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1. Introduction

Sexually transmitted infections (STIs) are some of the most common infections
worldwide. Newer sexually transmitted pathogens have been recognized and func-
tionally described since 1980, with over 30 such infectious products currently known, 
which may be bacteria, viruses, or parasites. Today, conditions exist in developing 
countries that lead to an ever-increasing rate of STIs. Factors that influence this 
growth are: population explosion, especially in age groups that include teenagers and 
young people, population migration to urban areas, wars, or poverty. In these coun-
tries, in addition to human immunodeficiency virus (HIV) infection, three sexually 
transmitted bacterial infections (gonorrhea, chlamydia, and syphilis) can be consid-
ered among the first to affect the health of the population and reproductive life.

The most common sexually transmitted infection worldwide is chlamydia, with 
approximately 146 million infections each year. But while trends in increasing numbers 
of Chlamydia spp. infections appear to have stabilized in recent years, gonorrhea rates 
have increased, especially among men. The 2013 report on STIs in Europe shows that, 
in the countries of the European Union and the European Economic Area, STIs differ 
by age group: young adults between 15 and 25 had only 14% of syphilis cases but had 
nearly 39% of gonorrhea and 67% of chlamydia cases [1].

The Centers for Diseases Control and Prevention’s (CDC) estimates that the 
prevalence and cost of STIs in the United States indicate that 20% of the population in 
this region (about one in five people) had an STI in 2018, infections that have cost that 
year almost 16 billion dollars in direct medical costs from the budget of the American 
health system [2].

No STI can be viewed and treated as an isolated infection because multiple infec-
tions are very common and the presence of an STI denotes high-risk sexual behavior 
that may be associated with other infections, which may be more serious. STIs can be 
classified based on both cause and clinical manifestations. Some of the pathogens can 
also be transmitted non-sexually, but for each of them, sexual transmission is clini-
cally and epidemiologically important.

Many STIs are caused by bacterial infectious agents. In general, most STIs caused 
by bacteria are treatable, but if they go undiagnosed or are diagnosed too late, they 
can seriously affect the health of infected people. Thus, early detection and treatment 
can reduce the spread of bacterial STIs in the population.
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Bacterial vaginosis is known to be highly implicated in female infertility and is 
probably a major cause of unexplained infertility. Screening and treatment of bacterial 
vaginitis during infertility treatment has greatly decreased its rate [3].

2. The most common bacterial STI pathogens

Chlamydia trachomatis infections are the most reported STI worldwide. However, 
it is known that there are many infections caused by this bacterium that go undiag-
nosed and consequently remain untreated. C. trachomatis can persist for a long time in 
the genital tract in a resistant form, and symptoms of infection may go unnoticed in 
about 75–80% of women [4]. Since many cases are asymptomatic, the actual detec-
tion of the infection would require screening in the population [5]. It is very impor-
tant to diagnose this bacterium in the early stages of infection and start treatment 
as quickly as possible to avoid complications that may occur in the long term, thus 
reducing the risk of reproductive tract sequelae.

Lymphogranuloma venereum (LGV) is a disease caused by C. trachomatis sero-
types L1, L2, and L3. It is considered endemic to Asia, Africa, South America, and the 
southeastern United States. In Europe, LGV infection is found almost exclusively in 
men who have sex with men (MSM), presenting clinically as a proctocolitis commonly 
associated with HIV [6].

Neisseria gonorrhoeae is the etiological agent of gonorrhea, one of the most com-
mon bacterial STIs, which is characterized by purulent inflammation of the mucous 
membranes of the genitourinary system, producing over 82 million new infections 
worldwide every year. Since 2008, the total number of gonorrhea cases has increased 
by 79%, especially among men. This increase appears to be related to the increase 
in cases among MSM [1]. Being a bacterium with remarkable genetic variability has 
led to the emergence and spread of multidrug-resistant strains of N. gonorrhoeae. 
This antibiotic resistance and the absence of an effective vaccine are major problems 
worldwide, highlighting the need for routine surveillance, prevention, and control 
measures [7].

Treponema pallidum is the etiological agent of syphilis, one of the bacterial STIs 
known for centuries [8]. Syphilis is a disease characterized by a decades-long clinical 
course that may include four different stages, without adequate treatment leading to 
either death or spontaneous resolution after the secondary stage. The overall rate of 
syphilis has increased since 2010, especially among men. In Europe, the incidence of 
syphilis has been reported to be five times higher in men than in women, and most 
cases occur in people over 25 years of age [1]. It is a serious disease because trepo-
nemes can cross the hemato-encephalic barrier and trigger neurological signs and 
symptoms, the risk being higher in patients with immunodeficiency or HIV. Syphilis 
can be transmitted from mother to unborn child, the stage of the mother’s disease 
during pregnancy has an important role. If the mother’s infection is massive it will 
lead to spontaneous abortion, but if there are few pathogens in the mother’s blood, 
the child will develop congenital syphilis [6]. The upward trend in syphilis rates in 
many EU countries may be partly explained by increased case finding due to more 
testing among HIV-positive MSM, as recommended in current HIV management 
guidelines, or by an improved and more efficient reporting of detected cases.

Mycoplasmas are the smallest free-living microorganisms that lack a cell wall. 
Genital mycoplasmas are represented by species frequently found in the lower 
genitourinary tract of sexually active people, the most widespread being Mycoplasma 
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hominis,  Ureaplasma urealyticum,  and  Mycoplasma genitalium. Data suggest that 
infection with  U. urealyticum  occurs in 10–50% of women and that with  M. hominis
in less than 20% of them [9]. Since they have a high prevalence among asymptomatic 
women, their role in sexually transmitted diseases should be well evaluated [10].
These species of microorganisms are considered to induce a wide spectrum of patho-
logical conditions in the lower urinary tract and genital organs, and  M. genitalium 
would be implicated as a causative agent in conditions with significant sequelae. Some 
studies have reported that these organisms are involved in female infertility or prema-
ture birth [11]. In addition, some studies present mycoplasmas as causative agents of 
male infertility by changing some sperm characteristics [12].
  Klebsiella granulomatis  (formerly known as  Calymmatobacterium granulomatis) is
a gram-negative bacterium, the causative agent of donovanosis, a chronic ulcerative 
genital disease. The disease rarely occurs in Western European countries but is com-
mon in parts of Africa and South America. Transmission is mostly sexual, so infection 
with this bacterium can be considered an STI.

3. Diagnosis of bacterial STIs

  The bacteria that cause STIs are very different from each other, so the methods of 
detecting bacterial STIs are very varied. Even for the same bacteria, there are differ-
ent test methods. Substantial differences between testing methods and surveillance 
systems in different countries mean that many infections go undiagnosed and thus go 
unreported.
  For example, the laboratory diagnosis of syphilis is based primarily on a series of 
serological tests: a positive screening test followed by a confirmatory test. Since anti-
bodies can only be detected about 3 weeks after infection, the very early stage of the 
disease cannot be diagnosed serologically. Dark-field microscopy is used for epithelial 
lesions, and nucleic acid amplification tests (NAATs) have recently been introduced 
that can be used for direct detection of the causative pathogen [6].
  Also, for the detection of  C. trachomatis, immunoglobulin antibodies (IgG) persist 
in the body for years and therefore can be used as markers for infection [13], but the 
presence of antibodies does not indicate an infection present in the body at the time of 
detection, so these markers cannot be used in diagnosis.
  Although bacterial cultures are considered by some to be the gold standard, some 
of the bacteria that cause STIs are very difficult to grow on culture media, and there-
fore most clinicians are unable to correctly assess the presence of one or another STI 
agent, if use these microbiological methods. For example,  M. genitalium  is difficult
to grow on culture media because it has slow growth, strict nutrient requirements,
and suitable culture media is not widely available [14]. On the other hand, due to
the difficulties of sample collection, transfer, and storage, these methods show low 
sensitivity and are not suitable for screening, as some bacteria are fragile and difficult 
to transport.
  New laboratory methods using the Polymerase Chain Reaction (PCR) technique 
allow rapid and targeted detection of STI pathogens, and the multiplex real-time PCR
(RT-PCR) technique can be successfully used for the detection of multiple agents
from a single sample STI, considering their association in many cases. These genetic 
tests allow establishing a diagnosis in a maximum of 2–3 days, with a sensitivity of
up to 99%. In contrast, cell cultures provide a sensitivity of 85–95% in acute urethral 
infections with  N. gonorrhoeae  and less than 50% in chronic forms in women [15].
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These multiplex RT-PCR kits are suitable for the routine detection of these STIs. They 
have proven to be cost-effective and rapid diagnostic tools with high reliability for the 
simultaneous detection of multiple pathogens present [16].

4. Treatment of bacterial STIs and resistance to antibiotics

Since its introduction against syphilis, in 1943, penicillin has remained the treat-
ment for this disease, at all stages, and until now, no forms of resistance have been 
reported [6].

With respect to C. trachomatis, infections unresponsive to tetracycline or doxy-
cycline have been reported, but pathogenic strains of this bacterium showing stable 
resistance to tetracycline have not yet been isolated from humans [17]. However, 
in the case of chlamydiosis, it is very likely that the infections will reappear even if 
adequate treatment has been used. This fact is due to reinfection or relapse, if the 
bacteria deviate to persistent phenotypes, resistant to antibiotics [18].

The three classes of antibiotics used in the treatment of Ureaplasma spp. are 
quinolones, tetracyclines, and macrolides, tetracycline being the most frequently 
used drug in the treatment of U. urealyticum infections [19]. In bacteria, tetracycline 
resistance is encoded by several genetic determinants, of which TetM is the only tet-
racycline resistance determinant reported so far in mycoplasmas. Using NAATs, both 
the presence of mycoplasmas and their resistance to this antibiotic can be determined 
from a single biological product sample [20].

The biggest problems with antibiotic resistance occur with N. gonorrhoeae. Being a 
bacterium capable of incorporating and changing DNA, as well as transferring modi-
fied DNA sequences, N. gonorrhoeae is known as a bacterium that readily develops 
mutations. This fact is important both for the development of antibiotic resistance 
and also has an important role in developing the diagnosis using NAATs, considering 
that the sensitivity of a certain molecular test can be decreased if the target is a geneti-
cally modified region. In recent years, N. gonorrhoeae has become less sensitive to sev-
eral antibiotics, such as sulfonamides, penicillin, tetracyclines, fluoroquinolones, and 
even cephalosporins, thus defending multiresistant strains to antibiotics and therefore 
the appropriate treatment is sometimes difficult to apply. In many countries, dual 
antimicrobial therapy (ceftriaxone plus azithromycin) is the recommended first-line 
empiric treatment [21]. Due to the phenomenon of resistance, lately, natural products 
are increasingly being sought as possible alternative treatments for gonorrhea [22].

Resistance of microorganisms to antibiotics is a very dynamic phenomenon, which 
highlights the need to update prevalence and susceptibility data in different geo-
graphical areas. The use of molecular tests for surveillance of antimicrobial resistance 
in sexually transmitted bacteria would provide a significant advantage in terms of 
public health and the treatment of these diseases [23].

5. Transmission and prevention

In recent years, the incidence of STIs seems to have decreased in industrialized 
countries that make sustained efforts to prevent and combat these infections, but it 
remains a big problem everywhere in the world, especially in developing countries. To 
prevent the spread of these infections, there are several approaches, such as: reducing 
the rate of changing partners, encouraging safer sexual practices, such as the use of 
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condoms, detecting and treating them in early stages, or even introducing screening 
programs in the population groups with increased risk of contracting such infec-
tions. However, there are certain constraints that prevent the effective application 
of prevention methods such as: the lack of sexual education programs for children 
and young people, the available time of clinicians, and, finally, the financial aspects 
regarding the costs for the implementation of modern laboratory methods for accu-
rate detection of the causative pathogen or determination of antibiotic resistance. As 
the prevalence of bacterial STIs is increasing in the MSM community, a recent pilot 
study demonstrated the effectiveness of reducing the transmission of these bacterial 
infections using pre-exposure prophylaxis by daily administration of doxycycline to 
men in this community [24].
  Besides this, there are opinions that claim that vaccination against sexually 

transmitted pathogens would be indicated, especially in the case of N. gonorrhoeae. 
This approach can be successful if the origins of antibodies in the genital tract and the 
mechanisms by which they could exercise protective immunity are elucidated [25]. In 
recent years, progress has been made regarding the understanding of the molecular 
basis of the pathogenesis of the infection and the mechanisms of host cell damage, 
including those of escape from immune surveillance with the aim of obtaining effec-
tive vaccines against these bacteria.
  Therefore, this book attempts a new approach regarding different aspects of 

bacterial STIs, presenting points of view, challenges, or individual research, to 
open new perspectives on this field in order to use advanced methods of diagnosis, 
treatment, control, and prevention of these infections that affect a large part of the 
population all over the world.
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Abstract

Sexually transmitted diseases are among the most contagious infections caused 
by a variety of microorganisms such as viruses, bacteria, fungi, and protozoa. 
Worldwide, the incidence of bacterial sexually transmitted infections has shown a 
gradual increase in recent years. Common bacterial sexually transmitted diseases are 
Chlamydia, gonorrhea, and syphilis. Any person with signs or symptoms suggestive 
of bacterial sexually transmitted infections should receive a test, even if he or she does 
not have symptoms or know of a sex partner. Bacterial sexually transmitted diseases 
can be cured with the right treatment. It is important to take all medications based 
on the prescription to cure the sexually transmitted infection. Chlamydia is the most 
common bacterial sexually transmitted infection globally. Gonorrhea strains that are 
multi-drug resistant have been widely dispersed worldwide. Neisseria gonorrhoeae 
has a high level of antibiotic resistance, leading to untreatable infections that could 
one day pose a serious threat to public health and present the greatest obstacles to the 
prevention and management of sexually transmitted illnesses. Because there is no 
documented penicillin resistance, penicillin remains the first-line therapy for syphilis.

Keywords: sexually transmitted infections, bacterial infections, Syphilis, Chlamydia, 
Gonorrhea

1. Introduction

Sexually transmitted diseases (STDs), often known as “venereal diseases,” are
among the most contagious diseases and are caused by a variety of microorganisms 
that differ in symptomology, size, life cycle, and treatment susceptibility. Bacteria, 
viruses, fungi, and protozoa are indeed the pathogens of STDs [1, 2].

These germs can spread from one person to another through blood, sperm, 
vaginal, and other physiological fluids. As a result, sexually transmitted infections 
(STIs) are passed from one person to the next by close physical contact, primarily but 
not solely through sexual intercourse. Ejaculation does not have to occur for STIs to be 
transmitted from person to person [1, 3].

Nonsexual transmission of these infections happens often from mother to new-
born during pregnancy and childbirth, through blood transfusions, and through the 
sharing of unsterilized needles. Any sexually active individual should discuss his or 
her risk factors for STIs with health professionals and ask to get a test because anyone 
may have an STI even without showing any symptoms [1].

8



Bacterial Sexually Transmitted Infections - New Findings, Diagnosis, Treatment, and Prevention

2

Although some infections, including meningitis, can be transmitted through 
sexual contact, they are not considered STDs because the germs that cause menin-
gitis can already be found in the body or in the environment, and people can get the 
disease for a variety of reasons [1, 2].

The prevalence of STDs remains high in poor nations, with emerging countries 
bearing a disproportionate share of the burden. The World Health Organization 
(WHO) estimates that 374 million new infections with one of four STIs will occur 
in 2020, which indicates that there are almost 1 million STIs acquired every day. The 
most prevalent STI is Chlamydia, which accounts for 129 million new infections each 
year. Gonorrhea has 82 million new infections per year, and syphilis has 42 million 
new infections annually [3].

Common bacterial STIs may affect the anorectum and perianal skin. Some 
of these infections are a result of the contiguous spread of sexual intercourse. 
Worldwide, the incidence of bacterial STIs has shown a gradual increase in recent 
years. The fast spread of these infections may be due to their varied clinical presenta-
tion, which includes pharyngeal, rectal, and urogenital involvement, as well as a 
significant number of asymptomatic cases [4, 5].

The symptoms of STIs differ between individuals depending on the causative 
pathogens, and commonly, many people may not experience any symptoms at all. 
Immediate initiation of STIs treatment is important to minimize the long-term 
complications of STIs and also prevent the transmission of infections to other people. 
Common bacterial sexually transmitted diseases are Chlamydia, gonorrhea, and 
syphilis [1].

2. Chlamydia

Chlamydia is a bacterial STD caused by the organism Chlamydia trachomatis  
(C. trachomatis), an intracellular organism that produces clinical illness within 
1–2 weeks after exposure, which can damage a woman's reproductive organs and 
cause cervicitis, urethritis, and prostatitis, which occur mostly in young (15–24-year-
old) individuals, mostly prevalent in young women [6].

The infection is more likely transmitted during unprotected sexual intercourse 
through vaginal, anal, or oral sex with someone with the infection, even though 
semen does not have STI pathogens to transmit the infection from person to person. 
Women can get Chlamydia in the cervix, rectum, and throat. Men can get Chlamydia 
in the urethra, rectum, and throat [6–8]. During childbirth, chlamydial infection is 
also passed from mother to baby [9, 10].

For behavioral, biological, and cultural reasons, sexually active young individuals 
are at high risk of getting chlamydial infection. Multiple abnormalities can result 
from C. trachomatis infection in women including pelvic inflammatory diseases 
(PIDs), ectopic pregnancy, and infertility. Sometimes women receiving a diagnosis 
of uncomplicated cervical infection may have asymptomatic upper genital tract 
infection [6].

Chlamydial infection is commonly asymptomatic both in women and men. Health 
sector institutions frequently rely on screening tests for all sexually active women 
aged <25 years, and recommended annual screening for high risky individuals 
(women aged ≥25 years who have more than one sex partner, a new sex partner, or a 
sex partner who has an STIs) to detect chlamydial infection [2].
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  Chlamydia is a global public health problem that is the leading bacterial sexually 
transmitted infection in developed and undeveloped countries.  Nonlymphogranuloma 
venereum  (LGV) serovars infection is mostly asymptomatic but can produce aggres-
sive infection manifest by perianal, anal, or rectal ulceration with resulting pain and 
discharge [11].
  Even though evidences are insufficient to recommend routine screening for C.
trachomatis among sexually active young men because of different factors (i.e., effi-
cacy, feasibility, and cost-effectiveness), where there are clinical settings with a high 
prevalence of Chlamydia sexually active young men should be screened. The primary 
focus of women diagnosed with Chlamydia infection should be to detect and treat the 
infection, prevent complications, and to treat their partners, whereas men should be 
screened for Chlamydia only when resources permit and prevalence is high [2].

2.1 Clinical manifestation

  Chlamydia trachomatis  causes infection of the lower and upper genital tracts
of both sexes, thus having a great influence on reproductive health. Chlamydia
usually does not cause any symptoms but can still transmit the disease to others.
Asymptomatic infection is frequent in women; many women with Chlamydia sam-
pled from the cervix have no signs or symptoms of infection [6, 12].
  No genital symptoms are specifically correlated with chlamydial cervical infec-
tion. But over 70% of men experience symptoms, such as urethral discharge, penile 
discomfort, and dysuria, which may cause serious complications that result in 
irreversible damage, including infertility [13].
  Chlamydial infection may cause induced endocervical bleeding and mucopurulent 
endocervical discharge. The observation of purulent yellow or greenish cervical dis-
charge on a cervical swab is associated with the presence of chlamydial infection [14].
When a woman does not receive treatment; Chlamydia can spread into the uterus or 
fallopian tubes, causing PIDs, which occur in about 10–15% of women [6, 15, 16]. In 
young, sexually active men, about 70% of acute epididymitis appears to be attribut-
able to chlamydial infection [17].

2.2 Diagnosis

  Since chlamydial infections may not have specific symptoms and are often indistin-
guishable, laboratory diagnosis is necessary to identify the correct etiology; the cell culture,
and nucleic acid amplification tests (NAATs) were the gold standard tests for detection for 
years. Cell culture is the most sensitive test to use on easy-to-obtain specimens [10, 13].
  The other most widely used diagnostic methods are the direct fluorescent antibody
(DFA) and enzyme immunoassay (EIA) tests. Polymerase chain reaction (PCR) in
the diagnosis of chlamydial infection has also been a gold standard [18]. Chlamydial 
trachomatis infection can be diagnosed by cervical or vaginal swabs or first-void
urine for women, and for men can be diagnosed by testing a urethral swab or first-
void urine similar to women [2].

2.3 Treatment

  Chlamydia can be cured easily with antibiotic medications. Although medical 
treatment will cure the infection, the disease will not repair any long-term damage

10



Bacterial Sexually Transmitted Infections - New Findings, Diagnosis, Treatment, and Prevention

4

alone. To prevent spreading the infection to sex partners, patients starting single-dose 
antibiotic therapy should not have sex until the treatment is completed [6]. In some 
cases, chlamydial infection recurs 3–6 weeks after treatment [19].

• Adolescent and adult chlamydial infection treatment regimen: doxycycline 
100 mg orally two times/day for 7 days; alternatively; azithromycin 1 g orally in a 
single-dose or levofloxacin 500 mg orally once daily for 7 days are recommended.

• Azithromycin 1 g orally in a single dose is recommended for chlamydial infection 
during pregnancy or amoxicillin 500 mg orally three times per day for 7 days.

• The following is the recommended treatment regimen for neonatal chlamydial 
infection: Erythromycin base or ethyl succinate 50 mg/kg body weight per day, 
divided into four doses per day for 14 days

• For pregnant women with chlamydial infection, a single dose of azithromycin 1 g 
orally is recommended, and alternatively amoxicillin 500 mg orally three times a 
day for 7 days [2].

3. Additional management considerations

An individual treated for Chlamydia infection should be instructed to abstain 
from sexual intercourse for 7 days after single-dose therapy to minimize disease 
transmission to their sexual partners. To minimize the risk of reinfection, an infected 
person should abstain from sexual intercourse until all of their sex partners have been 
treated.

Multiple coinfections may happen when a person receives a diagnosis of 
Chlamydia infection and should be tested for human immunodeficiency virus 
(HIV), syphilis, and gonorrhea. Test of cure to detect therapeutic failure is not 
advised for non-pregnant persons treated with the recommended unless thera-
peutic adherence is in question, reinfection is suspected or symptoms persist. If 
an individual had sexual contact with chlamydial infected person, the sex partners 
of the infected person should be referred for evaluation, testing, and presumptive 
treatment [2].

4. Gonorrhea

Gonorrhea is an STD that is caused by the bacterium Neisseria Gonorrhoeae  
(N. gonorrhoeae) that can infect all individuals. Gram-negative diplococcus, N. gonor-
rhoeae, is initially identified in 1879 by Albert Neisser from exudates of urethritis and 
cervicitis. Humans are the only natural reservoir of N. gonorrhoeae with an incubation 
period of 1–14 days [5, 20].

It can cause infections in the genitals, rectum, and throat, which affect young 
people ages 15–24 years. Men who experience symptomatic urethral infections may 
seek curative therapy, whereas women frequently experience asymptomatic infec-
tions caused by N. gonorrhoeae. Asymptomatic infection from N. Gonorrhoeae may 
affect the women’s urethra, endocervix, rectum, and pharynx, which make up the 
main reservoir for gonococcal infection [21].
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  Gonorrhea can spread by having sexual contact with an infected person,
and from mother to child during childbirth. Gonorrhea is the second com-
monly reported bacterial sexually transmitted diseases, and the incidence of
new cases of gonorrhea is especially high in developing countries, which can 
produce symptoms in men that cause them to seek curative treatment to prevent 
complications [22, 23].
  Annual screening for  N. Gonorrhoeae  infection is recommended for all sexually 
active women aged <25 years and for older women at increased risk for infection.
Risk factors for gonorrheal infection include inconsistent condom use among persons 
who are not in mutually monogamous relationships, exchanging sex for money, and 
coexisting STIs [2].

4.1 Clinical manifestation

  Gonorrhea may have no symptoms, but some men may have a burning sensation 
when urinating; white, yellow, or green discharge from the penis; painful or swol-
len testicles, and some women may often have a painful or burning sensation when 
urinating; increased vaginal discharge/vaginal bleeding, which may have a risk of 
developing serious complications [24].
  If gonorrhea is not appropriately treated, it can lead to pelvic inflammatory
disease, infertility, and ectopic pregnancy. Pregnant women can pass the gonorrheal 
infection to their babies during childbirth, and the newborn can become blind or have 
life-threatening infections as a result [21].
  Anorectal gonococcal infection shows a thick purulent discharge that is expressed 
from the anal crypts in response to external anal pressure. Nonspecific findings of 
mucosal erythema, edema, friability, and pus are noted in infected individuals with 
proctitis from rectal infection [4].

4.2 Diagnosis

  Specific microbiologic diagnosis of  N. gonorrhoeae  infection should be performed 
for all persons at risk of having gonorrhea, which can potentially reduce many
related complications [2]. Urine can be used to test for ureteral infection of gonor-
rhea. However, if there is oral and/or anal sex, swabs may be used to collect samples 
from the throat, rectum, and cervix. Cell culture, nucleic acid hybridization tests
(NAHTs), and nucleic acid amplification tests (NAATs) are available for the detection 
of genitourinary infection with  N. gonorrhoeae  [20].
  The standard diagnostic procedure for men with symptomatic urethritis is the 
gram stain, because of its high specificity and sensitivity. However, in asymptom-
atic men or women with genital infections, the Gram stain is less useful because of 
its lower sensitivity. Gram stain of endocervical specimens, pharyngeal specimens,
or rectal specimens is not sufficient to detect infection and therefore is not 
recommended [25].
  The result of cultural diagnosis may be reduced if lubricants with antibacterial 
agents are used during anoscopy, which makes water a recommended lubricant in 
this setting. There are no approved nucleic acid amplification tests for rectal infec-
tion, while nonculture techniques are gaining acceptance in genital gonococcal 
infections [26].
  Certain NAATs that have been demonstrated to detect Neisseria species might have 
low specificity when diagnosing oropharyngeal specimens for  N. Gonorrhoeae  but
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NAAT sensitivity for identifying N. Gonorrhoeae from nongenital and urogenital sites 
is superior to culture even though it may vary by NAAT type. Optimal specimen types 
for gonorrhea screening using NAATs include vaginal swab specimens for women and 
first-void urine for men [27].

4.3 Treatment

Gonorrhea treatment is complicated by the ability of N. Gonorrhoeae to develop 
resistance to antimicrobials. There is a high level of antimicrobial resistance in  
N. Gonorrhoeae, resulting in untreatable infections that in the future may become a 
significant major public health issue and pose the greatest challenges to the preven-
tion and control of sexually transmitted infections [20].

Many of the previously recommended therapies are no longer effective, which 
makes treatment opportunities for N. Gonorrhoeae limited. Therefore, new dual anti-
microbial treatment regimens are urgently needed [20, 28]. Zoliflodacin is the new 
recommended oral antibiotic that successfully treats most cases of uncomplicated 
gonorrhea [21].

• Recommendation regimen for gonorrheal infection of the pharynx, cervix, 
urethra, or rectum that is not complicated. If chlamydial infection has not been 
ruled out, treat for 7 days with doxycycline 100 mg orally twice a day.

• Alternative regimens if ceftriaxone is not available; gentamicin 240 mg IM in 
a single-dose, plus azithromycin 2 g orally in a single dose, or cefixime 800 mg 
orally in a single-dose [2].

5. Antimicrobial-resistant N. gonorrhoeae

Gonorrhea treatment may be complicated by the ability of N. gonorrhoeae specious 
to develop resistance to antimicrobials drugs. Due to the emerging antimicrobial 
resistance dual therapy for gonorrhea with a cephalosporin plus either azithromycin 
or doxycycline, even if NAAT for C. trachomatis was negative at the time of treatment 
recommended by the center for disease control in 2010. Azithromycin might predis-
pose to resistance due to its prolonged half-life [27].

6. Syphilis

Syphilis is one of the most prevalent bacterial STDs caused by the Treponema 
pallidum T. pallidum) bacterium. It infects the genital area, lips, mouth, or anus of 
both men and women. Syphilis is transmitted between people by direct contact with 
a syphilis sore during vaginal, anal, or oral sex and can spread from a mother with 
syphilis to her unborn baby during pregnancy and childbirth. It is not transmitted 
through the use of the same toilet; wearing the patient's clothes, or even using food 
utensils [12].

It is a contagious disease that can cause serious health problems, such as arthritis, 
brain damage, dementia, and blindness, and may lead to death if left untreated. 
Syphilis is often difficult to diagnose, and the patient may not have any symptoms for 
years [1].
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  T. pallidum  can infect the central nervous system at any stage of syphilis that result 
in neurosyphilis. Early neurologic clinical manifestations of syphilitic meningitis are 
usually present within the first few months of infection. Late neurologic manifesta-
tions occur 10 to >30 years after infection. Ocular syphilis and otosyphilis can occur
at any stage of syphilis but are commonly identified during the early stages and can 
occur with or without central nervous system (CNS) involvement [2].

6.1 Stages of Syphilis

  Syphilis infection is divided into four stages with different symptoms that appear 
in the patient. The symptoms and signs associated with each stage may overlap
each other, and symptoms may not appear in order. Some patients have not had any 
symptoms for years. After the initial infection, the bacterium  T. pallidum  can remain 
inactive in the body before becoming active many times, and it needs 21 days to show 
the first symptom after the acquisition of a syphilis infection [5, 29].
  Primary syphilis:  During the primary stage of syphilis, a single sore or multiple 
sores may be noticed, which usually lasts 3–6 weeks and heals regardless of taking the 
treatment. The primary stage of anorectal syphilis that comes through anal inter-
course appears within 2–10 weeks of exposure. The anal chancre is a small indurated 
papule that eventually upgraded to anal ulcers; located on the perianal skin or in the 
anal canal; may be single or multiple; are associated with painless but prominent 
inguinal lymphadenopathy but heals without treatment in 2–4 weeks. Anal ulcers 
contrasts with genital ulcers are frequently painful [30, 31]. Even after the sore goes 
away, continuing the treatment is recommended; this will stop the infection from 
moving to the secondary stage [29].
  Secondary syphilis:  Four to ten weeks after primary syphilis appears, the spread-
ing of hematogenous untreated syphilis infection leads to secondary stage syphilis [4].
During the secondary stage, the patient may have skin rashes and/or mucous mem-
brane lesions. The rash can appear 2–8 weeks after the chancre develops and sometimes 
before it heals. The rash may look like rough, red, or reddish-brown spots on the 
bottoms of the feet and the palms of the hands. This rash does not usually cause itching,
but it may be accompanied by wart-like sores in the mouth and sexual areas [29].
  The infection is highly contagious during this stage. The symptoms at this stage 
will go away when the treatment is initiated. Without the right treatment, the infec-
tion will move to the latent and tertiary stages of syphilis [1, 5, 29]. The majority of 
untreated symptoms of syphilis spontaneously resolve after 12 weeks. One-fourth of 
these untreated patients will experience early latent syphilis [4].
  Latent syphilis:  The latent stage of syphilis is a period when there are no visible 
signs or symptoms. Without treatment, the infected person continues to have syphilis 
in his/her body for years. The infection is contagious in the early part of the latent 
stage and may continue its transmission even without showing symptoms [1, 29].
  Tertiary/Late syphilis:  This is the most destructive stage, in which complications
of syphilis appear in patients who have not undergone the required treatment. Tertiary 
syphilis is very serious and would occur 10–30 years after the infection began. In ter-
tiary syphilis, the disease damages the internal organs, which results in death [1, 4, 29].

6.2 Diagnosis

  Dark field microscopic examinations and molecular tests for detecting  T. Pallidum 
directly from lesion exudate are methods for diagnosing early syphilis and congenital
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syphilis. Another method for diagnosis is the demonstration of spirochetes in biopsy 
specimens stained with Warthin-Starry Silver. Alternatively, a direct fluorescent 
antibody test for T. Pallidum is performed by some laboratories (11,25).

A nontreponemal test (i.e., venereal disease research laboratory [VDRL] or rapid 
plasma reagin [RPR] test) and a treponemal test (Treponema pallidum passive particle 
agglutination [TP-PA] assay), chemiluminescence immunoassays [CIAs] and immu-
noblots, or rapid treponemal assays are the diagnostic methods of syphilis [4, 29].

6.3 Treatment

• For adults and adolescents with primary, secondary, or early latent syphilis; 
benzathine penicillin (G 2.4 million units) is administered intramuscularly in a 
single dose.

• For adults and adolescents with late latent syphilis or latent syphilis of unknown 
duration; benzathine penicillin G 7.2 million units total, administered as three 
doses of 2.4 million units each administered intramuscularly at weekly intervals.

• For neurosyphilis, ocular syphilis, or otosyphilis; aqueous crystalline penicillin 
G 18–24 million units per day, administered as 3–4 million units intravenously 
every 4 hours or continuous infusion for 10–14 days [2, 32].

7. Additional management options

All individuals who have primary and secondary syphilis are encouraged to take 
an HIV test at the time of diagnosis and treatment and recommended to offered HIV 
PrEP for negative HIV test results. Persons who have symptomatic neurologic syphilis 
disease should have an evaluation that includes cerebral spinal fluid analysis and 
individuals with syphilis who have symptoms of ocular syphilis should have cranial 
nerve and ophthalmologic examinations [2].

8. Follow-Up

Clinical and serologic investigations should be needed within 12 months of treatment; 
if conditions for follow-up are uncertain more frequent evaluation might be prudent. 
Assessing serologic response to treatment can be difficult, and definitive criteria for 
evaluating treatment outcomes by serologic criteria have not been well established [33].

In addition, nontreponemal test titers might decrease more slowly for persons 
previously treated for syphilis. Among individuals with neurologic findings without 
any reported sexual exposure during the previous 3–6 months indicating that treat-
ment failure might be possible, a cerebral spinal fluid examination is recommended, 
and should also be reevaluated for HIV infection [34].

9. Prevention of bacterial STDs

Abstain: When there is no open discussion about a sexual partner’s past sexual health 
history, abstaining from sexual activity is the most efficient strategy to avoid STIs.
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  Communicate and double-check: Always discuss safe sex prior participating in 
just about any substantial sexual contact. Because sexually transmitted illnesses do 
not often show symptoms, it is possible to be infected without realizing it. So, avoid 
vaginal and anal intercourse before checking for STDs. Oral sex was not without risks, 
but it is less dangerous. To avoid direct touch, use a latex condom or a dental dam.
  Use condoms and dental dams consistently: If abstinence is not the first choice, 

use latex condoms to decrease the possibility of getting infected with sexually trans-
mitted illnesses. When using a latex condom or dental dam, avoid using petroleum 
lubricants like petroleum jelly. Furthermore, condoms composed of natural mem-
branes are ineffective at preventing STDs.
  Avoid excessive alcohol or drugs: People who are prone to consuming excessive 

alcohol or drugs are more likely to take sexual risks [5].

Abbreviations

CNS 
CIAs 
DFA 
EIA 
LGV 
NAATs 
RPR 
STDs 
STIs 
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Sexually Transmitted Diseases 
in Pediatrics
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Abstract

The scope of this chapter would be describing bacterial sexually transmitted
diseases that are of interest in pediatric population such as gonorrhea and syphilis.
Currently, this diseases has been reported an increased incidence mostly in adoles-
cents in different regions around the world such as Australia and United States. These
diseases sometimes considered anecdotal are always difficult to manage because they
are considered taboos; diagnosis and treatment are challenging because of the inter-
action with the child and his/her parents. Other diseases such as chlamydia are also
taking a great importance in populations from 10 to 24 years old due to the high
transmission, high incidence, and complications such as infertility, almost 80% or
chlamydia infections are asymptomatic in women being one of the leading causes of
infertility that could be permanent. In this chapter, we will be discussing about the
main factors of this diseases, how to manage from pediatric perspective, the most
novel diagnostic tests and treatments (if available), and any vaccine development
possibilities.

Keywords: syphilis, gonorrhea, chlamydia, trichomoniasis, sexually transmitted
diseases, sexual abuse

1. Introduction

Sexually transmitted diseases (STDs) surveillance is key to understand the
surveillance and the burden of these diseases in pediatrics. In this chapter, we will be
presenting the key features of bacterial sexually transmitted diseases in general and
focus on the pediatric population. Pediatric aspects of sexually transmitted diseases
are important because these are the basis for the development of new public health
tools for prevention. Most of these diseases can be treated; nevertheless, the continu-
ous use of antibiotic therapy is already giving trouble with antibiotic resistance as it is
the case of gonorrhea. New generations have a more open sexual behavior and are also
starting earlier sexual contacts, which makes crucial the development of new ways of
sexual education and the development of vaccines that can be started in younger
populations.
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2. Epidemiology

In 2016, the World Health Organization (WHO) estimated the global prevalence
and incidence of bacterial sexually transmitted diseases in population from 15 to
49 years of age; for this estimation, almost 130 studies were reviewed. The estimated
prevalence for Chlamydia, Trichomonas, Syphilis, and Gonorrhea taking into account
the prevalence data from 2009 to 2016 and per gender is presented in Table 1. The
prevalence of these diseases is inversely proportional to the income in the countries
and regions; with higher incomes, the prevalence goes lower. Incidence of these
pathogens per gender is presented in Table 2 [1].

In the 2020 National Surveillance of STDs in the United States, a total of 1,579,885
cases of Chlamydia trachomatis infection were reported to the CDC, making it the
most common notifiable sexually transmitted infection in the United States for that
year. This case count corresponds to a rate of 481.3 per 100,000 population; for
syphilis, 133,945 cases were reported including 41,655 cases of primary and secondary
syphilis, the most infectious stages of the disease. Since 2000, rates of primary and
secondary syphilis have increased among men, likely attributable to increases in cases
among men having sex with men (MSM). For Gonorrhea, a total of 677,769 cases were
reported do the CDC, making it the second most common notifiable sexually trans-
mitted infection in the United States for that year. In the case of Trichomoniasis, in
2018, 2.6 million infections were reported; this pathogen can increase the risk of HIV
and preterm deliveries with low birth weight. The prevalence of Trichomonas
vaginalis in the United States is 2.1% among women aged 14–59 and 0.5% among men
(representative sample from 2013 to2016). If we compare 2016 report with the 2020
report, it seems that there was a decrease in the number of cases; but this is indeed an
artifact due to COVID-19 pandemic. Even in the face of COVID-19, an important
number of STDs were reported; [2, 3] number of cases by selected groups of age and
from this survey (Trichomoniasis was not included) are presented in Table 3.

From Table 3, Chlamydia, Gonorrhea, and Syphilis cases start rising at 15 years of
age; with the highest peak from 20 to 24 years of age; 25–29 years, it is still higher, and
the cases start to decline at 30 years of age and keep decreasing. This epidemiological

Gender WHO 2016 estimated global prevalence, % (95% UI-uncertainty index)

Chlamydia Gonorrhea Trichomoniasis Syphilis

Women 3.8 (3.3–4.5) 0.9 (0.7–1.1) 5.3 (4.0–7.2) 0.5 (0.5–0.6)

Men 2.7 (1.9–3.7) 0.7 (0.5–1.1) 0.6 (0.4–0.9) 0.5 (0.4–0.6)

Table 1.
2016 WHO prevalence estimates of chlamydia, gonorrhea, Trichomoniasis, and syphilis, global by gender.

Gender WHO 2016 estimated global incidence, cases per 1000 (95% UI-uncertainty index)

Chlamydia Gonorrhea Trichomoniasis Syphilis

Women 34 (25–45) 20 (14–28) 40 (27–58) 1.7 (1.4–2.0)

Men 33 (21–48) 26 (15–41) 42 (23–69) 1.6 (1.3–1.9)

Table 2.
2016 WHO incidence estimates of chlamydia, gonorrhea, Trichomoniasis, and syphilis, global by gender.
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behavior is the basis of the development of public health measurements, treatment,
and eventually, vaccine development.

3. The pathogens

Bacteria causing STDs have similar features related to their biology and mecha-
nisms of infection. C. trachomatis (CT) is a Gram-negative obligate intracellular
bacterium discovered in 1907, humans are its exclusive natural host; serovars associ-
ated with sexually transmitted infection are D–K. Chlamydiae are obligate intracellu-
lar bacteria with two development forms, the infectious elementary body (EB) and
the active division body that is not infectious, reticulate body (RB). Once a cell is
infected, the EBs can differentiate to RBs, and after a cycle of around 2 days, more EBs
can be released by lysis of the host cell or by the active release of inclusions [4–7].
Neisseria gonorrhea (Ng) is also a Gram-negative bacterium obligated human patho-
gen described for the first time by Albert Neisser on 1879. CDC provides data on
reported gonorrhea morbidity since the 1940s. Ng has evolved mechanisms for evad-
ing innate immunity and suppressing adaptive immune responses, like CT [8–10].

Syphilis pathogen is a spirochaete, Treponema pallidum (Tp); analysis based on
the mutation rates of this pathogen suggests that venereal syphilis diverged several
thousand years ago from Africa; this contradicts the Columbian hypothesis, in which
the idea was that the shipmates of Christopher Columbus “Cristóbal Colón” brought
the newly evolved venereal disease from the New World into Western Europe in the
late fifteenth century; again like CT and Ng, Tp is an obligate human pathogen
[11, 12].

Even the title of this chapter refers to bacterial STDs, Trichomonas vaginalis (Tv)
deserved to be included since it is the most prevalent curable STD globally. Tv is a

Rates per 100,000 of reported cases by age group, gender, and diseaseAge group (years)
United States, 2020

SyphilisGonorrheaChlamydia

FemaleMaleFemaleMaleFemaleMale

10– 0.20.123.35.585.411.314

15– 5.910.9616.4369.02857.9846.319

20– 14.343.5866.9821.53729.61627.324

25– 14.458.1505.3727.91548.0988.329

30– 13.055.7312.3567.6713.3611.734

35– 9.139.4180.6357.4332.3340.739

40– 7.329.9101.5240.3168.5203.344

45– 3.421.037.0124.759.798.854

55– 0.911.49.457.016.538.764

0.12.11.110.32.06.465+

4.720.8174.5238.5616.5339.4Total

Table 3.
Sexually transmitted disease CDC surveillance 2020 (adapted from the CDC report, division of STD prevention).
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flagellated protozoan parasite of the human genital tract. Tv has no cystic stage in its
life cycle, four anterior flagella provide the parasite its characteristic motility, and its
single posterior flagellum assists the motility of extracellular nutrients toward the
cytosome of the cell [13].

4. The disease

4.1 Pathogenesis and transmission

All the included pathogens are highly transmissible, one of the most important
features for this is that most of the infected people, mostly women, remain asymp-
tomatic and do not seek treatment. All of these diseases are transmitted during sexual
intercourse.

CT can avoid destruction by the host’s innate and adaptive immune systems by
autophagy, which allows CT to migrate to the upper genital tract for establishing a
chronic infection. Without treatment, up to 50% of infected women will continue to
be infected for greater than 1 year. CT can be in the semen of infected males or can be
released from infected female genital tract epithelial cell. CT can bind to almost all
receptors in the epithelial cell (i.e. mannose, mannose-6-phosphate, epidermal growth
factor, B1 integrin, platelet-derived growth factor receptor, protein disulfide isomer-
ase, fibroblast growth factor receptor, and ephrin receptor A2). CT induces actin
remodeling that facilitates the entry in the cytoplasm. The EBs are internalized in
vacuoles and form an intracytoplasmic inclusion, which can evolve to RBs, these RBs
are the non-infectious replicative form and use nutrients within the host cytoplasm
and replicate by binary fission, when the RB-filled inclusion reaches critical volume,
RBs convert back to EBs, and they can be released to the extracellular milieu by two
mechanisms: host lysis or extrusion of the cytoplasmic inclusion [4, 14].

Ng affects the urogenital tract, mostly the columnar and transitional epithelia. Ng
prevents complement activation, opsonization, and bacterial killing. Ng prevents
complement activation, opsonization, and bacterial killing and can survive in and
around the macrophages and neutrophils during infection and modulate the immune-
activating properties of dendritic cells. Ng infection does not generate immunological
memory, owing to the ability of Ng antigenically and phase vary its surface structures.
In men, Ng attaches to sperm, which is easily transmitted from men to their partners
through ejaculates with high number of bacteria. In women, bacterial sialidases, which
are secreted by the cervicovaginal microbiota of women, must first desialylate Ng
lipooligosaccharide to enable efficient transmission [10].

In the case of Tp, the mechanisms of tissue damage by Tp are still not well described.
The local inflammation process has been attributed to the spirochete itself; nevertheless,
the fragility and low protein content of its outer membrane make it very difficult to well
characterize them. A well definition of protective immunity is still unavailable. Trans-
mission of venereal syphilis occurs during sexual contact with an actively infected
partner, same as the other three diseases described in this chapter; with only 10 organ-
isms in the exudate, the disease can be transmitted. Tp can penetrate directly the
mucous membranes and adhere to the epithelial cells and extracellular matrix compo-
nents for establishing the infection, fibronectin and laminin are key for Tp interactions
with the cell. The infection becomes systemic very fast, once the blood–brain barrier is
reached (this happens in as many as 40% of individuals with syphilis), early syphilis
without treatment can cause severe neurological complications [12].
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  Tv  transmission  occurs  almost  exclusively  via  sexual  contact,  even  some  transmis-
sion  via  fomites  has  been  argued,  which  is  highly  controversial  and  lacks  strong 
evidence.  During  sexual  intercourse,  Tv  in  the  genital  tract  of  the  infected  partner  is  
transferred  to  the  uninfected  partner,  when  Tv  reaches  the  epithelial  cells,  Tv  assumes 
an  ameboid  form  increasing  its  surface  area  contact.  The  five  primary  surface  adhesins 
responsible  for  the  attachment  of  the  parasite  to  the  epithelia  are  AP120,  AP65,  AP51,
AP33,  and  AP23.  Iron  is  the  most  important  mediator  of  Tv  growth  [13].

4.2  Clinical  manifestations

  It  can  be  said  that  all  these  diseases  have  similar  clinical  manifestations  including 
purulent  exudates  in  male  urethra  and  female  cervix  and  urinary  tract  infection 
manifestations.  Also,  one  common  feature  is  that  all  of  them  can  be  asymptomatic,  at
least  for  some  time.  Common  clinical  manifestations  are  presented  in  Table  4  for 
comparison  purposes.  Special  characteristics  are  described  in  the  next  subsections.

4.2.1  Chlamydia  in  pediatrics

4.2.1.1  Chlamydia  neonatorum

  Chlamydia  can  be  presented  in  different  age  groups  in  pediatrics.  In  the  neonate,  it  
is  also  known  as  Chlamydia  neonatorum.  Infection  in  neonates  results  from  perinatal 
exposure  to  the  mother’s  infected  cervix.  Initial  infection  involves  the  mucous  mem-
branes  of  the  eye,  oropharynx,  urogenital  tract,  and  rectum,  although  infection  might 
be  asymptomatic  in  these  locations.  The  most  common  manifestation  in  neonates  is 
conjunctivitis  that  develops  5–12  days  after  birth.  Nowadays,  this  infection  is  much 
less  frequent  due  to  widespread  prenatal  screening  and  treatment  of  pregnant  women.

4.2.1.2  Chlamydial  pneumonia  among  infants

  This  type  of  pneumonia  typically  occurs  at  age  1–3  months  and  is  a  subacute 
pneumonia.  Characteristic  signs  include  a  repetitive  staccato  cough  with  tachypnea 
and  hyperinflation  and  bilateral  diffuse  infiltrates  on  a  chest  radiograph.  Peripheral
eosinophilia  (≥400  cells/mm3)  occurs  frequently.  Considering  that  this  clinical  pre-
sentation  is  broad,  symptoms  of  pneumonia  in  infants  aged  1–3  months  and  especially 
those  whose  mothers  have  a  history  of  are  at  risk  for  or  suspected  of  having  a
chlamydial  infection  should  be  tested  for  C.  trachomatis  and  treated  if  infected.
Mothers  at  risk  include  aged  <25  years  and  those  aged  ≥25  years  who  have  a  new  sex 
partner,  more  than  one  sex  partner,  a  sex  partner  with  concurrent  partners,  or  a  sex
partner  who  has  or  had  a  sexually  transmitted  disease/infection.

4.2.2  Neisseria  gonorrhea  in  pediatrics

4.2.2.1  Neisseria  gonorrhea  in  neonates

  In  the  neonatal  period,  infections  due  to  Ng  result  from  perinatal  exposure  to  the 
infected  cervix  of  the  mother.
  Ophthalmia  neonatorum  can  result  in  perforation  of  the  globe  of  the  eye  and 
blindness.  Newborns  at  increased  risk  for  gonococcal  ophthalmia  include  those  who 
did  not  receive  ophthalmic  prophylaxis  and  whose  mothers  had  no  prenatal  care,  have

5

23



Clinical manifestation CT Ng Tp Tv

Can be asymptomatic? Yes, very
frequent
mainly in
females

Yes, very
frequent
mainly in
females

Varied and often subtle
manifestations, it is
called the Great Imitator.
First manifestation could
be a single ulcer
(chancre) or multiple
lesions typically painless
with regional
lymphadenopathy
�3 weeks post-infection
that resolves
spontaneously

Yes in 50% of the cases
and around 30% of them
can develop some
symptoms in the 6-
month period
postinfection

Itching, pain during
intercourse, frothy
discharge, vaginitis in
women, mild to severe
and urethritis with
purulent discharge in
men; urinary tract
infection symptoms in
both

Yes Yes No Yes, In acute cases,
punctate hemorrhagic
spots may be present on
the vaginal and cervical
mucosa (colpitis
macularis, or
“strawberry cervix”)

Pelvic inflammatory
disease

Yes Yes No Yes

Cervical cancer
association

No No No Yes

Infertility Yes Yes Yes Yes

Vertical transmission? Yes Yes Yes Yes

Extragenital infections
are present

Yes
(pharyngitis
and
proctitis)

Yes
(pharyngitis
and
proctitis)

Ocular syphilis and
Otosyphilis can occur at
any stage but is
commonly identified
during the early stages
and can present with or
without additional
Central Nervous System
involvement

Other special features Co-infection
with Ng is
frequent

Co-infection
with CT is
frequent

Ocular syphilis can result
in permanent vision loss.
Otosyphilis typically
presents with cochleo-
vestibular symptoms,
including tinnitus,
vertigo, and
sensorineural hearing
loss. Hearing loss can be
unilateral or bilateral,
have a sudden onset,
progress rapidly, and can
result in permanent
hearing loss

Table 4.
Common clinical features of sexually transmitted diseases (CT, ng, Tp, and Tv).
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a  history  sexually  transmitted  infections  or  history  of  substance  abuse.  A  Gram  stain 
of  the  conjunctival  exudate  will  be  very  helpful  for  a  strong  suspicion  under  the 
finding  of  intracellular  Gram-negative  diplococci.  This  finding  can  justify  the  treat-
ment  for  gonorrhea,  appropriate  cultures  and  antimicrobial  susceptibility  testing  for  
Neisseria  gonorrhoeae  will  be  required.
  Neonates  can  develop  disseminated  gonococcal  infection  that  can  be  presented  as 
sepsis,  arthritis,  or  meningitis.  It  is  a  rare  complication  of  neonatal  gonococcal  infec-
tion.  Localized  gonococcal  infection  of  the  scalp  can  result  from  fetal  monitoring 
through  scalp  electrodes.  Detecting  gonococcal  infection  when  suspected  in  neonates 
will  require  cultures  of  blood,  cerebrospinal  fluid,  or  joint  aspirate.  Positive  Gram-
stained  smears  of  different  specimens  are  considered  strong  evidence  for  initiating 
treatment  for  Ng.
  Another  important  consideration  is  neonates  born  to  mothers  with  untreated  gon-
orrhea.  These  neonates  should  be  tested  and  treated  for  Ng.

4.2.3  Syphilis

  Special  considerations  for  Syphilis  must  be  taken  considering  the  different  clinical 
stages  at  presentation.  Primary  syphilis  classically  presents  as  a  single  painless  ulcer  or 
chancre  at  the  site  of  infection  but  can  also  present  with  multiple,  atypical,  or  painful 
lesions.  Secondary  syphilis  manifestations  can  include  skin  rash,  mucocutaneous 
lesions,  and  lymphadenopathy.  Tertiary  syphilis  can  present  with  cardiac  involve-
ment,  gummatous  lesions,  tabes  dorsalis,  and  general  paresis.  Latent  infections  are  
those  lacking  clinical  manifestations  and  are  detected  by  serologic  testing;  if  this  was 
acquired  within  the  preceding  year  it  is  referred  to  as  early  latent  syphilis;  all  other 
cases  of  latent  syphilis  are  classified  as  late  latent  syphilis  or  latent  syphilis  of 
unknown  duration  [2–16].

4.2.3.1  Syphilis  in  pediatrics

  Infants  and  children  aged  ≥1  month  with  diagnosis  of  syphilis  required  to  be 
evaluated  for  determine  if  syphilis  is  congenital  or  acquired,  when  primary  or  sec-
ondary  syphilis  is  determined,  children  need  to  be  evaluated  by  an  interdisciplinary 
group  including  a  general  pediatrician,  an  pediatric  infectious  disease  specialist,  psy-
chologist,  social  workers,  and  other  specialists  depending  on  the  required  treatment.
Sexual  abuse  must  be  investigated.

  In  the  case  of  latent  syphilis,  cerebrospinal  fluid  must  be  evaluated  in  addition  to 
the  considerations  done  for  primary  and  secondary.

4.2.3.1.1  Congenital  syphilis

  Maternal  risk  factors  for  syphilis  during  pregnancy  include  sex  with  multiple 
partners,  sex  in  conjunction  with  drug  use  or  transactional  sex,  late  entry  to  prenatal 
care  or  no  prenatal  care,  methamphetamine  or  heroine  use,  incarceration  of  the 
woman  or  her  partner,  and  unstable  housing  or  homelessness.
  All  neonates  born  to  mothers  who  have  reactive  non-treponemal  and  treponemal 
test  results  should  be  evaluated  with  quantitative  non-treponemal  serologic  test 
performed  on  the  neonate’s  serum  (umbilical  cord  blood  has  to  be  avoided  due  to  the 
presence  of  maternal  blood),  and  Wharton’s  jelly  could  lead  to  a  false-negative  result.
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Depending of the congenital syphilis possibilities (confirmed proven or highly proba-
ble, possible, less likely, unlikely), different treatment doses can be recommended.
Congenital Syphilis possibilities are presented in Table 5, treatment is described in the
corresponding section.

4.3 Diagnosis

As we previously described, many clinical features are common to these diseases,
when suspected laboratory confirmation is expected and required.

4.3.1 C. trachomatis and Neisseria gonorrhea

In the case of CT and Ng, we can speak about the type of technologies for diagno-
sis: batch testing in a laboratory and point-of-care testing as single tests. Currently, the
gold standard for the diagnosis of both diseases is the Nucleic Acid Amplification
Tests (NAATs). These tests are designed to amplify nucleic acid sequences that are
specific for the organism being detected and do not require viable organisms. These
kinds of tests can detect even a single copy of the target DNA or RNA. Most important
features of batch testing for CT and Ng are included in Table 6 [15].

Congenital
Syphilis

Physical
examination

Serum non-
treponemal
serologic test

Dark field test or
PCR of placenta,
cord, lesions, or
body fluids

Silver
stain of
the
placenta
or cord

Recommended
evaluation

Proven or
highly
probable

Abnormal and
consistent
with
congenital
syphilis

Fourfold or
greater, higher
than the mother’s
titer at delivery

Positive Positive Cerebrospinal fluid
(CSF) analysis for
VDRL, cell count
and protein.
Complete blood
count (CBC) and
differential and
platelet count.
Long-bone
radiographs

Possible Normal Equal to or less
than fourfold of
the maternal titer
at delivery*

NA NA

Less Likely Normal Equal to or less
than fourfold of
the maternal titer
at delivery**

NA NA No evaluation is
recommended

Unlikely Normal Equal to or less
than fourfold of
the maternal titer
at delivery***

NA NA

*And one of the following: mother was not treated (inadequately or not documented), mother was treated with
erythromycin or a non-penicillin G regimen, mother with an adequate treatment but started <30 days before delivery.
**And both of the following are true: Mother was treated adequately for infection stage during pregnancy, and treatment
was started ≥30 days before delivery, and mother has no evidence of reinfection or relapse.***And both of the following
are true: mother’s treatment was adequate before pregnancy, and the mother’s non-treponemal serologic titer remained
low and stable before and ruing pregnancy and at delivery.

Table 5.
Congenital syphilis possibilities.
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In the case of CT, point-of-care-tests can be performed within 30-minute deliver-
ing qualitative results. For Ng, the current point-of-care test is the Gram stain, this is
mostly used in men (urethral exudates); in the case of women, the Gram stain has low
sensitivity; therefore, it is not recommended in women.

4.3.1.1 C. trachomatis diagnostic considerations among infants and children

NAATs can be used to test vaginal and urine specimens from girls and urine in
boys. There are not enough data about using NAATs for specimens from extragenital
sites; nevertheless, there is no evidence supporting that NAAT performance would
differ from that among adults. Because of the implications, only validated NAAT tests
must be used for diagnosing CT in extragenital sites.

4.3.1.2 Neisseria gonorrhea diagnostic considerations among infants and children

Culture and NAATs can be used to test urogenital and extragenital sites in chil-
dren. Same as CT, only validated NAAT tests must be used for the diagnosis of Ng in
samples coming from extragenital sites. It will be very important to take into account
the potential cross-reaction with non-gonococcal Neisseria (i.e., Neisseria meningitidis,
N. sicca, Neisseria lactamica, N. cinerea) and other commensals (Moraxella catarrhalis)
for an adequate interpretation of the results.

NgCTTestType

Batch
Testing

48Culture –72 hours of growth
High variability and low sensitivity
Not for diagnosis

To be examined at 24 hour
interval for ≤72 hours
Even the high sensitivity and
specificity, a very good
transportation is required
Not for diagnosis

Nucleic acid
amplification tests
(NAATs)

(Common to CT and Ng)
Gold standard for diagnosis
Can detect CT and Ng in:
Endocervical swabs from women,
Urethral swabs from men,
Urine from both men and women

CT
Commercial NAATs are not known to
cross-react with DNA from other
bacteria in humans

Ng
Some NAATs might cross-react
with nongonococcal Neisseria
species

Nucleic acid
hybridization
(Nucleic Acid Probe)
Tests

These tests can detect both pathogens in a single specimen.
These tests do not differentiate between the 2 organisms, when positive
tests for each organism are needed
Advantage: store and transport have a maximum of 7 days without
refrigeration

A serologic screening orShould not be used for screeningSerology tests
diagnostic assay is not available

Table 6.
Batch testing diagnostic tests for CT and ng.
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Gram stains are not recommended in prepuberal children for diagnosis, must NOT
be used. In the case of disseminated Ng, culture and antimicrobial susceptibility
testing should be obtained from the relevant clinical sites.

4.3.2 Trichomonas vaginalis

Even wet-mount microscopy has been used as the preferred diagnostic test for
Trichomonas vaginalis, it is true that with the development of more highly sensitive
and specific molecular tests, now the best option is NAATs (98.3% and 99.6%,
respectively). Reliable samples include endocervical and vaginal swabs collected by
clinicians, female urine specimens, and liquid Pap smear specimens [3].

4.3.3 Syphilis

Darkfield examinations and molecular testes for detecting Tp are the definitive
methods for early syphilis and congenital syphilis diagnosis. These tests can be done
from material collected directly from the lesion exudate or tissue. Commercial NAATs
are not available; nevertheless, some laboratories can provide developed and validated
PCR tests.

For a presumptive diagnosis of Syphilis, two types of tests are required:
A Non-treponemal test:

• VDRL (venereal disease research laboratory)

OR

• Rapid plasma reagin (RPR)

AND
A Treponemal test.
Diagnosis of syphilis can start either with a non-treponemal or a treponemal test.
When the first test is a non-treponemal one, confirmation with a treponemal test is

always required due to the multiple medical conditions that could result in a false-
positive nontreponemal test; some of these are HIV, autoimmune conditions,
vaccines, injecting drug use, pregnancy, and older age. Nontreponemal test antibody
titers are useful for monitoring treatment response.

If diagnosis of syphilis is established starting with a treponemal test, a quantitative
non-treponemal test will be needed for patient management decisions. If non-
treponemal test is negative, then the treponemal assay needs to be repeated, this
should be different from the one used for initial testing.

Flow of non-treponemal and treponemal tests for decision-making is presented in
Figure 1.

4.4 Treatment

An important characteristic of these pathogens is the presence of available treat-
ment; nevertheless, antibiotic resistances are becoming a bigger issue every day for
Ng. In the case of CT, event with available treatment, many cases are asymptomatic;
therefore, available treatment is covering this public health issue partially. Special
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considerations for pediatrics must be taken into account mostly for Gonorrhea. In
Table 7, we are presenting the current treatment guidelines per each pathogen [2, 16].

5. Sexual abuse and bacterial sexually transmitted diseases in pediatrics

Sexual abuse should be considered a cause of chlamydial infection among infants
and children. Important note: Perinatally transmitted C. trachomatis infection of the
nasopharynx, urogenital tract, and rectum can persist for 2–3 years, which is also the
most frequent cause of Ng infection in infants and children. If vaginitis is present in
preadolescent girls, Ng must be suspected. Nevertheless, pelvic inflammatory disease
is less common after vaginal infection in preadolescents. With this finding, Ng must
be suspected and tested. Anorectal and pharyngeal infections with Ng in children are
frequently asymptomatic; if suspected, samples from these sites must be tested.

Infants and children aged ≥1 month with primary, secondary, or latent syphilis need
interdisciplinary treatment including a general pediatrician, a pediatric infectious dis-
ease specialist, pediatric psychologist, and social work, which must be evaluated for
sexual abuse, and child protective services must be alerted based on local laws.

In the adolescent population, survivors of sexual assault must be examined by
experienced clinicians, the obtention of genital or other specimens has to be decided
individually and in accordance with local laws. Tv, Ng, and CT are the most common
diagnosed pathogens. NAATs for CT and Ng at the site of penetration and for Tv in

Figure 1.
Traditional and reverse algorithms for syphilis diagnosis.
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urine or vaginal specimen are recommended. Empiric antimicrobial regimens must be 
started, for women must include Ceftriaxone 500 mg IM in a single dose, Doxycycline 
100 mg two times per day orally for 7 days and metronidazole 500 mg two times per 
day orally for 7 days. In men, ceftriaxone and doxycycline are recommended with the 
same doses than women. For persons weighing ≥150 kg, 1 g of ceftriaxone should be 
administered.
  In children, the most important factors that must lead a clinician to evaluate 

sexually transmitted diseases due to sexual abuse include evidence of penetration or 
healed penetrative injury to the genitals, anus, or oropharynx, abuse is reported, the 
child has a relative or another person in his/her same environment with a sexually 
transmitted disease, signs or symptoms such as vaginal discharge or pain, genital 
itching or odor, urinary symptoms, or genital lesions or ulcers.
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Chapter 4

False-Positive Serologic Reactions 
for Syphilis
Nikolay Potekaev, Olga Zhukova and Irina Khamaganova

Abstract

The epidemiologic situation of syphilitic infection warrants attention to diagnostic 
methods. Nontreponemal tests (rapid plasma regain, Venereal Disease Research 
Laboratory) are less reliable, as there are certain situations when false-positive reac-
tions for syphilis antibodies may appear. Variable examinations were performed and 
proved that it was necessary to assess the titer of antibodies, as well as confirmation 
of the diagnosis by treponemal tests (fluorescent treponemal antibody, treponema 
pallidum hemagglutination assay, enzyme immunoassay, Western blot), were obliga-
tory. In recent decades, new methods were elaborated (e.g., BioPlex total screen, tests 
with β2-GPI-dependent anticardiolipin antibody, the ARCHITECT syphilis trepo-
nema pallidum chemiluminescent immunoassay, the Elecsys immunoassay (Roche 
Diagnostics)). We present the review of publications on syphilis serologic diagnostics 
and present our own research. We did not find any mention of a false-positive test 
in atopic dermatitis and present a case of false-positive reactions for syphilis in such 
patients.

Keywords: syphilis, serologic diagnostic, nontreponemal tests, treponemal tests, 
false-positive serologic reactions

1. Introduction

The incidence of syphilis has been increasing from the end of twentieth
 century—early 2000s [1, 2], warranting attention to diagnostic methods. Now we 
have serious problems in serologic diagnostic of different clinical forms of syphilis, 
including those of atypical duration, cardiovascular syphilis, neurosyphilis, congeni-
tal syphilis, latent forms, etc. Nontreponemal tests (rapid plasma regain, Venereal 
Disease Research Laboratory) are less reliable as there are certain situations when 
false-positive reactions for syphilis antibodies may appear. Variable examinations 
were performed and proved that it was necessary to assess the titer of antibodies, as 
well as confirmation of the diagnosis by treponemal tests (fluorescent treponemal 
antibody, treponema pallidum hemagglutination assay, enzyme immunoassay, 
Western blot), were obligatory. In recent decades, new methods were elaborated 
(e.g., BioPlex total screen, tests with β2-GPI-dependent anticardiolipin antibody, 
the ARCHITECT syphilis treponema pallidum chemiluminescent immunoassay, 
the Elecsys immunoassay (Roche Diagnostics)) [3–15] to exclude false-positive and 
false-negative reactions. Syphilis as the “great imitator” may be presented by a variety 
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of clinical signs and symptoms of infection that can be easily confused with other 
diseases [16–18]. But in spite of miscellaneous investigations, complexities in the 
diagnosis of syphilis continue to challenge clinicians [19–24]. For instance, discordant 
maternal reverse-sequence serology is still a problem in diagnosis of congenital syphi-
lis [25, 26]. We analyzed the papers presented in PUB MED. By the end of December 
2021, the search query “False-positive reactions for syphilis” gave 743 publications. 
We included the papers published in English from January 2010 till the end of 
December 2021. We excluded the papers publicized earlier than in 2010, written in 
other languages than English, and those which had nothing to do with our demand 
“False-positive tests for syphilis”. So, we analyzed 88 publications and presented our 
own research. We did not find any mention of false-positive tests in atopic dermatitis 
and present a case of false-positive reactions for syphilis in such patients.

2. Clinical situations with false-positive syphilis reactions

A substantial problem is presented now by discordant serologic reactions for 
syphilis in different clinical situations [27–31]. Huh et al. [32] pointed to the growth 
of false-positive reactions in syphilis screening assays and proved that the reverse 
algorithm using Automated Mediace Treponema pallidum latex agglutination (TPLA) 
as a screening serologic test is preferred over rapid plasma reagin (RPR) assays 
[32, 33]. Furthermore, the biological false-positive Venereal Disease Research 
Laboratory (VDRL)—cerebrospinal fluid test is often used in cases when patients 
are examined without a previous serological diagnosis of syphilis [20]. Palamar et 
al. retrospectively explored the serologic blood sample and microbiological culture 
media analysis results of all cornea donors. False-positive serologic results among 
cornea donors were high [34], which underlines the importance of the improvement 
of serologic diagnostic in this field. Last year, different clinical situations confirmed 
the actual need for further serologic investigations [24, 35–37].

Dunseth et al. underlined the necessity of differentiation between analytical 
false-positive results of lues tests from clinical false-positive results. A positive 
syphilis IgG screen with negative RPR and T. pallidum particle agglutination assay 
(TP-PA) confirmatory testing could be considered an analytical false-positive. A 
positive syphilis IgG with positive TP-PA and negative RPR might be an analytical 
false-positive due to cross-reacting antibodies or analytical true-positive result 
in late/latent syphilis or past/treated syphilis with persistent anti-syphilis IgG. 
Nontreponemal tests may show false-positive screens due to a variety of reasons 
[38]. Ishihara et al. presented a retrospective study of patients tested for syphilis 
in a tertiary academic hospital. Among 94,462 subjects, 588 patients had false-
positive tests (0.62%). Such cases were noted in patients aged over 60 years, with 
a history of malignancy and autoimmune diseases [36]. But the false-positive tests 
for syphilis were noted in children as well [37]. Over all 90% of biologically false-
positive reactions are low titer (≤1:4), but (1%) are high-titer (≥1:32) [24]. Such 
reactions are categorized as either acute (occurring for less than 6 months) or chronic 
[19, 28]. Acute false-positive reactions are noted in febrile illnesses, immunizations, 
and pregnancy [29–31, 38–40]. For example, Nwosu et al. examined 2156 women, 
VDRL was positive in 15 cases (0.70%). Confirmatory T. pallidum hemagglutination 
assay was positive in 4 of the 15 cases, giving an overall prevalence of 0.19% and a 
false-positive rate of 73.3%. There was no significant difference in the prevalence of 
syphilis in relation to maternal age and parity (P > 0.05) [41].
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  As for chronic false-positive reactions, they can be noted in such clinical cases
as hepatitis C virus (HCV) infection, intravenous drug use, malignancy, older age,
malaria, Chagas disease, tuberculosis, leprosy, and connective tissue diseases [28].
Besides, false-positive test is a characteristic clinical sign in patients with systemic 
lupus erythematosus [42, 43]. It is proved now that false-positive results of serologic 
reactions for syphilis may be caused by HCV [44]. Some investigations showed that 
different types of cryoglobulinemia might be accompanied by acute or chronic false-
positive reactions [45].
  Further investigation demonstrated that racial and environmental factors, as well 
as immuno-chromatographic dual syphilis rapid testing may affect [46], and that can 
be used in clinical practice.
  Augenbraun et al. concluded that HCV infection was associated with certain 
mechanisms changing the immune function including alterations in serological reac-
tions results. He underlined as well that women with HCV were more likely to have 
biological false-positive syphilis tests than women without HCV [47].
  Furthermore, Bright et al. noted that false-positive reactions might be marked in 
patients treated with pooled human immunoglobulin G infusions [48].
  In 2014, Liu et al. named diseases that had not been previously reported to be 
associated with the classical biological false-positive reaction, such as false-labor,
megaloblastic anemias, aplastic anemias, redundant prepuce, congenital malforma-
tion of heart, and salpingitis [49].

  Nowadays the significance of sera with isolated reactive treponemal chemilu-
minescence immunoassay (IRTCIA) results is being discussed. It is known that as a 
rule, women have this phenotype more commonly than men. Bopage et al. presented 
the results of the examination 19/63 (30.1%) subjects with the IRTCIA phenotype,
which were positive in the line immunoblot assay (LIA). It was marked that women 
were substantially less likely to have definitive results (positive or negative) than men
(p = 0.015). And women who were pregnant less likely than nonpregnant women to 
have a negative LIA result (OR 0.57; p = 0.03). Record review of 22 different women 
with IRTCIA reactivity allowed to reveal that 2/22 (9.1%) had HIV and previous 
syphilis infection, 15/22 (68.2%) were pregnant, and 3 (13.6%) had autoimmune 
disease [50].
  McGready et al. emphasized that the potential impact of false-positive tests should 
be considered in HIV- positives [51]. And vice versa, false-negative lues tests are noted 
in HIV- positives subjects [52].
  Cantor et al. analyzed a 2004 systematic review of studies of syphilis screen-
ing effectiveness, test accuracy, and screening harms in nonpregnant women and 
adolescents. It was proved that screening HIV-positive men or men who have sex 
with men (MSM) for syphilis every 3 months is associated with improved syphilis 
detection [53].
  Today there are no doubts that HIV-positive patients [54, 55], MSM, and transgen-
der women are at high risk of acquiring syphilis and HIV infection [56].
  The results presented by Kalou et al. indicate that this assay could have a signifi-
cant impact on the simultaneous screening of HIV and syphilis using a single test 
device for high-risk populations or pregnant women needing timely care and treat-
ment [57]. Shakya et al. also underlined the importance of simultaneous diagnosis of 
HIV and syphilis [58].
  Grégoire et al. presented the results of the examination of donors who had false-
positive tests for HIV, HBV, HCV, or syphilis. Rates of second false-positive results 
were compared by year of deferral, transmissible disease marker, gender, age, donor
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status (new or repeat), and testing platform (same or different) both at qualifica-
tion for re-entry and afterward. The risk, when analyzed by multivariate analyses, 
of a second deferral for a false-positive result, both at qualification and 3 years after 
reentry, was lower for donors deferred on a different platform; this risk was higher 
for HIV, HCV and syphilis than for HBV and for new donors if tested on the same 
platform [59]. The importance of thorough examination of HIV subjects with false-
positive reactions for syphilis was marked in other investigations as well [60, 61].

Sandes et al. presented the results of analyses of the positive and false-positive 
tests of treponemal and nontreponemal tests in blood donors and found out that older 
donors and donors with lower education levels were associated with a higher risk of 
positivity for syphilis [62].

3. Modern serologic diagnostic

The World Health Organization recommendations of screening for syphilis in a 
low prevalence population of blood donors using enzyme-linked immune-sorbent 
assay (ELISA) may be adopted for usage in transfusion services that have the facility 
of ELISA [63].

On the other hand, the current screening of deceased organ donors by RPR yields 
a significant number of false-positive results [64].

And vice versa, in patients with positive Lyme screening and negative confirma-
tory testing, the performance of lues serology should be considered [29, 65, 66].

Park et al. [67], Hoover and Radolf [68], Dassah et al. emphasized the importance 
of the improvement of the serologic diagnostic [69]. Overall, nontreponemal tests 
were less sensitive than treponema-specific tests [70].

Nah et al. investigated the efficacy of traditional and reverse syphilis diagnostic 
algorithms during general health checkups. In total, 1000 blood specimens were 
obtained from 908 men and 92 women. As a result, the reverse screening algorithm 
could detect the subjects with possible latent syphilis who were not detected by the 
traditional algorithm [71].

Rourk and Litwin investigated the recently FDA cleared BioPlex 2200 syphilis total 
screen and automated RPR assay for the detection of total (IgG/IgM) treponemal and 
nontreponemal antibodies in the reverse syphilis algorithm. They concluded that the 
addition of the detection of treponemal IgM antibodies to the IgG/IgM screen had 
not significantly affected the sensitivity and specificity compared to the original IgG 
screen. But the addition of the comparable BioPlex RPR assay to the instrumentation 
significantly reduced the overall labor of syphilis screening and confirmation [72].

Yen-Lieberman et al. noted that regardless of the method, laboratories should 
develop approaches to identify analytical false-positive results wherever possible [73].

The syphilis testing may be affected by different racial and environmental factors 
[46], which is necessary to keep in mind at the estimation of serologic results.

Zhou et al. marked a high correlation between electrochemiluminescence immu-
noassay analyzer and chemiluminescent magnetic microparticle immunoassay. Both 
had high sensitivity and specificity [74].

The appearance of β2-GPI-dependent anticardiolipin antibody and its association 
with blood coagulation have been investigated in subjects with classical biologi-
cal false-positive syphilis reactions. Subjects with false-positive tests for syphilis 
appeared to be more prone to blood coagulation disorders than syphilis patients, 
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and these autoantibodies may impact the intrinsic coagulation cascade in cases of 
false-positive reactions, similar to presumed antiphospholipid antibody syndrome 
patients [75].
  Considering the importance of the diagnosis of syphilis, antibodies to T. pallidum 
in serum samples should be retested by the improved ELISA method to avoid false-
positive results [76]. Different reverse syphilis testing algorithms were proposed [77].
  While in screening populations, discrepancies between chemiluminescent 
microparticle immunoassay and treponema pallidum particle agglutination results
are quite prevalent, confirmation by immunoblot assay may be useful [78]. The 
ARCHITECT syphilis treponema pallidum chemiluminescent immunoassay accu-
rately diagnoses current or past syphilis in pregnancy [79].
  The Elecsys immunoassay (Roche Diagnostics) yielded no false-negative results 
and fewer false-positive results, compared to the other tests [80]. However, Li et al.
underlined that the Elecsys® syphilis assay might be confirmed by other treponemal 
immunoassays [81].
  Enders et al. noted that the specificity of the Elecsys syphilis assay in patients with 
other infections had been 100%; no false-positive samples had been identified [82].
  Simčič and Potočnik supported the European Center for Disease Prevention and 
Control algorithm in the serodiagnosis of syphilis in high-prevalence populations and 
the use of nontreponemal serology to monitor the response to treatment [83].
  Song et al. evaluated diagnostic methods for revealing syphilis in children.
False-positive tests for syphilis were higher in the children’s group than in the
infant’s group. The high false-positive rate of enzyme-linked immuno-sorbent assay
(ELISA) could be caused by hemolysis. The RPR had low sensitivity in suspected 
syphilis neonates, and the colloidal gold test (SYP) was suitable for emergency 
treatment. The treponema pallidum particle agglutination test (TPPA) was fit for the 
diagnosis of syphilis [84].
  It is obvious that further investigations are necessary, and different forms of 
syphilis need a specific complex of serologic reactions.

4. Own research

  Since January 2014 till December 2021, we examined nine patients with false-
positive serologic tests for syphilis, aged 48—79. They had no medical documentation 
with any mentioning of syphilis was presented. They denied syphilitic infection in the 
past. Three patients were diagnosed with breast cancer, three patients were diagnosed 
with ovarian cancer, two patients were diagnosed with lupus erythematosus, and one 
patient was diagnosed with liver cancer.
  A 79-year-old patient with liver cancer suffered from diabetes mellitus and obesity 
as well. The patient denied syphilitic infection in anamnesis. No clinical signs of 
syphilis were revealed. He was examined thoroughly, and four times during examina-
tion and before the operation the micro-reaction of precipitation with plasma and in 
activated serum and inactivated serum was false-positive, treponemal tests (reaction 
of passive hemagglutination, immunoenzyme analysis for treponema pallidum) were 
negative.
  A 49-year-old patient suffering from chronic cholecystitis, a 50-year-old patient 
suffering from thyroiditis, 51-year-old patient suffering from diabetes mellitus 
showed false-positive serologic reactions for syphilis during the examination and
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before the operation for breast cancer showed false- positive micro-reaction of pre-
cipitation with plasma and in activated serum and inactivated serum was revealed in 
these cases, treponemal tests (reaction of passive hemagglutination, immunoenzyme 
analysis for treponema pallidum) were negative.

A 48-year-old patient, 50-year-old patient, 51-year-old patient had no concomi-
tant diseases, and only after revealing ovarian cancer false-positive micro-reaction of 
precipitation with plasma and in activated serum and inactivated serum was revealed 
in these cases, treponemal tests (reaction of passive hemagglutination, immunoen-
zyme analysis for treponema pallidum) were negative. Repeated studies did not show 
any changes in serologic reactions.

A 49- and 60-year-old patients with chronic lupus erythematosus showed false-
positive reactions for syphilis since their first diagnosis of lupus erythematosus, 
accordingly 20 and 37 years ago.

As a result of our search, we proved that different clinical situations (cancer, lupus 
erythematosus) were accompanied by false-positive tests for syphilis, but we did not 
find any mention of false-positive test in atopic dermatitis (AD). Meanwhile, the 
disease is not rare in different countries [85–92]. Now, we present the case.

5. Case

A 37-year-old man suffered from AD since the age of 3 months. Most part of his 
childhood he spent in hospitals due to exacerbations of AD. The treatment included 
pharmacotherapy and physiotherapy treatment. Usually, hospital courses were 
accompanied by subsequent spa courses. No seasonality was noted. In adulthood, the 
patient worked as a software developer, but the exacerbations of atopic dermatitis 
continued to be frequent. For the past 3 years the micro-reaction of precipitation with 
plasma and in activated serum and inactivated serum was false-positive, no clinical 
signs of syphilis were revealed, and treponemal tests (reaction of passive hemaggluti-
nation, immunoenzyme analysis for treponema pallidum) were negative. Earlier the 
patient had passed some childhood infections, and acute respiratory viral infections. 
The patient denied syphilitic infection in anamnesis. And no medical documentation 
with any mention of syphilis was presented.

The past 2 weeks’ acute inflammation on the skin is noted. The patient suffered 
from severe itching and insomnia. The face, scalp, neck, trunk, and upper and lower 
extremities are involved. The skin is dry. The periorbital zone presented moderate 
swelling and rugosity. The mouth angles are infiltrated (Figure 1). The elbow bands 
and popliteal spaces are lichenificated (Figure 2). Polymorphous eruptions with 
infiltrated erythema, excoriations, and superficial erosions with irregular borders 
were located on the scalp, neck, trunk, and extremities. Dermographism is persistent 
white.

The results of blood analysis were within normal limits, except the erythrocyte 
sedimentation rate, which was 43.

The analysis of AIDS and hepatitis was negative.
The micro-reaction of precipitation with plasma and in activated serum and 

inactivated serum was negative both with capillary and venous blood. The reaction 
of passive hemagglutination, immunoenzyme analysis for treponema pallidum) were 
negative.

So, the patient with severe AD had typical false-positive tests for syphilis, when 
the nontreponemal test was positive and treponemal tests were negative.
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6. Conclusion

To summarize, the problem of false-positive tests for syphilis needs a multidisci-
plinary approach as it may accompany different diseases and the complex diagnostics 

Figure 1. 
Lesions on the face.

Figure 2. 
Lesions in popliteal areas.
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tests must be upgraded. Chronic inflammation of long duration, immune changes of 
reactivity may lead to increased production of antibodies to lipids or plasma pro-
teins and false-positive tests for syphilis in a patient with a severe duration of atopic 
dermatitis.
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Abstract

Globally, bacterial sexually transmitted infections (STIs) are a major health  
challenge. It is more challenging in resource-limited settings, where diagnostic 
capabilities are limited, health insurance is almost nonexistent and medical bills 
are settled out-of-pocket. In resource-limited settings, most clinicians adopt the 
syndromic case management approach for effective treatment due to the paucity of 
resources. The highest levels of multidrug resistant bacterial STIs have been found 
in resource-limited countries. The reasons are complex and include poor quality of 
health services, high burden of disease, lack of accessible, accurate, and confirmed 
diagnostic assays, ineffective regulations, overuse of antibiotics, inappropriate dos-
ing, and lack of knowledge about the risks of microbial resistance. This chapter thus 
brings to the fore the challenges of treating bacterial sexually transmitted infections 
in resource-poor settings and the current evidence on the topic for scholars, research-
ers, and practitioners.

Keywords: treatment, bacterial, sexually transmitted, infections, resource-limited 
settings

1. Introduction

Sexually transmitted infection (STI) means organisms that lead to infection after
sexual intercourse between two persons, while sexually transmitted disease (STD) 
simply means an obvious clinical disease that resulted from the STI [1]. Doctors and 
other health workers are the key stakeholders in the prevention and treatment of 
STIs [1]. The World Health Organization (WHO) estimates that approximately 340 
million new cases of the four main curable STIs (gonorrhea, chlamydial infection, 
syphilis, and trichomoniasis) occur every year, and 75–85% of them in develop-
ing countries [2]. STIs impose an enormous burden of morbidity and mortality in 
developing countries, both directly through their impact on reproductive and child 
health, and indirectly through their role in facilitating the sexual transmission of 

51



Bacterial Sexually Transmitted Infections - New Findings, Diagnosis, Treatment, and Prevention

2

Human Immuno-deficiency Virus (HIV) infection [3]. The high prevalence of STIs 
has contributed to the disproportionately high HIV incidence and prevalence in most 
resource-limited settings [3]. The greatest impact is on women and infants [3]. The 
World Bank has estimated that STIs, excluding HIV, are the second commonest cause 
of healthy life years lost by women within the age range of 15–44 age in Africa. These 
bacterial STIs are also responsible for up to 17% of the total disease burden [4].

These underscore the need for appropriate diagnosis and treatment of STI to miti-
gate the person-to-person transmission and the associated morbidity and mortality 
associated with the untreated infection acquired sexually [3, 5, 6]. In resource-poor 
countries, diagnosis based on causative organisms of STIs remains very difficult as 
a result of the unavailability of laboratory diagnostics that will direct practitioners 
on the best treatment modality [3]. In the few centers with laboratory support, tests 
results for the detection of causative organisms for suspected STIs take days/weeks, 
to be made available to physicians and this makes early definitive/targeted treatment 
based on etiologic diagnosis difficult/impossible [3, 7].

To solve this problem of lack of etiologic diagnosis and associated difficulty in the 
treatment of STIs, the WHO brought out the syndromic case management approach 
in 1984 to guide the practitioners in effective and timely treatment of STIs [8]. 
This syndromic case management approach remains the approach to STI treatment 
adopted in many countries of the world, especially developing countries [8]. This 
syndromic case management approach is based on the identification of consistent 
groups of symptoms and easily recognizable signs and treatment that will deal with 
most, or the most serious, organisms responsible for producing the syndrome [9]. 
Introduction of additional parameters in the syndromic diagnosis of nonviral sexually 
transmitted infections in low-resource settings and hence improved management has 
been advocated but is still far-fetched [10].

Consequently, the highest levels of multidrug resistant bacterial STIs have been 
found in resource-limited countries [11–13]. The reasons are complex and include poor 
quality of health services, high burden of disease, and lack of accessible, accurate, and 
confirmed diagnostic assays, ineffective regulations, overuse of antibiotics, inappro-
priate dosing, and lack of knowledge about the risks of microbial resistance [13]. Not 
surprisingly, scholarly reviews on syndromic case management, underscored the need 
for low-cost and accurate Point-of-Care Tests (POCTs) for the identification, first, of 
Chlamidia trachomatis (CT)/Neisseria gonorrhea (NG), and, second, of Mycoplasma 
genitalium (MG)/Trichomonas vaginalis (TV) and NG/MG resistance/susceptibility 
testing [14]. Near-patient POCT molecular assays for CT/NG/TV are commercially 
available, but the cost and other limitations remain prohibitive, especially in resource-
constrained settings [7, 15, 16]. These challenges are driving the development of 
lower-cost solutions [14]. Also, advocacy and subsidization of available diagnostic, 
treatment, and prevention facilities or measures will immensely reduce the burden of 
these conditions in the resource-limited settings [14]. This chapter thus brings to the 
fore the challenges of treating bacterial sexually transmitted infections in resource-
poor settings and the current evidence on the topic for scholars, researchers, and 
practitioners.

2. Treatment of common bacterial infections acquired sexually

There is a paucity of guidelines for the treatment of bacterial sexually transmitted 
infections in the resource-limited setting. Study of health seeking behavior of patients 
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in developing countries show that a significant number of people with symptom-
atic STIs seek treatment in the informal or private sector, from traditional healers,
unqualified practitioners, street drug vendors, and from pharmacists and unregulated 
private practitioners, and they will only attend formal public health services (with 
trained personnel) after alternative treatments have failed [17]. Self-medication is
also widely practiced in most resource-limited settings [17–19]. The reasons for these 
aberrant behavior/practices include but are not limited to the convenience, seeming 
low cost, flexible payment arrangements, greater accessibility, and the more confi-
dential, less judgmental, and less stigmatizing nature of the services provided by the 
practitioners in the informal and the largely unregulated private sector [17].
  The operational protocol for the treatment of bacterial sexually transmitted 
infections in formal public health facilities in the resource-limited settings is the
“Syndromic Case Management Approach” recommended by the WHO. And so, in
this section, the etiologic diagnosis-based treatment guidelines by the Center for 
Disease Control will be considered first.

Common sexually transmitted bacterial infections include:

2.1  Klebsiella granulomatis

  This is an intracellular gram-negative bacterium responsible for the granuloma 
inguinale (donovanosis). Clinically, the disease is characterized as painless, slowly 
progressive ulcerative lesions on the genitals or perineum without regional lymph-
adenopathy; subcutaneous granulomas (pseudo buboes) also might occur. A study
in Nigeria observed a prevalence of Klebsiella species of 12.3% among women with
suspected genital tract infections in a tertiary hospital [20].
  For the laboratory testing for Klebsiella, serologic testing is unhelpful. On gram 
staining, the organism appears as short, plump, and gram-negative bacilli. They
are usually surrounded by a capsule and appear as clear space. The organism can be 
cultured in the laboratory from a specimen from urethral discharge, cervical dis-
charge, vaginal discharge, etc. in infected patients. Klebsiella is micro-aerophilic and 
can grow in the presence or absence of oxygen. They have no special cultural require-
ments. Most species can use citrate and glucose as the sole carbon source and so they 
grow well in most ordinary culture media. But even so, most patients in the resource-
limited settings are treated using the syndromic case management approach due to a 
lack of personnel and facilities and patronage of unskilled caregivers.
  The Center for Disease Control (CDC) United States of America recommends
oral Azithromycin, 1 g once weekly or 500 mg once a day for up to 3 weeks and until 
all lesions of Granuloma Inguinale (Donovanosis) have completely healed. Other 
recommended regimen includes (a) oral Doxycycline 100 mg twice daily for up to 
3 weeks and until all lesions of Granuloma Inguinale (Donovanosis) have completely 
healed. (b) oral Erythromycin 500 mg orally four times/day for up to 3 weeks and 
until all lesions of Granuloma Inguinale (Donovanosis) have completely healed. (c)
oral Trimethoprim-sulfamethoxazole one double-strength (160 mg/800 mg) twice 
daily for up to 3 weeks and until all lesions of Granuloma Inguinale (Donovanosis)
have completely healed [1].

2.2  Chlamydia trachomatis

  CT is the agent of the most common bacterial STI worldwide, with a significant 
clinical, economic, and public health impact [21]. This bacterial sexually transmitted
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infection is responsible for lymphogranuloma venerum (LGV). Some chlamydial 
infections may occur without clinical symptoms. Individuals with LGV commonly 
present with tender inguinal or femoral lymph nodes, which are mostly unilateral. 
Sometimes, an ulcer which is mostly self-limiting may occur at the site of the infec-
tion. Often, these lesions would have disappeared by the time the infected individual 
is seeking care in the hospital. The prevalence of CT in pregnancy in developing 
countries is between 7 and 31%. In sub-Saharan Africa, the prevalence of CT among 
high-risk groups in the 1980s was 2–25% while among the low-risk groups in the 
same period was 2–29% [22–25]. The prevalence of the organism among high-risk 
groups in the 1990s was 2–13% and among the low-risk group in the same period was 
4–18% [22–25]. This high prevalence is occurring in places where we have a paucity of 
manpower and equipment for the treatment of patients with the resultant morbidity 
and mortality associated with the disease.

A definitive LGV diagnosis can be made only with LGV-specific molecular test-
ing (e.g., PCR-based genotyping). These tests can differentiate LGV from non-LGV 
CT in rectal specimens. However, these tests are not widely available, and results are 
not typically available in a time frame that would influence clinical management. 
Therefore, diagnosis is based on clinical suspicion, epidemiologic information, and a 
CT Nucleic acid Amplification Test (NAAT) at the symptomatic anatomic site, along 
with the exclusion of other etiologies for proctocolitis, inguinal lymphadenopathy, 
or genital, oral, or rectal ulcers [26, 27]. Genital or oral lesions, rectal specimens, and 
lymph node specimens (i.e., lesion swab or bubo aspirate) can be tested for CT by 
NAAT or culture. NAAT is the preferred approach for testing because it can detect 
both LGV strains and non-LGV CT strains [28]. Therefore, all persons presenting 
with proctocolitis should be tested for CT with a NAAT performed on the rectal 
specimen. The facilities and personnel for these services are unavailable to most 
persons in the resource-limited settings who require these tests. This is due to poverty, 
ignorance, and poor governance.

For the treatment of CT cervicitis, the CDC recommends oral Doxycycline 100 
milligram orally twice daily for 7 days. For individuals who are at risk for gonorrhea or 
who live in communities where gonorrhea is prevalent, treatment with potent anti-
biotics for the causative organism—Neisseria gonorrhea (NG)—may be considered. 
Alternatively, a single dose of oral Azithromycin 1 g may be used for the CT infec-
tion. The CDC recommended regimen for chlamydial infection among adolescents 
and adults includes (a) oral Doxycycline 100 mg twice daily for 1 week (b) oral 
Azithromycin 1 g in a single dose (c) oral Levofloxacin 500 mg once daily for 1 week. 
The recommended regimen for chlamydial infection during pregnancy includes oral 
Azithromycin 1 g in a single.

2.3 Neisseria gonorrhoeae

In 1879, Albert Neisser first described the gram-negative diplococcus, NG, in 
discharges from urethral and cervical infections [29]. NG affecting the urethra, 
endocervix, rectum, and pharynx is common and mostly asymptomatic. Up to 50% 
of female patients who came down with NG infection of the endocervix also develop 
a simultaneous rectal infection as a result of the contiguous spread of their genital 
infection [30]. Three days to 2 weeks postexposure, NG infection will appear and 
symptoms include abnormal vaginal/mucopurulent discharge, bloody discharge, 
dysuria, dyspareunia, pruritus vulvae, or even perineal pain. Although most times 
anorectal examination is normal, erythema or ulceration of the anus may be seen on 
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inspection. Untreated gonococcal infection may lead to transient bacteremia, arthri-
tis, or dermatitis. More severe sequelae, such as endocarditis and meningitis, are rare.
Penicillinase-producing NG has rendered penicillin G inadequate therapy for infec-
tions caused by this organism.

  The prevalence of NG in pregnancy in developing countries is between 10 and
20%. In sub-Saharan Africa, the prevalence of NG among high-risk groups in the 
1980s was 7–66%, while among the low-risk groups in the same period was 0.3–40%
[22–25]. The prevalence of the organism among high-risk groups in the 1990s
was 6–31% and among the low-risk group in the same period was 1.6–9% [28–31].
Interestingly, this high prevalence is occurring in places where we have a paucity
of manpower and equipment for the treatment of patients with the resultant high 
morbidity and mortality associated with the disease.
  The confirmatory test for NG is by gram stain of directly visualized discharge or
by culturing the organism on selective media, for example, Thayer-Martin. Where 
lubricant is needed during sample collection, water is recommended for use to avoid 
the reduction in a culture that may be occasioned by the use of antibacterial-con-
taining lubricants. The non-culture techniques for the diagnosis of NG, for example,
NAATs are becoming popular [31] but these diagnostic modalities are far-fetched in 
the resource-limited settings due to lack of equipment and personnel and also because 
patients patronize untrained personnel.
  The CDC recommends the following treatment—Intramuscular Ceftriaxone
500 mg in a single dose for individuals with a total body weight of less than 150 kg.
For patients in whom chlamydial infection has not been ruled out, treatment with
oral doxycycline 100 mg twice daily for 7 days may be helpful. Patients who weigh 
≥150 kg, should receive intramuscular ceftriaxone 1 g ceftriaxone in a single dose.
Alternative treatment entails intramuscular Gentamicin 240 mg in a single dose plus 
oral Azithromycin 2 g in a single dose or oral Cefixime 800 mg in a single dose [1].

2.4  Treponema pallidum  (TP)

  This bacterium (a spirochete) causes the sexually transmitted disease called syphi-
lis. It is among the oldest known infectious diseases. The categorization of the disease 
into clinical stages is based on the clinical manifestations, especially if left untreated 
and this categorization guides the patient’s treatment and follow-up. Patients with 
syphilis might seek treatment or be treated on the basis of signs or symptoms (clinical 
manifestations). The prevalence of syphilis in pregnancy in developing countries is 
between 2.5 and 17%. In sub-Saharan Africa, the prevalence of TP among high-risk 
groups in the 1980s was 4–32%, while among the low-risk groups in the same period 
was 0.01–33% [22–25]. The prevalence of the organism among high-risk groups in
the 1990s was 2–29% and among the low-risk group in the same period was 1–29%
[22–25]. In the same vein, this high prevalence is occurring in places where we have a 
paucity of manpower and equipment for testing and etiologic treatment of patients,
with the resultant morbidity and mortality associated with the disease.
  Primary syphilis: The classical presentation of primary syphilis is a single pain-
less ulcer (chancre) at the infection site within 2–10 weeks postexposure and it can 
also manifest with atypical, multiple, or painful lesions [32]. The lesion will ulcerate 
eventually but heals within 2–4 weeks even without treatment [33].
  Secondary syphilis: Hematogenous spread of syphilis occurs 4–10 weeks after 
primary syphilis and leads to secondary syphilis. This may manifest in the form of 
skin rash, mucocutaneous lesions, and lymphadenopathy. This age is characterized by
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nonspecific systemic symptoms, such as fever, malaise, arthralgia, weight loss, sore 
throat, and headache, in addition to a maculopapular rash on the trunk and extremi-
ties. Condyloma latum, which are gray or white wart-like spirochete-filled lesions 
that also appear in secondary syphilis. They appear adjacent to the primary chancre. 
If left untreated, the syphilitic symptoms will spontaneously resolve after 3–12 weeks. 
Relapse of symptoms in the first year (early latent syphilis) may be experienced by ¼ 
of the patients if the condition is left untreated.

Tertiary syphilis: This may manifest in the form of cardiac conditions, gummatous 
lesions, tabes dorsalis, and general paresis [32].

Latent syphilitic infections are otherwise subclinical infections (without symp-
toms and signs) and can be detected through serologic assays. Latent syphilitic infec-
tions are classified as (a) early latent syphilis—acquired within the preceding year, 
(b) late latent syphilis, and (c) latent syphilis of unknown duration.

Central Nervous System (CNS) syphilis, TP infection can spread to the CNS. 
This can happen at any stage of syphilis and result in neurosyphilis. Within the first 
few months or years of TP infection, CNS clinical symptoms and signs knowns as 
syphilitic meningitis can be noticed. These features may include cranial nerve abnor-
malities, meningitis, meningovascular syphilis, cerebrovascular accident, and acute 
altered mental state. Tabes dorsalis and general paresis are some of the neurologic 
features that may be noticed in patients with up to 10 to >30 years of TP infection [1].

The involvement of the ocular/visual system or the auditory system is referred to 
as ocular syphilis and otosyphilis, respectively. These commonly occur at the early 
stages of the TP infection and can manifest with or without other CNS affectation. 
They can also occur at any other stage of the disease. Panuveitis is the most common 
manifestation of ocular syphilis. Other manifestations of ocular syphilis are affecta-
tion of the anterior and posterior segment of the eye, including conjunctivitis, ante-
rior uveitis, posterior interstitial keratitis, optic neuropathy, and retinal vasculitis. 
Patients with ocular syphilis may develop permanent/irreversible blindness. Clinical 
manifestations of the otosyphilis are tinnitus, vertigo, and sensorineural deafness. 
Hearing loss can involve one side of the ear or both sides. The hearing loss may also be 
sudden in onset and progress fast. Otosyphilis may lead to irreversible deafness.

Dark-field examinations and molecular tests for detecting TP directly from 
lesion exudate or tissue are the definitive methods for diagnosing early syphilis and 
congenital syphilis [33]. Syphilis is diagnosed by seeing the spirochetes on a dark-
field microscopic exam of scrapings from chancres. The next diagnostic method is a 
demonstration of spirochetes in biopsy specimens stained with Warthin-Starry silver. 
Alternatively, a direct fluorescent antibody test for TP is performed by some labora-
tories [33]. Other investigations include the non-treponemal (not specific for trepo-
nemal antibodies) serologic tests, such as rapid plasma regain and Venereal Disease 
Research Laboratory (VDRL), which have a false-negative rate of up to 25%. If the 
non-treponemal tests return positive, a confirmatory treponemal test such as the 
fluorescent treponemal antibody absorption test should be conducted on the patient.

The CDC recommended regimen for primary and secondary syphilis among adults 
includes benzathine penicillin G 2.4 million units intramuscularly in a single dose. The 
recommended regimen for syphilis among infants and children includes benzathine 
penicillin G 50,000 units/kg body weight intramuscularly, up to the adult dose of 
2.4 million units in a single dose. For patients with penicillin allergy, the regimen of 
Doxycycline (100 mg orally two times/day for 14 days) [34, 35] or tetracycline (500 mg 
orally four times/day for 14 days) have been used for years and can be effective [34, 35]. 
Due to gastrointestinal side effects, Doxycycline may be preferred to tetracycline.
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  Most patients in developing countries may not be opportune to have diagnostic 
investigations carried out for their symptoms before treatment due to a lack of hospi-
tals and trained personnel and poverty. They may even experience delayed or absent 
treatment with the attendant sequelae.

2.5  Mycoplasma genitalium

  This infection in women may be symptomatic or asymptomatic. In women
infected with these bacteria, there have been such findings as cervicitis, pelvic 
inflammatory disease (PID), preterm delivery, spontaneous abortion, and infertility,
with an approximately two-fold increase in the risk for these outcomes in such women
[36]. The prevalence of MG in developed countries with higher Human Development 
Index (HDI) was 1.3–1.6% but the prevalence in developing countries with lower HDI 
was 3.9–5.2% [37]. The figures show that the prevalence is lower in developed coun-
tries compared to developing countries. Despite this obvious trend, the availability
of facilities and personnel for testing, treatment, and prevention of these diseases is 
limited in developing countries.
  This organism grows slowly in the culture medium in the laboratory. It can take
up to 6 months to culture this organism and this is mostly limited to research for now.
The Food and Drug Administration (FDA) in the USA has approved the use of NAAT 
for detection of the  MG  from urine, urethral, penile meatal, endocervical, and vagi-
nal swab samples. The needed molecular tests for quinolone and macrolide-resistant 
testing are not available commercially. Men with recurrent nongonococcal urethritis
(NGU) should be tested for MG using an FDA-cleared NAAT. If resistance testing is 
available, it should be performed, and the results used to guide therapy. Women with 
recurrent cervicitis should be tested for MG, and testing should be considered among 
women with pelvic inflammatory disease (PID) [1]. Testing should be accompanied 
by resistance testing, if available. Screening of asymptomatic MG infection among 
women and men or extragenital testing for MG is not recommended. In clinical 
practice, if testing is unavailable, MG should be suspected in cases of persistent or 
recurrent urethritis or cervicitis and considered for PID [1]. The laboratory confirma-
tion of this organism is tedious and also not available for most patients in developing 
countries for the same reasons already adduced above.
  Treatment: Based on CDC recommendations, if the organism is macrolide sensi-
tive: oral Doxycycline 100 mg twice daily for 7 days, followed by oral Azithromycin
1 g initial dose, followed by 500 mg once daily for 3 additional days (2.5 g total). If 
macrolide-resistant oral Doxycycline 100 mg daily for 7 days followed by oral moxi-
floxacin 400 mg once daily for 7 days should be administered.

3. Peculiarities of bacterial STI treatment in resource-limited settings

  The above treatment recommendations for bacterial sexually transmitted infec-
tions are mostly practicable in developed societies. Some health facilities in the 
resource-limited settings are able to promptly carry out etiologic diagnosis of bacterial 
STIs and as such the above guidelines may be very beneficial in the management of 
patients who seek care in such centers. Nevertheless, there is predominantly a paucity 
of trained personnel, equipment, hospitals, and even access road to go to the exist-
ing health facilities in most parts of these resource-limited countries. The functional 
tertiary and secondary health facilities in most developing countries are situated in a
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few cities in such countries. The communities are thus left without adequate cover-
age by skilled personnel. The diagnosis of STIs in such areas is clinical (based on 
symptoms and signs) and mostly inaccurate due to a lack of trained personnel and 
equipment. Consequently, the treatment for bacterial STIs is mostly based on WHO 
syndromic case management. This entails treatment with a combination of broad-
spectrum antibiotics without etiologic diagnosis. Usually, a combination of antibiotics 
from different classes is employed in the treatment of suspected cases of bacterial STIs 
[20]. These antibiotics are mostly gotten over the counter in these resource-limited 
settings. Even so, these disease conditions are treated by patent medicine dealers (who 
do not have conventional training in health and medicine-related matters) and other 
health personnel who are not trained and/or licensed for drug prescription/patient 
treatment. These treatments in resource-limited communities are usually inadequate 
due to inappropriate choice of drugs, under-dosing, and poor compliance to the pre-
scribed drug regimen occasioned by poverty and ignorance. This results in bacterial 
antibiotic resistance, immediate and long-term avoidable sequelae of the infections, 
transmission to other sex partners, and endemicity of such infections in the affected 
communities.

4. Retesting posttreatment to diagnose recurrent infections

Population-based prevention may be improved through the retesting and 
diagnosis of chlamydia and gonorrhea 3 months after the initial diagnosis  
[38, 39]. Patients who were diagnosed with chlamydia or gonorrhea need to be 
retested 3 months after treatment to exclude recurrent infection and confirm 
treatment success. The fact that there could be a false diagnosis based only on 
signs and symptoms, further reemphasizes why retesting after the treatment is 
important. Also, it is recommended that any patient who had a diagnosis and 
treatment of syphilis need to have follow-up serologic syphilis screening. These 
recommendations are difficult to implement in resource-limited settings because 
most patients patronize the nonregulated private sector where services are 
mostly provided by untrained personnel.

5. Prevention of the STIs in resource-limited settings

In view of the enormous burden of STIs, especially in developing countries, and 
the paucity of resources for their testing and treatment, prevention is very cost-effec-
tive and more reliable in reducing the morbidity and mortality associated with STIs. 
Firstly, knowing one’s STI status will aid one protect oneself and also protect one’s 
sexual partner from the infection and its sequelae. Many STIs can be easily diagnosed 
and treated; hence, concurrent treatment of sexual partners who have STIs has been 
found pivotal in the reduction of new cases and recurrence of the disease. Avoidance 
of multiple sexual partners is also key to the prevention of STIs in the resource-
limited settings. Empowerment of the girl child through skills acquisition or formal 
education is another very important strategy. Use of barrier methods during sex, for 
example, condoms have been found to not only protect against STIs but also prevent 
unwanted pregnancies and their sequelae. Individuals who have allergies to latex 
condoms can resort to the use of synthetic non-latex condoms. Other multipurpose 
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prevention technologies (for the prevention of STIs and pregnancy) are still at the 
level of research [1].
  Pre-exposure prophylaxis and postexposure prophylaxis for STIs have been
shown to aid its prevention. Oral Azithromycin 1 g every month has been found
to bring down the number of new cases of both NG and CT but did not reduce the 
number of new cases of HIV [40]. Due to poverty and ignorance, prophylaxis is 
difficult in resource-limited settings. Most developing societies are male-dominated 
and women are unable to negotiate sex due to poverty, ignorance, and hunger and so,
the use of barrier methods or even keeping one sex partner is difficult. Furthermore,
implementation of some of these primary preventive measures in developing coun-
tries are difficult due to communal crisis/wars/terrorism (with citizens living in 
inhumane conditions in internally displaced person camps), poor leadership and
lack of facilities to aid individuals adopt these measures. The females in these com-
munities are not only unable to negotiate sex but are forced into sexual activities
and have no authority/agency of government to report or run to for protection. And 
so, to effectively prevent STIs in resource-limited countries, these issues must be 
addressed, especially with the aid of technologically advanced/developed countries.
Unless we all are protected, none of us is protected.

6. Special considerations

6.1 Detection of bacterial sexually transmitted infection in pregnancy

  The transmission of infections sexually during the intrauterine or perinatal
period is associated with enormous consequences for both the woman and her
fetus(es) or the newborn baby(ies) and even her partner. Sexually transmitted infec-
tions (STI) are risk factors for a number of adverse pregnancy outcomes, including 
spontaneous abortion, stillbirth, prematurity, low birth weight (LBW), postpartum 
endometritis, and various sequelae in surviving neonates. Preterm birth and low 
birth weight (LBW) are major determinants of infant morbidity and mortality,
especially in developing countries, where neonatal intensive care facilities are often 
unavailable. In a study in Kenya, the incidence of LBW was 7.5%, and the perinatal 
mortality in LBW babies was 222 per 1000 live births [41]. STIs are believed to be of 
particular importance in determining pregnancy outcomes in the developing world 
because the prevalence of infection is so high [42]. During pregnancy, the gravidae 
and their partners should discuss with the health workers on the STIs and the risks
of intrauterine/perinatal transmission to the fetus/neonate. They should also have 
access to the screening and treatment options available in their locality. In Nigeria 
and some other resource-limited settings, the only bacterial STI that has a routine 
screening at the first antenatal visit is syphilis using the VDRL test. Women with 
positive results from the VDRL test undergo the confirmatory tests (see the section 
on TP) and receive appropriate treatment as necessary. In many instances, the only 
available test in the rural and suburban areas of these developing countries is the 
VDRL or not at all. And so, treatment is given based on the positive VDRL (non-
treponemal) test. The treatment may be inadequate based on wrong drug choice or 
inappropriate dosage of the correct drugs. Many women do not get tested and do not 
receive treatment for STIs because they receive care from unskilled personnel outside 
the health center settings.
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6.2 Detection of bacterial sexually transmitted infection among adolescents

Adolescents are at an increased risk of STIs. The risk factors for STIs during the 
adolescent age are as follows: (a) having multiple sex partners, (b) having sequential 
sex partnerships of limited duration or concurrent partnerships, (c) none compliance 
to use barrier protection consistently and correctly, (d) low socioeconomic status, 
and (e) presence of multiple obstacles to health care access [43, 44]. In some devel-
oped countries, such as the United States of America, adolescents are allowed by law 
to seek STD services without the consent of their parents or caregivers. Their health 
insurance specifies the care needed by the adolescent and such care is provided as 
necessary [3]. In most developing countries, such as Nigeria, there is no law protect-
ing adolescents with respect to STD services as parents or caregivers must consent 
before most adolescents can access care in those countries [45]. This is because health 
insurance is not available to most adolescents and their parents or caregivers pay out 
of pocket for their health care and there are no laws guiding the adolescents’ health 
care. Obviously, the majority of adolescents who contract STD(s) have to pay out of 
their pocket to receive care and they do not have the money. The few that have health 
insurance got it through their parents and the parents must give permission before 
such adolescents can access care. This compromises the confidentiality needed for the 
cooperation of adolescents in STI treatment [3]. These now predispose the adoles-
cents to seek care from the alternative unregulated private sector mainly dominated 
by the herbalists in those resource-limited communities.

6.3 Use of antibiotics during pregnancy

Discoloration of the teeth is one of the dreaded complications of the use of 
Doxycycline in pregnancy, but the risk is not properly defined. Doxycycline is safe 
during breastfeeding [25]. Patients with glucose-6-phosphate dehydrogenase defi-
ciency may have neonates who suffer neonatal jaundice/neonatal kernicterus due 
to sulfonamide use in pregnancy. And so, sulfonamides should be avoided in the 
third trimester and during breastfeeding [45]. Macrolide regimen (Erythromycin 
or Azithromycin) is the best suitable regimen of antibiotic treatment for pregnant 
and lactating women with granuloma inguinale. And so, pregnancy must be ruled 
out before the use of antibiotics in a sexually active woman of reproductive age. 
Again, this is not obtainable in most resource-limited settings due to a lack of trained 
personnel, ignorance, and poverty. In most developing countries, antibiotics can be 
bought over-the-counter, and sexually active women will usually go to the untrained 
personnel in the markets to procure antibiotics for treatment without prior doctors’ 
prescription/evaluation.

7. Conclusions

The World Health Organization (WHO) syndromic case management guidelines 
should be updated to raise the quality of STI management through the integration of 
laboratory tests. STI screening strategies are needed in the resource-limited set-
tings to address asymptomatic STIs. Point-of-Care Tests (POCTs) that are accurate, 
rapid, simple, and affordable are urgently needed in resource-constrained settings to 
support the uptake of etiological diagnosis and treatment. Continued advocacy and 
support/aid for these countries and their communities will ensure the success of an 
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updated WHO syndromic management guideline and help reduce the burden and 
adverse effects of STIs.
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Chapter 6

Neisseria gonorrhoeae Ketol-Acid 
Reductoisomerase Is a Potential 
Therapeutic Target
Emna Rigane and Susu M. Zughaier

Abstract

The host-adapted human pathogen Neisseria gonorrhoeae is the causative agent 
of sexually transmitted infection gonorrhea. The increased emergence of gonorrhea 
infections worldwide, associated with the surging resistance to antimicrobial 
treatments is alarming. Antimicrobial resistance (AMR) is a global threat to human 
health and occur through various molecular mechanisms. This research aims to 
identify molecular therapeutic targets in N. gonorhoeae as a potential antibiotic 
adjuvant. This work is focused on ketol acid reductor-isomerase enzyme (KARI), 
an enzyme involved in the branched-chain amino acids biosynthesis. A BLASTp 
analysis revealed that KARI enzyme is highly conserved in N. gonorrhoeae strains and 
present in important bacterial pathogens including ESKAPE. Sequence alignment of 
different KARI proteins from various human bacterial pathogens and gut microbiota 
demonstrate that residues forming the active site and cofactors binding sites are 
conserved among all tested KARIs. A 3D homology-based model for gonococcal KARI 
was generated using Swiss model server and the KARI template from S. aureus. The 
generated 3D KARI model shows that this enzyme adapts a different conformation 
upon binding of cofactors, allowing the substrate binding and catalysis, while the 
active site adapts a closed state.

Keywords: N. Gonorhoeae, KARI- enzyme, therapeutic target, ESKAPE pathogens, 
antimicrobial resistance

1. Introduction

Sexually transmitted infections (STIs) are a major public health problem
worldwide, affecting the quality of life and causing serious morbidity and mortal-
ity. Indeed, Neisseria gonorrhoeae (also known as the gonococcus) is the etiological 
agent of gonorrhea, the second most frequently reported sexually transmitted 
infection (STI) in the world [1] after Chlamydia trachomatis. This bacterium is 
a Gram-negative diplococcus that can affect both men and women, causing the 
infection of the urogenital, rectal, and pharyngeal sites [2].

Clinically, gonorrhea may be asymptomatic in many cases. However, clinical 
manifestations in men include dysuria, pain in the testicles, and purulent urethral 
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discharge with mucoid secretion from the penis. For women, painful urination, 
itching, or vaginal discharge might be noticed. Gonorrhea can also infect the rectum 
inducing pain with bowel movements, constipation or rectal discharge [2], and other 
sites such as the oropharyngeal mucosa, ocular, and anal mucosa.

Gonococcal infection can induce serious complications, ranging from salpingitis 
and epididymitis to pelvic inflammatory disease, ectopic pregnancy, and infertility. 
Gonococcal infection during pregnancy can cause various complications since the 
infection could be transmitted to newborns via vaginal delivery, which may cause 
neonatal ophthalmia. Untreated N. gonorrhoeae, and other STIs, were shown to 
facilitate the transmission and acquisition of the human immunodeficiency virus [2]. 
The control of gonorrhea relies on prevention, appropriate diagnostics, and effective 
antimicrobial treatment [3].

1.1 Pathogenesis of N. gonorrhoeae

In order to establish infection, N. gonorrhea first establishes colonization of the 
mucosal epithelium by adherence and attachment to various epithelial surfaces. 
This is the first step in pathogenesis, which is mediated by specific bacterial surface 
structures, including pili type IV (retraction) and opacity (Opa) proteins. The pili 
type IV retraction brings the gonococci to the cell surface and enable interactions 
with other surface structures [4].

The next step following adherence is replication of N. gonorrhoeae, colonies 
formation and possibly biofilms. An invasion and transcytosis occur with possible 
competition with the resident microbiota. During these initial stages in gonococcal 
infection, N. gonorrhoeae produces or sheds lipopolysaccharides, fragments of pepti-
doglycan, and outer membrane vesicles. The latter could activate Toll-like receptors 
signaling in epithelial cells, dendritic cells, and macrophages, leading to the release 
of cytokines and chemokines and then activation of the inflammatory transcription 
factor. These innate immune signaling pathways allow the recruitment a large number 
of polymorphonuclear leukocytes to the site of infection where they interact with and 
phagocytose N. gonorrhoeae. The gonococcal colonization could result in symptomatic 
or asymptomatic infection. In case of sufficient neutrophil influx into the site of 
infection, a symptomatic infection may occur [4].

Furthermore, N. gonorrhoeae avoids clearance by the host immune system in a 
process known as antigenic variation, due to pili type IV. During this process, gonor-
rhea alters its cell surface antigens by replacing portions of the expressed pilin gene 
(pilE) with segments of the silent pilin gene (pilS) through homologous recombina-
tion [5]. N. gonorrhoeae could also modulate the host iron innate immune defenses 
to survive intracellularly under limited bioavailability of iron. This bacterium can 
survive in association with monocytes and macrophages. Gonococcal stimulation of 
macrophages influences the pro-inflammatory response, leading to damage during 
natural infection [6].

1.2 Signs and symptoms

The gonorrhea infection is asymptomatic in more than 70% of infections, 
especially among females [7]. However, some symptoms may occur such as dysuria 
(frequent/painful urination), vaginal discharge (watery, creamy, or slightly green), 
itching/burning in the vaginal area, and bleeding from the vagina between periods. 
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Affected women can also have purulent or mucopurulent endocervical, commonly 
referred to as mucopurulent cervicitis [8].
  Infection in the uterus and the fallopian tubes were also reported, leading to a pain-
ful infection of the pelvis, known as pelvic inflammatory disease (PID). As a result, a 
tubal pregnancy will occur and can lead to miscarriage and even death of the mother
[9]. Pelvic infection causes fever, pain during intercourse, and pelvic pain. In case of 
severe infection, a tubo-ovarian abscess can be formed and can be fatal, requiring 
major surgery [9]. Other symptoms of gonorrhea in women include also lower stomach 
aches. Gonorrhea infection in men can affect the genital tract, leading to burning and 
painful urination, a pus-like discharge from the tip of the penis (white, green, or yel-
low), and pain or swelling in one of the testicle (less common) [10]. A throat infection 
and pain can also occur after a gonorrhea infection in men [11]. Gonorrhea can also 
affect the rectum, causing pain with bowel movements, rectal discharge, constipation,
soreness, itching, bleeding, and discharge. The presence of gonorrhea is also consid-
ered as a co-factor in human immunodeficiency virus (HIV) transmission [12].

  Accordingly, diagnosis requires appropriate laboratory tests for confirmation, case 
finding, and antimicrobial testing. Gonorrhea diagnosis is performed through the 
detection of the bacterium or its genetic material in the human body (genital or extra-
genital specimens) using culture test, microscopy, or nucleic acids amplification tests.
Antimicrobial resistance (AMR) testing of gonococcal isolates should be a crucial part 
of laboratory diagnosis [13].

1.3 Diagnosis of gonorrhea

  In case of symptomatic men infection with urethral discharge, diagnosis can
be observed by microscopy, identifying gonococci as intracellular Gram-negative 
diplococci in polymorphonuclear leukocytes (magnification, ×1000). This cheap 
method is highly sensitive and specific, can provide rapid results and enables
a complete AMR testing. Nonetheless, this method depends on the presence of 
discharge or secretions, and requires good optimization of many parameters, such
as sample collection, storage and transport, culture methodology, as gonococci are 
fastidious i.e. highly sensitive to external environmental factors [13].
  However, in the case of cervical, rectal, or pharyngeal gonorrhea, microscopy is 
not recommended, especially for asymptomatic patients; in fact that negative results 
do not exclude the presence of infection due to the low sensitivity of this method.
Generally, the microscopy method does not provide any data on antimicrobial 
sensitivity. In settings with more resources, nucleic acids amplification tests could 
replace culture for the detection of gonococci. This method allows the detection
of nonviable bacterium, with a higher sensitivity than other diagnostic methods,
especially for rectal and pharyngeal samples. This method is also rapid, could be 
automated, and enable simultaneous detection of several pathogens, but it does not 
inform about antimicrobial resistance profile testing [13].

1.4 Treatment of  gonorrhea

  The empiric treatment of gonococcal infection recommended by the WHO was 
dual therapy (injectable ceftriaxone and azithromycin). However, some countries 
have transitioned to ceftriaxone monotherapy (increasing dose from 250 to 500 mg 
intramuscular injection). This is due to the increasing emergence of azithromycin
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resistance and the treatment failure of dual therapy as it was reported in 2014 and 
2018 in the United Kingdom (UK). This therapeutic strategy has been adapted by 
other countries, such as the UK, China, and Japan.

Pharyngeal infections are one of the typical treatment failure consequences as they 
are an important site of infection. Although they are predominantly asymptomatic. 
This is a warning that the era of untreatable gonorrhea is near, but new drugs that 
specifically target antibiotic-resistant N. gonorrhoeae is under current investigation. 
Currently, several promising agents are on the horizon for N. gonorrhoeae, including 
new antibiotics. Some new antibiotics target the GyrB subunit in DNA gyrase, such as 
zoliflodacin, and other target the topoisomerase IV, like the gepotidacin [14].

1.5 Neisseria gonorrhoeae antimicrobial resistance and epidemiology

N. gonorrhoeae has a great ability to develop resistance mechanism to available 
first-line antibiotics, such as penicillin, fluoroquinolones, and tetracyclines, 
increasing the burden of multidrug-resistant N. gonorrhoeae [15]. The study of 
the evolution of antimicrobial resistance (AMR) shows that the resistance of N. 
gonorrhoeae has been driven by the widespread use and misuse of antibiotics, in view 
of the natural absence of AMR elements in this bacterium [2]. With the introduction 
of each new antibiotic, resistance soon followed: penicillins (1943, resistance 
developed since 1989), fluoroquinolones (the 1980s, no longer recommended in 
2007), tetracyclines (1962, high-level resistance noted in 1985), sulfonamides 
(1930s, up to 90% resistance reported in 1940), spectinomycin (1961, emergence 
of resistance in 1987), and azithromycin (1983, no longer recommended in 2007), 
cefixime (1983, clinical failures in Japan in 2010), and ceftriaxone (1980, first high-
level resistance strain reported in 2009). Ceftriaxone is presently the last remaining 
empiric treatment option, highlighting the urgent need for research and development 
of new antibiotics and change in treatment regimens [2].

Indeed, the treatment failure, slow update of treatment guidelines in most 
countries, and the particular ability of the gonococci to develop and retain AMR make 
the global problem of gonococcal AMR worst in the foreseeable future. Consequently, 
severe complications of gonorrhea will emerge as a silent epidemic [13]. In fact, the 
WHO lists N. gonorrhoeae as a “priority pathogen”, and reported over 78 million 
cases each year, with uncontrolled transmission and limited treatment options, 
untreatable gonorrhea will increase the incidence and complications from infections, 
like the infertility in women. Accordingly, the WHO established the Gonococcal 
Antimicrobial Surveillance Program (GASP) in 1992, to encourage countries to 
collect and report their AMR data for at least one antibiotic, in order to develop their 
own gonococcal AMR surveillance programs. Hence, the implementation of optimal 
surveillance programs is of utmost importance [2].

1.6 Antimicrobial resistance mechanisms in N. gonorrhoeae

N. gonorrhoeae is capable to damage its own genetic material because it is 
naturally competent for transformation during its life cycle and through different 
types of mutations [13]. This allows bacteria to survive and rapidly adapt to various 
environments (different sites in the human host). Gonococci develop all mechanisms 
of AMR to all antimicrobials used or recommended for treatment, e.g., (i) decreasing 
of the influx of antimicrobial and increasing of their efflux, (ii) modification of 
targets and reduction of affinity for antimicrobials, and (iii) enzymatic modification 
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or destruction of antimicrobials [13]. As an example, gonococcal resistance to 
penicillin and tetracycline is due to the mutation of  blaTEM  gene and the  tetM  [16],
respectively, which are plasmid-borne and can be easily transferred.

  AMR genetic determinants are chromosomally transcribed where some can 
provide high resistance levels  in vitro  and  in vivo  leading to treatment failure. The 
acquisition of a single AMR determinant could confer only a cumulative increase
in AMR compared to the cumulative effect of certain AMR determinants. The 
interaction between them may result in a significant increase in AMR levels. For 
example, the development of several chromosomally inserted determinants results in 
the resistance of  N. gonorrhoeae  to penicillin.
  This looming health threat has restimulated interest in the development of new 
antimicrobial therapies. Active efforts are being made by several pharmaceutical 
majors to identify the drug targets and develop new drugs to treat such diseases effec-
tively [17]. These targets should be present in microbes and plants, but not in humans.

  Based on previous studies, the branched-chain amino acid (BCAA) pathway has been 
considered an attractive target for antimicrobial drug discovery as a result of compara-
tive pathway analysis between host and pathogen [17]. First, it has been shown that all 
enzymes in the pathway are essential for the growth of bacteria in culture. Second, this 
pathway is present only in bacteria, plants, and fungi but not in animals and humans.
Hence, inhibitors that target these enzymes are likely to be nontoxic to humans [18].
  The BCAA pathway I is responsible for the synthesis of Leucine, valine, and isoleu-
cine. However, this metabolic pathway is absent in humans and other animals, making 
them unable to synthesizee their own BCAAs and rely on obtaining these essential nutri-
ents from their diet. Consequently, BCAA enzyme inhibitors are likely to be effective 
drugs, while not exerting any toxic effects in humans [1]. Ketol-acid reductor-isomerase
(KARI) is the second enzyme in the branched-chain amino acid (BCAA) biosynthesis,
which regulates many physiological activities in a variety of organisms from bacteria
to fungi and plants. The conservation in fungi but absence in mammals of the BCAA 
biosynthetic pathway makes it the target for herbicides, fungicides, and antimicrobial 
compounds [19]. KARI catalyzes the conversion of 2-acetolactate and 2-aceto-2-hy-
droxybutyrate to 2,3-dihydroxyisoverate and 2,3-dihydroxy-3-methyl valerate, respec-
tively. ILVC is a bifunctional enzyme that catalyzes two quite different reactions, but 
occurs at a common active site, acting both as an isomerase and as a reductase [19].
  Previous studies showed the efficiency of some KARI inhibitors against  S. aureus,
M. tuberculosis with an inhibitory effect on bacterial growth leading to the killing
of bacteria [1, 20]. By assessing the presence of the KARI enzyme in pathogens and 
understanding its structure and draggability, the design of novel antimicrobials to 
circumvent the resistance problems can be undertaken more rationally.
  This review focuses on looking for the presence of the KARI enzyme among 
pathogens, bacteria, and fungi, the study of its expression and production during
the host infection, and its common druggable site and susceptibility to previously 
recommended enzyme inhibitors.

2. Material and methods

2.1 Phylogenetic analysis

  BLAST searches were carried out to identify different procaryotic ortholog
of the  N. gonorrhoeae  (GenBank accession number EEZ44675.1) KARI protein
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which is conserved in Neisseria (https://www.ncbi.nlm.nih.gov/ipg/EEZ44675.1). 
KARI sequences were aligned using ClustalW [21], and then a neighbor-joining 
tree was generated using MEGA software [22]. KARI sequences from Escherichia 
coli K12 (AKD89606.1) Enterococcus faecium (KXH23108), Staphylococcus aureus 
(MBU4945389.1), Klebsiella pneumoniae (MBC4258974.1), Actinobacter baumanii 
(EHU1490884.1), Pseudomonas aeruginosa (EJY59157.1), were used for phylogenetic 
analysis.

2.2 Sequence alignments and phylogenetic analysis

Multiple-sequence alignments were performed using the Clustal W webserver. 
The evolutionary relationship of N. gonorrhoeae to other pathogenic strains producing 
similar ketol-acid reductor-isomerase enzymes was examined using a phylogenetic 
analysis of the full-length KARI sequences with the MEGA software (version 11.0.10).

2.3 Homology modeling

The structural model of KARI was obtained from NCBI database http://www.blast.
ncbi.nlm.nih.gov. Ketol acid reductor-isomerase (KARI) enzyme of N. gonorrhoeae 
was subjected for homology modeling using the Swiss model. The structural homolog, 
which was used as a template for this model, is ketol acid reducto-isomerase enzyme 
from S. aureus (Sa KARI) with PDB identifier 5w3k. The sequence similarity between 
the template and the model is about 33%. The KARI model and the template (5w3k) 
were superimposed using the PYMOL software (version 2.4.1) [23].

3. Results and discussion

3.1 Phylogenetic analysis of KARI from pathogens

According to the results of the BLAST search with the sequence of KARI protein 
from Neisseria gonorrhoeae FA19 (Ng KARI), KARI sequences for human pathogens were 
obtained. A phylogenetic analysis of the amino acid sequence with reported pathogens 
was conducted. As shown in the result, Ng KARI is closely related to the KARI from the 
ESKAPE pathogens. All of them are clustered in respective clades (Figure 1a).

The sequence alignment of KARI protein from other human pathogens is reported 
in Figure 1b. All tested pathogens share a common ancestor. However, KARI from 
S. pneumonia, N. meningitidis, S. enterica, M. tuberculosis, B. cereus and B. anthracis 
belong to a different clade than the other pathogens (Shigella dysenteriae, Shigella flex-
neri, Shigella sonnei, Yersinia pseudotuberculosis, Yersinia enterocoliticia, and Francisella 
pneumoniae).

The presence of KARI was also assessed in various members of the gut microbiota, 
to understand if the latter will be inhibited by KARI inhibitors (Figure 2). KARI 
from P. dentalis and B. fragilis belong to the same clade, different from the other Gut 
bacteria (F. nucleatum, B. bifidum, Lactobacillus sp., and A. muciniphila).

3.2 KARI sequence alignment

The alignment of KARI enzyme was carried out using BLAST and Clustal W. 
Multiple-sequence alignment of Ng KARI and KARIs from human pathogens, 

71



7

Neisseria gonorrhoeae  Ketol-Acid Reductoisomerase Is a Potential Therapeutic Target
DOI: http://dx.doi.org/10.5772//107993

revealed that residues constituting NADP(H) and Mg2+ binding sites are well con-
served, while the overall length of each KARI is different. The tested bacteria share 
different residues, especially in the active pocket, and cofactors binding sites. Indeed, 
different KARIs have almost identical active site structures.

Figure 1. 
Phylogenetic tree based on KARI sequence between N. gonorrhoeae and ESKAPE pathogens (a) and other 
human pathogens (b). Accession numbers are as follows: (a) A. baumannii (EHU1490884), P. aeruginosa CIG1 
(EJY 59157), E. faecium (KXH23108), S. aureus (MBU4945389), E. coli K12 (AKD89606), and K. pneumoniae 
(MBC4258974). (b) S. dysenteriae (WP 134806311.1), S. flexneri (SRM99818.1), S. sonnei (SRM99818.1), Y. 
pseudotuberculosis (WP 207968213), Y. enterocolitica (CQH59307.1), F. tularensis (MWY11435.1), S. pneumoniae 
(CJL31550.1), N. meningitidis ATCC 13091 (EFM04987.1), S. enterica (EBV8528786.1), M. tuberculosis 
(9WKJ7.2), B. cereus (CUB23876.1), and B. anthracis (PFE27432.1).
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Analysis of residues contacting NADP(H) and Mg2+ identified five amino acid 
residues, in Sa KARI, as contacting ones: Arg-47, Asp-81, Ser-51, Asp-189, and 
Glu-193 (Figure 3b). KARIs harbor a GxGxxG motif, which is part of the nucleotide-
binding site by phosphate-bridging interaction (Figure 3c), and Mg2+ is required for 
NADP(H) binding. The study of residue mutations’ effect on NADPH binding to the 
KARI’s structure show that residues A71, R76, and S78 are in the loop connecting the 
β2 sheet and the αB helix, referred to as the β2αB loop. R76, and S78 establish direct 
contact with the 2′-phosphate of NADPH. Sequence alignment of KARI show a vari-
able length of the β2αB loop among tested bacteria (Figure 4). This loop is crucial for 
the cofactor specificity [24].

Upon the binding of cofactors, NADP(H) and Mg2+, the N-terminal domain of 
KARI undergoes large local conformational changes, only in the NADP(H) binding 
site. Four Mg2+-binding residues are also identified (D190, E194, E226, and E230) 
[19]. The side chains of these residues rotate upon metal ion binding. Previously, the 
mutation of R47 and D81 induce rotameric changes in other bulky residues (His-31, 
Lys-52, Phe-54, and His-135), resulting in the NADP(H) binding pocket broadening, 
and then a weak binding to the structure [25].

Other conserved residues are identified. According to available KARI’s structure 
analysis, these amino acids interact with inhibitors. Notably, KARI binds differ-
ent ligands other than metal ions and NADP(H), such as IpOHA, cyclopropane-1, 
1 dicarboxylic acid (CPD) and 2-(dimethyl phosphoryl)-2-hydroxyacetic acid 

Figure 2. 
Phylogenetic tree based on KARI sequence between N. gonorrhoeae and some members of the gut microbiota. 
Accession numbers are as follows: (a) F. nucleatum (PZA04987.1), B. bifidum (ERI84126), Lactobacillus 
(RRG12499), A. muciniphila (QWP74035), P. dentalis (AGB28157), and B. fragilis (KXU42727). The tree 
was constructed using neighbor-joining analysis based on KARI protein sequences. The scale bar represents 0.5 
substitutions per nucleotide position.
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Figure 3. 
Surface representation of the crystal structure of KARI from Staphylococcus aureus (Sa KARI) (PDBID: 
5w3k) (Sa KARI), the NADP(H) binding site is shown as a red cavity. (b) Stereo view of the binding mode 
of NADP(H). NADP(H) is shown as yellow sticks, and metals are shown as green spheres. Polar contacts 
with residues within 5 of the NADPH are shown in magenta in dashed lines (c) surface representation of the 
NADP(H) binding site pocket of Sa KARI. NADP(H) is shown as yellow sticks.

Figure 4. 
Multiple alignments of KARI partial sequence from members of the ESKAPE pathogens groups. Clustal W was 
used to align KARI sequences from six members of the ESKAPE (Escherichia coli strain K12, Staphylococcus 
aureus strain MOS225, Klebsiella pneumoniae strain K783, Acinobacter baumannii strain MRSN7301, 
Pseudomonas aeruginosa strain CIG1, and Entercoccus faecium strain VRE-1503646) against the orthologue from 
N. gonorrhoeae. The alignments were used to identify regions possessing the greatest similarities. The conservation 
of residues is indicated above the alignments as follows: asterisk, complete identity; colon, conservation of a strong 
group; period, conservation of a weak group. GxGxxG motif is shown in red line, while β2αB loop is shown in 
blue line.
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(Hoe704). These compounds are the most extensively characterized KARI inhibitors 
investigated to date. They are transition state analogs. Residues involved in these 
inhibitors binding are conserved among bacteria, as described in Table 1. These 
inhibitors could be tested with KARI from N. gonorrhoeae, to assess its effect on bacte-
rial growth rate, its viability, and antimicrobial resistance.

In the presence of Mg2+ ions, the active site of KARI becomes open and accessible 
to solvent, while the NADP(H) binding reduces the space between the domains, and 
the active site adopt a closed conformation. Hence, the active site changes its surface 
structure to become appropriate for substrate binding. The open-close transition state 
has been thought to facilitate substrate binding and catalysis. This feature provides 
then possibilities for the development of inhibitors able to bind to both of structural 
conformations of KARI (i.e. ± NADPH) [6].

3.3 KARI modeling

The modeling of KARI enzyme from N. gonorrhoeae was carried out using the 
Swiss-model webserver, using as a template the KARI enzyme from Staphylococcus 
aureus (PDBID 5w3k). As shown in Figure 5, the KARI model shows high similar-
ity in the active pocket (AFAHGFNIH) and N-terminal and C-terminal domains. A 

Inhibitor Ligands PDBID Reference

CPD E230 5W3K [12]

S251

NDP

Me2+ ions

IpOHA D188, 4YPO [12]

E192

E224

E228

Mg2+ ions

Tartaric acid D190 4TSK [13]

E194

C199

G230

S251

NDP

Cyclopentylamino(oxo) 
acetic acid

E193 6C5N

D189

E229

S250

Mg2+ ions

Table 1. 
Summarization of ligands residues for KARI’s inhibitors.
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comparison of the N-terminal section of Ng KARI with the Sa KARI shows that they 
are some prominent structural differences, particularly in the region from Ng KARI as 
illustrated in Figure 5.

The overall fold of the Ng KARI resembles that of the Sa KARI-NADP(H) com-
plex. No significant domain movements are observed between these two enzymes 
apart from a change in orientation of the polypeptide associated with the NADP(H) 
binding site. KARIs from class I differ in their quaternary structures by being dimeric 
like Ng KARI, Sa KARI, and KARI from Mycobacterium tuberculosis (Mt KARI), while 
others like KARI from Campylobacter jejuni (Cj KARI) are dodecameric. In their 
respective active sites, there are two differences between Ng KARI and Sa KARI, i.e., 
G100/A106 and L103/ F109. These differences are conserved between Ng KARI and 
Mt KARI, G100/G104, L103/L107, with G130/G129. The catalytic residue E230 and 
Mg2+ ligands are highly conserved between all tested pathogens.

3.4 KARI structure analysis

The KARI crystal structure is an asymmetric dimer. This latter is formed by one 
protomer in the holo-form due to the cofactors (Mg2+ and NADP(H)) binding, while 
the other is in the apo-form. As described previously for similar KARI enzymes, the 
dimerization is crucial for the construction of the active site, which is formed by 
some regions of the N-terminal domain and C-terminal domain of one subunit and 
the C-domain of the other subunit in the dimer. This arrangement is shared by other 
KARIs from other bacteria.

The KARI enzyme is composed of two distinct domains, the N-terminal (1–181) 
and C-terminal (182–327). The N-terminal domain, composed of alpha helix and beta 

Figure 5. 
Comparison of the crystal structure of the Ng KARI (model) with Sa KARI-Mg2+-NADPH-CPD complex. (a) 
Mg2+ ions (blue), and NADPH (red) are shown, respectively, as spheres and sticks. In (b) the Mg2+ ions (yellow) 
are drawn as spheres. The residues colored in red in Sa KARI (i.e. residues 131–145) and magenta in Ng KARI (i.e. 
residues 130–144) have different orientations in the two enzymes, probably due to the binding of NADPH.
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sheets, harbor the NADPH-binding domain ilvN (14–177), with the binding sites for 
NADP (R48 and S52), while the catalytic domain ilvC is present in the C-terminal 
domain (183–326). The metal binding sites are present in both N-terminal and 
C-terminal domains (N39, V70, K71, and A73), and (D190 and E194), respectively. 
The structure of KARI binds four Mg2+ ions in the active sites and five Mg2+ on the 
surface of the protein.

A high electron density is shown in two locations deep inside the active site of 
KARI. This density is ascribed to magnesium ions coordinated differently to the struc-
ture. The first Mg2+ ion (Mg2+ (I)) is coordinated by the side chains of two residues 
(D188 and E192), and four water molecules, while the second Mg2+(II) is coordinated 
by the side chains of D188, E224 and E228, in addition to three water molecules. The 
metal ligands adopt an octahedron coordination geometry, with distances varying 
between 2.0 and 2.1 A between the metal and its ligand. The average B-factors for 
Mg2+(I) and Mg2+(II) are 11.5 Å2 and 10 Å2, respectively, supporting a highly ordered 
structure in this region of KARI [26].

Because of the absence of crystal structures of KARI from N. gonorrhoeae, the 
structure analysis is based on similar structure for close organisms having similar 
amino acid sequences. Based on the crystal structure of Mg KARI, the active site 
pocket and thus the magnesium ions are exposed to the solvent, allowing ready access 
to the substrates, the NADPH, or an inhibitor able to prevent their binding to the 
structure. The expected binding site for NADPH includes residues from Y22 to G26. 
All these residues are solvent accessible, hence the residue S24 seems to be the main 
entrance to the active site. Thus, the designed inhibitors should be designed that 
target this surface with metal coordination.

4. Conclusion

Increasing concerns associated with overusing antibiotics in animals and humans 
make it urgent to find new alternatives for treating bacterial infections and diseases. 
BCAA pathways enzymes are promising antimicrobial alternatives being developed 
as potential drug targets absent in animals and humans. Comparative studies of KARI 
from different bacteria bestows the idea that this essential enzyme can be targeted 
for anti-bacterial drug design. Therefore, KARI is considered a good target, due to a 
non-homologous protein in comparison with human proteins, and its targeting will 
be safe for humans. In this review, we assess the presence of KARI in most human 
pathogens, especially the ESKAPE group, due to its high antibiotic-resistance causing 
severe infections.

Since the 3D structure for KARI from N. gonorrhoeae was nonreported yet, a 
model of this enzyme was produced using the Swiss model. Indeed, the Ng KARI was 
modeled in silico based on X-ray crystallography structure for Sa KARI, used as a 
template. It was evaluated that cofactors ligands (Mg2+ and NADPH) were conserved 
among human bacterial pathogens. Upon the binding of these cofactors, KARI adapts 
a different conformation allowing the substrate binding and catalysis, while the active 
site adapt to a closed state.

Competitive inhibitors, targeting the active site are promoting drugs for the 
growth inhibition of pathogens. However, the NADPH binding site and the active 
site are highly conserved among bacteria, including the gut microbiome. In fact, 
a growing number of studies have shown that antibiotics can result in microbial 
dysbiosis, due to their broad-spectrum activities, when subsets of commensal 
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microbes will be indiscriminately killed or inhibited. Notably, different antibiotics
or their combinations have different antimicrobial spectra and will result in
different damages to the microbiome. The disruption of gut microbiota contributes
to numerous diseases, including diabetes, obesity, autism, and superinfection in 
critically ill patients.
  Under normal physiological conditions, the microbiota maintains a homeostatic 
state. It also plays a crucial role in many aspects of physiological processes, including 
maintaining the integrity of the gut mucosal barrier, promoting the development
of the immune system, and protecting against enteric pathogens. Inappropriate 
antibiotics impact host immunity by altering the bacterial metabolites and the signals 
transmitted from gut microbiota to the host (intestinal epithelial cells and intestinal 
immune cells).
  Because antibiotic administration elicits many side effects, restriction of the 
overuse of antibiotics is imperative. However, it is unrealistic to completely abandon 
antibiotics in clinical practice, especially for patients with severe infections.
Therefore, safe strategies should be proposed to attenuate and/or avoid antibiotic-
induced microbial dysbiosis and gut microbiome disruption. Firstly, intravenous 
administration of KARI’s inhibitors drugs (or adjuvant) may avoid the gut flora 
alteration. The adjuvant administration can be followed by the administration of 
PRRs agonist, or probiotics. Indeed, the probiotic intervention is able to reduce the 
antibiotic-associated diarrhea [27]. A recent study suggested that co-administration 
of probiotics and antibiotics prevents  C. difficile  infection in patients receiving 
antibiotics [28]. On the other hand, gut microbiota transplantation is a new strategy 
able to control intestinal inflammation and restore the intestinal homeostasis.
  KARI’s inhibitors remain a good alternative for external treatment for dermato-
logical infections like staphylococcal skin infections in deep wounds. The external 
application or the intravenous administration of the drug will avoid the alteration of 
gut flora. Even with need for an oral administration of these drugs, the disorder of 
gut flora will be partial, due to the high population density of a healthy microbiome,
compared to pathogens. Therefore, probiotics can help to maintain the gut flora in 
sufficient density to maintain the gut mucosal barrier.
  Moreover, KARI is an attractive target for the development of new biocides.
Some tested KARI’s inhibitors inhibit the enzyme in the nanomolar range [29].
Furthermore, the study of KARI-expression during bacterial host-infection may 
confer new insight on the importance of these targets in the pathogen metabo-
lism and growth. The investigation of the effect of potent KARI’s inhibitors on 
pathogen growth in the presence or not of appropriate antibiotic allow further 
progress toward the understanding of the inhibitor’s effect on pathogen and host-
homeostasis, and the development of new inhibitors that specifically target KARIs 
in pathogenic processes.
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