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Significance of Evaluating Immature Germ Cells during
Semen Analysis
Anura Dissanayake

A b s t r ac t
Aim: The clinical significance of evaluating non-sperm cells, which include spermatogenic and non-spermatogenic cells, commonly known as
“round cells” is not well established. This study aimed to assess the clinical significance of distinct identification of immature germ cells (IGCs)
in semen, and their relationship with semen parameters and chromosome maturity.
Materials and methods: A prospective laboratory-based study was carried out using 140 semen samples collected from males attending the
subfertility clinic. Semen analysis, evaluation of immature cells, and leukocytes were performed according to standard protocols. The percentage
of IGCs calculated by the ratio of IGCs to sperm was used in evaluating above relationships.
Results: Immature germ cells were detected in all semen samples with the mean (SD) 26.09 (23.80)%. Significant increase in IGCs was evident
in pathozoospermic group (assessed by triple defects; sperm count, motility, and morphology) compared to normozoospermics; mean (SD),
37.75 (29.95)% vs 18.57 (14.95)%, p < 0.01. Analysis of correlations showed that the decrease in concentration, progressive motility, and normal
morphology of spermatozoa were associated with increase in percentage of IGCs, and increased IGCs were accompanied with the significant
increase in sperm head immaturity. Differentiation between normozoospermia and pathozoospermia was fairly probable or acceptable at the
cut-off value of 15.5% of IGCs using ROC curve, with 0.659 sensitivity and 0.281 specificity.
Conclusion: A high count of IGCs in semen is a good indicator for detecting disturbed testicular niche compartments, and those changes may
manifest as pathozoospermia.
Clinical significance: Identifying the different etiologies for this specific situation would help in the proper management of those patients.
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I n t r o d u c t i o n
Semen analysis (SA) is the first-line investigation in evaluating male
fertility potential. The test reveals not only the quality of semen
but also the pathophysiological status of the male reproductive
system. Accurate SA result together with the patient’s history and
physical examination would direct either further investigations or
treatment options. Different parameters such as semen volume,
pH, liquefaction time, viscosity, sperm count, motility, viability,
morphology, presence of agglutination, and non-sperm cells are
assessed during routine SA.1 Among them sperm count, motility,
and morphology are reported as the most weighty predictors of
fertility over others.2–4 However, the norms defined by WHO are
only gross references possibly helpful in identifying men whose
chances of achieving natural pregnancy are very low or impossible
in the case of azoospermia.5 The optional tests evaluating different
cellular features or functions are currently used as research tools,
and not a part of a routine diagnostic procedure.6 Accurate analysis
of basic semen parameters still stands as a cost-effective tool, and
conventional SA together with specialized tests are selectively used
in some clinics to decide treatment options.
In addition to sperm, non-sperm cells enter into semen at
different levels of the reproductive system. The types and numbers
may vary among men depending on the nature of internal and
external stresses affecting the reproductive system. Despite the
differences in morphological characteristics, different cell types are
lumped together as “round cells” that include immature germ cells
(IGCs), isolated sperm heads, and white blood cells (granulocytes,
macrophages, monocytes, and lymphocytes). Epithelial cells,
ciliary tufts, remnants of Sertoli cells, and squamous cells are
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rarely observed in some samples.7 Excessive presence of round
cells has been interpreted as a sign of inflammation or infection
in many cases, and a close relationship has been shown among
those components.8,9 WHO guideline (2010) highlights the need
for assessment of leukocytes when round cells concentration
exceeds 1 × 106. However, there is no consensus in literature on this
relationship.10 Immature germ cells are present in almost all semen
samples except in obstructive azoospermia or in a few cases of nonobstructive azoospermia. Excessive number of premature germ cells
are released in to the lumen due to Sertoli cell defects or loss of
cytoplasmic connections which maintain the germinal epithelium
in order.11 In a pilot study, we observed a wide variation of IGCs
in different semen samples, and the count is significantly high in
subnormal samples. Hence, we assume that accurate assessment
of IGCs may have additional power on predicting semen quality
and future fertility potential. In addition, the results may facilitate
referring for further diagnoses or treatment options other than use
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in semen processing at present. To achieve those objectives, we
observed the prevalence and types of IGCs in semen of a subfertile
male population, and their relationship with semen parameters and
sperm chromatin maturity.

M at e r ia l s

and

M e t h o d s

The study consisted of 140 semen samples collected from males
attending the subfertility clinic. All procedures were followed in
accordance with the ethical standards of the institutional ethics
committee. Informed consent was obtained from each participant,
and samples were collected into sterile and wide-mouthed
containers, after three days of ejaculatory abstinence. Semen
parameters were assessed according to the WHO guidelines (5th
edition). Immature germ cells and other cell types were assessed
in diff-quick stained slides. Immature germ cells were categorized
morphologically (size and shape of the cell and nucleus) into two
groups, namely; spermatocytes and spermatids. Peroxidase positive
granulocytes, identified using peroxidase ortho-toluidine blue
technique as described in the WHO manual, were excluded. The
IGC count was given as several cells per 100 sperm and presented
as a percentage. At least 200 sperm were counted for the accuracy
of readings.
The state of sperm chromatin maturity was assessed by the
aniline blue staining method. Briefly, semen smeared slides were
air-dried and fixed in 3% buffered glutaraldehyde for 30 minutes at
room temperature. Slides were stained with 5% w/v acidic aniline
blue (pH 3.5) for 5 minutes, and a counter stain was done with 1%
eosin for 3 minutes. Two hundred sperms were counted under oil
emersion (100×) for differentiating dark blue or immature sperm
(lysine rich histones) from pale red-pink or mature sperm (arginine
and cysteine rich protamine).
Statistical analysis was performed using the SPSS, version
16.0 computer software (Mariakerke, Belgium). The significance
of differences between groups was assessed using independent
samples t-test. Correlations were calculated using Pearson’s
coefficient test, and receiver operating characteristics (ROC) curves
were used to determine the discriminative power between the
groups and to identify criterion values. Data are represented as
mean (SD), and a p value of <0.05 was considered as statistically
significant.

R e s u lts
Semen samples had a mean (SD) concentration of 36.72
(2.87) × 106/mL, motility of 49.33 (2.05)%, and normal morphology
of 11.02 (6.03)%. The major group of round cells in semen was
IGCs, and were detected in all semen samples (including two
azoospermic samples with normal volume). Morphologically these
cells could simply be categorized into two groups; spermatocytes
and spermatids. Presence of different cell types in semen was
expressed as a proportion of cells to total sperm. Percentage of
mean spermatocytes (primary and secondary) in semen samples
was 9.93(6.27)% and spermatids was 16.16 (13.49)%. The mean
(SD) of total IGCs (both spermatocytes and spermatids) was 26.09
(23.80)%. Peroxidase-positive leukocytes were observed in 51%
of samples. In other samples, leukocytes were not detected (not
detected in 20 consecutive high power microscopic fields). The
mean percentage of leukocytes was 3.40 (3.02)%, and aniline blue
positive cells or chromatin immature sperm was 22.12 (1.19)%.
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Figure 1 shows the different types of non-sperm cells, and immature
sperm detected in the study group.
Group statistics showed that increased rates of spermatocytes,
spermatids and total IGCs (collectively spermatocytes and
spermatids) are present in pathozoospermic group compared to
normozoospermics; mean (SD), 14.97 (12.86)% vs 6.57 (5.12)%, p <
0.01, 22.78 (16.87)% vs 12.00 (8.60)%, p < 0.01 and 37.75 (29.95)%
vs 18.57 (14.95)%, p < 0.01, respectively. All groups of IGCs as well
as immature sperm were significantly high in oligozoospermic
samples compared to samples with normal counts. A similar trend
was observed between morphology groups and IGCs, whereas
teratozoospermia was accompanied with high counts of spermatids
and total IGCs. However, this relationship was not observed with
spermatocytes (Table 1).
There was a strong positive correlation between IGCs and
the percentage of poorly condensed sperm or immature sperm
assessed by acidic aniline blue stain. On the other hand, we
observed a strong negative correlation between IGCs and sperm
concentration, and a week negative correlation between immature
cells and sperm motility, and morphology (Table 2). The sperm head
chromatin immaturity was also associated with decreased sperm
count and morphology.
The discriminating values between different seminal groups
were assessed using the ROC curve. We observed that the cut-off
value of 15.5% of IGCs was able to fairly discriminate between
normozoospermic and pathozoospermc samples with 0.659
sensitivity and 0.281 specificity. The area under the curve was
0.742 with SE ± 0.44, and 95% CI, 0.655–0.828 (Fig. 2). Similarly, it
was observed that semen samples fall under the oligozoospermic
category when the percentage of IGCs exceeds. The best cut-off
for this situation is 28.5% of IGCs with 0.688 sensitivity and 0.151
specificity, and the area under the curve was 0.795 with SE ± 0.52
and CI, 0.693–0.896.

D i s c u s s i o n
Male factor infertility is significantly contributed to the couple’s
infertility and improving the quality of subnormal semen to
achieve natural pregnancy is a major challenge. This is because
lack of well-defined techniques to assess the quality of semen with
regard to the true fertility status of men. Conventional SA has low
discriminating power between fertile and infertile men and, the
validity of other special tests available in evaluating the structure
and function of subcellular organelles is controversial. On the other
hand, the development of assisted reproductive technologies
(ART) that can use fewer or single sperm to achieve pregnancies
has decelerated the improvement of diagnostic facilities for men.
However, the use of genetically or epigenetically deformed germ
cells for the treatment of subfertility using invasive procedures is
an open debate in clinical and ethical aspects.11 Thus, improving
the diagnostic facilities and treatment options for achieving natural
fertilization still have a place considering the cost of ART and the
wellbeing of future generations. In conventional SA, the predictive
accuracy of natural pregnancy is closely linked with severe oligo,
astheno, and teratozoospermia. Other parameters, i.e., volume, pH,
round cells, or WBCs may help to increase the predictive power.
Assessment of DNA quality is recently recognized as an important
measure of fertilizing efficiency of sperm.12
The relationship between IGCs and other semen parameters has
gained only a little attention so far. A high count of IGCs in semen
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Figs 1A to I: Different types of cells observed in semen samples 200×; (A) Spermatocyte; (B) Dividing spermatocyte; (C) Spermatid; (D) Multinucleated
spermatid; (E) Elongating spermatid; (F) Epithelial cells; (G) Macrophage; (H) Granulocytes stained with peroxidase-o-toluidine blue stain (arrow);
(I) Sperm stained with aniline blue (arrow indicates chromatin immature sperm)
Table 1: Differences of spermatogenic cells between normal and subnormal seminal groups (n = 140)
Normozoospermic
Pathozoospermic
Normal count (mn/mL)
Oligozoospermic
Normal motility (%)
Asthenozoospermia
Normal morphology (%)
Teratozoospermia

Spermatocytes (%)
6.57 (5.12)
14.97 (12.86)*
5.82 (5.18)
19.31 (18.27)*
8.05 (7.14)
15.96 (13.36)
8.30 (7.91)
19.73 (18.75)

Spermatids (%)
12.00 (8.60)
22.78 (16.87)*
11.90 (8.22)
25.87 (17.03)*
15.03 (12.18)
19.76 (16.81)
14.61 (12.82)
25.46 (14.11)±

Total immature germ cells (%)
18.57 (14.95)
37.75 (29.95)*
17.72 (11.74)
45.18 (32.24)*
23.08 (18.85)
35.72 (34.03)
22.91 (20.67)
45.20 (32.18)±

Immature sperm (%)
19.96 (11.11)
24.87 (12.47)
18.93 (8.51)
28.51 (15.03)*
21.33 (11.86)
24.28 (12.06)
20.48 (10.09)
30.66 (16.77)±

*Significant at p = 0.01 level, ±Significant at p = 0.05 level, mn/mL – million per milliliter

Table 2: Correlations (r values) between immature germ cells and semen
parameters (n = 140)

Concentration
Motility
Morphology
Leukocytes
Sperm
immaturity

Spermatocytes
(%)
−0.376*
−0.229±
−0.381±
0.151
0.560*

Spermatids (%)
−0.410*
−0.129
−0.458±
−0.100
0.454*

Total immature
cells (%)
−0.442±
−0.201±
−0.472±
0.008
0.574*

*Significant at p = 0.01 level, ±Significant at p = 0.05 level

would represent different pathophysiological conditions such as
Sertoli cell defects, varicocele, endocrine disorders, chromosome
abnormalities or gene mutations, and germline cell toxins such
as heavy metals, etc.13 It has been suggested that a high number
of IGCs in semen may be a sign of the early stage of deteriorating
semen quality, and if untreated may lead to azoospermia. On
the other hand, IGCs in azoospermic men could be used as a
dependable marker for discriminating obstructive and nonobstructive azoospermia.14 This is very useful as a confirmative test
avoiding testicular biopsy in many cases. In the present study, our
main objective was to examine the clinical significance or utility of
detailing IGCs in SA.
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Fig. 2: The receiver operating characteristic (ROC) curve analysis for
discriminating between normozoospermia and pathozoospermia by
immature germ cells (AUC, area under the curve)

The study samples contained IGCs in the range of 2–139% with
the mean of 26.09%. These values are considerably high compared
to available data, and the count of non-sperm cells is <15% in other
similar studies.15,16 Presence of high proportion of pathozoospermc
samples (60%) with 15% of severe oligozoospermia is one possible
explanation for the high count of IGCs in our study. Round cells
were observed only in 5.4% of semen samples by Palermo et al., in
contrast, almost all samples contained at least very few numbers
of round cells in our population.17 Referring to our results, IGCs in
semen has an acceptable or fair discriminating power between
normal sperm counts and oligozoospermia, and between
normozoospermia and pathozoospermia (detected by the triple
defects; low count, motility and morphology).
WHO guidelines recommend converting the values into
concentrations when assessing seminal round cells. According to
our observations, proportion of IGCs to sperm is the better way
of expression compared to calculated concentrations, especially
observing relationships with other parameters. This is because
concentration is calculated by multiplying the proportion of round
cells from sperm concentration. Thus, the calculated concentration
is very low in oligozoospermic samples compared to samples with
normal sperm count even the round cell number is equal in both
samples. Our results indicate a possible insult to the germ cell
niche when the proportion of IGCs exceeds 15%. This could be a
warning signal of the early stage of deteriorating semen quality
even the other semen parameters are unaltered. Supportive
pieces of evidence are provided by correlation analyzes, where
relationships are negative between IGCs and sperm count, motility,
and morphology. Similar observations have been reported by
Caşkurlu et al., and the decreasing sperm counts with increasing
value of non-spermatozoal cells were also reported by Fedder et
al.10,15 Consideration of types of germ cells may have an additional
value as we observed a significant negative correlation between
spermatocytes count and motility. The possibility of severe
disturbances of spermatogenesis in men with mixed populations
of both elevated spermatocytes and mature spermatozoa was
suggested by Johanisson et al.7 It is anticipated that aneuploidy
rate may be high in those sperm. In case of transient injury to
germinal epithelium such as flu was proposed to increase round
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cells, and followed by an increase in sperm production once the
cause disappeared.17 Hence, repeated evaluation of round cells
or IGCs would provide more information on the state of germinal
epithelium, and inclusion of IGCs count instead of gross round cells
count in SA would be more useful in the diagnosis of male infertility.
Immature germ cells together with granulocytes may be a
sign of infection or inflammation, and chemotactically attracted
macrophages with phagocytosed sperm are rarely seen in some
samples.8,18 Prevalence of male genital tract infection could vary
widely in different populations.19 According to some reports,
the majority of leukocytospermic samples are microbiologically
negative.18 However, the WHO manual recommends assessing the
peroxidase positive granulocytes if round cell count exceeds one
million per milliliter. In the present study, we did not observe any
relationship between peroxidase-positive leukocytes and IGCs.
Leukocytes were detected only in 51% of samples, and in majority
of granulocytes positive samples, the round cells count was well
below the cut-off value. This is in agreement with observations
from several groups, and they have not detected differences of
leukocyte count between different seminal groups, or correlations
between infections and leukocytes.15,17,20 In contrast, Eggert-Kruse
et al. noted a negative correlation between leukocytes and sperm
count, and morphology.8
Replacement of histone with protamine is an essential process
as it helps to maintain nuclear dimension and head morphology to
facilitate sperm motility and genetic stability after fertilization.12 An
abnormal chromatin packaging may lead to poor fertility outcomes
and may be used as a predictor for the fertilizing capacity of
sperm.21,22 Our results of 22% immature heads are closely related
to 18% reported by Kim et al., but not with 80% of cells observed by
Patil et al.22,23 According to Tomlinson et al. seminal leukocytes had
only a little influence on the fertilizing capacity of the spermatozoa,
but the large numbers of germline cells were associated with
reduced fertilizing capacity in IVF cycles, possibly due to presence
of a high count of immature sperm population.24 We observed a
strong positive correlation between sperm chromatin immaturity
and shedding of IGCs, and negative correlations with sperm count
and morphology providing supportive evidence for the above
hypothesis. Two other studies have noted a negative correlation
between abnormal chromatin structure and morphology. 23,25
However, Hammadeh et al. reported that chromatin condensation
is completely independent from changes in conventional semen
parameters.26
Better discrimination between fertile and subfertile groups
was observed at the cut-off value of 53% of mature heads using
ROC curve by Auger et al.27 We could not notice such a difference
between normozoospermic and pathozoospermc groups using
sperm maturity. Some difficulties in performing aniline blue test
such as, difficulty in visualizing and differential counting would be
the reasons behind wide variations of results.25

C o n c lu s i o n
The results indicate that elevated IGCs would be a good indicator
for detecting disturbed testicular microenvironment. It is better
to go into more detailed diagnoses if the rate of IGCs exceeds
15% of sperm in semen. However, there was no relationship
between the presence of IGCs and white blood cells. As the high
count of IGCs coincide with sperm chromatin immaturity, taking
precautions to exclude immature cells would be useful in ART
procedures, especially in intracytoplasmic sperm injection (ICSI).
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Exact causes of shedding of immature spermatogenic cells, longterm consequences in relation to changes in semen quality and
subsequent effects on fertility are avenues for further studies.
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