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1. Introduction

Sexually transmitted infections (STIs) are caused by the transmission of more than 30 vari-
ous bacteria, viruses, and parasites from one individual to another [1, 2]. Transmission can
occur in different ways such as vaginal, anal, and oral sexual contact. Besides, they can also
be transmitted from pregnant women to their fetus during pregnancy, during birth, through
breast-feeding, and by parenteral routes [1, 3].

STIs are still a serious public health problem despite efforts and precautions worldwide.
According to the World Health Organization (WHO), it is estimated that more than 1 mil-
lion new STIs occur everyday globally. In the United States (US), the total number of STIs
is around 110 million per annum and 20 million of these cases are newly acquired [4]. In
England, the rates of most of the STIs had rapidly increased from the late 1990s to 2012 and
approximately 500,000 STI diagnoses are now made annually [5]. In 2012, more than 40,000
new cases of HIV/AIDS and more than 1.5 million cases of syphilis, gonorrhea, and hepatitis
B were reported in China [6]. Approximately 250 million women are affected by gonorrhea,
chlamydia, syphilis, or trichomoniasis per year [7].

1.1. Sexually transmitted bacterial infections

Chlamydia trachomatis infections are the most reported bacterial STT in the US [8]. In the United
Kingdom (UK), although it is the most commonly diagnosed bacterial ST], it is thought that
there are many chlamydial infections that cannot be diagnosed and treated. Therefore, its
frequency is not clearly known, but there were approximately 240,000 diagnosis in 2012 [5]. A
study reported that the overall prevalence of C. trachomatis infection was 11% with the high-
est prevalence observed in women between 16 and 20 years of age in Brazil [9]. Because most
cases are asymptomatic, the detection of the infection depends on the screening [10].
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Gonorrhea caused by Neisseria gonorrhoeae is usually characterized by urethritis in men and
cervicitis in women [11]. N. gonorrhea is the second most common reported bacterial STT in the
US [12]. More than 350,000 cases of gonorrhea were reported in the US in 2014.

Syphilis caused by Treponema pallidum is one of the bacterial STIs that has been known for
centuries [13]. Globally, 12 million new cases are estimated annually. Most of the new cases
are probably in Southern Asia and Sub-Saharan Africa according to WHO [14]. The number
of syphilis cases reported was about 46,000 in the US in 2010 [15].

Chancroid caused by Haemophilus ducreyi is more common in Africa, Asia, and Latin America.
But recently, this infection is less common both in developed and in less-developed countries.
Due to diagnostic challenges, the exact frequency is not clearly known [16]. It is more com-
mon in men than in women and male circumcision is thought to reduce the risk of transmis-
sion of infection [17].

Donovanosis (also known as granuloma inguinale) caused by Klebsiella granulomatis (formerly
known as Calymmatobacterium granulomatis) is less common disease that occurs with genital
ulceration.

Lymphogranuloma venereum (LGV) is caused by C. trachomatis serotype L1, L2, and L3.
Although the disease is endemic in East and West Africa, India, Southeast Asia, and the
Caribbean, it is less common in Europe [18]. Also, LGV is traditionally described as “a spo-
radic disease” in North America, Europe, and Oceania, but highly prevalent in parts of Africa,
Asia, and South America [19, 20].

1.2. Sexually transmitted viral infections

Human papilloma virus (HPV) is the most common STT in the US [21]. It is estimated that 14 mil-
lion people are infected with HPV annually [22]. Although there are over 100 strains of HPV,
only about 40 HPV strains that cause benign or malign lesions are detected on the surface of
anogenital skin. HPV strains are divided into two categories: high-risk strains and low-risk
strains. High-risk strains, especially, HPV types 16 and 18, are responsible for malignant lesions
such as cervical, penile, vulvar, vaginal, anal and oropharyngeal cancers, and premalignant
lesions such as cervical dysplasia. Low-risk strains are responsible for benign lesions such as
anogenital warts, benign or low-grade cellular changes, and recurrent respiratory papilloma-
tosis (RRP) [21].

Genital herpes caused by the Herpes simplex virus (HSV) is the most common disease with
genital ulceration worldwide. To date, it is estimated that about 50 million people are infected
with HSV-2 in the US and it is thought that there are over 750,000 new cases each year [23].
HSV is divided into two subtypes: HSV-1 and HSV-2. The main cause of genital herpes is
HSV-2; but in recent years, the frequency of genital diseases caused by HSV-1 has increased
due to increasingly common oral sex among adolescents and adults [24].

Human immunodeficiency virus (HIV)-1 may transmit vertically and through blood in addition
to sexual intercourse. About 78 million people have suffered from HIV and 39 million deaths
have occurred since the beginning of this epidemic. While the global prevalence of HIV was
31 million in 2002, at the end of the next 10 years, this number exceeded 35 million [25].
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While Hepatitis C virus (HCV) is transmitted primarily through blood exposure, it has glob-
ally emerged as a STD among HIV-infected men that have sex with men for the last 20 years
[26]. Moreover, illicit drug use, unprotected anal intercourse, potentially traumatic sexual
practices such as first sexual experience and inappropriate and common use of sex toys are
the other factors facilitating transmission [19].

1.3. Sexually transmitted parasitic infections

Trichomoniasis caused by Trichomonas vaginalis that is highly prevalent in the US affects 11
million people per year. Approximately 62% of this figure is women. Trichomoniasis is com-
monly asymptomatic (70-100% of male population and 35-85% of female population) and
transmission between partners easily occurs [27, 28].

2. Management of STIs

While STIs continue to be a general public health problem worldwide, unfortunately, there is
no globally established STI surveillance system. While passive STI surveillance is performed
using reports from STI control programs and public health laboratories in some countries
such as the US, Canada, and Australia, there are limited published STI surveillance reports
from Middle East and Northern Africa and Sub-Saharan Africa [29].

2.1. STI preventive counseling

In preventive counseling, interactive individual communication between health-care pro-
vider and patient is very important. Providers should also inform to their patients about
risk-reduction strategies such as abstinence, condom use, limiting the number of sex part-
ners, modifying sexual practices, and vaccination. High-risk behaviors are defined by the US
Preventive Services Task Force (USPSTF) as having multiple current partners, having a new
partner, using condom inconsistently, having sex while under the influence of alcohol or
drugs, or exchanging sex for money or drugs [30, 31].

2.2. Sexual abstinence

One of the most reliable ways to prevent STIs is to abstain from oral, vaginal, and anal sexual
intercourse or to have a long-term relationship with an uninfected partner. If any of the part-
ners are being treated, couples should be informed that they should avoid sexual intercourse
until the treatment is completed [30].

2.3. Vaccination

To prevent infectious diseases, vaccination seems to be the best strategy for long-term protec-
tion [32]. Although preexposure vaccination is a very effective method for preventing trans-
mission of ST1s, vaccines have not yet been developed except for three viral diseases including
HPYV, hepatitis A, and hepatitis B [30, 31].
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There are three different prophylactic HPV vaccines approved by the Food and Drug
Administration (FDA): Cervarix (GlaxoSmithKline, NY), Gardasil (Merck&Co, Kenilworth, NJ),
and Gardasil-9 (Merck&Co) [25, 33]. The first generation HPV vaccines (bivalent Cervarix and
quadrivalent Gardasil) are licensed in more than 100 countries since 2006. The second gen-
eration HPV vaccine (9vHPV vaccine) was licensed in the US in December 2014 [34]. Both
males and females can be vaccinated with HPV vaccines according to Advisory Committee on
Immunization Practices (ACIP). Vaccine can be applied from 9 years old. Furthermore, vac-
cination is recommended for females aged 13-21 years and for males 13-21 years who have
not been vaccinated previously or who have not completed the three-dose series. Any of the
three different vaccines is recommended for females, although either Gardasil or Gardasil-9
is recommended for males [22]. Quadrivalent HPV vaccine prevents both anal intraepithelial
neoplasia (AIN) and anogenital warts in men [35].

Hepatitis B vaccine is recommended for everyone who has a risk of transmission of STIs
[30, 36].

Hepatitis A vaccine, the same as hepatitis B vaccine, is recommended for men who have sex
with men (MSM), injection drug users, and HIV-infected persons who have not yet been
infected with hepatitis A virus [30].

2.4. Using condom and other barrier methods

Male and female condoms play an important role both in preventing pregnancy and in reduc-
ing the risk of transmission of infections including HPV, HIV, HSV, gonorrhea, chlamydia,
syphilis, hepatitis B, hepatitis C, and Trichomonas. For these purposes, condoms can be used
alone or in combination with other contraceptive methods [7, 30]. Using male latex condoms
recommended by Centers for Disease Control and Prevention (CDC) is quite important to
protect HCV transmission, because there is no vaccine for hepatitis C infection [26]. Only one
vaginally inserted condom is approved in the US. But, research on new vaginal female con-
dom models like Origami female condom is still ongoing [7].

2.5. Male circumcision

Male circumcision may reduce the risk of transmission of HIV and some STIs in heterosexual
men and is recommended for preventing heterosexually acquired HIV infection by the WHO
and the Joint United Nations Program on HIV/AIDS (UNAIDS) [30]. Male circumcision also
increases the tendency to genital discharge syndrome. With contradictory results, the efficacy
of male circumcision in preventing STIs in the general population has not been clearly dem-
onstrated [37].

2.6. Postexposure and preexposure prophylaxis

Postexposure prophylaxis (PEP) and preexposure prophylaxis (PrEP) of the uninfected part-
ner are the other preventive strategies [7]. Genital hygiene methods (e.g., vaginal washing)
after sexual exposure should not be recommended as preventive methods [30]. In addition,
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the reasons such as a clinician visit and medication initiation within 72 h after exposure limit
the use of PEP. But on the contrary, oral PrEP approved by the FDA is an effective HIV pre-
vention tool [7]. With the implementation of PrEP and other preventive strategies, it has been
observed that there is a significant reduction in the number of newly diagnosed HIV cases
that occur among MSM in the US each year [38, 39].

2.7. Partner management

The first step of partner management should be partner notification. Knowing the sex- and
needle-sharing partners of infected persons allow to communicate with them directly or
through state and local health departments. Thus, health counseling can be provided to the
partners at risk and may be encouraged for medical evaluation and treatment in health care
services [30].

3. Risk factors for STIs

The distribution of STIs in the population varies depending on different factors includ-
ing individuals, social, and structural factors [6]. All sexually active people including het-
erosexual persons, MSM, and women who have sex with women are at risk. Most of the
STIs are transmitted more easily from a man to a woman than from a woman to a man.
Adolescents and young adults are the age groups at greatest risk of acquiring of STIs due
to some reasons such as having multiple sex partners, unprotected sexual intercourse, and
substance use [3].

Younger age is a significant risk factor for STIs [6]. Young people, especially aged 15-24 years,
have a large number of sexual partners than older adults and these young individuals do not
have the habits of using regular condom during sexual intercourse. In women, STIs, mostly
for chlamydia, genital warts, and gonorrhea, are usually seen from the age of 15, peak at 19
years, and begin to decline from the first year of the third decade [5].

Concurrent of HIV/STIs is significant risk factor for acquiring other STIs [5]. Some studies
have shown that the transmission rates of HCV as a STI is very low among heterosexual
couples. Similarly, the rate of sexually transmitted HCV infection in HIV-negative MSM
is low [40].

Socioeconomic status such as level of education, occupation, and number of sexual partners
of the individual is the other risk factor for STIs. Individuals with low level of education,
especially drug users, are at high risk for HIV. The frequency of HIV/STIs has increased in
some occupations such as long-distance truck drivers and sex workers. Due to possibility of
multiple sex partners, ST1s are frequently seen in people and regions with high-income levels
[5]. While more than half of four curable STIs including chlamydia, gonorrhea, trichomo-
niasis, and syphilis occurred in upper-middle income countries, other remaining infections
occurred in lower-middle income countries with 23%, low-income countries with 12%, and
high-income countries with 9%, respectively [2].
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Some behaviors including having multiple sex partners, sexual intercourse without condom
use, illicit drug use, sharing of injected equipment’s, and alcohol use are generally associated
with a higher prevalence of HIV/STIs [5]. High-risk behaviors such as serosorting and chem-
sex may increase the rate of sexually transmitted HCV [40].

3.1. Complications and morbidities of STIs

Most of the STIs are asymptomatic. For this reason, there may be unnoticed, undetected, and
untreated cases and serious complications can be seen in these cases [1, 36]. Possible compli-
cations are shown in Table 1.

3.2. Screening of STIs

As noted below, the screening of certain groups is urgently recommended:

1. Everyone between the ages of 13 and 64 years should be tested at least once for HIV.
2. Sexually active females up to 24 years should routinely be screened for chlamydia every year.

3. Nonpregnant women at higher risk of infection should be screened for gonorrhea and
syphilis.

4. Pregnant women, regardless of risk, should be screened for chlamydia, hepatitis B, HIV,
and syphilis; pregnant women at higher risk of infection should also be screened for gon-
orrhea and hepatitis C.

5. Men should be screened for HIV, and men at higher risk should also be screened for
syphilis.

e Female infertility

¢ Genital neoplasia

e Pelvic inflammatory disease (PID)

¢ Epididymitis

e Urethritis

¢ Prostatitis

¢ Ectopic pregnancy

e Cervical cancer

e Cardiovascular and neurological damage

¢ Fetal and neonatal morbidity and mortality (stillbirths, neonatal death, preterm or low-birth-weight baby,
blindness)

® Aseptic meningitis

e Preterm rupture of membranes during pregnancy

Table 1. Possible complications caused by STIs [1, 5, 28, 41-43].
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6. MSM should be screened at least annually for HIV and syphilis and undergo a test for
urethral chlamydia and gonorrhea infection. Men who participate in receptive anal inter-
course should be tested for rectal chlamydia and gonorrhea and, in those who participate
in oral intercourse, for pharyngeal gonorrhea [31].

4. STIs in children

STIs can also be seen in children. As transmission may be in utero, it may occur during deliv-
ery or after contact with contaminated devices and infected persons. But it should always be
kept in mind that there may be sexual abuse [44]. Victims of sexual abuse were reported as 1.8
per 1000 children in 2006 [45].

In asymptomatic prepubertal children, STIs screening for all organisms from all sites is not
recommended by American Academy of Pediatrics (AAP) guidelines. However, the clinician
should consider the following situations when deciding whether to screen or not:

1. History of penetration or evidence of recent or healed penetrative injury to the genitals,
anus, or oropharynx.

2. Abuse by a stranger.

3. Abuse by a perpetrator known to be infected with an STI or at high risk of STIs (intrave-
nous drug users, MSM, or people with multiple sexual partners).

4. Sibling or other relative in the household with an STI.
5. Residence in an area with a high rate of STI in the community.
6. Signs or symptoms of STIs.

7. Already diagnosed with one STI (and therefore should be screened for other STIs) [45].

Child sexual assault (CSA) survivors may have a risky sexual life in their future. Therefore,
HPV vaccination for CSA survivors aged 9-26 years for females and aged 9-21 years for males
is recommended in accordance with ACIP [45].

5. Conclusion

At present, STIs are not fully under control with current strategies and continue to cause seri-
ous public health problems. From early ages, individuals, especially those at high risk, should
be informed about STIs and the methods of prevention from these infections. Health care pro-
viders should communicate individually with infected individuals and their partners. Proper
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screening of high-risk individuals is crucial for early detection and treatment. Considered the

data in recent years, it seems likely that the addition of vaccines that are proven efficacious to

national vaccination programs of all countries would be beneficial.
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Abstract

Human papilloma virus (HPV) is the most common sexually transmitted infection in
the world. HPV is associated with various oral, genital and cutaneous conditions, both
benign and malignant. HPV infection can be asymptomatic, but it may persist and cause
lesions such as warts, dysplasia and cancers depending on low or high risk type of HPV
infection. Anogenital warts are the most common clinical presentation of HPV infection.
Despite the high incidence of HPV infections, vaccines, precaution methods and treat-
ments are still matters of debate.

Keywords: HPYV, anogenital, warts, condyloma acuminata, cancer, vaccines

1. Introduction

Human papilloma virus (HPV) can reside in epithelial basal cells of skin and mucosa. More
than 200 genotypes have been identified; nearly 40-50 of these types cause genital infections.
HPV 6, HPV 11 and HPV 16 are the most associated with genital warts. The transmission of
the virus is by direct contact, but their infectivity is variable due to the number and the type
of virus particles and the immune system of the infected human. Trauma, microabrasions
and microdefects on the skin and mucosa promote the contagion. Less than 1-2% of infected
people have clinically apparent anogenital warts [1, 2].

2. Epidemiology

HPYV infection is a common sexually transmitted infection worldwide. HPV may cause several
reproductive tract diseases, including genital warts and cervical cancer. The incidence of HPV
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infections has been steadily increasing especially in the second decade of life. Genital warts
affect both males and females, although slightly higher in men according to latest data [3].

The prevalence of HPV infection is estimated currently at 10-15%, with substantial regional
variation [4]. The most common benign genital HPV infection is genital warts, caused in about
90% of the cases by nononcogenic HPV types such as 6 and 11. HPV infection is detected for
more than 90% of the cases of cervical cancer [3, 4].

3. Etiology and pathogenesis

HPVs are small, circular, double-stranded DNA viruses. The capsid is made up of 72 ico-
sahedral structures. Different types of HPV come from their variable L1 code. L1 encodes
primary structural protein in the virus capsid. Genital HPV is associated with a high risk of
carcinogenesis, as the viral DNA integrates into the hosts” DNA [5]. All HPVs target epithelia
tissues and link their productive life cycles to differentiation of the infected host cell. HPVs are
associated with a spectrum of manifestations ranging from unapparent infections to malig-
nant neoplasias. The alpha-papillomaviruses contain viruses that infect mucosal epithelium,
some of which are considered high risk (HR) and others low risk (LR) based on their associa-
tion with cancers. The LR-HPVs can cause benign hyperproliferative lesions such as warts,
and the High-risk HPV (HR-HPV) has been linked with progress tohifh-grade neoplasia and
invasive malignant cancer [6, 7]. Low-risk HPV types include HPV 6 and 11 that have been
associated with benign anogenital warts. At least 12 HR-HPV types, HPV 16, 18, 31, 33, 35,
39, 45, 51, 52, 56, 58 and 59, have been associated with anogenital cancers as well as precursor
neoplastic lesions [8]. It is now established that HPV 16 and 18 are the major papillomavirus
types responsible for cervical cancer. Two viral proteins, E6 and E7, are essential for the inte-
gration into host chromosomes during malignant progression. They interact with p53 protein
that regulates DNA damage repair [6, 7]. The high-risk mucosal HPVs, such as HPV 16, 18,
31 and 33, appear to have relation to the function of the E5, E6 and E7 gene products and the
regulatory mechanisms that govern their expression. The cellular tumor suppressor gene pl6
is an important biomarker for HPV-associated intraepithelial neoplasia. The overexpression
of p16 is found in examined LSIL (CIN) lesions, except for those being caused by “low-risk”
HPV types. There was no expression in healthy cervical epithelium [7].

Direct genital mucosa contact during sexual intercourse is the classical way of HPV transmission.
The risk of male-to-female transmission is lower than that of female-to-male transmission. Five
prospective studies have reported a significantly higher female-to-male transmission rate of any
type of HPV than that of male-to-female. This may be explained by: (a) more transient infections
in men; (b) lower HPV viral load in men; and (c) lower seroconversion rate for HPV infection
in men [9]. Concordance of HPV infection between sexual partners is 40-60%. Length of sexual
relationship, frequency of intercourse, condom use and number of sexual partners may play a
role for the transmission. There is also vertical transmission to newborn from the mother. Contact
with vaginal and cervical mucosa, transmission by placental or by amniotic fluid is the way of
vertical infection to newborn. The rate of vertical transmission changes between 20 and 30% [10].
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HPV enters epidermis through small defects on the skin or mucosa and proceeds to the basal
layer of keratinocytes. The infected cells cannot undergo terminal differentiation. After the
viral replication, multinucleation, nuclear enlargement, parakeratosis and koilocytes are seen
in the upper layer of the epidermis. As the infected cells cornify and are shed, virus particles
lead to further infection or transmission [2, 10].

4. Laboratory

A clinical diagnosis can be made in apparent infection. If the lesion is suspicious, biopsy
is possible for the differential diagnosis. To detect the HPV in subclinic infections, variable
methods are used. HPV testing plays an important role adjunct to the cervical cytology after
the Pap-smear categories. Serological tests have been developed for the early diagnosis of cer-
vical cancer and to detect high risk HPV types. HPV-DNA testing includes PCR, southern blot
hybridization and fluorescent in situ hybridization (FISH). PCR is highly sensitive in identify-
ing small amounts of viral nucleic acids. The specimen can be taken from cervicovaginal area,
vulva, urethra and anal anogenital area for PCR analysis [11]. Cytology and HPV testing are
important for detecting cervical dysplasia. Because there is no treatment for asymptomatic
HPYV in men, routine HPV testing is not recommended in men [10, 11].

5. Clinical presentation

Anogenital warts are the most common clinical presentation of HPV infection. Although warts
are benign lesions, they cause a lot of stress and discomfort in patients” social life. Itching,
bleeding, discomfort and pain are the rare symptoms, usually they are asymptomatic. Genital
warts are highly infectious, and approximately 65% of people whose sexual partner has geni-
tal warts will develop warts themselves. The incubation period of HPV infection is estimated
2 weeks to 8 months, with the majority of genital warts appearing 2-3 months after an HPV
infection. Approximately 20-30% of genital warts will spontaneously regress within 1 year;
however, recurrence of warts is common [12].

5.1. Anogenital warts (condylomata acuminata)

Lesions may be single or multiple, of varying sizes, and are usually asymptomatic. Condylomata
acuminata are pale pink papules or nodules with a smooth and velvety surface. The difference
from other warts is the lack of hyperkeratosis. They may grow exophytic and cauliflower-like
mass. They are highly contagious. HPV 6-11 are the most common types detected in condylo-
mata acuminata. These are low risk types. Many other types have also been described including
HPV 2, 30-33, 35, 39, 4145, 51-56 and 59, many of which are intermediate and high risk types.
HPV 16-18 are the most common high risk types and can be found isolated or with HPV 6-11[1,
13, 14]. The HR-HPV types, most often HPV 16 and 18, are considered to be the primary etiologic
agents for cervical cancer and precancerous lesions in women (CIN, VIN, VaIN) [15]. HPV 16 is
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the main virus type to be associated with the development of VAIN. Also, HPV 16 infection, VIN
or condylomata acuminata in the past medical history seemed to be significant factors for early
relapse [16]. Multiple studies verified that persistent HPV infection is considered to play a key
role in the development of cervical cancer. Cervical intraepithelial neoplasia (CIN) is the prele-
sion of cervical cancer, and high-grade squamous intraepithelial lesions (HSIL) with HPV infec-
tion can develop and progress to cervical cancer over a period of 8-12 years. HPV 16, 58, 52 and 18
are the predominant high risk types correlated with cervical lesion. The distribution of dominant
HPV genotypes showed obvious regional differences. HPV 16 is more prevalent in Europe and
North America, HPV 31 is more prevalent in South/Central America, HPV 33 and 45 are more
prevalent in Africa and HPV 52 and 58 are more prevalent in Asia [17]. In male anogenital area,
HPV is responsible for a subset of squamous cell carcinomas and associated precursor lesions
(penile intraepithelial neoplasia, Bowenoid papulosis, erythroplasia of Queyrat (EQ)) [15]. The
most typical locations in women are the external genitalia, but lesions can also be in the cervix and
labia minor. In men, condylomas usually involve the coronal sulcus, glans penis and the penile
shaft. Circumcision is reported to reduce HPV prevalence in men; however, the efficacy remains
imprecise. Recurrences occur in up to one-third of cases [14, 18]. The warts may coalesce in the
rectal and perianal area without practicing anal sex. In this region, cauliflower-like shape is the
most typical. Since HPV thrives in the rectum, all patients with anal lesions should undergo anos-
copy or proctoscopy [2, 13]. Differential diagnosis should be made with condylomata lata, nevi,
acrocordon and pemphigus vegetans [2]. If there are anogenital warts in children, sexual abuse
should be considered. It should also be reported to the authorities. However, most of the cases in
children warts are caused by nongenital HPV types. The mechanism for perinatal and postnatal
transmission includes vertical transmission, autoinoculation, sexual transmission and indirectly
through contaminated objects and surfaces. This can be explained by mother with hand warts, or
child can transfer warts from his/her hand to his/her own genital or anal area [1, 14].

Histopathological findings in warts are hyperkeratosis with parakeratosis, papillomatosis and
marked acanthosis. Keratohyalin granules and koilocytes in the granular layer are character-
istic for condylomata acuminata. Rete ridges tend to be elongated and point inward toward
the center of the wart, and the dermis will often display an increased vascularization with the
presence of thrombosed capillaries [14]. Cytoplasmic vacuolization is specific for condyloma
when located within deeper portions of the epidermis such as the stratum spinosum, given
that the upper portions of the epithelia of mucosal surfaces normally have some degree of
cytoplasmic vacuolization already [15].

5.2. Condylomata plana

Condylomata plana are large flat warts mostly found on the cervix and prepuce. Identification
of these warts often was possible only after applying acetic acid or colposcopic procedures.
HPV 16-18 are usually responsible, and it is possible to progress in SCC of the genitalia [2].

5.3. Bowenoid papulosis

Bowenoid papulosis is characterized by multiple flat papules, plaques or macules less than 1cm
in size in the genital area that may or may not be pigmented. The surfaces of the lesion mostly
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are flat, dome-shaped, papillomatous and verrucous. The color of the lesions can be shiny
flesh-colored, reddish-brown, violaceous or black [19, 20]. It resembles clinically viral wart
and histopathologically Bowen'’s disease. The most common sites affected are the penis and
vulva. In females, it is referred to as multifocal vulvar intraepithelial neoplasia [20]. Bowenoid
papulosis is associated with HPV 16-18, but in a small number, HPV 31, 33, 35, 39 and 53, or
mixed infections, have also been detected. Clinically, it should be differentiated from genital
warts, seborrheic keratosis, lichen planus, molluscum contagiosum, Bowen’s disease (BD) and
melanocytic nevus. Younger age and multiple lesions differentiate it from Bowen's disease, but
histologically it can be sometimes impossible to differ. Bowenoid papulosis and Bowen disease
are clinical entities with similar histological findings of intraepithelial neoplasia. Bowenoid
papulosis shows acrotrichial sparing, less pronounced cellular dysplasia and mitotic figures,
which helps its differentiation [13, 20, 21]. The histopathological findings revealed full thick-
ness epidermal atypia, acanthosis, papillomatosis, dyskeratotic cells and clumping cells with
mild atypical nuclei [22, 23]. Bowenoid papulosis has a variable course, the lesions can stay for
a few weeks or over 10 years, with a median of 8 months, but usually spontaneously resolves.
Transformation to invasive carcinoma is rare occurring in <1% of cases, especially in immuno-
compromised [20, 22]. Women with BP have a risk of cervical dysplasia.

5.4. Buschke-Lowenstein tumor

Buschke-Lowenstein tumor (BLT), also known as giant condyloma acuminatum, was first
described by Buschke and Liwenstein in 1925. It is a slow-growing, locally destructive tumor
of the anogenital region, while the characteristic feature of tumor is benign appearance on
histopathology [24, 25]. It is a sexually transmitted disease that it is thought to be induced by
HPV 6 and 11. The estimated incidence of BLT is about 0.1% in the general population [26].
BLT is clinically seen as expansive, destructive exophytic fungating masses, sometimes with a
cauliflower-like morphology. The tumor is located mostly (81-94%) on the penis in men, and
the anorectal area is the second common area for BLW and in the urethral lesion is found in
5% of cases in men. In females, vulva is the most affected area (90%) and an anorectal loca-
tion is less frequent. Suprapubic localization is rarely involved [27]. For the histological diag-
nosis, large and deeper biopsy should be performed to ensure that no malignant cytological
characteristics are missed in superficially biopsied specimens. Microscopic features are thick
stratum corneum, marked papillary proliferation, tendency to deep invasion, with displace-
ment of surrounding tissues, negligible cellular atypia and a low mitotic rate [25, 28]. Similar
features are also seen in verrucous carcinoma. As distinction between verrucous carcinoma
and BLT is difficult, BLT is often regarded as a variant of verrucous carcinoma. Some authors
also consider BLT as an intermediate lesion between condyloma acuminatum and VC, refer-
ring to it as a condyloma-like precancerous lesion [24, 27]. Although several etiologic factors
are implicated in the malignant transformation, the etiology of BLT is not known. HPV type 6
or 11 subtypes that are normally lack of malignant potential have been frequently identified in
typical cauliflower-like lesions, suggesting the pathogenic role of the virus in the initiation and
progression of the tumor. It remains unknown if viral or host risk factors are the determinant
factor. Increased viral gene expression or inability to mount a cytotoxic immune response may
change the oncogenic potential of HPV types 6 or 11, causing progression of benign condyloma
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acuminatum to the invasive giant condyloma phenotype. It is also believed that malignant
transformation can be caused by the release of free oxygen radicals by activated inflammatory
cells, inducing genetic damage and neoplastic transformation. Regular follow-up is necessary
because of the frequent recurrences and possible malignant transformation of BLT [28].

5.5. Bowen’s disease

Bowen’s disease is an in situ squamous cell carcinoma that rarely progress to invasive carci-
noma. The disease is associated with the high-risk HPVP types, mostly HPV 16. Clinically,
usually a single, sharply demarcated plaque without spontaneous regression is seen in the
genital area. The lesions are generally asymptomatic; however, they may cause pruritus
or burning pain. Genital BD usually is found in elderly men, especially on the mucosa of
the penis (glans or prepuce). Some authors consider mucosal BD equal to the erythroplasia
of Queyrat; however, some of them accept them as different histological patterns [13, 29].
Histological characteristics are atypia and anaplasia of cells from the mucous malpighian
body with cellular loss of polarity and presence of some dyskeratotic cells, in both the basal
and squamous layers [29].

5.6. Erythroplasia of Queyrat

Erythroplasia of Queyrat is an in situ carcinoma that mainly occurs on the glans penis, the
prepuce or the urethral meatus of elderly males. In females, vulva is the common area that
is affected. The cause of erythroplasia of Queyrat is largely unknown. But in one study some
HPV DNAs are detected; all patients were infected with the carcinogenic EV-associated cuta-
neous HPV type 8. HPV 16, 39 and 51 are other types that are found [30]. Sharply demarcated,
erythematous, velvety and bright reddish plaques are characteristics for EQ. Progression to
squamous cell carcinoma is more than 30% and is higher than the BD [13].

5.7. Cervical cancer

Cervical carcinoma, which is caused by malignant transformation of cervical epithelial cells
following persistent HPV infection, is one of the most common malignant cancer among
women, approximately 10% of all cancers in the female population [31]. The relationship
between HPV and cervical cancer is observed in many studies, and the persistent infection of
the HPV carcinogenic types is found to be the cause in about 90-100% of the cases. HPV 16
and 18 are the two most common types that are responsible for about 70% of cervical carcino-
mas and 50% of intraepithelial neoplasia grade 3 [13].

6. Prevention methods

Condoms can be a protective method from HPV infection in a limited way. It can lower the
chance of transmitting HPV, but it may not be totally safe because of the infected areas that are
not covered by condom. Avoiding sexual intercourse or reducing the number of sex partners
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can lower the risk for HPV. Abstaining from sexual activity is the most reliable method for
preventing genital HPV infection. Pre-exposure vaccination is one of the most effective meth-
ods for preventing transmission of HPV. The Cervarix (bivalent) and Gardasil (quadrivalent)
vaccines protect against most cases of cervical cancer. These vaccines are safe and effective [32].
Cervical cancer and its precursor lesions can be detected by screening women with screening
technologies such as cytology-based screening, application of acetic acid during the inspection
and HPV DNA test. By using these methods, cancer or precursor lesion is detected at an early
stage, thereby improving the survival. The disease can also be prevented by HPV vaccination
against oncogenic HPV types [33].

6.1. Vaccines

HPV infections and associated diseases remain a serious burden worldwide. The incidence
of HPV-related carcinomas has been increasing every year. Vaccines have been used for over
a decade, but widespread vaccine administration is still problematic for multiple reasons in
some countries and areas. Many socioeconomically developed countries have been applying
the vaccine programs for females and some of the countries are also starting to include the
males between the ages of 9-26 for vaccine programs [34].

In 1991, Zhou et al. were the first to develop an innovative vaccine technology based on
noninfective recombinant virus-like particle (VLP) of L1, the so-called major papillomavirus
virion protein. The VLPs do not contain the viral DNA, and they are completely noninfec-
tious and nononcogenic. Three HPV vaccines are available on the market: bivalent HPV vac-
cine, quadrivalent HPV and nine-valent HPV vaccine. In bivalent HPV vaccine, there are the
VLP form antigens of oncogenic HPV types 16 and 18. Quadrivalent HPV vaccine contains
HPV types 6, 11, 16 and 18 L1 proteins. Antigens of HPV 6, 11, 16, 18, 31, 33, 45, 52 and 58
types are in the nine-valent HPV vaccine [35]. According to the recent 58 studies in nine
countries from 2007 to February 2016, it is found that a nearly 90% decrease in HPV infection,
anogenital warts and cervical lesions in countries with the highest vaccination rates is seen
[36]. Gardasil (quadrivalent) is European Medicines Agency (EMA)-approved for males and
females, whereas the EMA-approval for Cervarix (bivalent) is currently limited to females
only. Gardasil-9 (ninevalent) is a newly EMA-approved nonavalent vaccine in 2015 [37]. All
HPYV vaccines are administered as three doses i.m. injections in a 6-month period, with the
second and third doses given 2 and 6 months after the first dose. The same vaccine product
should be used for the three injections. Vaccine is applied in the age of 11-12 for girls and
also can be administered at 9-year-old girls. But if the girls or women aged 13-26 years have
not been administered the vaccines, they should receive the vaccine as it is possible. The
quadrivalent or 9-valent HPV vaccine is also recommended routinely for boys aged 11-12
years. For the unvaccinated, immunocompromised patients, vaccination is recommended
through age 26 years. HPV vaccines cannot be used in pregnant women. Women who have
received HPV vaccine should continue cervical cancer screening routinely after 21 years of
age [32]. Common adverse effects of HPV vaccines are pain, redness, swelling, syncope, diz-
ziness, nausea, headache, fatigue and fewer. Life-threatening side effects are very low with
autoimmune responses [34, 35].

23



24

Fundamentals of Sexually Transmitted Infections

Duration of efficacy is a key question when discussing the HPV vaccines. All three vaccines
provide very high immunogenicity with antibody titers that are higher than the natural infec-
tions and remain high enough to prevent new infections. Booster doses’” necessity is still
unknown. Up to now, it has been shown that the duration of vaccines may last 5-9 years. But
more studies are needed about these important issues [35, 38]. The development of HPV vac-
cine is a milestone in the prevention of HPV-related infections and probably in the prevention
of cervical cancer. But HPV screening still has a major role in cancer prevention and should be
improved in low-income countries. It is clear that early vaccination before exposure provides
the best results. The Global Alliance for Vaccination and Immunization (GAVI) has demon-
strated that a reasonable price and wide distribution can be achieved. Projects in Rwanda
and Bhutan have showed that a well-organized, school-based program can achieve excellent
coverage. In countries with screening programs, the prevention of abnormal Papanicolaou
tests and treatments for precancerous lesions will lower costs [39].

7. Treatment

Anogenital warts can potentially heal without treatment. Waiting a period of time before start-
ing treatment is an option. However, there is uncertainty around the frequency of spontane-
ous resolution of lesions, with reports of rates of clearance without treatment ranging between
0 and 50% of people affected. A delay in treatment could result in a worsening of anogeni-
tal warts and increase the transmission rates. First-line treatment is not always successful in
achieving complete clearance of warts and repeated treatments might be required to eradicate
large or persistent lesions. Treatment of the warts does not mean to clear the HPV deoxyribo-
nucleic acid (DNA). Cells that remain infected with HPV DNA can stay dormant (latent) for
prolonged periods of time, and there can be a recurrence after months, or even years, after ini-
tial infection. Thus, those who do not become HPV DNA negative can also pass on the virus,
even after treatment or clearance of lesions. These are the important information that should
be given and explained in detail to the patients. A wide range of therapies are presently in
use, which are highly variable and can differ dramatically with respect to effectivity, cost, side
effects, dosing schedules and duration of treatment [32, 40].

7.1. Topical treatment
7.1.1. Patient-applied treatments

Imiquimod: Imiquimod is a non-nucleoside heterocyclic amine, which acts as an immuno-
modulator. It increases the cellular levels of interferon alpha (IFN-a), tumor necrosis factor
alpha (TNF-a) and interleukin-6 (IL-6) by binding to toll-like receptor 7, which leads to strong
antiviral and antitumor effects [41]. It is available as a 5% cream. Its pregnancy category is C.
Imiquimod is licensed by the European Medicines Agency (EMA) and the US Food and Drug
Administration (FDA) for the topical treatment of external genital and perianal warts (con-
dylomata acuminata) in adults. Patients should apply imiquimod cream a thin layer onto the
affected area every other night for three nights weekly. The cream should be left in place for
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6-10 hours, and after that the treated area should be washed with soap and water. Application
of an excess of cream or prolonged contact with the skin might result in a severe application
site reaction. The treatment can be continued until the warts resolve or for up to 16 weeks
[42, 43]. Common side effects are itching, erythema, burning, irritation, tenderness, erosion,
ulceration and pain. Occasionally, patients may experience systemic side effects such as head-
aches, muscle aches, fatigue, and general malaise. In the pivotal clinical study, wart clearance
was achieved in 56% of patients with imiquimod. More women (77%) than men (40%) cleared
their warts, with the male study population comprising predominantly circumsized men.
Females had a shorter median time to clearance (8 weeks) compared to males (12 weeks). A
low recurrence rate (13%) was found [40].

In 2010, the FDA approved imiquimod 3.75% cream for the treatment of anogenital warts
in patients 12 years of age or older. Imiquimod 3.75% should be applied to warts daily for
2-weeks and then with repeat of 2-weeks treatments after a 2-weeks rest period. The cure rates
for the 3.75% imiquimod are not as high as the 5% imiquimod; however, the newer product
has fewer side effects and is more appropriate for patient compliance [44].

Podofilox: Podofilox is an anti-mitotic drug that causes tissue necrosis. It is purified from podo-
phyllin. This product is available as 0.5% gel or solution. Patients should apply the solution to
affected areas twice daily for 3 days, followed by 4 days of no therapy. This weekly cycle can be
repeated for up to 4 weeks. Clearance rates (45-77%) are similar to imiquimod, and recurrence
rates range from 4 % to 33%. Most common adverse effects are burning, pain, erosion, itching
and inflammation. Podofilox is contraindicated in pregnancy [32, 42].

Sinecatechins: Sinecatechins are extracts of green tea leaves from Camellia sinensis that are
compounded as a 15% ointment. It contains eight different catechins and other green tea
components. The main catechin in sinecatechins ointment is epigallocatechin gallate (EGCG),
which has the highest biological activity. Sinecatechins are thought to decrease viral replica-
tion. Also they have an anti-oxidant by inhibiting a number of proteins, including enzymes
involved in oxidative stress, immunostimulatory activity by blocking the kinases needed in
tumor cell signaling and induction of apoptosis. These mechanisms presumably contribute
to the therapeutic effect of sinecatechins ointment [45]. Patients should apply a 0.5-cm strand
of ointment onto each wart three times daily until the complete clearance of warts. But it
should not be used for longer than 16 weeks. Common side effects are: erythema, pruritus,
burning, pain, erosion, edema, induration and vesicular eruption. Sinecatechins should not
be put on open wounds. Mucosal surfaces should be avoided because of the irritation by
sinecatechins. The medication is not recommended for patients with HIV infection, other
immunocompromised conditions, or genital herpes because the safety and efficacy of ther-
apy has not been evaluated. The pregnancy category of this product is C [32, 44]. Ten percent
of sinecatechins ointment is also effective against genital warts. It is also used three times a
day like the 15% form. Efficacy rates from the Phase III trials of sinecatechins 10% ointment
are higher than those achieved with podophyllotoxin 0.5% or imiquimod 5% and 3.75%.
Sinecatechins 10% ointment has lower recurrence rates relative to other patient-applied ther-
apies; therefore, it presents a botanically based alternative to currently available treatments
for external anogenital warts [46].
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7.1.2. Clinician-applied treatments

Podophyllin: Podophyllin is available as a 25% solution. The preparation causes wart regression
and necrosis by stopping mitosis. The solution is typically applied once weekly until complete
clearance up to 3—6 weeks. Because of the corrosive nature and the toxicity of the treatment,
when podophyllin is overapplied or occluded, it is recommended to limit the application area
to less than 10 cm? of warts per treatment, limiting the amount applied to less than 0.5 mL per
treatment. Podophyllin should not be used in pregnant women or breastfeeding [42, 43].

Trichloroacetic (TCA): Trichloroacetic acid may be compounded in different concentration, gen-
erally 60-90%. It is a caustic that erodes the skin and mucous membranes, but generally is not
absorbed systemically. TCA is applied in the office with a cotton tip applicator, with repeated
applications up to three times weekly until the warts have resolved. It is more effective in few
small, moist lesions. The initial response rate is 70-81%, but recurrence rate is up to 36%. TCA
also can be used to treat vaginal and anal lesions. TCA treatment is delivered in a controlled
manner to provide limited local destruction. A small amount should be applied only to the
warts and allowed to dry until the white frosting develops. It destroys the warts by chemi-
cal coagulation of proteins. The application of TCA is accompanied by a burning sensation
that lasts for 2-5 min. A neutralizing agent (sodium bicarbonate) should be at reach in case of
excess application or spills. Dermal injury or scarring is rare. Common side effects are local and
include pain, ulceration and crust formation [47, 48].

7.2. Ablative treatments

Cryotherapy: Cryotherapy is a process in which the abnormal tissue is frozen by using of a
cooling agent such as through the use of a nitrous oxide or liquid nitrogen. Freezing causes
permanent dermal and vascular damage. This leads to the initiation of an immune repair
response which causes necrosis and clearance of the destroyed cells. This treatment is most
effective when used for multiple small warts on the penile shaft or vulva. Treatment should
be repeated every 1-2 weeks. Clearance rates range from 71 to 79%, with recurrence rates
of 38-73% at 6 months. Cryotherapy has been used to treat external genital warts without
adverse effects during pregnancy [40, 42]. Application of this treatment is easy, and it has a
rapid destructive effect. It also has an advantage in treating bulky lesions, grouped lesions
and lesions on hair-bearing areas. It does not have systemic side effects and only affects tissue
to which it is directly applied. Common side effects include local tissue destruction, such as
painful blistering, ulceration, infection, rarely scarring and loss of pigmentation. Another dis-
advantage of cryosurgery is that subclinical lesions cannot be treated in the surrounding skin.
Multiple outpatient visits are required for the clearance of warts, and the pain associated with
its application can limit its repeated use in certain patients and localizations [40, 47].

Electrosurgery: There are two types of electrosurgery: electrocautery and electrical surgery. Local
anesthesia is needed to perform electrosurgery. In electrocautery, electricity flows only through
the instrument producing heat that is applied to the lesion. In the alternating-current form of
electrosurgery, electricity flows from the instrument through the patient to a grounding plate.
The alternating current systems produce cutting, coagulation, or a blend of both. Electrotherapy
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is particularly effective for treating smaller warts located on the shaft of the penis, the rectum
or the vulva or for pedunculated lesions, but is not recommended for the larger warts because
of the permanent scarring [43, 47]. Clearance rates with electrosurgery range from 90 to 96%,
and recurrence rates of 18% have been reported. The smoke resulting from this procedure may
contain HPV particles. To prevent the transmission to the oropharynx, use of smoke evacuation
equipment and a mask is recommended [42].

Surgical excision: Surgical excision may be the most cost-effective treatment for genital
warts. This method is more effective when warts are large, pedunculated or exophytic. The
advantage of this method is to preserve intact tissue for histologic examination and offers
quick results. Pain, scarring, slow healing and pigment changes are the disadvantages [42].
Especially for treatment of BLT, wide surgical excision by Mohs technique is recommended
as the most important therapeutic intervention [25].

Carbon dioxide laser therapy: Carbon dioxide laser therapy relies upon the use of a concentrated
beam of infrared light energy, which will heat and cauterize the affected area. The intense
light energy has the added benefit of providing immediate cauterization of any ligated ves-
sels, ensuring a virtually bloodless procedure. Side effects are generally mild and limited to
the burning of tissue surrounding the lesion. The deep penetrating effect of the laser often
allows for a greater and more complete viral attack than seen with other surgical treatment
options. This makes the laser treatment a better choice for immunosuppressed individuals,
and for pregnant women with extensive lesions which are unresponsive to TCA or cryo-
therapy. Laser therapy is typically considered to be less effective than other forms of surgical
treatment, with clearance rates ranging between 23 and 52%. Recurrence rates are also high as
77%. Laser treatment is also more complex and costly than electrosurgery or cryotherapy. A
CQO, laser requires maintenance and additional training to perform correctly [40, 47].

7.3. Other treatments

Interferons: Interferons are a class of small (15-28 kDa) protein and glycoprotein cytokines
(15-28 kDa) produced by T cells, fibroblasts and other cells in response to viral infection
and other biologic and synthetic stimuli. Interferon has been used in the treatment of geni-
tal warts for its immunomodulatory, antiproliferative and antiviral properties. Interferon
could be used either locally or systemically. Local administrations are mainly composed of
intralesional injections and topical applications. Interferon tends to be a well-tolerated form
of therapy. According to different administration, topical interferon appears to be much
more effective than both systemically used interferon and placebo in either improving the
complete response rate or reducing the recurrence rate for the treatment of genital warts
[41, 49]. Combining interferon with other treatments increases the effectiveness of treat-
ment. In one study, the addition of subcutaneously administered interferon a-2b to laser-
treated patients with chronic therapy-resistant genital lesions significantly enhanced the
chance of eliminating these warts, and it was fairly well tolerated. It is also suggested that
gel form of interferon can help treat intravaginal warts. However, because of its high cost
and inconsistent effect, interferon is best considered to the genital warts that are resistant
to other treatments [47].
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Cidofovir: Cidofovir is a monophosphate nucleotide analogue. Cidofovir is converted to the
active cidofovir diphosphate that is a competitive inhibitor and an alternative substrate for viral
DNA polymerases. As cidofovir acts directly on viral DNA, it has been found effective on immu-
nocompromised people and thus could potentially afford greater clinical benefit for people with
HIV infection than with other treatments available. Cidofovir has been formulated as a 1% gel
and is applied topically to lesions overnight, three times a week for up to 16 weeks [43, 50].

5-Fluorouracil: Use of topical 5-FU is indicated for therapy-resistant condylomata. It can be
applied to the affected extragenital area once or twice for 10 weeks. It appears to be as effective
as continued regimens but better tolerated [51].

Zinc: Zinc is an immunoregulator that stimulates the leucocytes and natural killer cells. Oral
and topical form of zinc has been found effective in the treatment of warts. It has been shown
that there is a deficiency of zinc in patients with multiple or recurrent warts. Oral zinc sulfate
given in a dose of 10 mg/kg/day has been used, with approximately 84-87% patients showing
complete resolution of warts in 2 months in two randomized placebo-controlled trials [41]. In a
study, the podophyllin-, imiquimod- and cryotherapy-treated patient is combined with 400 mg
oral zinc sulfate for 8 weeks. And it is shown that oral zinc sulfate combination therapy appears
to reduce the relapse rate of vulvar warts [52]. Topical 5 and 10% zinc solution has been used in
cutaneous warts, three times a day for 4 weeks with only 5 and 11% responses [41].

H2 receptor blockers: Cimetidine is a H2 receptor blocker that can be used in the treatment of warts
especially in children. It blocks the type 2 histamine receptors on suppressor T cells and aug-
ments cell-mediated immunity. It increases mitogen-induced lymphocyte proliferation and the
levels of IFNy and IL-2 and inhibits suppressor T cells. It decreases the levels of IL-18. It has been
used in a dose of 2040 mg/kg/day for 34 months with response ranging from 30 to 87% [41].
In a study that included four children with extensive condylomata acuminata of the genital and
perigenital areas, high doses of cimetidine have been found effective to eradicate the condyloma
and avoid recurrence in two and as primary treatment in two. All patients were treated with
30-40 mg/kg cimetidine daily in three divided doses during a 3-month period. So it is suggested
that cimetidine can be considered as first-line therapy and is useful for primary and adjunctive
treatment of condyloma in young children [53].

Photodynamic therapy: Photodynamic therapy (PDT) with 5-aminolevulinic acid (ALA) is a
new technique based on the interaction of light, photosensitizer and oxygen. ALA is a topical
used photosensitizer with few side effects. It is the first compound in the porphyrin synthesis
pathway. ALA is selectively absorbed by tumor cells and rapidly proliferating cells and trans-
formed to endogenous protoporphyrin IX (PpIX) after the exogenous application of ALA. The
PpIXis then activated by red light, leading to the formation of singlet oxygen, which leads to
the killing or destruction of tumor cells and proliferative cells. Cells infected by human papil-
lomavirus are proliferative cells; ALA is selectively absorbed by these cells and can be killed
by the radiation of red light. This means ALA-PDT treatment can destroy visible and invis-
ible infected tissues and reduce the number of the viral load and the recurrence rate [54]. The
common side effects in patients treated with ALA-PDT mainly include mild burning and/or
stinging restricted to the applied area [41].
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7.4. Treatments in pregnancy

Patients who have condyloma acuminata during pregnancy are a risky group. During preg-
nancy, vaginal secretions contacting the skin and mucous membranes are more abundant,
meaning that the vulva will remain in a moist and immersed state. In pregnancy, hormones
and reduced immunoresponsiveness can promote the growth of HPV-induced lesions. The
warts are characterized by fast-growing and a reduced tolerance and poor compliance to
treatment. Only a few treatments have been tested and recommended in pregnancy [55].
Podofilox (podophyllotoxin), podophyllin and sinecatechins should not be used during preg-
nancy. Trichloroacetic acid, cryotherapy, electrocautery and surgical excision, including laser
treatment, are recommended treatments. But the resolution might be incomplete or poor until
pregnancy is complete. Significant side effects have been observed for some of these meth-
ods, including local ulceration and scar formation, which may reduce a patient’s compliance
with treatment requirements. Medicine could potentially cause fetal malformation, and laser
treatment and surgical excision may cause uterine contraction, or even abortion [32, 55]. The
safety of imiquimod has not been established, but a small number of patients worldwide
have been treated with imiquimod and found to be effective and promising. No adverse
fetal outcomes or fetal and neonatal abnormalities were observed. No complications were
observed in the postpartum and follow-up period [56]. Photodynamic therapy with topical
ALA seems to be safe and effective in the treatment of condyloma acuminata in pregnancy.
In case reports, it demonstrated high clearance rate of warts, was well-tolerated by patients
and showed no adverse effects on mothers or fetuses [57]. Cryotherapy appears to be the
best choice. During the cryotherapy procedure, liquid nitrogen freezes the tissue and thereby
causes necrosis; the treatment also stimulates specific immune responses, such as an immu-
nomodulatory action of T lymphocytes against the remaining viable wart tissue. It is also a
simple and inexpensive procedure, rarely causes scarring or depigmentation, and is safe for
use in pregnancy. The transmission (transplacental, perinatal or postnatal) of virus to the
baby is not completely understood. So the necessity of cesarean section in the presence of
genital warts is also unclear. Cesarean delivery is indicated for women with anogenital warts
if the pelvic outlet is obstructed or if vaginal delivery would result in excessive bleeding [32].
Prophylactic cesarean delivery is not recommended to prevent the respiratory papillomato-
sis in infants and children, because it is reported that only 7 infants of 1000 in mothers with
external genital warts developed respiratory papillomatosis, and cesarean delivery did not
reduce this risk [42].

7.5. Treatment in immunosuppressive patients

Patients with significant immunosuppression (patients with HIV infection, immunosuppres-
sive therapy to suppress transplant rejection, or other concomitant disease) might have larger
or more numerous lesions, might not respond to therapies and might have more frequent
recurrences after treatment. They are also at increased risk of squamous cell carcinoma, which
may be clinically similar to genital warts. Lesions that ulcerate, grow rapidly, or are atypical
should be biopsied to rule out squamous cell carcinoma [32, 42]. Cryotherapy, electrosurgery,
excision and laser therapy can be applied to these patients.

29



30

Fundamentals of Sexually Transmitted Infections

8. Conclusion

Genital warts, also known as condylomata acuminata, are one of the most common forms of sex-
ually transmitted diseases affecting the general population. Most infections do not result in the
manifestation of genital warts. Genital warts are not themselves cancerous, but warts caused by
high risk types of HPV are predisposed to oncogenic transformation. Because of the contagious-
ness and the progression to precancerous lesions, HPV infections should be underestimated.
Selection of a treatment modality may depend on the patient, all the propriate choices should
be explained to patients, and they should be informed what risks can be seen. Given the strik-
ingly high prevalence of genital warts among the population, and the lack of adequate therapies,
HPV vaccines may play a significant role in reducing the burden of disease by preventing viral
infection and transmission.
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Abstract

Cervical cancer has contributed to a large number of gynecologically related oncologic
deaths in most developing countries. Almost all cases of cervical cancer are related to the
presence of persistent strains of sexually transmitted oncogenic strains of human papillo-
mavirus infection (HPV). Steps taken to decrease infection rate will reduce the long-term
sequelae of cervical cancer globally.

Keywords: cervical cancer, sexually transmitted disease, HPV

1. Introduction

Cervical cancer is a malignant lesion of the cervix. The squamous cell carcinoma consists of
about 90-95% of the cases while adenocarcinoma makes up about 5-10% [1]. Other histological
variants do exist such as adenosquamous, sarcomas, lymphomas, carcinomas, etc. Cervical can-
cer arises either from the ectocervix or from the endocervix. The site of the growth bears no
relationship to the histological type as some squamous carcinoma are found in the endocervical
canal [1]. Worldwide, every 2 min, a woman dies of cervical cancer, and it is the leading cause
of cancer deaths in women of the developing countries as about 85% of the women dying from
cervical cancer reside in the developing countries [2].

Currently, about 200 different strains or genotypes of human papillomavirus infection (HPV)
have been isolated. Thirty of these have a predilection for the epithelium of the genital tract of
which 15 strains are regarded as oncogenic and are responsible for virtually all cases of cervi-
cal cancer worldwide. Oncogenic strains or high-risk genotypes which include serotypes 16,
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18, 31, 35 and 45 are responsible for most cases of cervical cancer, although multiple infections
with a combination of genotypes have been isolated in 6% of cases. It is estimated that only
20% of women will escape HPV infection in their lifetime and this underscores the impor-
tance of this infection [2, 3].

Human papillomavirus, a non-envelop double-stranded DNA virus, measures about 55 nm
in diameter and consist of a genome that encodes for early and late proteins. It causes both
benign and malignant conditions of the skin, cervix, vagina, vulva and anus. The main routes
of transmission are through sexual intercourse and skin-skin contact; it is projected that about
half of all sexually active adolescent will acquire the infection; however, the infection is usually
self-limiting and harmless depending on the host immunity among other factors. Failure of the
host immunity to clear the infection is responsible for persistence of the infection and eventual
development of cervical cancer [3-5]. This chapter exploits cervical cancer as sexually transmit-
ted infection sequelae with the human papillomavirus virus, largely the causative agent.

1.1. Epidemiology of cervical cancer

Worldwide, about 500,000 new cases of cervical cancer are diagnosed annually and there are
about 300,000 associated deaths per year. Most of the new cases of cervical cancer and the
associated cancer deaths occur in the less developed regions of the world [6]. Projections indi-
cate that more than one million new cases of cervical cancer will occur each year by 2050 [7].

Every year, across Africa about 79,000 women are diagnosed with cervical cancer [6]. The
epidemiology of cervical cancer is different in North and sub-Saharan Africa, due to differ-
ences in cervical screening, cultural differences and human immunodeficiency virus (HIV)
prevalence. Organized cervical screening is limited or absent in several African countries [6].

Yearly across Africa, about 62,000 women die from cervical cancer with a similar distribution
of mortality rates to incidence rates. High incidence and mortality rates occur in sub-Saharan
Africa while lower rates occur in North Africa [6]. In Nigeria, cervical cancer age standard
incidence rate at the Ibadan population-based cancer registry was 36.0 per 100,000 and 30.3
per 100,000 at Abuja population-based cancer registry [8].

In Europe and North America, the incidence of cervical cancer is about 60,000 and 14,000,
respectively, with a lower annual mortality rate of about 30,000 and 5000, respectively [6, 9].
The low incidence and mortality may reflect the availability of well-established screening
program in developed countries [7, 9].

1.2. Burden of HPV infection and regional variation of genotypes

Human papillomavirus virus is a relatively small sexually transmitted virus containing circu-
lar double-stranded DNA with affinity to cutaneous and mucosal epithelium resulting in cyto-
pathic changes. It is the most common sexually acquired infection in the world with more than
half in young, sexually active adolescents. The persistence of the oncogenic HPV types causes
cervical cancer in women. Several studies have been done on the prevalence of HPV genotypes
in women with different genotypes implicated in different histological types of cervical cancer.
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Cervical cancers constitute two-thirds of all genital cancers in developing countries like
Nigeria with most of the patients presenting with clinical stage III or IV disease [4, 10].
Therefore, the main burden of cervical cancers is in the developing world where it con-
tributes significantly to maternal death. This is contrary to the developed countries where
there is decreasing incidence of cervical cancer. This is due to the establishment of effec-
tive cervical cancer screening protocol, education and access to good medical care [10, 11].
In the UK, screening has prevented up to 70% of cervical cancer death since its inception
in 1988 [12].

Worldwide, an estimated 291 million women are harboring HPV DNA at any point in time and
23% of these infections are related to HPV 16 while 8.5% are related to HPV 18 [13]. The adjusted global
prevalence has been reported to be 10.41% [14]. The oncogenic HPV incidence is highest in young
women and the risk of infection remains throughout life [15]. There are regional differences
in the prevalence of the oncogenic HPV infection [16].

A study done in Benin, West Africa, showed an overall prevalence of 32.2% [17]. High-risk
types were involved in 88% of the infection, most notably HPV 16, 18, 35, 45, 58 and 59.
Another study done in Mexico for a prevalence of HPV genotypes in women from a rural
region of Puebla revealed the prevalence of 25.4% [18]. The study also revealed two peaks of
higher HPV prevalence in those aged 18-24 and 55-64 years. The individual genotypes in the
study were 9.6% HPV 6, 4.6% HPV 11, 54.2% HPV 16, 37.3% HPV 18 and 9.6% HPV 31. HPV
16 was the most common type found in all the cervical lesions.

A study on the prevalence of HPV and its genotypes done in Ibadan, Nigeria, showed that the
overall prevalence of HPV was 26.3% in women with cervical cancer and 24.8% in the women
without cervical lesions [4]. It also revealed that the high-risk HPV was predominant (19.7%)
and was mostly due to viral types 16, 31, 35 and 58. The low-risk HPV were found in 6.6%
and mixed infections of more than one HPV type occurred in 33.5% of HPV-positive cases.
A similar incidence of 21.6% was found in Okene, north-central Nigeria with the high-risk
HPV prevalence of 16.6 and 3.5% having mixed infections [19].

In immunocompromised patients, the genotypic distribution also differs as observed in a
cross-sectional prospective study conducted out in LUTH, Lagos which determined the
prevalence of high-risk HPV among HIV-positive and HIV-negative women in 2012 [20].
The study revealed that the prevalence of HPV among the HIV-positive women was 44.9%
with the prevalence of the high-risk types constituting 37.5%. The most common high-risk
types seen were types 31, 52, 53 and 35. It also showed that the prevalence of HPV among the
HIV-negative women was 11% while the most common high-risk types seen in them were
types 18, 16, 52 and 56. Similar study for the prevalence of HPV genotypes enrolled HIV-
positive and HIV-negative women presenting for cancer screening program [21]. Among the
HIV-positive women, HPV 35 (8.7%) and HPV 56 (7.4%) were the most prevalent high-risk
HPV while HPV 52 and HPV 68 (2.8% each) were the most prevalent among HIV-negative
women. The study suggested that the oncogenic HPV types 35, 52, 56 and 68 may be more
important risk factors for cervical pre-cancers among African women hence polyvalent high-
risk HPV vaccines meant for African populations should protect against HPV types other
than 16 and 18.
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A cross-sectional epidemiological study that assessed HPV prevalence and type distribu-
tion in women with invasive cervical cancer in Ghana, Nigeria and South Africa revealed
that the most commonly detected HPV types were HPV 16 (51.2%), HPV 18 (17.2%), HPV
35 (8.7%), HPV 45 (7.4%), HPV 33 (4.0%) and HPV 52 (2.2%). The prevalence of single and
multiple HPV infections seemed higher among the HIV-positive women. Therefore, HPV
16, 18, 45 and 35 were the most common HPV types in sub-Saharan African women [22].
Another study in Abuja showed HPV types 18 and 16 to be the most predominant in the
metropolis [23].

2. HPV genotypes and distribution in cervical cancer

The most common oncogenic HPV genotypes are 16, 18, 45, 31, 33 and 51 [24]. Others are 52, 56,
58, 59 and 68. HPV genotypes 16, 18, 45, 33 and 31 are usually associated with squamous cell
carcinoma while types 16, 18, 45, 31 and 51 are usually associated with adenocarcinoma [24].
These oncogenic strains are those linked to cervical cancer.

Globally, HPV types 16 and 18 together account for more than 70% of the cervical cancer cases
while the next most common oncogenic HPV types are 45, 31 and 33 and together account
for about an additional 10% [16, 25]. HPV 18 is more prevalent in adenocarcinoma than the
squamous cell carcinoma while HPV 16 in more prevalent in squamous cell carcinoma [16].
The non-oncogenic genotypes are 6, 11, 44, 43, 44, 54 and 55 and are associated with benign
genital warts. HPV types 6 is most commonly detected in the benign genital lesions (about
90% of warts) and followed by HPV 11 (10-30% of genital warts) [26].

2.1. HPV and other cancers

Despite its contribution to the development of cervical cancer, HPV is also associated with
oropharyngeal, vaginal, vulva and anal cancers [26, 27]. About 12% of cancers of the orophar-
ynx and 3% of cancers of the mouth are attributed to HPV infection [26]. However, the major
risk factors for these cancers are tobacco use and alcohol consumption. The effects of these
two risk factors are multiplicative [26, 27].

The HPV infection results in about 90% of anal cancers [27]. The other risk factors to the devel-
opment of anal cancers are HIV infection, cigarette smoking, anal intercourse and multiple
sexual partners [27]. The HPV infection and pathologies are both increased in HIV-positive
individuals [2]. The mechanism of interaction of HIV and HPV is not known but it may
involve immune suppression rather than direct interaction [2].

The vaginal intraepithelial neoplasia, which is a preinvasive disease of the vagina, has been
associated with HPV infection [28]. The vagina lacks a transformation zone, whereas in the
cervix immature epithelial cells are infected with HPV [28]. It has been theorized that the HPV
entry mechanism involves abrasions from coitus and the use of tampons. The HPV may begin
its growth in a healing abrasion in a similar fashion as in the transformation zone. The upper
third of the vagina is vulnerable to the development of dysplasia and carcinoma in situ whether
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or not hysterectomy has been performed previously for intraepithelial neoplasia [28]. Each of
these entities has a potential for progression to invasive cancer. For this reason, women who
have had a hysterectomy with a history of HPV or intraepithelial neoplasia should continue
to have periodic cytologic screening of the vaginal apex [28].

The HPV infection is strongly associated in younger women with vulvar cancer. This is pre-
ceded with high-grade vulvar intraepithelial neoplasia which is commonly associated with
high oncogenic type 16 and to a lesser extent type 18 [25]. Although the incidence of vulvar
intraepithelial neoplasia and HPV has increased over the past decade, the incidence of vulvar
cancer has remained relatively constant [25].

2.2. HPV and non-oncogenic conditions

The non-oncogenic or low-risk HPV types can cause benign condyloma acuminata (genital
warts) [22]. The low-risk HPV types 6 and 11 are found in most of the genital warts [26, 29].
The HPV type 6 is most commonly detected in genital warts (about 90% of warts) followed
by HPV type 11 (10-30% of warts) [30, 31]. The low-risk HPV types are rarely associated with
dysplasia or cervical cancer [26]. Clinically apparent genital warts affect 1% of the sexually
active population (1549 years) in the USA [26, 29]. In the UK, genital warts were the second
most commonly diagnosed sexually transmitted infection (after chlamydia) among young
people (16-24 years) in a genitourinary medicine clinic [32].

3. Anatomy of the cervix in relation to HPV infection

Generally, HPV requires epithelial tissue for the completion of its viral cycle and the rich epi-
thelial network of the cervix makes it susceptible to colonization by HPV. The epithelium of
the cervix is divided into mature and differentiated cells which constitute the parabasal and
basal layers adjacent to the basement membrane and the end-stage fully differentiated cells
of the superficial layer [33]. The anatomical placement of the cervix in the vagina exposes it to
the seminal fluid which harbor the HPV virus which usually has a predilection to the trans-
formation zone, which has the most actively dividing cells.

3.1. Human papillomavirus, life cycle and invasion

The human papillomavirus measures about 55 nm in diameter and its viral genome is divided
into three regions: the upstream regulatory region (URR), the early region (E1-E7) and the
late region (L1 and L2) [34]. The genes in the early region dictate the production of copies of
viral DNA, development of new messenger RNAs (mRNA) and eventual transformation of
the host genome. In addition, E6 and E7 encode for the major transforming proteins which
are capable of inducing cell proliferation and immortalization. The genes in the late region
are responsible for the development of the viral coat. HPVs are epitheliotropic viruses and are
responsible for several mucous and skin lesions. Infection is initiated when the virus gains
entry into the basal cells of the epithelium.
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The HPV life cycle is restricted to the cervical epithelium as shown in Figure 1 [35]. The virus
is thought to infect the basal cell layer of the epithelium via micro-abrasions and then uses the
host cell machinery to replicate viral DNA and express virally encoded oncogenes [36]. The
HPV has several mechanisms for avoiding the immune system. This includes the restriction
of its life cycle to the epithelial cells that have short lifespan and therefore has no replication
in the blood (no viraemia) and the infection is not spread systematically [35]. As a result, HPV
does not need to destroy the host cell, and in the absence of cell death or a danger signal, HPV
fails to trigger inflammation and an immune response [35, 36].

In addition, HPV down-regulates the expression of interferon genes. Type 1 interferon is a
cytokine that has antiviral and antiproliferative properties. The HPV oncoproteins E6 and
E7 can directly inhibit these antiviral pathways in the cell [35]. Then, the new viral particles
are assembled in the upper layers of the epithelium. The virus will be released with the cells
as they are shed from the epithelial surface. HPV immune evasive mechanisms enable the
infection to persist [35].

3.2. HPV transmission

The majority of the anogenital HPV is sexually transmitted. If one partner has HPV, the other
partner’s chance of being infected with the same HPV type increases by >50 times [37]. Sexual
intercourse and/or genital skin-to-skin contact are the primary routes of anogenital HPV
transmission [38]. Condom use does not provide complete protection from HPV transmission
and self-inoculation is possible [39]. Infection is thought to occur through microscopic tears or
abrasions in the epithelium. Transmission by non-sexual routes is thought to be uncommon,
but the possible routes include transmission from mother to newborn [40].

Other non-sexual routes of transmission are through finger-to-genital contact and trans-
mission through fomites and environmental surfaces [41]. Vertical transmission together
with other non-sexual routes may contribute to anogenital HPV infections in children [42].

Sl ol Cervieat Intraepitheliat Neoplasia
r CIN 1 i CIN 2 CIN 3

Breached Epithellum with
HPY virium penctoation i Re—

Superficial ephthelium —

Superficial layer

Middle Layer

Figure 1. Diagram indicating the life cycle from HPV infection to frank carcinoma (adapted from Nature Rev Cancer,
2007).
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In children, prior to any sexual activity, anogenital HPV DNA detection rates range between
3 and 55% and this variation is likely to be caused by different sample collection and HPV
detection methods.

4. Risk of HPV infection

Every sexually active woman is at risk of acquiring an oncogenic HPV infection which may
cause cervical cancer [43]. The risk of acquiring oncogenic HPV infection is high even after
first intercourse and continues throughout a woman'’s sexually active lifetime [44]. HPV infec-
tions are very common with up to 80% of women acquiring HPV infection in their lifetime
[26, 44]. While most HPV infections resolve naturally, there is currently no way of predict-
ing which infection will persist [26]. The cumulative risk of acquiring cervical HPV infection
in women with only one sexual partner is 46% (3 years after first sexual encounter) [45].
New HPV infections can be acquired at any age [46, 47] and the prevalence of infection is
greatest (approximately 20%) in women less than 25 years of age [14]. The incidence of onco-
genic HPV infection is around 5% in women 25-55 years of age [48]. Although new infections
decrease with age, the risk of persistence of infection increases with age [15].

4.1. Co-factors that increase the risk of progress to cervical cancer

The persistence of HPV infection with the oncogenic HPV types is necessary but insufficient
alone to cause cervical cancer [49]. Approximately 70% of cervical cancers worldwide is asso-
ciated with HPV types 16 and 18 [25]. The HPV types 16 and 18 persist longer than low-risk
HPV types [50]. Several other factors are associated with the development of cervical cancer
following oncogenic HPV infection [26, 51]. These factors include environmental factors like
smoking, sexual exposure especially for early onset of sex (coitarche) and high parity [46].
The other factors are hormonal, like in long-term use of oral contraceptives and immunosup-
pressive factors such as HIV, transplant recipients and long-term systemic steroid use [36, 39].

4.2. Pathway of HPV infection to cervical cancer

The progression of HPV infection to cervical cancer is a multi-step process. The initial
infection of the cervix with HPV leads to viral entry into target basal epithelial cells. HPV
oncogenes (E6 and E7) will be expressed and they modulate the effect of the tumor sup-
pressor proteins p53 and Rb [34]. The HPV genome integrates into the host genome and this
results in cytogenetic instability. These genetic changes allow for uncontrolled cell growth
(immortalization) [34]. The final stage involves malignant transformation to invasive
cervical cancer.

After the cervix is infected with HPV, the infection may cause mild Papanicolaou abnormali-
ties and/or mild cervical intraepithelial neoplasia (CIN), which usually clear spontaneously
[49, 52]. Studies have demonstrated that the persistence of high-risk HPV is a key factor in the
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progression to precancerous lesions or high-grade dysplasia (CIN 2/3), which has a greater
likelihood of progression to invasive cancer [49].

It has also been shown that for every one million women infected with HPV about 100,000
will develop precancerous changes, about 8000 will develop carcinoma in situ while about
1600 will develop invasive cervical cancer if precancerous changes and CIS are not detected
or treated [38]. Cervical cancer is an outcome of the oncogenic HPV infection. However, over
80% of HPV infection are asymptomatic, transient and resolve spontaneously [49, 52, 53]. This
progression of HPV infection from precancerous conditions to cervical cancer is unpredict-
able and may take up to 20 years to complete [48].

5. Diagnosis

The aim of HPV testing is to determine the presence of high-risk HPV which can persist and
result in a premalignant lesion of the cervix and subsequently cervical cancer [52]. The HPV
test checks for the genetic material (DNA) of the HPV. The HPV test is done on a sample
of cells from cervical smears collected with cytobrush among other methods of collection.
The multiplex polymerase chain reaction (PCR) kits are used in determining the specific HPV
genotypes while the real-time PCR kits are used in quantifying the HPV genotypes.

HPV genotypes are determined by polymerase chain reaction (PCR) and hybrid capture 2
(HC2). In determining the genotype by PCR, the process by hybridization using type-specific
probes is utilized. The sequencing or restriction fragment length of the viral genome is deter-
mined in the process. Among various PCR methods, one of the most useful PCR methods
for genotyping of HPV is the non-radioactive reverse line blot (RLB). In 37 mucotropic HPV
types, the late region (L1) of the HPV genome is amplified using the general primers GP5+/
GPo+ [50, 51, 54].

Another method of HPV DNA testing/genotyping is the digene which is a hybrid capture 2
(HC2). Hybrid capture 2 is a commercially available standardized kit that uses RNA probes
to detect DNA from the oncogenic HPV types. The DNA of interest is merged with a spe-
cific HPV RNA probe cocktail. The combination created is fixed on a microplate coated with
antibodies specific for the hybrid created and detected by a chemiluminescent substrate.
The ability to detect low-risk or high-risk genotypes are determined by the RNA probe pool
used during the process. RNA probe A when used is able to detect low-risk genotypes while
RNA probe B identifies oncogenic genotypes. If an HPV test shows that high-risk types of
HPV are present, further investigations such as a colposcopy and/or cervical biopsy may be
recommended.

5.1. Treatment and prevention of HPV infection

The prevention of HPV infection is very important if the associated disease conditions are to
be reduced. Abstinence and HPV vaccines are the two most important ways of preventing
HPV infection. However, there are other ways of reducing the risk of transmission of the
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virus. Not having genital intercourse is an important way of avoiding the HPV infection but
this is not realistic for most adults hence the need for other methods of prevention. For the
sexually active women, the use of barrier methods such as condom during intercourse and
dental dams for mouth-to-genital contact can help to reduce the transmission of HPV [50].

To be most effective, these barrier methods should be used with every sex act, from start to
finish. The HPV can infect the areas that are not covered by a condom, so condoms may not
fully protect against HPV infection. The other methods of reducing the risk of HPV infection
are by having a faithful relationship with one partner, limiting the number of sexual partners
and being with a partner who has had no or fewer prior sex partners [50]. But even people
with only one lifetime sex partner can get infected with human papillomavirus [55, 56].

5.1.1. HPV vaccines

The HPV vaccines generate neutralizing antibodies which prevent the HPV infection. The
induction of high and sustained levels of the neutralizing antibodies is a key mechanism of
vaccine-induced protection. The neutralizing antibodies bind the HPV’s outer shell (capsid)
and prevent infection of the host cell [57]. Therefore, the neutralizing antibodies are likely the
mediator of the protection [57, 58]. Currently, there are two vaccines administered for the pre-
vention of HPV. They are the Cervarix and the Gardasil as illustrated in Table 1. The Cervarix
contains antigens of virus-like particles of HPV 16 and 18 while the Gardasil contains those of
HPV 16, 18, 6 and 11. The Cervarix protects against HPV 16 and 18 while the Gardasil protects
against HPV 16, 18, 6 and 11. Therefore, the Gardasil protects against cervical cancer like the
Cervarix and also protects against genital warts [59]. The vaccines are most effective if given
before the female becomes sexually active. It is recommended that they are administered at
the age of 11 or 12 years although a 9-year-old child can receive the vaccines (before the age
of sexual debut) [59].

Catch-up vaccines could be given to girls and women between the ages of 13 and 26. This is
for those who did not get any or all of the doses when they were younger. The vaccines are
safe and effective and given in 3 doses over 6 months [60]. Boys and men can also get the HPV
vaccines to prevent the HPV infection and the associated conditions such as genital warts and
anal cancers. In addition, the male vaccination is recommended in order to reduce the reservoir

Vaccine Target population Serotypes Disease targets Dose schedules
Cervarix Girls and women 16 and 18 Prevention of cervical Dose: 0.5 ml IM
(Glaxosmithkline) aged 9-26 years cancer caused by the  Schedule: 0, 1 and
16 and 18 genotypes 6 months
Gardasil (MSD) Girls and women 6,11, 16 and18 Prevention of cervical Dose: 0.5 ml IM
aged 10-26 years (1" Gardasil) inclusive cancer of listed Schedule: 0, 2 and
of HPV types 31,33,  serotypes and genital 6 months
45, 52 and 58 warts

(Gardasil 9)

Table 1. Vaccines against the human papillomavirus infection in prevention of cervical cancer [59].
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load of the HPV in the males and hence reduce its transmission to the female partners. Neither
Gardasil nor Cervarix can provide complete protection against the persistent infection with
other HPV types, some of which also cause cervical cancer [61]. Therefore, about 30% of cervi-
cal cancers and 10% of genital warts will not be prevented by these vaccines. Despite the two
vaccines, there are debates and researches on the need for booster doses [62-64]. In December
2014, Food and Drug Administration in the USA approved a nine-valent Gardasil-based vac-
cine called Gardasil-9. Gardasil-9 protects against infection with the four strains of HPV cov-
ered by the first generation of Gardasil as well as other strains responsible for 20% of cervical
cancers (HPV types 31, 33, 45, 52 and 58) [65].

5.1.2. Booster vaccines for HPV

Vaccinations raise antibody levels to HPV, then antibody levels wane. The immune correlate
of protection for HPV vaccination remains unknown [61]. Additional vaccine dose will boost
immune memory in vaccinated women but recall of vaccine-induced immune memory by
natural HPV exposure is unproven [62, 63]. The pace of HPV pathogenesis is uncertain, there-
fore, the requirement for booster vaccination is currently unknown [61].
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Abstract

Genital herpes simplex virus (HSV) infections are among the most commonly seen
sexually transmitted infections in the world. Genital herpes is a serious health problem
because the infection continues through life with remissions and relapses, it causes recur-
ring painful ulcers, and there is no known cure for it. The real prevalence of the genital
herpes infection is unknown due to asymptomatic cases. The majority of infected indi-
viduals are not aware of the infection due to short duration of symptoms and signs or
its asymptomatic nature. The clinical presentation of genital herpes shows certain dif-
ferences in terms of the primary attack following the first encounter with the virus and
recurrent attacks. There is a strong relationship between HSV-2 positivity and human
immunodeficiency virus (HIV). A serious complication of genital herpes in the mother
during pregnancy, neonatal herpes, has a mortality risk of 60% if not treated. Antiviral
therapy is safe and effective, for both episodic treatment and chronic suppression of HSV.
Epidemiology, clinical presentation, laboratory, and treatment options of genital herpes
are summarized in this chapter.

Keywords: genital herpes, herpes simplex viruses, sexually transmitted diseases

1. Introduction

Genital herpes is a sexually transmitted infection which is seen throughout the world and
continues through life. It is the most common cause of diseases accompanied by genital ulcer-
ation. Genital herpes is a serious health problem because the infection continues through life
with remissions and relapses, it causes recurring painful ulcers, the virus transmitted from
mother to infant causes serious neonatal infections, and there is no known cure for it [1, 2].

Herpes simplex viruses (HSV) are the most common human pathogens causing infections
in orofacial and genital regions. Genital herpes infection is caused by herpes simplex virus
1 (HSV-1) and herpes simplex virus 2 (HSV-2). HSV-1 mainly causes infection in oral, facial,
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and ocular regions and in the central nervous system (CNS) and is transmitted during child-
hood. While in the past genital herpes infections were mostly caused by HSV-2 and orofacial
infections were mostly caused by HSV-1, HSV-1 is reported to cause genital herpes at an
increasing rate today, particularly in developed countries [3, 4]. One of the important rea-
sons behind the increase in HSV-1-induced genital herpes cases in developed countries is
decreased seroprevalence of HSV-1 and the fact that the host has not encountered with the
virus prior to the onset of sexual activity. Another important reason is suggested to be chang-
ing sexual behaviors among the youth such as oral sex. HSV-2 is usually transmitted through
sexual contact and causes genital infection. HSV-2 may cause orofacial infections as well,
which cannot be clinically distinguished from HSV-1-induced infections. However, HSV-2-
induced orofacial infections are very rare [5, 6].

Herpes simplex viruses stay with infected individuals latently for lifetime. Their presentation
is quite variable depending on the immune condition of the host, site of entry of the virus, and
whether the disease is primary or secondary [7]. Genital herpes infection has some serious
results. First of all, HSVs transmitted from the mother to the neonatal cause serious mortal-
ity and morbidity. The second serious risk is the fact that genital herpes infections facilitate
human immunodeficiency virus (HIV) and play a role in the spread of HIV [8].

2. Epidemiology

Genital HSV infections are among the most commonly seen sexually transmitted infections in
the world. The real prevalence of the genital herpes infection is unknown due to asymptom-
atic cases. The most common cause of the genital herpes infection is HSV-2, but the number
of primary genital herpes cases induced by HSV-1 is on the rise. The prevalence of infections
induced by HSV-1 and HSV-2 varies between countries. While HSV-1 prevalence is about
60-80% worldwide, its prevalence in developing countries varies between 70 and 100%. HSV-2
prevalence is reported to vary between 7 and 80% depending on the country, age group, and
sexual life characteristics. More than 500 million people are estimated to be infected with
HSV-2 worldwide, which corresponds to 16% of the world population in between the ages of
15-49. It is also estimated that 20 million new cases occur every year [5, 6, 9].

HSV-1 seroprevalence is associated with age, race, geographical location, and socioeconomic
status. HSV-2 is associated with age, race, geographical location, socioeconomic status, sexu-
ally transmitted disease history, onset of sexual activity, and number of the sexual partner.
The most significant determining factor in genital HSV infections is lifetime sexual partner
count. It was found in a study conducted in the United States that HSV-2 infection and HSV1/
HSV2 co-infection are closely associated with lifetime sexual activity, smoking status, and
recreational drug use [1, 10].

HSV-1 is typically transmitted during childhood and with non-sexual contact. While HSV-1-
induced genital herpes prevalence varies between geographical regions, almost half of all new
genital herpes cases are caused by HSV-1 in European countries [12]. HSV-1 seropositivity
is estimated to be 40-63% in the United States, while HSV-2 seropositivity is estimated to be
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16-18% [10]. While HSV-1 prevalence was 62% in the United States between 1988 and 1994,
it dropped to 57.7% between 1999 and 2004. However, HSV-1 seroprevalence was found to
increase in those who were diagnosed with genital herpes only [3]. Having orofacial HSV-1
infection during childhood may protect against genital HSV-1 infection in later years and
silent HSV-2 seroconversion occurs more frequently in individuals with HSV-1 immunity. In
other words, the transmission rate, duration of disease, and severity of disease are decreased
in those who have immunity against a HSV type due to cross-immunity. The presence of
HSV-1 antibodies does not prevent HSV-2 transmission. However, HSV-2 infection may be
milder or asymptomatic in those with positive HSV-1 antibodies [7, 10, 11].

HSV-2 positivity occurs in adolescence when sexual activity begins and prevalence rate con-
sistently increases toward adult ages. HSV-2 seroprevalence during pregnancy is reported to
be 7-40% in different parts of the world. It is reported in rates varying between 60 and 95% in
those infected with HIV and female sex workers [5]. The region with the highest HSV-2 preva-
lence and incidence is sub-Saharan Africa. Prevalence goes as high as 80% for men and over
the age of 35 for women. HSV-2 seroprevalence is lower in European countries and reports
vary greatly between countries. In cross-sectional studies for Europe between 1989 and 2000,
HSV-2 seroprevalence was found to be 4% in Great Britain and Wales, whereas it was found to
be 24% in Bulgaria. While it was 20-30% in Germany and Switzerland, it went as high as 40%
in Turkey. The lowest prevalence is reported in Asian countries with 10-30% [12-14].

HSV-2 seroprevalence was found to be 17.2% in the United States in 1999-2000 and 14%
between 2005 and 2010. It is believed that behaviors reducing sexual risk factors improved
hygiene and life conditions, improved socioeconomic conditions, and shrinking families
might have had effective in the decrease in HSV-1 and HSV-2 prevalence [3, 10].

3. Structure of herpes simplex viruses

More than 80 virus types were identified in the herpesvirus family. However, only eight her-
pesviruses cause diseases in humans. Herpesviruses, which are human pathogens, are HSV-1
(HHV-1), HSV-2 (HHV-2), varicella zoster virus (VZV, HHV-3), Epstein-Barr virus (EBV,
HHV-4), cytomegalovirus (CMV, HHV-5), human herpesvirus 6 (HHV-6), human herpes-
virus 7 (HHV-7), and human herpesvirus 8 (HHV-8). Herpesviruses, which are the first two
types of HHVs and responsible for genital herpes infections, are referred to as herpes simplex
viruses [15].

HSVs are members of the alpha herpesviridea subfamily of the herpesvirus family and have a
large double-stranded DNA genome. The diameter of the viral nucleocapsid is approximately
100 nm and the diameter of the virus is approximately 250 nm. The structure of the virus
consists of a nucleus containing the DNA in the center, an icosahedral capsid surrounding the
nucleus, a tegument consisting of an amorphous protein layer surrounding the capsid, and
an envelope surrounding all of these [7, 12]. The envelope is a glycoprotein outer cover and
is typically derived from the host cell membrane while the DNA-containing capsid passes
through the nuclear membrane of the host cell. These glycoproteins play an important role
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during entry into the host cell. Even though DNA sequences of HSV-1 and HSV-2 are very
similar, they have different antigenic structures due to differences in envelope proteins [16].

HSVs are required to attach to at least three different cell surface receptors to start the infec-
tion. As a result of this attachment, the plasma membrane and the virus envelope join and
the virus enters into the cell as a result. The viral envelope contains at least 12 different gly-
coproteins involved in the virus’ entry into and exit from the cell (gB, gC, gD, gE, gH, gI, gK,
gL, and gM) [17]. Five different envelope proteins are involved in the virus entry process.
Surface glycoproteins of HSVs mediate attachment to and entry into host cell surface and also
stimulate the host’s immune system [12]. Heparan sulfate proteoglycans (HSPGs) on the cell
surface are attachment regions for HSVs. gB and gC bind HSPGs and are necessary for attach-
ment. First, gD binds cell surface receptor and starts changes which allow for membrane
fusion of other glycoproteins. Nectin-1 is a cell adhesion molecule, which gD binds and also
the main HSV receptor found in epithelial cells and neurons [12, 17, 18].

The viral genome is required to pass through the cell surface and cytoplasm and reach the
nucleus for the replication of the virus. Entry of the virus into nucleus occurs in three stages.
The first stage is the absorption of the virion to the cell surface, the second stage is passing
through nuclear pores after passing through the plasma membrane, and the third stage is
the introduction of the viral DNA from the capsid [16]. HSVs mostly use their own DNA
synthesis mechanisms for genome replication; however, they are dependent on the host’s
RNA polymerase II for transcription of viral genes. Viral DNA synthesize requires at least
seven viral proteins. At least six viral proteins allow for robust expression of viral genes and
mobilize cellular proteins for effective synthesis of the viral DNA and proteins. Other viral
proteins, mainly thymidine kinase (TK), ribonucleotide reductase, dUTPase, and uracyl DNA
glycosylase, control viral nucleic acid metabolism. These proteins are potential targets of anti-
viral treatment [12].

4. Pathophysiology

Host’s immune system is the most important factor which determines the transmission, sever-
ity, and frequency of recurrence of the infection. Humoral and cellular immune systems limit
the spread of the virus in immune-competent individuals. In experiments with both humans
and rats, CD4+ and CD8+ T lymphocytes, macrophages, natural killer cells, and inflamma-
tory cytokines such as interferon-y were shown to be involved in protection against HSVs
[5, 19]. While individuals with mild cellular immune deficiency experience frequent recur-
rences and slower resolution, individuals with severe immune deficiency are at a higher risk
of disseminated, treatment-resistant, and chronic disease. More frequent and severe recur-
rent herpes infections in acquired immunodeficiency syndrome (AIDS) patients indicate the
importance of cellular immunity, CD4+ T cells in particular [9]. Humoral immune system, on
the other hand, does not affect disease severity. However, it is involved in reduction of virus
titer in inoculation region and neural tissues during primary infection [5, 19]. Another cell
that is primarily affected in genital herpes and involved in immune response against HSV-2
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is keratinocytes. Keratinocytes infected with HSV-2 show up-regulation of antiviral cytokines
such as interferon alpha, beta, tumor necrosis factor-alpha (TNF-a), colony-stimulating fac-
tors, growth factors, defensins, selectins, lymphocyte function-associated antigens, and Toll-
like receptors [20].

Genital HSV infections are more common in women compared to men. Studies show that
women are more vulnerable to transmission than men. This vulnerability is believed to arise
from anatomic characteristics of women, the structure of the genital epithelium, longer expo-
sure to inoculum, and a higher rate of viral reactivation among men than women. When it
comes to sexual transmission, the risk of transmission from man to woman is higher than the
risk of transmission from woman to man. The virus is easily deactivated with water, soap, and
drying and transmission through objects is not likely [21].

The virus, which enters into the body through skin or mucosa, starts the cytolytic replication
within epithelial cells. In this period, virions within epithelial cells are observed histologically
as intranuclear inclusions. Cells turn into multinucleated giant cells due to cytolytic proper-
ties of HSVs. Epithelial cells break up due to cell damage, and the space between separated
cells is filled with liquid. Resulting blisters contain cellular debris, inflammatory cells, and
virion products [5].

HSVs are neurotropic human pathogens. Following the replication in epithelial cells, the virus
is absorbed by sensory neurons that innervate these tissues. The virus travels through neu-
ron body and to neural ganglia via retrograde microtubule-associated transport and remains
latently in neural ganglia without leading to cell death in neurons. It is unknown why and
how HSVs remain latently. However, after a single lytic infection, the virus gains ability to
protect against host’s defense system. The latent virus genome is kept within sensory neurons
in a balanced manner and all viral lytic genes are suppressed. The virus may reactivate to con-
tinue its replication due to various triggering factors and reaches epithelial cells via antero-
grade transport. Infected cells do not spread virus for the duration of latent infection and
disease symptoms are not observed in the host. Trigeminal and sacral ganglia are the regions
where HSV-1 and HSV-2 viruses most frequently remain latent. Recurrent genital herpes
infection usually occurs as a result of reactivation of the virus remaining latent in sacral root
ganglia [9, 17, 22]. Many factors such as traumas, inflammatory diseases, ultraviolet, men-
struation, immune suppression, fatigue, and psychological stress may lead to reactivation
of the latent virus. Following the virus reactivation, the virus reaches mucosa and skin once
more from dorsal root ganglia through peripheral nerves. The infection maybe symptomatic
or asymptomatic and seroconversion of type-specific antibodies takes 4-6 weeks [11].

4.1. HSV/HIV relationship

There is a strong relationship between HSV-2 positivity and HIV. The risk of HIV transmission
is three times higher in women and men infected with HSV-2 [23, 24]. Among HIV-positive
patients in UK, HSV-1 seroprevalence was found to be 90%, HSV-2 seroprevalence was found
to be 67%, and HSV-1 and HSV-2 co-incidence was found to be 64% [25]. Worldwide, more
than half of individuals infected with HIV have HSV-2 infection. Genital herpes lesions are
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suggested to facilitate HIV acquisition due to disruptions in physical barriers of skin and
mucosa. Another facilitating factor may be HIVs reaching a high number of CD4+ cells due
to increased cellular inflammatory response. HSV-2 infection is believed to have played a
facilitating role in HIV endemic in sub-Saharan Africa. HSV suppression treatment has not
been shown to prevent HIV transmission [13, 20, 26]. In addition, HSV-2 infection is sug-
gested to accelerate HIV disease and increase viral load. HSV treatment with acyclovir has
been shown to slow down HIV progression in individuals co-infected with HIV and HSV-2.
Some authors recommend that HIV-infected patients are checked for HSV-2 and co-infected
individuals receive suppression treatment for HSV-2. However, this subject has not been fully
illuminated. Although it is known that HSV-2 positivity facilitates HIV transmission, there is
no evidence showing that it accelerates AIDS progression. On the other hand, HIV viral load
has been reported to increase HSV-2 activity [26].

5. Clinic

Genital herpes lesions are formed by both HSV-1 and HSV-2 viruses. Severity of clinical signs
varies significantly. Since the majority of individuals infected with HSV do not realize a clini-
cal symptom, they are not diagnosed with genital herpes. Therefore, they continue to spread
the virus without knowing that they are infected. While mild and moderate symptoms and
signs are observed in some patients, the first attack may be as severe as to require hospitaliza-
tion in others. HSV-1-induced genital herpes may be milder and recur less frequently than the
infection induced by HSV-2. The incubation period after the transmission of the virus is not
known with certainty. The primary infection occurs 2-12 days (4 days on average) after sexual
contact. In one study, based on the data obtained from patients who were aware of having the
primary attack, the time between the sexual contact and the primary attack may vary from 1 to
49 days and thus it is suggested that the incubation period may be longer than expected [27].

The majority of infected individuals are not aware of the infection due to short duration of
symptoms and signs or its asymptomatic nature. For this reason, genital herpes should be
considered in patients with nonspecific genital symptoms. The clinical presentation of genital
herpes shows certain differences in terms of the primary attack following the first encounter
with the virus and recurrent attacks [28].

5.1. Primary genital herpes

Although episodes in most primary genital herpes cases are asymptomatic or atypical, clini-
cal signs are similar for both HSV-1 and HSV-2 in terms of the classical symptomatic first
episode. In the prodromal period, patients may have headache, fever, anorexia, malaise, and
painful inguinal and femoral lymphadenopathy. Following the prodromal period which lasts
for 2-24 h, patients experience localized or regional pain and tingling and burning sensations.
Constitutional symptoms are present in 80% of patients [11, 27]. Primary lesions begin about
4-7 days after sexual contact on labia minora, introitus, and urethral meatus in women and
on penis shaft and glans in men as painful, erythematous, clustering vesicles, and papules in
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varying sizes. Painful and inflammatory vulvar edema is present in women. Other than the
genital region, lesions may be seen on perineum and hips. Proctitis is one of the important ini-
tial symptoms in homosexual men. Irregular erosions and ulcers are formed due to ruptured
vesicles. Since circulating antibodies are not on a sufficient level, autoinoculation may occur
in other anatomical regions during or after the primary genital infection in particular. Lesions
are crusted and heal without scarring after 2-3 weeks. In this period, patients may spread
the virus for approximately 12 days. Atypical course may be present in women with cervical
lesions, which are usually overlooked, and it is more difficult to make a diagnosis. The moist
property of the genital region in women may lead to more severe clinical signs. Dysuria is
also more common in women. Autonomic dysfunction and aseptic meningitis, which lead to
urinary retention, are complications seen in this period. These lesions may sometimes occur
without said complications. In primary genital herpes infections, aseptic meningitis is seen
in 30% of women and 10% of men [7, 11]. The most common and unsettling symptom dur-
ing the first episode is reported to be pain in women. In men, on the other hand, lesions are
reported to be the most common and unsettling symptom. Surveys made with patients show
that female patients experience more work force loss during the first genital herpes attack
compared to male patients [29].

5.2. Recurrent genital herpes

The virus remaining latent in sensory neural ganglia following the primary genital herpes
reactivates and causes recurrent infections. Recurrent lesions occur more commonly in men.
Recurrence is observed in 70-90% of HSV-2-positive individuals and in 20-50% of HSV-1-
positive individuals who have had a symptomatic primary genital infection [5]. Recurrences
are six times more frequent in HSV-2 infections compared to HSV-1 infections [1]. One to two
days prior to recurrent lesions, prodromal signs such as itching, tingling, paresthesia, and
pain in lumbosacral dermatomes are observed. Recurrent genital herpes lesions involve less
grouped lesions compared to primary genital herpes and tend to be unilateral (Figure 1). It

Figure 1. Painful grouped vesicles are seen. By the courtesy of Dr. Zekayi Kutlubay.
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is usually not accompanied by systemic symptoms. Lesions are painful; however, the pain is
milder compared to primary infection. Lesions usually heal within 7-8 days and viral spread
lasts shorter and its concentration is lower. Recurrences may occur on thighs, lower abdomen,
hips, and genital organs. Fissures, erythematous patches, excoriations, and linear ulcerations
may be seen as atypical lesions [1, 11, 30]. Recurrent infections become sparse in time. That
being said, recurrences have been reported in 25% of patients in the fourth year of infection [5].

5.3. Asymptomatic genital viral shedding

Genital herpes infections are characterized by lifelong viral shedding after the first genital
herpes attack. Viral shedding in individuals infected with genital herpes continues with
both lesional and asymptomatic periods. Fifty to ninety percent of transmissions occur from
infected individuals who are not aware of their infections during the asymptomatic viral
shedding period. Only 25% of HSV-2-seropositive individuals have genital herpes history.
The majority of infected individuals either carries the infection asymptomatically or is not
aware of symptoms [1, 2]. The period with the highest risk of transmission is the active dis-
ease period which involves visible lesions. Shedding continues for 1 week after symptom-
atic attacks. However, viral reactivation is characterized by asymptomatic viral shedding in
most patients. The asymptomatic shedding property of the virus is the most significant reason
behind its spread. Viral shedding is very common in HSV-2-seropositive patients, whereas it
is less common in asymptomatic HSV-1 patients. The cell shredding rate is 3-5% in cell cul-
tures obtained from women infected with genital HSV-2 in asymptomatic period; however,
this rate goes up to 28% when wipe samples are examined using the polymerase chain reac-
tion (PCR) method.

Studies show that the highest shedding rates are seen within the first year following the onset
of the infection. In a study involving 377 adults with genital herpes, viral shedding was exam-
ined by applying the PCR method to anogenital swab and found to be 33.6% within the first
year after the first attack, 20.6% between 1 and 9 years, and 16.7% over 10 years. Subclinical
viral shedding was shown to be similar in both men and women.

5.4. Neonatal herpes

A rare yet serious complication of genital herpes in the mother during pregnancy, neonatal
herpes, has a mortality risk of 60% if not treated. It may lead to mortality and permanent
sequels in 30% of cases in spite of antiviral treatment. Neonatal herpes is estimated to be
about 10 in 100,000 live births worldwide. This corresponds to approximately 14,000 neonatal
herpes (4000 HSV-1 and 10,000 HSV-2) cases every year. The highest number of neonatal her-
pes cases belongs to Africa due to high HSV-2 positivity rate among women and high birth
rate. HSV-1 infections cause more neonatal herpes cases than HSV-2 infections in the United
States, Europe, and the West of the Pacific [31].

Transmission from the mother to the infant mostly (85%) occurs during vaginal birth due to viral
shedding. Intrauterine (5%) and postnatal (10%) transmission cases are less common [2, 8]. Its
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clinical manifestation involves eye, mouth, and skin infection, central nervous system disease,
or disseminated disease which starts within the first 28 days of life. Eye, mouth, and skin infec-
tion is present in 45% of cases and characterized by vesicular lesions without CNS involvement
or disseminated disease. CNS disease is observed in about 30% of cases and characterized by
lethargy, feeding difficulty, and seizures. CNS disease may be accompanied by skin lesions. The
mortality is 6% and permanent moderate and severe neurological damage is 50% with intra-
venous (IV) acyclovir treatment. Disseminated disease consists of the remaining 25% of cases
and presents multiple organ involvement with clinical sepsis. The mortality is 30% in spite of
acyclovir treatment [20].

6. Laboratory

Although genital herpes can be diagnosed via patient history and examination, herpes diag-
nosis may not always be easy. There may be atypical localizations such as hip and thigh or
atypical presentations such as vulvar/penile/perianal fissures, recurrent erythema, recurrent
pain, cystitis, urethritis, and genital discharge without lesions. On the other hand, various
diseases causing ulcers in the genital region such as Behcet’s disease, Crohn’s disease, other
sexually transmitted diseases, and fixed drug eruption may mimic herpes. In such cases, the
patient may be subjected to unnecessary antiviral treatments and experience negative social
and psychosocial effects due to the diagnosis. For a thorough infection management, the clini-
cal diagnosis must be supported with laboratory confirmation. Supporting the diagnosis is
also important for detection of possible cases, further consulting services, and prevention of
serious complications such as neonatal herpes [32-34].

6.1. Virus detection and typing

It refers to displaying the viral genome on the skin or mucosal membrane. The best test sample
is vesicle content. Samples must be sent to the laboratory in saline or virus transport medium
[30]. Virus detection methods are mainly divided into four groups: cell culture, molecular
methods (nucleic acid amplification tests (NAATs)), direct viral antigen detection, and cyto-
logical examinations [34]. The most commonly preferred methods are cell culture and PCR,
which is a NAAT method. It is possible to distinguish between HSV-1 and HSV-2 using these
two methods. It is absolutely necessary to distinguish between HSV-1 and HSV-2 in newly
diagnosed genital herpes cases [35]. Because viral shedding is intermittent, the fact that no
infected cell is detected does not mean that the HSV infection is not present [36].

Cell culture has lost its previous significance since it has low sensitivity in cases of healing
lesions and ulcerative lesions and requires more time compared to PCR. NAAT methods such
as PCR are accepted as the reference test by many centers due to their high sensitivity [30, 34,
36, 37]. Other advantages of NAAT methods include reproducibility, speed, and labor efficiency
[38]. Direct viral antigen detection is a good alternative since it results in a matter of hours and
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is a commercially accessible method. However, it has certain disadvantages such as low speci-
ficity and sensitivity values and inability to distinguish types. Cytological methods based on
detection of cellular changes such as Tzanck are not recommended due to lack of specificity and
sensitivity. Similarly, these methods do not allow for distinguishing types as well [34].

6.2. Serology

Immunoglobulin M (IgM) antibodies can be detected in blood 7-10 days after encountering
the infectious agent. They remain detectable for about 1-2 weeks, while they remain positive
for about 6 weeks in some individuals. They become positive again within a short time frame
in recurrent infections [39]. Detection of IgG antibodies may require 2 weeks to 3 months fol-
lowing the transmission of the virus and they remain positive for lifetime [5]. Although IgM
detection in IgG negativity during the window period in the first infection in particular may be
important for primary infection diagnosis, it is not recommended for routine practice [34, 40].

HSV-1 IgG antibodies do not allow for distinguishing between genital and oropharyngeal
infections, HSV-2 IgG antibodies can be used to confirm genital herpes infection diagno-
sis. For this reason, detection of type-specific HSV IgG antibodies, especially HSV-2, is very
important to use type-specific serological tests for an accurate and effective genital herpes
management [6, 34].

Detection of type-specific HSV IgG antibodies is a rapid, effective, and reliable method in
infection diagnosis. Although it does not provide information related to infection time, it is
possible to support primary infection diagnosis in individuals who are believed to have the
first genital herpes attack. When used together with direct virus detection methods, primary
infection diagnosis is possible with observing the initially negative IgG value, which is spe-
cific to HSV type, becoming positive in repeated PCR tests. Serology is also effective in detec-
tion of asymptomatic HSV-2 carries and possible viral shedders [30]. Especially patients with
negative direct virus detection tests, yet recurrent or atypical genital symptoms and partners of indi-
viduals diagnosed with genital herpes are suitable indications. If the partner is HSV-2-negative,
it is important to detect the infection to take protective measures. It is also important to know
the HSV serology in case of pregnancy to protect against neonatal herpes, which is a serious
condition, and take necessary measures. Moreover, HSV-2 infection increases the risk of HIV
transmission independently and leads to disease progression in HIV-seropositive patients.
Therefore, HSV serology should be explored especially for individuals with multiple partners
and/or HIV-seropositive individuals to control sexually transmitted diseases and manage HIV.
HSV serology has no indication in general population [34]. Table 1 shows how to interpret
laboratory findings in detail.

Type-specific serological tests are commercially available and the enzyme-linked immuno-
sorbent assay (ELISA) method is widely used. They depend on detection of HSV-specific gly-
coprotein G1 or C1 (HSV-1) and glycoprotein G2 (HSV-2) as antigen [36]. These tests have a
sensitivity of 97-100% and a specificity of 94-98% [5, 41]. Although there are multiple tests
used for confirmation, the Western Blot test is accepted as the gold standard and can be found
in only a number of reference centers [34].
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HSV-1 detection
by direct method

HSV-2 detection HSV-1-specific

by direct method IgG

HSV-2-specific
IgG

Interpretation

First assessment
of genital lesions

Recurrent genital
lesions

Positive

Negative

Positive

Negative

Negative

Negative

Negative

Positive

Negative

Positive

Negative

Negative

Negative

Positive or
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Table 1. Virological and serological approach to genital HSV infection.

7. Treatment

Systemic antiviral use is the essential point of genital herpes treatment. Studies have shown
that systemic antiviral treatment limits the severity and duration of the genital herpes attack
[42, 43]. The important point to keep in mind is that antiviral treatment does not eliminate
latent infection and does not affect posttreatment recurrence risk and severity [36].

In treatment of HSV-1- and HSV-2-induced genital herpes, it is recommended to use acyclo-
vir, valacyclovir, and famciclovir as the standard primary care [30, 36]. These are nucleoside
analogs which inhibit herpesvirus DNA polymerase specifically. While acyclovir is available
in IV and oral forms, valacyclovir and famciclovir are available in oral form only. These three
agents have similar activities in terms of reducing disease severity, duration, and recurrence
[44]. Acyclovir is the prototype drug since it is the first molecule used. It is safe and has high
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tolerability. Gastrointestinal system complaints, eruption, and temporary neurotoxic effects
are possible. Nephrotoxicity may develop in insufficiently hydrated cases. Concurrent neph-
rotoxic drug use should be avoided, liver and kidney functions should be followed closely,
and the dose should be adjusted in case of renal failure [45]. Valacyclovir is the prodrug form
of acyclovir. Valacyclovir is converted to acyclovir by hepatic valacyclovir hydrolase. It has
higher oral bioavailability. Its use is not licensed for children, adolescents, and pregnant
women. Its side effect profile is similar to that of acyclovir. Famciclovir is the prodrug form
of penciclovir, which is only available in topical form. It has a quite high oral bioavailability.
Similar to valacyclovir, its use is not licensed for children, adolescents, and pregnant women.
Possible side effects include headache, nausea, and diarrhea [30].

The effect of topical agents is weaker than systemic agents and they do not contribute to
combined treatment. They are not recommended for use in case of genital herpes since they
lead to an increase in resistance. Intravenous treatment should be considered only when oral
agents cannot be tolerated and in complicated cases [35]. Washing with serum physiologic
and using analgesic and topical anesthetic agents are additional approaches which may be
beneficial.

7.1. Primary genital herpes

Primary infections are usually more severe and longer compared to recurrent attacks.
Therefore, guides recommend systemic antiviral use in all primary genital herpes cases. It is
recommended that treatment is started within the first 5 days. If new lesion formation contin-
ues, treatment should be started in cases older than 5 days as well. The patient should be fol-
lowed up closely in terms of systemic symptoms, complications, and new lesion formation. In
such cases, it may be necessary to prolong the standard treatment [35, 36, 46]. Table 2 shows
recommended doses in detail.

7.2. Recurrent genital herpes

Recurrent genital herpes attacks are usually self-limiting and not so irritating compared to
the first attack. However, attacks may sometimes be very frequent (four to six times a year
or more) and severe and reduced the individual’s life quality. In such cases, two different
regimens are used: the suppressive treatment and the intermittent treatment. Patient com-
pliance and cost should be considered when choosing a treatment regimen. Table 2 shows
recommended doses in detail. Acyclovir is low in cost compared to the other two agents.
Intermittent treatment seems to be more advantageous than suppressive treatment in terms
of both patient compliance and cost. Although studies show that both treatment regimens
are effective and safe, suppressive treatment is more effective [47]. Thus, the World Health
Organization (WHO) recommends suppressive treatment at first and to stop the treatment
after 1 year to reassess recurrence frequency [46]. Since the patient usually experiences an
attack after stopping the treatment, it is recommended to wait at least for the second attack.
The treatment may be restarted after reassessment for patients who have unacceptable attack
frequency and symptoms [35].
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First episode for genital herpes (adult, pregnant, Oral doses®
immunosuppressive patients)

Acyclovir® 400 mg three times a day for 5-10 days or
200 mg five times a day for 5-10 days

Valacyclovir 500-1000 mg twice a day for 5-10 days

Famciclovir 250 mg three times a day for 5-10 days

Suppressive therapy for recurrent genital herpes

Acyclovir® 400 mg twice a day*
200 mg four times daily*
Valacyclovir 500 mg once a day or

1 g once a day*

Famciclovir 250 mg twice a day
500 mg twice a day*

Episodic therapy for recurrent genital herpes

Acyclovir® 400 mg three times a day for 5 days? or
800 mg twice a day for 5 days or
800 mg three times a day for 2 days

Valacyclovir 500 mg twice a day for 3 days or
1 g once a day for 5 days?

Famciclovir 125-250 mg twice a day for 5 days or
1 g twice a day for 1 day or
500 mg for 1 dose followed by 250 mg twice a day for 2
days
500 mg twice a day for 5 days!

“First episode oral doses vary according to guidelines.
"Recommended as the first choice in the WHO STI guideline.
‘Has a usage difficulty although it is found more efficient than the usage of 400 mg twice a day.

4The recommended dose for the people HIV+ and have more than 10 episodes a year.

Table 2. Treatment of genital herpes.

7.3. Management of complications

Complications such as urinary retention, meningoencephalitis, disseminated disease, pneu-
monia, and hepatitis, which are usually observed during the first attack and in immunosup-
pressive individuals, should be treated by hospitalizing the patient. The patient should be
administered acyclovir 5-10 mg/kg IV every 8 h for 2-7 days or until clinical recovery is
observed. The initial intervention should be followed up with oral antiviral treatment and the
process should be completed in a total of 10 days. The treatment should be 21 days in case of
HSV encephalitis [36].
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7.4. Special cases
7.4.1. HSV management in pregnancy

Neonatal herpes during pregnancy is a serious health problem with high mortality and mor-
bidity. Herpes must be managed carefully during pregnancy to minimize the risk of transmis-
sion to fetus. Primary/recurrent character of the maternal infection, presence of transplacental
neutralizing antibodies, presence of premature rupture of membranes, fetal scalp electrode
use, and labor method are factors which affect transmission [48]. Maximum risk occurs with
the primary infection acquired during the third trimester.

7.4.1.1. Primary attack management

Treatment should not be delayed in case of primary attack. Oral acyclovir administration in
standard dose (400 mg/three times/day) is recommended as primary care. If the maternal
infection is disseminated, IV use should be considered [49]. Although all three agents are
accepted to be safe, valacyclovir and famciclovir are not recommended for primary care due
to insufficient data [49-51]. If the attack occurs during the first or the second trimester, sup-
pressive treatment with acyclovir may be started again from the 36th week until labor [52, 53].
If the attack occurs during the third trimester, acyclovir administration should be continued
until labor. Detection of type-specific HSV antibodies is recommended for pregnant women
who apply due to primary attack during the third trimester. Detection of the same antibody
type with the type isolated on genital swab usually indicates recurrent attack rather than
primary attack. There is no elective C-section indication in such cases. Otherwise, if there is
also any doubt, attacks in the third trimester should be treated as primary attack and elective
C-section should be used [49].

7.4.1.2. Recurrent attack management

Existing protective antibodies of the pregnant woman with recurrent attack protect the fetus
against transplacental transmission. Thus, neonatal herpes is not common in recurrent herpes
cases. While antiviral treatment is not recommended for recurrent attacks before the 36th
week, standard treatment may be considered in severe cases [54, 55]. It has been shown that
suppressive treatment with acyclovir from the 36th week until labor reduces viral shedding,
clinical herpes lesions, and requirement for C-section [56]. Vaginal birth should be preferred
if there is no other obstetric contraindication. Even though vaginal birth is recommended in
case of lesion presence during birth, the final decision should be made by the mother due to
low neonatal herpes risk [49].

7.4.2. HSV management in HIV-positive patients

HSV is a condition that requires careful assessment in HIV+ patients. Similar to immuno-
competent individuals, reactivation is subclinical in most cases [57]. However, the form of
reactivation is closely related with the rate of immunosuppression and ulcerate, necrotic,
painful, massive, multiple, and atypical lesions may be observed especially in patients with
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low CD4+ cell count [58]. Resistance is a high possibility in HIV+ patients. Antiviral treat-
ment has been shown to be effective in HIV+ patients as well [59, 60]. However, antiviral
treatment has not been found to be effective in preventing the transmission of HIV or HSV to
the possible partner [61, 62]. Table 2 shows doses for HIV+ patients.

7.5. Cases of resistance

Drug resistance should always be considered in cases where lesions become chronic or new
attacks occur under antiviral treatment. Development of drug resistance against acyclovir and
derivatives has been increasing due to high prevalence of herpes and frequent and prolonged
use of accessible agents. There is a vast difference between immunocompetent and immuno-
suppressive cases in terms of drug resistance. Inmunocompetent individuals rarely develop
drug resistance, while drug resistance rates up to 36% have been reported for immunosup-
pressive cases in the literature. In a clinical study on patients with genital herpes, the acyclovir
resistance rate has been found to be 0.18% for HIV-negative cases and 5.3% for HIV-positive
cases [63-65].

Acyclovir resistance occurs through HSV thymidine kinase gene mutations. Phenotypically,
it is observed as loss in TK activity, reduced TK production, or reduced affinity for substrate
[66]. Acyclovir resistance is accompanied by cross-resistance against other nucleoside ana-
logs such as valacyclovir, famciclovir, ganciclovir, and penciclovir since they share the same
mechanism. While treatment with high doses of acyclovir and analogs is possible in cases of
partial resistance, other treatment methods, which do not depend on TK, should be consid-
ered in cases of complete resistance [35, 67]. An oral agent other than acyclovir and analogs is
not available. Foscarnet (40-80 mg/kg IV every 8 h) administration is the first choice after high
doses of acyclovir in case of non-response to nucleoside analogs. Non-response to foscarnet
is also possible, albeit rare. In such cases, IV cidofovir administration (5 mg/kg/week) may be
considered [68]. Topical imiquimod is a good alternative in cases where IV treatment is not
possible [69-71]. Although it is effective in resistant cases, topical cidofovir is disadvantaged
due to lack of a commercially available preparation [72].

8. Protection from transmission

The first and most important approach is to inform asymptomatic partners and detection of
possible asymptomatic carriers by assessing type-specific HSV-2 antibodies. Although it is
not possible to fully protect HSV-2-seronegative partners from transmission, it is possible
to minimize the risk. The primary reason behind sexual transmission is asymptomatic viral
shedding. Both HSV-1- and HSV-2-induced genital herpes cases may involve asymptom-
atic viral shedding. Viral shedding is more common in individuals with frequent and severe
attacks in particular. The first step to protection is to encourage condom use. It has been
shown to have quite high effectiveness in regular use and higher effectiveness in transmission
from man to woman [73]. Sexual intercourse should be avoided during active attack peri-
ods. Asymptomatic viral shedding responsible for transmission can be suppressed with all
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systemic antiviral treatments [74, 75]. A reverse transcriptase inhibitor analog also approved
for HIV, gel form of tenofovir, has been shown to protect HSV-seronegative women against
transmission when used 12 h prior to intercourse [76]. SPL7013 gel (VivaGel®) is a microbicide
developed to protect against HIV and HSV. It has been found to have strong antiviral activity
when used 3 h before intercourse [77].

Efforts to develop a vaccine for HSV-1 and HSV-2 are among the priorities of WHO. Although
there is no licensed HSV vaccine available as of now, there are numerous vaccines at clinical
and preclinical study stages. Studies have gained pace, thanks to a better understanding of
immune response against HSV [78]. Vaccines generally have two different purposes: reduc-
tion of disease activity and viral shedding (therapeutic) and prevention of infection occurrence
(prophylactic). The most common HSV vaccines used in human clinical studies are glycopro-
tein subunit (gp D2) vaccines. A HSV subunit vaccine, HerpeVacg, is a prophylactic vaccine and
has the most intensive clinical study. In a study on HSV-1- and HSV-2-seronegative women,
it has been found that the vaccine provides 58% protection against HSV-1; however, it has
no protective effect against HSV-2 [79]. Clinical phase II studies of four prospective vaccines
with therapeutic indications still continue today. First results of studies on GEN-003, a gD2/
ICP4 protein subunit vaccine with Matrix M adjuvant, indicate that the vaccine reduces viral
shedding by about 50% [80]. HerpV, a peptide vaccine with 32 peptides complexed with heat
shock proteins and Q-21 adjuvant, is another therapeutic vaccine and reduces viral shedding
by 15%. The other two vaccines (codon-optimized polynucleotide vaccine and VCL-HBO01/
HMO01) are DNA vaccines and research results are awaited for these vaccines. Phase I studies
for HSV529, a replication-defective HSV-2 vaccine, have started with both therapeutic and
prophylactic indications [81].

9. Consultancy

It is very important to inform herpes-seropositive individuals and their partners accurately
and completely and eliminate their concerns. Because it is possible to improve their life qual-
ity through the right consultancy, transmission can be minimized and cases such as neonatal
herpes may be prevented. It is not an accurate and complete approach to provide medical
services only. Patients should be provided consultancy in the first visit. A healthy consultancy
and information should involve the following:

e General: HSV is not a race- or gender-specific infection. While having multiple partners
increases the risk, it may be seen in monogamous individuals as well. Transmission is pos-
sible without clinical lesions and symptoms (asymptomatic viral shedding). Recurrences
are likely to happen.

e Treatment: It is possible to reduce lesion duration and severity, attack frequency, asymp-
tomatic viral shedding, and negative psychological effects on the patient using antiviral
systemic treatment [44, 82].
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e Protection: It is important that current and future partners are informed by the HSV-pos-
itive individual. Partner status should be determined by serology and HSV-negative part-
ners should be informed about possible measures. Intercourse should be avoided during
active lesion presence and transmission risk should be minimized by condom use. HSV+
women should be informed about the neonatal herpes risk, and obstetricians and gyne-
cologists should be urged to inform patients during pregnancy. In addition, it should be
mentioned that HIV transmission risk is increased in HSV-2-positive individuals.

e Psychology: Mental health of individuals may be negatively affected upon diagnosis due
to shame, guilt, fear, and despair. Words such as “chronic, incurable, attack” should be
avoided during the visit to prevent increased concern. The patient may not understand
what is told during the first visit due to the shock caused by the diagnosis. For this reason,
the patient should be followed up in future visits. The individual may overcome the dif-
ficulty by sharing experiences with or learning from others with the same infection. There
are various support platforms which can be used for this purpose and the individual may
be referred to such platforms [35, 36, 83].
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Abstract

In the last few decades, bacterial vaginosis (BV) has become an emerging pathology;
its relationship with pregnancy, pelvic inflammatory disease (PID), infertility, preterm
delivery, and neonatal small for gestational age are well established. BV substantially
changes vaginal microbiome and these modifications could facilitate sexually transmit-
ted infections (STIs). Several studies have reported an association between abnormal
vaginal microbiota, in particular, BV and depletion of lactobacilli species, and increased
risk of sexually transmitted infections (STIs) acquisition. Immunologic, enzymatic, and
metabolic mechanisms could operate independently or in combination to enhance STIs’
transmission. Several studies have pointed out this association: vaginal microbiome mod-
ifications in BV could predispose to sexually transmitted diseases (STDs). Considering
the high social impact of BV together with its relationship with STDs, it seems to be “cru-
cial” to restore vaginal microbiome in childbearing age women in order to reduce STIs
acquisition. Some experimental clinical data seem to confirm this observation: vaginal
microbiome restoration by probiotics/synbiotics seems to improve not only STIs” acquisi-
tion but also STDs’ pathology progression. Restoring vaginal microbiome could repre-
sent an international, innovative, and less-expensive gold standard to counteract STDs’
spread and acquisition.

Keywords: bacterial vaginosis (BV), sexually transmitted diseases (STDs), vaginal microbiome,
probiotics/synbiotics, Lactobacillus

1. Introduction

The infections of the human reproductive system include sexually transmitted diseases (STDs)
that are defined as “infection that spreads primarily through person-to-person,” and non-STDs
that are “endogenous infections of the genital organs such as “bacterial vaginosis” (BV) [1].
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Both STDs and non-STDs are a major concern for public health system worldwide [1].

Sexually transmitted diseases (STDs) are the most frequently “unrelieved” diseases in the
United States [2]; its prevalence is high all over the world, especially in the United States
where about 12 million new cases occur each year [2].

Surprisingly, STDs represent a public health problem also in the developing countries, being
the second cause of health loss in childbearing women [2].

STDs have a lot of health-related consequences between women, adolescent, and children,
particularly in ethnic/racial minority group: In U.S. a lot of women (more than a million)
experienced an episode of pelvic inflammatory disease (PID) per year: considering that PID
represents an important health consequences of STDs and that 15% of the infertile U.S. women
experienced a tubal inflammation related to PID, it seems obvious to ascribe to STDs as play-
ing a leading role in women health [2].

Also, the relationship between untreated STDs and pregnancy are well known: neonatal
pneumonia, neonatal ophthalmia, mental and physical developmental disabilities, and fetal
death related to syphilis are the more impacting consequences of untreated STDs [2].

Unprotected sexual encounters and having multiple sexual partners, together with higher
biologic aptness, are the leading causes of STDs in adolescents between 10 and 19 years,
which seems to be the higher risk category among all age groups [2].

Bacterial vaginosis (BV) is a clinical syndrome resulting from the replacement of normal
hydrogen peroxide-producing lactobacillus species in the vagina with high concentration of
anaerobic bacteria such as Gardnerella vaginalis and Mycoplasma hominis [3].

BV is the most prevalent form of vaginal infection among women of reproductive age, affect-
ing 8-23%, and is the most common etiology of vaginal symptoms prompting women to seek
medical care [4].

It does not appear to be a sexually transmitted disease, although it has been associated with
having multiple sex partners [3].

It is the most common cause of vaginal discharge or malodor and is commonly encountered
in the context of STDs [3].

Since the relationship between BV and STDs is not well established, the aim of this chapter
will be to describe the role of BV in determining STDs and to point out how BV management
could improve STDs’ epidemiology and prevalence.

2. Vaginal microbiome

There are approximately 10 times as many microbes associated with a human as there are
human cells in the body [4]: despite recognition of the importance of the interactions between
the host human body and the bacteria it supports, there remain many unanswered questions
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regarding how the microbial environment varies with and among individuals in healthy and
diseased states [5, 6].

Historically, bacteria have been identified using Gram stain or culture-based techniques but,
unfortunately, as few as 20% of bacteria closely associated with the human body can be culti-
vated via culture-based techniques [6].

Culture-based methods may therefore underestimate the diversity of microbiome [5, 6].

During the past decade there has been an explosion of interest in molecular-based, culture-
independent techniques to study the microbiome [7-14].

Molecular-based techniques involve analysis of 16S ribosomal RNA (rRNA), DNA hybridiza-
tion, or fingerprinting and next-generation sequencing [7-14].

The National Institute of Health, recognizing the potential of molecular techniques to further
understand human bacterial communities, initiated the Human Microbiome Project (HMP)
in 2007 [15].

The HMP targeted the genitourinary system because it has been well established for more
than a century that bacteria are present within the vagina and that an imbalance within this
microbial environment may be associated with disease [16-19].

Research has demonstrated that alterations in the vaginal microbiome affect susceptibility
to gynecologic infections, including cervicovaginitis, postoperative infections, and human
immunodeficiency virus (HIV) infection, but also that many of the differences in the vaginal
microbiome may represent normal variation and may not necessarily indicate disease [20-24].

However, despite evidence from both culture-dependent and independent methods support-
ing the dynamic nature of the vaginal microbiome, both methods suggest that the microbiome
is relatively stable through periods of hormonal fluctuation, such as puberty or the menstrual
cycle [20-24].

It can be partially confirmed by the old statement of Albert Doderlein (1892): by using cul-
ture method he found that vaginal microbiome of healthy women possess a predominance of
Gram-positive rods named “Doderlein lactobacillus” from his name [25].

More than 120 years later, it is universally accepted that lactobacilli are the predominant
species of the human microbioma and that they have a key role in maintaining an acidic
environment able to protect women against virus and bacteria responsible for opportunistic
infections and STDs [26].

It was remarkable to observe that humans species are the only one with this relative abun-
dance of lactobacilli in vagina (more than 70%), while other mammals present not more than
1% of lactobacilli in the vaginal microbiota [26] (Figure 1).

To date, most comparative studies in mammals find that hosts with similar lifestyles and evo-
lutionary histories harbor similar microbiomes at a given body site, both in the bacteria taxa
they contain and the functions they provide to hosts [27, 28].
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A Humans B Other Mammals

99% 1%

W Lactobacillus spp.
O Other bacteria

Figure 1. Mean vaginal relative abundance of Lactobacillus spp. vs other bacteria in humans (A) and nonhumans (B) [26].

One important exception to this pattern is the vaginal microbiome, where humans exhibit
striking differences in community composition compared to other mammals; specifically, the
human vaginal microbiome is dominated by Lactobacillus spp. [29, 30].

These lactobacilli process glycogen and it breaks down products to produce lactic acid, lead-
ing to an exceptional low vaginal pH of < 4.5 [26].

Lactobacilli dominance and low pH of the human vaginal microbiome are hypothesized to
benefit women by reducing disease risk [31].

Furthermore, the loss of lactobacilli dominance is linked to bacterial vaginosis (BV), which is
associated with an overgrowth of anaerobic bacteria, relatively high vaginal pH (>4.5) infertil-
ity, preterm birth, maternal infections, and increased risk of STDs [21, 30-33].

To date, four hypotheses have been proposed to explain the uniqueness of the human vagi-
nal microbiome relative to other mammals: two mechanistic explanation and two evolution-
ary explanation: the first “mechanistic hypothesis” considers that the differences in vaginal
microbioma between human and nonhuman mammals are related to the differences in repro-
ductive physiology: a typical 28 days ovarian cycle of the humans is quite different from other
mammals [34].

This 28 days ovarian cycle in reproductive women is orchestrated by steroids and lactobacilli
abundance is strictly linked to estrogen levels [35].

The second “mechanistic hypothesis,” the common function hypothesis, proposes that in
nonhuman mammals, other bacteria may protect hosts via mechanisms other than lactic acid
and low vaginal pH so that the presence of lactobacilli may not be a requirement for a healthy
vaginal environment [34, 35].

In addition to these mechanistic hypothesis, two evolutionary explanation have been pro-
posed, the first, referred to as the “disease risk hypothesis,” proposes that humans have higher
STDs risk than nonhuman mammals because species with promiscuous mating strategies are
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predicted to have higher STD risk than those with only single, brief reproductive episode per
breeding season [36, 37].

The last evolutionary explanation, the “obstetric protection hypothesis” suggests that selec-
tion for lactobacilli in the human vagina is due to the high risk of microbial complications
associated with pregnancy and childbirth, thus lactobacilli and low vaginal pH may serve as
a protective function during human birth, and these traits are unnecessary in mammals with
less pregnancies and birth risks [38, 39].

An understanding of the diversity of the vaginal microbial environment during states of
health and disease is essential for the identification of risk factors for disease and the develop-
ment of appropriate treatment [26].

2.1. Vaginal microbiome in the healthy state

Nowadays, it is well established that the normal vaginal microbiome is dominated by lacto-
bacilli species [16, 40, 41].

Years of research have clearly demonstrated that the vaginal microbiota represents the first
barrier against obligatory or facultative pathogens in the female reproductive tract [43].

It is well known that women with low lactobacillus species in vaginal microbioma are at high
risk for urogenital infective diseases and adverse pregnancy outcomes [42].

Lactobacilli help to prevent vaginal infection by producing lactic acid, hydrogen peroxide,
bacteriocins, or through competitive exclusion of other bacteria [43—46].

Studies utilizing 16S rRNA PCR have demonstrated that the vaginal microbial environment
is usually dominated by one or two lactobacilli species, most frequently Lactobacillus iners,
Lactobacillus crispatus, Lactobacillus gasseri, or Lactobacilli jensenii [9, 47].

Of the 73% of women with lactobacilli-dominant environment, the most frequently detected
organism was L. iners, which was the predominant organism in 34% of women sampled [9].

The second most common Lactobacilli-dominant environment was L. crispatus (26.2% of
women) [9].

The identification of an L. iners-dominant microbial environment was in contrast to findings
from early molecular-based and culture-dependent studies which suggested other dominant
Lactobacilli spp, including Lactobacillus acidophilus, L. crispatus, and L. jensenii [48, 49].

It seems that the species of lactobacilli that dominate the vaginal environment may have
implications for gynecologic health: different species may differentially predispose to dys-
biosis [50, 51].

For example, it has been suggested that an L. crispatus vaginal microbiome is more stable and
less likely to transition to bacterial vaginosis (BV) than L. iners or mixed lactobacilli environ-
ment [52, 53].

Culture-dependent and microscopy methods demonstrated that the composition of normal
vaginal flora may also fluctuate within an individual woman: this “fluctuation” is related to
the menstrual cycle or as result of sexual activities [54, 55].
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During menses there is a decrease in lactobacilli and a relative increase in the proportion of
bacteria associated with higher Nugent Scores [54, 55].

Recent sexual activity may also affects the microbial composition of the vagina by decreasing
the proportion of the lactobacilli species present, which may predispose to dysbiosis with the
loss of the protective effects of lactobacilli [53, 56].

Decreased of lactobacilli have also been observed in postmenopausal women, specifically
those with vaginal dryness or atrophy [57-59].

The observed fluctuation throughout the menstrual cycle may be explained by evidence that
high levels of E2 may favor a lactobacilli-dominant environment [53, 60, 61].

Evidence from culture-dependent and independent methods supported the dynamic nature
of the vaginal microbiome [62-64].

A ot of studies have evaluated the vaginal microbiota in tandem by both culture-based and
molecular techniques: the results demonstrate a moderate level of concordance providing
similar but not identical vaginal microbiome profiles [62-64].

Also interesting is the fact that the quantity and proportion of specific microorganisms in the
vagina may vary between women of different ethnic origins: African-American women may
have an increased L. iners and decreased L. crispatus levels compared with Caucasian or Asian
women [53].

This distinction is important because L. iners dominated flora may predispose to BV [53].

Molecular studies have also demonstrated that African-American and Hispanic women are
more likely to harbor a vaginal microbiome dominated by bacteria other than lactobacilli spe-
cies compared with Caucasian women [9, 66, 67].

These studies suggest that African-American women may have higher levels of Gardnerella,
Atopobium, Clostridiales, and BV-associated bacterial species or be more likely to harbor a poly-
microbial environment compared with Caucasian women [9, 65, 66].

Taken together, these data suggest that the differences in the microbiome between women of
various races may alter woman'’s predisposition to infection and may at least in part explain
the racial disparities in the incidence of BV and STDs [67, 68].

Concluding, vaginal microbiome in healthy women is a lactobacilli-dominated environment
in which pH (under 4.5), lactic acid, hydrogen peroxide, bacteriocins, biosurfactants and
co-aggregant activities counteract the growth of Gram-negative anaerobes bacteria such as
G. vaginalis, Bacteroides, Mobiluncus spp, E. coli: when this equilibrium is broken (decreased of
lactobacilli and increased of Gram-negative bacteria) vaginal pH increases and BV was detected.

2.2. Vaginal microbiome in pathologic state
2.2.1. Vaginal microbiome in bacterial vaginosis

From the beginning of 1900, the medical community accepted that a shift in the microbial
environment of the vagina, specifically a decrease in “Doderlein’s rods” (later identified as
lactobacilli) can lead to symptomatic vaginitis with vaginal discharge [16, 40].
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Subsequent studies by Gardner and Dukes demonstrated that nonspecific vaginitis (the old
name of BV) was associated with a relative increase in rod-shaped bacteria on Gram stain,
later identified as G. vaginalis [17, 69, 70].

These studies also described the “clue-cells” as characteristic of BV, resulting from vaginal
epithelial cells with grainy cell borders [17, 69].

In order to implement standardized diagnostic criteria, researchers pointed out diagnostic
clinical criteria (Amsel’s criteria) and Gram stain criteria (Nugent scores): Amsel’s criteria
requires almost three of four “clinical conditions” to be present: (1) thin, white, vaginal dis-
charge; (2) vaginal pH >4.5; (3) “clue cells” on microscopy evaluation; (4) positive “whiff test”
(10% KOH addition to sample produces fishy odor) [19, 71].

Are Amsel’s criteria “Clinical Criteria”? Are we sure that pH values or clue cells or whiff test
evaluation are “Clinical Criteria”?

The only “real” clinical criteria for women is “vaginal discharge” but, only taking into account
TV and media campaigns for the use of panty-liners in women, it is easy to understand “the
reason why” BV is underdiagnosed by gynecologists; on one side, the women feel their “vag-
inal discharge” like “physiological,” and on the other side, vaginal symptoms are not “so
urgent” for gynecological consultation.

This is the reason why BV is “a very dangerous pathology”: the time from the beginning of
the BV and the diagnosis is too much and, during this time, the local defense of the vagina
disappeared leading, in the meanwhile, to more susceptibility to STDs and the bacteria facul-
tative pathogen of vagina such as Mobiluncus, Prevotella, and Escherichia coli could determine
an ascending pelvic inflammatory disease (PID) with subsequent infertility.

The Nugent score is evaluated by calculating the proportion of large, Gram-positive rods
(Lactobacilli), small, Gram-variable rods (Gardnerella), and curved, Gram-variable rods (Mobiluncus
species) on Gram stain [71].

The sensitivity and specificity of Amsel’s criteria was estimated to be around 70% and 94%,
respectively, and of the Nugent score were 89 and 83%, respectively [72].

Culture-dependent studies of BV demonstrate increased diversity of vaginal bacteria (includ-
ing an increase in facultative anaerobes as Gardnerella, Mycoplasma, and Prevotella), with a
simultaneous decrease of lactobacilli [73].

With an increasing use of molecular-based techniques to study the vaginal microbiome,
bacteria that seemingly evaded detection using culture-based methods have now been asso-
ciated with BV, including Atopobium vaginae, Clostridiales, and Megasphaera species [47, 66,
74,75].

2.2.2. Vaginal microbiome in sexually transmitted infection

It seems universally accepted that increased bacterial diversity, as in BV, with the well-known
vaginal ecosystem modifications, could be associated with gynecological infections, such as
Chlamydia trachomatis, Neisseria gonorrhoeae, Trichomonas vaginalis, human papilloma virus
(HPV), and herpes simplex virus (HSV) 2 infections [21, 76-78].
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It is unclear whether it is the altered levels of bacteria themselves that predispose to infection
or whether the altered vaginal microbiome leads to BV, which predispose to these patholo-
gies owing, for example, to altered pH (leading to less efficient neutralization of pathogen,
decreased of immune response, loss of hydrogen peroxide activity).

Numerous studies have demonstrated the association between BV and an increased risk
of HIV acquisition: hydrogen peroxide produced by lactobacilli is known to have viricidal
activities and, consequently, the relative decrease in lactobacilli in BV women may increase
susceptibility to HIV infection [23, 24, 39, 79].

A prospective cohort study evaluating the relationship between the vaginal microbial envi-
ronment and infection risk, the absence of lactobacilli on culture, and the presence of abnor-
mal vaginal flora on Gram stain were associated with an increased risk of HIV acquisition,
even after controlling for risk factors [22].

Nevertheless, molecular-based techniques and culture methods confirmed that vaginal micro-
biome in STDs is usually modified and different from women in healthy status and that the
absence of lactobacilli on culture and the presence of abnormal vaginal flora on Gram stain
were associated with an increased risk of STDs.

2.2.3. Vaginal microbiome in upper genital tract infection

The vaginal microbiome modifications affect vaginal health, and pathology may also predis-
pose to upper genital tract infection, such as pelvic inflammatory disease (PID) [79].

Subclinical PID (histological evidence of endometritis) was detected in 15% of women with
BV diagnosed by clinical and Gram stain criteria [79].

Women with vaginal samples (Gram stain and culture) positive for “BV-associated bacteria
(BVAB)” (Gardnerella, Mycoplasma, anaerobic Gram-negative rods, and Ureaplasma urealyti-
cum) were at increased risk for PID [80].

Since isolation of BV-associated bacteria in the vagina has been demonstrated to increase the
risk of sexually transmitted infection acquisition, the correlation of BV with PID may be related
to altered vaginal flora that predisposes to STIs and subsequent ascending infection [76, 77].

Available data from upper genital tract structures confirm that BV-associated bacteria can be
isolated from upper genital tract.

In a study on 89 women affected by acute salpingitis (45 with pathology and 44 as control group)
16SrDNA detected bacteria in the fallopian tubes of 24% of cases and none of controls [81].

There was a statistically significant difference in the proportion of upper genital tract micro-
biome based on race: African-American and Hispanic women were more likely to harbor
an upper genital tract microbiome dominated by a nonlactobacilli species compared with
Caucasian, and this is in contrast with those of vaginal microbiome.

The reasons of this “discrepancy” are not clear and, probably, future acquisitions on molecu-
lar-based techniques may facilitate to better understand these differences.
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3. Bacterial vaginosis

Bacterial vaginosis is a polymicrobial clinical syndrome resulting from replacement of the
normal hydrogen peroxide producing Lactobacillus spp in the vagina with high concen-
tration of anaerobic bacteria (e.g., Prevotella sp, Mobiluncus sp, G. vaginalis, Ureaplasma, and
Mycoplasma) [10].

BV is a common vaginal condition among U.S. women and also worldwide, especially in
childbearing age women [79].

A recent analysis of the National and Nutrition Examinations Surveys demonstrated that
almost one-third of women were positive for BV [80].

BV is almost three times more common among black than white women [12], and it has been
correlated with particular sexual behavior such as young age at coitarche, life time number of sex
partners, a recent history of multiple sex partners, and a recent history of new sex partner [80-83].

The reason for the higher prevalence of BV among black women is unknown but the relation-
ship between BV and race is remarked also from the number of the percentage of black infants
born preterm in U.S. (17.5%) vs 10.2% of white infants [82].

BV could account for as much as 30% of the racial difference in premature birth and infant
mortality [82].

Other risk factors for BV seem to be “vaginal douching” and use of intrauterine device (IUD)
for birth control so that these practices must be limited in women of childbearing age [83].

BV seems not to be a self-limiting pathology since it has been consider a predisponent factor
for PID, infertility, PPROM, preterm delivery, and neonatal small for gestational age [82, 83].

Since a lot of cross-sectional and prospective cohort studies have found that BV is associated
with acquisition of both HIV and sexually transmitted infections, it seems to be almost inter-
esting to fully understand this vaginal pathology to better clarify its role in determining STDs.

One of the most important “practical problems” of BV is that it is a “silent vaginitis” from a
symptomatic point of view.

Comparing BV with specific vaginitis (e.g., vaginal infections clearly referred to vaginal oblig-
atory pathogen such as Candida vaginalis or T. vaginalis), it is easy to understand why BV diag-
nosis is underestimated by gynecologists [84] (Table 1).

Approximately 50% of the women affected by BV are asymptomatic [82, 83].

In addition, also considering the standard clinical criteria for the diagnosis of BV (Amsel’s
criteria): almost three of four “clinical conditions” are to be present: (1) thin, white, vaginal
discharge; (2) vaginal pH > 4.5; (3) “clue cells” on microscopy evaluation; and (4) positive
“whiff test” (10% KOH addition to sample produces fishy odor) [19]. It seems to be obvious
that the only real clinical condition is the vaginal discharge that can often be perceived by
women like “a kind of physiologic condition.”
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Bacterial vaginosis Candidiasis Trichomoniasis
Symptoms Approx. 50% asymptomatic 10-20% asymptomatic 10-50% asymptomatic
Offensive fishy smelling discharge Vulval itching Offensive vaginal discharge
Vulval soreness Vulval itching/irritation
Vaginal discharge Dysuria
(nonoffensive)

Superficial dyspareunia ~ Rarely low abdominal discomfort

Clinical signs Thin white homogenous Vulval erythema Vulval erythema
discharge, coating walls of vagina,
and vestibule

Absence of vaginitis Vulval fissuring Vaginitis

Vaginal discharge may be Vaginal dsicharge in up to 70%
curdy (nonoffensive) frothy and yellow in 10-30%

Satellite skin lesions Approx. 2% “strawberry” cervix
visible to naked eye

Vulval oedema 5-15% no abnormal signs

Table 1. Symptoms and clinical signs of bacterial vaginosis, candidiasis, and trichomoniasis (adapted from) [85].

This means that the rupture of vaginal microbiome equilibrium determining BV could fre-
quently happened without a real alarm in women and, consequently, this long-lasting vaginal
imbalance in “apparently healthy women” could bring to invalidate ascending pathologies
such as PID or STDs.

e Why the presence of BV could lead to such as improving urogenital pathologies?

e Why the “natural vaginal microbiome” of healthy people could protect against vaginal
infections?

e Why the presence of lactobacilli seems to be pivotal in women health?

These Gram-positive bacteria possess a lot of activities that could be useful to counteract vagi-
nal facultative and obligatory pathogen.

It is well known that the term lactobacilli means bacteria that are able to hydrolyze sugars
(especially glycogen in the vagina) producing lactic acid and other acids (e.g., pyroglutamic
acid): this happened because they try to conserve the optimal vaginal pH for their survival.

Vaginal pH <4.5 is the optimal condition for their life but it is detrimental for other bacteria such
as a lot of anaerobes Gram-facultative bacteria that are commonly present in vagina, also in the
healthy women, but with low vaginal concentration: once that lactobacilli decrease, we assist to
an increase in vaginal pH with a consequent increase in anaerobes facultative bacteria [82-84].

Low vaginal pH seems to possess also direct antiviral and antimicotic activities related to
unfavorable vaginal condition for these infective agents [82-84].
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Lactic acid is a potent broad-spectrum bactericide and virucide [83].

During the process of glycogen metabolism in the vagina, hydrogen peroxynitrite is pro-
duced: this molecule possesses antiviral, antibacterial, and antimicotic properties [82-84].

In addition, lactobacilli produced a lot of bacteriocins, substances that locally possess antibac-
terial activities [82-84].

Lactobacilli have demonstrated to possess some cosurfactant and antiaggregant activities that
could be useful in controlling vaginal anaerobes growing-up [82-87].

Last but not the least, the ability of a lactobacilli predominants spp. to modulate local immu-
nosystem [86, 87].

Genital epithelial cells and human microbiota seems to regulate the innate immune response:
so that genital tract immune response plays a key role in the etiopathogenesis and patho-
physiology of BV [87].

It has been demonstrated that the derangement of vaginal microbiota modifies pathogen’s
susceptibility encouraging HIV shedding/replication in women genital tract and conse-
quently leading to an increase in the transmission of HIV from female to male [86-88].

It seems that activation of Toll-like receptors (TLRs) could lead to BV-associated inflammation
[87].

Recurrence of BV in HIV-infected people seems to be associated with agenetic variation in
TLR4, TLRY, and TLR2 in African-American adolescents [89].

BV has also been associated with a polymorphism in TLR2 suggesting that different
BV-associated bacteria (BVAB) were able to control cytokines secretion and that activation of
immunity in differentiate vaginal epithelial cells was related to different bacteria: an increase
in proinflammatory cytokines and in epithelial cells has been associated with the presence of
A. vaginae while L. iners seems to activate receptor signaling activity: on the contrary, Prevotella
bivia and L. crispatus do not possess these effects [89].

BVAB infections could result in a proinflammatory immune response that disrupts barrier
functions where other microbes could elicit different responses [90].

Recently, the pivotal role of Gamma Delta (GD) cells in the innate and adaptive immune sys-
tem has been demonstrated: these cells are well represented in the female reproductive tract
and seems to play a key role in the vaginal epithelial barrier against pathogens [91].

The decrease in cervical GD1 cells and increase in GD2 cells among women with abnormal
vaginal flora predisposes women with BV to HIV acquisition [91].

Considering the high rate of correlation between these parameters, the authors proposed to
use GDT cells as markers of female genital tract vulnerability to HIV [91].

GD1 cells and GD2 cells substantially differentiates in vaginal localization and functioning:
GD1 cells are well represented in mucosal tissue and play a leading role in maintaining mucosal
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structure, while GD2 cells are well represented in peripheral blood and are important in main-
taining humoral immunity and in the development of the immune response to pathogens [91].

Increased cervical vaginal lavages seem to increase sialic acid residues leading to an increase
in sialidase levels that are associated with BV [92].

BVBlue System method has been used to measure sialidase levels and to make diagnosis of
BV [93].

Mucinases, sialidases, and biofilm production seem to be related with sialidase secretion by
G. vaginalis and Bacteroides spp leading to STDs [94] by disrupting the integrity of the mucosa,
facilitating the adhesion of pathogens to mucins, and underlying epithelial cells [95].

The relationship between sialidases and HIV infection has recently been evaluated [95-98], as
gp 120 and CD4 seem to carry sialic acid residues: sialidases administration to HIV cells has
demonstrated to enhance HIV infection [9, 97] suggesting that sialic acid disruption could
help virus-binding and enhanced virus transmission.

In addition, the negatively charged sialic acid molecules at the terminal ends of the O-linked
sugar chains determine changes in mucosal viscosity [98, 99].

Concluding, there are a lot of activities related to lactobacilli presence in the vagina that seems
to be helpful in counteracting BV and preventing BV-associated pathologies.

Treatment of BV is recommended in order to relieve vaginal symptoms and signs of infection
and to reduce the risk of acquiring C. trachomatis, Neisseria gonorrhea, T. vaginalis, HIV, and
herpes simplex type 2 infections.

Obviously, the treatment is necessary also to avoid risk of PID, infertility, and pregnancy/
newborn’s complication.

Center for Disease Control’s (CDC) recommended regimen for B.V. is [83]:

a. Metronidazole 500 mg orally twice a day for 7 days

OR

b. Metronidazole gel 0-75% one full application (5 g) intravaginally, once a day for 5 days
OR

¢. Clindamycin cream 2% one full application (5 g) intravaginally at bedtime for 7 days
Women treated with nitroimidazoles must remember that alcohol consumption should be
avoided during treatment [83].

To reduce the possibility of disulfiram-like reaction, abstinence from alcohol use should con-
tinue for almost 24 hours after completion of metronidazole [83].

We also have to remember that clindamycin cream is oil-based and consequently might
weaken latex condoms and diaphragms for almost 5 days after use; women should be advised
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to refrain from sexual activities or use condoms consistently and correctly during the treat-
ment regimen [83].

Since no clinical data support the use of vaginal douching for symptoms relief or treatment of
BV, and since vaginal douching increases recurrence of BV, this procedure must be avoided
by gynecologists [83].

CDC’s alternative regimens to treat BV are:

L

Clindamycin 300 mg orally bid for 7 days or

o

. Clindamycin vaginal ovules 100 mg once a day (bedtime) for 3 days or
c. Tinidazole 1 g oral route once a day for 7 days or

d. Tinidazole 2 g oral route for 5 days

Also, in this case we have to remember the same disulfiram-like reaction for nitroimidazoles
so that alcohol consumption should be avoided during treatment and almost 72 hours after
the completion of the tinidazole regimen [83].

For Clindamycin ovules, since an oleaginous base that might weaken latex or rubber prod-
ucts is present (condom and diaphragma), we have to remember to avoid condoms and dia-
phragms use during treatment and within 72 hours following treatment [83].

Treatment of vaginal infections requires different drugs although the recurrence rate post-
treatment remains high due to adverse effects on the beneficial microbiota [86].

Metronidazole and clindamyecin treatment do not prevent recurrent BV infections as the lac-
tobacilli population is rarely reconstituted [86].

Thus, there could be clear clinical advantages for the use of biotherapeutic agents (prebiotics
and/or probiotics) for treating these infections [84].

Biotherapeutic agents have been defined by McFarland and Elmer in 1995 as living microor-
ganisms that are used to prevent or treat human disease by interacting with natural microbial
ecology of the host [84].

Probiotics could though be highly beneficial in modulating the mucosal flora, maintaining the
integrity of the epithelial barrier and regulating the immune response [84].

Hydrogen peroxide-producing lactobacilli have been shown to be protective against a num-
ber of bacterial infections [84].

Reid et al. observed that a vaginal application of Lactobacillus casei sub-rhamnosus was able
to survive in vagina after 7 weeks of exogenous application concluding that “it was surpris-
ing and it was the first and unique observation referring to exogenously-applied Lactobacilli
vaginal application” [100].

Consistently with this information, a lot of clinical trials have recently been performed by using
vaginal commercial probiotics containing selected Lactobacillus thamnosus spp [100-109].

87



88

Fundamentals of Sexually Transmitted Infections

Since the recurrence rate of BV is higher also after treatment with CDC-recommended proto-
cols, the “probiotic vaginal approach” with Lactobacillus rhamnosus BMX 54 has recently been
tested in controlled, randomized clinical trial for the prevention of the recurrence rates of BV
[100-109].

A review on its long-term use after CDC regimen administration seems to point out on a big
sample size of women that its chronic use (almost 6 months) after CDC treatment adminis-
tration in women affected by BV could significantly decrease the BV recurrence rates when
confronted with the simple CDC regimen [104].

Lactobacillus rhamnosus BMX 54 has also recently demonstrated to be able to control HPV
infection in women affected by BV [109].

While this “vaginal approach” with selected Lactobacilli spp seems to be encouraging, to
lower the recurrence rates of BV, the oral approach with probiotics seems to be ineffective for
BV treatment [110].

Considering the relationship between BV and STDs, it could be useful to consider this bio-
therapeutics approach to prevent and control STDs.

4. Sexually transmitted diseases

The term sexually transmitted diseases (STDs) refers to many diseases and the number keeps
expanding with the discovery of new pathogens (e.g., HIV) or a new route of acquisition of a
known pathogen (e.g., hepatitis C) [3].

Historically, all the diseases known to be transmitted only by sexual intercourse have been
classified as “venereal diseases”; Other terms, such as “sexually transmitted infections” (STIs),
“sexually transmitted diseases and infections” and “reproductive tract infections” have been
used [3].

All these diseases will be included in this chapter under the term “sexually transmitted
diseases.”

STDs have complex political, social, and public health implications, in addition to their medi-
cal significance [3].

Syphilis continues to remain an important disease in spite of the introduction, more than 60
years ago, of effective treatment such as penicillin; its rate is on the rise in men who have sex
with men (MSM) in some areas of U.S. [3].

STDs still remain the most common infectious diseases in developed and developing coun-
tries [3].

Considering the availability of effective therapies and that STDs could be prevented by
changing one’s behavior, it is surprising that these pathologies have been on the rise in
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developed and developing countries: only the complex nature of these diseases and the com-
plex relationship between public health and social community could explain this continuous
rise [3].

In this chapter, we divided the STDs in two main categories: diseases characterized by genital
ulcers and diseases characterized by genital discharge; HIV infection will not be discussed in
this chapter.

4.1. Sexually transmitted diseases with ulcers

Syphilis, herpes simplex virus (HSV), and chancroid are STDs with ulcer; each of these dis-
eases has been associated with an increased risk of HIV infection [2, 3].

Genital ulcers diseases (GUD) facilitate enhanced HIV transmission among sexual partners.
In the presence of genital ulcers, there is a fivefold increase in susceptibility to HIV, and HIV-
infected individuals with genital ulcer disease may transmit HIV to their sexual partner more
efficiently [2, 3].

A genital ulcer is defined as a breach in the skin or mucosa of the genitalia.
Genital ulcers may be single or multiple and may be associated with inguinal or femoral
lymphadenopathy.

HSV is the most common cause of genital ulcers in U.S. among young, sexually active part-
ners, Treponema pallidum (syphilis) is the next common cause of GUD, while chancroid, caused
by H. ducreyl, has been infrequently associated with cases of GUD in U.S. [2, 3].

In developing countries, the most frequent genital ulcer disease is represented by “chancroid”
12, 3].

Travelers or native in the tropics could present Lymphogranuloma venereum (LFG) by C. tracho-
matis and Granuloma inguinale by Calymmatobacterium granulomatis: these GUDs are endemic
in tropical countries [2, 3].

The relationship between GUD and pathogens are strictly related to patient population and
geographic area [2].

There is a considerable overlap in the clinical presentation of herpes, primary syphilis, and
chancroid [2].

Genital herpes typically presents with multiple, shallow ulcers and bilateral lymphadenopa-
thy [2].

Primary syphilis can usually been differentiated from genital herpes by the presence of single
deep, defined ulcer with induration [2, 3].

Also from chancroids and syphilis, a difference could be done according to the presence of
a painful, undetermined ulcer with a purulent base that tender to lymphadenopathy [2, 3].
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The cause of genital ulcers cannot be based on clinical findings alone because it possesses only
30-34% of sensitivity: this means that diagnostic testing should be performed [3].

4.2. Sexually transmitted diseases with vaginal discharge

Vaginal discharge is a frequent gynecologic complaint, accounting for more than 10 million
office visits annually in U.S. [2, 3].

The three most common causes of vaginal discharge are BV (40-50% of cases), vulvovagi-
nal candidiasis (20-25% of cases), and T. vaginalis (15-20% of cases); of these vaginitis, only
Trichomoniasis is a STD, while BV is a “borderline” pathology that occurs in women with a
high rate of STDs as well as in women who have never been sexually active [3].

Pelvic inflammatory diseases (PIDs), Gonococcal infections (N. gonorrhea), and C. trachomatis
infections are three other STDs with vaginal discharge [2, 3].

Human papilloma virus (HPV) infections are the most common viral STDs worldwide; 1% of
the sexually active persons in U.S. between the ages of 15 and 49 years are estimated to have
genital warts from HPV [3].

Most genital HPV infections are subclinical and are transmitted primarily through sexual
contact. HPV is a double-stranded DNA virus that causes a spectrum of clinical diseases rang-
ing from asymptomatic infection to frank malignancy. External genital warts have various
morphological manifestations such as condyloma acuminata, smooth dome-shaped papular
warts, keratotic warts, and flat warts [3].

Because of the well-known relationship between HPV and cervical cancer, in June 2006, U.S.
Food and Drug Administration approved a quadrivalent vaccine for HPV [2, 3].

Several states have already recommended HPV prevention making HPV vaccination manda-
tory for middle school girls [2, 3].

5. Bacterial vaginosis and sexually transmitted diseases: relationship

Several prospective studies have reported an association between abnormal vaginal micro-
biota, in particular BV and depletion of lactobacillus species and increased risk of STIs" acqui-
sition [32, 111-121].

Human papilloma virus (HPV), human immunodeficiency virus (HIV), human herpes sim-
plex virus (HSV), and PID infections/acquisition seem to be more frequent in women affected
by BV [32, 111-121].

Also, T. vaginalis, N. gonorrhea, C. trachomatis genital infections, and PID seem to be more fre-
quent in women with BV or depletion of vaginal lactobacilli [32].

The vaginal microbiome has been well characterized although cultivation-based and molecu-
lar methods and data from epidemiological studies indicate that the vaginal microbiota influ-
ences and enhanced STI susceptibility [20, 32, 113, 115, 116].
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Immunologic, enzymatic, and metabolic mechanisms could operate independently or in com-
bination to enhance STI acquisition [20, 115].

An increasing number of evidences provide a strong foundation for a biologic relationship
between BV and increased STIs susceptibility.

It is well known that vaginal Lactobacilli spp fermented local sugars (e.g., glycogen) produc-
ing an acidic vaginal pH that have been associated with decreased in vitro activity of C. tracho-
matis and N. gonorrhea [32, 118, 119].

This acidic environment seems to be unfavorable also for HPV, HIV, and HPS infections [32].

Hydrogen peroxynitrite produced in vagina by Lactobacilli spp through sugar fermentation
seems to be a key point for reducing risk of STIs [32].

Hydrogen peroxynitrite possesses a well-known bactericidal and virucidal activity [32].

Cervical mucus has the ability to trap pathogens but, unfortunately, this mucus barrier may
be compromised by mucin-degrading enzymes such as sialidase and mucinase, which are
produced by BV-associated bacteria: loss of the protective mucus provides pathogens with
unhindered access to target cells, increasing epithelial binding potential [32, 114].

Sialidase also cleaves terminal sialic acids from glycoproteins, exposing other sugar on their
carbohydrate side chains, which can be used as energy for bacteria [32, 116].

Several BV-associated bacteria produced indole that is used by C. trachomatis to overcome the
bactericidal effect of interferon gamma [32].

The relationship between genital epithelial cells in the vagina and vaginal microbiota seems to
strongly influence the innate immune response suggesting a pivotal role of the reproductive
tract immune response in determining BV and its compliances: vaginal microbiota derange-
ment could decrease local immunity with a consequent increase of STDs risks in the women
urogenital tract [87].

Lactobacilli have historically been considered keystone species of vaginal communities in
reproductive-age women [32, 87].

Lactobacilli produce bacteriocins (low molecular weight proteins) that can inhibit the growth
of a variety of bacteria reinforcing the concept of reducing susceptibility to STDs [32, 87].

BV may predispose to acquisition of STDs upon exposure because local cytokine production
associated with BV may facilitate the acquisition of STDs [32].

Finally, lactobacilli exhibit cosurfactant and coaggregant activities that could envelop STDs
virus or bacteria so that in BV the absence of these “mechanical inhibition” could facilitate the
acquisition of STDs [32] (Figure 2).

Concluding, BV, a worldwide common vaginal infection, which is mostly asymptomatic,
could be a predisposing factor, also if asymptomatic, to STDs acquisition and then to eradi-
cate this very frequent pathology in developed and developing countries could represent a
gold standard for STDs’ primary prevention.

91



92 Fundamentals of Sexually Transmitted Infections

BV women Non BV women
ron T _ 4 pH
J Lactic Acid F — " Lactic Acid
\{' Hydrogen Peroxide + / /N Hydrogen Peroxide
+ a1 i
/N sialidase \ = | sialidase
\ /

. +
N MUCINASE >
+
{ local immune response /

+
{ bacteriocins
+ /

«— | mucinase

— M local immune response

" bacteriocins

7

M cytochine + { cytochine

' co-aggregant properties 4 co-aggregant properties
+ _

J surfactant activity / surfactant activity

Figure 2. Differences in BV and non-BV in predisposing factors for STDs.

6. Bacterial vaginosis control for sexually transmitted diseases’ primary
prevention

Since BV is one of the key risk factors for STDs” acquisition, and since asymptomatic and symp-
tomatic BV actually represents the most common vaginal infection worldwide (account for
almost one-third of childbearing women), it seems obvious that BV treatment and definitive
infection’s eradication could be one of the most important plan for STDs’ primary prevention.

Considering that BV increases susceptibility to STDs, two limiting factors are associated with
BV treatment:

1. The fact that treatment for BV asymptomatic nonpregnant women is not currently recom-
mended [118, 120-122];

2. The urgent need to develop more effective intervention for BV because the recurrence
following current treatment is disappointingly high [42].

Women with an abnormal vaginal microbiota were at an increased risk of acquiring STDs
compared to women with a normal vaginal microbiota; it seems that the risk of STD acquisi-
tion increased with higher Nugent score category [32].

Considering vaginal microbiome modifications as a predisposing factor for STDs acquisition,
restoration of vaginal flora seems to be the crucial keystone for long-term BV treatment and,
consequently, for STDs primary prevention.

Interventions that decrease the incidence and the recurrence rates of BV and promote a
normal vaginal microbiota could potentially contribute to the reduction in STDs’ incidence.
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Current available and recommended treatment for BV [83] as follows:

CDC’s (Center for Disease Control) recommended regimens are:

a. Metronidazole tablet 500 mg oral route bid for 7 days or
b. Metronidazole vaginal gel 0.75% (5 g intravaginally every day for 5 days) or

¢. Clindamycin vaginal cream 2% (5 g intravaginally every day at bedtime for 7 days)
CDC’s alternative regimens to treat BV are:

a. Clindamycin 300 mg orally bid for 7 days or
b. Clindamycin vaginal ovules 100 mg once a day (bedtime) for 3 days or
c. Tinidazole 1 g oral route once a day for 7 days or

d. Tinidazole 2 g oral route for 5 days

Failure to produce sustained changes in the vaginal microbiota [113, 115, 120] clearly demon-
strated that alternative regimens that improve cure rates and produce sustained changes in
the vaginal microbiota are needed.

The CDC recommended therapies failed to control relapses of BV (almost 40% of recurrences
rate at 3 months and 50% of relapses at 6 months), and this seems to be the most relevant
problem in treating BV eradication in order to prevent STDs acquisition [104].

With >500 million new cases of STIs each year, the development of innovative strategies for
STIs prevention is a global public health priority [32].

By using only Nugent score to classified and scoring BV, the relationship between BV and
STDs seems to be clear: BV microbiota as gauged by Gram stain is associated with a signifi-
cant elevated risk for acquisition of STDs [32].

Obviously, the Human Microbiome Project (http://nihroadmap.nih.gov/hmp/), providing
also the genomic studies of the vagina, is expected to describe the structure of the complex
microbial communities and how they contribute to disease susceptibility: when it will be
available we will probably add more information to control BV recurrence.

Anyway, only by using Gram stain culture and Amsel’s clinical criteria, which is available
worldwide today, it is possible to make a BV diagnosis and to have a picture of the women
“more susceptible” for STIs acquisition.

From the other side we have to manage the problem related to treatment recommendations
that differentiate between women who report symptoms and those who do not; to our knowl-
edge there are no published studies on differences in sequelae between asymptomatic and
symptomatic BV [114, 115, 118].

Adverse outcomes linked to BV are probably caused by alterations in the vaginal flora that
are seen in both [117, 118].
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Screening and treatment for asymptomatic BV women would prevent STDs by restoring
optimal vaginal flora, thus reducing susceptibility to STDs as supported by studies demon-
strating a clear association between BV and an increase prevalence and incidence of STDs
and HIV infection [114-118].

So the first recommendation is:

1. to treat also asymptomatic BV women in order to reduce STDs acquisition susceptibility;

However, recent largest study to evaluate the impact of treatment of BV on STD outcomes
demonstrated that treatment of women with oral metronidazole does not affect the incidence
of gonorrhea and chlamydia concluding that we are waiting for more effective therapies for
BV [113, 119].

Standard of care for BV treatment is effective in the short term, and it is not able to restore
vaginal microbiota. So by using this regimen, we obtain a clearance of BV more than a real
eradication and, consequently, the long-term effect is detrimental with a high percentage
(more than 50%) of recurrence after 6 months.

Nowadays, we could describe BV recurrences as a “drug-free pathology” for which every
effort has to be done in order to restore vaginal pH and, obviously, to reduce the acquisition
susceptibility of STDs.

If STDs acquisition is related to asymptomatic and symptomatic BV, and if standard of care
seems to be unable to modify, almost in long term, STIs" epidemiology, the relationship
between vaginal microflora modifications and STIs” susceptibility seem to be a key point to
prevent STDs.

So that BV management in terms of restoring vaginal microflora such as in healthy women
seems to be pivotal in STDs’ primary prevention: taking into account that almost one-third
of the women worldwide are affected by asymptomatic and symptomatic BV and that most
of them are undiagnosed, untreated, or treated with the only available standard of care, BV
management could represent a new/old cost-effective modality to primary prevent STDs.

Since sexual behaviors are changing year by year especially in young population, and since
the percentage of sexually active girls/women that could have sexual intercourse with STDs
people are increasing, we strongly believe that vaginal microbiota restoration could become
the next milestone in STDs prevention.

So, the second recommendation is:

2. to restore vaginal microbiota in every sexually active women of childbearing age in order
to reduce STDs acquisition susceptibility;

Since the standard of care (CDC recommended therapy) seems not to be able to restore vagi-
nal microflora and possess a high rate of recurrences, alternative approaches are needed.

Biotherapeutic agents (living microorganism used to prevent or treat human disease by inter-
acting with natural microbial ecology of the host) have been used to treat vaginal infections
during the time [84].
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Vaginal biotherapeutic agents can be divided in three classes:

1. Prebiotic (carbohydrates that topically stimulated the growth of the body’s indigenous
lactobacilli) [84];

2. Probiotic (living microorganisms—usually Lactobacilli) [84];

3. Synbiotic (a combination of the two concept) [84].

A lot of clinical trials have been done with vaginal probiotics; probiotics such as Lactobacillus
rhamnosus GR-1, Lactobacillus rhamnosus Lcr 35, Lactobacillus reuteri RC-14, and L. crispatus
CTV-05 taken orally or vaginally in various doses can improve vaginal flora without side
effects [84].

Other strains such as Lactobacillus rhamnosus L60 and Lactobacillus fermentum 123 have been
considered for probiotic development due to their specific characteristics including the pro-
duction of bacteriocins, adherence properties, etc. [84].

Vaginal probiotics have been compared with vaginal metronidazole in a randomized clini-
cal trial and the results show the superiority in terms of effectiveness for two intravaginal
capsules of probiotic containing Lactobacillus thamnosus GR-1 and Lactobacillus reuteri
RC-14 taken once a day for 5 day vs 0.75% metronidazole vaginal gel applied daily for 5
days; another randomized clinical trial showed that there was no difference in BV treatment
of patients administered Lactobacillus acidophilus and 0.03 mg estriol with vaginal metroni-
dazole at 3-7 days [84].

Probiotics can be used as complementary to traditional therapies to improve the treatment of
vaginal infections and to reduce recurrences of such episodes [84].

Probiotics can also be prophylactic in healthy subjects with a history of recurrent BV [84].

Unfortunately, a review published on EFSA Journal points out the ineffectiveness of probi-
otics for oral use in restoring vaginal microbiome [111], and another review published on
Cochrane showed that probiotics clinical trials were inconsistent to demonstrate clinical effi-
cacy of this approach in BV women [122].

The reported data on a vaginal tablet synbiotic containing Lactobacillus rhamnosus BMX 54 plus
lactose seem to be interesting. Clinical data on a sample size of more than 800 women affected
by BV and treated with standard of care (metronidazole) followed by a long-term course of this
synbiotic clearly demonstrated a significant reduction in the recurrence rate of BV [101-109].

The results obtained in controlled trials [101-109] substantiated the effectiveness of the com-
bination therapy (metronidazole 500 mg twice daily for 1 week followed by a once weekly
application of vaginal tablets containing Lactobacillus rhamnosus and lactose for 6 months
in preventing BV relapses, not only during the treatment time (6 months) but also during the
6-month follow-up without any treatment) (Figure 3).

Another controlled clinical trial performed by using the same synbiotic for 12 weeks once weekly
in pregnant women vs no-treatment control group supported its effectiveness in preventing the
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Figure 3. Trend of “vaginosis-free” patients in each group during follow-up. *A p-value for repeated measures in each
group was considered to be significant if p = 0.05 [107].

development of abnormal vaginal microflora and in control of cervical parameters that could
represent risk factors for preterm delivery [108].

A very long-lasting clinical trial (24 months) showed that the same combination between lac-
tose and Lactobacillus rhamnosus BMX 54 via vaginal tablets was able to control vaginal pH
in BV during the long-lasting treatment [103].

This “synbiotic vaginal approach” seems to be useful especially if administered for long time
course (from 6 months to 3 years) to restore vaginal microflora and to prevent BV recurrences
and mutually supported the standard of care for BV.

This probably means that the right Lactobacillus together with the right prebiotic could add
complementary effectiveness vs the only therapy with vaginal probiotics resulting in an inter-
esting option to prevent STDs’ infections and acquisition.

A recent controlled clinical trial performed on 117 women affected by BV/vaginitis and associ-
ated HPV infection showed a significant decrease in HPV-related cytological anomalies (71.9
vs 36.6%: p = 0.04) and HPV clearance (33.3 vs 13.3%) in metronidazole or fluconazole plus
Lactobacillus rhamnosus BMX 54/lactose long-term (8 months) treated group vs metronidazole
or fluconazole plus a short-term course (2 months) of vaginal application of the same synbi-
otic [109].

Synbiotic vaginal tablets were administered after metronidazole or fluconazole treatment
with a precise long-term schedule (once a day for 10 days, then every 3 days for a month,
then once every 5 days till 2 months, and the last 6 months 1 vaginal tablet once a week) [109].

These results support the evidence from Mitra et al. [123] “there is emerging evidence which
leads us to conclude that increased diversity of vaginal microbiota combined with reduced
relative abundance of Lactobacillus species is involved in HPV acquisition and persistence
and the development of cervical precancer and cancer.”
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Concluding, considering the lack of short-long term efficacy of standard of care in decreasing
BV prevalence and recurrences, it seems that every effort must be done during the next years
to control “microbioma modifications related to BV”: selected biotherapeutic agents, using
for long-term course, could be an interesting and cost-effective treatment to prevent STDs
acquisition.
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Abstract

Syphilis is a sexually transmitted disease caused by the spirochete Treponema pallidum.
It is transmissible by sexual contact, from mother to fetus, via blood transfusion, and
occasionally by direct contact with infectious lesions. It has been a major public health
problem both before the antibiotic era and now, with the increase of acquired immunode-
ficiency states and unprotected sex. The clinical manifestations of the disease can mimic
many other infections and immune-mediated diseases; thus, it may be difficult to make
early diagnosis. After the discovery of penicillin in the twentieth century, the spread of
the disease has been largely controlled, but up to now, it has not been fully eradicated. In
this chapter, overall information about the disease including the epidemiology, clinical
presentation forms, pathophysiological mechanisms, and latest diagnostic and treatment
approaches are reviewed.

Keywords: syphilis, clinical stages of syphilis, neurosyphilis, congenital syphilis,
diagnosis of syphilis, treatment of syphilis

1. Introduction

Syphilis is an infectious sexually transmitted disease caused by the spirochete microorganism
Treponema pallidum. Syphilis is transmissible by sexual contact with infectious lesions, from
mother to fetus in utero, via blood product transfusion, and occasionally through breaks in
the skin that come into contact with infectious lesions. Unprotected sex is the major risk factor
for the acquisition of syphilis, especially among men who have sex with men (MSM). It is an
intermittently active disease with primary, secondary, latent, and tertiary stages.

Syphilis is a disease with great historical importance and has played a major role in medicine
for over a century. The disease was named after an afflicted shepherd named Syphilus in 1530.
It is known to be “the great impostor,” particularly because the manifestations can mimic
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many other infections and immune-mediated diseases. For this reason, the historical Sir
William Osler once remarked “The physician who knows syphilis knows medicine.” Many
famous people throughout the history are thought to have suffered from syphilis, including
Bram Stoker, Henry VIII, and Vincent van Gogh. After the discovery of penicillin in the twen-
tieth century, the spread of the disease has been largely controlled, but up to now, it has not
been fully eradicated.

The responsible microorganism T. pallidum is a fragile spiral bacterium. It can survive only
briefly outside of the body; thus, transmission almost always requires direct contact with the
infectious lesions. Incubation time from exposure to development of primary lesions, which
occur at the primary site of inoculation, is approximately 3 weeks but can range from 10 to
90 days. Regardless of the stage of disease and location of lesions, histopathologic hallmarks
of syphilis include endarteritis and a plasma cell-rich infiltrate. Secondary syphilis develops
about 4-10 weeks after the primary lesion. During this stage, the spirochetes multiply and
spread throughout the body, and variable mucocutaneous lesions and systemic manifesta-
tions may be observed. During the secondary infection, the immune reaction is at its peak,
and antibody titers are high.

Latent syphilis is a stage at which the features of secondary syphilis have subsided, but the
patient is still seropositive. About one-third of untreated patients at this stage develop tertiary
syphilis, whereas the rest remain asymptomatic. Tertiary syphilis is rather rare and mainly
involves the cardiovascular and central nervous system, developing over months to years and
involving slow inflammatory damage to tissues.

The morbidity of syphilis ranges from minor symptoms of the early stages to the more sig-
nificant systemic symptoms of secondary syphilis and neurological and cardiovascular conse-
quences of tertiary disease. Latent syphilis can persist for years, causing significant morbidity
and mortality if left untreated. The prevalence of the disease continues to increase due to the
emergence of the AIDS epidemic, since genital ulcers may facilitate the sexual transmission of
HIV, and HIV-seropositive patients have an increased risk for rapid progression to neurosyph-
ilis. Approximately one-third of patients left untreated will develop late complications such as
cardiovascular, neurosyphilis, or gummatous syphilis. Mortality rates are higher among these
groups, up to 20% for tertiary syphilis, and late complications appear more commonly in men
than in women [1]. On the other hand, for primary and secondary syphilis, the prognosis is
rather good with appropriate treatment since T. pallidum is highly sensitive to penicillins.

2. Epidemiology

Syphilis is a worldwide-distributed disease and is particularly encountered in countries
with low socioeconomic status. The rates of primary and secondary syphilis decreased dra-
matically worldwide with the introduction of penicillin treatment after the Second World
War. It is estimated that worldwide in 2012, there were 18 million prevalent cases of syphilis
in adolescents and adults aged 15-49 and 5.6 million new cases [2]. The global incidence
rate was 1.5 cases per 1000 females and 1.5 cases per 1000 males. According to the same
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report, the highest prevalence was in the African region, followed by the Southeast Asian
and Western Pacific regions. In the United States, from 2005 to 2014, the overall number of
reported primary and secondary syphilis cases increased significantly from 8724 to 19,999
[3, 4]. In 2015, a total of 23,872 primary and secondary syphilis cases were reported, and
the national rate increased by 19% to 7.5 cases per 100,000 population [5]. The rise in the
rate of reported syphilis cases is primarily attributable to increased cases among men who
have sex with men (MSM). The increasing incidence of syphilis in this population is due in
part to rising rates of risky sexual behaviors, such as anonymous sex, unprotected sex (oral
and anal), sex with multiple partners, and/or sex under the influence of drugs, especially
methamphetamine. Concomitant HIV and syphilis infections are prevalent since they have
similar modes of transmission, and infection with one may enhance the acquisition and
transmission of the other among MSM. Available data suggest that approximately 50% of
MSM with primary and secondary syphilis are HIV-infected, compared with 10% of men
who have sex with women and 3.9% of women [6]. One long-term study conducted among
US military personnel found that 5.8% of 4239 patients with newly diagnosed HIV infec-
tion also had serologic evidence of syphilis [7]. The rate of reported primary and secondary
syphilis cases remains highest among Blacks, with the overall rate of syphilis being highest
in Black men. As an example, in 2015, the rate of reported cases per 100,000 population was
39.0 in Black men, 16.6 in Hispanic men, and 7.6 in White men. Similar ethnical percentages
apply among women as well [5].

Congenital syphilis is also a significant public health problem, complicating an estimated
one million pregnancies per year throughout the world [8]. The incidence of congenital
syphilis reflects the rate of syphilis in women of childbearing age who received no prena-
tal care or treatment for syphilis before or during pregnancy. In the United States, the rate
of congenital syphilis among infants <1 year of age fluctuated between 8 and 12 cases per
100,000 live births between 2005 and 2015 [9]. The rate of congenital syphilis is increased
among infants born to mothers with HIV infection. However, the contribution of maternal
coinfection with syphilis and HIV to vertical transmission of either syphilis or HIV is not
completely understood.

3. Pathophysiology

T. pallidum, the causative organism of syphilis, was first identified in 1905 by Schaudinn and
Hoffmann [10]. It is a bacterium from the order Spirochaetales, a treponeme which causes
human disease. T. pallidum is approximately 6-20 microns long and 0.1-0.18 microns in width,
making it impossible to be visualized under direct light microscopy. With dark-field micros-
copy, casting an oblique light, T. pallidum is a corkscrew-shaped organism with wound spi-
rals. It exhibits a characteristic rotary motion with flexing and back-and-forth movement, all
of which are considered to be diagnostic. It cannot survive outside an animal host, nor can it
be cultured in vitro for extended time period.

The organism has lipid-rich outer membrane with uniform-sized transmembrane proteins
and periplasmic flagella. Inoculation and penetration of the microorganism occur via mucosal
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surfaces and abraded skin, followed by attachment to host cells and multiplication. Despite a
slow estimated dividing time of 30 hours, the spirochete evades early host immune responses
and establishes the initial ulcerative lesion, the chancre, disseminating to the regional lymph
nodes and internal organs [11, 12].

3.1. Primary stage

The primary lesion develops 10-90 days after infection (3 weeks on average) as a papule,
followed by necrosis and well-circumscribed ulceration that is firm to palpation (chancre),
as well as enlarged regional lymph nodes. T. pallidum elicits innate and adaptive cellular
immune responses in the skin and blood. At this stage, Th1l-predominant cellular response
with activation of macrophages is observed around the lesion [13]. Compared with periph-
eral blood, lesional fluids were enriched with CD4+ and CD8+ T cells, activated monocytes,
macrophages, and dendritic cells. Many of these dendritic cells also express HIV coreceptors
(e.g., CCR5 and DC-SIGN), which may help explain the epidemiologic link between syph-
ilis and HIV transmission [14]. Several pathogenic mechanisms including an antigenically
inert treponemal cell surface, resistance to phagocytosis, and downregulation of the local
host immune response have been considered for this stage. After acquisition of T. pallidum,
humoral immune responses also lead to the development of a variety of antibodies, effectively
providing the resolution of the primary chancre, even in the absence of therapy, while wide-
spread dissemination of spirochetes occurs at the same time, leading to subsequent clinical
manifestations of secondary or tertiary syphilis.

3.2. Secondary stage

The secondary stage is characterized by dissemination and multiplication of the microorgan-
ism in different tissues in up to 6 months after the local lesion. This stage follows primary
syphilis in almost every patient in the absence of appropriate treatment. Various lesions may
occur due to circulating immune complexes, human fibronectin, antibodies, and comple-
ments with accompanying systemic signs [15].

3.3. Latency

Latency is the period between healing of the clinical lesions and appearance of late manifes-
tations, lasting for many years. Weakened immunity with aging may result in the reactiva-
tion of a small number of treponemes that had survived in sequestered sites. Alternatively,
a partially immune hypersensitive host may react to the presence of treponemes, causing a
chronic inflammatory response. About 70% of untreated individuals will remain in this stage
for the rest of their lives and are immune to new primary infection. This period is divided into
early (1 year or less) and late (more than 1 year) latency with positive serology for specific
antibodies without clinical signs or symptoms. Infectivity may occur intermittently due to the
presence of treponemes in the peripheral bloods, and thus pregnant women at this stage may
infect the fetus in utero.
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3.4. Tertiary stage

At this stage the number of organisms decrease, but a high cellular immune response arises.
Signs of late syphilis can be observed in approximately one-third of untreated individuals
several months to years after being infected. The microorganisms may invade the central ner-
vous and cardiovascular systems as well as other organs characterized pathologically by the
presence of granulomas, a result of delayed-type cellular hypersensitivity reaction. Studies
with human subjects who were inoculated cutaneously with small numbers of live T. pallidum
found that gummas developed only in those who had previous syphilis [16]. This suggests
that development of gummas requires an immune response insufficient to be protective but
substantial enough to cause tissue damage and granuloma formation in the reinfected host.
Small vessel vasculitis is also a common manifestation of this stage with the presence of lym-
phocytes and plasma cells infiltrating blood vessels and perivascular tissues.

4. Clinical features

Syphilis is an intermittent disease with primary, secondary, and tertiary stages as well as
a latent period of variable length, preceding the onset of tertiary syphilis. According to the
Centers for Disease Control and Prevention (CDC) and World Health Organization (WHO),
early syphilis includes the primary and secondary stages (CDC, acquired <1 year previ-
ously; WHO, acquired <2 years previously), and late syphilis extends from late latency (CDC,
acquired >1 year previously; WHO, acquired >2 years previously) through the tertiary stage.

4.1. Primary syphilis

Following acquisition of T. pallidum, the chancre usually begins as a painless papule and pro-
gresses to a round or oval ulcer with raised and indurated margin. (Picture 1) The ulcer gen-
erally has a non-exudative base and is associated with mild to moderate regional, usually
bilateral lymphadenopathy. The median incubation period before the chancre appears is 21
days [17]. Untreated chancres heal in 3-6 weeks with the help of local immune responses.
The lesions usually occur on the genitalia (Picture 2), but occasionally patients may develop
chancres at other sites of inoculation. Cervical, anal, perianal, rectal, or posterior pharynx
chancres may go unrecognized, and thus in these cases, syphilis is more frequently diag-
nosed during the secondary stage. The chancre represents an initial local infection, but syphi-
lis quickly becomes systemic with widespread dissemination of the spirochete. The presence
of treponemes by dark-field microscopic examination of fluid from the surface of the chancre
is the most sensitive and specific method for the diagnosis of primary syphilis. Cardiolipin,
a component of mammalian cells, is modified by treponemes, and antibodies to cardiolipin
can be measured by the rapid plasma reagin (RPR) or venereal disease research laboratory
(VDRL) assay in about 80% of individuals at the onset of clinical symptoms. Alternatively,
antibodies to surface proteins of T. pallidum detected by hemagglutination assays (T. pallidum
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Picture 1. Primary syphilis chancre with indurated margin.

(b)

Picture 2. Syphilis chancre in subacute phase with crusts and desquamation.

hemagglutination assay [TPHA], micro-hemagglutination assay for antibodies to T. pallidum
[MHA-TP]) or fluorescent treponemal antibody absorption (FTA-ABS) assay are present in
90% of patients with primary syphilis. Since antibodies usually remain positive for life, a dif-
ferentiation between primary syphilis and an earlier infection may not be possible, and dark-
field examination should be performed.
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4.2. Secondary syphilis

The secondary stage of the disease results from the hematogenous and lymphatic dissem-
ination of treponemes in 3-10 weeks, observed in approximately 25% of individuals with
untreated infection [18]. It is characterized by both mucocutaneous and systemic manifesta-
tions. Prodromal symptoms include fever, malaise, anorexia, sore throat, lymphadenopathy,
weight loss, myalgia, and headache. These clinical manifestations probably reflect the immu-
nologic response resulting from widespread dissemination of T. pallidum.

Secondary syphilis has a vast variety of signs and symptoms. Most commonly encountered
clinical presentation is generalized, non-pruritic papulosquamous eruption. The rash is very
characteristic; however, in one series of 105 patients with secondary syphilis, more than 20%
of the patients did not notice their lesions [19]. It is a diffuse, symmetric macular or papular
eruption involving the entire trunk and extremities, including the palms and soles (Picture 3
and 4). Involvement of the palms and soles is an important clue for the diagnosis of second-
ary syphilis [20]. Individual lesions are discrete copper, red, or reddish-brown and measure
0.1-2 cm in diameter, with or without scales. (Picture 5) Pustular syphilis can be seen as small
pustular syphilis, large pustular syphilis, flat pustular syphiloderm, or pustular-ulcerative
syphilis. Superficial, painless aphthae-like lesions or gray plaques may be observed in mucosal
areas. Large, raised, gray to white lesions called “condylomata lata” are often observed in the

Picture 3. Symmetrical plantar eruptions of secondary stage syphilis.

13
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Picture 4. Red to brownish papules on the extensor face of extremities, in secondary stage disease.

moist mucosal regions of the anogenital area or the mouth. These lesions occur most often in
areas near to the primary chancre and may show direct spread of organisms from the primary
ulcer. Malignant syphilis (lues maligna) is a rare entity with disseminated chancre-like lesions,
particularly observed in case of immunodeficiency states such as AIDS [21]. Additional clinical
findings include annular or figurate plaques with central hyperpigmentation on the face; non-
scarring and reversible “moth-eaten” alopecia on the scalp, eyebrows, or beard; granulomatous
nodules and plaques, or crusted necrotic lesions. Lesions resolve over weeks to months without
treatment, except for lues maligna. Occasionally, about 20% of untreated patients experience
relapsing episodes of secondary syphilis, which can occur for up to 5 years after their initial
infection.
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(b)

Picture 5. Brown to purple macules and papules, scattered in flexor or extensor face of distal extremities.

Most patients with secondary syphilis have lymph node enlargement with palpable nodes
present in the posterior cervical, axillary, inguinal, and femoral regions. Epitrochlear lymph-
adenopathy is particularly characteristic for the diagnosis. These nodes are generally mini-
mally tender, firm, and rubbery in consistency. Systemic findings of secondary syphilis
include syphilitic hepatitis, extensive ulceration of gastrointestinal tract, synovitis, osteitis,
periostitis, transient albuminuria, nephrotic syndrome, or acute nephritis with hypertension
and acute renal failure [22, 23].

For the detection of secondary syphilis, dark-field examination of serous exudates from skin
or mucosal lesions could be performed. On the other hand, serological tests are more useful at
this stage. Cardiolipin and specific antibodies are always positive in patients with secondary
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syphilis, except for a temporary negative non-treponemal test in case of prozone phenom-
enon or HIV infection.

4.3. Latent syphilis

After a period of 3-12 weeks, untreated secondary syphilis typically resolves spontaneously,
followed by an asymptomatic state called latent syphilis. The diagnosis at this stage can only
be made based on a positive serology. About 90% of relapses occur within the first year,
referred as early latent stage. After 1 year, the patients enter the late latent stage, lasting for
months to years.

About one-third of infected individuals have a nonreactive RPR test and no reactivation
for the rest of their lives, and only the specific antibody assays (e.g.,, MHA-TP, FTA-ABS)
remain positive. For another one-third of patients, antibodies against cardiolipin (e.g., RPR,
VDRL) persist together with a positive MHA-TP or FTA-ABS assay without any symptoms.
The remaining one-third, however, progresses to tertiary syphilis. For the cases without any
medical history regarding the presence of clinical symptoms in the past weeks or months and
previous treatments, differentiation between early and late latency is not possible. This group
of patients is accepted as having late latent syphilis. This distinction is particularly important
because patients with late latent disease are not considered infectious to their recent sexual
contacts since they do not have lesions that can transmit disease. In contrast, patients with
early latent syphilis may have transmitted T. pallidum to their sexual partners through lesions
that were recently active, but are no longer present. Differentiating early from late latent dis-
ease also has implications for treatment approaches. Response of latent syphilis to treatment
is indicated by a decline in the RPR or VDRL titer.

4.4. Tertiary (late) syphilis

Approximately 25-40% of patients with untreated syphilis can develop late disease, and
symptoms may appear at any time from 1 to 30 years after primary infection [24]. Tertiary
syphilis has a variable range of manifestations that appear months to years after initial infec-
tion. Involvement of the skin, bones, CNS, heart, and major vessels is pathognomonic. Half of
the patients with tertiary syphilis develop only gummatous lesions, while the remaining have
either cardiovascular disease or neurological manifestations. A confirmed case of late syphilis
with clinical manifestations requires the demonstration of T. pallidum in late syphilitic lesions
by special stains, polymerase chain reaction, or equivalent direct molecular methods. A prob-
able case is diagnosed when characteristic abnormalities or lesions are noted along with a
reactive treponemal serological test. All patients with a suspicion of tertiary syphilis should
undergo lumbar puncture and CSF examination for detection of neurosyphilis.

4.4.1. Gummatous syphilis

The most common feature of late syphilis is gummas, which are locally destructive lesions
in the skin, bones, liver, and other organs. The gummas in the skin are nodular or noduloul-
cerative granulomatous lesions with a round, irregular, or serpiginous shape, remaining for
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weeks to months, and eventually heal with scar tissue. A subcutaneous gumma may become
necrotic, resulting in ulceration of the skin or mucous membranes as well as destruction of
underlying bones. Gummatous lesions of the bones are usually accompanied by periostitis
and osteitis. Clinical manifestations include pain, swelling, and limited range of motion.
Other sites that can be affected by gummas include the tongue and oral cavity, upper respira-
tory tract, myocardium, and gastrointestinal and nervous systems.

4.4.2. Cardiovascular syphilis

Cardiovascular syphilis has a late onset, with a latent period of 15-30 years. During the early
stage of the disease, vasa vasorum of the proximal aorta is affected, and transmural inflamma-
tory lesions leading to endarteritis of the vessels develop. The disease typically involves the
ascending thoracic aorta resulting in dilatation and aortic valve regurgitation. Vasculitis of the
vasa vasorum leads to weakening of the wall of the aortic root [25]. The onset is insidious, and
most patients present with an asymptomatic murmur or with left heart failure. Syphilis may
also involve the coronary arteries, resulting in narrowing and thrombosis.

4.4.3. Neurosyphilis

Neurosyphilis is the infection of the central nervous system by T. pallidum, and although it
is typically a manifestation of tertiary syphilis, it can occur at any stage of the disease. It was
common in the pre-antibiotic era, occurring in 25-35% of patients with syphilis; however,
nowadays, it is most frequently seen in patients with HIV infection [26-28]. Within this group
of patients, lower peripheral CD4+ T cell counts are closely linked to have symptomatic neu-
rosyphilis [29]. Early in the course, the disease involves cerebrospinal fluid, meninges, and
vasculature, while later on brain and spinal cord parenchyma are also affected.

4.4.3.1. Early neurosyphilis

The disease process begins with the invasion of the cerebrospinal fluid; however, this does
not always result in persistent infection, and spontaneous resolution may occur after tran-
sient meningitis. Failure to clear organisms from the CSF results in “asymptomatic neuro-
syphilis,” and individuals with this form of neurosyphilis are at risk for subsequent forms
of symptomatic neurosyphilis [30]. The diagnosis of asymptomatic neurosyphilis is based
on the identification of CSF abnormalities, including a lymphocytic pleocytosis, elevated
protein concentration, and a reactive CSF-VDRL. Patients with asymptomatic neurosyphilis,
regardless of CSF-VDRL reactivity, should be treated for neurosyphilis to prevent progres-
sion to symptomatic disease. Symptomatic meningitis occurs mostly within the first year after
infection, and patients may have headache, confusion, nausea and vomiting, and stiff neck.
Visual acuity may be impaired if there is concomitant uveitis, vitritis, retinitis, or optic neu-
ropathy. The CSF abnormalities are more severe than those seen in asymptomatic meningitis.
Cerebrovascular syphilis is, on the other hand, an infarction secondary to syphilitic endarteri-
tis, which can result in hemiparesis or hemiplegia. This form of neurosyphilis may present as
an ischemic stroke in a young person.
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4.4.3.2. Late neurosyphilis

Parenchymatous neurosyphilis is observed at this stage, which is due to the direct invasion of
the cerebrum by treponemes. General paresis and tabes dorsalis are the hallmarks of late neu-
rosyphilis, and if untreated it can progress to death. General paresis (paretic neurosyphilis)
is a progressive condition, usually developing 10-25 years after the infection. Initial findings
include deficits in memory, judgment, and personality changes, and severe dementia may be
seen in progression [31]. Common abnormal neurological findings include dysarthria; facial
and limb hypotonia; intentional tremors of the face, tongue, and hands; and reflex abnormali-
ties. Tabes dorsalis is a disease of the posterior columns of the spinal cord and dorsal roots. It
has the longest latent period between primary infection and onset of symptoms with the inter-
val averaging about 20 years. Most frequent symptoms are sensory ataxia and lancinating
pains, which are sudden pain attacks affecting the limbs, back, or face. Pupillary irregularities
are among the most common signs in patients with tabes dorsalis, and the Argyll Robertson
pupil accounts for approximately half of these. Diplopia, loss of vibratory and position sense,
reduced reflexes in the legs, ataxia, and sphincter dysfunction are other symptoms of tabes
dorsalis.

In patients with known syphilis, a lumbar puncture with CSF examination should be per-
formed if neurologic or ophthalmic signs or symptoms appear in any stage of the disease, if
there is evidence of active tertiary syphilis affecting other parts of the body, and if there is a
treatment failure including the failure of serum non-treponemal tests to fall appropriately. In
addition to the clinical findings, the diagnosis of neurosyphilis is based upon reactive blood
and CSF serologies, which are almost always positive with elevation of pressure, protein con-
centration, and immunoglobulin levels as well as a mononuclear pleocytosis. The presence
of specific antitreponemal antibodies in the CSF is mandatory, but the specificity is low since
IgG antibodies can diffuse into the CSF or result from contamination of the CSF by blood.
CSF to serum IgG ratio divided by CSF to serum albumin ratio gives the CSF-IgG index, and
a value of greater than 0.7 indicates IgG synthesis in the brain due to local inflammation. The
presence of nonspecific antibodies, e.g., a positive VDRL test or RPR assay in CSF, is observed
in most cases.

4.5. Congenital syphilis

Congenital syphilis occurs when the spirochete T. pallidum is transmitted from a pregnant
woman to her fetus. Infection can result in stillbirth, prematurity, or a wide spectrum of clini-
cal manifestations, and only severe cases are clinically apparent at birth. If a child has physi-
cal, laboratory, or radiographic signs of congenital syphilis and was born to a mother with
untreated, inadequately, or suboptimally treated syphilis, this condition is defined as con-
genital syphilis. It is a significant public health problem, complicating an estimated one mil-
lion pregnancies per year throughout the world [8]. Most cases develop because the mother
received no prenatal care or treatment for syphilis before or during pregnancy. Among
women with untreated early syphilis, 40% of pregnancies result in spontaneous abortion [32].
Congenital syphilis is generally acquired through transplacental transmission of spirochetes
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in the maternal bloodstream or, occasionally, through direct contact with an infectious lesion
during birth [33].

4.5.1. Early congenital syphilis

Infants generally present with symptoms during the neonatal period or within the first 3
months of life. Typical manifestations are cachexia and skin lesions similar to those of acquired
secondary syphilis. Bloody or purulent mucinous nasal discharge, perioral and perianal fis-
sures, anemia, thrombocytopenia, syphilitic pneumonitis, hepatitis, nephropathy, lymphade-
nopathy, and hepatosplenomegaly may also be observed. Osteochondritis of skeletal bones
may result in pseudoparalysis of Parrot due to reduced movement of the extremities due to
pain.

4.5.2. Late congenital syphilis

This clinical entity of childhood or adolescent period corresponds to tertiary syphilis in adults.
In about one-third of children, an interstitial keratitis is seen; this finding together with typical
dental abnormalities (Hutchinson'’s teeth) and neural deafness forms the Hutchinson triad.

The initial evaluation for congenital syphilis in infants and children should include a quanti-
tative VDRL or RPR titer, physical examination for evidence of congenital syphilis, dark-field
microscopic examination or direct fluorescent antibody staining of suspicious lesions or body
fluids, and, for newborns, pathologic examination of the placenta and umbilical cord with
specific fluorescent antitreponemal antibody staining. IgG antibodies which are present in
the bloodstream of the child may have been acquired transplacentally from the mother. A
serum titer for a non-treponemal test that is fourfold higher than the mother’s titer is sugges-
tive of infection, but infected neonates may have lower titers. FTA-ABS-19S-IgM test to detect
19S-antibodies and IgM-capture ELISA test have high sensitivity for these cases. Additionally,
detection of spirochetemia by PCR can improve the sensitivity of the diagnosis of congenital
syphilis in neonates. In late congenital syphilis, diagnosis is based on clinical findings in asso-
ciation with reactive serologic tests.

5. Syphilis and pregnancy

Syphilis remains an important health concern for women at childbearing age. Failure to
detect or adequately treat maternal disease often results in serious consequences for the
fetus. Clinical features and diagnostic approaches are similar to normal population. All preg-
nant women should be screened for syphilis at the first prenatal visit, and the test should be
repeated during the third trimester (28-32 weeks of gestation) and again at delivery in women
who are at high risk for syphilis. Vertical transmission of syphilis can occur at any time dur-
ing pregnancy and at any stage of the disease. Treatment of maternal syphilis at least 30
days before delivery is the most important factor influencing the risk of congenital infection.
Penicillin remains the gold standard for the treatment of syphilis in pregnant patients as well.
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Penicillin desensitization is indicated for infected pregnant women with documented penicil-
lin allergy as alternative drugs are not as safe or effective as penicillin.

6. Syphilis and HIV

Genital ulcerative diseases, such as syphilis, can increase the risk of both sexual and perina-
tal HIV transmission [34]. This is mostly because of the lack of an epithelial barrier due to
ulceration of the skin or mucous membranes, large numbers of macrophages and T cells with
receptors for HIV, and production of cytokines by macrophages stimulated by treponemal
lipoproteins. Patients with HIV are at increased risk for neurosyphilis, especially if they have
a CD4 count <350 cells/ml and/or a RPR titer of >1:32; however, unless neurologic symptoms
are present, CSF examination in HIV patients has not been associated with improved clinical
outcomes [35]. Clinical manifestations of syphilis and treatment approaches are similar for
HIV-infected and HIV-noninfected patients; however, serologic responses appear slower in
these patient groups.

7. Workup and laboratory diagnosis

Patients presenting with suspicious signs and symptoms of syphilis, pregnant women, com-
mercial sex workers, sexually active men who have sex with men, and HIV-infected indi-
viduals should be routinely screened for syphilis. All patients with positive syphilis serology
should also be tested for HIV infection.

The diagnosis of syphilis is based on the direct detection of treponemes or treponemal DNA by
microscopy or molecular biologic techniques as well as various serologic tests. There are two
types of serologic tests for syphilis: against cardiolipin (non-treponemal tests) antigens and
treponemal antigens (treponemal tests). These tests rely upon a humoral immune response to
infection. Thus, the use of serologic testing may be limited in patients with advanced immu-
nosuppression or early disease.

7.1. Direct detection of T. pallidum

T. pallidum cannot be routinely cultured in vitro; thus, microscopic examination or molecu-
lar assays are used to detect the microorganism directly. With careful collection of serous
fluid containing specimens, movement of spirochetes can be visualized by dark-field micros-
copy. Direct fluorescent antibody (DFA) testing can be also used to detect the organism; how-
ever, neither of these complex tests is routinely performed nor available in clinical settings.
Alternatively, some laboratories have developed polymerase chain reaction (PCR)-based
assays to detect T. pallidum DNA target sequences from clinical specimens. According to vari-
ous studies, the sensitivity and specificity of PCR method from lesional specimens are rela-
tively high, up to 95 and 98%, respectively [36—40]. However, PCR tests are not suitable for
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screening asymptomatic individuals, since the sensitivity of PCR testing tends to be much
lower in blood and cerebrospinal fluid specimens (approximately 24-32%) [36].

7.2. Non-treponemal tests

They are based upon the reactivity of serum from infected patients to a cardiolipin-choles-
terol-lecithin antigen and include venereal disease research laboratory (VDRL), rapid plasma
regain (RPR), unheated serum reagin (USR), reagin screen test (RST), and toluidine red
unheated serum test (TRUST). All these tests measure IgG and IgM antibodies against this
lipoprotein-like material released from damaged host cells and treponemes. Titers of these
antibodies correlate with disease activity and are used for screening and monitoring the treat-
ment. These quantitative tests are performed even in case of a positive dark-field examina-
tion, to obtain a baseline for the follow-up of the treatment process. A fourfold decrease in
the antibody titer indicates successful treatment, while a fourfold increase indicates relapse
or reinfection. In the case of early and efficacious treatment, non-treponemal assays usually
become negative over time. Although these screening tests are nonspecific, and therefore not
definitive, they have traditionally been used for initial syphilis screening due to their rela-
tively low cost and ease of performance.

7.3. Treponemal tests

The major indication for treponemal tests is confirmation of reactive non-treponemal tests.
However, nowadays, they have been automated, with fast and easy use, and as a result, these
tests are increasingly used as an initial screening test rather than as confirmatory tests. They
are based upon the detection of antibodies directed against specific treponemal antigens and
thus tend to be more specific than non-treponemal tests. The sensitivity varies with the stage
of syphilis: between 70 and 100% in primary syphilis, 100% in secondary and latent syphilis,
and about 95% in late syphilis [41]. Treponemal tests are qualitative only and are reported as
“reactive” or “nonreactive.” These tests cannot differentiate between antibodies to T. pallidum
and other treponemes or spirochetes, and they generally remain positive for lifetime; thus,
they are not used for monitoring the response to treatment.

T. pallidum hemagglutination assay (TPHA), micro-hemagglutination assay for T. pallidum
(MHA-TP), and T. pallidum particle agglutination (TPPA) tests: these tests measure antibod-
ies directed against surface proteins of T. pallidum attached to rabbit erythrocytes as anti-
gen carriers. Positive result shows previous or active syphilis but disease activity cannot be
determined.

Fluorescent treponemal antibody absorption (FTA-ABS): This test shows the reaction of
serum and whole treponeme and forming of antigen-antibody complexes with the help of
fluorescein isothiocyanate. IgM and IgG can be selectively differentiated.

FTA-ABS-19S-IgM test: Fraction of IgM antibody is measured, with a higher specificity. This
test is used for differentiation of relapsing disease from reinfection or in case of congenital
syphilis.
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Solid-phase hemadsorption assay (SPHA) or IgM ELISA: This test is used for the detection
of specific IgM antibodies that attach to the solid phase of microtiter plates by reacting with
the treponemal antigen on rabbit erythrocytes as antigen carriers. IgM antibodies can also be
measured by the ELISA technology. They are used for the diagnosis of congenital syphilis,
neurosyphilis, and reinfection.

T. pallidum enzyme immunoassay (TP-EIA)

Inlate 2014, the USFood and Drug Administration granted a Clinical Laboratory Improvement
Amendments waiver permitting the use of a rapid (10-minute) finger-stick treponemal-based
antibody test called the Syphilis Health Check (SHC) [42]. But exact sensitivity and specific-
ity of this test have not been established yet. In Table 1 types and different properties of both
treponemal and non-treponemal tests are summarized.

Serologic testing to diagnose syphilis should include the use of both non-treponemal and
treponemal tests [43]. Traditional serologic testing algorithms for syphilis involve initial
screening with a non-treponemal test. A reactive result is then confirmed with a treponemal
test, such as FTA-ABS. If the non-treponemal test is negative and patient is asymptomatic,
no further testing is necessary. If both tests are reactive and the patient has no history of
previous disease, the results are consistent with a new infection, and appropriate treatment
should be prompted. However, for patients with a history of treated syphilis in the past with
positive treponemal and non-treponemal results, the need for treatment depends upon the
patient’s clinic and the non-treponemal titer. This may indicate a new infection, an evolving
response to recent treatment, treatment failure, or the presence of a serofast state. In case of
a new infection, non-treponemal test reveals a fourfold or greater increase in titer from the
individual’s prior posttreatment test. If the patient has persistently reactive but low titer

Treponemal tests Non-treponemal tests

o Treponema pallidum e Possible false negativity e Venereal disease ¢ Possible false negativity in
hemagglutination assay in early-stage disease research laboratory early-stage disease
(TPHA) (VDRL)

® May remain positive for
lifetime °

e Useful for monitoring

* Micro-hemagglutination Rapid plasma treatment response

laf;ay fﬁzé":p;gema pal-— Not useful for monitor- regain (RPR) ¢ May become negative with
idum ( -TP) ing treatment response  ® Unheated serum early treatment
e T pallidum particle reagin (USR)

agglutination assay
(TPPA)

Fluorescent treponemal

antibody absorption
(FTA-ABS)

FTA-ABS-19S-IgM test
Solid-phase hemadsorp-

tion assay (SPHA)
IgM ELISA

T. pallidum enzyme

immunoassay (TP-EIA)

Possible false positivity
(autoimmune diseases,
HIV infection, hyper-
gammaglobulinemia)

High sensitivity and
specificity

Reagin screen test
(RST)

Toluidine red
unheated serum
test (TRUST)

Possible false negativity
(prozone phenomenon,
HIV)

Possible false positivity
(pregnancy, autoim-
mune diseases, drug use,
lymphomas, malaria,
vaccinations, cirrho-

sis, antiphospholipid
syndrome)

Low cost and ease of
performance

Table 1. Serological tests for diagnosis of syphilis.



Syphilis
http://dx.doi.org/10.5772/intechopen.70282

non-treponemal test despite adequate treatment, it is considered as a serofast state. All other
cases are regarded as treatment failures and should be retreated properly.

Alternatively, a popular novel approach uses treponemal tests such as TP-EIA as a screening
method, followed by a non-treponemal test for confirmation. With this reverse order, there
is an increase in false positivity rates but also an increase likelihood of catching patients with
very early or late latent syphilis.

In case of a positive but usually low titer non-treponemal test followed by a negative one dur-
ing screening, the patient is generally considered to have a false-positive syphilis result. It is
estimated that 1-2% of the United States population has false-positive non-treponemal test
results [44]. False-positive tests may be observed during pregnancy, acute febrile illness such
as endocarditis or rickettsial disease, recent immunization, autoimmune disorders (particu-
larly systemic lupus erythematosus), intravenous drug use, chronic liver disease, and in case
of HIV disease [41].

If the patient has a positive treponemal and negative non-treponemal test, clinical symptoms
should be investigated, and treatment should be administered in case of a positive finding.
However, if there are no clinical signs or symptoms and repeated treponemal test is also posi-
tive, treatment for late latent syphilis is recommended. Another possibility is false-positive
treponemal test which can be seen in case of spirochetal infections, malaria, and leprosy [45].

Negative non-treponemal test together with possible clinical signs and symptoms may point
out early syphilis, prior to antibody formation or can be due to prozone effect [46]. In such
cases of early primary syphilis, fluorescent treponemal antibody absorption (FTA-ABS) is
thought to be the most sensitive method. Prozone reaction is also a major cause of a false-neg-
ative non-treponemal test. High titers of antibodies, usually in secondary syphilis, interfere
with clumping of antigen-antibody complexes and make the visualization of the agglutina-
tion impossible. This phenomenon is usually associated with pregnancy, HIV coinfection,
and neurosyphilis [47].

8. Pathology

Ulceration and dermal infiltrate of plasma cells, lymphocytes, and histiocytes are observed
in primary syphilis. Spirochetes may also be detected with Warthin-Starry stain. In case of
secondary syphilis, dermal infiltrates can be perivascular, lichenoid, diffuse, or nodular, with
necrotic or ulcerated epidermis. In tertiary syphilis, tuberculoid granulomas, endothelial
swelling, and vascular proliferation are present together with plasma cells.

9. Differential diagnosis

For primary syphilis, all conditions causing genital ulcers should be taken into consideration.
These most commonly include genital herpes, chancroid, lymphogranuloma venereum,
Behget's disease, and fixed drug eruption. In case of secondary syphilis, cutaneous findings may
resemble viral exanthems, guttate psoriasis, pityriasis rosea, lichen planus, pityriasis lichenoides
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chronica, maculopapular drug eruptions, or nonspecific nummular eczema. Recurrent aphthous
stomatitis, oral lichen planus, herpangina, candidiasis, and hand,foot, and mouth disease should
be considered in case of mucosal involvement. Genital mucosa findings of secondary stage may
mimic HPV-related lesions such as condyloma lata, bowenoid papulosis, or squamous cell carci-
noma. Gummatous lesions of tertiary syphilis can be mistaken for lupus vulgaris, leishmaniasis,
deep fungal infections, mycosis fungoides, and sarcoidosis.

10. Treatment

A non-treponemal serologic test should be obtained before initiating therapy (preferably
on the first day of treatment) to establish the pretreatment titer and adequacy of serological
response. Parenteral penicillin G is the treatment of choice for all stages of the disease [16, 43,
48]. A penicillin level of >0.018 mcg/l is considered treponemicidal, and this level of antimi-
crobial should be present in serum and/or CSF [49]. The dosage and duration of treatment
depend upon the stage of the disease. For patients without neurosyphilis, penicillin G benza-
thine is the preferred formulation, and it is given via intramuscular route. In case of penicillin
allergy, rechallenging or desensitization can be tried initially. Alternative antimicrobial agents
include tetracyclines and cephalosporins. Azithromycin should be used only if other agents
are not available, because treatment failures due to macrolide-resistant T. pallidum have been
reported [50, 51]. The CDC and International Union against Sexually Transmitted Infections
(IUSTT) currently recommend that HIV-infected individuals receive the same syphilis regi-
mens as HIV-negative patients. Stage of the disease and treatment options are summarized
in Table 2.

10.1. Early syphilis

The goals of treatment are to prevent long-term adverse outcomes and reduce transmission. A
diagnosis of early syphilis implies that T. pallidum infection occurred within the previous year
and consists of primary, secondary, and early latent syphilis. A single dose of 2.4 million units of
penicillin G benzathine (intramuscular) is the standard therapy for early syphilis [48, 50, 52]. No
resistance against penicillin G has been reported up to now, and clinical cure rates are 90 to 100%
for both HIV-uninfected and HIV-infected persons. First-line alternative to penicillin is doxycy-
cline (100 mg PO twice daily), for 14 days. Oral amoxicillin (3 g) with probenecid (500 mg) can
also be used, twice daily for 14 days. One to two grams of parenteral ceftriaxone for 10-14 days
and a single 2 g dose of azithromycin are other alternatives [53-55]. Jarisch-Herxheimer reaction
is an acute febrile reaction frequently accompanied by headache and myalgias within the first 24
hours of penicillin treatment and is most common among patients with early syphilis.

10.2. Late syphilis

This includes tertiary and late latent syphilis, with longer duration of treatment. Penicillin G
benzathine (2.4 million units intramuscularly) once weekly for three weeks is the standard
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Clinical stage

Recommended treatment
regimen

Alternative treatment regimen

Early syphilis

Late syphilis

Neurosyphilis

e Primary
e Secondary

e Early latent (acquired <1
year previously)

¢ Late latent (acquired >1 year
previously or of unknown
duration)

e Cardiovascular and gum-
matous syphilis

¢ Retreatment of primary,
secondary, or latent syphilis
after treatment failure

e Early neurosyphilis

e Late neurosyphilis

e Penicillin G benzathine
2.4 million units IM,
single dose

e Penicillin G benzathine
2.4 million units IM
once weekly for 3
weeks

e Penicillin G 3-4 million
units IV every 4 hours
(18-24 million units by
continuous infusion)
for 10-14 days

e Penicillin G procaine
2.4 million units IM
daily plus probenecid
500 mg orally four
times daily, for 10-14
days

e Procaine penicillin, 1.2 mil-
lion units, for 10 days

e Doxycycline 100 mg orally
twice daily for 14 days

e Ceftriaxone 1-2 g daily IM or
IV for 10-14 days

¢ Tetracycline 500 mg orally
four times daily for 14 days

e Azithromycin, 2 g orally,
single dose

*  Amoxicillin 3 g plus pro-
benecid 500 mg, orally twice
daily for 14 days

¢ Procaine penicillin, 1.2 mil-
lion units IM for 20 days

¢ Doxycycline 100 mg orally
twice daily for 28 days

e Ceftriaxone 2 g daily IM or
1V for 10-14 days

e Tetracycline, 500 mg orally
for 28 days

e If possible, patients allergic
to penicillin should be
desensitized and treated
with IV penicillin

e Ceftriaxone, 2 g IM or IV for
10-14 days

Table 2. Stage of the disease and treatment options.

therapy for late syphilis [43]. If the patient misses a dose or more than 14 days have elapsed
since the prior dose, the course should be reinitiated [56]. Patients with gummatous or cardio-
vascular infection should have a CSF examination prior to therapy to assess for neurosyphilis.
Administration of 40-60 mg of prednisolone daily for 3 days beginning 24 hours before treat-
ment for any form of cardiovascular syphilis may be advised [57]. Alternative regimens for
late syphilis include doxycycline (100 mg PO twice daily for 28 days) or ceftriaxone (2 g IV or
IM daily for 10-14 days); however, as there are limited data on the efficacy of these regimens
in late syphilis, close monitoring is mandatory [58].
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10.3. Neurosyphilis

These patients should generally be treated with intravenous therapy due to the fact that
higher doses are necessary to produce measurable cerebrospinal fluid levels of the drug [59].
Preferred regimen is IV penicillin G (3—4 million units IV every 4 hours or 18-24 million units
per day by continuous infusion) for 10-14 days. If the patient has late syphilis, together with
neurosyphilis, a single dose or three doses of penicillin G benzathine (2.4 million units IM)
may be administered after this course of therapy, for longer duration of effect. If the patient
is allergic to penicillin, desensitization or rechallenge is strongly advised, so that the standard
IV regimen can be used instead of an alternative regimen. Procaine penicillin plus proben-
ecid, ceftriaxone, oral amoxicillin with probenecid, or doxycycline are other alternatives with
limited success rates.

11. Follow-up

Patients should be monitored clinically and with laboratory testing to ensure that they are
responding appropriately to therapy. A fourfold decline in the non-treponemal titer, equiva-
lent to a change of two dilutions, is considered as good response to therapy. In a systematic
review that included data from 20 studies, a fourfold or greater decline in non-treponemal
titers was associated with younger age, higher baseline non-treponemal titers, and earlier
syphilis stage [60].

If non-treponemal titers do not decline fourfold or if there is a fourfold increase after initial
decline, this is considered as treatment failure. Since drug resistance to penicillin has not been
described, treatment failure is likely due to poor adherence with the treatment regimen, treat-
ment with an alternative agent, immunocompromised status, or undiagnosed neurosyphilis.
It is also important to distinguish this treatment failure from reinfection.

In patients with early syphilis, serologic testing should be performed 6 and 12 months follow-
ing treatment and at any time if clinical symptoms recur. Patients with late syphilis should
undergo follow-up serologic testing at 6, 12, and 24 months. In case of abnormal CSF findings,
a CSF examination is recommended at a 6-month interval until cell counts are normal and the
CSF-VDRL is negative.
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Abstract

Sexually transmitted diseases (STDs) can be transmitted through genital-genital, oro-
genital, or anogenital contacts and remain to be a public health concern worldwide.
Approximately one million people around the world are believed to be newly infected
with sexually transmitted infections (STIs) each day. Numerous causative agents includ-
ing bacteria, viruses, protozoa, yeast, and fungi are responsible for STIs; however, viruses
exhibit more serious risks, probabilities and outcomes of STDs than other organisms.
The most lethal viral STIs are human immunodeficiency virus-1 (HIV), herpes sim-
plex viruses 1 and 2 (HSV-1 and HSV-2), and human papillomavirus (HPV), which are
responsible for major sexually transmitted viral infections including AIDS, herpes sim-
plex, and genital warts, respectively. Despite the fact that several prevention strategies
such as vaccination, abstinence from sex, limiting sex partners, the use of condoms and
a range of therapeutic drugs have drastically reduced the risk of contracting STIs, these
three infections continue to spread at an alarming rate. The high incidence and lack of
effective vaccine, instigated scientists to look for alternate, cheap, and efficient strategies
for controlling these deadly viruses. Microbicide are relatively new approach that may
be helpful in preventing STIs transmission when applied inside the genitals before inter-
course. Like other interventions, microbicides are used as prophylactic measures against
STIs. Therefore, an excellent safety and efficacy profile analysis is mandatory before their
approval for human use. Although no safe and efficacious microbicide is yet available,
many candidates including nonoxynol-9, Savvy, cellulose sulfate, Carraguard, VivaGel,
tenofovir gel, and PRO 2000 have shown promising in vitro activity and many more are
under development. However, very few of them have moved to large-scale phase III
trials. This chapter aims to provide a brief overview of various microbicides along with
their mechanism of actions and recent updates on safety and effectiveness trials.

Keywords: HPV, HIV-1, HSV-2, sexually transmitted infections (STIs), microbicides,
prevention of STIs



134

Fundamentals of Sexually Transmitted Infections

1. Introduction

Sexually transmitted diseases (STDs) or venereal diseases (VDs) being responsible for
millions of deaths worldwide have proven to be a major burden on human health [1].
Approximately 19 million new cases of STDs are reported in the United States every year
[2]. More strikingly, according to Centers for Disease Control and Prevention (CDC) recent
press release, the largest increase in STD cases was observed from 2014 to 2015. STDs are
caused by more than 30 different pathogens including bacteria, viruses, parasites, yeast,
and fungus commonly known as sexually transmitted infections (STIs) (Figure 1). Among
all known STIs, viruses exhibit more serious risks, probabilities, and outcomes of sexually
transmitted diseases. Viral STIs include human immunodeficiency virus-1 (HIV), herpes
simplex viruses 1 and 2 (HSV-1 and HSV-2 ), human papillomavirus (HPV), hepatitis B virus
(HBV), and molluscum contagiosum virus (MCV) causing acquired immunodeficiency syn-
drome (AIDS), herpes simplex, genital warts, viral hepatitis, and molluscum contagiosum,
respectively. However, HPV, HIV-1, and HSV-2 targeting the mucosa of the penis, vulva,
rectum, and urinary tract account for major sexually transmitted viral infections. In order
to understand the wreckage caused by these infections, it is imperative to understand the
biology and pathogenesis of the abovementioned sexually transmitted viruses.

® Hepatitis B, Hepatitis C
® HSV-1, HSV-2

®* HPV

* HIV

®* Hemophilus ducreyi

® Chlamydia trachomatis

® Treponema Pallidum

*® Niseria gonorrhea, Mycoplasma

STIS ) * Lymphogranuloma

® Trichomonas vaginalis

® Entamoeba Histollytica

Yeast ® Candida albicans
& ® Candida glabrata
Fungus ® Candida tropicall

Figure 1. Sexually transmitted infections (STIs).

1.1. Biology of human papillomavirus

Human papillomaviruses (HPVs) named for warts (papillomas) are the most common sexu-
ally transmitted infectious agents both in men and women across the globe, particularly in
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undeveloped countries. It is believed that nearly all men and women acquire HPV infection
at least once at some stage of their lives [2]. However, sexual transmission being the major
route of HPV infection, the probability of getting HPV infection in adulthood is high due
to increased sexual activity. The HPV prevalence falls with the increasing age probably as a
consequence of decreased sexual activity and establishment of immune response against the
virus [3].

HPV is a small, nonenveloped, and double-stranded DNA virus having genome size of 8 kbp.
The circular genome of HPV encodes six early and two late overlapping open reading frames
(ORFs) and a noncoding long control region (LCR) [4]. Upon infection, the virus first tran-
scribes six early proteins (E1, E2, E4, E5, E6, and E7), which are mainly involved in viral DNA
replication and HPV-mediated pathogenesis. Late structural proteins L1 and L2, which make
up the viral capsid, are transcribed during later phases of virus replication [5]. The early
genes are expressed within the basal surface of the epithelium while late genes in supra-basal
layer of the epithelium. The LCR located upstream of early and late genes contains various
promoter and transcriptional regulatory sequences which act as binding sites for several viral
and host transcription factors [6].

Based on L1 gene nucleotide sequence, the HPVs are classified into genera, species, and types.
To date, almost 151 types of HPV have been identified and divided into five genera known
as alpha, beta, gamma, mu, and nu [7]. HPV types are further categorized into cutaneous and
mucosal types. While cutaneous HPV types target keratinocytes in the hand and feet skin,
mucosal types infect the inner lining of the respiratory, digestive (mouth, throat, esophagus),
and anogenital tracts. The cutaneous HPVs mostly belong to beta and gamma genera, whereas
mucosal types are included in alpha genus [8]. About 30 HPV types have been reported to be
transmitted through sexual contact, thereby infecting mucosa of the genitalia [9]. The genital
HPV types are further categorized into high risk (HR) and low risk (LR) based on the severity
of clinical manifestation. The LR-HPVs such as subtypes 6, 11, 42, 44, 51, 53, and 83 induce
warts or hyperproliferative benign lesion on genital. On the other hand, HR-HPV subtypes
including 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 68,73, and 82 are linked with premalignant
and malignant cervical, penile, vulvar, vaginal, anal, and head and neck carcinomas [10].
Notably, majority of the LR-HPV infections are caused by HPV 6 and 11 subtypes, while
subtypes 16 and 18 are responsible for most of the HR-HPV infections [11, 12]. In fact, HPV 16
and 18 are the most lethal subtypes, which together account for 70% cases of cervical cancer,
the fifth most commonly diagnosed type of cancer and leading cause of cancer deaths [13].

The HPV lesions are believed to commence from the basal keratinocytes, which are exposed
to HPV infection as a consequence of microabrasions or trauma during sexual intercourse
[9, 14]. The virus then binds to specific cell surface receptors and is subsequently internalized
in to the cells where it establishes episomal or integrated persistent infection, a pivotal step in
cervical cancer causation. Various viral proteins are expressed during the replication cycle of
HPYV that control the transcription as well as replication of virus and induce cell proliferation.
The E5, E6, and E7 are the essential proteins which help the virus during initiation and pro-
gression of cervical cancer [15]. These oncoproteins interfere with cell cycle and other regu-
latory pathways and induce genome instability mainly by inhibiting key tumor suppressor
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proteins such as p53 and pRB [16]. The p53 being the guardian of genome is targeted by HPV
E6 protein for proteasomal degradation, while E7 competes with pRB protein releasing the
E2F transcription factor, which helps the transcription of genes that drive cell cycle further
on. Likewise, HPV oncoproteins maneuver host cell in such a way to keep them in a condi-
tion favorable for virus replication. For example, overexpression of E1 and E2 proteins has
been evidenced to push the cell in S and G2 phases that stably maintain viral episomes [17].
HPV has also been described to alter numerous cell regulatory pathways; for instance, E6 and
E7 are believed to be involved in beta-catenin nuclear accumulation leading to activation of
Wnt signaling pathway that is one of the major deregulated signal transduction pathways in
cancer [18]. Another salient example elaborating the role of HPV proteins in carcinogenesis
was described by Accardi et al. who proved that HPV16 E6 and E7 proteins jointly dissociate
Na+/H+ exchange regulatory factor-1 (NHERE-1), which is involved in the regulation of vari-
ous cellular processes including signaling and transformation. The degradation of NHERF-1
leads to activation of the PI3K/AKT signaling pathway, which is known to be a major player
involved in carcinogenesis [19].

1.2. Biology of herpes simplex virus

Herpes, from the ancient Greek meaning to creep or crawl, is the name ascribed to the infec-
tions caused by a large family of DNA viruses called Herpesviridae. The members of this virus
family are known to equally infect human and animals. Among the described human herpes
viruses, closely related herpes simplex virus-1 (HSV-1) and herpes simplex virus-2 (HSV-2)
that show 70% genomic homology are considered to be most contagious human herpes
viruses and are transmitted via sexual contact [20]. HSV-1 may be transmitted by oral to oral
or oral to genital contact, thereby causing oral or genital herpes, while HSV-2 is exclusively
transmitted by sexual contact and is responsible for genital infections only [21]. Mostly oral
and genital herpes are symptomless; however, complications can cause painful blisters or
ulcers at the site of infection. Both of these viruses are widespread in human population. In
2012, it was estimated that 67% human population under the age of 50 were living with HSV-1
infection while 11% with HSV-2 [22].

The HSV virion is structurally divided into four parts: an electron dense core containing
the viral genome, an icosapentahedral capsid, a tegument comprising a protein cluster, and
a glycoprotein-based envelope [23]. The genome of HSV-1 and HSV-2 is a complex large
double-stranded DNA molecule which is divided into two unique regions: the long unique
(U,) and the short unique regions (U ). The U, transcribes 56 viral genes whereas U, merely 12
[24]. The translated proteins from these genes are involved in making virus components, con-
trolling virus replication and infectivity. The virus gets entry into the nerve cells in the lower
layer of the skin as a consequence of interaction between numerous viral glycoproteins and
host cell receptors mainly heparan sulfate [25]. Upon internalization, the virion is dismantled,
and capsid is routed to the nuclear pore ejecting its DNA into the nucleus where transcrip-
tion of viral genes takes place with the help of RNA polymerase II [26]. The HSV replication
involves sequential production of different viral proteins. At first, immediate early proteins
are synthesized that regulate viral gene expression during replication. The enzymes carrying
out viral replication are also products of early gene transcription. The late transcribed genes
predominantly encode proteins required for capsid and envelop formation [24].
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The primary HSV infection occurs in the epithelial cells from where virus ascends to the
sensory nerve terminal at peripheral site. Then by retrograde axonal transport virus enters
the trigeminal nerve ganglion and establishes latency resulting in long-time persistence [27].
During the latency phase, virus expresses latency-associated transcript (LAT) which regulates
the host cell genome in order to maintain the virus reservoir in the host without any clini-
cal manifestation [28]. Furthermore, HSV evades host immune response either by mimick-
ing the human interleukin 10 (HIL-10) or by downregulation of the major histocompatibility
complexes I and II (MHC I and 1II) in the contaminated cell, thus ensuring virus survival in
latency [29]. The HSV encodes a HIL-10 homologous protein that blocks the production of
pro-inflammatory cytokines such as IFN-y, IL-1a, GM-CSF, IL-6, and TNF-q, thereby reduc-
ing the natural Kkiller cells and cell-mediated response against virus [30]. Likewise, for the
downregulation of MHCI-II, HSV encodes ICP47 protein that blocks the presentation of
MHC-class-1 proteins on the cell surface by retaining the newly synthesized MHC molecules
in the endoplasmic reticulum [31]. The lack of MHC expression on the surface of infected cells
results in the absence of T-cell activation ultimately helping virus to hide from the immune
system. In some infected persons, viral reactivation occurs sporadically due to some trigger-
ing factors such as physical or emotional stress, fever, ultraviolet light, tissue damage, and
other immune-compromising events [32]. Upon activation, virus travels from the dorsal root
ganglion in conjunction with sensory nerve cells to the epidermal-dermal junction. During
virus activation phase, a transition in the gene expression takes place, and virus expresses
multiple lytic genes which direct the elevated viral replication and host cell death on the other
hand [28]. The active virus is ultimately transported to the skin again where virus sheds and
initiates new cutaneous or mucosal sores.

1.3. Biology of human immunodeficiency virus

Human immunodeficiency viruses (HIV) are members of Retroviridae family, which cause
disease in both genders of almost all ages. Though two closely related HIV types (HIV-1 and
HIV-2) have been described, however, HIV-1 is more virulent and is responsible for majority
of HIV-related infections [33]. This virus is known to infect cells of the immune system includ-
ing macrophages and dendritic and CD4'T cells, thereby destroying them and impairing host
immune function [34]. If left untreated, HIV infection may lead to a devastating disease called
acquired immunodeficiency syndrome (AIDS). It is estimated that during 2015 alone, 36.7
million people got infected with HIV, while 1.1 million died of HIV-related causes worldwide.

The HIV is a tiny enveloped virus consisting of two copies of positive sense RNA molecules,
which are accompanied by several nucleocapsid proteins and enzymes, for instance, prote-
ases and integrases [35]. The genome of HIV is complex and for the most part marked as
5'LTR-gag-pol-env-LTR'3 [36]. However, six other genes—tat, rev, nef, vif, vpr, and vpu are also
encoded by virus genome. The gag (group antigens) and env genes encode major nucleocapsid
and structural proteins, while pol transcribes enzymes such as reverse transcriptase required
for virus replication [35]. In fact, the gag, pol, and env proteins act as precursor and cleaved by
proteases to give rise several other proteins. The remaining six genes are considered as acces-
sory genes which are required for efficient virus replication and for regulation of viral gene
expression [37]. Among these six accessory proteins, nef and vif are of extreme importance
as they help virus in immune evasion and deal with antiviral activity of host APOBEC3G
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protein. The nef reduced the antigen presentation on the HIV-infected cells, thereby hiding
from the immune system, while vif neutralized the infectivity of APOBEC3G protein, which
degrades the viral RNA in the infected cell [38].

The HIV targets CD4+ T cells, macrophages, and dendritic and microglial cells for its mul-
tiplication. The life cycle of the virus begins with the virus attachment to CCR5 and CXCR4
receptors through its trimeric glycoprotein complex made up of gp120, gp160, and gp41. The
surface proteins of HIV fuse with host cell membrane releasing viral genome inside the cells.
The virus ssRNA is converted into complementary DNA (cDNA) by utilizing virus enzymes
that are the part of mature HIV virion. The complementary part of the cDNA is synthesized
and then transported to the nucleus where it integrates into host genome as provirus again
with the help of virus-encoded integrase enzyme [39]. The integrated genome is transcribed
into mRNA which is utilized simultaneously to produce viral proteins as well as the viral
genome. The viral-encoded proteins tet and rev regulate the expression of HIV genes. For the
synthesis of HIV virion, structural protein gp 160 is transported to the cell membrane where
all virus components are assembled and finally bud off from the cell [40].

The destruction of CD4+ T cell is the mainstay mechanism of HIV-mediated pathogenesis.
The HIV reduces the number of CD4+ T cells by several mechanisms. Programmed cell death
or apoptosis is among the most prominent mechanisms underlying HIV-mediated destruc-
tion of CD4+ T cells [41]. The increased apoptosis of CD4+ T cells in HIV infection could be
due to direct viral cytotoxicity or due to signaling events triggered by viral proteins. The
apoptosis in HIV-infected patients is not limited to infected T cells only, but uninfected cells
are also destroyed by the so-called bystander mechanism. While several viral proteins are
believed to play a role in apoptosis of bystander CD4+ T cells, interactions between viral Env
glycoprotein expressed on surface of infected T cells and specific receptors and coreceptors
on the surface of neighboring uninfected T cells have been proposed as the major mechanism
responsible [42]. The bystander apoptosis reduces the number of T cells to an alarming level
making the person more likely to get other opportunistic infections including viruses and
bacteria that put the life in serious danger [43].

2. Conventional methods for the prevention of STIs

Ever since their discovery, successful prevention and treatment of STIs, including HIV-1,
HSV-2, and HPV, have been a high-priority research area. To date, several recommendations
with varying effectiveness have been put forward by researchers and healthcare providers in
order to limit STIs. The focal point of these described strategies is the prevention, i.e., blocking
the acquisition of STIs. The STI prevention approaches are mainly based on reducing the risk
factors, deployment of physical barriers, prophylactic immunization against sexually trans-
mitted agents, efficient and timely diagnosis of STIs, and treatment of active infection [44, 45].
There has been remarkable progress in the diagnosis and treatment of STIs; however, the
discussion on them would be beyond the scope of this chapter. Nevertheless, other preventive
measures against STIs particularly HIV-1, HSV-2, and HPV will be discussed thoroughly in
the coming sections of this chapter.
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2.1. Curtailing risk factors for STIs

The act of sexual intercourse in humans is known to create small unnoticeable microabrasions
which in turn pave the way for entry of numerous STIs. The epidemiological synergy has
also hinted that the presence of some STIs favors the acquisition of other STIs. For instance,
the existence of chlamydia, herpes, gonorrhea, and syphilis in an infected person makes him/
her more likely to acquire HIV infection [46]. It is also worth mentioning that multiple STI
coinfections prove to be more harmful than the single STI [47]. Therefore, the paramount
approach in treating STDs would be to combat the transmission of STIs altogether. This could
only be achieved by reducing risk factors, such as unprotected sex, early age sex, and multiple
sex partners that increase the chances of catching various STIs [48].

The most reliable way of controlling STDs is the complete abstinence from any type of sex
particularly during teen ages and comprehensive sex education [49]. Nevertheless, this does
not seem to be a practical approach. However, limited number of sex partners and long-term
sexual relationship with a single uninfected individual are believed to be most pragmatic
ways in this regard [50]. Talking with partners about sexual health prior to sexual activities
also mitigate the risk of getting STIs. Some important considerations before, during, or after
sexual intercourse such as washing ahead of performing sex, avoiding sex when drunk, and
circumvent unharmful sex positions have significantly reduced the STI burden [51]. Recently,
male circumcision has been reported as a vital mean of reducing STI risk. Three separate clini-
cal trials have demonstrated that circumcision can reduce the HIV acquisition by 60% [52, 53].
Moreover, male circumcision was also found to be effective against other STIs including HPV
and HSV-2 [54].

2.2. Putting the physical barriers to STIs

The use of physical barriers, including male and female condomes, is not only among the most
commonly used birth control methods but also serves to curtail the spread of STIs effectively.
Male condoms are classified into natural or synthetic categories based on the material they
are made of. Natural membrane condoms usually derived from lamb cecum are primarily
meant for pregnancy prevention rather stopping STIs. In fact, the pores in the natural con-
doms are large enough to let the passage of small STI-causing organisms, particularly viruses
[55]. On the other hand, the efficacy of synthetic condoms in the prevention of STIs has been
proved by various epidemiological and laboratory studies [55]. Synthetic condoms are either
made of latex or other nonlatex material such as polyurethane or polyisoprene. Latex con-
doms are flexible, broadly available, and least expensive among all types of condoms. They
are exceedingly effective in preventing the sexual transmission of plethora of STIs, including
HPV, HIV-1, and HSV-2 [56-58]. The failure of latex condoms to safeguard STIs or unin-
tended pregnancy is usually due to inconsistent or incorrect use [59]. The nonlatex condoms
are particularly suitable for those allergic to latex. Polyurethane condoms are relatively thin
and odorless. They provide comparable protection as of latex condoms against various STIs
[60]. However, polyurethane condoms are at higher risk of breakage during intercourse. Both
latex and nonlatex condoms’ efficiency of protecting STIs can be enhanced by using some
germicidal spray on them [61].
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Female condoms are usually made up of thin plastic polyurethane material and have rings on
the both ends. The ring inside the vagina covers up the cervix with a plastic sheet while outer
ring is open and resides outside the vagina covering the vulva. Like male condoms, these are
designed to avoid pregnancy as well as to prevent the infection spread during sexual process
[62]. Female condoms are usually recommended to sex partner when male condoms can-
not be used appropriately. Contradictory reports have been presented regarding efficiency of
female condoms. One systemic review based on different randomized control trials revealed
that female condoms are good in avoiding pregnancy but not in protection from STIs [63].
On the contrary, another randomized control trial concluded that female condoms” efficacy
is comparable with male condom [64]. As a matter of fact, the female condom efficiency like
male condom varies according to their use. In the nutshell, it has been estimated that female
condoms are more efficient if used consistently with accuracy [65].

Another way of protecting pregnancy and STD in females is the use of cervical diaphragms.
Diaphragm is a dome-shaped bowl made of thin and flexible rubber that sits over the cervix.
In order to use it as a contraceptive, spermicide is placed into the bowl and edges of the
diaphragm before inserting into the vagina [66]. After sex, the diaphragms are left inside
the vagina at least for 6-24 h. There is ample epidemiological and biological data suggesting
that diaphragm use can reduce the risk of acquiring some of the STDs including gonorrhea,
chlamydia, and trichomoniasis [57]. However, diaphragm has been proved to be ineffective in
reducing the risk of acquiring HIV infection. Moreover, spermicide use along with diaphragm
increases the risk of bacterial urinary tract infections [67]. It is therefore recommended that
targeted clinical trials must be conducted before approval of diaphragms as a method for STI
prevention.

2.3. Immunization against HPV, HIV-1, and HSV-2

Vaccines prime individuals” immune response to build up adaptive immunity, thereby pro-
tecting them from subsequent infection. Preexposure vaccination probably is the most effec-
tive means of preventing transmissible infection including STIs [51]. Unfortunately, except for
HPV, no vaccine is approved for other sexually transmitted viral infection. However, vaccines
against HIV-1 and HSV-2 are under developmental phase. Table 1 enlists and describes char-
acteristics of all proposed vaccines for HPV, HIV-1, and HSV-2.

HPV vaccine being a major public health breakthrough is administered in both males and
females before reaching the age where HPV risk is maximum. Up till now, three HPV vac-
cines under the trade name of Cervarix, Gardasil, and Gardasil 9 have been approved by
FDA [68]. The Cervarix is bivalent vaccine designed against HPV types 16 and 18 that are
responsible for 70% cervical cancer. In addition to HPV 16 and 18, Gardasil provides protec-
tion against HPV 6 and 11, which cause 90% of genital warts [69]. The Gardasil got approved
from FDA in 2006 while Cervarix in 2009. Recently in 2014, another vaccine Gardasil 9 was
approved and is meant to protect against 9 HPV types: 6, 11, 16, 18, 31, 33, 45, 52, and 58
(FDA press release). All these vaccines are administered in a series of three doses at the ages
of 16-26. However, they can be administered up to the age of 45. The effectiveness of all these
vaccines has been assessed clinically in many randomized controlled trials, and all these trials
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Virus Vaccine name/ Vaccine type For which type Clinical status
pharmaceutical
company

HPV Gardasil/Merck & Co. Recombinant HPV 16,18, 6, and 11  FDA approved (2006)
Cervarix/ Recombinant HPV 16, 18 FDA approved (2009)
GlaxoSmithKline
Gardasil 9/Merck Recombinant HPV 6, 11,16, 18,31, FDA approved (2014)
& Co. 33,45, 52, and 58

GEN-003/Genocea HSV subunit vaccine HSV-1 and HSV-2 Phase I

HerpV/Agenus Peptide vaccine HSV-1 and HSV-2 Phase IT completed
HSV Vical HSV-2 DNA vaccine HSV-2 Phase II

(therapeutic vaccine)/

Vical

Shingrix/ Subunit vaccine HSV-2 Phase III

GlaxoSmithKline

HSV-529/Sanofi Live attenuated HSV-2 Phase I

vaccine

gD2t/ Synthetic vaccine HSV-2 Phase IT completed

GlaxoSmithKline

AGS-004/Argos Therapeutic vaccine ~ HIV-1 Phase IIb
HIV GTU multi-HIV+ DNA+ lipopeptide HIV-1 Phase II

Lipo5 vaccine

VAC-3S InnaVirVax  Peptide based HIV-1 Phase II

Table 1. The list and characteristics of all available/proposed vaccines against HPV, HIV-1, and HSV-2.

endorsed the safety of these vaccines [70, 71]. Likewise, HPV vaccine is safe and is associated
with no or mild side effects such as fever, nausea, and headache. The available HPV vaccines
have noticeably reduced the incidence of genital warts, cervical intraepithelial neoplasia, as
well as cervical cancer worldwide [72].

Several preventive and therapeutic antiherpes vaccines are under different developmental
stages, but no vaccine has been approved so far. Most of these vaccines target HSV-2 rather
than HSV-1. Nonetheless HSV-2 vaccine would also be effective against HSV-1 because of
homology between two viruses. Nowadays, several approaches have been used by academic
institutes, government agencies, and pharmaceutical companies who are engaged in devel-
oping and testing HSV vaccines. Most of the endeavors are based on the concept of using
virus glycoproteins to design subunit vaccine. The largest clinical trials were conducted on
“Herpevac” vaccine which employs virus glycoprotein D-2 (gD2) as immunogen. These trials
showed that vaccine provided significant protection against HSV-1 but not HSV-2 [73]. A rep-
lication-defective HSV-2 vaccine (HSV529) has also entered phase I trials [74]. One live attenu-
ated vaccine has produced marvelous results in the mouse model. However serious concerns
have been noticed regarding the safety of this vaccine. One of the important points for the
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failure of HSV-2 vaccine is the nonavailability of suitable animal model for HSV. Due to spon-
taneous reactivation in the genital tract, guinea pigs are considered a better model than mice
[75]. For the last decade, almost three anti HSV-2 vaccines, namely, GEN-003, HerpV, and gD/
ULA46, have entered phase I/phase II clinical trials. These vaccines were designed to stimulate
T-cell immunity.

It has now been more than a quarter century that researchers are engaged in finding an effec-
tive measure that can provide a significant degree of protection against HIV infection. Some
promising advances regarding HIV vaccine development have been witnessed during last
two decades, but an effective and safe HIV vaccine is still needed. In fact, HIV being an RNA
virus exhibit high mutation rate and hence increased genetic variability. This particular aspect
of HIV biology is the main reason hindering HIV vaccine development efforts [76]. A range of
approaches are being tested for developing an effective HIV vaccine such as protein subunit
vaccines, viral vectors encoding for HIV proteins, DNA vaccines, as well as prime-boost strat-
egy that uses a canarypox viral vector encoding HIV Env, Gag, and Pol proteins to prime the
immune system followed by a mixture of same protein subunits as booster dose [77]. All these
approaches employed one of the three scientific concepts that include induction of neutral-
izing antibodies, cell-mediated immunity, and exploration of combination approaches [76].
The vaccines being developed for HIV prevention have been subjected to clinical trials for
safety and efficacy analysis. The VAX003 and VAX004 were the first efficacy trials of bivalent
HIV vaccine, conducted by in men who have sex with men (MSM) and injection drug users
[78]. These phase III trials show that vaccine was not effective in preventing HIV disease
progression [79]. Similarly, two trials—HVTN 502 and HVTN 503 also called “Step Study” of
Adenovirus vector-based HIV vaccine—failed to prove the efficacy of vaccine. HVTN 505 vac-
cination trials were also stopped in 2013 because initial results revealed that the vaccine was
ineffective in preventing HIV infections [80]. However, the encouraging results were obtained
in RV144 trials of HIV vaccine where it has noticed that vaccine reduced the infection in 31%
cases [81]. This was the only trial that showed somewhat positive results.

3. Microbicides for the prevention of STIs

As mentioned in preceding discussion, a range of preventive strategies with varying degrees
of efficacy and efficiency have been employed to curtail the transmission of HPV, HIV-1, and
HSV-2 infections. However, these three deadly viruses continue to spread at alarming rates.
Increasing incidence and failure in the development of effective HIV-1 and HSV-2 vaccines
have instigated scientists to explore alternate research avenues. As STI spread is directly cor-
related with socioeconomic status of subjects, economically disadvantaged population being
at high risk, there is also a dire need for cheaper options.

Microbicides are antimicrobial compounds claimed to be helpful in controlling the transmis-
sion of STIs upon self-administration inside the vagina and rectum. Some of the microbicides
have been witnessed to provide considerable protection against STIs including HIV-1, HPV,
and HSV-2 [82]. However, it is not clear whether microbicides render anticontraceptive effect
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too. Ideal microbicides are colorless, odorless, and tasteless compounds available in differ-
ent biological formulations such as gels, creams, rings, suppositories, pessaries, films, and
invisible condoms. Other criteria for microbicides to be ideal are safety and effectiveness in
preventing broad range of STIs. Moreover, its repeated use should cause minimal or no symp-
toms in the vagina or rectum. The microbicides as STI-controlling measure are advantageous
in many ways. In comparison to other interventions, microbicides are cheap, offered over the
counter, and available in many formulations [83]. They can be easily applied by women them-
selves and do not create a physical barrier to intimate contact. Similarly sex worker can apply
them without prior information to their clients. Moreover they are safe and nonirritating.

Currently, more than 50 potential microbicide agents have been identified. However, very
few of them proved to be effective and have gone under advance phase III clinical trials [84].
The coming section of this chapter will provide a comprehensive review of various microbi-
cides, along with their mechanism of action and current status of clinical trials, in order to
highlight their strengths and shortcomings.

3.1. Stages in microbicide development

Drug development is a long-term work, which can even be of a decade or more sometimes.
The microbicide development would have to follow the same protocols of drug development
as any other drugs do [85]. The development of drug starts with the insight of the researchers
to a new potential compound or chemical that can hinder or stop the cascade of destruction by
the infection or to eliminate the pathogen as well. So once the potential candidate from many
compounds is isolated for research and development of drug, then every aspect of it is practi-
cally assessed like its absorbance, distribution, destabilization, mechanism of action, dosage
and side effects, etc. Then comes the preclinical testing of the drug, which can be in vitro or
in vivo. Once the pre-clinical testing is complete, the clinical trials of the drug will show how
it works in the real system. There are four phases of the clinical trials from 1 to 4 depending
upon the no. of volunteers assigned to it, the duration of the phase, and the purpose of testing.
Phase I of clinical trials is to assess safety and dosage, and almost 70% of the drugs pass this
phase. Phase II clinical trial is to judge efficacy and side effects of the drug and could take up
to 2 years, and 33% of the drugs pass it. In phase 111, efficacy and adverse reactions are moni-
tored, and about 25-30% move to the next level [86]. In phase IV, several thousands of vol-
unteers are involved, and safety and efficacy of the drug are observed. If the drug shows the
satisfactory results in all phases of trials, then it got reviewed by the drug regulatory authority
that then monitors the marketing and follows active surveillance. The developmental phases
of microbicides are summarized in Figure 2.

3.2. Microbicide mechanism of STI prevention

Microbicides exert their antimicrobial function by a range of mechanisms which can be
divided broadly into four categories: vaginal defense enhancers, inactivation of virus in the
vagina, virus attachment and fusion inhibiters, and virus replication inhibitors. Figure 3
enlists some categories of microbicides and their mechanism of action altogether.
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Microbicide development phases

Post Marketing Studies - -

Figure 2. Phases of microbicide development.

3.2.1. Vaginal defense enhancers

Naturally, the acidic pH of the vagina provides an established defense against invading
infections. Some organisms such as lactobacilli being natural inhabitant of the vagina play a
pivotal role in maintaining the low vaginal pH [87]. This organism also releases some antimi-
crobial compounds, for instance, lactic acid, hydrogen peroxide, bacteriocins, and biosurfac-
tants, which keep the vagina protected from pathogens. However, semen and some bacterial

Prevention of other STDs
o Bacterial Vaginosis
o Chlamydia etc.

Vaginal defense enhancers
o BufferGel
oAcidform
o Vivagel

Mucous layer I

Multilayered
Sugamous layer

Sub-epithelium

Virusattachment and fusion
blockers

o Carrageenan

o Cellulose Sulfate
'0PRO 2000

o Carragaurd

Figure 3. Categories of microbicides along with their mechanism of action.
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infections increase the pH, thereby making the vagina more likely to catch infections includ-
ing STIs [88]. Some acid-buffering microbicides can reduce the pH of the vagina to make it
protected again from STIs. The pH-reducing microbicides include AcidForm and BufferGel.
The microorganism such as Lactobacillus crispatus replacing missing Lactobacillus could also be
important in enhancing vaginal defense [89].

3.2.1.1. BufferGel

BufferGel is a polymer of buffering Carbopol which is osmotically balanced with some
physiological salts. They are not irritating for the genital surfaces and therefore can be used
along with condoms or diaphragms. It helps to maintain the acidic pH of the vagina even in
the presence of semen, thereby reducing the germ flow inside the female genital tract. The
BufferGel has been reported to reduce the bacterial population in the vagina other than
Lactobacillus, thus maintaining the natural milieu of the vagina [90]. The phase I clinical trials
for BufferGel showed satisfactory results, and the agent was tolerated well by subjects [91, 92].
These trials also endorsed the potential of BufferGel to avoid pregnancy and to check the trans-
mission of HIV-1, HPV, HSV-2, and chlamydia infections. However, phase III trial results failed to
exhibit required performance level; therefore further production of BufferGel was abandoned [93].

3.2.1.2. AcidForm

AcidForm is another buffering gel used as spermicidal and microbicide. The mode of action
of this gel is to maintain the vaginal acidity for a long period of time, hence protecting the
vaginal and cervical epithelium from pathogens. This buffering gel is reported to be effective
against HSV, chlamydia, gonorrhea, HPV, and HIV-infected leukocytes. Besides the protec-
tion from STIs, it can also act as contraceptive [94]. AcidForm trials for assessment of safety
and bactericidal activity showed that it may augment mucosal defense. However, AcidForm
was associated with more irritation than placebo and lower levels of antimicrobial (lactofer-
rin) and anti-inflammatory (IL-1ra) [95]. Currently, AcidForm has cleared phase I safety trials,
while phase III trials are in progress for this buffering microbicide [96, 97].

3.2.2. Inactivation of virus in the vagina

First-generation detergents and surfactants, for example, Nonoxynol-9, sodium dodecyl sul-
fate (SDS), and Savvy (1% C31G), kill viral infection by disrupting their outmost coverings,
i.e., envelope or capsid, thereby causing their destruction [98]. These types of microbicides are
equally dangerous for the normal cells of the genital mucosa. Initial clinical trials showed their
ineffectiveness in controlling the transmission of STIs including HIV-1. On these grounds,
further trials were abandoned. Nonetheless, broad-spectrum viral inactivating topical micro-
bicides are a promising agent for fight against STIs; therefore, efforts to develop novel drugs
as well as combination regimes are ongoing.

3.2.2.1. Nonoxynol-9

Nonoxynol-9 (Nonylphenoxypolyethoxyethanol or N-9) was one of the earliest known sper-
micidal compounds that have been clinically evaluated as topical microbicides against HIV
transmission [99]. Nonoxynol-9 is the active ingredient in most of the spermicidal and is
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available over the counter in the form of creams, jellies, foams, gel, film, and suppositories.
In various clinical trials, Nonoxynol-9 was proved to be a good spermicidal but not effec-
tive against STIs. Two phase III clinical trials in Africa demonstrated that Nonoxynol-9 does
confer any protection against HIV in comparison to the placebo. In addition, its use increases
the risk of genital diseases and even contracting HIV [100]. It was lately revealed that N-9
induces superficial de-epithelialization and high rate of petechial hemorrhages, thereby mak-
ing the genital mucosa prone to other infections [101]. On these grounds, the World Health
Organization (WHO) recently asked to include the sentence “this product does not block
STIs” in the labeling of that compound [84].

3.2.2.2. Savoy (1% C31G)

Savvy or C31G (Cellegy Pharmaceuticals, Quakertown, PA, USA) is another spermicidal
and antimicrobial surfactant containing acetyl betaine and myristamine oxide. The mode of
action of Savvy is not much different from the N-9 but with less side effects. Moreover it has
the ability to be quickly dissolved and spread on the genital mucosa [90]. At very low con-
centration like 0.001%, it has shown very minimum toxicity in preclinical trials and even no
toxicity at 0.003% to mammalian cells as measured by MTT assay [99]. Several in vitro studies
have suggested that C31G (Savvy) has the ability to disrupt the outer membrane of HIV [104].
Although, in phase I trials, Savvy proved to be safe in use, its production was stopped several
years ago due to ineffective results in phase III clinical trials in Ghana and Nigeria [84].

3.2.2.3. Sodium lauryl sulfate

Because of the limitations of N-9, efforts have been directed toward the development of sec-
ond-generation microbicidal agents with broader activity and lower toxicity. Sodium lauryl
sulfate (SLS) is an anionic surfactant and has recently been tested as novel microbicidal
agent that demonstrated significant lethal activity against a broad spectrum of STD patho-
gens, including HIV-1 [102]. This agent behaves as a liquid at room temperature and con-
verts into gel form at body temperature to protect the STI transmission [103, 104]. Therefore
it can be used as invisible condoms. Two phase Il trials in Cameron revealed that SLS is safe
to use intravaginally for long period of time and can be moved on to phase III trials [105].

3.2.3. Virus attachment and fusion-blocking microbicides

Second-generation microbicides are designed to block the entry of STI-causing pathogens into
the susceptible host cells. These agents usually interfere with viral entry process by altering
or blocking cellular receptors that are the first attachment sites for the pathogens. Receptor-
blocking microbicides act both by nonspecific and specific mechanisms. The former mecha-
nism blocks the attachment of multiple organisms, while latter mechanism hinders the entry
of specific organism, for example, targeting CD4 receptors for the blockage of HIV entry [106].

3.2.3.1. Carrageenan

The carrageenan is an unbranched sulfated polysaccharide belonging to polyanoin class and
extracted from red algae. It is chemically similar to heparan sulfate, which is used as receptor
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by many pathogens to initiate the entry. These entry inhibitors work through electrostatic
interaction with the viral surface proteins. The negatively charged polyanoin molecules may
neutralize the positively charged surface of virus, for instance, HIV, thereby blocking attach-
ment and entry into the healthy target cells [107].

It is in rife commercial use as a thickener in a number of products including cosmetics, food
products, sexual lubricants, and infant feeding formulas. It has also been reported as an
extremely potent inhibitor for a broad range of sexually transmitted infections [84]. This tropi-
cal microbicide has been proven to block HPV infectivity in vitro, even when diluted a mil-
lion-fold. Carrageenan prevents the binding of HPV virions to the host cells and is observed
to be more potent than heparin, a form of cell-free heparan sulfate that has been regarded as
a highly effective HPV inhibitor. Carrageenan can also block HPV infection through a second,
post-attachment heparan sulfate-independent effect. Besides HPVs carrageenan can inhibit
HSV-2 and some strains of HIV-1 in vitro [108].

Two preparations of carrageenan, polynaphthalene sulfonate (PRO 2000) and Carraguard,
have been introduced. Both the products strongly bind to STI pathogens including HIV-1,
HPV, and HSV-2. Both of the carrageenan preparations have been proven to be safe in phase
I clinical trials albeit in low doses. However, in phase III trials, these products proved to be
ineffective; therefore, further trials were abandoned [109].

3.2.3.2. Cellulose sulfate

Polyanion cellulose sulfate is another long-chain sulfated polysaccharide that is being developed
as a contraceptive and microbicidal agent. It has manifested in vitro activity against a broad spec-
trum of sexually transmitted pathogens. Moreover, inhibitory effect was marked up to 8 h after
initiation of infection [84]. Cellulose sulfate has antimicrobial activity in vitro against various
sexually transmitted pathogens including Neisseria gonorrhoeae, Chlamydia trachomatis, and HIV-
1. It has been shown to bind with HIV-1 gp120 and block its interaction with D4+ receptors [110].
Phase I safety studies revealed that cellulose sulfate is safe and well tolerated [111]. However,
in phase III trials, it failed to protect against HIV and tends to increase the risk of infection [111].

3.2.3.3. VivaGel

VivaGel belongs to dendrimers that are new members of polyanoin family and are highly
branched nanoscale macromolecules having various surface features. These macromolecules
have recently been described as microbicides with considerable safety and effectiveness
[112]. Dendrimers utilize polyvalent interactions for binding and initiating biologic activ-
ity. VivaGel™ (SPL7013) is a commercial polyanion dendrimer developed by Starpharma
(Melbourne, Australia). It is a water-based vaginal product in the form of mucoadhesive gel
containing 3% w/w active ingredient and is administered in the vagina alone or mixed in
Carbopol buffered gel that is used to maintain the physiological pH of the vagina [113]. It was
developed for specific binding to surface proteins of virus, thereby blocking their attachment
with the receptors of host cells. For instance, in the case of HIV, it binds with gp120 protein
which virus use to attach CD4+ T cells. Several trials have been conducted to evaluate the
safety and efficacy of this product. These studies unanimously describe that SPL7013 is non-
toxic and safe to use even at very high concentrations of (1000 pig/ml) [112, 114]. Likewise, in
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vitro trials showed effectiveness in inhibition of HIV-1 and HSV-2 infections in human cell
lines as well as macaque PBMCs. Recognizing its potential, the FDA included VivaGel™ in
Fast Track status since January 2006 for the prevention of HIV indication. Recently in 2016,
Starpharma announced the completion of enrollment for phase III trial of VivaGel effective-
ness in preventing the bacterial vaginosis and several STIs including HIV and HSV-2. Trial
results are now expected in the first quarter of 2017.

3.2.4. Virus replication inhibitors

Unlike previously described microbicides, third-generation microbicides work by interfering
with a specific step of virus replication cycle when administered locally on the mucosa. The
most widely studied examples of virus replication blocker are antiretroviral (ARV) microbi-
cides, which can be divided into nucleoside reverse transcriptase inhibitors (NRTI) and non-
nucleoside reverse transcriptase inhibitors (NNRTI). Both of these ARV microbicides block
the activity of HIV reverse transcriptase enzyme that is required for the conversion of RNA
into DNA, an essential step required for integration of HIV into the host genome [115]. This
blockage ultimately reduces the number of HIV virions in the infected cell. These next-gen-
eration microbicides are formulated in the form of long-acting vaginal ring, film, or gels. In
addition to other benefits, the reverse transcriptase inhibitor class of microbicides is also cost-
effective. Some of the ARV examples being tested include tenofovir, dapivirine, and UC-781.

3.2.4.1. Tenofovir

Tenofovir is a highly acclaimed antiretroviral drug which obstructs the virus growth inside the
host cells. It is usually taken in the form of pills, and it has become a necessary component of
the three-drug cocktail for antiretroviral therapy approved by the FDA [116]. However, it has
also been prepared in the form of gels to be used as topical microbicides. The gel preparation
of tenofovir is currently under assessment as a tropical microbicide for the prevention of HIV
infection in high-risk populations, and several safeties and efficacy-related trials are underway.

A study known as “CAPRISA 004” completed by scientists at the Centre for the AIDS
Programme of Research in South Africa (CAPRISA) in 2010 revealed that 1% tenofovir gel
application before and after sex was 39% efficient in reducing a woman’s risk of getting
infected with HIV and 51% effective in preventing genital herpes infections [117]. Moreover
in this study, the protective effect against HIV increased with gel adhesiveness and increased
use of tenofovir. For example, 54% reduction in HIV infections was observed in women who
used gel in more than 80% of their sex acts, whereas those who used the gel in less than half
of their sex acts had a 28% reduction in HIV infections. The efficacy of tenofovir gel for the
prevention of HIV was also evaluated in another study known as VOICE. Unlike CAPRISA,
this study reported that tenofovir preparation does stop the transmission of HIV-1 [118].
However, poor adherence was employed by the participants of this trial.

Another trial on tenofovir gel known as “The FACTS 001” was conducted to evaluate the
reproducibility of the CAPRISA 004 trial results. The results of this trial were announced on
February 24, 2015. Disappointingly, the study did not confirm the pericoital tenofovir gel
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effectiveness. In this trial, the gel only showed a protective effect when used consistently and
covered most of the sex acts, but most women in this trial were unable to use it in this manner.
However, the gel appeared to be acceptable and easy to apply for most of the women [119].
Very recently, the use of tenofovir on the genital mucosa has been linked with some toxic
effects such as suppression of anti-inflammatory mediators, increased T-lymphocyte infiltra-
tion of the mucosa, and induced mitochondrial dysfunction, which were noticed [105]. These
unexpected results led to tenofovir gels being dropped from a large ongoing clinical trial.

3.2.4.2. UC-781

UC-781 is a hydrophobic thiocarboxanilide nonnucleoside reverse transcriptase inhibitor
(NNRTI) developed as antiretroviral drug having high affinity for HIV reverse transcrip-
tase. This agent eagerly crosses membrane barriers and inactivates reverse transcriptase even
before entry into the cell, thereby acting as potent antiretroviral agent. However the produc-
tion of it as antiretroviral drug was abandoned due to poor bioavailability. Later on, this agent
was developed in the form of tropical formulation. Phase I safety trials confirmed its safety
for vaginal application at lower concentrations [120]. Recently UC-781 in the form of vaginal
ring has been reported to provide strong protection against HIV transmission. Moreover no
toxicity was observed in this study [121]. Further large-scale clinical trials are required before
the UC-781 microbicide gel formulation reported to be successful in the prevention of HIV-1
sexual transmission.

3.2.4.3. Dapivirine

Dapivirine being nonnucleoside reverse transcriptase inhibitor has been reported to act as
microbicide against various STIs, particularly HIV-1. It is reported to have dual mode of action
against HIV-1; it inhibits both viral entry and reverse transcription stopping the conversion
of viral RNA to proviral DNA. Because of dapivirine’s tight binding and lipophilic character-
istics, it may be active against both cell-free and cell-associated HIV [122]. Dapivirine is the
only microbicide used in human in the form of vaginal rings and believed to be nontoxic [123].
The phase III clinical trials (the ASPIRE study) showed a 27% reduction in HIV-1 acquisition
upon using dapivirine vaginal rings [124]. The protection effect was more pronounced in the
women aged 21 or more; however, no significant protection was observed for women under
age 21 [10]. Another phase III trial for efficacy evaluation of dapivirine is in progress.

4. Conclusion and future prospects

Microbicides offer an accessible, easy-to-use, and low-cost option for the control of sexually
transmitted infections and hence have been an area of high interest for scientists and research-
ers around the world. However, progress in this area has been dismal, and very few micro-
bicide drugs have so far been able to enter the market. With ever-growing epidemic of STIs,
particularly in less developed areas of the world, there is an immediate need to gear up con-
certed efforts for the development and discovery of novel microbicide compounds. Moreover,
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it is imperative that efforts should be made to develop novel delivery methods to improve the
efficacy of existing microbicides. Results from recent trials can guide for more development of
more rationally, accurately, behaviorally, and socially accepted and single solution maximum
potential STIs.
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Chapter 8

Abstract

Circumcision is one of the oldest surgical procedures and the most common surgical
procedure performed on males. It is practiced for three main reasons: ritual or religious
meanings, prophylactic hygienic purposes, and therapeutic indications. Male circum-
cision is advocated as an efficacious prevention strategy against sexually transmitted
diseases. One of the main biological mechanisms responsible for the lower human immu-
nodeficiency virus (HIV) infection rate in heterosexual circumcised men is the protective
effect of keratinization of the glans. Moreover, male circumcision removes the inner part
of the prepuce containing Langerhans cells that are targeted by HIV. Several observa-
tional studies showed a protective effect of male circumcision regarding the HIV acquisi-
tion in heterosexual men, in women with circumcised partners, and in men who have
sex with men with an insertive anal role. Circumcision reduced the infection rate of other
sexually transmitted diseases like human papillomavirus (HPV), mycoplasma, and geni-
tal ulcer disease. It seems now evident that circumcision has no negative effects on sex-
ual function, sensitivity, sexual sensation, and satisfaction. When performed freely after
informed consent, male circumcision is a lawful practice in adults. In children, the lack
of an informed consent is overcome by the favorable risk/benefit ratio and the decision
whether to circumcise or not pertains to the parents.

Keywords: circumcision, HIV, sexually transmitted diseases, sexual function, ethics

1. Introduction

Male circumcision is advocated as an efficacious prevention strategy against sexually trans-
mitted diseases (STDs), other than scaling-up testing and counseling services, campaigns with
messages about abstinence, condom use and reducing multiple partners, and universal human
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immunodeficiency virus (HIV) testing with immediate initiation of antiretroviral therapy.
Many controversies exist around male circumcision. In fact, if the procedure can bring benefits
in relation to the prevention of several STDs, short-term surgical complications and suspected
long-term harms, in relation to sexual dysfunction, have been also advocated by those oppo-
nents to the procedure.

2. Circumcision

2.1. Circumcision in the history

Circumcision is practiced for three main reasons. First, it can be performed for ritual or reli-
gious meanings (e.g., Jews circumcise children after 8 days of life, while Muslims between 4
and 13 years of age). Second, it can be done for a prophylactic purpose to guarantee a correct
hygiene. Third, especially in western countries, it has also a therapeutic indication to treat
many diseases of the foreskin, the most common of which is phimosis.

The technique of circumcision is very old and the first documented evidences of this practice
are dated as early as the third millennium BC. In the ancient Egypt, circumcision was made
for hygienic reasons and documented evidences have been found to date to sixth dynasty
tomb (2345-2181 BC). The reasons for circumcision between the different cultural people were
different: religious, hygienic, rites of passage, and a way to differentiate cultural groups.

According to Jewish religion (Genesis 17:10-14), God commanded Abraham to be circum-
cised, an act to be followed by his descendants. Male circumcision is performed by a circum-
ciser (mohel) during a ceremony (covenant of circumcision called “brit milah”) on the eighth
day of a male infant life.

“Khitan” is the term for male circumcision carried out by Muslims as an Islamic rite. Although
the Quran itself does not mention circumcision (and in fact some Quranists are against circum-
cision adducing that Quran forbids to alter one’s body), male circumcision is widely practiced
among Muslims like a rite to symbolize their inclusion into the Islamic community. It is con-
sidered obligatory in Shia tradition and not obligatory but highly recommended among the
Sunni Islam. There is no fixed time for circumcision. The parents should circumcise their chil-
dren before the age of 10. The preferred age is seven although some Muslims are circumcised
as early as on the seventh day after birth (like Jewish people) and as late as at the puberty.

During the nineteenth century in western countries, especially in the United States and
Britain, male circumcision has been largely medically adopted like a method to discourage
masturbation and became the most common surgical intervention against masturbation.

2.2. Anatomy and functions of the prepuce

The penis is the male reproductive organ. It is located above and in front of the scrotum, below and
in front of the pubic symphysis. Its root is in the perineum, attached to the ischio-pubic branches
and the suspensor ligament of the penis. The body of the penis has a flattened cylindrical shape,
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formed by the two corpora cavernosa and corpus spongiosum of the urethra. The corona sepa-
rates the base of the glans from the shaft of the penis. The glans is formed by the swelling of the
corpus spongiosum of the urethra in the shape of a cone.

The skin that covers the penis noticeably moves on the layers below. Its blood supply is
independent of the erectile bodies and is derived from the external pudendal branches of
the femoral vessels. The skin that covers the glans like a hood is called prepuce or foreskin.
The prepuce is a fold, half skin and half mucosa that continues in the mucosa of the glans
at the balanopreputial sulcus. So the outer surface is continuous with the skin of the penis,
while the inner surface is modeled on the glans adhering only at the level of the balanopre-
putial sulcus and the frenulum. The frenulum is a triangular mucosal fold that tends from
the inner surface of the foreskin to the underside of the glans 8-10 mm behind the external
urethral meatus. A short frenulum can prevent complete retraction of the foreskin and can
make painful erection and tear.

The virtual cavity of the prepuce is lubricated by the smegma secreted from Tyson’s glands.
In case of poor hygiene, the smegma can accumulate and become infected generating bala-
noposthitis. Repeated balanoposthitis may form adhesions between the inner surface of the
foreskin and the mucosa of the glans. In most cases, the preputial orifice is quite wide and
weak to be freely retracted over the glans, and allows the glans discovering during erection.
The restriction of the preputial ring, preventing the glans to escape from the preputial cavity
either at rest or during erection, is called phimosis. Phimosis can be congenital or acquired,
and can cause disturbances to urination and erection, and facilitate the appearance of inflam-
mation and infection. In the newborn boy in the first months of life, the prepuce is contracted
around the glans. The retraction of the foreskin is possible in the 50% of cases after 1 year of
life, and in the 89% at 3 years of age [1]. Phimosis is then present in the 8% of 6-7-year-old
children and in only 1% of 16-18-year-old males [2]. In some cases, the glans can go out the
foreskin but then cannot be able to reenter generating a swelling accompanied by pain or
ulceration; this process is called paraphimosis and requires an immediate manual reduction
maneuver.

2.3. Surgical techniques

Literally from Latin, circumcision means “to cut around.” The procedure aims to expose the
glans sufficiently to prevent phimosis or paraphimosis (Figure 1). It is one of the oldest sur-
gical procedures, performed since the age of the Egyptians. It is surely the most common
surgical procedure performed on males. Over the world, it is estimated that 30% of males
are circumcised. In the US, an average of a million newborn males is circumcised yearly.
Circumcision rate in US is as high as 70%, while in Britain it is 6%.

Absolute indications for medical circumcision are secondary phimosis at any age, primary
phimosis with recurrent balanoposthitis and urinary tract infection, and sexual discomfort.
The European Association of Urology (EAU) does not recommend routine neonatal circumci-
sion to prevent penile cancer as a recent meta-analysis could not find any risk in uncircum-
cised patients without a history of phimosis [1]. On the other hand, contraindications for
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Figure 1. Short-term aesthetic result after circumcision in an adult patient.

circumcision are acute local infection and congenital anomalies of the penis (e.g., hypospa-
dias or buried penis, in which the foreskin may be required for a reconstructive procedure).
Asepsis, adequate excision of the outer and inner preputial skin layers, hemostasis, protection
of the glans and urethra, and cosmetics are the principles of circumcision.

Circumcision is generally performed under local anesthesia (topical anesthetic cream or anes-
thetic infiltration at the base of the penis). Different techniques were described depending on
the age of the patient and the surgeon’s experience. There are device methods and free-hand
techniques.

In pediatric settings, the device methods are favored. In this case, the Gomco clamp and its
variations, like the Plastibell, are suture-less techniques that use devices that protect the glans,
resect the prepuce, and provide hemostasis. The Gomco clamp uses a metal bell placed over
the glans after the prepuce is fully retracted. The prepuce is then replaced over it. This is
sometimes facilitated by a dorsal slit. A metal plate is placed over the bell and thus the pre-
puce lies between the two parts. The device is then tensioned to trap the foreskin in position to



Circumcision and Sexually Transmitted Disease Prevention: Evidence and Reticence
http://dx.doi.org/10.5772/intechopen.68644

be adequately removed after a scalpel incision. The Plastibell is a plastic device with a groove
on its back that has to be slipped between the glans and the prepuce. In this case, suture mate-
rial is looped around in the groove and tied tightly. The foreskin withers and drops off in 7-10
days as the suture cuts off the blood supply distally to the groove.

In adulthood, the Sleeve technique or the dorsal slit technique is preferred. In the first case,
the prepuce is retracted over the glans penis and a circumferential incision is made around
the shaft, usually distal to the corona. The prepuce is returned to cover the glans and another
circumferential incision is made around the shaft at the same position as the first one. The
strip of the skin is then removed and the free edges are sutured. When the foreskin cannot be
retracted over the glans, a dorsal slit may be suggested. The prepuce is freed from the glans
of adhesions and with the aid of forceps, and then a longitudinal incision of both layers of the
prepuce is done to some millimeter of the corona. It is cosmetically unacceptable to carry out
a dorsal slit alone without excising the prepuce.

Male circumcision has low complication rates when properly performed. The most common
complications are bleeding, incomplete removal of the foreskin, infection, urethral meatitis,
inclusion cyst, excessive removal of the skin that can lead to severe cosmetic consequences,
and functional problems. Injury of the glans, severe scarring, and urethra-cutaneous fistula
are major although rare complications of the procedure.

3. Circumcision and HIV infection

3.1. Biological evidence of reduced HIV transmission in circumcised men

Between 75 and 85% of cases of HIV infection worldwide have probably occurred during
sexual activity. Two main biological mechanisms are thought to be responsible of the lower
HIV infection rate in heterosexual circumcised men [3].

The first is the protective effect of keratinization of the glans and the sulcus following the
procedure. Thereafter, male circumcision removes the inner part of the prepuce that is more
susceptible to HIV infection. In fact, the inner surface of the foreskin contains Langerhans’
cells (LCs) exposing HIV receptors. LCs are antigen-presenting cells (APCs) and are likely to
be the primary point of viral entry into the penis of an uncircumcised man [4].

HIV binds to the CD4 and CCR5 receptors on antigen-presenting cells—which include
Langerhans’ cells and dendritic cells—in the genital and rectal mucosa [5].

A keratinized, squamous epithelium covers the penile shaft and outer surface of the foreskin
providing a protective barrier against HIV infection. By contrast, the inner mucosal surface
of the foreskin is not keratinized and is rich in LCs making it particularly susceptible to the
virus.

A widely accepted model for the sexual transmission of HIV is based on infection of the geni-
tal tract of rhesus macaques with Simian immunodeficiency virus (SIV). The same sequence of
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cellular events involving the infection of LCs has been sperimentally shown in male macaques
following the SIV inoculation into the penile urethra or onto the foreskin [6]. Once infected,
LCs fuse with adjacent CD4 lymphocytes and migrate to deeper tissues. Within 2 days of
infection, the virus can be detected in the internal iliac lymph nodes and shortly thereafter in
systemic lymph nodes.

Other mechanisms of increased incidence of HIV infection in uncircumcised men are the
ulcerative and inflammatory lesions of the foreskin, and frenulum or glans caused by other
STDs. In uncircumcised males, the highly vascular frenulum is particularly susceptible to
trauma during intercourse, and ulcerative lesions produced by other STDs increase the ability
of HIV to enter in the submucosal layer and link to APCs and CD4 cells. So that circumcision
further reduces the risk of infection by lowering the synergy that normally exists between
HIV and other STDs.

3.2. Male circumcision and HIV infection

Several observational studies showed a protective effect of male circumcision regarding the
human immunodeficiency virus acquisition in heterosexual men (Table 1).

In 2000s, three large randomized trials specifically designed to evaluate the effect of male
circumcision on the risk of HIV infections were performed in South Africa, in Uganda, and
in Kenya [7-9] for a total of more than 11,000 subjects enrolled. Male circumcision showed a

<20% circumcised Seroprevalence >80% circumcised Seroprevalence

(A) Sub-Saharan Africa

Zimbabwe 25.84 Kenya 11.64
Botswana 25.10 Congo 7.64
Namibia 19.94 Cameroon 4.89
Zambia 19.07 Nigeria 412
Swaziland 18.50 Gabon 4.25
Malawi 14.92 Liberia 3.65
Mozambique 14.17 Sierra Leone 3.17
Rwanda 12.75 Ghana 2.38

(B) South/southeast Asia

Cambodia 2.40 Pakistan 0.09
Thailand 2.23 Philippines 0.06
Myanmar 1.79 Indonesia 0.05
India 0.82 Bangladesh 0.03

Table 1. HIV-1 seroprevalence in relation to circumcision status in some high-incidence areas (A) and low-risk areas (B):
June 1998 UNAIDS/WHO percentage estimates.
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protective effect with a relative risk (RR) reduction of acquiring HIV infection of 50% after 12
months and 54% after 24 months. All the studies were stopped early due to these significant
findings. The results have also been confirmed by a meta-analysis of the studies [10]. The
number needed to treat was 56; it means that circumcision prevented 17 HIV infections per
1000 men at 2 years.

According to some mathematical models, the full coverage of male circumcision in those
countries at high rate of HIV incidence, like sub-Saharan Africa, could avert 0.3 million deaths
in the first 10 years and a further 2.7 million in the next 10 years [11].

The evidences of male circumcision benefits have also been shown from observational studies
conducted in the USA and Israel [12], where the HIV burden is lower than Africa, and in low-
incidence countries like India [13].

A consultation in Montreux (Switzerland) held on 28 March 2007 and sponsored by the World
Health Organization (WHO) and the Joint United Nations Program on HIV/AIDS (UNAIDS)
resulted in the recommendation of circumcision as a strategy for the prevention of hetero-
sexually acquired HIV infection in men.

3.3. Effect of male circumcision on the risk of women HIV acquisition

An earlier observational study in Rakai, Uganda, found a relative male-to-female HIV trans-
mission rate ratio of 0.41 (confidence interval (CI): 0.10-1.14) in couples with circumcised
versus uncircumcised HIV-infected men. In the same study, for all HIV-positive male part-
ners with viral loads of less than 50,000 copies/ml, no transmissions were observed in circum-
cised men, compared with a transmission rate of 9.6 per 100 patients (CI: 6.1-13.1, p = 0.02)
in uncircumcised men [14].

In particular, it was estimated that circumcision may confer a 46% reduction in the rate of HIV
transmission from circumcised men to their female partners [15].

Assuming a reduction in male-to-female transmission, the projected impact of circumcision
on HIV spread is substantially enhanced, especially for women. Although male circumcision
is an intervention applied to men, it brings substantial benefits for women as well.

An increase in the risk of acquisition and transmission of HIV during circumcision wound-
healing period is an admitted possibility [16], but it is unlikely to have a major effect on the
population. Premature resumption of sexual activity before the wound is healed or “compen-
satory” increase in risk following circumcision are both unlikely to substantively undermine
the benefits of male circumcision on HIV incidence among women or men.

3.4. Infection of men who have sex with men

A Cochrane systematic review and meta-analysis including more than 65,000 participants
showed that circumcision may reduce HIV acquisition among men who have sex with men
having an insertive anal role but probably have no role among those having a receptive role [17].
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4. Male circumcision and other sexually transmitted infections

4.1. Human papillomavirus

Circumcision was shown to decrease human papillomavirus (HPV) infection rates among
both HIV-negative and HIV-positive heterosexual men included in a randomized controlled
trial (RCT) performed in Uganda (RR 0.40, 95% CI: 0.19-0.84), control event rate 24.7% [18].
Male circumcision decreases also HPV infection rates in female partners especially of circum-
cised HIV-negative males [19, 20]. It is important to note that female partners of circumcised
males have a lower risk of cervical cancer [21].

4.2. Mycoplasma

Circumcision was found to nearly halve the odds of Mycoplasma infection of the genitalia
in circumcised men (odds ratio (OR) 0.54; 95% CI: 0.29-0.99) [22]. On the contrary, genital
Mycoplasma is not reduced in female partners of circumcised men [23].

4.3. Genital ulcer disease

Two large RCTs showed that male circumcision reduce genital ulcer disease (GUD) incidence
with a risk ratio of 0.51 and 0.52 [24]. The risk for GUD is also decreased in female partners
of circumcised males as for Chlamydia trachomatis infection [25], bacterial vaginosis, and
trichomonas infection [26].

4.4. Syphilis

The relation between male circumcision and new acquisition of syphilis is not clear. In fact,
one large RCT showed no significant difference between circumcised and uncircumcised men
(adjusted hazard ratio 1.10, 95% CI: 0.75-1.65, p = 0.44) [27]. However, another large RCT
showed that circumcision was associated with a 42% reduction in the incidence of syphi-
lis (adjusted hazard ratio 0.58, 95% CI: 0.37-0.91). In particular, a 62% reduction of syphilis
among HIV-infected men was noted, whereas a nonsignificant reduction in the incidence of
syphilis was observed among men without HIV [28].

4.5. Herpes simplex virus

A discrepancy of results exists between the trials conducted in order to evaluate the associa-
tion of male circumcision and herpes simplex virus (HSV) prevalence. The reason for such a
discrepancy is due to the nonunivocal use of the test employed for HSV detection and because
of nonhomogeneous characteristics of the subjects and their sexual life.

In fact, two RCTs from Uganda [27] and South Africa [29] showed a significant reduction in
HSV infection rates after circumcision. Two other trials conducted in Kenya failed to show
such a reduction [24, 30].
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4.6. Gonorrhea and Chlamydia

Male circumcision probably does not interfere with gonorrhea incidence. In fact, both obser-
vational [31] and randomized [32] did not show a risk reduction of gonococcus infection after
circumcision.

Similarly, there is no association between Chlamydia infection and circumcision status [32].

5. Circumcision and sexual function

The possible implication of circumcision on sex needs more thorough discussion. The dor-
sal nerves provide sensory innervation to the penis. These nerves follow the course of the
dorsal arteries and richly supply the glans. The prepuce is also a primary sensory part of
the penis. In fact, it contains a high concentration of Meissner’s corpuscles and sensory
cells, which make it a specialized sensory mucosa. The effect of circumcision on sexual
sensation is widely discussed and contradictory results have been shown. Some authors
reported that the foreskin is important for normal sexual activity and affirm that circumci-
sion removes the most sensitive parts of the penis. In addition to this, the glans of circum-
cised penis was found to be less sensitive compared to the glans of uncircumcised men,
probably due to the subsequent thickening of the glans epithelia. Conversely, other authors
showed that there is no substantial difference in sexual pleasure in circumcised and uncir-
cumcised males, but an increased penile sensitivity. The same contradictory results were
reported for women partners. In fact, the gliding mechanism, which makes the penis shaft
to glide in its own skin covering during intercourse, was thought to add to the comfort of
both partners in theory.

However, although one trial conducted in Denmark [33] reported a reduction in sexual satis-
faction, more orgasm difficulties, and higher rate of dyspareunia among women partners of
circumcised men, the most part of the studies supported the thesis that circumcision does not
change or even improve sexual pleasure of women partners.

Krieger et al. [34] assessed, in a randomized trial, the effect of adult male circumcision on men
sexual function and pleasure concluding that the procedure did not cause sexual dysfunc-
tion. Moreover, using the Brief Male Sexual Function Inventory (BMFSI) and the Intravaginal
Ejaculation Latency Time (IELT), after an observational 12-week study, Senkul et al. [35] noted
a prolonged mean ejaculatory latency time, which may be considered an advantage, and no
substantial differences in the mean BMSFI (Table 2).

To analogous conclusions arrived, the studies of Kigozi et al. [36] and Collins et al. [37] use,
respectively, the International Index of Erectile Function (IIEF) and the Brief Male Sexual
Function Inventory (BMFSI).

On the contrary, the World Health Organization in 2007 [38] stated that there was little evidence
to support a negative effect of male circumcision on sexual pleasure.
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Author Study Sexual assessment Outcome

Senkul et al. [35] Observational BMFI Increase IELT and no
change

Kigozi et al. [36] Randomized IIEF No difference between
groups

Collins et al. [37] Observational BMESI No change

Krieger et al. [34] Observational Non-validated No difference (very

questionnaire satisfied)
Frisch et al. [33]

Case-control Survey More orgasm difficulties

Table 2. Effects of male circumcision on sexual function.

However, a recent systematic review analyzing the highest quality studies, conducted by
Morris and Krieger [39], concluded that male circumcision has no negative effects on sexual
function, sensitivity, sexual sensation, or satisfaction.

6. Ethical and legal arguments of male circumcision

6.1. Adults

An ethical argumentation regarding male circumcision should focus on four bioethical prin-
ciples: autonomy, dignity, integrity, and vulnerability, which are to be understood without
giving priority to one principle over another, but according to their mutual connections [40].
Bodily integrity is not a value worthy of respect in his own meaning (per se), unless related to
dignity and values of a human person under all circumstances concerning health. Integrity,
as mentioned in the Barcelona Declaration (1998), is not limited to the body, conversely it
concerns the whole life of every person, in its physical, mental, and narrative dimension [41].
Dignity is considered a property of every human being who has dignity if it is the expres-
sion of his/her autonomy, at a given moment of his/her life. Strongly related to the notion
of autonomy is the obligation of informed consent during the course of health care, with the
focus on self-determination [40]. By applying the principle of autonomy in medical ethics, one
could even justify the refusal of medical and surgical treatment deemed necessary or, on the
contrary, admit the possibility that a competent adult person consent to medical treatment, in
spite of the possibility of unwanted negative effects and outcomes. In fact, since last century,
patient’s informed consent was considered the expression of a wiliness permitting to attempt
patient physical integrity and, if it had been missed, any medical act could be understood as
“violence.”

Some authors opposing to male medical circumcision, skeptical about the Center for Disease
Control and Prevention (CDC) guidelines, argued about supposed health benefits of female
“circumcision,” some forms of which may be even considered as less invasive than male cir-
cumcision, trying to balance similarities [42]. This argument is strongly denied by medical
classification of the WHO that named “mutilation” as all forms of female circumcision and
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consequently no far similarities must be drawn between two practices. Thus, the practices
banned by the WHO, as female genital mutilations, even with patient consent, could not be
considered lawful [43].

On the point of view of health professionals and physicians duties, by applying the “benefi-
cence” ethical principle, benefits must “simply” exceed predictable risks and complications,
all evaluated in the light of scientific evidence principles. Values of integrity and honesty of
health professionals are moral aptitudes worldwide mentioned, which must contribute to
reach a convinced opinion of the patient [44], with a proper illustration of pros and cons attrib-
utable to each medical practice, taking into account all aspects worthy of consideration in
patient’s perspective [45-48]. The ratio between risks and benefits, in the case of adult patient,
may justify the proposal and adoption of male circumcision, within updated medical guide-
lines evidence, provided it does not impose to anyone an also minimal genital surgery, even in
consideration of absolutely rare frequency of risks and complications related to this practice.

6.2. Children

With regard to health-care decisions for young children, it is generally assumed that their par-
ents should make these. Only when parents make decisions that are very clearly against the
interest of their children, an external imposition could be assumed. It is also worthy of consid-
eration for the family that have to live with the results of health decision, and every family has
its own set of values; the basis for decision making is related to the model of “surrogate deci-
sion-making standard” or, alternatively, the “best interest” standard. Disagreement between
the parents” decision and the health-care professionals involved in the care and the treatment
sometime should require legal evaluation in Court.

Criticism related to the Guidelines of the American Academy of Pediatrics (AAP) 2012 policy
statement and technical report is yet reported and debated in scientific literature [41]. Basically,
this matter regards prophylactic infant male circumcision and parents’ consent, in the view
of the best child’s interest and future consequences related to circumcision. One position con-
cludes that, before an age of consent, circumcision is not a desirable health-promotion strategy,
given more effective and less ethically problematic alternatives [42]. On the contrary, from a sci-
entific point of view, like infant vaccinations, the benefits of male circumcision exceed risks by
a large margin; following these clinical and epidemiological indications, the pro-male circumci-
sion arguments include also legal arguments [49]. Within this favorable approach, parents must
make many decisions on behalf of their children. The decision whether to circumcise or not, as
for some not obligatory vaccination, is one of those pertaining to parents.

7. Conclusions and key messages on male circumcision

* Male circumcision is effective to reduce HIV infection in heterosexual men, especially in
areas at high incidence of the disease.

* Male circumcision should be provided freely after informed consent, ensuring surgical
safety and quality.
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e Male circumcision is an addition to, not a substitute for, other proven methods for prevent-
ing HIV infection, as it provides only partial protection.

e Male circumcision is a preventive measure with an optimal cost/benefit ratio.

e Sex should be resumed at least 6 weeks after circumcision and after a medical examination
confirming that the healing process is complete.

e Male circumcision seems to confer protection against HIV infection also in women assum-
ing that sexual intercourses are avoided during the wound-healing period.

® Male circumcision reduces HIV acquisition among men who have sex with men having an
insertive anal role.

e Male circumcision reduces the incidence of HPV infection in males and of cervical cancer
in women.

e Male circumcision has a protective effect regarding Mycoplasma genitalia infection and
genital ulcer disease.

e Conflicting data are available about the benefits of circumcision over the transmission of
other sexually transmitted diseases.

e There is no substantial difference in sexual pleasure between circumcised and uncircum-
cised men.

® Male circumcision is generally well accepted by female partners.

e Several surgical techniques are available, but none has demonstrated superiority over the
others.

e Surgical complications are rare in hospital settings.
e When performed freely after informed consent, male circumcision is a lawful practice in adult.

e In children, the lack of an informed consent is overcome by the favorable risk/benefit ratio
and the decision whether to circumcise or not pertains to the parents.

® Male circumcision and female genital mutilation are very different things.
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Abstract

Recent studies suggest that besides oncogenic capacity, HPV could have etiological
role on infertility, but more evidence is necessary to confirm these results. We pres-
ent in this chapter the microbiological and clinical outcome of 104 infertile women
aleatory selected, from northeast of Mexico: 84.6%, with genital infection (GI) by mul-
tiple germs: Chlamydia trachomatis (Ct) [86.5%], HPV [49%], Ureaplasma urealyticum
(Uu) [47.11%] and Mycoplasma hominis [35.57%)]. Significant association (P <0, 05) was
observed between the HPV presence and Uu diagnosis, assisted-reproduction unsuc-
cessful like previous treatment, cervical cytology with inflammatory process, multiple
sexual partners, white-dense-mucous, secretion into the vagina, and HPV diagnosed
in early years. The more frequent genotypes of HPV present in the infertile women
studied were 6/18/16/58/11 and 68. In 60% of them, more than two genotypes were
founded. The most frequent associations of high-risk HPV (HPVhr) were 16/18, 16/58,
16/33, 16/52 and 18/58. Considering the isolate or combined presentation of HPVhr,
79.5% of these women would have a potential to develop cervix carcinoma. GI by
HPV/Uu/Ct affects the fertility. Infertile women with GI that include these microor-
ganisms with probed (HPV/Ct) or suspicious carcinogenic effect (Uu) would be con-
sidered a group of high risk for cervical cancer.

Keywords: genital infection, HPV, Chlamydia trachomatis, Ureaplasma urealyticum,
Infertility, risk for cervical cancer
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1. Introduction

At present, reproductive failure affects to a great population. Human infertility is defined by
World Health Organization, like the absent of conception and outcome of healthy baby borne,
after 1 year of unprotected intercourse. Infertility is a health complex problem with low qual-
ity life for the couples. Estimations on 2010 referred 1.9 and 10.5% of primary and secondary
infertility, respectively, on women at reproductive age (20-40 years old). A high prevalence
of fertility health is documented in South of Asia, Medium East, Central Europe, East Europe,
and Central Asia [1].

Genitourinary unspecific infection is associated with unexplained infertility, subfertility, obstet-
ric and gynecologic complications that not have known clear etiology for several decades like
recurrent abortion, premature delivery, placenta dysfunction and preeclampsia [2, 3]. As well,
assisted reproduction treatment for infertility had been associated with genital infection [4-7].
Specific treatment for genital infection is recommended to improve the successful of in vitro fer-
tilization an embryo implantation [8, 9]. The low age of sexual activity initiation and with mul-
tiple sexual partners is a recognized risk factor for sexually transmitted genitourinary infection,
but the absent or subtle clinical manifestations prevent the opportune treatment and persisting
infection for long time and thus may exert detriment on the reproductive function [10].

Besides the still controversial participation of HPV on fertility and obstetric complications,
the major bacteria implicated for a long time are C. trachomatis, and other atypical bacteria
treated in next section: U. urealyticum, M. hominis, that were considered for a long time an
improbable cause of female internal genital infection, were isolated from endometrial tissue
and material obtained by hysteroscopy and laparoscopy procedures, in women with tubary
obstruction, hidrosalpinx, and adherence syndrome [11-15]. In recent years, another species of
Mycoplasmataceae, M. genitalium, has been considered an emerging sexually transmitted infec-
tion that exerts damage in female genital tract and is implicated in fertility problems [16-18].

2. Human papillomavirus

2.1. Classification

HPV belongs to Papoviridae family microorganism and comprises a group of approximately
200 small DNA viruses. According to its tissue tropism, HPV has been classified like Alpha
HPV that affects epithelial mucosae and is subclassified into high risk and low risk of carcino-
genic potential Beta, gamma, nu and mu. HPV has more potential to affect cutaneous epithelia
and more associated with papilloma and external warts and had been associated with no
melanocytic skin carcinoma [19, 20].

2.2. Epidemiology

The HPV infection has an epidemiologic importance. Registered prevalence is influenced
by diagnostic test applied, the number and age of individuals of studied population, the
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geographic region studied [21]. Nevertheless, actually are considered the most common sexu-
ally transmitted viral infection worldwide, present in 11-12% of population and are 14 mil-
lion people infected by first time each year. The incidence of HPV infection in the United
States is one of higher, as 44.8%, and is present principally in women 20-24 years old [22]. In
Mexico from 2005 to 2010, urogenital candidiasis and HPV infection present an incidence of
12.3/100,000 habitant between 15 and 24 years old and were higher between 20 and 24 years
old. In this country had been estimated that toward 2050, there are not a clear tendency to
diminish of the HPV infection. This situation is very worrying due to the potential malig-
nancy of the lesions [23]. On the records of National Institute of Statistic and Geography of
Mexico, were informed that 4417 women died by cervical cancer, in 2013 [24].

2.3. Biomedical importance

HPV infect principally undifferentiated keratinocytes into de basal level of stratified squa-
mous epithelia, from mucous genital and oropharyngeal epithelia cutaneous and, as well
as glandular cells of endocérvix [25-27]. HPV had been recognized as definitive anogenital
carcinogen for male and female, mainly in uterine cervix cancer [28], alone or in combina-
tion with other germs [29]. Some estimations show that the presence of HPV represents 12
more opportunities to develop cervical cancer than general population [30] and the HPV
infection the most important between the factor risk for cervical cancer [21]. Recently, HPV
was associated, lung cancer [31-34] to larynx and pharynx carcinoma that their incidence
are increasing in the last years [35, 36]. The global incidence of head and neck squamous
cells and cervical cancer is similar; infection at both sites is strongly associated with sexual
behavior: similarities in chromosomal aberrations, gene expression, and methylation and
micro RNA profiles between Positive HPV head and neck squamous cells and cervical
cancer. All of these observations were referred as argue to carry out comparative epide-
miologic study of HPV infection and associated with carcinoma of head and neck and
cervical cancer [37].

2.4. Their role in reproductive failure

Although is well known than many authors are interested to search carcinogenic roll of HPV,
there are only a few studies about the effect of HPV infection on human reproduction [38—41].
There is evidence showing the adherence of HPV to the equatorial segment of sperm cell [42].
Epidemiologic data about the infection by HPV in infertile men associated high levels of semi-
nal leukocytes, with altered movement and morphology of head sperm, with the HPV infec-
tion [43-45]. Previously, experimental studies had been demonstrated chromosomic damage
in HPV infected sperm, depending of genotypes 16 and 3 [46, 47]. An association has been
found between cervical HPV of high risk and premature membrane rupture and preterm
new borne [48-50]. The genital infection by more than one genotype of HPV was higher in
recurrent early lost pregnancy, and HPV was identified in placenta tissue of preterm delivery
by preeclampsia [41]. The frequency of cervical HPV infection and high-grade lesion was
higher in women that have indicated assisted reproduction than general population [6] and
successful of assisted reproduction were affected by the presence of HPV [5, 7]. The HPV
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transmission from mother to child in utero was informed in several investigations [51-54].
These authors remark the risk to appear papillary lesions in oropharynx and larynx of new
born from mothers infected by HPV.

3. Chlamydia trachomatis

3.1. Biology and classification

The family Chlamydiaceae consists of two clinically important genera, Chlamydia and
Chlamydophila, with three species responsible for human disease: Chlamydia trachomatis,
Chlamydophila psittaci, and Chlamydophila pneumoniae [55]. C. trachomatis, as all the members
of the family Chlamydiaceae, is an obligate intracellular parasite whose developmental cycle
occurs within a eukaryotic host. Infection of eukaryotic host cells is initiated by the metaboli-
cally inactive and the infectious elementary bodies (EBs). Through largely unknown mecha-
nisms, EBs attach to and induce their internalization by host cells. Within the first few hours
post infection, EBs differentiate to the larger and more pleomorphic reticulate bodies (RBs),
which are metabolically active, noninfectious, and replicative. At the end of a successful
developmental cycle, the cell lyses, releasing the EBs [56, 57].

3.2. Medical relevance

Chlamydia trachomatis is the most prevalent sexually transmitted bacterial infection, recog-
nized worldwide, which causes a wide spectrum of diseases, including salpingitis, endo-
metritis, and uterine, cervical lesions with scarring process, which often causes infertility in
women [58]. Serotypes D-K of C. trachomatis has an etiologic relation to pelvic inflammatory
disease; it has been isolated from superior genital tract in a quarter of women with pelvic
inflammation and is possible that chronic process would be in relation to ovarian cancer [59].
The role of C. trachomatis with regard to inducing male factor infertility is a matter of debate.
Chlamydial infection could potentially exert a strong influence on male infertility, as it is the
main cause of urethritis and accessory gland inflammation in men. Sequelae of ascending
infections might be occlusions in the canaliculi system of the genital tract, damage of the epi-
thelial cells involved in spermatogenesis, and immunoreaction with the production of anti-
sperm antibodies [60, 11]. Also, the relationship of C. trachomatis infection with semen quality
and sperm morphology is still controversial [61, 62]. In men, are documented that Chlamydia
trachomatis is responsible of epididymitis, orchitis, prostatitis and urethritis [63-66]. Then
more, there are many evidence of that this infection cause sperm damage with low motility,
altered morphology, and diminish of sperm concentration, with detriment of male fertility
[67-71]. Sexually transmitted infections are hypothesized to play a role in the development
of prostate cancer, perhaps due to inflammation-induced oncogenesis [71]. Eventually, more
evidence supports this affirmation. An investigation to evaluate the possible role of Chlamydia
trachomatis in the pathogenesis of prostate cancer assessed the presence of this bacterium in
prostate biopsies of patients with prostate cancer, patients with benign prostatic hyperplasia
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(BPH) and control subjects. Tissue sections were analyzed using a direct fluorescent-anti-
body (DFA) assay. When proliferative areas were compared, C. trachomatis was most fre-
quently detected in prostate cancer group that in BPH patients (p = 0.006). In inflammation
areas, C. trachomatis was most frequently detected in prostate cancer patients that in control
subjects (p = 0.008). These data suggest an association between the presence of C. trachomatis
and prostate cancer [72].

4. Mycoplasmataceae Genus

4.1. Biology and classification

Mycoplasma are microorganisms derived from Gram-positive bacteria characterized by:
streamlined and very small genome, the absence of a cell wall, requiring cholesterol for mem-
brane function and growth, and displaying genetic economy that determine a strict depen-
dence of the host for nutrients and refuge [73, 74]. They have a parasitic lifestyle, invading
target cells and existing and replicating for extended periods intracellularly [75]. From 200
species established into class Mollicutes, six of them: Ureaplasma urealyticum, Mycoplasma homi-
nis, Mycoplasma genitalium, Mycoplasma primatum, Mycoplasma spermatophilum and Mycoplasma
penetrans have like their main site of colonization, the genital tract [76]. These microorganisms
can be commensal in low genitourinary tract of sexually active men and women and can
live in close relationship to mammalian cells. Nevertheless, they may cause disorders and
pathologies associated with infertility: non-gonococcal and non-chlamydial, epididymitis,
urolitiasis, as well with reproductive problems and infertility [77-84].

4.2. Medical relevance

Gnarpe and Friberg in early seventies informed for the first time a high percentage (85%) of
infertile patients with Ureaplasma urealyticum isolated from semen by specific culture, com-
pared to low percentage (22%) in fertile men. Then, these authors showed by scanning elec-
tron microscopy, Mycoplasma adhered to sperm tail [85]. Similar observation was done in
the following years by different authors [86-90]. The use of PCR techniques confirmed the
presence of Ureaplasma urealyticum in seminal samples of subfertile men with sperm altera-
tions [62, 91, 92]. Since two before decade, had been affirm that Mycoplasma have carcino-
genic potential due to the long latency an infection chronicity that may induce malignant
cellular transformation [93]. Recently, experimental studies demonstrated induction of genic
expression altered in prostatic and cervical cells and progression to malignant transforma-
tion [94, 95]. Mycoplasma hominis and Mycoplasma hyorhinis, a mycoplasma frequently present
in patients with AIDS, induce malignant transformation with increased karyotypic entropy,
chromosomal aberrations and polysomy, in BPH-1 cells, after 9 months that were infected
with these germs [96]. These observation had been supported a relationship between prosta-
titis and cancer, in etiologic association referred in 2002 [97].
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5. Mechanism of genital coinfection by HPV, chlamydia trachomatis and
mycoplasmas

The cervical overlaying columnar epithelia can be invaded by Ureaplasma urealyticum and
Chlamydia trachomatis that produce severe inflammatory response, with discharge of exuda-
tive secretions and clinical signs and symptoms [98, 99]. Nevertheless, usually the appro-
priated diagnostic test will not be applied, and the treatment generally is unspecific. The
presence of inflammatory cells in the genital ducts enhances the adherence of virus [100, 101],
and Chlamydia trachomatis has been considered an enhancer to the entry of human immuno-
deficiency virus and HPV, the only one germ directly associated with the etiology of cervi-
cal cancer [101-104]. Several studies have demonstrated an association between Chlamydia
trachomatis and a high risk HPV persistence [105, 106]. A study realized by Paba et al., (2008),
in patients with intraepithelial neoplasia or cervical cancer, confirmed the association of
Chlamydia trachomatis and multiple high risk HPV persistence, and like a consequence of viral
integration, inhibition of cell apoptosis, overexpression of E6/E7 oncogenes and cellular trans-
formation [107].

6. Our experience

6.1. Studies on male infectious factor of infertility

Our group has reported different studies in couples with infertility of unknown etiology, from
northeast Mexico. In that patients with spontaneous and recurrent abortion and failure in
assisted reproduction treatments, was frequently detected the presence in seminal fluid, urethral
swab and cervix and vagina secretions, of Chlamydia trachomatis and Ureaplasma urealyticum, and
Mycoplasma hominis. The diagnosis of Chlamydia trachomatis was made by direct immunofluores-
cence, the gold standard for this microorganism for a long of time. For detection of Ureaplasma
urealyticum and Mycoplasma sp., we practiced specific media culture, considered too, the gold
standard. In morphologic seminal analysis, we described the presence of elementary bodies
and inclusion vacuoles of Chlamydia and bacterial particles similar to Mycoplasmas, inside the
cytoplasm, adhered to the principal piece and into the middle piece of the sperm [108].

A pattern of structural sperm alteration and inflammatory reaction with sperm phagocyto-
sis, by leucocytes and macrophages, were described by semi thin section at light microscopy
and thin section by transmission electron microscopy [109-113]. Beside this the infectious
process result a diminish motility, vitality, linear movement and sperm concentration. These
seminal parameters were associated with high levels of sperm chromatin fragmentation (SCD
test), and high levels of reactive oxygen species (ROS) detected by NBT test. The antibiotic,
antioxidant and drugs against the inflammation treatment determine the reduction of bacte-
riospermia, increase percentage of normal sperm, especially from acrosome damage, middle
piece flagellum and nuclear defects. After 6 weeks of treatment, the probability of outcome of
pregnancy with healthy newborn increased, and seminal parameters of predictive value were
chromatin fragmentation, bacteriospermia and head sperm anomalies [114-117].
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6.2. Studies on female infectious factor of infertility

After confirming that a very high percentage of couples in northern Mexico with incapacity to
procreate, have Chlamydia trachomatis and Ureaplasma urealyticum infections in the ducts and
organs of the seminal tract, associated with detrimental damage of fertilization capacity of
the sperm, we studied the endometrium histopathology and endometrialis bacteria. Although
endometritis is included into the internal genital infection, present in a high percentage of
infertile couples, the study of endometrial biopsy is out of the diagnostic routine evaluation of
infertility female factor. Microscopic analysis was performed on paraffin embedded and H&E
stained tissue sections, observed at 1000X. In all the cases, it was possible to recognize, the
presence of bacterial particles, identified according to their morphology, such as Chlamydia
or Ureaplasma, which were previously diagnosed in genital secretions. The most frequent
histopathologic findings at the endometrial tissue were interstitial edema (93%), lymphocytic
and polymorphonuclear subepithelial infiltrate (72%) and in 48%, plasmocytic subepithelial
infiltrate. The cell denudation of the lining epithelia was observed in 69% of biopsies, and in
62% of them, intracytoplasmic vacuole of epithelial cells, known as spongiosis, was observed.
In a low percentage of cases, intraepithelial inflammatory cells (lymphocytes and polymor-
phonuclears) were found at the endometrium, both lining and glandular epithelia. Germinal
center of inflammatory cells in the connective stroma also was observed. The concluding
results of this study showed the invading endometrium with Chlamydia trachomatis and
Ureaplasma urealyticum that were present too, into the mucus of uterine cavity and cervical
duct. In view of glandular and stromal changes, inflammatory reaction and presence of bac-
teria into the stromal tissue and glandular and lining epithelia, endometritis due to Chlamydia
trachomatis and Ureaplasma urealyticum, should be considered like an adverse condition to the
female fertility as well implantation and normal embryo development. The clinician must
consider the study of endometrial biopsy in all patients that need evaluation for infertility,
even more if signs and symptoms of internal genital infection or chronic inflammatory pro-
cess are present. Early diagnosis of genital infection and laboratory test performance looking
for Chlamydia trachomatis and Ureaplasma urealyticum and its corresponding treatment could
be prevent reproductive failure and scarring injuries and maybe can improve the results of
reproduction treatments [118, 119]. While male genital infection by Chlamydia trachomatis
and Ureaplasma urealyticum is generally asymptomatic, the women have a variable signs and
symptoms of the sick, and clinical improvement is easier to appreciate; in male, their low
and subtle clinical signs of infection and the treatment results can be see only by the study
of seminal parameters in relation to the infection. For some years, we have focused on the
investigation of the clinical and pathogenic aspects of the internal genital infections as well
as the integral therapeutic management of male and female reproductive pathologies named
as treatment of “binomials gineco-andrologic” of the infectious factor of Infertility [120, 121].

6.3. Study of HPV in infertile couples

In addition of sexually transmission of Chlamydia trachomatis and Ureaplasma urealyticum,
along the clinical evaluation, is necessary to be in alert to another sexually transmitted germ.
This chapter focuses on the results of the first work that we carried out about the importance
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of the presence of HPV in the population with infectious factor of infertility. The aim of this
analysis was to establish the HPV and genotype prevalence, the relationship of HPV presence
with other microorganism, and to describe clinical findings of the studied group of patients.

6.3.1. Patients, material and methods
6.3.1.1. Study population

For the present analysis, samples of mucous secretion from cervix and vagina and endocervi-
cal scrapes of 104 women randomly selected women, from patients attended at private clinic
in Monterrey, México, for infertility and genitourinary infection since 2003-2014. Patients
were recruited by verbal invitation at the time of consultation. They gave voluntary authori-
zation, by Informed consent, to use the clinical data and results of the laboratory test for sta-
tistical analysis. Ethical issues were in accordance with the Helsinki Declaration and endorsed
by the Ethics Committee of our institution (PA15-001). All selected patients had polymerase
chain reaction (PCR) test for HPV in genital secretions and were tested by direct specimen
test Kit for Chlamydia trachomatis detection (MicroTrak; Trinity Biotech, Wicklow, Ireland); the
isolation of Ureaplasma urealyticum and Mycoplasma hominis was done using the Mycoplasma
IST kit (BioMerieux, Marcy L’ Etoile, France). For any other microorganism, we applied gen-
eral culture.

6.3.1.2. Clinical assessment

An infertility medical history was taken and recorded on a standardized form by a single
experienced clinician, who also performed external genital, vaginal exploration, pelvic
examinations and realized the sampling of genital secretions. The data obtained from medi-
cal file were: demographic parameters, history of fertility and infertility, gestational losses
and obstetric complications, treatment of infertility problems, history of cervical lesions, and
surgical procedures, result of previous cervical-vaginal cytology Pap smears, signs and symp-
toms of genitourinary infections and pathological data of the cervix and vagina examina-
tion. At subjective appreciation, the clinical parameters were considered for semiquantitative
record: low, medium, and high or abundant.

6.3.1.3. HPV DNA extraction and genotyping

For the extraction and purification of DNA from cervical samples, 100 pL of the cell suspen-
sion previously prepared was used. Silica extraction columns (Nucleospin® Blood, Machery-
Nagel GmBH & Co., Germany) were used under the manufacturer’s instructions. During the
12 years covered by this study, the technology for HPV diagnosis was changing. For this
reason, different techniques were applied depending on the time when the patient arrives
for medical treatment. In 34 patients, molecular detection of HPV-AND was carried out by
PCR-Multiplex that detect 4-12 genotypes; for 36 patients, secretions from the cervix and
vagina were tested for HPV capillary electrophoresis using “Applied Biosystems 3130 series
genetic analyzer systems” and the software GeneMapper, which diagnostic 14-19 genotypes
high and low risk. Molecular detection of ADN from HPV was done in the 36 patients by
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Dual Priming Oligonucleotide, more specific and that detect 14-19 genotypes of HPV and in
the 34 last patients in situ Hybridization with oligo specific probes to identified 20-28 HPV

genotypes.
6.3.1.4. Statistical analysis

Absolute frequency of qualitative parameters is expressed in percentages. For quantitative
variable was calculated media and, or median as well standard deviation. Sensitivity, specific-
ity, positive and negative predictive values were calculated using (2 x 2) contingency tables.
The association between clinical results and HPV and the association between other micro-
organisms present were calculated with Fisher’s exact test. For all tests, the significance level
was P < 0.05 and power of (1-f) = 80% for two-tail. The statistical software used was SPSS
version 17 for Windows (SPSS Inc.)

6.3.2. Results

From 690 infertile couples attended from 2003 to 2012, the aleatory selected sample of 104
female partners was representative, according to medium probability ponderation of 48% for
the different genotypess, that was estimated based in some reports [122]. A total of 104 female
partners from couples with genitourinary infection were included in this study. Primary
infertility was present in 65 couples and secondary infertility in 13 couples. The median age
of the patients was 34 years (range, 22-55 years). The microorganisms identified on the group
studied are C. trachomatis (86.5%), HPV (49%), U. urealyticum (47.11%), M. Hominis (35.57%),
E. coli (20.2%), C. Albicans (17.3%) and S. faecalis (10.6%). In a high proportion of the vaginal
samples, microbiota vaginal was reduced or absent in a (76.9%) and 86% have more than one
pathogen germs. C albicans was present like solitary microorganism in 17.3% as well HPV was
the only identified germ in one patient. Statistical analysis established positive correlation
between HPV and U. urealyticum (p = 0.05) and decreased microbiota (p = 0.001).

The distribution of C. trachomatis was similar in the positive and negative to HPV group
(Figure 1).

Between the clinical parameters taken into account for this investigation, some of them pre-
sented statistics correlation to the presence of HPV: the presence of more than one sexual part-
ner (p = 0.05), genitourinary infection symptoms (p = 0.01), white mucous vaginal secretion
fluxing from the uterine duct (p = 0.05), failure in assisted reproduction previously carried out
(p £0.0001), and previous HPV infection diagnosed by suspicious lesion or cytological exam
(p <0.0001) was in association to HPV (Table 1). For Microbiota vaginalis, the relationship to
the presence of HPV was proportionally inversed.

Prevalent genotypes of HPV detected in the infertile patients studied group were; HPVar 6
(19.2%), HPVhr 18 (12.5%), HPVhr 16 (11.6%), HPVhr 58 (11.1%), HPVhr 52 (7.1%), HPVIr 11
(6.7%) and HPVhr 68 (7.5%). Thirteen different genotypes of PVH were detected in low fre-
quency. These data are concentrated on Table 2. To consider the percentage of this frequency,
it is necessary to remember that the results depend on the number of HPV search in each one
of the three different tests applied that was not equal for all patients.
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Figure 1. Microorganism identified into the cervix and vagina secretions of 104 female partners from couples with
genitourinary infection. The most frequent bacteria in the genital sample of infertile women studied were Chlamydia
trachomatis. However, if we considered that Ureaplasma urealyticum and Mycoplasma hominis belong to the same genus:
Mycoplasmataceae, the presence of these bacteria, result of major importance in this group.

Combinations of more than one HPV genotypes were detected in 60% on the studied samples.
From them 46.3% were the following associations between high risk for cancer HPV: 16/18,
18/58, 16/33, 16/52 and 18/52. In a similar percentage (44.8%) of women, low risk for cancer,
principally HPV 6, was detected in combination with high risk HPV: 18, 52, 16 and 39. As well,
we observed that three to five different HPV genotypes were present in 23.5% of the positive
group infertile patients (Figure 2).

According to the results of this study, a total of 79.5% of positive HPV group of patients, pre-
sented one or more high-risk genotypes, and considering the statistical association between
the positivity to HPV and the clinical history of previous HPV infections, this condition may
represent a persistent infection or a reinfection. Consequently, we consider convenient a rec-
ommendation to take in account women with reproductive failure, like a group of risk of
cervical cancer. There was statistical association between the positivity to HPV to clinical his-
tory of previous HPV infections. Would be very important, the simultaneously presence with
Ureaplasma urealyticum, and Chlamydia trachomatis, sexually transmitted germs with suspi-
cious carcinogenic potential, in a population in reproductive age, as we observed in this study.

With the results obtained from this study, it was not possible to establish an association between
the abortions presented in 28 of the studied women, and the positivity to HPV. Nevertheless
for future studies that include a high number of patients, is may be important to observe that
low risk to cancer genotypes 6 and 11, were present in a high prevalence in this investigation,
and their importance on the results of inseminations, in vitro fertilization and gestational loss,
and are not defined now a days. Finally, our data confirm the recommendation to investigate
HPV before to carry out in vitro fertilization, in view of the high frequency of failure of this
treatment of infertility, when HPV is present.
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Total of cases HPV positive HPV negative P

N 0/0 N 0/0 N 0/0
HPV previous 46 44.2 33 64.7 13 24.5 0.0001
diagnosis
Pap. report: 33 32.0 21 412 12 23.1 0.05
inflammation low/
moderate
Active genitourinary 67 64.4 39 76.5 28 52.8 0.01
infection
Only one partner 67 64.4 28 54.9 39 73.6 0.05
>2 sexual partner 37 35.6 23 45.1 14 26.4 0.05
Unsuccessfully FIV/ 15 100 11 73.3 4 26.7 0.002
ICsI
White, dense mucus 78 85.7 42 85.7 36 69.2 0.05
secretion
Ureaplasma 49 471 29 56.9 20 37.7 0.05
urealyticum in
vaginal secretion
Absence of vaginal 55 52.9 24 47.1 31 58.5 0.03
microbiota
Diminished vaginal 25 24.0 17 333 8 15.1 0.03

microbiota

The most frequent bacteria in the genital sample of infertile women studied were Chlamydia trachomatis. However, if
we considered that Ureaplasma urealyticum and Mycoplasma hominis belong to the same genus: Mycoplasmataceae, the

presence of these bacteria, result of major importance in this group.

Table 1. Microbiological and clinical data associated with HPV.

HPV genotype Risk for cancer  Patients studied for genotype Positive result
identified

N % N %
6 Low 104 100 20 19.2
16 Alto 103 99 12 11.6
18 High 104 100 13 12.5
58 High 72 69.2 8 11.1
52 High 98 94.2 7 7.1
11 Low 104 100 7 6.7
31 High 87 83.7 5 5.7
33 High 72 69.2 5 6.9
68 High 67 64.4 5 7.5
66 High 67 64.4 3 4.5
51 High 98 94.2 3 3.1
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HPV genotype Risk for cancer ~ Patients studied for genotype Positive result
identified

N % N %
42 Low 66 63.5 2 3
39 High 69 66.3 3 4.3
59 High 69 66.3 1 1.4
45 High 73 69.2 1 14
35 High 73 69.2 1 14
71 Low 70 67.3 1 14
61 Low 69 66.3 1 1.4
55 Low 63 60.6 1 1.6
81 Low 1 1 1 -

Table 2. Prevalent genotypes of HPV detected by PCR in secretions of cervix and vagina of infertile women studied
group.

The following description will give an illustration of some of cases included in this study
resume of microbiologic and gineco obstetric data are included at the Figures 3-5.

Case 2. Women 34 years, previously treated with five intrauterine inseminations and three
in vitro fertilization (IVF) with intracytoplasmic sperm injection (ICSI). This patient had been
treated repeatedly too, for genitourinary infection, unsuccessfully. After abnormal findings
in a colposcopy, and histopathologic diagnosis of koilocyte in a cervix biopsy the clinician
decide to practice hysterectomy, principally to solve the recurrent infections. One year later,
these women required medical assistance due to severe signs and symptoms of genitouri-
nary infection. In the vaginal sample were presented HPV 18, 35, 39, 51, 56, 66 y 74 (Figure 3).
Case 3. Woman of 29 years old attended by primary infertility of unknown etiology and had
been treated two times by assisted reproduction, with negative results. At the time of her
arrive to the specially clinic, she referred previous result of ASCUS in PAP and signs and
symptoms of genitourinary infection: dysuria, pelvic pain, abnormal menstrual bleeding,
and a fluxing of white secretion from the vagina. At genital exploration, hypertrophy and
erythema of cervix and papillary lesion at vaginal wall were found. The secretion of cervix
and vagina was positive to C. trachomatis, U. urealyticum and C. albicans. PCR detected geno-
types 16, 31, 33, 52, and 54 (Figure 4).

Case 3. Female 31 years, with two pregnancy loss of the first trimester, in both were diagnosed
by ultrasound a chorionic vesicle without embryo. This patient did not have any fertility treat-
ment previously. She had some PAP inform with inflammation but in one of them was diag-
nosed metaplastic changes. Genital infection was clinically diagnosed, and multi-microbial
infection was detected in samples of secretions. (Figure 4). Case 4. A 37-year-old woman, who
had a child without fertility treatment and did not have a second pregnancy, despite having
no contraceptive treatment. This patient required medical assistance for chronic infection that
was resistant to many treatments implemented previously. In this case were found HPV 44
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Figure 2. HPV genotyping results: Combinations of HPV. The number inside the square represents the patients with at
least two different genotypes HPV detected in cervical and vaginal secretions of the women studied. Inside the square
is the number of cases identified with the combined presence in the sample of cervical secretion of different Genotype
HPV. For example: 4 cases have a combination of 16 and 18 genotypes of HPVhr; another 4 cases have simultaneously
HPVhr 16 and 58.

and HPV 52 in association to C. trachomatis, U. urealyticum that eventually may be an etiologic
association to secondary infertility of this case. Then more, S. faecalis and E.coli were present
as part of the microorganism found in genital secretions. Lactobacillus acidophilus was absent
(Figure 5). Case 5. Another patient that not received infertility treatment, but do not have a
baby, even to be active sexually and do not have protection contraceptive. This woman suffers
urinary symptoms since 2 years ago, and clinical signs and symptoms of vaginal recurrent
infection, resistant to previous treatments. The diagnostic test applied to vaginal and cervical
fluids was positive to one of the most common HPV associations: 16 and 18, but HPV 39, C.
trachomatis, U. urealyticum and C. albicans were part of the multiple germs infection (Figure 5).
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Figure 3. Infertile women with chronic genitourinary infection, and failure in assisted reproduction. Case 1. The patient
was treated by hysterectomy due to persistent infection, after several fruitless treatment of assisted reproduction for
primary infertility. The images illustrate clinical, histopathological and HPV test in vaginal secretions. (A) Abnormal
colposcopy; (B) koilocyte was found in the cervix biopsy; (C) arrow shows lesion on vaginal fundus; (D) results of PCR
and HPV genotyping of vaginal secretions. Multiple HPV were present, except the 74 of unknown significance, all
correspond a high risk for cancer genotype.
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Figure 4. HPV genotypes combinations associated with genitourinary infection by multiple microorganisms.
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Figure 5. HPV genotypes combinations associated with genitourinary infection by multiple microorganisms in infertile
patients.

7. Concluding remarks

This is a study carried out by aleatory selection of 104 infertile women attended by repro-
ductive failure and genital infection; the main objective was to establish the relationship of
HPYV presence, with other microorganism and the genotype of HPV detected in this group of
infertile women. All patients authorized the use of clinic and laboratory analysis data from
her cervical and vaginal samples, to realize statistical analysis and sign an informed consent.
The clinical parameters considered were: signs and symptoms of infection disease, results
of previous assisted reproduction treatments, and the presence of previous abortions. These
data were compared to genotype HPV present, and the diagnosis of others germs by labora-
tory test included direct investigation with immunofluorescence monoclonal antibodies to
Chlamydia trachomatis, and bacterial cultures, included selective media to U. urealyticum, M.
hominis. The microorganisms identified on the group studied are C. trachomatis (86.5%), HPV
(49%), U. urealyticum (47.11%), M. Hominis (35.57%), E. coli (20.2%), C. Albicans (17.3%) and S.
faecalis (10.6%). In a high proportion of the vaginal samples, microbiota vaginal was reduced
or absent in a (76.9%) and 86% have more than one pathogen germs. C albicans was present
like solitary microorganism in 17.3% as well HPV was the only identified germ in one patient.
Statistical analysis established positive correlation between HPV and U. urealyticum (p =0.05),
and decreased microbiota (p = 0.001). The distribution of C. trachomatis was similar in the posi-
tive and negative to HPV group.
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In this study, more than one sexual partner (p = 0.05), genitourinary infection symptoms
(p = 0.01), white mucous vaginal secretion fluxing from the uterine duct (p = 0.05), failure
in assisted reproduction before carry out, and previous HPV infection diagnosed by suspi-
cious lesion or cytological exam (p < 0.0001) were in association to HPV. Prevalent geno-
types of HPV detected in the infertile patients studied group were HPV six (19.2%), HPV 18
(12.5%), HPV 16 (11.5%), HPV 58 (7.2%), HPV 52 (6.7%), HPV 11 (6.7%) and HPV 68 (7.5%).
Combinations of more than one HPV genotypes were detected in 60% on the studied samples.
From them, 46.3% were the following associations between high risk for cancer HPV: 16/18,
18/58, 16/33, 16/52 and 18/52. In a similar percentage (44.8%) of women, low risk for cancer,
principally HPV 6, was detected in combination with high risk HPV: 18, 52, 16 and 39. As well,
we observed that three to five different HPV genotypes were present in 23.5% of the positive
group infertile patients. According to the results of this study, a total of 79.5% of positive HPV
group of patients, presented one or more high risk genotypes, and considering the statistical
association between the positivity to HPV and the clinical history of previous HPV infections,
this condition may represent a persistent infection or a reinfection. Consequently, we consider
convenient a recommendation to take in account women with reproductive failure, like a
group of risk of cervical cancer. With the results obtained from this study, was not possible
to establish an association between the abortions presented on 28 of the studied women, and
the positivity to HPV. Nevertheless for future studies that include a high number of patients,
is may be important to observe that low risk to cancer genotypes 6 and 11, were present in a
high prevalence in this investigation, and their importance on the results of inseminations, in
vitro fertilization and gestational loss, still not defined now a days.
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Abstract

During the past few years, millions of refugees from the Middle East and North Africa
fled their countries to almost everywhere in the globe. Civil wars and acts of violence are
the main reasons behind the exodus of populations seeking a better life and more secure
living conditions. In fact, the current conflict in Syria and Iraq led to massive influx of
refugees worldwide and in particular to neighboring countries of the Middle East. This
refugee situation is unparalleled since the end of World War II. Besides the individual
tragedies of refugees, a public health disaster is being witnessed in the countries of origin
which, in many instances, affect the hosting countries as well. Many of these hosting
countries witnessed a re-emergence of numerous communicable diseases as a result of
the influx of refugees; they were unprepared, and their health sectors did not deliver
the adequate response. In this chapter, we review major sexually transmitted diseases
in refugees, with a focus on the Middle East. We also discuss the major actions taken in
response to the ongoing displacement of refugees by the Government of Lebanon and
suggest solutions and recommendations to the Lebanese public health system which is
facing new urgent challenges.

Keywords: STIs, refugees’ health, communicable diseases, Middle East, Lebanon,
Syrian refugees

1. Introduction

During the past decade, millions of refugees worldwide, in particular from the Middle East,
fled their home country. The United Nations reported that at the end of 2010, there were
over 43 million people in the world displaced because of conflict or persecution [1]. The latest
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counts conducted by the United Nations High Commissioner for Refugees (UNHCR) revealed
that there have been 16,121,427 refugees by the end of 2015 [2]. Over half of the refugees world-
wide came from Syria, Iraq, Afghanistan and Somalia and the top hosting countries were
Turkey (2.5 millions), Pakistan (1.6 million), Lebanon (1.1 million) and Jordan (0.5 million) [3].
Refugees face multiple barriers in accessing healthcare and maintaining proper follow-ups,
including lack of resources needed to cover expenses, cultural differences and lack of health
care facilities in the regions of residence.

The purpose of this chapter is to shed light on the reproductive health of displaced people in
the Middle East, including sexually transmitted diseases.

2. Health of refugees at the international level

In the United States of America, 18,007 Syrian refugees were resettled between October 1,
2011 and December 31, 2016. Despite the huge resources in the United States of America, the
establishment of Medicaid was not sufficient to assure that all refugees have been adequately
screened for diseases and have access to proper medical care. In many states, it was difficult to
find health clinics that were willing to provide regular appointments to refugees on Medicaid,
especially since the services needed to encompass primary care and include specialty clinics
and surgery [4].

Europe is experiencing one of the most significant influxes of migrants and refugees in its
history. European countries received over 2 million asylum applications in 2015, which rep-
resent around a three-fold increase to the number of applications received in 2014 (709,757).
Most applications were from Syria (675,668), Afghanistan (406,300) and Iraq (253,558).
Around 60% of these applications (1.2 million) were received by European Union member
states with Germany and Sweden receiving almost half of the total applications. The number
of refugees entering Europe passed the 1 million mark in 2015, a long expected and sym-
bolically significant capstone to a year in which displaced persons flocked to the continent in
historic proportions [5].

History is rife with examples of infectious diseases that have been linked to human mobility and
migration. Diseases and epidemics often accompanied commercial traders, sailors, pilgrims
and other migrants to thrive in new and foreign environments [6]. One particularly famous
example is the re-emergence of tuberculosis (TB) in Europe. While once considered a disease of
the past, new cases of TB in Europe and the West are frequently attributed to the migration of
people from endemic countries, such as Africa and India [7]. In some refugee settings, women
and children are believed to comprise about 80% of the population, and they are the most vul-
nerable to the consequences of displacement, including rape, infectious diseases, and, in par-
ticular, sexually transmitted infections (ST1s) [8]. In addition, sexual violence and poverty were
highlighted as leading to an increase in the transmission of STIs, HIV/AIDS and unwanted
and/or high-risk pregnancies. Many become disconnected from their relatives and from their
traditional cultural and legal supports. Such issues also impact their reproductive health status.
If the hosting countries do not provide adequate reproductive health care services, this could
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aggravate the situation through unwanted pregnancy and unsafe abortion. In addition, such
refugees carry an important disease burden due to disease prevalence in their country of origin,
disruption of immunization programs, or even exposure during migration [9].

3. Health of refugees at the regional and national levels

In the Middle East and North Africa, increasing numbers of refugees are being noted as a
result of complex political conflicts. Millions of Syrian and Iraqi refugees fled to neighbouring
countries or to Europe, the United States of America and other countries. The UNHCR Syria
End of Year Report 2015 estimated that 4.2 million of the Syrian populations were refugees,
and the average life expectancy of Syrians has fallen by 20 years since the onset of the crisis
[10]. Such groups are diverse and require different health and humanitarian interventions,
particularly in the reproductive health needs as well as infectious diseases like TB and hep-
atitis and, in particular, sexually transmitted infections including HIV/AIDS. The UNHCR
as well as hosting countries and humanitarian relief organizations agree that reproductive
health care should be a priority during such an emergency situation. Several challenges exist
to face the situation, and activities must be strengthened in some key areas, such as adoles-
cents” health, in particular HIV and STI prevention and care and an adequate response to
sexual and gender-based violence [10].

Lebanon is a country in the Middle East with a population of 4.2 million [11]. Since the 1970s,
the Lebanese healthcare system has had to face many challenges due to multiple reasons
including wars, political instability, economic difficulties and massive influx of refugees with
about 500,000 Palestinian refugees since 1948 [12]. However, the most pressing challenge fac-
ing Lebanon is the Syrian refugee crisis. Following the start of the acts of violence in Syria in
2011, there have been an increasing number of Syrian refugees coming to Lebanon. By the end
of 2015, their numbers had reached 1.5 million, in addition to 53,000 Palestinians returning
from Syria and about 50,000 Iragis [13]. The new refugees represent more than a 30% increase
in Lebanon’s pre-crisis population, resulting in the highest refugee density of any country
worldwide since 1980 [14]. The refugees from Syria have not been placed in formal camps but
are dispersed across Lebanon in houses among the Lebanese population, while about 17% are
residing in informal tented settlements [15]. The unprecedented influx of refugees has put a
heavy burden on the Lebanese government, society and economy, which is facing many other
challenges. The refugee crisis threatens the ability of the government to provide adequate and
sustained health services which puts thousands of individuals at risk of acquiring and spread-
ing different infectious diseases. It is estimated that, on average, there are about 50,000-55,000
new deliveries per year among the Syrians in Lebanon. In addition, there are reported cases
of HIV infections as well as other sexually transmitted infections.

Previous research by the International Rescue Committee and the Resource Center for Gender
Equality ABAAD conducted in Lebanon in August 2012 highlighted that some refugee women
and girls in Lebanon have resorted to prostitution as a means to generate an income and meet
basic needs. The research noted that ‘survival sex’ is a type of violence that Syrian women are
frequently subjected to [16].
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4. Sexually transmitted infections

In this chapter, the discussion will cover the most important sexually transmitted infections
among refugee populations, including hepatitis B, hepatitis C, chlamydia/gonorrhea, HIV/
AIDS and tuberculosis.

4.1. Hepatitis B

Hepatitis B is a viral infection that is potentially life-threatening and is a major common
global health concern. Infection with hepatitis B virus is prevalent among all refugee groups.
Screening for hepatitis B identifies susceptible individuals who can be offered vaccine and
infected individuals who are eligible for treatment. Most screening protocols test for hepatitis
B surface antigen (HBsAg) and its antibody (HBsAb). Refugees identified as HBsAg posi-
tive will need further testing to identify the stage of the disease and need for treatment.
Understanding beliefs about hepatitis B in refugee populations is important when discussing
the implications of test results and will facilitate compliance with prevention strategies and
management of the disease. A cross-sectional study among 2769 Tibetan refugees residing in
India reported HbsAg seropositivity in 247 (8.9%) individuals of which 60.7% were positive
for hepatitis B e antigen, indicating higher infectivity and chances of transmission [17]. In
Lebanon, among the Syrian refugees, a rise in hepatitis B incidence was noted from a total of
8 cases in 2013 to 48 cases in 2016 [18]. This shows a trend that is supported by clinical obser-
vations. However, a more reliable house-to-house survey could be considered.

4.2. Hepatitis C

Hepatitis C is a contagious blood-borne viral infection caused by the hepatitis C virus (HCV),
leading to both acute and chronic hepatitis infection. In a study looking at the prevalence
of active hepatitis C virus infections among refugees in the United States of America from
various countries in Africa and Asia, it was reported that 63 out of a total of 4890 (1.1%) were
positive for HCV RNA. The refugees from Thailand had greater numbers of HCV-positive
samples than refugees from other countries [19]. In Lebanon, among the Syrian refugees, the
number of reported cases of Hepatitis C doubled from a total of four cases in 2013 to eight
cases in 2016 [18], a trend similar to hepatitis B.

4.3. Chlamydia/gonorrhea

Chlamydia and gonorrhea are a major cause of acute disease, infertility and perinatal
morbidity and mortality worldwide. It is well known that refugees are at an increased risk of
these infections because of many factors associated with civil disruption and displacement,
including poor sanitation and/or socioeconomic status resulting in vulnerability to sexual
exploitation, sexual violence and abuse and lack of access to prevention and educational
efforts. The current CDC guidelines recommend annual screening for chlamydia in sexually
active females > 25 years of age with risk factors (e.g., new sex partner or multiple sex part-
ners). Testing is also recommended in those with signs or symptoms of infection or when
infection is suspected, usually through medical history and physical examination. In such
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cases, the use of urine ligase chain reaction to detect gonorrhea and chlamydia infection is
most appropriate. Moreover, cervical cancer is the second-most common cause of female can-
cer mortality worldwide, accounting for approximately 274,000 deaths annually [20]. 70%
of cervical cancers are due to high-risk human papillomavirus (HPV) types 16 and 18. The
majority of female refugees are from countries where cytologic screening and HPV testing are
limited or absent, which leaves this population at a much more increased risk of developing
cervical cancer later on in their life. Therefore, cervical cancer screening should be prioritized
at the level of other early resettlement issues, such as infectious disease screening and treat-
ment. Results from a screening medical examination of 25,779 refugees arriving to Minnesota
during 2003-2010 showed that a total of 18,516 (72%) refugees tested positive for at least one
sexually transmitted infection: 183 (1.1%) of 17,235 were seropositive for syphilis, 15 (0.6%) of
2512 were positive for chlamydia, 5 (0.2%) of 2403 were positive for gonorrhea and 136 (2.0%)
of 6765 were positive for human immunodeficiency virus [21]. In Lebanon, data are not avail-
able concerning such disease entities among refugees. However, clinical observations indicate
arise in their prevalence.

4.4. HIV/AIDS

HIV/AIDS is another commonly seen viral infection caused by the human immunodeficiency
virus that still has cure, and currently up to 36.7 million people are living with HIV, with
almost half only being treated. This contagious viral infection is spread through bodily fluids
attacking the body’s immune system mainly the CD4+ cells or T cells, leading to opportunistic
infections which are behind the detrimental effects of HIV or the acquired immunodeficiency
syndrome [22].

With the extremely high number of people living with HIV, the greatest toll is in sub-Saharan
Africa which also accounts for three-quarters of the global death count. The epidemiological
impact of HIV has also consequences on the society’s development since most of the affected
people are young and in their most productive years; there is a negative relationship between
the rise of HIV prevalence and the growth of gross domestic product [23]. The only currently
available treatment for HIV is through antiretroviral therapy which limits the infections and
AIDS; this therapy is also used in pre- and post-exposure prophylaxis treatments in high-risk
populations [22].

In Lebanon, a study was conducted exploring the socio-demographic correlates of condom
use and HIV testing among men who have sex with men refugees, by surveying and testing
150 participants. Results revealed that a total of four (2.7%) participants tested positive for HIV
[24]. The National AIDS Program at the Lebanese Ministry of Public Health (MOPH) reveals
a slight increase in the number of newly reported cases of HIV/AIDS from 93 in 2010 to 109 in
2014 with a few being refugees, about 10 cases being reported [25]. All patients have free access
to a comprehensive management protocol according to the World Health Organization criteria.

4.5. Tuberculosis

Most cases of TB in immigrants are due to the reactivation of infection with Mycobacterium
tuberculosis. As refugees often arrive from parts of the world where TB is more common, it
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is not unusual to identify cases of latent TB infection in these individuals. All refugees must
have a physical and mental examination conducted by an approved physician; this medical
screening includes a physical examination, including a chest X-ray, and an evaluation for
tuberculosis. Any refugee with a chest X-ray suggestive of a current or past TB disease must
undergo additional stringent laboratory testing. If laboratory tests are positive for an active
TB disease, treatment is required for at least 6 months. Among 11,773 newly arrived asylum
seekers in Germany, 16 X-ray investigations gave the suspicion of active tuberculosis, thereof
11 cases could be verified by culture and thereof 9 cases were classified as microscopically
positive [26]. In Turkey, the prevalence of TB among 10,689 Syrian refugees was found to be
18.7/100,000. However, the actual prevalence may be even more since many refugees are not
in camps and many are homeless in big cities and are therefore at high risk of getting infected
with TB. In Jordan, the incidence of TB increased by 40% between 2013 (56 cases/16 months)
and 2014 (74 cases/12 months) [27]. In Lebanon, there has been a 27% increase in TB cases
since 2011 [28]; the government provides free medical care including the drugs for 6 months
to all those living in the country including refugees from various places.

5. Discussion

Since the beginning of the refugee influx to Lebanon, a highly indebted middle-income coun-
try with a history of political strife, presence of other vulnerable displaced populations and
weak government capacities [29], the conflict brought increasing hardships to both popula-
tions. Lebanese and Syrians share economic difficulties and security impacts that are increas-
ing the tensions between the formerly harmonious neighbors [30]. The Regional Refugee and
Resilience Plan 20152016, including the Lebanese Crisis Response Plan (LCRP), is one of
the response plans put in place in an effort to enable the country to cope with the many
emerging needs imposed by the refugee crisis. The LCRP is managed by the UNHCR and
the United Nations Development Project. It attempts to raise US$2.14 billion to provide pro-
tection and humanitarian assistance to 2.2 million de facto Syrian refugees who are highly
vulnerable and have acute needs and invest in institutions, services and economies to reach
2.9 million vulnerable people. The LCRP has three strategic priorities or response areas which
address the capacities of affected communities, national government and Lebanese. The three
response strategies work on nine sectors including basic assistance; food security; shelter;
education; water, hygiene, and sanitation (WASH); livelihoods; health; social stability and
protection [31].

Moreover, amapping of ongoing reproductive health (RH) activities was conducted in October
2014, in collaboration with 17 health actors. Results of this mapping revealed that nearly 90%
of actors offer RH education through health centers and mobile medical units, 80% implement
RH education at community level through outreach and 6% provide RH education through
campaigns. The north region is covered by 31% of actors, Beirut and Mount Lebanon regions
by 56%, Bekaa region by 50% and the south region by 31%. 90% of health education projects
cover family planning, whereas pregnancy and breastfeeding are covered by 80% of projects.
Reproductive tract infections and sexually transmitted infections are covered among 68% of
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the projects and 56% cover prenatal and postnatal care. The age group targeted through RH
activities is mostly 14-60 years old, including youth. Women are reached within most of the
health education activities, but there are 4 out of 16 actors also reaching men. RH consulta-
tion counts revealed around 28,372 pregnant woman and 18,243 family planning visits. All
RH education projects target Syrian refugees, whereas 44% target also Lebanese and 12%
Palestinians [32].

6. Recommendations

Based on the reviewed data, the authors who are basically partially involved in this field
recommend that

1. It is urgent to adopt a new strategy and an innovative approach to support the Lebanese
public health system in providing good quality of care to the Syrian and Iraqi refugees
while fulfilling their mission to be at the service of the hosting Lebanese citizens and the
populations residing in Lebanon.

2. It is imperative to implement pre-departure screening programs at the countries of origin
in order to detect and possibly start treatment of communicable diseases as early as possi-
ble. This will also limit the risks of spreading any of these diseases among the population of
the hosting country. A study assessing the health status of newly arrived refugees in Toron-
to, Canada, revealed considerably higher rates of various infectious diseases such as HIV
and hepatitis B among refugees compared to the Canadian-born population, highlighting
the importance of early screening and providing timely preventive and curative care [33].

3. To improve refugees knowledge of available health services, intensifying awareness on
the location of the network of health services where support is available is important. This
should especially address the subsidies for primary healthcare services and the availa-
bility of free vaccines, screening campaigns, essential and chronic medicines and family
planning services at facilities in the MoPH network. Awareness-raising should continue
through UNHCR reception centers, community centers, outreach workers, municipalities,
NGO partners and mass information campaigns.

4. Humanitarian organizations need to promote gender equality. Sex- and age-disaggregat-
ed data should be collected, analyzed and used in planning and implementation of aid
projects.

5. It is also crucial to draw attention to the situation of women who are forced to engage
in paid sex in order to earn an income or women who face exploitation or gender-based
violence.

6. Efforts need to be placed on building the capacity of care providers on clinical care for sexual
assault survivors, gender-based violence case management and caring for child survivors as
well as facilitating access to counseling services for men, women, boys and girls, including
mental health services targeted at men, such as anger and stress-management workshops.
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7. Conclusion

It should be understood that there is a need to place social suffering on an ease-disease con-
tinuum because it connects health to indicators of well-being, quality of life, insecurity and
distress, among other manifestations of the ill health including reproductive health and STIs
accompanying the traumas of war. Survivors of war oscillate back and forth on this con-
tinuum, depending on degree, severity and chronicity of violation as well as the resources
available to assist them to recover —health, wealth, strength, cultural stability and social sup-
port, among others.
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