymphotropic virus (HTLV-I) and
in infectious mononucleosis, HIV infection, cyto-
megalovirus (CMV) infection, rickettsial infection
and toxoplasmosis [213,214]. Lymphocytes with con-
voluted nuclei, resembling Sézary cells, may occur
in reactive conditions including HIV infection [215]
and have been reported, together with skin infiltra-
tion, as an unusual reaction to hairy cell leukaemia
[216]. Villous lymphocytes, resembling those of
splenic lymphoma with villous lymphocytes, can



Fig. 3.114 Abulffy coat film from the
same patient whose peripheral blood
film is shown in Fig. 3.113 showing
one plasmacytoid lymphocyte
containing globular inclusions and
another containing a giant crystal.

Fig. 3.115 Animmunoblast in the peripheral blood film
of a patient with infectious mononucleosis.

occur in hyper-reactive malarial splenomegaly
[217]. Binucleated lymphocytes have been reported
after low-dose irradiation and binucleated lympho-
cytes and lymphocytes with bilobed nuclei are char-
acteristic of chronic polyclonal B-cell lymphocytosis
of cigarette smokers (Fig. 3.118). The number of
large granular lymphocytes may also increase as
a reactive phenomenon, e.g. in association with
chronic viral infection, such as Epstein-Barr virus
(EBV) infection [218] or hepatitis.
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Occasionally, apparently normal lymphocytes
appear in blood films in clumps [219].

Apoptotic  lymphoid cells. Increased numbers of
apoptotic lymphocytes may be present in reactive
conditions, particularly infectious mononucleosis
and other viral infections. They are recognized by
peripheral condensation of the nucleus and a glassy
appearance of the cytoplasm (Fig. 3.119).

Lymphocyte morphology in lymphoproliferative
disorders

In most lymphoproliferative disorders the neoplastic
cells are cytologically abnormal. Abnormalities show
some overlap with those seen in reactive conditions
but the majority of lymphoid neoplasms can be re-
cognized as such on cytology alone. Typical features
of different conditions are described in Chapter 9.

Lymphocyte aggregates. The presence of lymphocyte
aggregates in the peripheral blood is an uncommon
feature of lymphoproliferative disorders. It may
represent an in vitro phenomenon [220] or, even
more rarely, may indicate that the patient has
an intravascular lymphoma [221]. As an in vitro
artefact, this phenomenon has been associated
particularly with splenic lymphoma with villous
lymphocytes [220,222] and has also been observed
in mantle cell lymphoma [223].
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Fig. 3.117 A peripheral blood lymphocyte in mitosis.

The plasma cell

Plasma cells are usually tissue cells but, on occasion,
they may be present in the peripheral blood, either
as a feature of multiple myeloma or as a reactive
phenomenon (see Figs 3.54 & 3.110). They are not
seen in healthy subjects [224]. Reactive plasma cells
are seen in the blood as a response to increased
interleukin 6 secretion in infection, inflammation
and cirrhosis and in various neoplasms (e.g. AML,
carcinoma, lymphoma and cardiac myxoma) [225].
Occasionally, reactive plasma cells are present in

Fig. 3.116 Atypical lymphocytes in
the peripheral blood film of a patient
with cytomegalovirus infection.

Fig. 3.118 A binucleated lymphocyte in the peripheral
blood film of a female cigarette smoker with persistent
polyclonal B-cell lymphocytosis.

large numbers, simulating plasma cell leukaemia.
This has been reported following streptokinase
therapy and in Castleman’s disease, bacterial sepsis
[226], rubella and dengue fever [227]. Plasma cells
range in size from somewhat larger than a small
lymphocyte (8—10 um) up to a diameter of about
20 um and are oval in shape with an eccentric
nucleus, coarsely clumped chromatin, a moderate
amount of strongly basophilic cytoplasm and a less



Fig. 3.119 An apoptotic lymphocyte in the peripheral
blood of a patient with infectious mononucleosis. There
are also red cell agglutinates.

basophilic Golgi zone adjacent to the nucleus. The
clock-face chromatin pattern that is seen in tissue
sections stained with haematoxylin and eosin is less
apparent in circulating plasma cells stained with a
Romanowsky stain. Plasma cells may contain secre-
tory products, which appear as round or globular
inclusions or, less often, crystals.

Circulating plasma cells are also sometimes seen
in neoplastic disorders (multiple myeloma, plasma
cell leukaemia and related conditions). The range
of cytological abnormalities in these conditions is
very broad.

Cells of monocyte lineage

The monocyte

The monocyte (Fig. 3.120) is the largest normal
peripheral blood cell with a diameter of about 12—
20 um. It has an irregular, often lobulated nucleus
and opaque greyish-blue cytoplasm with fine
azurophilic granules. The cell outline is often
irregular and the cytoplasm may be vacuolated. Sex
chromatin may be seen condensed beneath the
nuclear membrane [116].

Monocytes produced under conditions of bone
marrow stimulation, e.g. infection or recovery from
bone marrow suppression, show an increased
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Fig. 3.120 A normal monocyte in the peripheral blood
film of a healthy subject.
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Fig. 3.121 Peripheral blood film of a patient with the
Maroteaux—-Lamy syndrome showing a monocyte with an
abnormal cytoplasmic inclusion. Courtesy of Mr A. Dean.

nucleocytoplasmic ratio, a more delicate chromatin
pattern, nucleoli and increased numbers of vacuoles
[110]. Cytoplasmic basophilia and azurophilic gran-
ules may also be increased. The administration of
G-CSF produces similar cytological changes [110].
Monocytes may contain abnormal inclusions in
various inherited conditions (Fig. 3.121) (see also
Table 3.10). In some metabolic disorders they may
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Fig. 3.122 An abnormally vacuolated monocyte and a
very heavily vacuolated lymphocyte in the peripheral
blood of a patient with galactosidaemia. Courtesy of
Dr G. Lucas, Manchester.

Fig. 3.124 Peripheral blood film of a patient with
cryoglobulinaemia showing cryoglobulin within a
monocyte. Courtesy of Mr A. Dean.

-

Fig. 3.123 Peripheral blood film of a patient with chronic
renal failure taken during haemodialysis showing
erythrocytes that have been phagocytosed by monocytes.
The patient had a positive direct antiglobulin test but no
overt haemolysis.

be heavily vacuolated (Fig. 3.122). Since they are
phagocytic they are occasionally found to have in-
gested red cells (Fig. 3.123), cryoglobulin (Fig. 3.124),
micro-organisms (see pp. 136 and 140), malarial
pigment (Fig. 3.125) and, rarely, melanin [169] or

Fig. 3.125 Peripheral blood film of a patient with malaria
showing malarial pigment within a monocyte. The film
also shows a Plasmodium falciparum gametocyte.

bilirubin [170]. Erythrophagocytosis by monocytes
may be the result of abnormal red cells (as in sickle
cell disease) or antibody or complement binding
to red cells (as in paroxysmal cold haemoglobinuria
or autoimmune haemolytic anaemia). Peripheral
blood monocytes may contain parasitized red cells
in malaria [228].



Monocyte precursors

Monocyte precursors, designated promonocytes and
monoblasts, are not normally present in the per-
ipheral blood. Monoblasts are very large cells with
voluminous agranular cytoplasm and a large round
nucleus. They are only seen in the peripheral blood
in acute leukaemia with monocytic differentiation
(see p. 417). Promonocytes, as defined by the FAB
group and in the World Health Organization (WHO)
classification of haematological neoplasms are very
primitive cells (equivalent to a monoblast in signi-
ficance) with a diffuse chromatin pattern but with
lobulation or other irregularity of the nucleus. They
need to be distinguished from the immature or
abnormal monocytes that are present in reactive
conditions (see above) and in chronic myeloid
neoplasms.

The macrophage

Monocytes usually develop into macrophages (also
called histiocytes) in tissues rather than in the blood.
However, occasionally circulating cells with the
characteristics of macrophages are seen (Fig. 3.126)
[229]. They are associated with a variety of infective
and inflammatory states (such as subacute bacterial
endocarditis, tuberculosis and virus-associated
haemophagocytic syndrome [230]), malignant dis-
ease and parasitic diseases. They may be a little
larger than a monocyte or may be very large and

Fig. 3.126 A phagocytic macrophage U
in a peripheral blood film. Courtesy
of Dr Z. Currimbhoy, Mumbai.
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multinucleated [170]. The cytoplasm may contain
haemopoietic cells, recognizable cellular debris or
amorphous debris. In certain inherited metabolic
disorders foamy macrophages containing lipid are
present in the peripheral blood [208]. Circulating
phagocytic cells are also sometimes seen in malig-
nant histiocytosis and acute monocytic leukaemia.

Granulocyte precursors

Granulocytes are generally produced in the bone
marrow from myeloblasts, with the intervening
stages being promyelocytes, myelocytes and meta-
myelocytes. On occasion, granulocyte precursors
are seen in the blood. The appearance of appreciable
numbers of such cells is designated a left shift. If
NRBC are also present the blood film is described
as leucoerythroblastic. The appearance in the peri-
pheral blood of leucocytes of an earlier stage of
development than the metamyelocyte is usually
regarded as abnormal unless the blood is from
a pregnant woman or a neonate. However, if buffy
coat preparations are made, metamyelocytes and/
or myelocytes are found in about 80% of healthy
subjects with a frequency of about one in 1000
granulocytes [231].

The myeloblast

The myeloblast measures 12-20 um and has a high
nucleocytoplasmic ratio and a round or slightly oval




122 Chapter3

nucleus (see Fig. 3.69). The cell is usually somewhat
oval and the outline may be slightly irregular. The
nucleus has a diffuse chromatin pattern and one to
five (most often two or three) not very prominent
nucleoli. The cytoplasm is pale blue. A myeloblast is
often defined as a cell that has no granules visible by
light microscopy, although ultrastructural examina-
tion and cytochemistry show that granules are actu-
ally present. It is now becoming more common for
cells with a relatively small number of granules but
without the other characteristics of promyelocytes
(see below) to also be included in the myeloblast
category, in accordance with the recommendations
made by the FAB group in relation to the diagnosis
of AML [232], and subsequently supported by the
WHO classification. Although a myeloblast does
have characteristic cytological features it is not
always possible to make the distinction between an
agranular myeloblast and a lymphoblast on an
MGG-stained film.

Circulating blast cells are very rare in healthy
subjects; in one study they constituted, on average,
0.11% of mononuclear cells [224]. Circulating
myeloblasts in haematological neoplasms may show
abnormal cytological features such as the presence
of Auer rods (see Fig. 3.75) or cytoplasmic vacuoles.
The presence of even one blast cell with an Auer rod
indicates the existence of a myeloid neoplasm.

The promyelocyte

The promyelocyte is larger than the myeloblast with
a diameter of 15-25 um (Fig. 3.127). The cell is round
or slightly oval. In comparison with the myeloblast,
the nucleocytoplasmic ratio is lower and the cyto-
plasm is more basophilic. The nuclear chromatin
shows only slight condensation and nucleoli are
apparent. (Clumped or condensed chromatin, known
as heterochromatin, is genetically inactive, whereas
diffuse euchromatin is genetically active; cellular
maturation is associated with progressive conden-
sation of chromatin.) The promyelocyte nucleus is
oval with an indentation in one side. The Golgi zone
is apparent as a much less basophilic area adjacent
to the nuclear indentation. The promyelocyte con-
tains primary or azurophilic granules, which sur-
round the Golgi zone and are scattered through the
remainder of the cytoplasm.

~

Fig. 3.127 A promyelocyte in the peripheral blood film of
a patient with megaloblastic anaemia. The nucleolus and
the Golgi zone are readily detectable. The film also shows
anisocytosis and teardrop poikilocytes.

Morphologically abnormal promyelocytes may
be seen in the peripheral blood in several subtypes
of AML (see p. 415).

The myelocyte

The myelocyte is smaller than the promyelocyte,
measuring 10-20 pm in diameter. It can be iden-
tified as belonging to the neutrophil, eosinophil or
basophil lineage by the presence of specific or sec-
ondary granules with the staining characteristics of
these cell lines (Figs 3.128-130). Eosinophil myelo-
cytes may have some pro-eosinophilic granules
with basophilic staining characteristics. The myelo-
cyte nucleus is oval and sometimes has a slight
indentation in one side. Chromatin shows a moder-
ate degree of coarse clumping and nucleoli are not
apparent. The cytoplasm is more acidophilic than
that of the promyelocyte and the Golgi zone is much
less apparent. Neutrophil and eosinophil myelocytes
may appear in the blood in reactive conditions and
in leukaemias. The presence of basophil myelocytes
in the peripheral blood is essentially confined to the
leukaemias. In acute leukaemias, circulating myelo-
cytes may show morphological abnormalities such
as hypogranularity or abnormally large granules.
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Fig. 3.128 A neutrophil myelocyte in the peripheral
blood film of a healthy pregnant woman.

Fig. 3.129 An eosinophil and an eosinophil myelocyte in
the peripheral blood film of a patient with CGL.

The metamyelocyte

The metamyelocyte measures 10-12 um in dia-
meter. Its chromatin is clumped and its nucleus is
definitely indented or U-shaped (Fig. 3.131). Protein
synthesis has stopped. A neutrophil metamyelocyte
has acidophilic cytoplasm while that of an
eosinophil myelocyte is weakly basophilic. Small
numbers of neutrophil metamyelocytes are occa-
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Fig. 3.130 A basophil myelocyte in the peripheral blood
film of a patient with CGL.
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Fig. 3.131 A metamyelocyte and two neutrophils in the
peripheral blood film of a patient with CGL.

sionally seen in the blood in healthy subjects. They
are commonly present in reactive conditions. Some
eosinophil metamyelocytes may be seen in patients
with eosinophilia.

The mast cell

Mast cells are essentially tissue cells. They are
extremely rare in the peripheral blood of normal
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subjects. They are large cells with a diameter
of 20-30 um. The cellular outline is somewhat
irregular. The cytoplasm is packed with basophilic
granules, which do not obscure the central nucleus
(Fig. 3.132). The nucleus is relatively small and
round or, more often, oval with a dispersed chro-
matin pattern. In systemic mastocytosis and in mast
cell leukaemia (see p. 420) circulating mast cells are
cytologically quite abnormal and may have lobu-
lated nuclei, scanty granules or a denser chromatin
pattern.

Disintegrated cells

The finding of more than a small percentage of dis-
integrated cells in a blood film is of significance.

It may indicate that several days have elapsed
since the blood was taken from the patient and that
the specimen is unfit for testing. When disintegration
of cells is due to prolonged storage the granulocytes
are smeared preferentially and, if an attempt is made
to perform a differential count, there will appear to
be neutropenia.

If disintegration of cells occurs in films made from
fresh blood it indicates that cells are abnormally
fragile. Disintegrated lymphocytes, usually called
‘smear cells’ or ‘smudge cells’, are common in CLL
(Fig. 3.133). Their presence is of some use in diagno-
sis since they are not common in non-Hodgkin’s
lymphoma from which a distinction may have to be

+ Fig.3.132 A mastcell in the
peripheral blood film of a patient
having a health check for non-specific
symptoms.

made. The fact that these cells are intact in vivo and
are smeared during preparation of the film is
demonstrated by the fact that they are not present if
a film of the same blood is made by centrifugation.
Although smeared lymphocytes are characteristic
of CLL they are not pathognomonic, being seen
occasionally in non-Hodgkin’s lymphoma and even
sometimes in reactive conditions such as whooping
cough. Other abnormal cells, e.g. blast cells in AML,
may also disintegrate on spreading the blood film.
The term ‘basket cell’ has been applied to a very
large, spread out smear cell. Disintegrated cells, if at
all frequent, should be included in the differential
count (see p. 29). When the cell of origin is clear, e.g.
asin CLL, they should be counted with intact cells of
the same type.

Necrotic bone marrow cells

Necrotic bone marrow cells have been recognized in
a venous blood sample from a patient with sickle
cell crisis [233].

Platelets and circulating
megakaryocytes

When platelets are examined in a blood film, an
assessment should be made of their number (by
relating them to the number of red cells), their size
and their morphological features. The film should



Fig. 3.133 Intact lymphocytes and
several disintegrated cells (smear
cells or smudge cells) in the
peripheral blood film of a patient
with CLL.

be examined for platelet aggregates or platelet satel-
litism. Megakaryocytes are seen, although rarely,
in the blood of healthy people. Their number is
increased in certain disease states.

Platelets

The normal platelet measures 1.5-3 um in diameter.
Platelets contain fine azurophilic granules which
may be dispersed throughout the cytoplasm or con-
centrated in the centre; in the latter case the cent-
ral granule-containing cytoplasm is known as the
granulomere and the peripheral, weakly basophilic
agranular cytoplasm as the hyalomere (see Fig. 3.13).
Platelets contain several different types of granules
of which the o granules are the equivalent of the
azurophilic granules seen on light microscopy.

In EDTA-anticoagulated blood, platelets gener-
ally remain separate from one another whereas in
native blood they show a tendency to aggregate
(see Figs 1.6-1.8). In Glanzmann’s thrombasthenia,
a severe inherited defect of platelet aggregation, the
normal tendency of platelets to aggregate when
films are made from native blood is completely
absent.

Abnormalities of platelet size

Platelet size can be assessed by comparing the
diameter of the platelets with the diameter of ery-
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throcytes, or platelet diameter can be measured by
means of an ocular micrometer.

Platelet size in healthy subjects varies inversely
with the platelet count but this variation is not
sufficiently great to be detected when a blood film is
examined by light microscopy. A sufficient size in-
crease to be detectable microscopically occurs in cer-
tain congenital abnormalities of thrombopoiesis and
in certain disease states (Table 3.11). Large platelets
(i.e. those with a diameter greater than 4 um) are
designated macrothrombocytes. Particularly large
platelets with diameters similar to those of red cells
or lymphocytes are often referred to as giant platelets
(Fig. 3.134). When platelet turnover is increased,
platelets are usually large. The absence of large
platelets in patients with thrombocytopenia is there-
fore of diagnostic significance; it suggests that there
is a defect of platelet production. Decreased platelet
size is less common than increased size butitis a fea-
ture of the Wiskott—Aldrich syndrome (Fig. 3.135).

Other abnormalities of platelet morphology
and distribution

Platelets that are lacking in o granules appear grey
or pale blue. This occurs as a rare congenital defect
known as the grey platelet syndrome resulting from
an granule deficiency [238] or a deficiency of both
o and § granules [239]. There may be a mixture of
normal and abnormal platelets. In some families



126 Chapter3

Table 3.11 Some causes of large platelets.

Inheritance

Congenital
Bernard-Soulier syndrome* [234] AR
Heterozygous carriers of Bernard-Soulier syndrome/Mediterranean AD

macrothrombocytopenia* [96,234]
Mediterranean stomatocytosis/macrothrombocytopaenia (phytosterolaemia) AR
Epstein’s syndrome (associated with hereditary deafness and nephritis)* [185,235] AD
Fechtner’s syndrome* [236] AD
Sebastian’s syndrome* [236] AD
Montreal platelet syndrome* [236]
Chédiak-Higashi anomaly* AR
May-Hegglin anomaly* AD
Associated with increased nuclear projections in neutrophils [127] AD
Marfan’s syndrome and various other inherited connective tissue defects

(in occasional families) [237]
Platelet-type von Willebrand’s syndrome [237]
Grey platelet syndrome* [238] AR
Hereditary thrombocytopenia with giant platelets but without other morphological abnormality ARor AD

or associated disease*

Acquired

Immune thrombocytopenic purpura, primary and secondary*

Thrombotic thrombocytopenic purpura*

Disseminated intravascular coagulation*

Myeloproliferative disorders—polycythaemia rubra vera, chronic granulocytic
leukaemia (chronic phase or in transformation)*, idiopathic myelofibrosis*, essential
thrombocy thaemia

Myelodysplastic syndromes* and myelodysplastic/ myeloproliferative disorders

Megakaryoblastic leukaemia*

Postsplenectomy and hyposplenic states (including sickle cell anaemia)

AD, autosomal dominant; AR, autosomal recessive.
* May also have thrombocytopenia.

Fig. 3.134 A giant platelet, almost as
large as the adjacent basophil, in the
peripheral blood of a patient with
idiopathic myelofibrosis. The film
also shows a platelet of normal size.
The red cells show poikilocytosis.



Fig. 3.135 The peripheral blood film
of a patient with Wiskott—Aldrich
syndrome showing
thrombocytopenia and small
platelets.

Fig. 3.136 The peripheral blood film
of a patient with CGL showing a
mixture of normally granulated and
agranular platelets. There is also
platelet anisocytosis.

with the grey platelet syndrome, neutrophils are
also markedly hypogranular [152]. The grey platelet
syndrome can occur as an isolated disorder but has
also been reported in association with the Chédiak-
Higashi syndrome, Hermansky—Pudlak syndrome,
Wiskott-Aldrich syndrome and thrombocytopenia
with absent radii [239]. Inherited causes of agranu-
lar platelets are all uncommon. More commonly,
apparently agranular platelets result from discharge
of platelet granules in vivo or in vitro or from forma-
tion of defective platelets by dysplastic megakary-
ocytes (Fig. 3.136). If venepuncture is difficult,
stimulation of platelets may cause granule release.
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This is sometimes associated with platelet aggrega-
tion so that masses of agranular platelets may be
seen. Rarely, a similar phenomenon is caused by a
plasma factor causing in vitro platelet degranulation
and aggregation [240]; in one patient the factor ori-
ginated from a leiomyosarcoma [241]. Degranulation
may be confined to platelets in blood anticoagulated
with EDTA, platelet morphology being normal when
either heparin or citrate is used as an anticoagulant
[242]. Cardiopulmonary bypass can cause release of
o granules with the agranular platelets continuing
to circulate. In hairy cell leukaemia, agranular
platelets probably result from degranulation within
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abnormal vascular channels—pseudosinuses lined
by hairy cells, which are present in the spleen and
other organs. Some agranular platelets are com-
monly present in the myelodysplastic syndromes
and are likely to indicate defective thrombopoiesis.
Agranular platelets in the myeloproliferative dis-
orders may result either from defective throm-
bopoiesis or from discharge of granules from
hyperaggregable platelets. In both myelodysplastic
and myeloproliferative conditions, platelets may
be giant and of abnormal shape, features again
indicative of abnormal thrombopoiesis. In the May-
Hegglin anomaly, platelets may not only be larger
than normal but also of unusual shape, e.g. cigar-
shaped [243]. A population of platelets with one or
more giant red granules on a Romanowsky-stained
film has been reported in two members of a family
with thrombocytopenia and an 11q23 deletion [244];
this syndrome has been referred to as the Jacobsen
syndrome or as Paris—Trousseau thrombocytopenia.

Various particles, e.g. the parasites of Plasmodium
vivax [245], may be found within platelets. This is
unlikely to represent phagocytosis; it is probably
equivalent to emperipolesis, a phenomenon in which
white cells and other particles enter the surface con-
nected membrane system of the megakaryocyte.

It is important to note the presence of platelet
aggregates since they are often associated with a
factitiously low platelet count. Platelet aggregation
may be the result of platelet stimulation during

skin-prick or venepuncture, or be immunoglobulin
mediated. When there is incipient clotting of blood
the platelets may be partly degranulated and the
blood film may, in addition, show fibrin strands.
Platelet aggregation occurring as an in vitro phe-
nomenon, particularly in EDTA-anticoagulated
blood, is mediated by a cold antibody with speci-
ficity against platelet glycoprotein IIb/IIla [246].
This antibody is not known to be of any clinical
significance. The phenomenon may be observed
transiently in neonates, being attributable to the
transplacental passage of the causative antibody
[247]. EDTA-related platelet aggregation may be
induced by therapy with antiglycoprotein IIb/IIla
monoclonal antibodies such as abciximab and can
persist for several days after therapy [248].

Platelet satellitism (Fig. 3.137) is an in vitro
phenomenon occurring particularly but not only
in EDTA-anticoagulated blood. It is induced by a
plasma factor, usually either immunoglobulin G
(IgG) or IgM, which causes platelets to adhere to
CD16 on neutrophils [249]. Platelets adhere to and
encircle neutrophils and some may be phagocy-
tosed [250]. Neutrophils can be joined together by a
layer of platelets. Occasionally satellitism involves
other normal cells, e.g. large granular lymphocytes
[249], eosinophils [251], monocytes [251] or basophils.
Platelet satellitism does not appear to be of any
clinical significance, although it may lead to a
factitiously low platelet count.

Fig. 3.137 Platelet satellitism.



Fig. 3.138 A bare megakaryocyte
nucleus in the peripheral blood film
of a healthy subject; the size and
lobulation of the nucleus indicates its
origin from a polyploid
megakaryocyte.

Platelet satellitism around lymphoma cells as
a non-EDTA-dependent phenomenon has been
reported in a single patient with mantle cell
lymphoma [252].

Platelet
immunophenotyping of cells that are encircled.

satellitism can interfere with the

Megakaryocytes

Megakaryocytes are rarely seen in the blood of
healthy adults. They are released by the bone
marrow but most are trapped in the pulmonary cap-
illaries. However, the fact that they are detectable,
albeit in low numbers, in venous blood arising from
parts of the body lacking haemopoietic marrow
indicates that some can pass through the pulmonary
capillaries. Since their concentration is, on average,
only between five and seven per millilitre they are
more likely to be seen in buffy coat preparations or
when special concentration procedures are carried
out. In healthy subjects, 99% of the megakaryocytes
in peripheral venous blood are almost bereft of
cytoplasm (Fig. 3.138) but rare cells with copious
cytoplasm are seen. The number of megakaryocytes
is increased in the blood of neonates and young
infants and also postpartum, postoperatively and in
patients with infection, inflammation, malignancy,
disseminated intravascular coagulation and myelo-
proliferative disorders [253-256]. In neonates there
is a correlation with prematurity and with respira-
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tory distress syndrome [257]. The numbers of
megakaryocytes in venous blood is increased dur-
ing and after cardiopulmonary bypass [258]. The
proportion of intact megakaryocytes with plentiful
cytoplasm is increased in infants [254] and in pati-
ents with idiopathic myelofibrosis and CGL [256].

Abnormal megakaryocytes and
megakaryoblasts

Abnormal megakaryocytes and megakaryoblasts
may be seen in the blood in pathological conditions.

Micromegakaryocytes are seen in some patients
with haematological neoplasms, e.g. idiopathic
myelofibrosis (Fig. 3.139) and CGL, particularly
CGL in transformation. They are small diploid
mononuclear cells with a diameter of 7-10 um,
which are not always immediately identifiable as
megakaryocytes. The nucleus is round or slightly
irregular with dense chromatin. Cytoplasm varies
from scanty to moderate in amount; when scanty,
the nucleus may appear ‘bare’ but electron micro-
scopy shows that such cells usually have a thin rim
of cytoplasm. Cytoplasm is weakly basophilic.
There may be cytoplasmic vacuolation or a few or
numerous cytoplasmic granules. Sometimes there
are small cytoplasmic protrusions or ‘blebs” and
sometimes platelets appear to be ‘budding’ from
the surface. Somewhat larger micromegakaryocytes
with well-developed granular cytoplasm may be
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Fig. 3.139 A micromegakaryocyte in the peripheral blood
film of a patient with idiopathic myelofibrosis.
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Fig. 3.140 Micromegakaryocyte in a neonate with
transient abnormal myelopoiesis of Down’s syndrome.

seen in acute megakaryoblastic leukaemia includ-
ing transient abnormal myelopoiesis of Down’s
syndrome (Fig. 3.140).

Megakaryoblasts (Fig. 3.141) vary from about
10 um in diameter up to about 15-20 um or larger.
Smaller ones may resemble lymphoblasts and have
no distinguishing features. Larger megakaryoblasts
have a diffuse chromatin pattern and cytoplasmic
basophilia varying from weak to moderately strong.
Cytoplasm varies from scanty to moderate in

Fig. 3.141 Peripheral blood film of a patient with
megakaryoblastic transformation of CGL showing three
megakaryoblasts. One of these is large with no
distinguishing features, another shows some maturation
and has cytoplasm that resembles that of a platelet while
the third resembles a lymphoblast. The lineage was
confirmed by ultrastructural cytochemistry.

amount and may form blebs. Megakaryoblasts are
often not identifiable as such by cytology alone.

Blood film in healthy subjects

Healthy adult

The blood film in a normal adult shows only slight
variation in size and shape of red cells (see Figs 3.13
& 3.56). White cells that are normally present are
neutrophils, neutrophil band forms, eosinophils,
basophils, lymphocytes and monocytes. Metamyelo-
cytes and myelocytes are rare. Megakaryocytes,
usually in the form of almost bare nuclei, are very
rare. Platelets are present in such numbers that the
ratio of red cells to platelets is of the order of 10-40 : 1.

Pregnancy

During pregnancy, the red cells show more vari-
ation in size and shape than is seen in non-pregnant
women. The MCV also increases, being greatest



around 30-35 weeks’ gestation. This change occurs
independently of any deficiency of vitamin B,, or
folic acid, although there is an increased need for
folic acid during pregnancy. The Hb falls, the lowest
concentration being at 30-34 weeks’ gestation.
Although both iron and folic acid deficiency have
an increased prevalence during pregnancy this
commonly observed fall in the Hb is not due to
a deficiency state, and in fact occurs despite an
increase in the total red cell mass. It is consequent on
an even greater increase in the total plasma volume.
The erythrocyte sedimentation rate (ESR) and
rouleaux formation are also increased. Polychromatic
cells are more numerous and the reticulocyte count
is increased with peak levels of 6% at 25-30 weeks.

The WBC, neutrophil count and monocyte count
rise with neutrophils commonly showing toxic
granulation and Dohle bodies. A left shift occurs:
band forms, metamyelocytes and myelocytes are
common, and occasional promyelocytes and even
myeloblasts may be seen. Small numbers of NRBC
may be seen but it should be noted that small num-
bers of NRBC of fetal origin may also be present in
the maternal circulation [259]. The WBC and neu-
trophil count continue to rise till term. The absolute
lymphocyte and eosinophil counts fall. On Bayer
H.1 series instruments, the lobularity index (LI) and
mean peroxidase index (MPXI) are increased.

The platelet count and platelet size do not usually
change during normal pregnancy, but the platelet
count may fall and the mean platelet volume
(MPV) may rise if pregnancy is complicated by
pregnancy-associated hypertension (‘toxaemia’).
Pregnancy-associated thrombocytopenia of un-
known mechanism occurs in a small proportion of
women with an uncomplicated pregnancy. Normal
ranges for haematological parameters during preg-
nancy are given in Table 5.13.

Infancy and childhood

In normal infants and children, red blood cells
are hypochromic and microcytic, in comparison
with those of adults, and the MCV and mean cell
haemoglobin (MCH) are lower. Iron deficiency is
common in infancy and childhood but the differ-
ence from adult norms is present even when there is
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no iron deficiency. The male-female difference in
Hb, red blood cell count (RBC) and packed cell
volume/haematocrit (PCV/Hct) is not present
before puberty.

The lymphocyte count of children is higher than
that of adults and the lymphocyte percentage com-
monly exceeds the neutrophil percentage (‘reversed
differential’). A greater proportion of large lympho-
cytes is commonly observed and some of these may
have visible nucleoli. Reactive changes in lympho-
cytes in response to infection and other immuno-
logical stimuli are far more common than in adults
and even apparently completely healthy children
may have a few ‘atypical’ lymphocytes.

Normal ranges for haematological parameters
during infancy and childhood are given in Tables
5.10-5.12.

Neonate

The blood film of a healthy neonate may show
hyposplenic features (see below),
Howell-Jolly bodies, acanthocytes and spherocytes.

specifically

Spherocytes are, however, more numerous than in
a hyposplenic adult. The WBC and the neutrophil,
monocyte and lymphocyte counts are much higher
in the neonate than in the older child or adult. NRBC
are much more common and myelocytes are not
uncommon. The number of circulating megakaryo-
cytes is greater than in infants and children. The
proportion of micromegakaryocytes is increased
[260]. Hb, RBC and PCV are much higher than at
any other time after birth and the resultant high vis-
cosity of the blood leads to poor spreading so that
the blood film appears ‘packed’. This physiological
polycythaemia also leads to a very low ESR. Red cell
size is increased in comparison with that of infants,
children and adults. The reticulocyte count is high
during the first 3 days after birth [261].
Physiological changes in haematological variables
occur in the first days and weeks of life. There is a
rise, on average of about 60% of initial counts, in the
WBC and the neutrophil count, with peak levels
being reached at about 12 hours after birth [262]. By
72 hours the count has fallen back to below that
observed at birth. The lymphocyte count falls to its
lowest level at about 72 hours and then rises again
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[262]. By the end of the first week, the number of
neutrophils has usually fallen below the number of
lymphocytes. If there has been late clamping of the
umbilical cord there are also rises in Hb, PCV and
RBC due to ‘autotransfusion’ from the placenta fol-
lowed by reduction of plasma volume. NRBC usu-
ally disappear from the blood by about the fourth
day in healthy term babies and by the end of the
first week most of the myelocytes and metamyelo-
cytes have also disappeared. Band forms are also
more numerous during the first few days of life than
thereafter, a plateau being reached by the fifth day.

Normal ranges for the neonatal period are given
in Tables 5.8 and 5.9.

Premature neonate

Many haematological variables in premature babies
differ from those of full-term babies (see above).
Their blood films show greater numbers of NRBC,
metamyelocytes, myelocytes, promyelocytes and
myeloblasts. Hyposplenic features are much more
marked than in term babies (Fig. 3.142) and may
persist for the first few months of life. Premature
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Fig. 3.142 Peripheral blood film from a premature but
healthy infant, showing macrocytosis (relative to the film
of an adult), a Howell-Jolly body in a polychromatic cell,
target cells and a schistocyte.

babies often develop eosinophilia between the
second and third weeks after birth [263].

Hyposplenism

Splenectomy in haematologically normal subjects
produces characteristic abnormalities of the blood
count and film. The same abnormalities are seen if
the spleen is congenitally absent, suffers atrophy or
extensive infarction, or becomes non-functional for
any reason. Occasionally, if the spleen is heavily
infiltrated by abnormal cells, features of hyposplen-
ism are seen in the presence of splenomegaly.

Immediately after splenectomy there is thrombo-
cytosis and a marked neutrophil leucocytosis. If
infection occurs post-splenectomy, the neutrophilia
and left shift are very marked. After recovery from
surgery, the neutrophil count falls to nearly normal
levels and the platelet count falls to high normal or
somewhat elevated levels—platelet counts of around
500-600 x 10?/1 may persist. A lymphocytosis and a
monocytosis persist indefinitely—the lymphocytosis
is usually moderate but levels up to 10 x 10°/1 are
occasionally seen [264]. Characteristically large
granular lymphocytes are increased (see Fig. 9.10);
immunophenotypically these are natural killer cells
[265,266]. T and B cells may also be increased [267].
In normal subjects the Hb does not change post-
splenectomy but the red cell morphology is altered
(see Figs 3.36 & 3.45). Abnormal features include
target cells, acanthocytes, Howell-Jolly bodies, small
numbers of Pappenheimer bodies (the presence of
siderotic granules being confirmed on a stain for iron),
occasional NRBC and small numbers of spherocytes.
Small vacuoles may be seen in Romanowsky-stained
films; on interference phase-contrast microscopy
these appear as ‘pits” or ‘craters’ but in fact they are
autophagic vacuoles [268]. The reticulocyte count is
increased. Special stains show small numbers of
Heinz bodies. Some large platelets may be noted
and the MPV is higher, in relation to the platelet
count, than in non-splenectomized subjects.

In patients with underlying haematological dis-
orders a greater degree of abnormality is often seen
post-splenectomy. When there is anaemia that per-
sists post-splenectomy a marked degree of throm-
bocytosis is usual. If Heinz bodies are being formed
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Physiological

Neonatal period (particularly in premature babies), old age

Pathological
Congenital

Congenital absence or hypoplasia (may be hereditary [269]; may be associated with situs inversus and cardiac anomalies;
may be associated with anophthalmia and agenesis of the corpus callosum [270]; occurs in reticular agenesis and
Fanconi’s anaemia [271]; has been reported in Pearson’s syndrome; may be caused by maternal coumarin intake)

Inherited (AD) early involution of the spleen
Congenital polysplenism [272]

Acquired
Splenectomy

Splenic infarction (sickle cell anaemia, sickle cell /haemoglobin C disease and other sickling disorders; essential
thrombocythaemia; polycythaemia rubra vera; following splenic torsion; consequent on acute infection [273])

Splenic atrophy (associated with coeliac disease, dermatitis herpetiformis, ulcerative colitis [274], Crohn’s disease [274]
and tropical sprue [275]; autoimmune splenic atrophy including that associated with autoimmune thyroid disease,
systemic lupus erythematosus [276] and autoimmune polyglandular disease [277]; graft-versus-host disease [278];
following splenic irradiation [279] or Thorotrast administration [280])

Splenic infiltration or replacement (amyloidosis, sarcoidosis, leukaemia and lymphoma (occasionally); carcinoma [281]
and sarcoma [282] (rarely), granulomas caused by atypical mycobacterial infection in AIDS [283])

Functional asplenia, e.g. caused by reticuloendothelial overload (early in the course of sickle cell disease, severe
haemolytic anaemia and immune-complex or autoimmune disease) [284]

AD, autosomal dominant; AIDS, acquired immunodeficiency syndrome.

(e.g. because of an unstable haemoglobin or because
an oxidant drug is administered) large numbers
are seen when the pitting action of the spleen is lack-
ing. If there is erythroblast iron overload (e.g. in
sideroblastic anaemia or in thalassaemia major)
Pappenheimer bodies are very numerous. If the
bone marrow is megaloblastic or dyserythropoietic,
Howell-Jolly bodies are particularly large and
numerous.

Some of the causes of hyposplenism are given in
Table 3.12.

Blood film evidence of hyposplenism should be
deliberately sought when children present with
pneumococcal sepsis [285] or if coeliac disease is
suspected.

Non-haemopoietic cells

Non-haemopoietic cells may appear in a blood
sample or in a blood film made from a skin-prick
sample either because they are present in the circu-
lating blood or because the sample has become
contaminated during the process of obtaining it.

Endothelial cells

Endothelial cells (Figs 3.143 & 3.144) are most likely
to be detected if blood films are made from the first
drop of blood in a needle; this was particularly
noted when needles were re-used and were some-
times barbed [286]. Endothelial cells may appear
singly or in clusters. They are large cells, often
elongated, with diameters of 20-30 um and a large
amount of pale blue or blue-grey cytoplasm. The
nucleus is round to oval with a diameter of 10—
15 um and one to three light blue nucleoli. Nuclei
may appear grooved.

Increased numbers of endothelial cells are present
in conditions with vascular injury (e.g. rickettsial
infection, peripheral vascular disease, CMV infection,
thrombotic thrombocytopenic purpura (TTP), sickle
cell disease and following coronary angioplasty)
but even in such circumstances they are very infre-
quent [287].

Virus-infected cells, interpreted as abnormal endo-
thelial cells, have been detected in films of periph-
eral blood from patients with immunodeficiency and
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Fig. 3.143 Endothelial cells obtained by scraping the vena
cava during post-mortem examination. Courtesy of Dr
Marjorie Walker, London.

active CMV infection [288]. They were 50—-60 um in
diameter with abundant basophilic cytoplasm and a
central granular eosinophilic zone that appeared to
displace the nucleus.

Epithelial cells

When blood is obtained by skin puncture, epithelial
cells from the skin may occasionally be present
in the blood film. They are large cells with a small

nucleus and large amounts of sky-blue featureless
cytoplasm (Fig. 3.145a). Some are anucleate
(Fig. 3.145b).

Fat cells

Occasionally, recognizable fat cells are present in
a blood film (Fig. 3.146). It is likely that they are
derived from subcutaneous fat that is penetrated by
the phlebotomy needle.

Amniotic fluid cells

Amniotic fluid cells may be present if contamina-
tion occurs during fetal blood sampling.

Non-haemopoietic malignant cells

In various small cell tumours of childhood, tumour
cells can circulate in the blood in appreciable
numbers and be mistaken for the lymphoblasts of
acute lymphoblastic leukaemia. Such circulating
cells have been described in neuroblastoma, rhab-
domyosarcoma and medulloblastoma [289-291].
In rhabdomyosarcoma, syncytial masses of tumour
cells have been seen [292]. Rarely, circulating
neuroblastoma cells are associated with neurofibrils
[293]. Carcinoma cells can also circulate in the blood
but usually in such small numbers that they are
unlikely to be noted unless special concentration

”

Fig. 3.144 Endothelial cellsin a
peripheral blood film made from a
venous blood sample.
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Fig. 3.145 Epithelial cells in a peripheral blood film prepared from a drop of blood obtained by finger prick: (a) nucleated

epithelial cell; and (b) anucleate epithelial cell.

Fig. 3.146 A clump of fat cells, likely
to represent subcutaneous fat, in a
blood film prepared from EDTA-
anticoagulated venous blood (x 40
objective).

procedures are employed [294]. Rarely, they may be
seen on routine blood films (Fig. 3.147). Even more
rarely a ‘leukaemia’ of carcinoma cells occurs.
‘Carcinocythaemia’ has been most often observed in
carcinoma of the lung and breast [295] (Fig. 3.148).
Malignant cells in the blood may be in clusters,
sometimes large enough clusters to be visible
macroscopically (see Fig. 3.4). Rarely, melanoma
cells are present in large numbers in the circulation
[296]; when they are amelanotic there is a potential
for confusion with acute leukaemia. Circulating

melanoma cells containing melanin are more read-
ily identified [297] (Fig. 3.149).

In patients with advanced Hodgkin’s disease
small numbers of Reed—Sternberg cells and mono-
nuclear Hodgkin’s cells have rarely be noted in
the blood [298]. Even more rarely, abnormal cells
may be present in such numbers as to constitute a
Reed-Sternberg cell leukaemia. In one such patient
the total WBC was 140 x 10°/1 with 92% malignant
cells [299]. These included typical Reed—Sternberg
cells (giant cells with a diameter of 12—-40 um with
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mirror-image nuclei and giant nucleoli), and multi-
nucleated and mononuclear Hodgkin’s cells, also
with giant nucleoli. However, it should be noted that
there are no recent reports of circulating Reed-
Sternberg or Hodgkin’s cells, even in patients with
HIV infection who often present with widespread
disease; descriptions of such cells predate the avail-
ability of immunophenotyping techniques.

Micro-organisms in blood films

In patients with bacterial, fungal or parasitic infec-
tions micro-organisms may be observed free between
cells or within red cells, neutrophils or monocytes.

Fig. 3.147 Malignant cells in the
routine peripheral blood film of a
patient subsequently found to have
widespread metastatic
adenocarcinoma.

Fig. 3.148 Malignant cells in the
peripheral blood of a patient with a
past history of carcinoma of the
breast, subsequently found to have
widespread metastatic disease.

They are visible on an MGG-stained film but special
stains aid in their identification. The only micro-
organisms that are observed fairly frequently are
malarial parasites but the fortuitous observation of
other micro-organisms in a blood film can also be
diagnostically useful, leading to earlier diagnosis
and treatment.

Bacteria

In louse- and tick-borne relapsing fevers the causa-
tive spirochetes, e.g. Borrelia recurrentis, Borrelia
duttoni, Borrelia turicata, Borrelia parkeri or Borrelia
hermsii, are observed free between cells (Fig. 3.150).
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Fig. 3.149 Melanoma cell containing melanin in a buffy
coat film from a patient with metastatic malignant
melanoma and a leucoerythroblastic anaemia; the bone
marrow was among the infiltrated tissues. Courtesy of
Dr J. Luckit and Dr D. Swirsky.

Organisms can be detected in the peripheral blood
film in 70% of cases of tick-borne relapsing fever
[300]. When Borrelia species are being sought a thick
film is useful.

It is quite uncommon for bacteria other than
Borrelia to be noted in routine blood films. When
present they are most often observed within neu-
trophils or, occasionally, free between cells. When
they are being deliberately sought a buffy coat
preparation makes detection more likely. Bacteria

’o

Fig. 3.150 Borrelia species in the

peripheral blood of a child of a febrile &

North African child. . i

Fig. 3.151 A neutrophil containing diplococci from a
patient with fatal Neisseria meningitidis septicaemia.

are most often seen in hyposplenic or immunosup-
pressed subjects and in those with indwelling intra-
venous lines or overwhelming infections. Bacteria
that have been observed within neutrophils in routine
peripheral blood films include streptococci, staphy-
lococci, Streptococcus pneumoniae (pneumococcus),
Neisseria meningitides (meningococcus) (Fig. 3.151),
Clostridium perfringens (previously known as Clostri-
dium welchii), Yersinia pestis, Bacteroides distasonis [301],
Corynebacterium species [301], Capnocytophaga cani-
morsus (previously known as the DF-2 organism)
(Fig. 3.152) [302], Escherichia coli [303], Klebsiella
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Fig. 3.152 Peripheral blood film from a patient who had been bitten by a dog showing Capnocytophaga canimorsus:
(a) MGG stain; (b) Gram stain. Courtesy of Dr Ilsa Louw, Cape Town.

pneumoniae [303], Klebsiella oxytoca [304] and
Pseudomonas aeruginosa [305].

In bartonellosis or Oroya fever (Fig. 3.153), a
disease confined to South America, the causative
organism, a flagellated bacillus, is present on the
surface of red cells and infection leads to sphero-
cytosis and haemolytic anaemia. The organisms,
Bartonella bacilliformis, stain deep red or purple on
an MGG stain [306]. Bartonella quintana, the causative
organism of trench fever, has been detected in per-
ipheral blood erythrocytes by immunofluores-

Fig. 3.153 Peripheral blood film
showing multiple small rod-shaped
bacilli associated with erythrocytes in
a patient with bartonellosis. There is
also a red cell containing a
Howell-Jolly body. Courtesy of Dr D.
Swirsky and the late Professor Sir
John Dacie, London.

cence [307] so it is possible that the bacilli could be
detected in an MGG-stained film. Haemotropic
bacilli, Tropheryma whipplei (previously Tropheryma
whippelii), have also been reported in Whipple’s dis-
ease in hyposplenic subjects (Fig. 3.154) and have
been recognized as PAS-positive inclusions in the
monocytes of another patient [308]. Intraerythrocytic
Grahamella species have been reported in three
Eastern European patients [309]. Rod-shaped struc-
tures, apparently associated with red cells and
suspected of being bacterial in nature, have been

(b)



Fig. 3.154 Peripheral blood film
from a hyposplenic patient with
Whipple’s disease showing a red cell
fragment, a red cell containing a
Howell-Jolly body and several red
cells with which are associated
numerous delicate rod-shaped
bacilli. Wright's stain. Courtesy of
Dr B.]. Patterson, Toronto.

reported in some patients with thrombotic throm-
bocytopenic purpura [310].

Micro-organisms are occasionally seen in mono-
cytes and even in lymphocytes and platelets.
Tropheryma whipplei has been detected in monocytes
by means of immunocytochemical staining of a
buffy coat preparation [311]. In HIV infection, the
observation of rod-shaped negative images within
monocytes or neutrophils suggests Mycobacterium
avium intracellulare infection [312]. Ehrlichia may be
detected in neutrophils, monocytes and, occasion-
ally, lymphocytes. They may appear as small single
organisms or as morulae containing a number of
elemental bodies (Fig. 3.155). In human granulocytic
ehrlichiosis, caused by Ehrlichia phagocytophila (which
forms a single species with Ehrlichia equi and is
currently known as Anaplasma phagocytophilumy), the
organisms are in granulocytes [313]. Ehrlichia ewingii,
an organism closely related to Ehrlichia canis, also
infects man and is associated with morulae in granu-
locytes [313,314]. Human monocytic ehrlichiosis,
caused by Ehrlichia chaffeensis, has organisms mainly
in monocytes but occasionally in lymphocytes
(which may be atypical) or neutrophils [315,316].
Ehrlichia inclusions in peripheral blood leucocytes
are more often seen in human granulocytic ehrli-
chiosis than in human monocytic ehrlichiosis. Cases
of ehrlichiosis have mainly been described in the
USA but the disease also occurs Europe [317].
Ehrlichia have been described in the neutrophils of
a neonate with transplacentally acquired human
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Fig. 3.155 Peripheral blood of a patient with ehrlichiosis
showing the morular form of the organism within a
neutrophil. Courtesy of Dr Vandita Johari, Minneapolis.

™

granulocytic ehrlichiosis [318]. In Venezuela there is
a species of Ehrlichia that appears predominantly in
platelets, which has been detected in individuals
who have had close contact with dogs [319]; one
clinically affected patient has been described [320].
Bacteria in peripheral blood films may have
characteristic features that give a clue to their iden-
tity. They can be identified as cocci or bacilli and,
following a Gram stain, as Gram negative or Gram
positive. Spore forming by Clostridia has been
observed [321]. The plague bacillus, Yersinia pestis
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Fig. 3.156 Peripheral blood film from a patient with
plague showing the bipolar bacilli of Yersinia pestis.
Courtesy of the American Society of Haematology
Slide Bank.

(Fig. 3.156), is found extracellularly and may be
bipolar in a Romanowsky stain [322]. Ehrlichia are
distinctive (see above). Bacteria that have colonized
indwelling venous lines despite antibiotic therapy
may be morphologically abnormal, appearing
filamentous as a consequence of failure of septation
(Fig. 3.157) [322].

The finding of bacteria in a blood film is usually
highly significant. The exception is with cord blood
samples which are often collected in circumstances
in which bacterial contamination is likely; if they
are left at room temperature and delay occurs in

delivery to the laboratory it is not uncommon to see
bacteria in stained films.

Fungi

Fungi have also been observed in peripheral blood
films, particularly in patients with indwelling cen-
tral venous lines who are also neutropenic or have
defective immunity. They may be observed free
or within neutrophils or monocytes. Fungi which
have been observed in neutrophils include Candida
albicans, Candida parapsilosis [323] (Fig. 3.158),
Candida glabrata, Candida tropicalis [324], Candida
krusei [324], Candida guilliermondii [324], Hansenula
anomala [325], Histoplasma capsulatum (Figs 3.159
and 3.160), Cryp-tococcus neoformans [326], Penicillium
marneffei (Fig. 3.161) [327] and Rhodotorula glutinis
[324] and in monocytes Histoplasma capsulatum and
Penicillium marneffei [327]. Malassezia furfur has been
observed extracellularly [328]. Rhodotorula rubra has
also been observed in blood films [324]. In Candida
albicans infection, both yeast forms and pseudo-
hyphae have been observed [329]. In febrile neu-
tropenic patients a search of the peripheral blood
film can confirm a diagnosis of systemic fungal
infection some days in advance of positive cultures
in a significant proportion of patients [325].

Parasites

Some parasites, such as malaria parasites and
babesiae, are predominantly blood parasites, while
others, such as filariae, have part of their life cycle in
the blood. Parasites that may be detected in the

Fig. 3.157 Klebsiella oxytoca in a film
of blood obtained from an indwelling
venous line, showing failure of
septation: (a) MGG stain. Continued
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Fig. 3.157 Continued (b) Gram stain.
Courtesy of Dr Carol Barton and Mr J.
Kitaruth, Reading.
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Fig. 3.158 Candida parapsilosis in a peripheral blood film: (a) within neutrophils; and (b) free between red cells. Several
organisms are budding. Courtesy of Dr B. Vadher and Dr Marilyn Treacy, London.

blood film are listed with their geographical distri-
bution in Tables 3.13 and 3.14.

Malaria and babesiosis

Although malaria parasites may be detected in
MGG-stained blood films, their detection and
identification is facilitated by Leishman or Giemsa
staining at a higher pH. A thick film is preferable for
detection of parasites and a thin film for iden-

tification of the species. A thick film should be
examined for at least 5 minutes before being con-
sidered negative. If only a thin film is available it
should not be considered negative until it has been
examined for at least 15 minutes or until 200 high
power fields or the whole blood film have been
examined. Partially immune subjects are particu-
larly likely to have a low parasite count so that a
prolonged search may be required for parasite
detection. In patients with a strong suspicion of

(b)

(b)
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Fig. 3.159 A band neutrophil in a buffy coat film showing
three Histoplasma capsulatum. Courtesy of Dr Sian Lewis,
Oxford.

malaria whose initial films are negative, repeated
blood examinations may be needed. Plasmodium
falciparum is associated with the highest parasite
counts with sometimes 10-40% of red cells being
parasitized; paradoxically, patients may be seriously
ill with no parasites being detectable on initial blood
examination. This is consequent on parasitized red
cells being sequestered in tissues. When P. falciparum
is detected, a count of the proportion of cells that

25 4
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Fig. 3.160 Methenamine silver stain of Histoplasma
capsulatum in the peripheral blood. Courtesy of
Dr H. Musa, Minneapolis.

8

Fig. 3.161 Penicillium marneffei in the
peripheral blood of a patient with
AIDS. Courtesy of Dr K.F. Wong,
Hong Kong.

are parasitized should be made to allow monitoring
during therapy; a Miller graticule, as used for reticu-
locyte counts, facilitates this. Alternatively, parasites
can be counted in a thick film, their numbers being
related to the number of leucocytes, to produce an
absolute count. A failure of the parasite count to fall
indicates a drug-resistant parasite. Useful features in
distinguishing between the four species are summar-
ized in Fig. 3.162 and illustrated in Figs 3.163-3.166.



Table 3.13 Protozoan parasites that may be detected in blood films.
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Parasite Disease or common name Usual distribution
Sporozoans
Plasmodium falciparum Malignant tertian malaria Widespread in tropics and sub-tropics,

Plasmodium vivax

Plasmodium malariae

Plasmodium ovale

Plasmodium knowlesi

Babesia microti

Babesia equi

Babesia divergens

Haemoflagellates

Trypanosoma brucei rhodesiense

Trypanosoma brucei gambiense

Trypanosoma cruzi

Trypanosoma rangeli

Leishmania donovani

Benign tertian malaria

Quartan malaria

Benign tertian malaria

Babesiosis

Babesiosis

Babesiosis

Sleeping sickness
Sleeping sickness

South American
trypanosomiasis or
Chagas’ disease

Non-pathogenic

Visceral leishmaniasis or
kala azar

particularly in Africa

Widespread in tropics and occurs also in
some temperate zones; quite uncommon
in West and Central Africa

Scattered in the tropics

Tropical West Africa; scattered foci
elsewhere including tropical Asia, New
Guinea and the Western Pacific

Malaysian Borneo [330]

North-Eastern coastal USA, West Coast
and Mid-West

California

Europe

East Africa
Tropical West and Central Africa

Wide area of Central and South America

Central and South America

India, China, Central Asia, Central and
Northern Africa, Portugal, the
Mediterranean littoral, Central and
South America

Table 3.14 Nematode (family filariidae) parasites that may be detected in blood films.

Parasite

Disease or common name

Usual distribution

Wuchereria bancrofti

Brugia malayi

Loa loa

Mansonella perstans
Mansonella ozzardi

Onchocerca volvulus

Filariasis—end stage may be elephantiasis

Filariasis—end stage may be elephantiasis
Eye worm or Calabar swellings

Persistent filariasis, usually non-pathogenic
Ozzard’s filariasis, usually non-pathogenic

Onchocerciasis (river blindness)

Widespread in tropics and sub-tropics,
particularly Asia, Polynesia, New Guinea,
Africa and Central and South America

India, South East Asia, China, Japan
African equatorial rainforest and its fringes
Tropical Africa, Central and South America
Central and South America, West Indies

Central and West Africa and Sudan,
Central America
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General features and
changes in red cells

Early trophozoite
(ring form)

Mature trophozoite

lum vivax

Plasmod

Plasmodium ovale
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Plasmodium malariae

Red cells much enlarged,
irregular and pale with fine

red stippling (Schiiffner's dots);
usually low or moderate
parasitaemia; all stages of

life cycle often present;
sometimes multiple

parasites per cell

Thick rings, 1/3-1/2 the
diameter of the red cell

o @

A few Schiffner's dots
Accolé (shoulder) forms and
double dots less common
than with P. falciparum

Ameboid rings, 1/2-2/3 the
diameter of the red cell

Pale blue or lilac parasite

with prominent central valuole

Indistinct outline
Scattered fine yellowish-
brown pigment granules
or rods

Red cells enlarged but not
as much as with P. vivax;
cells pale and some are oval
or pear-shaped; some are
ragged (fimbriated) at one
or both ends; fine to coarse
red stippling (Schiffner's
dots); low parasitaemia;
often fewer stages present
than with P. vivax

Thick, compact rings, 1/3-1/2
the diameter of the red cell

o g

Numerous Schiiffner's dots
but paler than with P. vivax

Thick rings, less irregular than
those of P. vivax, 1/3-1/2
the diameter of the red cell

o8

Less prominent

vacuole, distinct outline
Yellowish-brown pigment
which is coarser and darker
than that of P. vivax
Schiiffner's dots prominent

Cells not enlarged; staining
characteristics usually
unaltered but sometimes

there are some pale cells;
sometimes multiple parasites
per cell and heavy parasitaemia
(10-40% of cells); often

only ring forms are present

Delicate rings, 1/g-1/4 the
diameter of the red cell

Double dots and accolé
forms common

Fairly delicate rings, 1/3-1/2 the
diameter of the red cell

Red-mauve stippling (Maurer's
dots or clefts) may be present
Mature trophozoites are less
often present in peripheral
blood than ring forms

Cells not enlarged, sometimes
contracted; staining
characteristics not altered;
lowest degree of
parasitaemia; multiple
parasites per cell rare;

no stippling unless
overstained; all stages usually
present

Small, thick, compact rings
Small chromatin dot which
may be inside the ring

X

Double dots and accolé
forms rare

Ameboid form more compact
than P. vivax

Sometimes angular or band
forms

Heavy, dark yellow-brown
pigment
No stippling unless overstained

Fig. 3.162 Features that are useful in distinguishing between the different species of malaria parasites.
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Early schizont

Rounded or irregular
Ameboid

Loose central mass of
fine yellowish-brown
pigment

Schizont almost fills cell
Schiiffner's dots

Late schizont

12-24 (usually 16-24)
medium-sized merozoites
1-2 clumps of peripheral
pigment

Schizont almost fills cell
Schiffner's dots
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Gametocyte

Macrogametocyte

Round or ovoid, almost
fills enlarged cell
Blue cytoplasm

Eccentric compact red
nucleus
Scattered pigment

Microgametocyte

Round or ovoid, as large
as a normal red cell but
does not fill the enlarged
red cell

Faintly staining

Larger, lighter red central
or eccentric nucleus
Fine, scattered pigment

Round, compact

Darkish brown pigment,
heavier and coarser than
that of P. vivax

Schiiffner's dots

6-12 (usually 8) large
merozoites arranged
irregularly like a bunch
of grapes

Central pigment
Schiffner's dots

Similar to P. vivax but
somewhat smaller

Pigment coarser and
blacker, scattered but
mainly near the periphery

Similar to P. vivax but
smaller

Not usually seen in blood

Very small, ameboid
Scattered light brown to
black pigment

Not usually seen in blood

8-32 (usually few) very
small merozoites; grouped
irregularly

Peripheral clump of

coarse dark brown pigment

Sickle or crescent shaped
Deforms cell which often
appears empty of
haemoglobin

Blue cytoplasm

Compact central nucleus
with pigment aggregated
around it

Oval or crescentic with
blunted ends
Pale blue or pink

Large pale nucleus with
pigment more scattered
than in macrogametocyte

Compact, round, fills
red cell

Coarse dark yellow-brown
pigment

6-12 (usually 8-10) large
merozoites, arranged
symmetrically, often in a
rosette or daisy head
formation

Central coarse dark
yellowish-brown pigment

Similar to P. vivax but
smaller, round or oval,
almost fills cell, blue
with a dark nucleus

Prominent pigment
concentrated at centre
and periphery

Similar to P. vivax but
smaller, pink or paler blue
than macrogametocyte
with a larger, paler nucleus

Prominent pigment
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Fig. 3.163 Stages in the life cycle of Plasmodium vivax shown in Giemsa-stained peripheral blood thick (a) and thin (b-h)
films: (a) two ring forms within red cell ghosts; (b) a ring form and an ameboid trophozoite; both the parasitized cells are
enlarged and decolorized and contain faint Schiiffner’s dots; (c) a ring form and an early schizont containing two chromatin
masses; both parasitized cells are decolorized and contain faint Schiiffner’s dots; (d) a microgametocyte—the pigment is
fine and scattered and the parasite does not completely fill the cell. (e) a macrogametocyte—the pigment is fine and
scattered and the parasite completely fills the cell and is larger than the non-parasitized red cells; (f) exflagellation of
microgametes from a gametocyte—this stage of the parasite life cycle usually occurs in the stomach of the mosquito;
(g) microgametes—this stage of the parasite life cycle usually occurs in the stomach of the mosquito; (h) microgametes
clustered around three macrogametes—it appears that one microgamete has fertilized a macrogamete since its nucleus
appears to have penetrated the macrogamete—this stage of the parasite life cycle usually occurs in the stomach of the
mosquito; (i) ookinete—this stage of the malaria parasite life cycle usually occurs in the stomach of the mosquito and is very
rarely seen in the peripheral blood of man. Courtesy of Dr Wendi Bailey, Liverpool.

(b)

(d)
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Fig. 3.164 Stages in the life cycle of Plasmodium ovale in
Giemsa-stained thin films: (a) a late trophozoite in an
enlarged, decolorized and oval red cell which has a
fimbriated end; pigment is coarser and darker than in
Plasmodium vivax, the parasite is more compact and
Schiiffner’s dots are more prominent; (b) a schizont
containing eight merozoites; coarse pigment is clustered
centrally.

In addition to these four species, a focus of human
infection with the simian parasite, Plasmodium
knowlesi, has been described in Malaysian Borneo
[330]; morphologically this parasite is difficult to
distinguish from Plasmodium malariae.

Associated abnormalities that may be noted
in the films of patients with malaria are anaemia—
the reticulocyte count being inappropriately low,
thrombocytopenia, lymphopenia, lymphocytosis or
atypical lymphocytes, eosinopenia (and suppression
of pre-existing eosinophilia), early neutrophilia (with
P. falciparum), neutropenia, monocytosis, occasion-
ally phagocytosed merozoites and sometimes
schizonts within neutrophils in P. falciparum infec-
tion with high parasitaemia [331,332], phagocytosis
of parasitized and non-parasitized red cells by
monocytes and malaria pigment—in monocytes and
occasionally in neutrophils. Thrombocytopenia can
be a diagnostically useful feature, alerting the labor-
atory or the clinician to the likelihood of malaria. In
one study of children presenting to an Accident and
Emergency Department in London one-quarter of
patients with a platelet count of less than 150 x 10°/1
were found to have malaria [333]; thrombocyto-
penia was seen in association with both falciparum
and vivax malaria. Malaria pigment in leucocytes
is mainly associated with P. falciparum malaria. The
pigment is haemozoin, a degradation product of
haemoglobin. It can be visualized readily in stained
or unstained films and is birefringent when polar-
ized light is used [334]. The pigment is released into
the plasma during schizogony [331] and is then
phagocytosed. The percentage of leucocytes con-
taining pigment therefore reflects the sequestered
parasite burden and has been found to be of prog-
nostic significance [331]. Monocytes containing
malarial pigment can often be found in the blood
for many days after parasitized red cells have dis-
appeared; this can be useful in making a retro-
spective diagnosis of malaria [335]. Leucocytosis,
neutrophilia, lymphocytosis and monocytosis cor-
relate with severity of malaria [332]. In multivariate
analysis leucocytosis, lymphocytosis and monocy-
topenia correlate with a higher rate of death [332].

The histograms or scatter plots of automated full
blood counters may be abnormal in the presence
of malarial parasites.

Babesiosis is an uncommon tick-borne parasitic
disease [336], which can easily be confused with
malaria. Babesia microti is endemic in southern New
England, southern New York state, Wisconsin and
Minnesota. Babesia divergens infection occurs spo-
radically in the USA, Europe (including Ireland) and



(d)

Fig. 3.165 Stages in the life cycle
of Plasmodium falciparum in Giemsa-
stained thin films; the cells are not
enlarged or decolorized: (a) ring
forms and one late trophozoite;

(b) ring forms with prominent
Maurer’s clefts; (c) ring forms and
early and late schizonts (schizonts
are not commonly seen in the
peripheral blood); (d) ring forms
and an early gametocyte which has
not yet assumed its banana-shape;
(e) macrogametocyte the parasite is
sickle-shaped with a compact
nucleus and pigment clustered
centrally; (f) a microgametocyte
which is broader and less curved
than the macrogametocyte with a
more diffuse nucleus and less
concentrated pigment.

(e ()



(a) Fig.3.166 Stages in the life
cycle of Plasmodium malariae
in Giemsa-stained thin films;
red cells are not enlarged or
decolorized: (a) early ring
forms which are small but
less delicate than those of
Plasmodium falciparum; one
parasite has a chromatin dot
within the ring; (b) ameboid
trophozoite with coarse dark-
brown pigment; (c) band
trophozoite; (d) schizont with
about seven merozoites in a

" ’ o 1 daisy-head arrangement with
. . o central coarse brown

-
pigment; (e) schizont with
) merozoites grouped around
0 the centrally placed pigment;
-
o (f) a gametocytes and a
p— - [ (d) . | reactive lymphocyte.

R B B e,
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Asia. About 30 human cases have been described in
Europe, more than three-quarters of them in hypo-
splenic patients [337]. Babesia bovis infection also
occurs in Europe [338]. The trophozoites of Babesia
species are small rings, similar to those of P. falci-
parum, 1-5 pm in diameter with one, two or three
chromatin dots and scanty cytoplasm. Sometimes
they are pyriform (pear-shaped) and either paired
(Fig. 3.167a) or have the pointed ends of four
parasites being in contact to give a Maltese cross
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formation (Fig. 3.167b). Extracellular parasites are
sometimes seen [339] and may form clusters [338].
Babesia microti is associated with Maltese cross and
ring forms, the latter with small to large cytoplasmic
vacuoles [340]. The ring forms of Babesia species
may be even smaller than those of P. falciparum
(Fig. 3.168); this and the vacuolation of the parasite,
the pleomorphism of the ring forms, the presence
of extracellular trophozoites and the absence of
haemozoin (‘malarial pigment’), can help in making

Fig. 3.167 Blood film from a splenectomized monkey parasitized by Babesia microti: (a) a single ring form and a pair of
pyriform parasites; (b) a single ring form and four pyriform parasites in a tetrad or Maltese cross formation. Courtesy of

MrJ. Williams, London.

Fig. 3.168 Blood film from a
hyposplenic patient with babesiosis
caused by Babesia divergens showing
numerous parasites including a
Maltese cross formation and paired
pyriform parasites. Courtesy of Mr C.
Murphy, Cork.

-

(b)
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Trypanosoma rhodesiense
and Trypanosoma gambiense

The two species are morphologically
identical; extracellular; 8-30 um in
length; polymorphic - ranging from
long and slender with a free flagellum
to short and blunt with an abbreviated
flagellum; serpentine; small kinetoplast;
flagellated pointed front end;

blunt back end

Flagellum Kinetoplast
Undulating
membrane
Nucleus

‘ Short
stubby
form
Red blood
cells

Long slender
form

Trypanosoma cruzi

Extracellular; 20-25 um in length;
more uniform in morphology than
the African species with a larger
kinetoplast and less convolution of
the undulating membrane; S- or
U-shaped; sometimes sharp at
both ends

Large
kinetoplast

Trypanosoma rangeli

Extracellular; longer and thinner than
T. cruzi with a smaller kinetoplast and
more convolution of the undulating
membrane; nucleus somewhat anterior
whereas that of T. cruziis central

Leishmania donovani

Parasite within monocytes; fairly
uniform in size; approximately
2-6 x 1-3 um; contains a nucleus
and a rod-shaped kinetoplast

Monocyte

A
Intracellular
leishmaniae

Fig. 3.169 Summary of the morphological features of haemoflagellates.



the distinction. Babesia divergens usually has pyri-
form pairs of parasites at the periphery of the
erythrocyte [340]. Babesiosis occurs particularly but
not exclusively in hyposplenic subjects in whom
25% or more of cells may be parasitized. In those
with a functioning spleen the level of parasitaemia
is usually low but in HIV-positive and immunosup-
pressed patients more severe infection occurs [339].
The method of detection is by thick and thin film
examination, as for malaria. There is often associ-
ated thrombocytopenia.

Other tests

Malaria can be diagnosed immunologically using
commercially available strips for immunochro-
matographic detection of either a P. falciparum
antigen, histidine-rich protein 2, or parasitic lactate
dehydrogenase (pLDH) [340]. The strips for detec-
tion of pLDH distinguish between P. falciparum and
other malaria parasites but do not distinguish other
malaria parasites from each other. They are sensit-
ive and specific for the detection of P. falciparum and
are sensitive for the detection of P. vivax; however,
only around half of cases of P. ovale or P. malariae
infection are detected [341]. Tests for histidine-rich
protein 2 remain positive for some time after an
acute infection whereas positivity for pLDH corre-
lates with the presence of viable organisms and may
give a clue to a drug-resistant infection. False
positive tests may be observed in patients with
rheumatoid arthritis with both types of kit [342].
Babesiosis can be diagnosed serologically
(although cross-reactivity with malaria can occur)

and by polymerase chain reaction (PCR) [339].

Toxoplasmosis

Rarely Toxoplasma gondii has been identified in the
peripheral blood in patients with toxoplasmosis and
underlying immune deficiency [343,344]. Organisms
may be extracellular or within neutrophils [344].

Infection by haemoflagellates

The morphological features of haemoflagellates that
may be found in the peripheral blood are summar-
ized in Fig. 3.169. Trypanosomes may be detected
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in the peripheral blood as motile, extracellular para-
sites [345]. They have a slender body and move by
means of a flagellum extending from the kinetoplast
at the rear end of the parasite to the front end where
the flagellum is free (Figs 3.170 & 3.171); the flagel-
lum is joined to the body by an undulating mem-
brane. The parasite may be seen moving in a wet
preparation when a drop of anticoagulated blood is
placed on a slide, beneath a coverslip, for micro-
scopic examination. They may also be detected in
fixed preparations such as thick or thin films or
buffy coat films. Scanty parasites are more readily
detected by examining the sediment of 10-20 ml of
haemolysed blood. Trypanosoma brucei rhodesiense
and Trypanosoma brucei gambiense (see Fig. 3.170) are
morphologically identical but their geographical
distributions differ (see Table 3.13). Examination of
the peripheral blood is more likely to be useful in
the case of T. brucei rhodesiense. Concentration tech-
niques may be needed with T. brucei gambiense, or
parasites may be undetectable in the blood, lymph
node puncture being required for diagnosis. Patients
with trypanosomiasis often have a normocytic nor-
mochromic anaemia and thrombocytopenia [346].

Trypanosoma cruzi (see Fig. 3.171), the causative
agent of Chagas’ disease, differs morphologically
from the African parasites. It is rarely detected by
direct examination of the blood, concentration pro-
cedures usually being required. Examining a wet
preparation of buffy coat for motile parasites can be
useful. It can be distinguished on morphological
grounds from the non-pathogenic Trypanosoma
rangeli, which has a similar geographical distribu-
tion (see Fig. 3.169). Lymphocytosis and mild
anaemia may be observed in the acute phase of
Chagas’ disease.

Leishmania donovani, the causative organism of
kala azar, may be detected in monocytes or neu-
trophils in the peripheral blood, in thick or thin
films or in buffy coat preparations (Fig. 3.172).
Examination of a peripheral blood film may avoid
the need for a bone marrow or splenic aspiration but
these procedures are much more sensitive than
peripheral blood examination. Both peripheral
blood and bone marrow culture are more sensitive
than microscopy. Associated features that may be
noted in patients with kala azar are anaemia,
leucopenia, neutropenia, thrombocytopenia and
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Fig. 3.170 Trypanosoma brucei gambiense; the parasites are
serpentine with a small kinetoplast (x 40 objective).

Fig. 3.171 Trypanosoma cruzi; the parasite is curved but
not usually serpentine and has a large kinetoplast (x 40
objective).

increased rouleaux formation. A cryoglobulin may
be present and paraproteins can occur.

Other tests

Rapid immunological methods are available for the
detection of T. brucei gambiense and T. brucei rhode-

Fig. 3.172 Leishmania donovani in: (a) a monocyte; and (b)
a neutrophil in the peripheral blood of a patient with
AIDS.

siense antigens [340]. Immunological techniques
are also applicable to chronic T. cruzi infection. A
variety of sensitive immunological tests are also
available for the diagnosis of leishmaniasis.

Filariasis
In filariasis, adult worms reside in tissues and
release microfilariae into the blood-stream.

(a)

(b)



Wuchereria bancrofti
200-300 x 8-10 um

Head space as
long as it is broad

Graceful sweeping
curves or spirals

Body nuclei coarse
but well separated

Morphology of blood cells

Brugia malayi

220-250 x 6-7 um

Head space twice

as long as it is broad

Closely folded
angular

Sheath stains
red with Giemsa

Body nuclei
crowded

Tapersto a Sheath stains

delicate point P«’f"e pink with

with no nuclei Giemsa

in the tail
Tail tapers irregularly
around two nuclei

@ Size of red cell for comparison which are connected
by a fine thread
Loa loa Mansonella perstans

250-300 x 6-8 pm

Body nuclei
coarse and
crowded

Irregular angular curves
or corkscrew appearance

Sheath does not
stain with Giemsa
Tail often recurved

Delicate
rounded tail
with nuclei
extending to tip

150-200 x 4 um

Unsheathed

Regular curves and loops
Body nuclei medium sized
and tend to overlap
Nuclei extend to tail

which has a rounded
tip

Large nucleus in tail

Mansonella ozzardi
MORE OFTEN DETECTED
IN CAPILLARY BLOOD
150-200 x 4 um

Unsheathed

Body in
regular
curves

No nuclei in tail

Long pointed tip

Fig. 3.173 Morphological features which are useful in distinguishing between the microfilariae of different species of

filaria.
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(a)

' A

Microfilariae are detectable during the acute phase
of the disease, but are not detectable in patients
with chronic tissue damage but without active dis-
ease. As the microfilariae are motile, examination
of a wet preparation is often useful; they can also be
detected in thick and thin films. Repeated blood
examinations may be needed and blood specimens
must be obtained at an appropriate time for the
species being sought: Wuchereria bancrofti and
Brugia malayi release their microfilariae at night,
whereas those of Loa loa are released during the day.
Mansonella ozzardi is non-periodic. It lives in skin
capillaries so may be more readily identified in
capillary blood [347]. Mansonella perstans is usually

Fig. 3.174 Microfilariae of
Wuchereria bancrofti in thick films:

(a) microfilaria showing the negative
impression of the sheath (x 40
objective); (b) tail of a microfilaria
showing that the nuclei do not extend
into the tail.

non-periodic but release may be nocturnal or, less
often, diurnal.

Morphological features that are useful in distin-
guishing the various microfilariae are summarized
in Fig. 3.173 and illustrated in Figs 3.174-3.177. In
general, pathogenic filariae are sheathed and non-
pathogenic are non-sheathed. However, B. malayi
is sometimes seen unsheathed [347]. Brugia timori,
which is confined to Lesser Sunda Island of
Indonesia, is similar to B. malayi but it is longer with
fewer body kinks, a longer space at the head end,
less dense nuclei and less intense staining [347].
Onchocerca volvulus is occasionally seen in the blood,
especially in heavy infections and after therapy [347].



Fig. 3.175 Microfilariae of Brugia
malayi in thick film showing the
widely separated tail nuclei.
Courtesy of Dr'S. Abdalla, London.

Fig. 3.176 Microfilariae of Loa loa:
(a) a thick film showing the head and

tail of microfilariae; nuclei extend to i

the tail (x 40 objective); (b) the tail of

amicrofilaria in a thin film showing

the negative impression of the sheath;

the nuclei extend to the tail. (b)
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Microfilariae moving through tissues are respons-
ible for the syndrome known as tropical eosinophilia
in which respiratory symptoms are associated with
eosinophilia, increased rouleaux formation and an
elevated ESR. However, microfilariae are not usu-
ally detectable in the blood of patients with tropical
eosinophilia.

Other tests

Rapid simple immunological tests for the detection
of Wuchereria bancrofti antigens are available [340].
Tests for Loa loa are under development.

Further learning resources for blood
film morphology

Lewis SM, Bain BJ and Swirsky DM. Bench Aids in the
Morphological Diagnosis of Anaemia. World Health
Organization, Geneva, 2001. ISBN 92-4-154532-1

Bain BJ (2005) Diagnosis from the blood smear. N Engl |
Med, 353,498-507.

Bain BJ, Interactive Haematology Imagebank (CD-ROM).
Blackwell Science, Oxford, 1999.

For images of malaria and other parasites see
www.med.cmu.ac.th/dept/parasite/default.htm

(Chiang Mai University, Thailand) and then click on
‘Image’ or ‘parasite web link” (both useful) or www.
biosci.ohio-state.edu/~parasite/malaria_images.html

Fig. 3.177 Microfilaria of Mansonella
perstans in a thin film. Courtesy of Dr
S. Abdalla.

(Ohio State University) or www.dpd.cdc.gov/dpdx/
HTML/Image_Library.htm (Centers of Disease Con-
trol and Prevention, USA) or www.rph.wa.gov.au (Royal
Perth Hospital, West Australia, click on malaria infor-
mation for learn and test yourself site).

Tropical Health Technology, Doddington, Cambridge-
shire www.tht.ndirect.co.uk (low cost books and bench
aids for developing countries):

Learning Bench Aid No 1. Malaria

Learning Bench Aid No 2. African and S. American
Trypanosomiasis—Leishmaniasis

Learning Bench Aid No 3. Microscopical Diagnosis
of Lymphatic Filariasis, Loiasis, Onchocerciasis
Learning Bench Aid No 7. Blood: Normal cells—
Anaemias—Infections—Leukaemias

Test your knowledge

Multiple choice questions (MCQs)

(1-5 answers may be correct)

MCQ 3.1 Elliptocytosis is normalin
(a) Camels

(b) Elephants

(c) Lizards

(d) Llamas

(e) Penguins



MCQ 3.2 Acanthocytes can result from

(a) Prolonged storage of EDTA-anticoagulated blood
(b) Abetalipoproteinaemia

(c) The McLeod phenotype

(d) Rhnull disease

(e) Liver failure

MCQ 3.3 Neutrophil hypersegmentation can result
from

(a) Iron deficiency

(b) Vitamin B,, deficiency

(c) Folic acid deficiency

(d) Renal failure

(e) Liver failure

MCQ 3.4 Persistent or transient hyposplenism can
result from

(a) Coeliac disease

(b) Severe autoimmune haemolytic anaemia

(c) Autoimmune thrombocytopenic purpura

(d) Splenicinfarction

(e) Congenital absence of the spleen

MCQ 3.5 Features of hyposplenism include
(a) Thrombocytopenia

(b) Acanthocytes

(c) Howell-Jolly bodies in red cells

(d) Dohle bodies in neutrophils

(e) Targetcells

Extended matching questions (EMQs)

Select the single most appropriate response from the
options listed for each of the stems. Each option may
be used once, more than once or not at all.

EMQ 3.1

Theme: leucocyte morphology
Options

HIV infection

Bacterial infection
Pelger-Huét anomaly
Anticancer chemotherapy
Burns

Acute myeloid leukaemia
Chédiak-Higashi syndrome
Viral infection

TIOHHOON S >

Hyperthermia
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Select the option that best explains the leucocyte
abnormality

Abnormality Matching option

1 Toxic granulation

2 Neutrophil vacuolation

3 Detached nuclear fragments in neutrophils
4 Auerrods

5 Radial segmentation of neutrophil nuclei

EMQ 3.2

Theme: red cell morphology
Options

A Haemoglobin H disease

B B thalassaemia major

C Hydroxycarbamide therapy
D Sideroblastic anaemia

E Hereditary poikilocytosis
F P thalassaemia trait

G Anaemia of chronic disease
H High affinity haemoglobin
I Lead poisoning

] Low affinity haemoglobin

Select the diagnosis providing a probable explana-
tion of the red cell abnormality

Abnormality Matching option

1 Basophilic stippling
2 Pappenheimer bodies
3 Dimorphic red cells
4 Macrocytosis

5 Polycythaemia

EMQ3.3

Theme: red cell morphology

Options

Alcoholic liver disease

Autoimmune haemolytic anaemia
Microangiopathic haemolytic anaemia
Oxidant-induced haemolysis

Low affinity haemoglobin

Anaemia of chronic disease

Renal failure

TOTmgnNF >

Obstructive jaundice
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Select the option providing the best explanation of
the morphological abnormality

Morphological abnormality Matching option

1 Spherocytes

2 Stomatocytes

3 Irregularly contracted cells
4 Target cells

5 Schistocytes

EMQ 3.4

Theme: inherited anomalies

Options

Large platelets

Thrombocytopenia

Macropolycytes

Giant abnormally staining neutrophil granules
Neutrophil hyposegmentation

Hypogranular platelets

Very long filaments separating nuclear lobes of
neutrophils

H Abnormally small platelets

QOTMmHmgnNw >

From the options, select the abnormality likely to be
seen in the following conditions

Anomaly Matching option

1 May-Hegglin anomaly

2 Chédiak-Higashi anomaly
3 Bernard-Soulier syndrome
4 Pelger-Huét anomaly

5 Myelokathexis

EMQ 3.5

Theme: red and white cell morphology
Options

A Oxidant-induced haemolytic anaemia
B P thalassaemia trait

C Pyruvate kinase deficiency

D Pyrimidine 5"-nucleotidase deficiency
E Congenital sideroblastic anaemia

F Viralinfection

G Bacterial infection

H Hyposplenism

I Acquired sideroblastic anaemia

Select the option providing the most likely explana-
tion of the morphological abnormality

Morphological abnormality Matching option

1 Basophilic stippling

2 Pappenheimer bodies plus macrocytosis
3 Heinz bodies

4 Howell-Jolly bodies

5 Dohle bodies

EMQ 3.6

Theme: white cell abnormalities
Options

Neutrophilia

Neutropenia
Leucoerythroblastic anaemia
Non-lobulated neutrophils
Right shift

Blast cells

Atypical lymphocytes
Plasmacytoid lymphocytes

TOTmHgN R >

For each clinical situation select the most likely
haematological abnormality

Clinical situation Matching option

Pregnancy

Bacterial infection

Infectious mononucleosis

Folic acid deficiency
Administration of corticosteroids

Tl LW N -
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4 Detecting erroneous blood counts

The sources of errors in blood counts

Errors in blood counts may be pre-analytical,
analytical or post-analytical. Pre-analytical errors
are those that precede the analysis of the sample and
include errors in producing a request form, errors
during venesection and errors in transport and
storage of the specimen (Table 4.1). Analytical
errors are those that occur during the analysis of
the sample (Table 4.2). Post-analytical errors are
those that occur after analysis is completed and
involve mishandling of data (Table 4.3). Sometimes
an error at one stage of the process gives rise to

an error at another. Thus, incomplete or erroneous
patient identification details or clinical information
may lead to a result being issued with a wrong
reference range or to interpretative comments being
misleading.

The detection of errors in automated
blood counts

Since automated blood counts may be inaccurate, it
is the responsibility of the laboratory staff perform-
ing a count or authorizing a report to detect inaccur-
acies whenever possible.

Table 4.1 Some pre-analytical sources of errors in blood counts.

Type of error Examples

Clerical errors

Patient’s name, age or gender missing from request form

Ethnic origin not supplied when it is essential for interpretation of a test result
Information about pregnancy not given
Location of patient or relevant clinician details missing

Blood from wrong patient; blood specimen and request form relate to different patients

Specimen diluted (e.g. taken from above intravenous infusion or excess liquid EDTA

Specimen haemoconcentrated due to prolonged application of tourniquet

Unannounced blood Previous blood transfusion, unknown to laboratory staff
transfusion
Fault during patient
identification or Maternal and neonatal samples confused
phlebotomy
relative to volume of blood)
Specimen taken into wrong anticoagulant
Specimen taken into too high a concentration of EDTA
Specimen partly clotted
Specimen haemolysed
Specimen too small leading to ‘short sample’
Fault during fetal Contamination with amniotic fluid [1]
blood sampling

Fault during specimen

transport or storage Aged blood

Specimen inadvertently heated [2] or frozen

Specimen contaminated with subcutaneous fat [3]

EDTA, ethylenediaminetetra-acetic acid.
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Table 4.2 Some analytical sources of errors in blood counts.

Type of error Examples

Aspiration probe blocked, e.g. by clot from previous sample

Carryover from preceding very abnormal specimen (minor with modern instruments)

Faulty sampling Failure to prime instrument

Inadequate mixing

‘Short sample’ or clotted sample not detected
Faulty calibration

Faulty maintenance, other
instrument malfunction,
reagent failure

Inaccuracy inherent in
specific methodologies

Inaccuracy due to
unusual characteristics

of specimen around neutrophils

Use of control material as calibrant or error in assigning values to calibrant

Underestimation of MCV by impedance counters in the presence of hypochromia
Failure of identification of cells caused by peroxidase deficiency

Error in Hb or red cell indices caused by presence of cold agglutinins,
cryoglobulinaemia, hyperlipidaemia or (rarely) rosetting of red cells

Error in platelet count caused by platelet aggregation or satellitism
Factitious ‘neutropenia’ or other cytopenia caused by peroxidase deficiency

Hb, haemoglobin concentration; MCV, mean cell volume.

Table 4.3 Some post-analytical sources of errors in blood
counts.

Type of error

Transcription error in laboratory

Transcription error in ward or outpatient department
when results are telephoned

Results not issued in a timely manner

Results never reach intended destination

Results filed in wrong patient’s notes and so applied to
wrong patient

Results issued with incorrect reference range or no
reference range

Results issued with inappropriate interpretation

The validation of an automated count requires: (i)
knowledge that an instrument is capable of measur-
ing all variables accurately, that it has been correctly
calibrated and that quality control procedures indi-
cate normal functioning; and (ii) assessment of each
individual count as to whether it is likely to be cor-
rect or that, alternatively, it requires further review.
If the first set of conditions has been met then it may
be possible to validate counts by means of a com-
puter program, either built into the automated
counter or developed to fit the specifications of an
individual laboratory. Counts can be computer-
validated if: (i) all measurements fall within pre-
determined limits (which may be somewhat wider

than the reference limits for that measurement) and
there are no ‘flags’; or (ii) measurements fall outside
predetermined limits but nevertheless have not
changed significantly in comparison with previous
measurements on that individual. When results do
not meet either set of criteria they should be individu-
ally assessed in relation to the clinical details and, if
necessary, further steps should be taken to valid-
ate the results. These further steps may include:
(i) examination of the histograms produced by an
automated instrument to establish the likely reason
for anomalous results or ‘flags’; (ii) examination of
the blood specimen, e.g. to check the date and time
when venesection was performed, to confirm that
the specimen was of adequate volume and to detect
clots, fibrin strands, hyperlipidaemia or haemolysis;
(iii) examination of a blood film; or (iv) various com-
binations of these procedures. Which procedures
are necessary depends on the nature of the abnor-
mality shown on the automated count and the safe-
guards that are already built into the instrumentation,
e.g. to confirm the identity of the patient and detect
specimens of inadequate volume or containing clots.
Opinions differ as to whether blood films should
always be examined in conjunction with the initial
blood count from a patient or whether an auto-
mated count with no ‘flags’ can be accepted as valid
evidence that there is no significant haematological



abnormality. The latter policy will miss some abnor-
malities of clinical significance but not many. Regret-
tably, the time when it was possible to examine
a blood film in conjunction with all blood counts
appears to have passed, under the pressure of
economic factors. Validation of a count before it is
released also includes ensuring that results have
been produced for all tests required, i.e. that no
result has been “voted out’ because of poor replicate
counts or because it is beyond the linearity limits of
the instrument.

Blood count results should be assessed as to
probability in the light of the clinical details. For
example, cytopenia could be accepted without fur-
ther review in a patient known to have had recent
chemotherapy. Similarly, an increased white blood
cell count (WBC) with a ‘left shift’ flag could be
accepted in a postpartum or postoperative patient.
Counts that have ‘flags’ indicating the presence
of blast cells, atypical lymphocytes or nucleated
red blood cells (NRBC) require microscopic review.
Whether flags for ‘left shift’ or ‘immature granulo-
cytes” always require review is a matter of individual
laboratory policy. Blood count results that are un-
expected or that fall a long way outside reference
limits generally require further attention. An abnor-
mal mean cell haemoglobin concentration (MCHC)
is a useful indicator of factitious results since it is
derived from all measured red cell variables, i.e.
haemoglobin concentration (Hb), red blood cell count
(RBC) and mean cell volume (MCV) or haematocrit
(Hct). It is thus sensitive to erroneous measurements
in any of these variables caused, for example, by
hyperlipidaemia, intravascular haemolysis, non-lysis
of red cells in the Hb channel and red cell agglutina-
tion. A markedly elevated MCV is also often facti-
tious. Some types of factitious result occur with all
instruments while others are specific to a methodo-
logy. Laboratory workers should be familiar with
the factitious results that are likely with the particu-
lar instrument they are operating. The rest of this
chapter will deal with factitious results other than
those consequent on technical errors or instrument
and reagent malfunction.

When contamination with amniotic fluid leads to
an inaccurate fetal blood count two mechanisms are
operating. One is simple dilution, which affects all
variables. The other is activation of coagulation in
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the sample, which has a disproportionate effect on
the platelet count. A related blood film may show
platelet aggregates and amniotic fluid cells [1].

It should be noted that factitious results are more
likely to have been reported for instruments that
have been in use for a long time or have been stud-
ied in detail. The lack of reported factitious results
for other instruments does not indicate that they do
not occur.

Errors in automated WBC

Errors that may occur in automated WBCs are sum-
marized in Tables 4.4 and 4.5 and instrument print-
outs from a sample producing an erroneous count
because of contamination with subcutaneous fat are
shown in Fig. 4.1 [3]. The only common causes of
erroneous counts are factitiously high counts caused
by NRBC, platelet aggregates or non-lysis of red
cells. Factitiously low counts are uncommon, unless
the blood has taken many days to reach the labor-
atory. When a low WBC is the result of neutrophil
aggregation it may be ethylenediaminetetra-acetic
acid (EDTA)-dependent, temperature-dependent or
dependent on both [8]. The former may be reversed
by addition of kanamycin in a final concentration of
30 mg/ml [8].

Erroneous WBCs are usually detected because
of instrument ‘flags” and improbable results for the
WBC or other measurements, or by abnormalities
detectable on instrument scatter plots or histograms.
For example, an erroneous WBC consequent on a
cold agglutinin would usually be accompanied by
an improbably high MCV and MCHC. Neutrophil
aggregation may be indicated by an abnormal cloud
at the top of the neutrophil area of the Coulter STKS
or Bayer H.1 series instruments.

For many instruments, if significant numbers of
NRBC are present and an accurate WBC is needed, it
is necessary to correct the total nucleated cell count
for the number of NRBC by counting their percent-
age on a blood film. However, it is also possible to
accept the total nucleated cell count as a definitive
measurement and calculate the absolute count of
NRBC and each leucocyte type from the manual
differential count. Non-lysis of red cells is mainly
a problem when the WBC is measured by light-
scattering technology. Impedance counters usually



Cause Instruments on which fault can occur high WBC.
Presence of NRBC All instruments
Numerous giant platelets All instruments

Non-lysis of red cells
Uraemia
Fetal and neonatal specimens

Abnormal haemoglobins (e.g.
AS, SS, AC, AE, AD, AO-Arab)

Liver disease

Cold agglutinins
Myelodysplastic syndromes
Megaloblastic anaemia
Post-splenectomy

Platelet aggregates

Platelet phagocytosis by
neutrophils

Cryoglobulinaemia and
cryofibrinogenaemia

Paraproteinaemia

Fibrin strands
Hyperlipidaemia
Contamination of specimen
with subcutaneous fat

Malarial parasites

Unstable haemoglobin

Bayer H.1 series*

Bayer H.1 series*, Cell-Dyn instruments
(optical channels), some

Sysmex instruments, Coulter STKS

Bayer H.1 series*, some Sysmex
Instruments

Coulter and some Sysmex instruments
Coulter instruments

Coulter STKS

Coulter

Coulter

Coulter, Bayer and ABX instruments

Abbott Cell-Dyn 3500 (impedance count
accurate, optical count inaccurate) [4]

Coulter, Sysmex instruments and Bayer
instruments [5]

Coulter and Sysmex instruments
Coulter instruments
Coulter instruments

Bayer H.1 series [3]

Coulter and Sysmex instruments

Coulter instruments

NRBC, nucleated red blood cell; WBC, white blood cell count.
* Basophil channel gives accurate WBC but differential counts are erroneous.

Table 4.5 Some causes of a falsely low WBC.

Table 4.4 Some causes of a falsely

Cause

Instruments on which abnormality can occur

Cell lysis caused when blood is more than 3 days old

Storage at room temperature for 24 hours or more

Storage at 4°C for more than 24 hours

Leucocyte or leucocyte and platelet aggregation due to an
antibody or to alteration of the cell membrane or to the
presence of neoplastic cells with abnormal characteristics
(e.g. antibody-mediated aggregation of neutrophils,
mucin-induced aggregation in adenocarcinoma,
aggregation of lymphoma cells or neoplastic plasma cells);
leucocyte rosetting around other cells [7]

Potent cold agglutinin

Coulter instruments, Cobas Argos 5 Diff and probably
other instruments

Cell-Dyn 3500—fall in optical WBC, impedance
WBC stable [6]

ABX instruments

Coulter instruments, Sysmex instruments,
Bayer H.1 series instruments

Coulter instruments

WBC, white blood cell count.
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Fig. 4.1 Instrument printout from: (a) Bayer H.2 and (b) Beckman-Coulter Gen S counters from a specimen accidentally
contaminated with subcutaneous fat [3]. The signals generated by the fat are arrowed. The H.2 count was inaccurate

whereas the Gen S count was accurate.

produce an accurate result. The observation of facti-
tious elevation of the WBC caused by non-lysis of
red cells can be clinically useful since it may be
indicative of a previously undiagnosed haemoglo-
binopathy. This has been noted with H.1 series

instruments and on the differential count channel of
Sysmex instruments.

Factitious counts caused by aggregation of platelets
can usually be prevented by taking the blood speci-
men into citrate rather than into EDTA. Erroneous
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counts caused by cryoproteins and cold agglutinins
can be rectified by keeping the specimen warm.
Aggregation of leucocytes is often time-dependent
[9] and is sometimes caused by a cold antibody, so
that keeping the specimen warm and performing
the blood count rapidly after phlebotomy can pro-
duce an accurate count. When erroneous counts are
due to causes other than white cell clumping,
haemocytometer counts will be accurate.

Errors in haemoglobin concentration
and red cell indices

Haemoglobin concentration

Errors that can occur in automated measurements of
the Hb and red cell indices are shown in Tables 4.6—
4.8. Such erroneous results are usually suspected from
a markedly elevated MCV, a markedly abnormal
MCHC or a discrepancy between MCHC and cellular
haemoglobin concentration mean (CHCM).
Erroneous estimations of Hb (see Table 4.6) most
often result from turbidity caused by a high WBC or
lipid in the plasma, either endogenous lipid [15] or
that consequent on parenteral nutrition [16]. The
degree of elevation of the WBC that causes an erro-
neous Hb varies greatly between instruments since
itis dependent on the strength of the lytic agent that
is employed in the WBC/Hb channel. The problem

Table 4.6 Some causes of a falsely high Hb estimate.

can be circumvented if separate channels are used
for the WBC and the Hb, as in recent Sysmex instru-
ments, since a more powerful lytic agent can then be
used. The instrument operator should be aware of
the degree of leucocytosis that is likely to make the
Hb erroneous on a specific instrument and results
should then be checked by manual techniques. The
haemolysate is centrifuged before absorbance is
read so that turbidity caused by the presence of cel-
lular debris does not affect the reading. Erroneous
results from hyperlipidaemia may be suspected
when red cell indices are improbable or red cells on
stained blood films have fuzzy outlines. This error
can be confirmed by examining the plasma, after
either centrifugation or red cell sedimentation, and
noting the milky appearance. The problem can be
dealt with by performing a microhaematocrit and a
‘blank” measurement using the patient’s plasma. A
correction is then as follows:

True Hb = measured Hb — ["Hb’ of lipaemic plasma
x (1-Hct)]

Alternatively, the plasma can be carefully removed
and replaced by an equal volume of isotonic fluid
before repeating the automated count. Similarly, the
use of a plasma blank permits the correction of
errors caused by the presence of a paraprotein or
polyclonal hypergammaglobulinaemia (Table 4.9).
With the Bayer H.1 series and Advia 120 instruments,

Cause

Instruments on which fault can occur

Detection

High WBC

Hyperlipidaemia, endogenous
or due to parenteral nutrition

Paraprotein or
hypergammaglobulinaemia

Cryoglobulinaemia Coulter instruments

High concentration of
carboxyhaemoglobin [7]
Turbidity resulting from
non-lysis of red cells [7]

All, but to a variable extent

Coulter and Bayer instruments,
Cell-Dyn instruments but error
eliminated by modified reagent [10]

Coulter instruments, Sysmex NE-8000

Check whenever WBC is very high

Improbable results for MCH and
MCHC or flagging of MCHC/CHCM
discrepancy; fuzzy red cell outlines
onblood films

MCH and MCHC slightly elevated [11]

MCH and MCHC slightly elevated

CHCM, cellular haemoglobin concentration mean; MCH, mean cell haemoglobin; MCHC, mean cell haemoglobin concentration; WBC,

white blood cell count.
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Table 4.7 Some causes of inaccurate estimates of RBC, MCV and Hct estimations.

Fault Cause Instruments on which fault can occur
Falsely high RBC WBC very high Coulter and Bayer instruments
Numerous large platelets Coulter instruments
Hyperlipidaemia (not consistently) Coulter instruments, Bayer instruments
Cryoglobulinaemia (if concentration very high) [10]
Cryofibrinogenaemia Coulter instruments
Falsely low RBC Cold agglutinins Coulter and Bayer instruments
EDTA-dependent panagglutination Coulter instruments
In vitrored cell lysis due to mishandling Allinstruments
of specimen or very abnormal red cells
Extreme microcytosis or fragmentation causing Coulter (and probably other) instruments
red cells to fall below the lower threshold
Falsely high MCV Storage of blood at room temperature Most instruments, to a varying extent but
particularly Bayer instruments (see text)
Cold agglutinins and EDTA-dependent red cell Coulter and Bayer instruments
agglutination
WBC very high Coulter instruments
Hyperosmolar states Coulter instruments
Excess K,EDTA Bayer H.1 series
Falsely low MCV Hypochromic red cells Some impedance instruments
(Coulter STKR and earlier Coulter
instruments, K-1000 to a lesser extent but
not Sysmex NE-8000) [12]
Increase in ambient temperature Coulter instruments
Hypo-osmolar states Coulter instruments
Repeated mixing of sample leading to Sysmex instruments [13] and
increased oxygenation probably also other impedance counters
Falsely high Hect Factitious elevation of MCV (except when due See above
to a cold agglutinin)
Factitious reduction of RBC See above
Falsely low Hct Factitious reduction of MCV See above
Factitious reduction of RBC by See above
extreme microcytosis or in vitro red cell lysis
Cold agglutinin Coulter instruments

Repeated mixing of sample leading to

increased oxygenation

Sysmex instruments [13] and probably
also other impedance counters

EDTA, ethylenediametetra-acetic acid; Hct, haematocrit; MCV, mean cell volume; RBC, red blood cell count; WBC, white blood cell count.

a correct Hb can be calculated from the CHCM and a
microhaematocrit when there is lipid or other inter-
fering substances in the plasma. The errors introduced
into the Hb estimation by marked hyperbilirubin-
aemia and the presence of high levels of carboxy-
haemoglobin are not of such magnitude as to be of
practical importance and can therefore be ignored.
A falsely low Hb is a much less frequent observa-
tion that a falsely high estimate, but has been reported
with a Bayer H.2 instrument in three patients with a
very high WBC (243, 348 and 850 x 10°/1) [17]. There

was an associated factitious reduction of the MCHC
leading to a discrepancy between the MCHC (cal-
culated from the Hb) and the CHCM (measured
directly). An unstable colour reaction was postu-
lated as the cause of this observation.

RBC, MCV and Hct

Errors in the RBC, MCV and Hct are summarized in
Table 4.7. Impedance and earlier light-scattering
instruments have an intrinsic error that leads to the
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Table 4.8 Some causes of inaccurate MCH and MCHC estimations.

Fault Cause Instruments on which
fault can occur
MCH falsely high Factitious elevation of Hb See Table 4.6
Factitious reduction of RBC See Table 4.7
Intravascular haemolysis with free haemoglobin in plasma All instruments
(e.g. in Clostridium perfringens sepsis)
Administration of haemoglobin-based oxygen carriers [14] Allinstruments
MCHC falsely high Factitious elevation of Hb See Table 4.6
or true fall of Intravascular haemolysis with free haemoglobin in plasma or in vitro All instruments
MCHC masked lysis of red cells
Factitious reduction in Hct or the product of the MCV and RBC See Table 4.7
Hypo-osmolar states Coulter instruments
Administration of haemoglobin-based oxygen carriers [14] All instruments
MCHC falsely low Factitious elevation of MCV (except when caused by cold agglutinins) See Table 4.7
Factitious elevation of RBC by numerous giant platelets All instruments
Hyperosmolar states Coulter instruments
Falsely low Hb caused by extreme leucocytosis Bayer H.2 [5]

Hb, haemoglobin concentration; Hct, haematocrit; MCH, mean cell haemoglobin; MCHC, mean cell haemoglobin concentration; MCV,

mean cell volume; RBC, red blood cell count.

MCV of hypochromic cells being underestimated
and their MCHC being overestimated. This can also
lead to two apparent populations on a red cell size
histogram with blood samples that, on Bayer H.1
series and Advia 120 instruments, show a single
population of cells on a histogram of red cell size
but two populations on a histogram of red cell
haemoglobinization.

Storage of blood at room temperature may cause
errors in the MCV and Hct. Coulter instruments
usually give stable measurements unless blood has
been stored for several days buta 6 fl rise by 24 hours
hasbeen observed with another impedance counter,
the Sysmex NE-8000 [18]. With the Abbott Cell-Dyn
2500 a rise of 2-3 fl by 24 hours was observed [6].

The MCV on the Cobas Argos Diff 5 rises by about
2 fl by 24 hours [19]. Marked changes are seen with
Bayer H.1 series instruments (and it is likely that they
also occur with the Advia 120); a rise in the MCV
starts after about 8 hours and by 24 hours the aver-
age rise varies between 4-5 and 7-8 fl, depending
on the ambient temperature. A low MCHC, without
any corresponding hypochromia being detectable
on a blood film, can indicate that an elevation in the
MCYV is caused by red cell swelling as a consequence
of storage. A factitious rise in the Hct occurs in par-
allel with the rise in the MCV.

When blood samples are processed without delay,
errors in the RBC, MCV and Hct (excluding those
which are intrinsic to the methodology) are most

Table 4.9 Erroneous estimates of
haemoglobin on Coulter Gen S
counter caused by a paraprotein.

FBCon 'FBC’ of FBC on washed and
whole blood EDTA-plasma resuspended red cells
RBC (x 10712/1) 2.68 0.02 2.62
Hb (g/dl) 10.1 17 8.2
MCV (fl) 94.3 88.2 95.5
MCH (pg) 37.6 -+ 31.4
MCHC (g/dl) 39.9 ot 32.9

EDTA, ethylenediaminetetra-acetic acid; FBC, full blood count; Hb, haemoglobin
concentration; MCH, mean cell haemoglobin; MCHC, mean cell haemoglobin
concentration; MCV, mean cell volume; RBC, red blood cell count.



often caused by cold agglutinins. Impedance coun-
ters are prone to more major errors for this reason
than are current Bayer light-scattering instruments.
The factitious elevation of MCV is consequent on the
doublets and triplets that pass through the aperture
being counted and sized as if they were single cells.
The RBC is factitiously low both for this reason and
because, with some counters, larger agglutinates are
above the upper threshold for red cells and are
excluded from the count. The size of doublets and
triplets is also underestimated. For these reasons
although MCV (Hct x 1000/RBC) is overestimated,
Hct is underestimated. The underestimation of Hct
means that there is a factitious elevation of mean cell
haemoglobin (MCH) and MCHC. Erroneous counts
can generally be eliminated by warming the sample
before processing. When the cold agglutinin is very
potent it may be necessary to both warm the blood
specimen and predilute the sample for analysis in
warmed diluent.

Other causes of factitious errors in the RBC, MCV
and Hct are uncommon. Various changes in plasma
osmolality lead to artefacts in MCV measurement
by impedance counters. If a cell is in a hyperosmolar
environment in vivo due, e.g. to severe hyperna-
traemia or severe hyperglycaemia, then the cyto-
plasm of the cell will also be hyperosmolar. When
the blood is diluted within the automated counter in
a medium of much lower osmolality then the more
rapid movement of water than of electrolytes, glu-
cose or urea across the cell membrane will lead to
acute swelling of the cell which is reflected in the
measured MCV. Since the Hct is calculated from the
MCYV it will also be increased whereas the MCHC is
correspondingly reduced. This phenomenon may
occur in hypernatraemic dehydration [20], severe
uraemia [20] and in hyperglycaemia, e.g. due to
uncontrolled diabetes mellitus [21]. Not only may
factitious macrocytosis be produced but true micro-
cytosis may be masked. The converse error of a
falsely low MCV and Hct with elevation of the
MCHC may be seen in patients with hyponatraemia
[20] such as may be seen in chronic alcoholics and
patients with inappropriate secretion of antidiuretic
hormone. The factitious reduction of MCV in hypo-
osmolar states can lead to masking of a true macro-
cytosis as well as factitious microcytosis. This error
can be eliminated in instruments with a predilute
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mode by diluting the sample and allowing time for
equilibration of solutes across the red cell mem-
brane. A control sample should be prediluted and
tested in parallel since, although the osmolality of
the recommended diluent differs between instru-
ments, it is often somewhat hypertonic so that the
MCYV of cells from normal subjects may also alter on
predilution.

With the Bayer H.1 series of instruments, factitious
macrocytosis can result from cell swelling that is in-
duced by taking a small volume of blood into excess
K,EDTA. A hypochromia ‘flag’ also occurs [22].

If microcytosis is severe, some red cells may fall
below the lower threshold of the instrument and, as
these cells are excluded from the measurements, the
MCYV is overestimated. In the case of impedance
counters this is usually more than counteracted by
the fact that the cells are likely to be hypochromic
and the inherent error of the methodology leads to
the size of those cells that fall above the threshold
being underestimated (see p. 35). If there are nor-
mochromic red cell fragments falling below the lower
threshold the MCV will be overestimated without
any counterbalancing effect being expected. Neither
of these artefacts is of practical importance.

Inaccuracies in the Hct are those expected from
inaccuracies in the RBC and MCV.

MCH, MCHC and RDW

Errors that may occur in the MCH and MCHC are
summarized in Table 4.8. Errors in these variables
are consequent on errors in the primary measure-
ments from which they are derived. Mechanisms
have been explained above. The inherent error of
impedance counting leads to the MCHC being a very
stable variable which fails to reflect true changes
occurring in red cells. This is paradoxically useful
since abnormalities of the MCHC are commonly
factitious and therefore serve to alert the laboratory
worker to the possibility of an erroneous result. In
the case of current Bayer instruments, true abnor-
mality of the MCHC is more common but so is a fac-
titious reduction consequent on swelling of cells as
blood ages. A discrepancy between MCHC and
CHCM serves as a flag since the latter variable is
measured directly and thus is not affected by errors
in Hb estimation.
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With the Coulter instruments, and probably with
others, the RDW rises with room temperature stor-
age. In the case of the Coulter Gen S the rise starts
from day 2 [23].

Errors in platelet counts

The causes of erroneous platelet counts are summa-
rized in Table 4.10. Many instruments are inaccurate
in the measurement of low platelet counts. A small
inaccuracy can be clinically significant when a
platelet count of 10 x 10°/1 is used as a trigger for

platelet transfusion, e.g. in patients with acute
leukaemia. In one study, one immunological method
(Cell-Dyn) and one optical method (XE-2100) were
accurate whereas another impedance method (LH750)
and four optical methods (H.3, Advia, Cell-Dyn and
XE-2100) overestimated by 2-5x10°/1 [31]. The
Pentra 120 impedance method underestimated by
about 4 x 10°/1. In addition to these errors, intrinsic to
the technology, major errors in the platelet count
can result from characteristics of the blood sample.
Factitiously low platelet counts are quite common
as a result either of partial clotting of the specimen

Table 4.10 Some causes of inaccurate automated platelet counts.

Cause

Instrument on which observed

Falsely low platelet counts

Partial clotting of specimen

Activation of platelets during venepuncture
with consequent aggregation

EDTA-induced platelet aggregation

Platelet satellitism

Storage of blood at 4°C for more than 24 hours

EDTA-induced platelet phagocytosis by
neutrophils and monocytes

Giant platelets falling above upper threshold
for platelet count

Falsely high platelet counts
Microcytic red cells or red cell fragments falling
below upper threshold for the platelet count
White cell fragments counted as platelets (fragments
of leukaemic blast cells, hairy cells or lymphoma cells)
Haemoglobin H disease
Cryoglobulin®

Hypertriglyceridaemia or hyperlipidaemia

Bacteria in blood sample, either in patients with
bacteraemia [26,27] or due to delay in processing in a
hot climate [28]

Fungi in blood sample, often from fungal growth on
indwelling intravenous line

Inadvertent heating of blood sample

Parasitized red cells in malaria

All instruments
All instruments

All instruments

All instruments

ABX instruments

Observed with Cell-Dyn 3500 but
would be expected to occur with
all instruments [4]

All instruments

All instruments
All instruments

Coulter instruments

Coulter instruments, Bayer H.1 series,
Cell-Dyn 4000 (impedance count
inaccurate; optical count accurate) [24]
Sysmex NE-8000, Bayer H.1 series
[10,25], impedance counters

Ortho ELT8 [26], Cell-Dyn 4000 [27]

Bayer H.1 series [29]
Bayer H.1 series [2]

Cell-Dyn 4000, optical and impedance
channels [30]

EDTA, ethylenediaminetetra-acetic acid.

* Platelet count and histograms of platelet size become normal on warming the blood.



or of platelet aggregation or satellitism (see p. 128).
Platelet aggregation may be due to activation of
platelets during a difficult venepuncture or may
be mediated by an antibody, which is either an
immunoglobulin G (IgG) or IgM EDTA-dependent
antibody or an EDTA-independent antibody. IgG-
dependent platelet antibodies are directed at a
crypto-antigen on platelet glycoprotein IIb [32].
EDTA-dependent platelet aggregation can be a
transient phenomenon, e.g. occurring during infec-
tious mononucleosis [33]. Platelet aggregation often
leads to instrument ‘flags’, abnormal histograms
of platelet distribution and abnormal white cell scat-
ter plots. Platelet satellitism is also an antibody-
mediated EDTA-dependent phenomenon. Neither
in vitro aggregation nor platelet satellitism is of any
significance in vivo but the detection of all facti-
tiously low platelet counts is very important in order
to avoid unnecessary investigation and treatment of
the patient. There have been instances in which a
factitiously low platelet count has led to a mistaken
diagnosis of ‘idiopathic’ (i.e. autoimmune) thrombo-
cytopenic purpura (ITP) and consequent cortico-
steroid treatment and even splenectomy. Accurate
platelet counts in subjects with EDTA-dependent
platelet aggregation can be achieved by adding
20 mg of kanamycin either to the EDTA into which
blood is taken or to the EDTA-anticoagulated blood
sample [34] or by adding excess EDTA to cause
disaggregation. Alternatively, blood can be taken
into sodium citrate or a finger-prick sample can
be collected using an alternative anticoagulant,
e.g. Unopette (Becton Dickinson) containing ammo-
nium oxalate.

The accuracy of any unexpectedly low platelet
counts must always be confirmed. The specimen
should be examined with an orange stick to detect
any small clots or fibrin strands and the instrument
histograms and scatter plots should be assessed.
Some instruments are able to detect fibrin strands or
small clots and flag their presence. The presence
of platelet aggregates may also be flagged and an
abnormal cluster or band of particles may be appar-
ent in scattergrams. The presence of an abnormal
cluster along the top of the neutrophil box with the
Bayer H.1 series instruments may indicate the occur-
rence of platelet satellitism. However, not all falsely
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low platelet counts are flagged or associated with
abnormal scattergrams. For example, platelet aggre-
gates may be so large that they are the same size as
white cells and are thus not identified. It is therefore
important to examine a blood film for the presence
of fibrin strands, platelet aggregates, platelet satel-
litism and giant platelets whenever a platelet count
is unexpectedly low. Falsely low counts should be
deleted from reports since clinical staff often do not
realize that a comment such as ‘platelet aggregates’
is likely to mean that the platelet count is wrong.
When platelet aggregation is antibody-mediated,
accurate counts can usually be obtained on speci-
mens taken into citrate or heparin rather than EDTA
(but the effect of dilution must be allowed for).
Some such antibodies are cold antibodies, so per-
forming a count rapidly on a specimen that has been
kept warm can also produce a valid count. Altern-
atively, if the platelet count is clearly normal, the
comment ‘platelet count normal on film” may be
acceptable and obviate the need to obtain a fur-
ther blood specimen. Laboratories should be alert
to platelet aggregation induced by therapy with
monoclonal antibodies, such as abciximab, directed
at platelet antigens since these agents may also
cause true thrombocytopenia [35,36].

It may be impossible to obtain an accurate auto-
mated platelet count in the presence of numerous
giant platelets, in which case a haemocytometer count
is required.

If a low platelet count is supported by the blood
film, but is nevertheless unexpected, a repeat speci-
men should be obtained with careful attention to
venepuncture technique before the count is regarded
as a valid result on which management decisions
should be based.

Falsely elevated platelet counts are much less
common than falsely reduced counts. They are usu-
ally due to the presence of marked microcytosis (e.g.
in haemoglobin H disease) or to the presence of red
cell fragments (e.g. in microangiopathic haemolytic
anaemia or severe burns) so that a significant num-
ber of red cells fall below the upper threshold for
platelets. Factitious elevation of the platelet count
can also be produced by red cell fragmentation pro-
duced in vitro by inadvertent heating of a blood
sample [2]. Even with variable thresholds and fitted
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curves it may not be possible to separate very small
red cells or fragments from platelets. An accurate
platelet count despite the presence of red cell frag-
ments or microcytes can be produced by a Sysmex
R-1000 Reticulocyte Analyzer. The RNA of both
platelets and reticulocytes is stained with the fluor-
escent dye, auramine, and the two populations are
then separated by gating [37]. Microcytic red cells
donot take up the dye since they do not contain RNA.

Occasionally, falsely elevated platelet counts are
caused by other particles of a similar size to platelets.
The counting of fragments of white cell cytoplasm
as platelets has been described in acute myeloid

leukaemias [38,39] (Fig. 4.2), acute lymphoblastic
leukaemia [39], hairy cell leukaemia [40] and lym-
phoma [41]. In patients with acute leukaemia this
phenomenon is actually quite common [39]. The
counting of red and white cell fragments [42] or
extraneous particles such as fungi [29] (Fig. 4.3) as
platelets may have serious implications in acute
leukaemia as a severe thrombocytopenia may be
masked and left untreated.

When platelets are distributed evenly in a blood
film, the platelet count can be validated by counting
the ratio of platelets to red cells and calculating the
platelet count indirectly from the RBC.

Fig. 4.2 Peripheral blood film of a
patient with acute monoblastic
leukaemia (M5 acute myeloid
leukaemia). Despite only a slight
reduction of the ‘platelet’ count the
patient had major bleeding.
Inspection of the film showed that
there were many fragments of
cytoplasm derived from leukaemic
cells that were of similar size to
platelets and accounted for an
erroneous Beckman-Coulter Gen S
platelet count.

Fig. 4.3 Peripheral blood film of
a patient with persistent
pancytopenia after intensive
chemotherapy for acute myeloid
leukaemia. After many weeks of
platelet dependency the “platelet’
count suddenly rose. Inspection of
the film showed that platelets
continued to be very sparse; the
© | particles that were counted as
platelets were fungi, subsequently
identified as Candida glabrata,
originating from the patients
" indwelling central intravenous

- line [29].



With Coulter instruments, and probably with
others, the MPV rises with room temperature storage
of the blood sample. In the case of the Coulter Gen S,
the rise starts from day 2 of storage [23].

Errors in automated differential counts

Automated differential counts should be regarded
as a means of screening blood samples for an abnor-
mality and producing a differential count when there
are only numerical abnormalities. Instruments may
show systematic inaccuracies or may be inaccurate
only with abnormal specimens of various types.

When mean automated counts for different leuco-
cyte categories are compared with mean manual
counts it is not uncommon for automated instru-
ments to show inaccuracies that are statistically
significant but too small to be of practical importance.
Even when a discrepancy is larger it is not necessar-
ily a practical problem as long as differential counts
on patient samples are compared with a carefully
derived reference range for the same instrument.

It is often not possible to obtain an accurate auto-
mated count on blood specimens with abnormal
characteristics, e.g. if there are cells present for
which the instrument does not have recognition
criteria. The philosophy differs between instrument
manufacturers as to whether counts on such
samples are usually rejected (STKS and Sysmex
NE-8000) or whether a count is usually produced
butis ‘flagged” (Bayer H.1 series and Cell-Dyn 3000)
[43]. A possible disadvantage of the latter policy
is that there are some laboratory workers with
an inclination to believe any figure produced by a
laboratory instrument, even if it is flagged. How-
ever, of more concern is the occurrence of inaccurate
counts that are not flagged. All instruments fail to
flag some samples containing NRBC, immature
granulocytes, atypical lymphocytes and even, occa-
sionally, blast cells.

Storage of blood at room temperature, e.g. during
transport from outlying clinics or satellite hospitals,
leads to inaccurate measurements but the time taken
for such inaccuracy to occur differs according to the
instruments and the cell type. Storage effects are
generally greater with impedance counters than
with cytochemical light-scattering instruments. The
effect of storage is a great deal less if the specimen
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can be stored at 4°C when any delay in analysis is
anticipated.

Two-part and three-part differential counts
on impedance-based automated full blood
counters

Inevitably, two-part and three-part differential
counts do not identify an increase of eosinophils or
basophils and two-part differential counts do not
identify monocytosis. The loss of clinically useful
information is not great since most differential counts
are performed to detect abnormalities of neutrophil
or lymphocyte counts. The ‘monocyte” or ‘mono-
nuclear cell” count is also not very accurate since
some eosinophils, basophils and neutrophils are
counted in this category [44]. Automated three-part
differential counts on Coulter counters and other
impedance instruments may be inaccurate within
30 minutes of venesection and become inaccurate
again when the blood has been stored at room tem-
perature for more than 6 hours. There is then a fall in
the neutrophil count and a rise in the ‘mononuclear
cell” count, which is progressive with time.

The majority of (but not all) specimens containing
NRBC, blast cells, immature granulocytes and atyp-
ical lymphocytes are flagged by impedance-based
three-part automated differential counters.

Five- to seven-part differential counts

Differential count of Bayer H.1 series and
Advia 120 instruments

Since the Bayer H.1 series and Advia instruments
base the differential WBC on peroxidase cytochem-
istry in addition to light scattering they can produce
erroneous counts as a result of inherited or acquired
deficiency of peroxidase in neutrophils, eosinophils
or monocytes. Some of the factitious results that
have been observed with these instruments are
shown in Table 4.11 and illustrated in Figs 4.4-4.9.
A systematic underestimation of the monocyte
count, in comparison with that obtained by flow
cytometry with anti-CD14/CD45 monoclonal anti-
bodies was observed in one study [49]. Storage
effects are relatively minor with Bayer H.1 series
and Advia automated differential counts. On average



Table 4.11 Some causes of inaccurate differential white cell counts on Bayer H.1 series and Advia 120 instruments.

Mechanism

Nature of factitious result

Non-lysis of red cells

Neutrophil peroxidase deficiency

Eosinophil peroxidase deficiency

Monocyte peroxidase deficiency

Dysplastic monocytes misidentified as neutrophils
Neutrophil cluster misidentified as eosinophils

Leukaemic blasts with strong peroxidase
activity misidentified as eosinophils
Hypergranular promyelocytes misclassified as eosinophils
Eosinophil cluster not recognized, sometimes but not always
caused by reduced numbers of granules in eosinophils
Large cell residues in basophil channel due to presence of
NRBC, blast cells, lymphoma cells, myeloma cells [45] or
other abnormal cells or caused by coincidence, presence of
heparin or storage of the sample at 4°C [48]
Contamination of specimen with subcutaneous fat

Ageing of sample (more than 24 h)

Elevation of ‘lymphocyte” count and reduction of
neutrophil count (Fig. 4.4)

Reduction of neutrophil count; increase of monocyte
and LUC (large unstained cell) counts (Fig. 4.5)
Reduction of eosinophil count; increase of neutrophil,
monocyte or LUC count (Fig. 4.6)

Reduction of monocyte count and increase of LUC
count (Fig. 4.7)

Reduction of monocyte count and increase of
neutrophil count [45]

Reduction of neutrophil count and elevation of
eosinophil count (Fig. 4.8)

Increase in eosinophil count [46]

Increase in eosinophil count

Reduction of eosinophil count and elevation of
neutrophil count [47]

Elevation of ‘basophil” count (Fig. 4.9)

Elevation of lymphocyte, monocyte and neutrophil
counts [3]
"Left shift’ flag

LUC, large unstained cells; NRBC, nucleated red blood cell.
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Fig. 4.4 Bayer H.2 histograms and scatter plots showing an erroneous differential count caused by failure of lysis of
neonatal red cells. The peroxidase channel WBC of 75.8 x 10°/1 has been rejected in favour of the basophil channel WBC of
5.48 x 10°/1 but the differential count has been derived from the peroxidase channel where many of the non-lysed red cells
have been counted as lymphocytes or large unstained cells (LUC). This has led to a factitious neutropenia. The erroneous
differential count was flagged. The plots also illustrate the increased size of fetal red cells.



Fig. 4.5 Bayer H.2 white cell scatter
plots from a patient with severe
neutrophil peroxidase deficiency
leading to an erroneous neutrophil
count. Virtually all the neutrophils
have been classified as large
unstained (i.e. peroxidase-negative)
cells and the neutrophil count was
zero. The basophil lobularity channel,
however, shows a normal number of
granulocytes.
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Fig. 4.6 Bayer H.2 white cell scatter plots from a patient with partial eosinophil peroxidase deficiency showing an
eosinophil cluster that has not been recognized. About two-thirds of the eosinophils have been classified as neutrophils.

Fig. 4.7 Bayer H.2 white cell scatter
plots from a healthy subject with
monocyte peroxidase deficiency
causing an erroneous monocyte
count. Almost all the monocytes have
been counted as large unstained cells
(LUC). The automated monocyte
count was 0.09 x 10°/1 while the
manual count was 0.5 x 10°/1.
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Fig. 4.8 Bayer H.1 white cell scatter
plots showing neutrophils which
have caused less forward light scatter

than normal and have been
misclassified as eosinophils.

there is no more than 1-2% change in any category
of leucocyte by 72 hours.

Five-part differential counts on Coulter,
Sysmex and other instruments

Some systematic inaccuracies in counts have been
reported. One study of the Coulter STKS five-part
differential [43] found an overestimation of lym-
phocyte numbers and an underestimation of mono-
cyte numbers. In another study, the STKS gave less
accurate granulocyte and lymphocyte counts in
patients infected with the human immunodefi-
ciency virus (HIV) than in other subjects [50]; some
granulocyte counts were falsely low and lympho-
cyte counts were more scattered than with a Coulter
S Plus IV. Three-part differential Cobas instruments
have been observed to overestimate monocyte
counts [51] whereas the Beckman—Coulter LH750
showed good agreement with the count obtained by
flow cytometry with anti-CD14/CD45 monoclonal
antibodies study [49].

Storage effects differ between instruments. The
accuracy of the Coulter STKS differential count

Fig. 4.9 Bayer H.2 white cell scatter
plots from a patient with follicular
lymphoma showing
pseudobasophilia as a consequence
of lymphoma cells being
misclassified as basophils.

shows some deterioration after 6—8 hours of room
temperature storage with a significant fall in the
monocyte and eosinophil counts and a rise in the
lymphocyte count [52] whereas, as noted above,
counts on Bayer instruments are relatively stable.
With the Coulter Gen S, there is a rise in the
neutrophil, lymphocyte and eosinophil counts and
a fall in the monocyte count, the inaccuracies
appearing from day 1 to 2 of room temperature
storage [23]. Some Sysmex instruments, e.g. the
NE-8000, have shown a marked rise in the mono-
cyte count after 8 hours room temperature storage
and a rise in the neutrophil count after 24 hours [53].
The Cobas Argos 5 Diff shows a significant rise
in the lymphocyte count and a fall in the counts of
other types of leucocyte between 6 and 24 hours
[54]. The effects of storage may differ for certai