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ABSTRACT 
 
Male hypogonadism arising from disorders of the 
hypothalamic-pituitary-gonadal axis is characterized 
by insufficient testosterone production. It is usually 
associated with subfertility or infertility. While 
hypogonadism is a global health concern, its diagnosis 
and management in tropical regions present unique 
challenges due to a combination of factors. Infectious 
etiologies often dominate the cause of male 
hypogonadism in certain areas of the tropics, but other 
factors such as environmental toxins, heat exposure, 
and high prevalence of metabolic disorders can also 
contribute. Atypical but not uncommon etiologies in the 
context of tropical conditions include snake 
envenomation, calorie deficiency, trauma, and 

androgen and recreational drug abuse. Understanding 
the specific causes of male hypogonadism in tropical 
regions requires a comprehensive assessment 
considering both medical and contextual factors. 
Addressing these causes involves targeted 
interventions, including infectious disease 
management, environmental regulations, genetic 
screening, appropriate medication use, and culturally 
sensitive healthcare approaches. 
 
INTRODUCTION 
 
Male gonadal function primarily refers to the role of the 
testes in producing testosterone and sperm. It is 
regulated by a complex interplay 

of hormones and feedback mechanisms. The 
hypothalamic-pituitary-gonadal (HPG) axis is the 
critical regulatory system that governs the function of 
the testes in producing sex hormones and sperm (1).  
 
Male hypogonadism encompasses abnormalities in 
sperm production, including changes in quantity or 
quality, alongside androgen deficiency. In tropical 
regions, male hypogonadism can arise due to diverse 
factors such as heat exposure, nutritional deficiencies, 
infectious diseases, toxins, genetic disorders, and 
metabolic dysfunction. Effective management in 
tropical areas necessitates a comprehensive 

approach that takes into account environmental, 
nutritional, hormonal, and metabolic factors. 
 
EPIDEMIOLOGY 
 
The epidemiology of male hypogonadism remains 
insufficiently researched, particularly in tropical 
countries. Among the known causes of endogenous 
androgen deficiency, Klinefelter syndrome is relatively 
common, with a likely population prevalence ranging 
from 5 to 25 cases per 10,000 men (2). The 
percentage of infertile men varies widely, ranging from 
2.5% to 12%. Infertility rates tend to be highest in 
Africa and Central/Eastern Europe (3).  
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In many tropical countries, endemic infections such as 
tuberculosis, leishmaniasis, leprosy, and 
schistosomiasis persist, leading to hypogonadism due 
to scrotal involvement (4). The precise prevalence, 
however, remains unknown. 
 
INFECTIOUS CAUSES  
 
Infectious causes of hypogonadism can result from 
various pathogens, including bacteria, viruses, and 
protozoa, that directly or indirectly affect the gonads or 
disrupt hormonal regulation. Bacterial infections 
ascending through the urogenital tract primarily affect 
the epididymis and accessory glands, whereas viral 
infections transmitted via the bloodstream 
predominantly involve the testes (5). Infections of the 
male genitourinary tract are responsible for 10% to 
15% of cases of male infertility and may be especially 
relevant in the tropics (6). These conditions present as 
urethritis, prostatitis, orchitis, or epididymitis and are 
potentially curable (7).  
 
The testis is considered an immune-privileged organ, 
crucial for safeguarding immunogenic germ cells 
during spermatogenesis from immune system 
activation. This protection is primarily achieved 
through a local immunosuppressive environment and 
systemic immune tolerance (8). The testis induces 
local innate immune responses to counter pathogens 
despite its immune privilege. However, certain 
pathogens can evade these defenses, leading to 
infection and persistence in the male reproductive 
tract (9).  
 
Viral infections 
 
Mumps virus and human immunodeficiency virus 
(HIV) infections are recognized viral causes of orchitis 
and male infertility. Additionally, various emerging viral 
infections, including tropical ones, can affect male 
gonads. 
 
MUMPS 
Mumps infection is known to cause hypogonadism 
and male infertility. The extensive use of mumps 

vaccines has reduced the occurrence and severity of 
mumps-related complications. In Asia, infection is 
more prevalent during summer months, and a 
correlation between increased temperature and 
humidity has been suggested (10). A possible cause 
of mumps outbreak in many tropical countries could 
be inadequate vaccine coverage.  
 
Clinical orchitis is rare in prepubertal males but affects 
15-25% of adult men about a week after parotitis. 
Infertility or subfertility occurs in about 30% of orchitis 
cases, likely due to germinal cell damage, ischemia, 
or immune responses to the infection (10,11). Germ 
cell failure is more common than androgen deficiency 
in mumps and related viral infections. Treatment 
during the acute phase is supportive, as no proven 
therapy prevents sperm cell damage. Universal 
vaccination remains the primary strategy for 
preventing mumps-related infertility (12). 
 
HIV INFECTION  
 
Epidemiology 
 
Studies report low serum testosterone in HIV-positive 
men ranging from 13% to 40%, with a recent meta-
analysis suggesting a 26% prevalence (13,14). 
Secondary hypogonadism accounts for up to 80% of 
the cases and is attributable to functional 
hypogonadotropic hypogonadism (FHH) (13). In 
tropical countries, socioeconomic factors such as 
poverty, limited education, and inadequate healthcare 
resources contribute to increased rates of HIV 
transmission and hinder access to testing and highly 
active antiretroviral therapy (HAART). Studies 
conducted in tropical Africa show a prevalence of 
hypogonadism ranging from 8.7% to 37% in men with 
HIV (15,16). 
 
Etiology 
 
HIV-specific factors, alongside traditional ones, 
contribute to testosterone deficiency in men with HIV. 
While some association exists between testosterone 
levels and HIV-related parameters, such as low CD4 
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count, uncontrolled HIV viremia, weight loss, and 
acquired immunodeficiency syndrome (AIDS) 
wasting, the evidence is not strong (17). The 
pathogenesis of hypogonadism in these men is 
multifactorial and complex, with classical risk factors 
playing a minor role compared to HIV-negative men. 
It's essential to note that the lack of a strong 
association between testosterone levels and 
traditional risk factors doesn't exclude their 
involvement; rather, numerous HIV-specific factors 
can mask their significance statistically (13). 
 
Role of HIV-Related Comorbidities 
 
HIV-related co-morbidities, chronic inflammation, illicit 
drug use, and body composition changes from HAART 
have been implicated in the development of 
hypogonadism. HIV infection makes the testes more 
susceptible to opportunistic infections like 
cytomegalovirus (CMV), Epstein-Barr virus, and 
tuberculosis (18). Up to 25% of individuals with AIDS 
will demonstrate testicular involvement with 
widespread opportunistic infection or systemic 
neoplasms, including CMV, toxoplasmosis, Kaposi 
sarcoma, and testicular lymphoma. However, primary 
hypogonadism may not develop in all cases (19).  
 
Drug-Induced Hypogonadism 
 
Several medications used for the treatment of HIV and 
AIDS may affect the HPG axis. Ketoconazole inhibits 
side-chain cleavage enzymes and other critical 
enzymes in testicular steroidogenesis. Megestrol 
acetate is used to increase appetite, but as a synthetic 
progesterone agent it suppresses gonadotropin 
secretion and results in hypogonadism. Central 
hypogonadism can also occur from opiate-induced 
inhibition of gonadotropin-releasing hormone (GnRH) 
release.  
 
Hyperprolactinemia and Gynecomastia 
 
Increased prolactin levels are reported in almost 20% 
of men living with HIV (20,21). In a case-control study, 
gynecomastia was seen in 1.8% of 2275 consecutively 

screened cases and was associated with 
hypogonadism, hepatitis C, and the degree of 
lipoatrophy associated with HAART (22). Efavirenz, a 
commonly used HAART, is often responsible for 
gynecomastia which is due to direct activation of the 
estrogen receptor (23). Hyperprolactinemia has been 
reported in 21% men with stable disease and was 
significantly associated with opioid and protease 
inhibitor usage.  
 
Testicular Changes 
 
HIV infection itself doesn't result in observable 
morphological changes, especially with the advent of 
HAART, which has majorly reduced the risk of primary 
testicular damage (24). An earlier autopsy-based 
study had categorized testicular findings in AIDS into 
five groups: "Sertoli cell-only" syndrome (43%), germ 
cell damage (27%), peritubular fibrosis (15%), 
maturation arrest (12%), and normal appearance (3%) 
(25). A subsequent study reported decreased 
spermatogenesis, subacute interstitial inflammation, 
or their combination in autopsy (26). 
 
Diagnosis and Management 
 
The approach to diagnosis and management is 
generally similar to other causes of male 
hypogonadism. Readers can refer to relevant sections 
in endotext.com for more detailed information (27–29). 
Of note, about 30% to 55% of men with HIV have 
increased sex hormone–binding globulin (SHBG). As 
a result, using bioavailable or free testosterone 
instead of total testosterone is recommended for 
diagnosis. Though, in cases of hypogonadotropic 
hypogonadism, addressing the primary pathology is 
the standard treatment, the chronic nature of the 
condition demands more frequent consideration for 
testosterone replacement therapy (TRT) for men with 
hypogonadism and HIV (30).  
 
Treatment options include TRT, addressing underlying 
comorbidities, optimizing HAART regimens to 
minimize side effects, and promoting healthy lifestyle 
practices to prevent metabolic disorders. Regularly 
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monitoring hormone levels, bone health, and 
metabolic parameters is crucial for long-term 
management. 
 
ZIKA VIRUS INFECTION  
 
Zika virus is a flavivirus borne by mosquito vectors 
such as Aedes aegypti and Aedes albopictus. It is 
endemic to tropical countries of Africa, Asia, and South 
America. The virus can also spread through sexual 
contact, blood transfusion, and from mother to fetus 
(31).  
 
The infection remains asymptomatic in the majority, 
but manifestations may include low-grade fever, rash, 
conjunctivitis, myalgia, and arthralgia. Zika virus RNA 
persists in the semen and in male and female 
reproductive tracts. Zika virus has been associated 
with testicular inflammation and damage, leading to 
infertility in some cases (32,33). The virus's ability to 
alter mature sperm can reduce fertility and has 
implications for assisted reproduction, particularly due 
to its teratogenic potential (34). Typically, the testes do 
not show any inflammatory response, and normal 
morphology and hormone production are maintained. 
This enables the virus to remain dormant, acting as a 
covert carrier for asymptomatic sexual transmission. 
 
OTHER VIRAL INFECTIONS 
 
Several viruses prevalent in tropical countries have 
been linked to testicular damage and infertility. Human 
papillomavirus (HPV) infection in males is often linked 
to external genital warts, but asymptomatic infections 
are equally common. HPV has been detected in the 
epididymis, testicles, vas deferens, prostate, and 
seminal fluid. High-risk HPV strains such as HPV-16 
can affect sperm parameters, including count and 
motility, possibly reducing fertility (35,36). Both herpes 
simplex virus (HSV)-1 and HSV-2, like HPV, can 
localize in the male genital tract, but it's unclear if they 
affect fertility (37). 
 
Hepatitis B virus (HBV) can enter male germ cells by 
crossing the blood-testis barrier, integrating its 

genome, and inducing oxidative stress and reactive 
oxygen species (ROS) production, leading to sperm 
apoptosis. HBV infection in chronic cases results in 
higher apoptotic sperm cells and membrane integrity 
loss (38). Despite its effects on sperm, fertility 
outcomes in assisted reproduction remain unaffected, 
with vertical transmission being unlikely, especially 
with a vaccinated female partner (39). 
 
Hypogonadism has been documented in men infected 
with the hepatitis C virus (HCV), but the etiology has 
not been clearly established and is likely to be 
multifactorial. While systemic inflammation associated 
with HCV may suppress the HPG axis, the effect of 
advanced liver disease on testosterone metabolism 
may also be responsible (40). HCV infection reduces 
sperm count, motility, and morphology, affecting 
fertility potential. Elevated oxidative stress can lead to 
sperm chromatin condensation and cell death. It can 
also trigger an autoimmune response. Interestingly, 
treatment with ribavirin and interferon can also worsen 
semen parameters (41). 
 
Male reproductive organs have been found to be 
vulnerable in moderate to severe illness with severe 
acute respiratory syndrome coronavirus 2 (42,43). The 
negative effect on seminal parameters was found to 
persist even at six months (44). 
 
Bacterial Infection 
 
Bacterial infections in the male reproductive tract can 
lead to epididymitis, orchitis, prostatitis, and urethritis. 
These infections are typically caused by Chlamydia 
trachomatis, Neisseria gonorrhoeae, ureaplasmas, 
mycoplasmas, and other bacteria. They are more 
common in tropical developing countries. 
Mycobacterial affection of the male genital tract is also 
prevalent in these regions. Symptoms include pain 
and swelling of the genitalia, penile discharge, and 
discomfort during urination or ejaculation. Treatment 
usually involves antibiotics targeted at the specific 
bacteria causing the infection (45).  
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Infertility can result from these infections, with 
underlying mechanisms possibly including damage to 
the germinal epithelium, ischemia, immune 
dysfunction, and cell damage from increased ROS 
(46). Spermatozoa can be affected at various stages 
of their development, maturation, and transport. 
Infections are also associated with obstruction along 
the seminal tract, such as urethral strictures. 
 
Many pathogens of the male genitourinary tract are 
asymptomatic, and it is often difficult to distinguish 
colonization from infection detrimental to fertility (47). 
Bacteriospermia is suspected when there are more 
than one million peroxidase-positive white blood cells 
per milliliter of ejaculate (leukocytospermia). It is 
confirmed through a semen culture or polymerase 
chain reaction (PCR) to identify the pathogen. 
Antibiotic treatment may improve sperm quality and 
prevent testicular damage and complications, but its 
effects on natural conception are not clear (48). 
Furthermore, leukocytospermia is a sign of 
inflammation and may not be associated with a 
bacterial or viral process, hence its clinical significance 
in the ejaculate is controversial (49).  
 
CHLAMYDIA 
 
C. trachomatis, an intracellular gram-negative 
bacterium, causes asymptomatic infection of the 
genital tract in 85%–90% of cases. Symptoms of 
epididymo-orchitis and prostatitis include mucoid or 
watery urethral discharge and dysuria. Some but not 
all studies have demonstrated an association with 
male infertility and altered semen quality (45,50,51). 
 
While some research suggests that C. trachomatis 
could affect sperm-egg penetration, impacting 
fertilization potential, others propose that its impact on 
male fertility might be related to transfer to a female 
partner and resulting inflammatory processes, anti-
sperm antibody generation, or defective implantation. 
Overall, the association between C. trachomatis and 
male fertility remains complex and may vary 
depending on individual cases (45). 
 

NEISSERIA 
 
N. gonorrhoeae is a leading cause of genital infection 
in the tropics. It primarily spreads through sexual 
contact and can lead to asymptomatic colonization or 
inflammatory diseases like urethritis, orchitis, 
prostatitis, and epididymitis. These infections can 
manifest as mucopurulent urethral discharge, or 
infertility from testicular damage or ductal obstruction. 
The bacteria attach to spermatozoa using pili or direct 
contact, and their infection triggers an influx of 
inflammatory cells. While the exact causative role of 
N. gonorrhoeae in pathogenesis of male infertility 
remains unclear, studies have noted higher infection 
rates in men with infertility compared to those without 
fertility issues (52). 
 
GENITAL UREAPLASMAS AND MYCOPLASMAS 
 
Of the genital ureaplasmas and mycoplasmas, 
Ureaplasma urealyticum, and Mycoplasma hominis 
are potentially pathogenic and can contribute to both 
genital infections and male infertility (53,54). The 
prevalence of U. urealyticum ranges from 10 to 40%. 
Both U. urealyticum and M. hominis have been linked 
to prostatitis and epididymitis (45). The mechanism of 
infertility could be due to a reduction in ejaculate's 
oxidoreductive potential, making sperms more 
susceptible to peroxidative damage (55).  
 
LEPROSY 
 
Leprosy is a chronic infectious disease caused by 
Mycobacterium leprae, primarily affecting the skin, 
peripheral nerves, mucosa of the upper respiratory 
tract, and eyes. The condition is prevalent in tropical 
countries, and according to World Health Organization 
(WHO) estimates, over 17 million patients received 
multidrug therapy (MDT) for leprosy in the past four 
decades. The lower temperature of the scrotal 
contents, between 27–30˚C, makes the testes prone 
to infection in those with the lepromatous form and 
during flares of erythema nodosum leprosum (type 2 
reaction).  
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The testes can serve as a reservoir for leprosy bacilli, 
potentially leading to testicular atrophy through the 
mediation of inflammatory cytokines and endarteritis, 
ultimately resulting in fibrosis. Early symptoms include 
testicular pain or swelling. Hypogonadism can lead to 
decreased or absent libido (28%), followed by 
gynecomastia (16.3%). Smaller, softer, and less 
sensitive testes is a characteristic feature of leprosy. 
Ultrasonography demonstrates reduced testicular 
volume in 72% of affected males (56). Laboratory 
investigations reveal oligospermia or azoospermia, 
elevated luteinizing hormone (LH) and follicle-
stimulating hormone (FSH), and low serum 
testosterone levels (57–59). 
 
TUBERCULOSIS 
 
Epidemiology 
 
Male genital tuberculosis is found worldwide but is 
more common in regions with high tuberculosis 
prevalence, such as parts of Asia, Africa, and Latin 
America. Genitourinary involvement accounts for 20-
40% of extrapulmonary forms. Isolated genital 
infection is uncommon and occurs in 5–30% of the 
cases of genitourinary infection (60). Clinical reports 
likely underestimate the actual prevalence of male 
genital tuberculosis as symptoms are often absent 
(61). 
 
Mode of Infection 
 
Male genital tuberculosis typically originates from 
bacillaemia following primary infection of the lungs. 
Older studies suggest that the prostrate is often 
seeded by infected urine, with subsequent canicular or 
lymphatic spread to the epididymis (62). Though 
current literature suggests that direct hematogenous 
spread may be the primary mode of initial genital 
infection, especially in miliary cases. Granulomas 
formed systematically during primary infection can 
harbor bacilli for long periods, and reactivation can 
lead to genital tuberculosis. Disease progression often 
involves adjacent sites through direct extension, with 
orchitis almost always occurring secondary to 

epididymal disease. Concurrent or sequential 
involvement of multiple genital sites is common (63).  
 
Clinical Features 
 
Epididymis and prostate are the most commonly 
affected sites. Epididymitis is the most frequently 
reported form of male genital tuberculosis, 
characterized by gradual onset of swelling and pain. 
Acute infections are also observed. Spread to the 
testis can manifest as non-tender testicular mass, with 
coexisting enlarged, hard epididymis, beaded vas 
deferens, and sometimes scrotal edema. 
Oligospermia or azoospermia can occur from 
occlusion or granulomatous destruction of vas 
deferens or epididymis. Prostatic tuberculosis may 
present with dysuria, frequency, hematuria, and 
hemospermia. Physical examination may reveal firm 
enlargement, nodularity, or soft areas of necrosis 
(61,63).  
 
Diagnosis and Treatment 
 
Diagnosing male genital tuberculosis often requires a 
combination of clinical evaluation, imaging studies 
(such as ultrasound or magnetic resonance imaging), 
laboratory tests (including semen analysis, urine 
analysis, and tuberculosis-specific tests like PCR or 
culture), and sometimes biopsy of affected tissues. All 
patients with genital tuberculosis should be screened 
for pulmonary and renal lesions. Treatment typically 
involves conventional tuberculosis chemotherapy 
courses. In cases of infertility or complications, 
additional management strategies such as surgical 
interventions or assisted reproductive techniques may 
be considered. Early recognition and treatment are 
crucial in managing male genital tuberculosis and 
preventing complications such as infertility (64). 
 
Other Mechanisms of Gonadal Dysfunction  
 
Central nervous system tuberculosis, including 
tuberculomas involving the sellar region, can lead to 
hypogonadotropic hypogonadism (65). Pro-
inflammatory cytokines, such as tissue necrosis 
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factor-α (TNFα), interferon-γ, and interleukin (IL)-6, 
have been implicated in the impaired production of 
gonadal androgens in cases with pulmonary 
tuberculosis. These cytokines can disrupt the normal 
functioning of Leydig cells, leading to reduced 
testosterone synthesis (66). 
 
OTHER BACTERIAL INFECTIONS 
 
Brucellar epididymo-orchitis is a rare infection 
affecting the testis and epididymis, occurring in 
approximately 2–14% of cases of brucellosis. 
Brucellosis is still prevalent in individuals dealing with 
livestock in developing countries and is reported to be 
hyper-endemic in Iran. Necrotizing orchitis, testicular 
abscess, infarction, atrophy, suppurative necrosis, 
azoospermia, and infertility can occur if diagnosis is 
delayed or management is inappropriate (67). 
 
Several other bacteria, such as Escherichia coli, 
Staphylococcus aureus, Enterococcus faecalis, 
Streptococcus agalactiae, Gardnerella vaginalis, 
Treponema pallidum, Helicobacter pylori have been 
linked to male infertility through different mechanisms 
(45). However, more research is needed to fully 
comprehend their roles, particularly in tropical regions 
where these bacterial infections are more prevalent. 
 
Protozoa 
 
Protozoan parasitic diseases are endemic in many 
tropical countries. Protozoan infections of the male 
genital tract are rare, and only a few species, such as 
Trichomonas vaginalis, Trypanosoma species, 
Leishmania donovani, Entamoeba histolytica, 
Acanthamoeba, Toxoplasma gondii, and Plasmodium 
falciparum, have been linked to pathogenesis of 
testicular damage (68). 
 
TRICHOMONAS 
 
T. vaginalis is a common sexually transmitted infection 
that can affect various parts of the male genital tract, 
including the urethra, prostate, and epididymis. 
Although uncommon, T. vaginalis can impact male 

fertility. Studies indicate a higher prevalence of T. 
vaginalis in infertile men compared to fertile 
individuals, and its presence in semen is linked to 
decreased sperm motility, normal morphology, and 
viability. In vitro studies confirm that T. vaginalis and its 
secretions can reduce sperm motility and fertilizing 
capacity (68,69).  
 
TOXOPLASMOSIS 
 
Congenital toxoplasmosis is characterized by 
meningoencephalitis with significant perivascular 
inflammation, particularly in the basal ganglia and 
periventricular regions. This condition likely affects 
important hypothalamic regulatory centers, resulting in 
hypothalamo-pituitary dysfunction. The clinical 
features of toxoplasmosis stem from both direct tissue 
destruction by the parasite and immunopathological 
changes mediated by inflammatory cytokines. 
Hypothalamic-pituitary dysfunction, precocious 
puberty, and central diabetes insipidus with 
hypogonadism have all been described in association 
with congenital toxoplasmosis (70–73). In 
immunocompromised individuals, such as individuals 
with AIDS, the male reproductive tract can rarely be 
affected, leading to conditions like epididymitis or 
orchitis. Although direct links to infertility aren't fully 
established, some studies suggest potential negative 
impacts on sperm health. 
 
LEISHMANIASIS 
 
Infections with Leishmania can lead to genital lesions 
and testicular amyloidosis, contributing to 
hypogonadism. Parasitism of the testes and reduced 
testicular size with fewer Sertoli and Leydig cells have 
been reported (74). Evidence of involvement of 
several endocrine organs- pituitary, adrenal, thyroid, 
and sex glands- via histopathologic studies have been 
documented in Visceral Leishmaniasis (75). However, 
abnormal endocrine function tests in some instances 
without clinical manifestations have been 
documented. Genital leishmaniasis lesions on the 
penis, mimicking a painless, slow-growing scabies-like 
ulcers, can occur uncommonly (76). 
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TRYPANOSOMIASIS 
 
African trypanosomiasis, also known as sleeping 
sickness, is caused by the protozoan parasite 
Trypanosoma brucei, which is transmitted by the bite 
of a tsetse fly. In a study involving 31 Congolese men 
with confirmed trypanosomiasis, 70% experienced 
impotence, and 50% exhibited decreased 
testosterone levels (77). The gonadotrophins were 
found to be disproportionately normal, suggesting 
hypothalamic-pituitary involvement (78). The 
endocrine dysfunction observed in patients with 
trypanosomiasis may be secondary to inflammatory 
cytokines (79,80). However, further studies are 
required to confirm the hypothesis. 
 
Chagas disease, caused by Trypanosoma cruzi, 
affects 6–7 million people worldwide, mainly in Latin 
America. It is primarily transmitted by triatomine bugs, 
with congenital and blood-transfusion transmission 
also reported. In its chronic phase, the disease 
commonly leads to cardiac, digestive, or neurological 
disorders. Early antiparasitic treatment can cure the 
acute phase, while treatment during the chronic phase 
can slow progression (81). Animal experiments 
demonstrated the presence of amastigote forms in 
seminiferous tubules of infected mice (82). 
Subsequent autopsy studies only revealed focal 
chronic phlebitis and mononuclear interstitial 
infiltration of the testis and failed to show any parasites 
(83). Early studies of testicular biopsies in chronic 
Chagas disease revealed arrested germ cell 
maturation and regressive alterations, worsening 
progressively from normospermia to azoospermia 
(84). Immune neuro-endocrine disturbance could 
possibly play a role in the pathogenesis (85). 
 
OTHER PROTOZOAL INFECTIONS 
 
Rare cases of scrotal and penile amebiasis have been 
described (86,87). Rare reports in the medical 
literature have mentioned cases where infections 
caused by Plasmodium falciparum or Plasmodium 
vivax, the parasites responsible for malaria, have led 
to testicular pain or hypogonadism (88,89). 

Fungus 
 
CANDIDA 
 
Fungal epididymitis, caused by Candida glabrata, is 
uncommon but should be considered, especially in 
individuals with diabetes and a history of 
catheterization or antibiotic use. Rare cases with 
enlarged and tender hemiscrotum responding to 
fluconazole and surgical excision have been 
described (90). The risk of epididymitis in individuals 
with diabetes with C. glabrata and C. albicans 
increases with urinary tract instrumentation and prior 
antibiotic therapy. Diagnosis relies on recognizing 
fungi in histology or pus cultures, often indicating 
retrograde spread from urine. Fungal epididymo-
orchitis can occur as an isolated entity or, more often, 
during disseminated infection (91).  
 
As with any gonadal infection, fungal epididymo-
orchitis can cause infertility because of gonadal 
destruction and resultant azoospermia. In addition to 
invading tissue, fungi can contribute to infertility by 
inducing anti-sperm effects and secreting 
mycotoxin. C. guilliermondii and C. albicans are able 
to inhibit sperm viability and motility in vitro. A 
proportion of infertile men and women have antibodies 
positive for C. guilliermondii, the implications of which 
are unknown. Restoration of fertility was achieved in 
some patients after the eradication of C. 
guilliermondii by ketoconazole (92).   
 
OTHER FUNGAL INFECTIONS OF GONADS 
 
Other fungi reported to infect testis and epididymis 
include blastomycosis, histoplasma, aspergillus, and 
cryptococcus (93–95). Cryptococcus neoformans can 
also cause hypospermia and teratospermia (96). 
The fusarium toxin zearalenone and its metabolite 
zearalenol bind as agonists to estrogen receptor-α and 
-β, causing hyperestrogenism-mediated decreases in 
testosterone and libido, azoospermia, and 
feminization in mammals. Whether such 
hyperestrogenic effects occur in humans with 
fusariosis is unclear (97).  
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Granulomatous epididymo-orchitis can also occur as 
a part of disseminated histoplasmosis in an 
immunocompromised state (94). Genital 
blastomycosis is described mostly as a part of 
disseminated disease. Majority present with unilateral 
or bilateral pain and swelling of the scrotum. Onset can 
be acute or insidious, with symptoms lasting from days 
to months. Bacterial infection on the other hand is 
typically unilateral and acute (93). Some fungal 
infections may remain asymptomatic and only get 
detected during autopsy.  
 
PITUITARY FUNGAL INFECTIONS  
 
Pituitary fungal infections or abscesses are extremely 
unusual and mostly found in immunocompromised 
states. (98). The mode of spread could be 
hematogenous, extension from adjacent structures 
like meninges, sphenoid sinus, cavernous sinus, and 
skull base, or iatrogenic during transsphenoidal 
procedures. Aspergillus is the most frequently 
reported fungal infection of the pituitary (99). 
Candida, Pneumocystis jirovecii in HIV/AIDS, and 
coccidia are also reported to infect the pituitary (100–
102).  Gonadotrophin and other pituitary hormone 
secretion can be affected, but such reports are very 
rare (103). Pituitary stalk compression due to fungal 
lesion can induce hyperprolactinemia (104). 
 
Helminths 
 
SCHISTOSOMIASIS 
 
Schistosomiasis, caused by Schistosoma 
haematobium, S mansoni, and S. japonicum, 
represent a major tropical disease transmitted through 
contact with infested freshwater. S. haematobium, 
common in sub-Saharan Africa, infects around 112 
million people and often affects the urinary tract, with 
potential extension to the genitalia. The infection can 
persist for decades and, if untreated, becomes 
chronic, with potential for causing complications (105). 
S. manson, i prevalent in the Caribbean, South 
America, and Africa, and S. japonicum in Southeast 

Asia are primarily associated with hepato-intestinal 
infection with very rare occurrence of genital disease. 
Genital involvement is primarily observed with S. 
haematobium (106). 
 
Early symptoms include hemospermia, that results 
from mucosal ulceration caused by egg penetration 
into the seminal vesicle. Schistosoma eggs can 
become entrapped in the prostate, vas deferens, 
epididymis, or testes, and trigger immune reactions 
and granuloma formation. Clinical features include 
genital or ejaculatory pain, infertility, and abnormally 
enlarged organs from granulomatous infiltration, 
fibrosis, and calcifications (105–107). Diagnosis 
depends on identifying ova in semen or urine, but 
detecting chronic infection is challenging as ova might 
often be absent. Praziquantel (at 40 mg/kg) is the 
standard treatment for most forms of schistosomiasis 
(106). 
 
S. mansoni infection has been associated with low 
normal testosterone and elevated estrogen levels in 
males, although hepatic dysfunction may play a role in 
these abnormalities (108).  
 
FILARIASIS 
 
Filariasis is a neglected tropical disease transmitted by 
mosquitos caused by Wuchereria bancrofti, Brugia 
malayi, and B. timori. Filariasis occurs in Africa, Asia, 
South America, the Caribbean, and the Pacific. 
Globally, it is estimated that 25 million men have 
hydrocele due to lymphatic filariasis, and over 15 
million people are affected by lymphoedema (109). 
Initial infections are often asymptomatic, but chronic 
disease can damage the lymphatics of the spermatic 
cord. Common genital manifestations include 
recurrent scrotal pain and swelling, hydrocele, and 
epididymo-orchitis (110). Azoospermia and 
oligospermia are also described (111). The WHO's 
Global Programme to Eliminate Lymphatic Filariasis 
(GPELF) was launched in 2000 with a strategy 
focused on large-scale annual treatment in endemic 
areas to stop infection spread and provide essential 
care. 
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Ecdysteroids are compounds related to 20-
hydroxyecdysone, the insect molting hormone, in Loa 
Cystoids and Mansonella perstans infections, the 
other form of filariasis. Microfilaremic males with these 
infections had low testosterone in 12%, and high 
gonadotrophins in 24%, and abnormal levels of both 
in 21%. Ecdysteroids were found in the serum of 90% 
of individuals with microfilaremia and in all urine 
samples, but their levels did not correlate with 
hormonal changes. A possible link between 
microfilaremia and endocrine disruptions, including 
hypogonadism, has been suggested, but the direct 
role of parasitic ecdysteroids remains unproven (112). 
 
ENVIRONMENTAL CAUSES  
 
Endocrine Disrupting Chemicals (EDCs) 
 
DEFINITION AND CONTEXT 
 
EDCs pose a significant and ubiquitous threat to 
global and tropical health. EDCs include both natural 
and synthetic chemicals widely dispersed in the 
environment. These chemicals can be ingested, 
inhaled, or absorbed through various media, including 
food, water, air, and consumer products, and can 
interfere with any aspect of hormone action. EDCs can 
bind to hormone receptors, such as estrogen and 
steroid receptors, disrupting development and 
reproductive function, among many other health 
impacts.  
 
Common EDCs include bisphenol A (BPA), found in 
plastics and food containers, and phthalates, used to 
make plastics more flexible and present in products 
like cosmetics and toys. Polychlorinated biphenyls 
(PCBs), industrial chemicals in electrical equipment 
and paints, and dioxins, by-products of industrial 
processes and combustion, are also significant EDCs. 
Pesticides such as dichlorodiphenyltrichloroethane 
(DDT) and glyphosate, widely used in agriculture 
represent another major group of EDCs. For more 
details, please refer to the sections on EDC in 
Endotext (113). 

 
EDCS IN TROPICS 
 
Despite growing recognition of their impact, the full 
extent of their damage remains inadequately 
addressed due to insufficient evidence and lack of 
comprehensive testing (114). In tropical regions, 
extensive use of pesticides and industrial chemicals 
increases exposure to EDCs. For example, 
glyphosate, a commonly used herbicide, has been 
linked to endocrine disruption and adverse 
reproductive health outcomes (115). Similarly, heavy 
metals like lead and arsenic, prevalent in some 
tropical areas, cause significant endocrine-related 
health issues (116,117). 
 
A review of data on prioritized EDCs (e.g., DDT, 
lindane, PCBs, etc.) reported elevated concentrations 
in the Indian environment and human population 
compared to the international context (118). A recent 
nationwide pilot study has reported the widespread 
occurrence of per- and polyfluoroalkyl substances 
(PFASs) and phthalates in humans from different 
locations across India, including those residing along 
the Indian Himalayas (119,120). Both DDT and 
pyrethroids used for malaria control in African 
countries have endocrine-disrupting potential (121). 
  
EDCS AND MALE GONADAL DYSFUNCTION 
 
Hypogonadism 
 
EDCs act as anti-androgens, mimic estrogens, and 
inhibit steroidogenic enzymes, interfering with 
androgen production and function. Phthalate esters 
like di-(2-ethylhexyl) phthalate (DEHP) and BPA can 
reduce testosterone synthesis and disrupt gene 
expression related to hormone balance. DDT, PCBs, 
and their metabolites can also block hormone 
receptors, affecting estrogen and androgen signaling 
crucial for spermatogenesis and testicular 
development (122). 
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Infertility 
 
EDCs are known to disrupt hormonal balance and 
have been linked to impaired sperm production, 
quality, and function. Factors such as type of EDCs, 
duration of exposure, and individual susceptibility play 
roles in their effects on reproductive health. EDCs 
impact sperm function by targeting testicular 
development and influencing the HPG axis, affecting 
estrogen and androgen receptors, influencing ROS 
production, inducing epigenetic modifications, and 
directly affecting spermatozoa and testicular tissue 
cells (123). Pesticides have been extensively studied 
for their effects on sperm parameters and DNA 
integrity. While some studies report reductions in 
sperm concentration and alteration in sperm 
morphology due to pesticide exposure, others show 
no significant impact (124). DDT, BPA, and phthalates 
are associated with decreased semen volume and 
sperm concentration, motility, and abnormal 
morphology (125). Increased urinary BPA level is 
associated with reduced number, motility, and sperm 
vitality, leading to male infertility (126). Continued 
research is needed to better understand the effect of 
EDCs on reproductive health.  
 
Developmental Disorders 
 
Testicular dysgenesis syndrome (TDS) is a condition 
linking poor semen quality, testicular cancer, 
undescended testes, and hypospadias. Experimental 
and epidemiological studies indicate that TDS stems 
from disturbances in embryonic programming and 
gonadal development during fetal stages. These 
disorders share a common pathway by which 
environmental chemicals and genetics result in 
abnormal development of the fetal testis (127,128). 
Though harmful effects on testicular development in 
animals have been demonstrated, the current 
evidence does not conclusively clarify the impact of 
EDCs on human male reproductive development 
(129). 
 
Gynecomastia 
 

Gynecomastia prevalence has increased over recent 
decades, partly attributable to exposure to EDCs. 
Higher plasma concentrations of DEHP and its major 
metabolite mono(2-ethylhexyl) phthalate (MEHP) in 
boys with gynecomastia have been demonstrated 
(130). Another study reported an outbreak of 
gynecomastia linked to the anti-androgenic delousing 
agent phenothrin (131). Additionally, essential oils like 
lavender and tea tree oil have been associated with 
gynecomastia. Components of these oils have 
estrogen receptor (ER) agonist activities (132). 
Occupational exposure to gasoline vapors and 
combustion products may play a role in the causation 
of male breast cancer (133).  
 
Current literature indicates a possible link between 
EDC exposure and development of gynecomastia. 
Increasing rates of the condition indicate that 
environmental factors are important to disease 
etiology. The data from tropical countries is sparse, 
and epidemiological studies to evaluate the influence 
of EDCs on diseases of the male reproductive tract, 
including gynecomastia, are necessary (134). 
 
Testicular Cancers 
 
Few studies have explored the correlation between 
EDC exposure and testicular cancer, and even less so 
in tropical countries. The results are inconsistent, with 
some but not all studies showing an association 
between pesticide exposure and testicular cancer. 
Dichlorodiphenyldichloroethylene (DDE), chlordane, 
and PCB exposure have been linked to testicular 
cancer (135–137). These mixed findings highlight the 
need for more focused research on EDCs and 
testicular cancer, especially in tropical countries with 
high exposure to pesticides (129). 
 
PREVENTION  
 
Reducing exposure to EDCs through lifestyle 
changes, environmental regulations, and occupational 
safety measures can help mitigate their potential 
impact on male gonadal disorders. Additionally, further 
research is needed to understand better the 
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mechanisms by which EDCs affect male reproductive 
health and to develop strategies for prevention and 
treatment. 
 
Temperature 
 
Heat exposure is a significant factor in male infertility, 
affecting sperm production and quality. Global 
warming and episodes of heat stress, occupational 
exposure, and lifestyle factors can be responsible for 
increasing scrotal temperature (138). 
 
The testes are located outside the body in the scrotum 
to maintain a temperature of 2-4°C below core body 
temperature, optimal for spermatogenesis. A recent 
meta-analysis concluded that high ambient 
temperatures in tropical climates can negatively affect 
sperm quality, including decreased semen volume, 
sperm count, sperm concentration, motility, and 
normal morphology (139). This may be especially 
relevant for men working in high-temperature 
environments (e.g., welders, bakers, and drivers) or 
exposed to prolonged heat (e.g., saunas and hot tubs) 
(140,141). Studies have shown that even temporary 
exposure to high temperatures can significantly impact 
sperm parameters (142). 
 
Similarly, febrile illness, prolonged sitting during work 
or truck driving, tight-fitting underwear, and laptop use 
with increased heat to the testes have been proposed 
to affect male fertility adversely (146,147). Studies in 
men have shown that small increases in testicular 
temperature accelerate germ cell loss through 
apoptosis. The data to support these associations are, 
however, inconsistent (143).  
 
Trauma 
 
Traumatic injuries to the genitalia, common in tropical 
regions due to occupational hazards, accidents, and 
interpersonal violence, can cause direct damage to 
the testes. Severe trauma can result in testicular 
rupture or vascular compromise, leading to 
hypogonadism due to impaired blood supply or loss of 
testicular tissue. Radical prostatectomy or other overt 

genital tract trauma is a physical cause of a sudden 
loss of male sexual function (144).  
 
Males who experience a traumatic pelvic fracture or 
genital trauma may also have psychogenic erectile 
dysfunction (145). Post-traumatic hypopituitarism is 
responsible for about 7.2% of all causes of 
hypopituitarism and can develop after road traffic 
accidents, sports injuries, blast injuries, and other 
trauma. Peripherally placed somatotrophs and 
gonadotrophs are first affected by ischemic damage, 
while centrally located corticotrophs and thyrotrophs 
are subsequently involved (146). 
 
Snake Envenomation  
 
Snakebite envenoming is a medical emergency 
prevalent in tropical regions of Asia, Africa, and Latin 
America. Venom toxins can cause severe local 
damage and multi-organ dysfunction, impacting the 
neurological, hematological, and vascular systems. 
Endocrine disorders, though less frequently reported, 
can occur, with anterior pituitary insufficiency being the 
most common. This is typically found following bite 
from Russell’s viper (Daboia russelii and D. 
siamensis). The presentation of hypopituitarism can 
be acute or delayed (147).  
 
Pathophysiology is similar to Sheehan’s syndrome 
and results from hemorrhagic infarction in an 
engorged gland, made susceptible by venom toxin. 
Kidney injury and disseminated intravascular 
coagulation (DIC) are predictors of the development of 
hypopituitarism. Pituitary imaging may show a 
spectrum of findings from completely normal to an 
empty sella (148). Hypogonadotropic hypogonadism 
may present as erectile dysfunction. Delayed puberty 
has been reported in males (149). The interested 
reader may refer to the Endotext chapter “Snakebite 
Envenomation and Endocrine Dysfunction” for further 
details (150). 
 
CHRONIC SYSTEMIC DISEASES 
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The prevalence of diabetes and metabolic syndrome 
in tropical countries has been rising significantly in 
recent years (151). Type 2 diabetes in tropical 
countries shows distinctive features such as onset at 
younger ages and lower levels of obesity compared to 
Caucasians (152). Functional hypogonadotropic 
hypogonadism (FHH) has emerged as an important 
complication of diabetes, obesity, and metabolic 
syndrome across the globe. FHH results from 
impaired HPG axis function in the absence of an 
organic cause, leading to decreased testosterone 
levels, low or normal gonadotropin levels, and 
subfertility or infertility (153). 
 
 In a study from China, 26% of men with diabetes had 
hypogonadotropic hypogonadism and its presence 
correlated with BMI (154). Lifestyle changes and 
weight loss can improve insulin sensitivity and restore 
normal HPG axis function. Testosterone replacement 
therapy (TRT) may be indicated in some men, 
although it should be used cautiously and monitored 
for potential side effects. Optimizing diabetes 
management and treating obesity are crucial and may 
improve hypogonadal status (155). 
 
FHH can coexist in individuals with malnutrition and 
chronic energy deficit, malignancy, chronic opioid 
exposure, chronic kidney disease, chronic liver 
disease, rheumatoid arthritis, chronic obstructive 
pulmonary disease, depression, and other psychiatric 
disorders. Systemic diseases can downregulate 
GnRH secretion by the hypothalamus and lead to 
secondary hypogonadism. This is thought to be at 
least partly due to the direct effects of elevated 
inflammatory cytokines, such as IL-1, IL-6, and TNFα 
(156). Sickle cell disease can cause vaso-occlusive 
crises and can induce both primary and/or secondary 
hypogonadism (157,158). 
 
HORMONE ABUSE AND RECREATIONAL DRUG-
RELATED HYPOGONADISM 
 
The misuse of anabolic steroids and other hormones 
for performance enhancement is described among 
athletes and bodybuilders. Chronic abuse of these 

hormones can disrupt normal endocrine function, 
leading to hypogonadism, testicular atrophy, 
gynecomastia, and infertility (159). 
 
Impairment of sperm characteristics, including 
alteration in total number, concentration, motility, 
normal morphology, prostate gland hyperplasia, and 
hypertrophy are recognized (160). Androgen abuse 
can lead to hypogonadotropic hypogonadism also, as 
it negatively impacts the HPG axis (161). The adverse 
effects may reverse over 6-18 months after 
discontinuation, although testicular volume and SHBG 
levels may not fully recover. There can be persistent 
quantitative and qualitative sperm changes 8–30 
weeks following withdrawal of anabolic steroids (162). 
 
The use of recreational drugs, including cannabis and 
opioids, has been linked to negative effects on male 
reproductive health. Studies have shown that these 
substances can decrease sperm quality, increase 
sperm DNA fragmentation, and lower fertility in men 
(163,164). Heavy use of cannabis (marijuana) has 
been associated with reduced semen quality, 
potentially due to disruption of the endocannabinoid 
system (ECS) in the male reproductive tract by 
exogenous cannabinoids. The ECS is crucial in 
regulating various physiological processes, including 
reproduction. Exogenous cannabinoids from 
marijuana may interfere with the normal functioning of 
the ECS, leading to negative effects on semen quality 
(165). Additionally, opioids have been found to induce 
secondary hypogonadism by suppressing the activity 
of kisspeptin-neurokinin B-dynorphin neurons. They 
may directly affect the testes, through endogenous 
opioid receptors present there (166). 
 
CHALLENGES TO MANAGEMENT IN TROPICS 
 
Male gonadal disorders in the tropics face unique 
challenges due to a combination of healthcare, 
socioeconomic, and environmental factors. These 
include inadequate healthcare infrastructure, 
especially in rural areas, economic constraints with 
high costs of diagnosis and treatment, and limited 
awareness among the population and healthcare 
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providers, leading to underdiagnosis. Further, the 
cultural stigmas and beliefs around sexual health 
deterring men from seeking help, deficiencies in 
training of primary care providers to diagnose and 
manage gonadal disorders, complications from the 
tropical climate, and the high burden of infectious 
diseases add to the problem. There is also a scarcity 
of treatment guidelines tailored to regional needs and 
inadequate research and evidence to guide therapy. 
 
These challenges necessitate comprehensive 
strategies that address healthcare infrastructure 
improvements, affordability, awareness campaigns, 
cultural sensitivity training, enhanced medical 
education, research into tropical-specific treatments, 
and telemedicine utilization for remote areas. All 
require collaboration among various stakeholders to 
improve hypogonadism management in tropical 
regions. 

CONCLUSION 
 
Male hypogonadism in the tropics is caused by a 
combination of factors, including high prevalence of 
infectious diseases, exposure to environmental toxins, 
chronic heat stress, systemic disorders including 
diabetes and obesity, nutritional deficiencies, and 
substance abuse. Significant challenges exist due to 
limited healthcare access, high costs, low awareness, 
cultural stigma, inadequate training for primary care 
providers, environmental factors, and a lack of region-
specific treatment guidelines. These issues lead to 
underdiagnosis and poor management of male 
hypogonadism in the tropics. Improving healthcare 
infrastructure, raising awareness, enhancing provider 
training, and developing tailored treatment guidelines 
are essential to address these challenges effectively.
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