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Abstract

The aims of this study were (a) to determine the prevalence of subjects with semen hyperviscosity (SHV) in a 
large population of male partners of subfertile couples; (b) to identify any correlation between SHV and infections 
or inflammation of the genital tract; (c) to assess the effects of therapeutic approaches for treating SHV; and (d) to 
assess sperm kinetic parameters after successful treatment of SHV.  A retrospective study of 1 833 male partners of 
subfertile couples was conducted.  Next, clinical, seminal, bacteriological and ultrasound studies involving 52 sub-
jects suffering from SHV were performed, and the SHV was classified as being mild (length of thread > 2 cm and ≤ 
4 cm), moderate (> 4 cm and ≤ 6 cm) or severe (> 6 cm).  The prevalence of SHV was observed in 26.2% (480) of 
the subjects, with 13.2% suffering from mild, 6.6% from moderate and 6.4% from severe SHV.  Treatment was com-
pletely successful in only 27 subjects (52.0%), primarily in those who had mild basal SHV with a positive semen cul-
ture.  In these subjects, progressive motility percentage, straight line velocity and linearity were significantly higher 
than pre-treatment levels.  SHV is often found in subjects with subfertility.  Pathogenesis was strictly related to in-
fective/inflammatory factors in only 48.0% of cases; therefore, it is possible that biochemical, enzymatic or genetic 
factors have a role in this condition.
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1    Introduction

Semen hyperviscosity (SHV) is a condition that 
can seriously impair the physical and chemical charac-
teristics of seminal fluid.  As such, it deserves greater 

research attention, as it can have a serious impact on 
sperm function.  Above all, SHV seems to be associated 
with reduced sperm motility, possibly due to a ‘trapping 
effect’ that prevents normal sperm progression through 
the female genital tract [1, 2].

Semen hyperviscosity also leads to certain techni-
cal difficulties in the handling of samples, such as when 
using Percoll gradients to prepare semen for in vitro 
fertilization (IVF) programs [3].

Physical and chemical methods have been proposed 
for the treatment of SHV.  The physical method in-
volves forcing the sample through a hypodermic needle 
[4], whereas the chemical treatment uses mucolytic 
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agents such as α-chymotrypsin [5, 6] and sputolysin [7].  
However, one cannot ignore the fact that such proce-
dures may damage sperm structure.  The pathogenic ap-
proach to treat hyperviscosity may, therefore, be more 
advisable.

The pathogenic aspects of SHV have yet to be fully 
clarified.  Gonzales et al. [8, 9] and Andrade-Rocha [10] 
showed reduced levels of fructose in SHV, and hypoth-
esized inadequate functioning of the seminal vesicles as the 
explanation.  Carpino and Siciliano [11] studied the pos-
sible correlation between SHV and protein secretion of the 
epididymis, vesicles and prostate.  They found that hyper-
viscosity has no role in the semen coagulation process.

Mendeluk et al. [12] showed that there is no dif
ference in the concentration of total proteins or DNA, 
or in the percentage of water content in hyperviscous 
seminal plasma.  In addition, Mendeluk et al. [13, 14] 
observed that lysozyme has no direct role in SHV, al-
though a deficiency in cases of chronic infections could 
be an aggravating factor from a clinical standpoint.  
Aydemir et al. [15] point out that increased oxidative 
damage might be a factor in SHV.  In a previous study, 
we showed that genetic factors can influence the fluid-
ity of semen [16].

One area of particular interest is the possible corre-
lation between SHV and infections and/or inflammation 
of the genital tract.  However, it should be noted that 
there is a good deal of disagreement in this field.  Ac-
cording to Munuce et al. [17], there is no association 
between SHV and semen culture positivity, leukosper-
mia or the presence of sperm antibodies.  In addition, 
there is no correlation between SHV and human immu-
nodeficiency virus infection [18].  However, Wang et al. [19] 
found that Ureaplasma urealyticum infections were as-
sociated with SHV.

The aims of this study are to (a) evaluate the 
prevalence of subjects with SHV in a large population 
of male partners of subfertile couples; (b) evaluate 
the possible correlation between SHV and infections/
inflammation of the genital tract; (c) assess the effects 
of therapeutic approaches in treating SHV; and (d) 
assess sperm kinetic parameters after successful 
treatment of SHV.

2    Materials and methods

2.1  Retrospective study
A retrospective study was conducted to examine 

data from January 2004 to December 2007 to assess 

the prevalence of SHV in male partners of subfertile 
couples referred to the Andrology Unit of Sant’Andrea 
Hospital (Rome) for semen analysis.  In total, 1 833 
subjects and 2 587 ejaculates were examined.  Subjects 
included in the analysis were those with completely 
normal semen parameters and those with one or more 
altered semen parameters.

2.2  Clinical study
The clinical study was conducted in accordance 

with the hospital’s ethics committee guidelines.
To examine for possible involvement of genital 

tract infections or inflammation as a pathogenic factor 
in SHV, the study group was comprised of 52 subjects 
with SHV, aged 25–43 years.  A full medical history 
was taken, and subjects underwent a diagnostic and 
therapeutic program comprising clinical and seminal ex-
amination, semen culture, and ultrasound examination 
of the testes, seminal vesicles and prostate.  All subjects 
with hormonal alterations, treated cryptorchidism and 
varicocele with marked venous reflux (time of reflux 
more than 2 s, detected by color Doppler) [20] were ex-
cluded from the study.

The minimum period of couple infertility was 1 year.  
Semen concentration was  ≥ 20 million mL−1 and atypical 
forms were < 70%.  SHV was then confirmed with a 
second seminal examination 2 months after the first.

All 52 subjects were treated with antiinflammatory 
and mucolytic agents, 50 mg tetracycline and 5 mg 
hydrocortisone (Farmaceutici Formenti s.p.a., Milan, 
Italy) every day for 30 days, and then with 200 mg 
N-acetyl cysteine (Zambon Svizzera SA, Cadempino, 
Swisse) every day for the subsequent 2 months.  SHV 
patients who did not respond to therapy were given a 
second cycle of antiinflammatory drugs.  Subjects with 
a positive semen culture had to first undergo specific 
antibiotic therapy, according to the antibiogram, at 
the lowest minimum inhibition concentration for the 
bacteria identified.  The therapy lasted for 5 days.

Standard semen analysis, semen culture and 
ultrasound examination of the testes, seminal vesicles 
and prostate were carried out before and after therapy.

2.3  Male genital tract infection and inflammation 
determination

Within our cohort, infections were detected by se-
men culture.  A number of diagnostic methods have 
been proposed for genital tract inflammation, including 
examination of ejaculate for peroxidase-positive cells 
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or levels of seminal polymorphonuclear elastase [21].  
The increase of seminal white blood cells (WBC) in the 
absence of infection or signs of inflammation affecting 
the epididymis, seminal vesicles and prostate was taken 
as a marker of inflammation.  Confirmation of inflam-
mation was performed using ultrasound.  The subjects 
were subdivided according to the presence or absence 
of infection and/or signs of inflammation.

2.4  Semen analysis and semen cultures
The semen samples were collected by masturba-

tion after 3–5 days of sexual abstinence.  Samples were 
stored in a controlled incubator (37ºC) on a gently mov-
ing plate.

After liquefaction, semen samples were analyzed 
according to World Health Organization (WHO) guide-
lines [22, 23].  The superimposed image analysis sys-
tem was used to assess sperm motility parameters [24, 
25].  Progressive motility was defined as follows: class 
1—straight line velocity (VSL) ≥ 23 µm s−1 and linearity 
(LIN) ≥ 0.58; and class 2—VSL > 10 and ≤ 23 µm s−1 
and LIN ≥ 0.58 (frame rate: 21 frames s−1) [25].  Sperm 
morphology was studied using the Bryan–Leishman 
(BL) stain technique [22].  Slides were examined at 
a magnification of × 1 000 with an Olympus CX31 
light microscope using a micrometric scale.  The BL 
stain technique is a particularly effective method for 
distinguishing germinal cells and WBCs [22].  Sperm 
morphology defects were classified according to WHO 
guidelines [22, 23].  For each sample, at least 200 
spermatozoa were evaluated.

Viscosity was determined, 1 h after ejaculation, by 
gently aspirating semen into a 5 mL pipette and then 
producing semen drops.  In cases of abnormal viscosity, 
the drop formed a thread longer than 2 cm, which was 
evaluated using a centimeter scale.  Hyperviscosity was 
graded under normal gravity as being mild (length of 
thread > 2 cm and ≤ 4 cm), moderate (> 4 cm and ≤ 6 cm) 
or severe (> 6 cm).

Finally, semen culture samples with colonies of      
> 100 000 UFC mL−1 were considered positive.

2.5  Quality control for semen analysis
Internal quality control (QC) (intra- and inter-

operator) was carried out every 2 months.  External QC 
was conducted by the National Health Institute.

2.6  Ultrasound
Testicular ultrasound was performed with an HDI 

4000 (ATL Ultrasound, Bothell, WA, USA) using a 
probe with a range from 5.5 to 12 MHz.  Increased vol-
ume of the prostate, seminal vesicles or epididymis, or 
alterations in echoic patterns were considered as signs 
of inflammation [26].

2.7  Statistics
We used the Shapiro–Wilk test to study progressive 

motility, VSL and LIN distributions.  We used both the 
Wilcoxon’s test and the two-tailed Student’s t-test for 
paired data to evaluate progressive motility, for which 
the hypothesis of normality cannot be rejected.  For 
VSL and LIN, for which the hypothesis of normality 
should be rejected, we used only the Wilcoxon’s test 
for paired data, as this test does not require any specific 
assumptions about data distribution.  All the tests were 
performed using the SPSS statistical package.

3    Results

3.1  Retrospective study
Of the total 2 587 samples, 602 (23.2%) showed 

some degree of SHV (11.2% mild, 6.2% moderate 
and 5.8% severe) (Table 1).  The prevalence of SHV 
was 26.2% (480 of 1 833 subjects): 13.2% mild, 6.6% 
moderate and 6.4% severe (Table 1).  For those sub-
jects for whom more than one semen analysis was per-
formed, the table shows the viscosity found during the 
first examination.

3.2  Clinical study
The 52 subjects involved in the clinical study were 

divided into three groups according to their base-line 
diagnostic results (Table 2).

Group A (n = 17) included subjects with positive 
semen culture for Escherichia coli (n = 5), Klebsiella 
pneumoniae (n = 3), Proteus mirabilis (n = 3), 
Pseudomonas aeruginosa (n = 1), Enterobacter faecalis 
(n = 2) or Ureaplasma urealyticum (n = 3).

Table 1.  Prevalence of semen samples and subjects with semen 
hyperviscosity (SHV) in male partners of subfertile couples.
		  Total semen samples 	 Total subjects 
		          (n = 2 587)	    (n = 1 833)
	 Total SHV	 602 (23.2%)	 480 (26.2%)
	 SHV mild	 291 (11.2%)	 242 (13.2%)
	 SHV moderate	 160 (6.2%)	 121 (6.6%)
	 SHV severe	 151 (5.8%)	 117 (6.4%)
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Group B (n = 12) consisted of subjects with > 1 × 
106 seminal WBCs and/or inflammatory signs observed 
by ultrasound.

Group C (n = 23) included subjects with a negative 
semen culture and without inflammatory signs observed 
by ultrasound and 1 × 106 seminal WBC.

Each group was divided into three subgroups on the 
basis of SHV severity (mild, moderate or severe).

The therapeutic treatment fully resolved SHV in 27 
cases (52.0%): 17 of 17 subjects (100%) in group A, 4 
of 12 subjects (33.0%) in group B and 6 of 23 subjects 
(26.1%) in group C.  In all these subjects, semen culture 
became or remained negative, seminal WBC became 
or remained 1 × 106 and ultrasound no longer showed 
signs of inflammation.

In contrast, in the other 25 subjects, the treatment 
was ineffective or only partially effective, as severe 
hyperviscosity became either moderate or mild.  Thus, 
25 of the 52 patients treated (48.0%) still had some 
degree of SHV.  Of these, 11 (21.1%) suffered from 
mild SHV, 8 (15.4%) from moderate and 6 (11.5%) 
from severe hyperviscosity.

Finally, of the 27 patients who achieved normal 
viscosity after therapy, progressive motility (Wilcoxon’s 
test P < 0.01 and two-tailed Student’s t-test P < 0.005), 
VSL (Wilcoxon’s test P < 0.001) and LIN (Wilcoxon’s 

test P < 0.05) were higher than pre-treatment levels 
(Table 3, Figure 1).  The progressive motility, VSL and 
LIN improved, respectively, in 21, 25 and 18 subjects 
out of 27 (Figure 1).  Only one subject shifted from as-
thenozoospermia to normal sperm motility (50% of a + 
b grades, according to WHO).  The mean difference of 
sperm motility post-treatment vs. pre-treatment was 6.2 
± 10.4 (SD) (Table 3).

4    Discussion

The purpose of this research was to evaluate the 
prevalence of SHV in a large population of male part
ners of subfertile couples, and to evaluate the possible 
correlation between infections/inflammation of the 
genital tract and SHV.  In addition, we assessed the 
effects of therapeutic approaches for the treatment of 
SHV and evaluated sperm kinetic parameters after 
successful treatment.

With regard to the first point, the study of a large 
population of male partners of subfertile couples 
showed that the prevalence of SHV was 26.2%, con-
firming the relatively high frequency of the condition.  
This prevalence was considerably lower than that found 
by Gonzales et al. [8, 9], but considerably higher when 
compared with that found by Gopalkrishnan et al. [27] 

Table 2.  Follow-up assessment of 52 subjects (subdivided into 3 groups) who underwent a full diagnostic and therapeutic program.
			   Pre-treatment	                                                       Post-treatment	
	 Group	 SHV		  Normal viscosity	                                      SHV	
				                                           Mild                           Moderate                   Severe
		  mild	 14	 14	 —	 —	 —	
	 A 	 moderate	   1	   1	 —	 —	 —	
		  severe	   2	   2	 —	 —	 —	
			   17	 17 (100%)	 —	 —	 —	
								      
		  mild	   2	   2	 —	 —	 —	
	 B	 moderate	   4	   2	   1	 1	 —	
		  severe	   6	   —	   3	 2	 1	
			   12	   4 (33.3%)	   4 (33.3%)	 3 (25%)	 1 (8.4%)

		  mild	   6	   3	   3	 —	 —	
	 C	 moderate 	   7	   2	   1	 4	 —	
		  severe	 10	   1	   3	 1	 5	
			   23	   6 (26.1%)	   7 (30.5%)	 5 (21.7%)	 5 (21.7%)
	 Total		  52 (100%)	 27 (52.0%)	 11 (21.1%)	 8 (15.4%)	 6 (11.5%)
Group A, subjects with positive semen culture.  Group B, subjects with > 1 × 106 WBCs and/or inflammatory alterations observed by 
ultrasound.  Group C, subjects negative for the above situations.
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and Esfandiari et al. [28].  This may be because of 
differences in patient populations, and may also be 
because of variations in the standardization of SHV 
measurement.

With regard to the causes and pathogenic aspects 
of SHV, they have yet to be fully clarified.  This study 
investigated the correlation between hyperviscosity and 
classic pathogenic factors proposed in the literature, 
such as infection or inflammation of the male genital 
tract.  This study showed a pervasiveness of mild 
SHV in group A (positive semen culture), whereas it 
showed a predominance of severe SHV in group B and, 
surprisingly, in group C, which was the group without 
any sign of inflammation.

With regard to SHV treatment, in the era before the 
availability of IVF techniques, Amelar and Dubin [4] 
stated that SHV should be treated only when post-coital 
test results were poor.  Treatment to reduce SHV by in-

direct measures, such as over hydration of patients, pro-
static massages or administration of parenteral hyaluro-
nidase, was not effective [4].  They also proposed using 
the first portion of the ejaculate (if viscosity was lower 
than that of the entire ejaculate) or the total ejaculate, 
after forcing it through a hypodermic needle several 
times, for intrauterine insemination (IUI) [4].

The introduction of IVF and the use of ever more 
sophisticated methods of semen preparation have un-
derlined the importance of doing more in cases of SHV.  
In fact, mucolytic agents have been proposed for in 
vitro treatment.  Among the most important studies in 
this area, Honea et al. [6] stated that limited proteolysis 
using α-chymotrypsin, in cases in which it improved 
sperm penetration assay results, could represent a use-
ful pre-treatment of hyperviscous semen for IUI or IVF 
programs.  In addition, according to Zavos et al. [5], the 
limited proteolysis of hyperviscous semen specimens 

Table 3.  Motility profile in subjects (n = 27) with SHV before treatment and normal viscosity after treatment.  
	 	 Pre-treatment (n = 27)	 Post-treatment (n = 27)	 Differences
	 Progressive motility (%)	 20.2 ± 12.6	 26.4 ± 13.3a, d	   6.2 ± 10.4
	 VSL (µm s-1) (straight line velocity)	 18.4 ± 6.2	 25.3 ± 6.8b	   6.8 ± 6.2
	 LIN (linearity)	 0.76 ± 0.09	 0.81 ± 0.07c	 0.05 ± 0.11
Wilcoxon’s test for paired data, aP < 0.01; bP < 0.001; cP < 0.05.  Two-tailed Student’s t-test for paired data, dP < 0.005.

Figure 1. Sperm motility profile in subjects (n = 27) with SHV pre-treatment and normal viscosity post-treatment.  Solid and broken 
lines indicate increment and decrement of kinetic parameters, respectively.  (A): Progressive motility percentage (Shapiro–Wilk test 
pre-treatment P = 0.077, post-treatment P = 0.246; the hypothesis of normality cannot be rejected).  Wilcoxon’s test for paired data P < 
0.01. Two-tailed Student’s t-test for paired data P < 0.005.  (B): Straight line velocity (VSL) (µm s−1) (Shapiro–Wilk test pre-treatment 
P = 0.033, post-treatment P < 0.001; the hypothesis of normality should be rejected).  Wilcoxon’s test for paired data P < 0.001.  (C): 
Linearity (LIN) (Shapiro–Wilk test pre-treatment P = 0.043, post-treatment P = 0.017; the hypothesis of normality should be rejected).  
Wilcoxon’s test for paired data P < 0.05.
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using α-chymotrypsin assisted in the recovery of a 
greater number of higher quality spermatozoa that could 
be used in various assisted reproductive techniques.

However, it cannot be ruled out that such proce
dures may damage sperm structure.  As a result, the 
pathogenic approach to treat hyperviscosity may be 
more promising.

Munuce et al. [17] employed treatment with antibi-
otics in subjects with infections of the genital tract, with 
and without SHV.  Therapy was based on the respective 
microorganism and antibiogram.  They concluded that 
there was no association between SHV and positivity 
in semen cultures, number of species isolated in semen 
cultures, leukospermia or the presence of sperm anti-
bodies.

In this study, we evaluated the effects of not only 
antibiotic treatment but also antiinflammatory and mu-
colytic agents in vivo.  Analysis of the results showed 
that the treatment was successful in approximately half 
of the cases, primarily in those with mild SHV with a 
positive semen culture.  In the remaining patients, the 
treatment either had no effect or simply reduced the hy-
perviscosity from severe to moderate or mild.  On the 
basis of these observations, it is possible to hypothesize 
that cases of mild SHV may result from easily treatable 
infection and inflammation.  On the other hand, severe 
SHV may represent something quite different.  In a 
previous study, we hypothesized that certain cases of 
idiopathic SHV could be considered as minimal clini-
cal expressions of cystic fibrosis, as the CFTR gene 
sequence variations may constitute the genetic basis 
for this disease [16].  In spite of the negative impact of 
severe SHV on the ability to reproduce, and although it 
would be of great importance to understand the under-
lying molecular mechanisms, no other studies on the 
genetic basis of idiopathic SHV are found in the litera-
ture.

Therefore, in cases in which antiinflammatory 
treatment is unsuccessful, a genetic origin of SHV 
may be suspected.  In these cases, it may be useful to 
conduct genetic analysis, primarily for mutations in the 
CFTR gene.

Finally, the deleterious effect of SHV on sperm 
motility seems to be further shown by the improved 
kinetics seen in successfully treated patients.  This is in 
agreement with Elzanaty et al. [2] and Curi et al. [29], 
and confirms the important ‘trapping effect’, which is 
naturally more evident in severe SHV.

In conclusion, the results of the study allow us to 

make the following observations: SHV is often found in 
subfertile men and negatively influences seminal kinetic 
parameters; specific antibiotic and antiinflammatory 
therapy can successfully treat mild SHV, in which 
the condition seems to be the result of infection or 
inflammation; and hyperviscosity seems not to be due 
to a single pathogenic factor, but rather due to several 
(biochemical, enzymatic and genetic) factors that act in 
synergy.  These factors require further study to better 
understand their role in the pathogenesis of SHV.
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