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ABSTRACT		

Introduction		

Objective: The World Health Organization (WHO) has defined
leukocytospermia as > 10 6 WBC/ml of semen. However, the
clinical significance of leukocytospermia is currently a subject
of controversy. Evidence from several recent studies indicates
that leukocytospermia could significantly contribute to oxidative
stress and male infertility. Several clinical trials have investigated the efficacy of antibiotic therapy to treat patients with
pyospermia in an attempt to improve fertility. Currently, doxycycline is the most common antibiotic used to treat pyospermia
though larger trials are needed to demonstrate its efficacy in
treating pyospermia.

Infertility is defined as the failure of conception after at
least 12 months of unprotected intercourse.1 Infertility
is a worldwide problem and approximately 8 to 10% of
couples within reproductive age group are infertile.2
It is estimated that globally 60 to 80 million couples
suffer from infertility every year, of which probably 15 to
20 million are in India alone.3 Male factor is the sole cause
of infertility in approximately 20% of infertile couples
and contributory in 30 to 40% of couples, accounting
for infertility in overall 50% of couples.4 Male infertility
management has grown at a slower pace as compared to
that of female infertility. The last century has seen rapid
advances in the diagnosis and management of male
infertility but still the cause eludes us in a majority of
cases. Though there has been a lot of research in this
area, there is a continued need for more such endeavors
to unravel the mystery of male infertility.
While evaluating an infertile couple, the World Health
Organization (WHO) recommends performing a semen
analysis on the male partner. White blood cells (WBC) are
present in most human ejaculates, but abnormally high
concentrations of seminal WBC may reflect an underlying
pathological condition.5 The World Health Organization
(WHO) has defined leukocytospermia as > 106 WBC/ml
of semen.6 However, the clinical significance of increased
leukocyte infiltration in semen, i.e. leukocytospermia,
is currently a subject of controversy.7 Evidence from
several recent studies indicates that leukocytospermia
could significantly contribute to male infertility.8 Associ
ations between leukocytospermia and decreased sperm
motility and fertilizing ability have been reported by a
number of investigators.9
The etiology of leukocytospermia in healthy asymp
tomatic men is not fully understood, but, in some cases, it
could represent inflammation resulting from subclinical
bacterial infection of the male genital tract.10 Pyospermia
has multifactorial causes, such as infection, inflammation
and autoimmunity. The etiology can be classified into
several categories: presence of defective sperms, vari
cocele, chronic prostatitis, smoking, drug abuse like
marijuana (social causes), alcohol, exposure to irritants
and toxins, use of vaginal products by partner during
sexual activity, prolonged abstinence, vasovasostomy,

Materials and methods: Hundred male partners with semen
analysis showing the presence of significant leukocytospermia
(WBC > 1 × 10 6/ml), sterile semen culture and satisfying the
inclusion and exclusion criteria were enrolled in the study and
given doxycycline 100 mg bd for 14 days. Semen analysis for
pus cells and oxidative stress (ROS) measurement was done
before and after the treatment.
Results: Mean pus cell count before and after treatment with
doxycycline was 2.28 ± 1.26 × 10 6/ml and 1.21 ± 0.58 ×10 6/mL
respectively, the effect being statistically significant (p < 0.05).
Resolution of leukocytospermia was seen in 61.4% (54/88)
cases after doxycycline treatment. Mean oxidative stress (RLU/
sec/million sperms) before and after doxycycline therapy was
79.72 ± 133.9 and 25.44 ± 47.8, the difference being significant
(p < 0.05).
Conclusion: Study results show that treatment with broad
spectrum antibiotic like doxycycline leads to significant
decrease in the number of pus cells present in semen thereby
significantly decreasing the oxidative stress.
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clomiphene citrate therapy, urethroplasty, genital infec
tions like Chlamydia trachomatis, Gardnerella vaginalis
and Ureaplasma urealyticum, genital infections in
patients’ sexual partners, HIV positive patients having
lower CD4+ cell counts.11
Of the many causes of male infertility, oxidative stress
has been identified as one factor that affects fertility status
and, thus, has been extensively studied in recent years.
Spermatozoa, like any other aerobic cell, are constantly
facing the ‘oxygen-paradox’.12 Oxygen is essential to sustain
life as physiological levels of reactive oxygen species
(ROS) are necessary to maintain normal cell function.12
Conversely, breakdown products of oxygen, such as ROS,
can be detrimental to cell function and survival.12
Oxidative stress (OS) is a consequence of an imba
lance between the production of ROS and the body’s
antioxidant defence mechanisms. All cellular compo
nents, including lipids, proteins, nucleic acids and sugars
are potential targets of oxidative stress. The extent of
oxidative stress induced damage depends not only on
the nature and amount of ROS involved but also on the
duration of ROS exposure and on extracellular factors,
such as temperature, oxygen tension and the composi
tion of the surrounding environment, e.g. ions, proteins
and ROS scavengers.11,13-16 Spermatozoa are particularly
suscept ible to damage induced by ROS because their
plasma membranes contain large quantities of polyun
saturated fatty acids17 and their cytoplasm contains low
concentrations of scavenging enzymes.18 In addition, the
intracellular antioxidant enzymes cannot protect the plasma
membrane that surrounds the acrosome and the tail,
forcing spermatozoa to supplement their limited intrinsic
antioxidant defenses by dependence on the protection
afforded by the seminal plasma that bathes these cells.19
Oxidative stress develops when levels of ROS production
by leukocytes, spermatozoa or both, become high enough
to overwhelm all antioxidant strategies, resulting in lipid
peroxidation, impairment of sperm motility and loss of
fertilizing potential.20 ROS attacks polyunsaturated fatty
acids (PUFA) in the cell membrane, leading to a cascade
of chemical reactions called lipid peroxidation. ROS have
a tendency toward chain reactions, proceeding through
initiation, propagation and termination. Lipid peroxi
dation results in loss of membrane fluidity, which is
essential for sperm motility and sperm oocyte fusion.21-26
Oxidative stress is associated with high frequencies of
single and double-strand DNA breaks.27 ROS can cause
various types of gene mutations, such as point muta
tions and polymorphism, resulting in decreased semen
quality.28,29 Other mechanisms, such as denaturation and
DNA base-pair oxidation, also may be involved.27
While both leukocytes and spermatozoa produce ROS,
the concentration of ROS generated by each cell type

96

varies greatly. Several studies have shown that leukocytes
are the major source of ROS in semen.30,31 Leukocytes
have been reported to produce 1000 times more ROS
compared to spermatozoa engaged in capacitation.32,33
These disparate levels seem to implicate leukocytes as
the offending agents of oxidative injury. It is unclear from
the existing literature whether the interaction between
leukocytes and spermatozoa implies a direct or indirect
stimulatory effect, which may enhance the capacity of
spermatozoa to generate excessive ROS.
Several clinical trials have investigated the efficacy
of antibiotic therapy to treat patients with pyospermia
in an attempt to improve fertility. Haidl34 reported on
improvement of semen quality and decrease of leukocyte
and bacteria concentration in seminal plasma as a result
of antibiotic treatment in patients with chronic seminal
tract infections. Branigan et al35 combined doxycycline
and trimethoprim-sulfamethoxazole successfully for
treatment of leukocytospermia. In contrast to reports
on positive effects of antibiotic treatment on leukocyto
spermia and semen quality respectively, other authors
have not confirmed these data. In a double-blind prospec
tive study by Comhaire et al36 found no effect of doxy
cycline therapy in infertile couples with male accessory
gland infection. Neither did Yanushpolsky et al37 find an
effect of doxycycline nor trimethoprim-sulfamethoxazole
treatment in asymptomatic infertile men.
Currently, doxycycline is the most common antibiotic
used to treat pyospermia though larger trials are needed
to demonstrate its efficacy in treating pyospermia.
The purpose of this study was to study the effect of
doxycycline on pus cells and oxidative stress in men with
leukocytospermia.

MATERIALS AND METHODS
Study design
Interventional study.

Study Population
All the male partners of the infertile couples attending
the infertility clinic of our hospital were subjected to
a detailed history, examination and investigations.
Detailed history regarding duration of infertility, coital
frequency, any sexual dysfunction, previous medical or
surgical illness, occupational history, life style factors
was taken. Physical examination was performed by a
urologist to exclude cases with known factors, such as
varicocele, cryptorchidism and endocrine disorders.
Men with history of tobacco chewing/smoking, alcohol
consumption, prolonged thermal/radiation exposure,
prolonged medical illness were excluded from the study.
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RESULTS

Hundred male partners with semen analysis showing the
presence of significant leukocytospermia (WBC > 1 × 106/ml)
and sterile semen cultures were included in the study.

Hundred male partners with semen analysis showing
the presence of significant leukocytospermia (WBC > 1
× 106/ml), sterile semen culture and satisfying the inclu
sion and exclusion criteria were enrolled in the study.
Detailed history, physical examination was done to rule
out any confounding factor. However, only 88 men com
pleted the study with 12 men dropping out of the study.
Cases enrolled were given doxycycline 100 mg bd for a
period of 14 days. Semen samples were evaluated for pus
cells and doxycycline before starting and 1 week after
administering the last dose of doxycycline. Table 1 shows
the clinical and semen profile of the study group at the
initiation of treatment. Table 2 shows that the number of
pus cell (×106/ml) decreased from 2.28 ± 1.26 to 1.21 ± 0.58
(p < 0.05) after doxycycline treatment. Oxidative stress
decreased from 79.72 ± 133.9 RLU/second/million sperms
to 25.44 ± 47.8 RLU/second/million sperms (p < 0.05)
after doxycycline therapy. Table 3 depicts resolution of
leukocytospermia was found in 54/88 cases (61.4%) and
persistence of leukocytospermia in 34/88 cases (38.6%)
after doxycycline treatment.

SEMEN COLLECTION AND SEMEN ANALYSIS
Semen samples were collected in a sterile plastic container
after sexual abstinence of 3 to 5 days. All the samples were
examined within one hour of collection. Each sample
was incubated at room temperature to allow liquefaction.
Semen analysis was performed according to the guide
lines of the WHO. The gross appearance, volume, viscos
ity and pH semen were noted. A wet mount of semen
sample was prepared, and microscopic examination was
done to measure sperm concentration, sperm motility
and sperm vitality. Sperm concentration was determined
with an improved Neubauer counting chamber after
appropriate dilution. Sperm morphology, specific sperm
defects, leukocyte count were determined after staining
the smear with papanicolaou stain.

ESTIMATION OF ROS BY
CHEMILUMINESCENCE ASSAY
Levels of ROS were measured in a fresh semen sample using
a chemiluminescence assay. Four hundred microliter
aliquots of the sample was allowed to run in the lumino
meter to assess basal ROS levels. Ten microliter of luminol
(5-amino-2,3,-dihydro-1,4-phthalazinedione) prepared
as 5 mM stock in dimethyl sulphoxide, was added to the
mixture and served as a probe. A negative control was
prepared by adding 10 µl of 5 mM luminol to 400 µl of tap
water. The reaction of luminol with ROS results in produc
tion of a light signal that is converted to an electrical signal
(photon) by a luminometer. Levels of ROS were assessed
by measuring the luminol-dependent chemiluminescence
with the luminometer for 10 minutes. The results were
expressed as RLU/million sperms/second.

Intervention
Cases enrolled were given doxycycline 100 mg bd for a
period of 14 days.
Semen samples were evaluated for pus cells and doxy
cycline before starting and 1 week after administering
the last dose of doxycycline.

STATISTICAL ANALYSIS
Number of pus cells and ROS levels before and after
treatment were compared using relevant statistical tests.
For all analyses, statistical significance was considered as
p < 0.05.

DISCUSSION
In the present study, mean pus cell count before and
after treatment with doxycycline was 2.28 ± 1.26 × 106/ml
Table 1: Clinical and semen profile of the study group
Parameter
Mean ± SD
Range
Age (years)
29.23 ± 4.65
21-42
Duration of infertility (years)
5.05 ± 2.79
1.5-15
Total sperm concentration
60.40 ± 33.58
0.06-185
(million/ml)
Motility (%)
46.19 ± 17.46 5-80
Morphology (%)
43.87 ± 17.89
10-95
No. of pus cells (×106/ml)
2.28 ± 1.26
1.25-8
Oxidative stress (ROS/million 79.72 ± 133.96 11.34-79.72
sperms/second)
ROS: Reactive oxygen species; SD: Standard deviation
Table 2: Effect of doxycycline on pus cells and oxidative stress
Pretreatment
No. of pus cells 2.28 ± 1.26
(×106/ml)
Oxidative stress 79.72 ± 133.9
(ROS/million
sperms/second)
ROS: Reactive oxygen species

Post-treatment
1.21 ± 0.58
25.44 ± 47.8

p-value
< 0.05
Significant
< 0.05
Significant

Table 3: Effect of doxycycline on pus cells (N = 88)
No. of patients showing
resolution of pus cells
No. of patients showing
persistence of pus cells
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and 1.21 ± 0.58 × 106/ml respectively, the effect being
statistically significant (p < 0.05). Resolution of leukocyto
spermia was seen in 61.4% (54/88) cases after doxycycline
treatment. Cardoso EM et al found significant decrease
(p < 0.0001) in pus cells after doxycycline therapy.38 Signi
ficant reduction in the number of pus cells (p < 0.001) was
observed by Skau and Folstad in their meta-analysis.39
Vicari observed that while WBC values remained unmod
ified in matched controls, they were significantly lowered
in the subjects treated with doxycycline.40 Branigan et al
found 36 (68%) responded to treatment with doxycycline
and 17 (32%) failed to respond.35 Yanushpolsky et al did
not find any significant effect of doxycycline on resolu
tion of leukocytospermia. They found eight out of 13
cases showed resolution of pus cells and five out of 13
cases showed persistence of leukocytospermia even after
doxycycline therapy, the difference being statistically
insignificant (p = 0.44).37 Berger et al found significant
decrease in the number of leukocytes/ml of semen after
doxycycline therapy (p < 0.05).41
Doxycycline was chosen as it is a broad spectrum
antibacterial against a variety of Gram-negative, Grampositive pathogens as well as Chlamydia trachomatis
and Ureaplasma urealyticum which have commonly
been implicated as cause of leukocytospermia and are
difficult to culture from semen. Successful treatment of
leukocytospermia with doxycycline implies a bacterial
etiology of the WBCs. However, since all the subjects did
not show resolution of leukocytospermia post-treatment,
the etiology of leukocytospermia must be multifactorial.
Besides subclinical bacterial infection, inflammation,
viral infections, presence of defective sperms, chemical
irritants may also lead to leukocytospermia. Hence,
efforts should be made to find the cause and give directed
treatment in cases of persistent leukocytospermia.
In our study, mean oxidative stress (RLU/sec/million
sperms) before and after doxycycline therapy was 79.72 ±
133.9 and 25.44 ± 47.8, the difference being significant
(p < 0.05). Vicari observed significant reduction in WBCspecific ROS (p < 0.05) and the chemiluminescence ROS
(p < 0.01) following treatment with doxycycline.41
While both leukocytes and spermatozoa produce ROS,
the concentration of ROS generated by each cell type
varies greatly. Several studies have shown that leukocytes
are the major source of ROS in semen.30,31 Leukocytes
have been reported to produce 1000 times more ROS
compared to spermatozoa. Several studies have shown
that leukocytes are the major source of ROS in semen.
Besides directly producing (ROS), leukocytes have also
been shown to lead to increased oxidative stress by
causing adverse changes in spermatozoa. Morphologi
cally abnormal sperms, especially those with cytoplasmic
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retention, have been shown to generate high levels of
ROS. As expected decrease in the number of leukocytes
led to decrease in the oxidative stress in both the groups
following treatment with doxycycline.

CONCLUSION
Bacterial and viral infections are postulated to be impor
tant etiological factors for male infertility. However,
despite of extended diagnostic efforts providing highly
specific and sensitive methods for detection of most of
the bacterial and viral infections, the causal link between
infection and male infertility cannot be established in
most of the cases. Hence, broad spectrum antibiotics are
routinely and empirically prescribed to patients with
leukocytospermia. Study results show that treatment
with broad spectrum antibiotic like doxycycline in these
infertile men with leukocytospermia led to significant
decrease in the number of pus cells present in semen
thereby significantly decreasing the oxidative stress.
However, a few patients had persistent leukocytospermia
even after treatment with doxycycline, it is therefore
recommended that further detailed evaluation of such
patients should be done to find out its cause and administer
an appropriate treatment.
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