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SUMMARY

Background: Infections of the genital tract are considered common causes of
male fertility disorders, with a prevalence of 6-10%. Most of the affected men
are asymptomatic. The diagnostic evaluation is based mainly on laboratory
testing. Inconsistent diagnostic criteria have been applied to date, and this may
explain the controversial debate about the role of infection and inflammation in
the genital tract as a cause of infertility. The risk of an irreversible fertility dis-
order should not be underestimated.

Methods: This review is based on pertinent publications retrieved by a selective
literature search in PubMed, including guidelines from Germany and abroad
and systematic review articles.

Results: The main causes of inflammatory disease of the male genital tract are
ascending sexually transmitted infections (STIs) and uropathogens. Chronic
prostatitis has no more than a limited influence on ejaculate variables. By
contrast, approximately 10% of men who have had acute epididymitis develop
persistent azoospermia thereafter, and 30% have oligozoospermia. Obstruction
of the excurrent ducts can ensue, as can post-infectious disturbances of sper-
matogenesis. The differential diagnostic evaluation includes the determination
of testicular volumes, hormone concentrations, and ejaculate variables. Epi-
demiological data are lacking with regard to infertility after primary orchitis of
infectious origin; however, up to 25% of testicular biopsies obtained from infer-
tile men reveal focal inflammatory reactions. Multiple studies have suggested a
deleterious effect of leukocytes and inflammatory mediators on sperm para-
meters. On the other hand, the clinical significance of bacteriospermia remains
unclear.

Conclusion: Any suspicion of an infectious or inflammatory disease in the male
genital tract should prompt a systematic diagnostic evaluation and appropriate
treatment. For patients with obstructive azoospermia, the etiology and site of
the obstruction determine the surgical approach to be taken. In the near future,
the elucidation of underlying pathophysiological mechanisms and the identifi-
cation of suitable biomarkers may enable new strategies for conservative
treatment.
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lobally, approximately 15% of couples of repro-

ductive age experience infertility; however,
significant regional differences exist (1, 2). Male infer-
tility accounts for at least half of these cases. With a
prevalence of 6% to 10%, infections and the resulting
inflammatory reactions within the male genital tract are
among the main causes for male infertility (3-5).
Ascending infections caused by sexually transmitted
pathogens, such as Chlamydia (C.) trachomatis or typi-
cal uropathogens, such as Escherichia (E.) coli, play a
key role in the etiopathogenesis of the condition; other
factors include the hematogenous spread of systemic,
typically viral infections (5-7). Nosological classifi-
cation differentiates between urethritis, prostatitis/pros-
tato-vesiculitis, epididymitis/epididymo-orchitis, and
orchitis. These pathogens or components of these path-
ogens or inflammatory cells and their mediators may
cause irreversible damage, especially to the testis and
epididymis (Table 1) (7-9).

The conditions resulting from acute infections can be
diagnosed with great certainty and pertinent recommen-
dations on their treatment and the management of com-
plications are in place (el, e2). However, the majority of
infertility patients with signs of urogenital tract infec-
tions/inflammations are asymptomatic, suggesting a
high rate of chronic disease (7, 8). In these cases, the
diagnosis is primarily based on the detection of the path-
ogen, increased white blood cell counts and/or inflam-
matory mediators in ejaculate, prostate secretion and
urine samples. Since a compartment-specific differential
diagnosis is challenging, abnormal findings are typically
summarized under the term “male accessory gland infec-
tion” (MAGI), according to the definition of the World
Health Organization (WHO) (eTable) (10). The lack of
differentiation between infection and inflammation is of
concern, as inflammatory reactions not primarily related
to a pathogen may also occur (Box) (11). Another prob-
lem is that asymptomatic testicular inflammatory reac-
tions are not covered by the WHO criteria (7). Therefore,
the potential impact of urogenital infections on male
fertility and its management remain the subject of con-
troversy (5). In the light of the above, it appears relevant
to clinical practice to summarize the currently available
evidence and recommendations in regard to diagnosis
and treatment approach.
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TABLE 1

their mediators

Organ-specific exposure of germ cells/sperm to pathogens or components of pathogens as well as cells involved in inflammatory processes and

Percentage of total | Biochemical markers in | pH of ejaculate fractions | Duration of germ cell/sperm
ejaculate volume (%) seminal plasma exposure
Testis Spermatogenesis - - - 74 days
Epididymis Sperm maturation 5 a-glucosidase - 7-14 days
(L-carnitine)
Seminal vesicles Accessory secretion 50-80 Fructose 7.2-15 Seconds
Prostate Accessory secretion 15-30 Zinc 6.4 Seconds
(PSA,; citrate; acid
phosphatase)
PSA, prostate-specific antigen
Methods sperm motility and morphology (13, e8—e10) (Table 2).

This review is based on a selective search of the
PubMed database using the MeSH terms “male infertil-
ity”, “bacteriospermia”, ’leukocytospermia”, “’urogeni-
tal infection”, “male accessory gland infection +
MAGTI”, ”inflammation”, ”chronic urethritis”, ’chronic
prostatitis + CP/CPPS”, “epididymitis, orchitis”. In

addition, we included current guidelines in our review.

Disease presentations

Chronic prostatitis

Approximately 10% of all men experience symptoms of
prostatitis syndrome, such as pelvic pain and urinary dis-
comfort (12). However, only 5% to 10% of these patients
are diagnosed with chronic bacterial prostatitis. The clas-
sification of the National Institute of Health (NIH) differ-
entiates between chronic bacterial prostatitis (CBP, NIH
category II) and inflammatory (NIH category IIIA) or
non-inflammatory chronic pelvic pain syndrome (CPPS)
(NIH category IIIB) (e3).

In chronic bacterial prostatitis, the bacterial count in
urine after prostatic massage is, by definition, at least
10-times higher in the 2-glass test compared with the
baseline urine; in 50% of cases, a significant bacterial
count of the same pathogen is found in the ejaculate (bac-
teriospermia) as well (Figure 1) (12). Besides the bacte-
rial spectrum of complicated urinary tract infections,
atypical pathogens and pathogens causing sexually trans-
mitted infections (STIs) may play a role (6, e4, e5). Fur-
thermore, CBP (NIH category II) and inflammatory
CPPS (NIH category III A) are associated with increased
white blood cell counts in prostate secretions/urine after
prostatic massage and in ejaculate (Figure 1) (12).
Among the inflammatory markers, interleukin 8 (IL-8)
has attracted special attention; in contrast, traditional bio-
chemical ejaculate parameters are of little diagnostic
value (e6, e7) (Table 2).

In view of the prevalence of the disease among
younger men, the question of the potential impact of
chronic prostatitis on male fertility arises. Here, the
available studies report conflicting results. Recently
published meta-analyses indicate a negative effect on

However, the diagnostic value of basic semen analysis
is limited, as demonstrated by changes in sperm func-
tion and epigenetic markers in patients with chronic
prostatitis (14, e11).

Epididymitis, epididymo-orchitis and orchitis

The annual incidence of acute epididymitis is approxi-
mately 400/100 000 men (15). Typically, the cardinal
symptoms of pain and swelling of the epididymis
manifest on one side. Since in up to 60% of patients
testicular involvement is present, many authors
primarily use the term epididymo-orchitis (7). The
ascent of pathogenic bacteria from the urethra into the
epididymis plays a key role in the etiology of the
disease. The most commonly detected microorganisms
include typical uropathogens, such as E. coli, and STI
pathogens (16).

From the perspective of etiopathogenesis, the notion
that there is a connection between male infertility and
epididymitis/epididymo-orchitis resulting from STI-
related urethritis seems plausible (el2, el3). The
deterioration of sperm concentration observed in the
ejaculate during the acute phase of the disease is
usually reversible within 3 to 6 months; however, an
analysis of pooled data revealed persistent azoospermia
in approximately 10% of patients and oligozoospermia
in another 30% (13). Proteome analyses suggest that,
despite appropriate antimicrobial treatment, qualitative
sperm changes may occur in addition to reduction in
sperm concentration (el4). Bacterial virulence factors,
such as hemolysins, may also have an impact on the
course of the disease (e15).

Despite the lack of epidemiological data on the
chronification of epididymo-orchitis, testicular atrophy
with permanent loss of spermatogenesis is a much-
dreaded complication (7, e16). However, a recent ultra-
sonography study involving 80 patients with unilateral
epididymitis/epididymo-orchitis showed that testicular
volume returned to normal after an initial increase com-
pared with the unaffected contralateral side, with no re-
sulting testicular atrophy (17). These data support the
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view that male reproductive tract obstructions play an
important role as the cause of persistently reduced
semen quality.

Primary orchitis is typically observed along with the
hematogenous spread of systemic, viral infections (e.g.
mumps); chronic granulomatous orchitis can occur with
tuberculosis, lepromatous leprosy, syphilis or brucellosis
(7, 18). Epidemiological data on the prevalence of azoo-
spermia/infertility after infection-related orchitis are al-
most entirely lacking. A Mongolian study confirmed the
increased risk of reduced ejaculate quality after mumps
orchitis or orchitis of other etiology (Odds Ratios [OR]:
3.4 and 2.3, respectively) (19).

Remarkably, asymptomatic testicular inflammatory
reactions were observed in about 25% of male patients
undergoing testicular biopsy as part of their infertility
work-up. These primarily focal lymphocytic infiltrates
correlate with the degree of damage to spermatogenesis
and clinical endocrinological parameters of testicular
function (7). However, only about 2% of these patients
report a previous episode of (epididymo-)orchitis.

Obstruction of the male reproductive tract due to
infection/inflammation

Studies following up patients after acute epididymitis
found an increased risk for infection/inflammation-
related azoospermia (13). Compared with obstructions of
the ductus epididymidis or ductus deferens, obstructions
of the ejaculatory ducts are rare (20, e17). With an overall
prevalence of azoospermia in andrology centers of 5% to
15%, so-called obstructive azoospermia is present in
about 40% of cases; the proportion of obstructions due to
infection/inflammation among these cases ranges from
18% to 47% (21, e18, e19).

Besides normal testicular volumes and serum
follicle-stimulating hormone (FSH) levels, indicating
intact spermatogenesis, the differential diagnosis of
obstructive azoospermia is based on volume, pH and
biochemical parameters of the ejaculate (7able 1) (22,
el). In addition to the site of obstruction, the differenti-
ation between acquired infectious-inflammatory forms
and congenital forms of obstructive azoospermia is a
key prerequisite for the potential use of surgical treat-
ment options, such as vasoepididymostomy (20, el8,
¢20).

Asymptomatic patients desiring to have children

Prevalence data on male subfertility or infertility
caused by genital tract infections and inflammations are
typically based on information about male accessory
gland infection (MAGI), as defined by the WHO clas-
sification (eZable) (10). However, due to the lack of
noninvasive diagnostic markers, asymptomatic testicu-
lar inflammatory reactions are not taken into account
(7). While rates of approximately 9% have been re-
ported from andrology centers in Germany (4, 5), this
percentage can rise to over 30% in countries where
healthcare is inadequate (23). These regional differ-
ences are suggestive of a direct connection between
STI and secondary infertility (2, e21).
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Pathogenesis of male infertility due to urogenital
infections

® Urogenital infections can affect male fertility on various levels:

— Direct and/or indirect damage to sperm quality and function by pathogens or
components of pathogens and/or inflammation-associated molecules, such
as proinflammatory cytokines or reactive oxygen species (ROS)

- Dysfunction of accessory glands

- Inflammation-related obstruction of male reproductive tract

- Damage to spermatogenesis by direct effects of pathogens or components
of pathogens and/or by induction of cellular and humoral immune responses
with (irreversible) disruption to the specific local immune regulation in the
testis (so-called immune privilege to prevent auto-immune reactions to
antigens of post-/meiotic germ cells)

- Induction of humoral immune response to sperm, i.e. production of
membrane-bound anti-sperm autoantibodies

- Pathogen-induced epigenetic changes (?)

® As broad as the range of mechanisms of damage is the range of causative
infections.

® Besides immune responses induced by pathogens or components of patho-
gens, primarily non-infectious inflammatory reactions may occur in testis or
epididymis.

® Male infertility is frequently of multifactorial etiology, making it more difficult to
establish the diagnostic significance of infections/inflammatory processes in
the genital tract.

In the light of the potential contamination of ejaculate
samples with urethral commensals, bacteriospermia does
not necessarily indicate genital infection (6, 24). For uro-
pathogenic bacteria, a threshold of 10° colony-forming
units (CFU)/mL has been suggested to define ’significant”
bacteriospermia (5, €22). In a Canadian study with almost
5000 subfertile men, however, an association between
bacteriospermia, which was detected in 15% of the exam-
ined subjects, and semen parameters was only observed in
patients with concomitant increase in white blood cell
counts in the ejaculate (25). Studies evaluating the con-
nection between ejaculate quality and the presence of
C. trachomatis and Mycoplasma spp. reported conflicting
results, despite the high prevalence of positive polymerase
chain reaction (PCR) testing for these pathogens; how-
ever, significant effects on sperm function and quality
were demonstrated (26, e23—26). The available data on
human papilloma viruses, for which prevalences of 10%
to 36% in ejaculate have been reported (27), does not
allow to draw final conclusions on their role in male infer-
tility. Current data suggest that Trichomonas vaginalis in-
fections do not have a negative effect on male fertility (5).

The pathological relevance of leukocytospermia,
determined using the WHO threshold of 10° peroxidase-
positive cells per mL of ejaculate, remains the subject of
controversy (9, 22, €27, €28). In subfertile men, however,
a negative correlation between white blood cell count
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First void*'

Urethra

/

Exprimate urine*' Ejaculate

Prostatic
massage

—

Prostate Genital tract

/ /

| Microbiology: culture*?, STI-PCR, 16S rDNA analysis*® |

Leukocytes** |

Fractionated sampling and analysis of urogenital secretions: Combination of

2-glass test and subsequent semen analysis (modified according to [e8])

*! approx. 5 mL; *210 x higher bacterial count (CFU/mL) in post-massage (exprimate) urine
versus first void urine; bacteriospermia

*3 facultative; ** > 15 granulocytes/ high-power microscopic field in sediment (magnification
x 400) — urethritis; post-massage (exprimate) urine = 10/uL — prostatitis;
ejaculate: >10%/mL (peroxidase-positive leukocytes; no reference ranges available for
macrophages, lymphocytes)

CFU, colony-forming units; PCR, polymerase chain reaction; STI, sexually transmitted

infection

levels and sperm concentration, motility and morphology
was demonstrated (€27, €29, e30). Likewise, a negative
association was found between the number of neutro-
philic granulocytes in smears on the one hand and basic
semen parameters as well as sperm DNA integrity on the
other hand (25). Yet, the prognostic value of leukocyto-
spermia with regard to the detection of relevant bacteria
or viruses is low (25, 28).

Apart from reduced sperm motility, infection and in-
flammation of the male genital tract can have other
negative effects on critical sperm functions (7able 2)
(14, €31). Oxidative damage to sperm, including DNA
fragmentation caused by increased levels of reactive
oxygen species (ROS) in the ejaculate, may already
occur below the WHO’s 10° leukocytes/mL threshold
(e32, e33). Likewise, an association between granulo-
cyte elastase and cytokines in the ejaculate and sperm
DNA fragmentation was found (e34). Macrophages
play a major role as a source of proinflammatory cyto-
kines (29, 30, €35, e36).

The prevalence of so-called immune-mediated infer-
tility—the detection of sperm-immobilizing or sperm-
agglutinating auto-antibodies in the ejaculate—is
reported to be 4% to 6% (4, €37, €38). While after
vasectomy sperm autoantibodies are detected in over
50% of patients, evidence in support of the induction of
autoantibodies after genital tract infection/inflam-
mation is inconclusive (31, 32). Cross-reactivity of pa-
thogen-specific antibodies with sperm antigens is cur-
rently discussed as the cause of an association between
Helicobacter pylori infection and male infertility (e39).

Diagnosis of urogenital infections and
inflammations

Clinical diagnosis

Apart from fertility-relevant aspects, patient history
should pay special attention to previous diseases such
as STIs and other urogenital or systemic infections.
Validated questionnaires to assess sexual dysfunction
and prostatitis-associated symptoms are available (el,
e40).

The clinical examination of the genital organs should
always be complemented by ultrasonography of the
scrotal content (33). Using color-coded duplex ultra-
sonography, organ vascularization and perfusion can be
visualized (17). Transrectal ultrasonography is indis-
pensable in patients with suspected abscess formation
due to prostatitis; yet, the relevance of the common
finding of prostate calcifications remains unclear (e8).

In cases of acute urogenital infection/inflammation,
laboratory testing, including blood count as well as
CRP and serum PSA (indicative of concomitant pros-
tatitis), is useful (CRP, C-reactive protein; PSA,
prostate-specific antigen). Hormone status should be
ordered to assess endocrine testicular function (basic:
follicle-stimulating  hormone [FSH], luteinizing
hormone [LH], total testosterone; extended: estradiol,
sexual hormone-binding globulin [SHBG], inhibin B).

Fractionated sampling and analysis of urogenital secretions

In combination with semen analysis, the 4-glass test
was developed to detect the localization of inflam-
mation/infection within the male genital tract, in
particular for the diagnosis of prostatitis (12). The test
involves comparative quantifying testing of urine por-
tions before and after prostatic massage and prostatic
exprimate. A simplified version of the test, the 2-glass
test, has proven clinical value (Figure 1) (12).

Semen analysis

The examination of the ejaculate according to WHO
recommendations (22) plays a key role in the
diagnosis of infectious and inflammatory processes
in the male genital tract. However, sperm concen-
tration, total sperm count, and sperm motility and
morphology represent only surrogate parameters in
the evaluation of fertility. In addition, these are not
specific for abnormalities resulting from infection/
inflammation. Ejaculate volume, pH and biochemical
parameters reflect the secretory function of the
accessory glands (7able 1). Sperm agglutination may
indicate the presence of membrane-bound auto-
antibodies (IgG, IgA; detection by mixed anti-
globulin reaction test) (22).

Quantification of leukocytes as markers of inflam-
mation in the ejaculate is based on the detection of per-
oxidase-positive granulocytes (5, 22). Further analyses
extending beyond the scope of the above are currently
still considered facultative/experimental by the WHO.
Compared with the peroxidase method, immunocyto-
chemical detection or flow cytometry of leukocytes
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TABLE 2

Ejaculate changes with chronic inflammatory diseases of the male genital tract

Ejaculate parameters Asymptomatic Chronic prostatitis
(reference values)*! genital tract inflammation*2 (NIH 1, 1)
Volume (1.5 mL) - )]
pH (27.2) — @)
. . Sperm concentration (1) —

Basic semen analysis | /5", 181 )otal (39 x 10°)
Motility (progressive: 32%) l (1)
Morphology (strict criteria: 4%) Integrity of flagellar membrane (|) Head segment hyper-elongation (1)
Acrosome reaction abnormal abnormal

Sperm function/ .

quality DNA fragmentation 1 ?
Apoptosis 1 ?
Leukocytes (<1 x 10%/mL) 1 1
(neutrophilic granulocytes, macrophages)

Inflammatory markers

in the ejaculate Granulocyte elastase (<280 ng/mL) T 1
Proinflammatory cytokines T 1
(e.g. IL-6 [30 pg/mL], IL-8 [7000 pg/mL])
Zinc (= 2.4 ymol/ejaculate) — 1

Accessory secretion Fructose (= 13 pmol/ejaculate) — —
a-Glucosidase (= 20 mU/ejaculate) (1) —

*!'see WHO laboratory manual (22); for granulocyte elastase or cytokines (5, 12, €6, e34)
* infectious, post-infectious or primary non-infectious cause; especially likely with chronic inflammatory disorders affecting the epididymis, see Table 1

?, no study data available; 1, increased; |, reduced; —, unchanged
NIH, National Institute of Health

have a much higher sensitivity and allow for the
differentiation of leukocyte subpopulations in the
ejaculate (22, 29). Other indicators of inflammation
include granulocyte elastase and proinflammatory
cytokines (8, €8, €34, e41).

Microbiological testing

In patients with suspected urogenital infections, urine
samples and secretions/swaps are obtained for micro-
biological testing (Figure 1). However, urogenital
samples can get contaminated by the normal microbiota
of the urethra, including bacteria such as S. epidermidis
and viridans group streptococci. These bacteria are gen-
erally classed as non-pathogenic commensals. In
healthy male subjects, only about 10% of urogenital
samples are free of microorganisms (5, 24). In contrast,
facultative pathogenic bacteria, such as enterobacteria
(e.g. E. coli, Klebsiella spp., Proteus spp.), enterococci,
ureaplasms, mycoplasms, and Staphylococcus (S.) sap-
rophyticus as well as obligatory pathogenic bacteria,
such as Neisseria (N.) gonorrhoeae and C. trachomatis,
can trigger an infection (6).

According to microbiological/infectiological quality
standards (MiQ), it is thus required to determine the
type of the pathogen and the bacterial count when uro-
genital samples are tested to evaluate their etiological
relevance (e42). Furthermore, proper sampling, sample
transport and sample processing within 2 to 4 hours
after sampling is critical (e43). Pre-analytical mistakes
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include lack of cleaning of the urethral orifice and its
surrounding; microbiological analysis of the ejaculate
should be performed only after prior urination (22,
e42).

The detection of microorganisms in urogenital secre-
tions is best achieved with a combination of culture and
nucleic acid amplification techniques (NAT) (34-36).
Fast-growing bacteria are detected using culture tech-
niques (e42), while difficult to cultivate and very sensi-
tive bacteria are detected using culture-independent
NAT (for example STI PCR) (e44). In case of negative
culture and negative STI PCR, an additional universal
bacterial PCR can be performed, using the 16S rDNA
gene as target sequence which is highly conserved in all
bacteria. The highly sensitive universal bacterial PCR
with subsequent sequencing detects 99% of human
pathogenic bacteria (16, 36, e45). This approach
detects bacteria missed with cultural methods and STI
PCR.

Treatment options

Treatment aims at the reduction or eradication of patho-
genic bacteria in the ejaculate or prostate secretions, the
normalization of inflammatory parameters, and the im-
provement of abnormal sperm parameters. Antibiotic
treatment of asymptomatic genital tract infections in
sub-/infertile patients follows the recommendations pri-
marily made for acute/symptomatic conditions (16, el,
e2) (Figure 2). In case an STI is detected, antimicrobial




MEDICINE

| Sub-/infertile patient with suspected urogenital infection/inflammation |
yes I Symptoms? I > N0
Chronic epididymitis s| — - - -
| | * Scrotal pain, tenderness of testis/epididymi Clinical andrological diagnosis ~—
>3 months. ] ] )
— Evaluation using CESI questionnaire « Uni- or bilateral tenderness of epididymis,
(+/- swollen/indurated
— Ultrasonography: epididymis broadened)
Chronic prostatitis r—' o Prostate painful on palpation |
=3 o Pelvic pain/LUTS >3 months
— Evaluation using NIH/CPSI questionnaire e Testis tender (+/- volume reduction/ consis-
tency reduction; palpation/ ultrasonography
not specific)
) _ 2-glass test ) I Semen analysis |<—
First void/post prostatic massage urine S CRRRRTRTTT
: *1 i
Leukocytes in Uropatho enzs [ | STI pathogens 4_ Le‘;:(:;;gts?TT gattlibi':ﬁg
k e o
post-masls. urine 1 positive positive IL-6, IL-8 1 positive
Antibiotic Azoospermia
1_ (couple) treatment** —> susp. chron. orchitis)
Pathogen/resistance- NSAIDs*® - -
guided Mast cell blockers Mu"':;g::,'}-}g??"'“ —>| ART
antibiotic treatment** Antioxidants

Algorithm for the management of urogenital infections/inflammation in men with infertility

*"In case of isolated findings: Confirmation by follow-up examinations; in case of increased levels of inflammatory markers in the ejaculate: advanced diagnostic
assessment (2-glass test)

*2 Bacterial count in the ejaculate >10° CFU/mL, for urine samples see Figure 1

*3 Always antimicrobial therapy with co-treatment of partner according to guideline recommendations; cycle-adapted administration/contraception to prevent
negative effects on early pregnancy (37, 38, e46)

**In case of symptom-free patients with positive inflammatory markers in the ejaculate (see Table 2): Treatment only in case of significant bacterial count and
positive confirmatory test (see above; [e1, €2]); treatment duration 2 to 4 weeks, subject to pathogen/indication and medication (with the exemption of azithro-
mycin; WARNING: current warnings for fluoroquinolones [e57]; tentative antibiotic treatment, e.g. in patients with non-significant bacterial count/isolated signs of
inflammation, is not indicated). Because of the risk of negative effects on spermatogenesis/sperm function: Follow-up ejaculate testing or use of ART only after a
treatment-free interval (several weeks) (cf. [22]).

*3|n case of sign of inflammation in the ejaculate (see Table 2), primarily without pathogen detection/after antibiotic treatment: Administration of nonsteroidal anti-
inflammatory drugs (NSAIDs; e.g. diclofenac [100—150 mg/d] or equivalent medications, including cyclooxygenase-2 inhibitors; treatment duration 3-6 weeks);
mast cell blocker, if needed; subsequent adjuvant treatment with antioxidants (e.g. vitamin E) optional.

ART, assisted reproductive technology (with TESE: in-vitro fertilization with intracytoplasmic sperm injection; IVF/ICSI); CESI, chronic epididymitis symptom index

(e58); CPSI, chronic prostatitis symptom index (e40); CFU, colony-forming units; LUTS, lower urinary tract symptoms; NIH, National Institute of Health; STI, sexually

transmitted infections; TESE, testicular sperm extraction; T, increased
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therapy is always required and should be administered as
recommended in available guidelines and include the
partner of the patient (37, 38, e46). The treatment for uro-
pathogens is guided by bacterial counts and resistance
testing; in the absence of chronic bacterial prostatitis or
symptomatic epididymitis, the microbiological results
should first be confirmed at a follow-up examination. In
symptomatic patients requiring ad-hoc treatment, fluoro-
quinolones with activity against C. trachomatis are con-
sidered the first-line treatment because of their good
local tissue penetration (e2, 12, 16).

The example of epididymitis/epididymo-orchitis
shows that the development of persistent subfertility or
infertility remains unpredictable even if acute antibiotic
treatment achieves the eradication of the pathogen (13,
16, e47). Likewise, successful antibiotic therapy of
MAGI does not necessarily result in an improved con-
ception rate (e48, e49). Despite reports of negative
effects of antibiotics, such as sulfonamides or tetra-
cyclines, on spermatogenesis or sperm function, irre-
versible treatment-related damages appear unlikely
(e50), but the induction of cellular and humoral
immune responses in the genital tract seems to play an
important role (Box) (39). Thus, despite diagnostic
limitations, treatment with nonsteroidal anti-inflamma-
tory drugs should be considered in the presence of posi-
tive inflammatory parameters in the ejaculate (without
pathogen or after antibiotic therapy), since several open
studies reported improvements of ejaculate quality
along with a decrease in white blood cell counts (e51,
e52) (Figure 2). Similar results were observed with
mast cell blockers (e53, e54). Weak evidence supports
the efficacy of adjuvant medications, such as anti-
oxidants (e55). In patients with anti-sperm auto-anti-
bodies, assisted reproductive techniques are preferred
over immunosuppression with glucocorticosteroids (e8,
e56).

(Re-)fertilizing surgical procedures are indicated with
obstructions of the epididymis and along the course of
the ductus deferens (microsurgical vasoepididymo- or
vasovasostomy) as well as in central parts of the prostate
(transurethral resection of the ejaculatory ducts) (20).
The only option for patients with non-obstructive azoo-
spermia as the result of epididymo-orchitis or orchitis is
multilocular testicular biopsy for testicular sperm extrac-
tion (20, 40).

Conclusion

Adequate pathogen-specific antimicrobial therapy
does not necessarily achieve restitution of sperm
parameters or fertility. New diagnostic technologies,
such as transcriptome and proteome analysis, are
likely to open new perspectives which allow us to
differentiate between inflammatory reaction due to
persistent infection and post-infectious, primary non-
infectious and autoimmune processes and to identify
compartment-specific markers. These methods and
the research into the underlying pathomechanisms are
the foundation on which new treatment strategies can
be established.
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KEY MESSAGES

® Given the high prevalence of infectious-inflammatory
conditions of the male genital tract and the associated
risk of irreversible infertility, adequate testing for infecti-
on and inflammation should be part of the basic andro-
logical examination in patients desiring to have children.

® Both STl and typical uropathogens are of etiological re-
levance.

® Cases with asymptomatic, primarily chronic disease make
diagnosis difficult. Besides pathogen detection, diagnosis
is based on increased white blood cell counts and/or ele-
vated levels of inflammatory mediators in ejaculate, prosta-
te secretions and urine samples.

® With noninvasive, organ-specific diagnostic markers not
yet available, diagnosing asymptomatic inflammatory
reactions, especially in epididymis and testis, is challen-
ging; testicular biopsy is the only reliable way to prove
testicular inflammation.

® The detection of pathogenic bacteria is an indication for
antibiotic therapy aimed at eradicating the pathogen;
however, this treatment cannot prevent permanent
sperm parameter abnormalities/infertility in all cases,
presumably due to the induction of persistent immuno-
pathological processes in the genital tract.
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eTABLE

WHO criteria to diagnose male accessory gland infection (MAGI) (modified according to [10])

Oligo- and/or astheno- and/or teratozoospermia*'
lus

p
2 positive findings from 3 categories (A-C) or 2 abnormal ejaculate results (C)

A Medical history Urinary tract infection, sexually transmitted infection (STI), epididymitis
Physical examination Epididymis thickened, tender; spermatic cord thickened; digital rectal examination abnormal
. . Abnormal (e.g. >10 leukocytes/ high-power microscopic field*?);

B Urine after prostatic massage detection of Chlamydia trachomatis

(Peroxidase-positive) leukocytes >10%/mL
. Culture with significant growth of pathogens

¢ Ejaculate Detection of Chlamydia trachomatis

Increased inflammatory markers, ROS; abnormal biochemical parameters in seminal plasma

*! Oligozoospermia: Total sperm count (or concentration) below the lower limit (15 x 108/mL and 39 x 10°, respectively);
Asthenozoospermia: percentage of progressive motile spermatozoa below the lower limit (32%);
Teratozoospermia: percentage of spermatozoa with normal morphology below the lower limit (strict criteria: 4%) (22)
*2 Magpification x 400
ROS, reactive oxygen species; WHO, World Health Organization
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