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Novel associations between specific sperm
morphological defects and
leukocytospermia
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Objective: To examine the relationship between leukocyte concentrations in semen and sperm morphology
in a group of infertile men and healthy fertile donors.

Design: A prospective clinical study.

Setting: Male infertility clinic at a tertiary care teaching hospital and a reproductive medicine unit at a
Women'’s Hospital in the United Kingdom.

Patient(s): Fifty-six infertile men and 13 healthy fertile sperm donors (control).

Intervention(s): Standard semen analysis, seminal leukocyte concentration, and the assessment of spern
morphology and sperm deformity index (SDI), applying Tygerberg’s strict criteria.

Main Outcome Measure(s): Granulocyte concentrations in semen, percentages of different sperm morpho-
logical abnormalities, and SDI scores.

Result(s): Leukocyte concentrations were statistically significantly and negatively correlated with the pro-
portion of sperm with damaged acrosomes, cytoplasmic droplet, tail defects, and SDI scores with normal anc
borderline morphology. The percentage sperm motility was significantly and negatively correlated with
leukocytic concentration in semen. However, the leukocytic concentration was not significantly correlated
with sperm concentration.

Conclusion(s): This is the first study to report a significant positive correlation between leukocytospermia and
sperm tail defects, acrosomal damage, and high SDI scores. These observations suggest that leukocytospern
is associated with compromised sperm structural integrity. (Fertil 8t20i04;82:621-7. ©2004 by American
Society for Reproductive Medicine.)
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Leukocytes are present throughout the male The role of leukocytospermia in the patho-
reproductive tract and are found in almost ev- genesis of male infertility remains controver-
ery human ejaculatel). Physiologically, most sial despite its relatively high incidence (10%
leukocytes appear to originate from the epidid- to 20%) among infertile mervE9. Some stud-
ymis (2) and are thought to play an important ies have correlated leukocytospermia with poor
role in immunosurveillance3( 4) and phago- sperm quality and defective sperm function,
cytic clearance of abnormal sper®).(Granu-  whereas other studies have failed to find such a
locytes are the most prevalent type of leuko- correlation @). When sperm morphology is
cyte in semen (50% to 60%), followed by considered, several studies have found that
macrophages (20% to 30%) and T lymphocytessperm morphology deteriorates as the leuko-
(2% to 5%) @). Leukocytospermia is defined cyte concentration increase40-15. Other
by the World Health Organization as the pres- studies have failed to demonstrate an associa-
ence of peroxidase-positive leukocytes in con-tion between increased leukocytic concentra-
centrations greater than ¥ 10° per mL of tions in semen and increased proportions of
semen §). The origin of the excess leukocytes morphologically abnormal sperni§, 17. A
remains undetermined. third group of studies found an association
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between leukocytospermia and higher proportions of mor-
phological normal sperm in semen, caused by the removal of
abnormal sperm by phagocytes (4, 5).

Leukocyte activation may be key to a relationship be-
tween inflammation and infertility (18). Cytokines affect
Sertoli cell function, and aterationsin cytokine levelsin the
testis could affect spermatogenesis (19). One of the mecha-
nisms by which leukocytospermia may lead to sperm dys-
function is related to sperm damage induced by reactive
oxygen species (ROS) via activated leukocytes during or
after gjaculation (20—-23).

Another potential mechanism by which leukocytes could
affect sperm function is related to ROS-induced cross-dam-
age of sperm by leukocytes during comigration from the
seminiferous tubules to the epididymis. Nevertheless, defi-
nite evidence for the presence of significant numbers of
leukocytes in the seminiferous tubules or epididymis from
men with leukocytospermia is still lacking. Whether leuko-
cytospermia plays a role in the pathogenesis of male infer-
tility remains controversial to this date.

Recently, the possible hypotheses to explain the signifi-
cant production of ROS and DNA damage seen in immature
spermatozoa from patients with leukocytospermia were re-
ported (8, 9). Leukocytospermia may be associated with an
inflammatory process in the testis that could lead to alter-
ations in the regulation of spermatogenesis. Another expla-
nation for the positive correlation between leukocytosper-
mia, abnormal sperm morphology, and DNA damage may be
related to an association between leukocytospermia and de-
fective spermiogenesis. Leukocytospermiais associated with
an increased capacity of spermatozoa to generate ROS, and
patients with leukocytospermia are at higher risk for leuko-
cyte-mediated oxidative stress.

These conflicting findings could be attributed to the large
heterogeneity in the terms used to describe the condition,
leukocyte subtypes in semen, and the magnitude of leuko-
cytospermia. In addition, sperm morphology assessment is
riddled with subjectivity, and several sperm classification
systems and study designs have been used. However, the
sophistication of sperm morphological examination has in-
creased in recent years with the inclusion of the strict mor-
phological criteria (24, 25) and sperm deformity index (SDI)
(18), which have enhanced this parameter’ s predictive power
and reproducibility. It has been shown that SDI and acroso-
mal status are accurate measurements of sperm functional
competence and are highly correlated with fertilization in
vitro (26).

To better understand the relationship between leukocyto-
spermia and male infertility, we examined the SDI and
percentages of different sperm morphological abnormalities
in semen from infertile men with and without leukocytosper-
mia and compared the results with those from a group of
fertile donors.
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MATERIALS AND METHODS

Semen Samples

The Institutional Review Board of the Cleveland Clinic
Foundation approved this study. Both patient enrollment and
semen analysis on all subjects, including preparation of
semen smears for morphological evaluation, were performed
a Cleveland Clinic Foundation only. Semen samples were
collected at Cleveland Clinic Foundation from men under-
going infertility screening (n = 56) and from normozoosper-
mic healthy donors (n = 13) of proven fertility (that is, they
had initiated a successful pregnancy within the last 12
months) who served as controls. Samples with a sperm
concentration of <1 X 10° per milliliter were excluded from
this study. All specimens were collected by masturbation at
the clinical andrology laboratory after a 48- to 72-hour
period of abstinence. After liquefaction, routine semen anal-
ysis was performed to measure sperm concentration and
percentage moatility.

Myeloper oxidase-Staining Test

The presence of peroxidase positive leukocytes (neutro-
phils and macrophages) in semen was assessed by a my-
eloperoxidase-staining test (27) at Cleveland Clinic Founda-
tion. A 20-uL volume of liquefied semen specimen was
placed in a Corning 2.0-mL cryogenic vial (Corning Costar
Corp., Cambridge, MA) with 20 uL of phosphate-buffered
sdine (pH 7.0) and 40 L of benzidine solution. The solu-
tions were mixed and alowed to sit at room temperature for
5 minutes. Peroxidase-positive leukocytes stain brown and
were counted by aMakler’s counting chamber (Sefi Medical,
Haifa, Israel) under the bright-field objective (magnification,
X 20). The results after correction for dilution were recorded
as X 10° peroxidase-positive leukocytes per milliliter of se-
men. A seminal leukocyte concentration of =1 x 10° per
milliliter of semen was considered normal, and leukocyto-
spermia was defined as the presence of >1 X 10° white
blood cells per milliliter of semen (6).

Assessment of Sperm Morphology

Thin smears of the well-mixed semen were prepared in
duplicate by placing 2- to 5-uL drops (depending on the
sperm concentration) on clean poly-L-lysine—coated dides.
Thin semen smears facilitated sperm morphology assess-
ment by avoiding sperm cell overlap and ensuring that the
sperm were scattered at the same focal depth. After the dlides
were air-dried, they were stained with the Dif-Quik kit
(Baxter Healthcare Corporation, Inc., McGaw Park, IL) for
assessment of sperm morphology.

Slides of seminal smears for morphological examination
were shipped to Liverpool Women's Hospital. One observer
(N.A.) at Liverpool Women's Hospital scored these slides by
atechnique described previously (26). Briefly, atotal of 100
spermatozoa were scored per slide by using bright-field
illumination and an oil immersion objective with a total
magnification of X2,000. At least 10 high-power fields were
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Seminal leukocytic concentration and sperm abnormalities in seminal ejaculates of fertile donors and infertile men with and

without leukocytospermia.

P value®
Fertile donors Nonleukocytospermic L eukocytospermic

Sperm parameters (n = 13) (n = 36) (n = 20) p2 A B C
Concentration (X10%mL) 64 (39, 93) 36 (19, 64) 27 (12, 67) .027 .012 <.01 8
Motility (%) 69 (59, 76) 49 (33, 62) 37 (26, 52) <.0001 .0003 <.0001 .03
Seminal leukocytes (X 10%/mL) 0.1(0.0,0.2) 0.1(0.0,0.2) 24(2,7) <.0001 8 <.0001 <.0001
Normal morphology (%) 10 (8, 18) 5(2,12) 3(0,8) .005 .0095 .001 2
Borderline morphology (%) 16 (10, 21) 10(5, 14) 4 (3, 10) .0009 .004 .0001 .08
Amorphous (%) 38 (34, 46) 45 (40, 60) 37 (23, 50) .09 1 .03 3
Acrosomal damage (%) 19 (14, 29) 26 (20, 36) 36 (30, 56) .0004 .07 <.0001 .002
Nuclear abnormalities (%) 2(1,6) 7(4,13) 10 (5, 12) .003 .002 .0009 5
Midpiece abnormalities (%) 19 (9, 22) 21 (15, 28) 26 (20, 30) .01 .026 .003 2
Cytoplasmic droplet (%) 4(0,7) 6 (4,11) 11 (6, 19) .002 .03 .0003 .026
Tail deformity (%) 4(2,6) 7(4,12) 17(7, 28) .0009 .02 .0001 .02
Sperm deformity index 15(1.4,1.6) 1.7(1.6,2) 19(1.7,2.3) .0004 .005 <.0001 .03

Note: Results are presented as median (25™, 75" percentiles). P<<.05 was considered significant.

#Univariate comparison of variables anong groups was performed with Kruskal-Wallis test.

b Simultaneous pairwise comparisons among groups were performed with the Convar-Inman test. A = fertile donors vs. nonleukocytospermic infertile
patients; B = donors vs. leukocytospermic patients; C = nonleukocytospermic infertile patients vs. leukocytospermic patients.
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selected at random from different areas of the slide and
examined. A calibrated micrometer on the eyepiece of the
light microscope was used to measure sperm dimensions
when there was doubt over sperm classification. All slides
were assessed by using a morphological classification based
on a modification of the method of Eliasson (28) and the
strict criteria for normal sperm morphology (24, 25). A
multiple-entry scoring technique was adopted in which an
abnormal sperm was classified more than once if more than
one deformity was observed.

The SDI was calculated by dividing the total number of
deformities observed by the number of sperm that were
randomly selected and evaluated, irrespective of their mor-
phological normality. Borderline forms that were considered
abnormal included [1] spermatozoa with dightly elongated
head with loss of its oval shape, [2] those with rounded heads
and intact acrosome, and [3] those with normal heads and a
thickened midpiece. Strict quality control was maintained:
each dide was in duplicate and coded. The scorer was
blinded to the category that each slide had been assigned.
The code was broken once the results were mailed back to
Cleveland Clinic Foundation. Quality control assessment of
sperm morphology dlides revealed no significant difference
in repeated estimation of different sperm morphological
forms.

Statistical Analysis

Data were analyzed by using inbuilt functions within the
Statistical Package for Social Science (SPSS UK Ltd., Chert-
sey, Surrey, UK). Summary statistics are presented as me-
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dian and interquartile range (25th and 75th percentiles).
Univariate comparison of continuous variables among the
groups was performed with the Kruskal-Wallis test. Simul-
taneous multiple pairwise comparisons among groups were
performed with the Conover-lnman test, which is simply
Fisher's least significance difference method performed on
ranks. Spearman’s rank correlation test was used to provide
a distribution-free test of independence between leukocyte
concentration and sperm attributes. All hypothesis testing
was two-tailed; P<<.05 was considered statistically signifi-
cant.

RESULTS

Semen specimens from 56 infertile men and 13 healthy
donors were studied. All fertile donors had | seminal leuko-
cyte concentrations of =1 X 10° (group 1). Of the 56
infertile patients, 36 were nonleukocytospermic (group 2),
and 20 had leukocytospermia (group 3). Patients in group 3
had significantly higher seminal leukocyte concentrations
compared with both patients in group 1 and 2 (Table 1).

L eukocytospermia and Sperm Concentration
and Motility

Median and interquartile values (25th, 75th percentiles)
of sperm concentration and motility in the 3 study groups are
shown in Table 1. The healthy donors had significantly
higher sperm concentrations and a higher percentage of
sperm motility than the 2 groups of infertile patients. Sperm
concentration was similar between the 2 groups of infertile
patients. However, the nonleukocytospermic patients had a
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significantly higher sperm motility percentage than did the
patients with leukocytospermia.

When the 69 study participants were considered collec-
tively, there was no significant correlation between leuko-
cytic concentrations and sperm concentrations (r = —0.13;
P=.28). However, the percentage sperm motility was sig-
nificantly and negatively correlated with the leukocytic con-
centration in semen (r = —0.28, P=.02). The SDI scores
were negatively correlated with sperm concentration (r =
—0.31; P=.01) and sperm motility (r = —0.35; P=.005).

Sperm Morphology and L eukocytosper mia

Median and interquartile values (25th, 75th percentiles)
of the different morphological subsets of sperm and the SDI
scores in the 3 study groups are shown in Table 1.

Pairwise comparison revealed that the healthy donors
semen had a higher proportion of sperm with norma and
borderline morphology and significantly lower proportions
of sperm with acrosomal damage, nuclear abnormalities,
cytoplasmic droplet, midpiece defects, tail deformities, and
lower SDI scores compared with the nonleukocytospermic
and leukocytospermic groups (Table 1). Comparison of the
nonleukocytospermic and leukocytospermic groups, on the
other hand, revealed that the latter had significantly higher
proportions of sperm with acrosomal damage, cytoplasmic
droplet, tail deformities, and higher SDI scores. The propor-
tions of sperm with normal, borderline, and midpiece defect
morphologies were comparable in both infertile patient
groups. The proportions of sperm with other morphological
abnormalities (large head, small head, tapered head, pyri-
form, and double-headed sperm) were similar among the
three groups (data not shown).

When the 69 study participants were considered collec-
tively, leukocyte concentrations in semen were positively
correlated with the SDI scores (r = 0.32; P=.008) and the
proportion of sperm with acrosomal damage (r = 0.36;
P=.003), tail deformities (r = 0.33; P=.005), cytoplasmic
droplet (r = 0.31; P=.01), and midpiece defects (r = 0.27;
P=.026; Fig. 1). On the other hand, leukocyte concentra-
tions in semen were inversely correlated with the proportion
of sperm with normal morphology (r = —0.3; P=.013) and
borderline morphology (r = —0.38; P=.0014; Fig. 1).

DISCUSSION

To the best of our knowledge, this is the first study to
assess the relationship between SDI scores applying the
Tygerberg strict criteria of sperm morphology and leukocy-
tospermia in a wide spectrum of individuals with varying
fertility potential. Our study demonstrated that leukocyto-
spermia was positively correlated with the percentage of
sperm with acrosomal damage, cytoplasmic droplet, mid-
piece and tail defects, and SDI scores. When the whol e study
population was considered, the proportion of sperm with
normal morphology was inversely correlated with leukocytic
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concentration in semen. However, there was no evidence of
a statistical difference in sperm with normal morphology
between the nonleukocytospermic and leukocytospermic in-
fertile men. On the other hand, the average number of
abnormalities per sperm was higher in the leukocytospermia
patients, which resulted in significantly higher SDI scoresin
this group of patients compared with in the fertile donors and
the nonleukocytospermic infertile men.

Only two studies have reported full assessment of sperm
morphology applying the strict criteria for sperm morphol-
ogy in leukocytospermic patients (14, 15). One study inves-
tigated the influence of urogenital infections in 150 consec-
utive semen samples, as indicated by leukocytospermia
(diagnosed cytologically and by means of a leukocyte per-
oxidase test) on human sperm morphology (15). Leukocy-
tospermia diagnosed cytologically was associated with sta-
tistically poorer sperm morphology characteristics, which
involved a significant reduction in the proportion of sperm
with normal morphology and an increase in the proportion of
taper-headed sperm. This statistical relationship was not
found in the peroxidase-diagnosed leukocytospermia group
(15).

The second study assessed the association of varying
concentrations of leukocytes (assessed by an Endtz test) with
sperm morphology (evaluated by strict criteria) in semen
from 79 infertile patients (14). At two different cutoff points
of seminal leukocytic concentration (0.5 X 10° and 1 X 10°
leukocytes per milliliter), the patient group with lower mean
leukocytic concentration had a significantly higher propor-
tion of sperm with normal morphology compared with pa
tients who had a higher mean leukocytic concentration.
There was also a significant positive correlation between
leukocytic concentration and midpiece defects. No other
correlation was detected.

When compared, the findings that are reported in these
two studies are clearly distinct. Moreover, our study dem-
onstrates a correl ation between leukocytospermiaand certain
deformities of different anatomical regions of sperm that has
not been observed in the previous two studies. This discrep-
ancy may, at least in part, be attributed to the design of our
study, which alowed the analyzed semen samples from a
spectrum of individuals (fertile donors and infertile men with
and without leukocytospermia) to fully assess the true im-
pact of leukocytospermia on sperm morphology. In view of
these discrepancies, additional studies are required to sub-
stantiate our finding.

Different hypotheses have been explored recently to ex-
plain the relationship between leukocytospermia and sperm
structural damage (8). The hypotheses that sperm structural
damage occurs during spermatogenesis is consistent with our
findings that showed that infertile men with and without
leukocytospermia had similar sperm concentrations in se-
men. Low sperm concentrations would have been expected if
the leukocytic-induced damage occurred during spermatocy-
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Correlation of the proportions of different sperm morphological forms with leukocyte concentration in semen. Columns
represent the value of Spearman correlation. Only statistically significant correlation (P<.05) presented in the graph. Cyto.
Droplet = cytoplasmic droplet; Acros. Damage = acrosomal damage; SDI = sperm deformity index.
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togenesis (proliferative phase). The mechanism through
which leukocytospermia may induce the ateration in sperm
structure is not clear. However, one potential explanation is
that leukocytospermia could be a marker for an inflamma-
tory process in the testis and in most cases would be related
to asubclinical inflammatory process and not due to an overt
epididymoorchitis. The presence of proinflammatory medi-
atorsin the testis could lead to alterations in the regulation of
spermiogenesis. In fact, cytokines have been found to inter-
fere with Sertoli cell function leading to abnormal spermio-
genesis (19).

In addition, our finding of significantly higher proportions
of sperm with cytoplasmic droplet in the leukocytospermic
patient group could be due to defective Sertoli cell function
and disorganized spermiation. Alternatively, it could be due
to alteration in the maturation process that the sperm un-
dergo while transient in the epididymis. Alteration in the
epididymal sperm maturation would also explain why leu-
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kocytospermic men have significantly lower sperm motility.
Thus, leukocytospermia-induced sperm damage may com-
mence during spermiogenesis and continues through sper-
miation and epididymal migration.

A second potential mechanism through which leukocyto-
spermia may induce ateration in sperm structure is exces-
sive ROS production by activated granulocytes. It has been
argued that oxidative stress may induce aterations in the
regulation of spermatogenesis, resulting in structural defects
of the sperm (8, 29, 30). On the subcellular level, it has been
shown that leukocytospermia and excessive ROS levels are
associated with an increase in chromatin dterations and
DNA damage in sperm, as defined by the sperm chromatin
structure assay (8). On a different level, it has been shown
that a high incidence of sperm tail defects is associated with
sperm chromosomal abnormalities (31, 32). It is thus con-
celvable that peroxidative genetic damage may have led to
the significant increase in the proportion of sperm with tail
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defects observed in our leukocytospermic study population.
From this it is possible to speculate that sperm structural
defects in leukocytospermic men may have been acquired at
different stages of spermiogenesis, spermiation, and/or the
epididymis as a result of proinflammatory mediators or per-
oxidative genetic alterations. Nevertheless, definite evidence
for the presence of significant numbers of leukocytes in the
seminiferous tubules or epididymis from males with leuko-
cytospermia is till lacking.

In our study, oxidative stress in patients with leukocyto-
spermiamay have been intensified as aresult of the observed
association between leukocytospermia and the increase in
the proportion of sperm with cytoplasmic droplet. The re-
tention of residual cytoplasm in the sperm midpiece after
spermiation has been associated with excessive production
of ROS by spermatozoa (33). Moreover, independent reports
have demonstrated that biochemical markers of the cytoplas-
mic space, such as creatine kinase, are positively correlated
with the induction of peroxidative damage (33, 34). It has
been hypothesized that the reason that cells with an excess of
residual cytoplasm exhibit high rates of ROS generation is
related to the enhanced presence of another cytoplasmic
enzyme, glucose-6-phosphate dehydrogenase. This enzyme
fuels the generation of NADPH, which in turn stimulates the
production of ROS (35, 36).

The results of our study clearly demonstrate that there is
a significant increase in the frequency of sperm morpholog-
ical defects in nonleukocytospermic infertile men compared
with the case of healthy donors. A genetic constitution or
detrimental environmental factors may be the underlying
cause for poor sperm morphology in this group of patients.
The significantly higher frequency of sperm morphological
defects in leukocytospermic infertile men compared with
nonleukocytospermic patients may suggest that leukocyto-
spermia is associated with the worst detrimental effect on
sperm morphology— especially if we consider it as the only
underlying factor for this negative influence.

In an ideal world, a possible causal relationship between
leukocytospermia and sperm morphology is confirmed when
there is an improvement in sperm morphology after success-
ful treatment of leukocytospermia. This would represent a
logical follow-up to our study. However, such study may be
difficult to conduct because treatment of leukocytospermia
remains controversial. Moreover, functional and anatomical
damage acquired as a result of infection is often permanent
and not reversible by (antibiotic) treatment (37).

In conclusion, thisis the first study to assess the relation-
ship between SDI scores, applying the strict criteria of sperm
morphology and leukocytospermia in a wide spectrum of
individuals with varying fertility potential. Our study sug-
gests that leukocytospermiais positively correlated with the
percentage of sperm with acrosomal damage, cytoplasmic
droplet, midpiece and tail defects, and the SDI scores. It is
possible that sperm structural defects in the men with leu-
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kocytospermia may have been acquired at different stages of
spermiogenesis, at spermiation, and/or in the epididymisasa
result of proinflammatory mediators or sperm genetic alter-
ations. In view of the fact that our findings have not been
observed in previously reported studies employing the strict
criteria of normal sperm morphology, further studies are
required to confirm our finding.

Acknowledgments: The authors thank the medical technologists from the
Clinical Andrology Laboratory; Karen Seifarth, M.T., Cheryl Ackerman,
M.T., and Lora Cordek, M.T., who provided technical assistance; and Robin
Verdi for her secretarial support.

References

1. El-Demiry MIM, Hargreave TB, Busuittil A, Elton R, James K, Chish-
olm GD. Immunocompetent cells in human testis in health and disease.
Fertil Steril 1987;48:470-9.

2. Wolff H. The biologic significance of white blood cellsin semen. Fertil
Steril 1995;63:1143-57.

3. Pudney JA, Anderson DJ. Organization of immunocompetent cells and
their function in the male reproductive tract. In: Griffin PD, Johnson
PM, eds. Local immunity in reproduction tract tissues. Oxford, United
Kingdom: Oxford University Press, 1993.

4. Kiessling AA, Lamparelli N, Yin HZ, Seibel MM, Eyre RC. Semen
leukocytes: friends or foes? Fertil Steril 1995;64:196—8.

5. Tomlinson MJ, White A, Barratt CL, Bolton AE, Cooke ID. The
removal of morphologically abnormal sperm forms by phagocytes: a
positive role for seminal leucocytes. Hum Reprod 1992;7:517-22.

6. World Health Organization. WHO laboratory manual for the examina-
tion of human sperm and sperm-cervical mucus interaction. 4th ed.
New York: Cambridge University Press, 1999.

7. Sharma R, Pasqualotto FF, Nelson DR, Thomas AJ Jr, Agarwa A.
Relationship between seminal white blood cell counts and oxidative
stress in men treated at an infertility clinic. J Androl 2001;22:575-83.

8. Alvarez JG, Sharma RK, Ollero M, Saleh RA, Lopez MC, Thomas AJ
Jr, et d. Increased DNA damage in sperm from leukocytospermic
semen samples as determined by the sperm chromatin structure assay.
Fertil Steril 2002;78:319-29.

9. Saleh RA, Agarwal A, Kandirdi E, Sharma RK, Thomas AJ Jr, Nada
EA, et a. Leukocytospermia is associated with increased reactive
oxygen species production by human sperm. Fertil Steril 2002;78:
1215-24.

10. Berger RE, Karp LE, Williamson RA, Koehler J, Moore DE, Holmes
KK. The relationship of pyospermia and semina fluid bacteriology to
sperm function as reflected in the sperm penetration assay. Fertil Steril
1982;37:557-64.

11. Eggert-Kruse W, Bellmann A, Rohr G, Tilgen W, Runnebaum B.
Differentiation of round cells in semen by means of monoclonal anti-
bodies and relationship with male fertility. Fertil Steril 1992;58:1046—
55.

12. Gonzales GF, Kortebani G, Mazzoli AB. Leucocytospermia and func-
tion of the seminal vesicles on semina quality. Fertil Steril 1992;57:
1058—65.

13. Yanushpolsky EH, Politch JA, Hill JA, Anderson DJ. |s leukocytosper-
mia clinically relevant? Fertil Steril 1996;66:822-5.

14. Thomas JF, Fishel SB, Hall JA, Green S, Newton TA, Thornton SJ.
Increased polymorphonuclear granulocytes in seminal plasma in rela
tion to sperm morphology. Hum Reprod 1997;12:2418-21.

15. Menkveld R, Kruger TF. Sperm morphology and male urogenital
infections. Andrologia 1998;30:49-53.

16. Van der Ven HH, Jeyendran RS, Perez-Palaez M, Al-Hasani S,
Diedrich K, Krebs D. Leucospermia in male infertility patients. Eur J
Obstet Gynaecol Reprod Biol 1987;4:49-52.

17. Fedder J, Askjaer AA, Hjort T. Non-spermatozoa cells in semen;
relationship to other semen parameters and fertility status of the couple.
Arch Androl 1993;31:95-103.

18. Krausz C, MillsC, Rogers S, Tan SL, Aitken RJ. Stimulation of oxidant
generation by human sperm suspensions using phorbol esters and
formyl peptides: relationships with motility and fertilization in vitro.
Fertil Steril 1994;62:599—-605.

Vol. 82, No. 3, September 2004



19.

20.

21.

22.

23.

24.

25.

26.

27.

28.
29.

Cohen PE, Pollard JW. Cytokines and growth factors in reproduction.
In: Bronson R, ed. Reproductive immunology. Cambridge, MA: Black-
well Science, 1995.

Plante M, de Lamirande E, Gagnon C. Reactive oxygen species re-
leased by activated neutrophils, but not by deficient spermatozoa, are
sufficient to affect normal sperm motility. Fertil Steril 1994;62:387—93.
Aitken RJ, Buckingham D, West K, Wu FC, Zikopoulos K, Richardson
DW. Differential contribution of leucocytes and spermatozoa to the
generation of reactive oxygen speciesin the gjaculates of oligozoosper-
mic patients and fertile donors. J Reprod Fertil 1992;94:451-62.
Aitken RJ, Buckingham DW, Brindle J, Gomez E, Baker HW, Irvine
DS. Analysis of sperm movement in relation to the oxidative stress
created by leukocytes in washed sperm preparations and seminal
plasma. Hum Reprod 1995;10:2061-71.

Ochsendorf FR. Infections in the male genital tract and reactive oxygen
species. Hum Reprod Update 1999;5:399—-420.

Kruger TF, Menkveld R, Stander FSH, Lombard CJ, Van der Merwe
JP, Van Zyl JA. Sperm morphologic features as a prognostic factor in
in vitro fertilization. Fertil Steril 1986;46:1118-23.

Kruger TF, Acosta AA, Simmons KF, Swanson RJ, Matta JF, Oehnin-
ger S. Predictive value of abnorma sperm morphology in in vitro
fertilization. Fertil Steril 1988;49:112—7.

Aziz N, Buchan I, Taylor C, Kingsland CR, Lewis-Jones |. The sperm
deformity index: a reliable predictor of the outcome of oocyte fertili-
zation in vitro. Fertil Steril 1996;66:1000—8.

Shekarriz M, Sharma RK, Thomas AJ Jr, Agarwal A. Positive myelo-
peroxidase staining (Endtz Test) as an indicator of excessive reactive
oxygen species formation in semen. J Assist Reprod Genet 1995;12:
70-4.

Eliasson R. Standards for investigation of human semen. Andrologia
1971;3:49-64.

Gil-Guzman E, Ollero M, Lopez MC, SharmaRK, Alvarez JG, Thomas
AJ J, et a. Differentia production of reactive oxygen species by

FERTILITY & STERILITY®

30.

3L

32.

33.

35.

36.

37.

subsets of human spermatozoa at different stages of maturation. Hum
Reprod 2001;16:1922—30.

Ollero M, Gil-Guzman E, Lopez MC, Sharma RK, Agarwal A, Larson
K, et a. Characterizations of subsets of human spermatozoa at different
stages of maturation: implications in the diagnosis and treatment of
male infertility. Hum Reprod 2001;16:1912-21.

In't Veld PA, Broekmans FJ, de France HF, Pearson PL, Pieters MH,
van Kooij RJ. Intracytoplasmic sperm injection (ICSI) and chromo-
somally abnormal spermatozoa. Hum Reprod 1997;12:752—4.
Lewis-Jones |, Aziz N, Seshadri S, Douglas A, Howard P. Sperm
chromosomal abnormalities are linked to sperm morphological defor-
mities. Fertil Steril 2003;79:212-5.

Gomez E, Buckingham DW, Brindle J, LanzafameF, Irvine DS, Aitken
RJ. Development of an image analysis system to monitor the retention
of residual cytoplasma by human spermatozoa: correlation with bio-
chemical markers of the cytoplasmic space, oxidative stress, and sperm
function. J Androl 1996;17:276—87.

. Huszar G, Vigue L. Correlation between the rate of lipid peroxidation

and cellular maturity as measured by creatine kinase activity in human
spermatozoa. J Androl 1994;15:71—7.

Aitken RJ, Paterson M, Fisher H, Buckingham DW, van Duin M.
Redox regulation of tyrosine phosphorylation in human spermatozoa
and its role in the control of human sperm function. J Cell Sci 1995;
108:2017-25.

Aitken RJ, Buckingham DW, Harkiss D, Paterson M, Fisher H, Irvine
DS. The extragenomic action of progesterone on human spermatozoais
influenced by redox regulated changes in tyrosine phosphorylation
during capacitation. Mol Cell Endocrinol 1996;117:83-93.

Comhaire FH, Mahmoud AM, Depuydt CE, ZalataAA, Christophe AB.
Mechanisms and effects of male genital tract infection on sperm quality
and fertilizing potential: the andrologist’'s viewpoint. Hum Reprod
Update 1999;5:393-8.

627



	Novel associations between specific sperm morphological defects and leukocytospermia
	MATERIALS AND METHODS
	Semen Samples
	Myeloperoxidase-Staining Test
	Assessment of Sperm Morphology
	Statistical Analysis

	RESULTS
	Leukocytospermia and Sperm Concentration and Motility
	Sperm Morphology and Leukocytospermia

	DISCUSSION
	Acknowledgments
	References


