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ABSTRACT
Introduction: In India, male infertility constitutes 40% of 
infertility cases in males, which has become a serious problem 
in developing countries. Numerous studies and advanced 
techniques have been identified in assessing sperm morphology. 
The detection of sperm morphology is a simple and widely 
accepted method for determining sperm viability. It assists in 
selecting appropriate treatments for male infertility in assisted 
reproductive techniques. Infertility issues can arise in healthy 
males due to altered sperm morphology.

Aim: To analyse the morphology of sperm using basic 
histopathology stains such as Haematoxylin and Eosin (H&E), 
Giemsa (G), Eosin-Nigrosin (EN), and Papanicolaou (Pap) 
stains.

Materials and Methods: A cross-sectional study was conducted 
from April 2022 to June 2022 at the Department of Clinical 
Pathology, Sree Balaji Medical College and Hospital, Chennai, 
Tamil Nadu, India. Thirty semen samples were collected from 
healthy males and stained with H&E, Giemsa, Eosin-Nigrosin, and 
Papanicolaou stains. The results were observed and tabulated 
based on sperm shape, size, and motility using Kruger’s strict 
morphology method. A comparison was made to identify the 

fastest and most cost-effective method among the four stains. 
Descriptive statistics were used for the comparison.

Results: Among the 30 semen samples, H&E and Papanicolaou 
stain methods were found to be rapid and cost-effective 
for analysing sperm morphology compared to the other 
stains (p-value <0.001). The findings included cases of 
Normozoospermia (18), Oligozoospermia (9), Necrozoospermia 
(1), and Teratozoospermia (2). In the Papanicolaou stained 
samples, the mean sperm head length (μm) was 8.92a±0.5, 
head width (μm) was 4.48a±0.33, head perimeter (μm) was 
27.69a±1.85, head area (μm²) was 33.96a±3.74, tail length (μm) 
was 44.31a±2.02, sperm length (μm) was 53.24a±2.18, with 
no cytoplasmic droplets greater than half the size of the head 
and two vacuoles observed. Papanicolaou stain was the least 
expensive stain (9.50rs) compared to the other stains used for 
assessing sperm morphology.

Conclusion: Papanicolaou stain is a simple and cost-effective 
method for analysing sperm morphology compared to other 
special stains. However, EN Stain is used to detect the 
morphology of live sperm. Sperm morphology assessment is 
necessary to monitor the causes of male infertility and determine 
appropriate treatment modalities.
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INTRODUCTION
In India, male infertility affects 40% of males [1,2]. The problem 
of infertility arises due to many medical conditions like diabetes, 
hypertension, thyroid disorder, coronary heart disease, etc. Semen 
analysis is an important technique in determining both the qualitative 
and quantitative analysis of semen. Sperm morphometric analysis 
is important for identifying abnormal sperm and determining the 
percentage of normal sperm. Studying the analysis of sperm 
morphology is a crucial step in evaluating the qualitative and 
quantitative aspects of a semen sample. Special stains play a 
significant role in visualising sperm morphology, aiding in the 
identification of abnormal and normal sperm percentages. Sperm 
morphometric analysis is crucial in both in-vitro and in-vivo male 
fertilisation treatments [1].

The determination of sperm morphology through a smear 
depends on smear preparation, fixation, and staining procedures, 
which can affect the reported sperm morphology. Several semen 
staining procedures have been identified for detecting sperm 
morphology using basic histopathology stains [2]. In some special 
stains, changes may be noted during the measurement, count, 
and morphology of sperm due to the processing of the staining 
procedure, which can cause shrinkage of the sperm [3]. Therefore, 
it is important to develop rapid, simple, and inexpensive special 
staining methods that do not alter sperm morphology. In the 
present study, authors utilised H&E, Giemsa, Eosin-Nigrosin, and 

Papanicolaou stains to identify cost-effective, reliable, and rapid 
methods for assessing sperm morphology among histopathology 
stains. The results were analysed to determine the ideal staining 
procedure (in comparison with H&E) based on Kruger’s strict 
morphology assessment criteria, cost of stains, and staining 
duration in sperm morphology analysis.

The objectives of the present study were to assess the morphology 
of sperm using histopathology special stains and to identify a faster 
and easier staining method for detecting sperm morphology.

MATERIALS AND METHODS
A cross-sectional study was conducted from April 2022 to June 
2022 in the Department of Clinical Pathology at Sree Balaji 
Medical College and Hospital, Chennai, Tamil Nadu, India. Thirty 
semen samples were collected from healthy males after a physical 
examination and with their informed consent (IEC NO Ref.No.002/
SBMCH/IHEC/2022/1612).

Inclusion criteria: Semen samples were collected from individuals 
in the reproductive age group (less than 50 years).

Exclusion criteria:

Semen samples were not collected from individuals who did not •	
follow the recommended sexual abstinence period (3-8 days).

Individuals with a history of diabetes, hypertension, coronary •	
heart disease, and thyroid disorder were excluded.
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pathologists were calculated to be 0.009 (based on SEM) [Table/
Fig-4]. According to the pathologists’ opinion in H&E, the sperm 
morphology and parts of the sperm were visualised very clearly in 
the haematoxylin and Pap stains compared to the other two stains, 
Giemsa and Eosin-Nigrosin. The cost and staining duration were 
noted for each stain [Table/Fig-5].

The head, body, and tail morphology of the sperm were visualised 
in the H&E stain under the microscope, providing details on the 
identification of morphological structure and aiding in the evaluation 
of abnormal sperm [Table/Fig-6]. The smear stained with H&E stain 
showed clear sperm morphology of the head, body, and tail with 
an assessment score of 85% at 100× magnification. The sperm 
stained with May-Grunwald Giemsa showed a blue-purple colour, 
with prominent visualisation of the head morphology and acrosomal 
condensation, while the body and tail parts were unclearly seen 
[Table/Fig-7]. The smear stained Giemsa stain (G stain) showed 
clear sperm morphology of the head, body, and tail with an 
assessment score of 75% at 100× magnification. EN stain helped 
in differentiating between dead and live sperm and stained the 
sperm with different colours. Viable sperm appeared white due to 
an intact cell membrane that did not pick up the stain colour, while 
dead sperm were stained pink [Table/Fig-8]. The smear stained with 
EN stain showed clear sperm morphology of the head, body, and 
tail with an assessment score of 70% at 100× magnification. Pap 
stain prominently visualised the head morphology with acrosomal 
condensation under the microscope. The body and tail morphology 
were also prominently seen, aiding in the identification of immature 
germ cells [Table/Fig-9]. The smear stained with Pap stain showed 
clear sperm morphology of the head, body, and tail with an 
assessment score of 75% at 100× magnification.

DISCUSSION
Morphometric analysis of sperm is an important step in determining 
male infertility. Medical conditions such as diabetes, which decrease 
spermatogenesis and testosterone levels, can also decrease semen 
volume in healthy males. Patients with hypertension and coronary 
heart disease may experience hormonal imbalances associated 
with these conditions, resulting in decreased semen volume, sperm 
motility, sperm count, and increased immotile sperm count. Thyroid 
disorders can also lead to hormonal imbalances and decreased 
semen volume, semen density, and sperm motility. Morphometric 
analysis plays a crucial role in increasing the success rate of fertility 
treatments. It is important in early embryonic development and in 
selecting IVF techniques, as it helps identify normal sperm and their 
motility capacity [5-7].

Pap stain is suitable for automated sperm morphology analysis, but 
it involves a time-consuming process with more than 15 steps and 
10 chemical solutions. The dehydration process during staining can 
cause cell shrinkage [8].

A faster method for determining sperm morphology and chromatin 
status is the assessment done by Diff-Quick stain and G Stain 

Morphology Krugers’s strict criteria

Head
Smooth and perfect oval 4-6 µm×2.5-3.5 µm well defined 
acrosome (40-70% of sperm head)

Midpiece
No midpiece defects
Slender, regular
Width <1 µm, length 1.5x head size

Tail
No tail defects
Uniform, 10x head length, 45 µm long

Cytoplasmic droplets No cytoplasmic droplets >1/2 size of the head

Vacuoles Upto 4

[Table/Fig-1]:	 Kruger’s strict criteria.

Sperm morphology Number of patients (N=30) Percentage

Normozoospeermia 18 44.97%

Oligozoospermia 9 28.12%

Necrozoospermia 1 9.09%

Teratozoospermia 2 16.25%

[Table/Fig-2]:	 Sperm morphometric analysis of the 30 semen samples.

The sperm morphology was observed by two pathologists in all 
four smears. The observers were requested to score the sperm 
morphology according to Kruger’s strict criteria and visualisation of 
morphology of the sperm under a microscope [Table/Fig-3]. The 
reports were compared, and statistical analysis was conducted. The 
interobserver variability and interobserver reliability between the two 

Items H&E Giemsa stain Eosin nigrosin stain Pap stain 

Head length (μm) 8.92a±0.5 6.92a±0.5 7.31b±0.47 9.31b±0.47

Head width (μm) 4.48a±0.33 5.48a±0.33 4.81b±0.3 4.81b±0.3

Head perimeter (μm) 27.69a±1.85 17.69a±1.85 18.73b±1.74 28.73b±1.74

Head area (μm2) 33.96a±3.74 28.96a±3.74 27.43b±3.74 37.43b±3.74

Tail length (μm) 44.31a±2.02 40.31a±2.02 43.17b±1.66 45.17b±1.66

Sperm length (μm) 53.24a±2.18 50.24a±2.18 48.46b±1.87 54.46b±1.87

Cytoplasmic droplets No cytoplasmic droplets >1/2 size 
of the head 

No cytoplasmic droplets >1/2 size 
of the head

No cytoplasmic droplets >1/2 size 
of the head

No cytoplasmic droplets >1/2 size 
of the head

Vacuoles 2 0 0 2

Mid piece No midpiece defect No midpiece defect No midpiece defect No midpiece defect

[Table/Fig-3]:	 Sperm morphometric parameters by staining method (means±SD) according to Kruger’s strict criteria. 
a,b differences between average values, represented by different letters in the same row, are significant (p≤0.05)

Study Procedure
Four smears were prepared from each semen sample and stained 
with H&E, Pap, Giemsa, and Eosin-Nigrosin stains. Among these, 
H&E staining was considered the gold standard technique. The 
results were analysed for all four special stains, and two pathologists 
observed and tabulated the results using Kruger’s strict morphology 
method [Table/Fig-1] [4]. Sperm morphology was identified and 
graded as follows: A-Very clear visibility, B-Good visibility, C-Fairly 
seen, and D-Not clearly seen sperms.

STATISTICAL ANALYSIS
The data were analysed using Statistica 10 PL (StatSoft, USA). 
All results are expressed as mean±Standard Deviation (±SD). The 
significance of the differences between the groups was assessed 
using Tukey’s test at p ≤0.05.

RESULTS
Semen samples were collected from 30 healthy men in the age group 
of 18-50 years. The samples were obtained from the clinical pathology 
lab at the hospital after a physical examination and informed consent 
from the patients. The collected semen was allowed to undergo 
liquefaction for 30 minutes to one hour at room temperature. The 
pathologist observed the sperm morphology and made comments, 
noting cases of Normozoospermia-18, Oligozoospermia-9, 
Necrozoospermia-1, and Teratozoospermia-2 [Table/Fig-2].
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background areas of the sperm. Therefore, G Stain is recommended 
by the WHO for sperm analysis [9]. EN stain is used to detect “live-
dead” sperm and assess sperm morphology. It stains the head and 
body of the sperm, while lightly staining the tail [10]. Berman NG 
et al., conducted a study highlighting the importance of assessing 
sperm morphology in artificial fertility treatment [9]. Although there 
is now a special grading system and emphasis on morphometric 
analysis, many small hospitals and labs still rely on manual methods 
for identifying sperm morphology. Guzick DS et al., emphasised the 
significance of using special stains for accurate analysis of sperm 
morphology in In-vitro Fertilisatiin (IVF) treatment and advanced 
technologies [11,12]. Sperm morphology is classified according 
to the Tygerberg Classification by Kruger and the World Health 
Organisation (WHO) semen analysis criteria. According to Kruger, 
normal sperm should not show any abnormalities. In normal sperm, 
the head has smooth or oval boundaries, with 60-70% acrosomal 
part, a length of 3-5 μm, and a width of 2.3-3.8 μm. The tail is 
40-45 μm in length and is thin, flat, and not wrinkled. During the 
staining process, a smear may result in minimal alteration in sperm 
morphology. Pap stain is considered a good stain for sperm 
morphometric analysis, as demonstrated by a study conducted by 
Aksoy E et al., which evaluated both the WHO and Kruger’s strict 
scoring system [5,13].

In a study by Garcia-Herreros M et al., it was concluded that H&E stain is 
the best method for evaluating sperm heads, acrosome condensation, 
and body and tail morphology, which aligns with our study [11]. Titford 
M and Victor B highlighted in their study on histological techniques that 
G stain is considered the best stain for evaluating sperm morphology 
and expecting favourable results in IVF techniques. In the present 
study, G stain showed clear sperm head morphology, while the body 
and tail were faintly stained, which is consistent with other studies 
[14,15]. EN stain identifies dead sperm, allowing for the calculation of 
percentages of oligozoospermia and necrozoospermia. Pink-coloured 
sperm is considered non viable due to damaged cell membranes, 
while live sperms appear white due to intact cell membranes [15,16]. 
This is very useful in selecting IVF treatment [17,18].

Stain used

Head Acrosome Middle piece Tail

A B C D A B C D A B C D A B C D

Report 1 (pathologist 1)

Haematoxylin & Eosin 20 8 1 1 20 8 2 0 19 9 1 1 20 8 1 1

Giemsa 19 7 2 2 18 8 2 2 18 7 3 2 18 8 3 1

Eosin-Nigrosin 17 5 4 4 5 4 11 10 5 10 15 0 5 9 15 1

Rapid Papanicolau 18 5 5 2 17 4 6 3 17 5 5 3 17 5 5 2

Report 2 (pathologist 2)

Haematoxylin & Eosin 20 7 2 1 20 7 1 1 19 9 2 1 20 7 2 1

Giemsa 18 5 2 2 18 8 2 2 19 7 3 1 18 9 2 2

Eosin-Nigrosin 16 6 3 4 5 4 11 9 6 10 15 0 5 9 15 1

Rapid Papanicolau 19 7 6 2 17 4 6 4 16 5 5 3 17 5 5 2

[Table/Fig-4]:	 Tabulated results of 30 men’s semen samples by two pathologists by Kruger’s strict scoring.
A- Very clear visibility; B- Good visibility; C- Fairly seen; D- Not clearly seen; Interobserver variability between two pathologist was 0.009. (calculated based on SEM , value indicate no to slight observer 
variability); Interobserver reliability between two pathologist was 0.009 (calculated based on SEM, value indicate no to slight observer variability)

S. No. stains Cost of the stain Staining duration

1 H&E Rs 10 (20 drops) 45 min 

2 Giemsa Rs 25 (20 drops)) 1 hr 10 min

3 Eosin nigrosin Rs 27 (20 drops) 1 hr 5 min

4 Pap stain Rs 9.50 (20 drops) 40 min

[Table/Fig-5]:	 Comparison of special stains according to cost and time duration of 
stain.

[Table/Fig-6]:	 Smear stained with H&E stain shows clear sperm morphology- 
head, body and tail with assessment score of 85% in 100X.

[Table/Fig-7]:	 Smear stained with Giemsa stain shows clear sperm morphology- 
head, body and tail with assessment score of 75% in 100X.

[Table/Fig-8]:	 Smear stained with Eosin-nigrosin stain shows clear sperm mor-
phology- head, body and tail with assessment score of 70% in 100X.

[Table/Fig-9]:	 Smear stained with Pap stain shows clear sperm morphology- 
head, body and tail with assessment score of 75% in 100X.

procedures. These staining methods involve only two staining 
solutions, which can result in sperm swelling and colouring of the 
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Items Our study report with pap stain Brito LFC et al., Greene LM et al., study [19,20] Akshoy E et al., [5] Ahmad MO et al., [21] 

Head length (μm) 8.92a±0.5 5.62a±0.5 6.92a±0.5 5.02a±0.5

Head width (μm) 4.48a±0.33 4.99a±0.33 5.48a±0.33 4.23a±0.33

Head perimeter (μm) 27.69a±1.85 16.59a±1.85 17.69a±1.85 15.89a±1.85

Head area (μm2) 33.96a±3.74 29.16a±3.74 28.96a±3.74 28.16a±3.74

Tail length (μm) 44.31a±2.02 39.76a±2.02 40.31a±2.02 37.76a±2.02

Sperm length (μm) 53.24a±2.18 49.24a±1.18 50.24a±2.18 48.24a±1.18

Cytoplasmic droplets
No cytoplasmic droplets >1/2 

size of the head 
No cytoplasmic droplets >1/2 size of the head

No cytoplasmic droplets 
>1/2 size of the head

No cytoplasmic droplets 
>1/2 size of the head

Vacuoles 2 0 0 0

General opinion Very good Good Good Good

Duration for completing the 
staining procedure

40 minutes 1 hour 30 minutes 1 hour 10 minutes 1 hour 30 minutes

[Table/Fig-10]: Comparision of our pap stains result of present study with previous studies [5,19-21].

Pap stain was considered a good stain for morphometric analysis, but 
it has the drawback of increased time consumption, as mentioned in 
studies by Greene LM et al., and Brito LFC et al., In the present study, 
authors used rapid Pap stain, which identifies nuclear and cytoplasmic 
stains while reducing time consumption [19,20]. The time factor and 
staining quality in our study were consistent with the study by Aksoy 
E et al., morphometric analysis yielded good results with very clear 
visualisation of the head, acrosome, body, and tail under the microscope 
in smears stained with rapid Pap stain [Table/Fig-10] [5,19-21].

Limitation(s)
The study duration was limited to three months, and the sample size 
was small.

CONCLUSION(S)
Papanicolaou stain was found to be a simple and cost-effective 
stain for analysing sperm morphology compared to other special 
stains. G Stain reduced the time duration for the staining procedure, 
while Eosin-Nigrosin stain was effective in detecting the morphology 
of live sperm. H&E stain was considered the gold standard stain 
in the present study. Sperm morphology assessment is necessary 
for monitoring the causes of infertility in males and identifying 
appropriate treatment modalities for male infertility.

REFERENCES
	 Hemalatha A, Abhishek MG, Anoosha K, Ashok KP, Sanjay M, Indira CS, [1]

et al. Quest for an ideal, simple and cost-effective stain for morphological 
assessment of sperms. J Clin Diagn Res. 2015;9(10):EC01-EC04. Doi: 10.7860/
JCDR/2015/13270.6655.

	 Kuster CE, Singer RS, Althouse GC. Determining sample size for the [2]
morphological assessment of sperm. Theriogenology. 2004;61(4):691-703. Doi: 
10.1016/s0093-691x(03)00240-1. PMID: 14698058.

	 Sánchez R, Villagrán E, Risopatrón J, Célis Rl. Evaluation of nuclear maturity [3]
in human spermatozoa obtained by sperm-preparation methods.  Andrologia. 
1994;26(3):173-76. Doi: 10.1111/j.1439-0272.1994.tb00784.

	 Centola GM, Jeyendran RS. Strict criteria for sperm morphology. Cambridge University [4]
Press eBooks. 2010;574-81. https://doi.org/10.1017/CBO9780511635656.035.

	 Aksoy E, Aktan TM, Duman S, Cuce G. Assessment of spermatozoa morphology [5]
under light microscopy with different histologic stains and comparison of 
morphometric measurements. Int J Morphol. 2012;30(4):1544-50. doi.
org/10.4067/S0717-95022012000400045.

	 Mehta RH, Makwana S, Ranga GM, Srinivasan RJ, Virk SS. Prevalences of [6]
oligozoospermia and azoospermia in male partners of infertile couples from 
different parts of India.  Asian Journal of Andrology. 2006;8(1):89-93. Doi: 
10.1111/j.1745-7262.2006.00050.

	 Cooper TG, Noonan E, von Eckardstein S, Auger J, Baker HW, Behre HM, et [7]
al. World Health Organization reference values for human semen characteristics. 
Human reproduction update. 2010;16(3):231-45. Doi:10.1093/humupd/dmp048.

	 Cipak A, Stanic P, Duric K, Serdar T, Suchanek E. Sperm morphology assessment [8]
according to WHO and strict criteria: Method comparison and intra laboratory 
variability. Biochemia Medica. 2009;19:87-94. doi.org/10.11613/BM.2009.009.

	 Berman NG, Wang C, Paulsen CA. Methodological issues in the analysis of [9]
human sperm concentration data. Journal of Andrology. 1996;17(1):68-73.

	 Tartaglione C, Overstreet JW, Factor-Litvak P, Brazil CK, Nakajima ST, Coutifaris [10]
C, et al. Sperm morphology, motility, and concentration in fertile and infertile men. 
The New England Journal of Medicine. 2001;345(19):1388-93. Doi: 10.1056/
NEJMoa003005.

	 García-Herreros M, Aparicio IM, Barón FJ, García-Marín LJ, Gil MC. Standardization [11]
of sample preparation, staining and sampling methods for automated sperm 
head morphometry analysis of boar spermatozoa.  International Journal of 
Andrology. 2006;29(5):553-63. Doi:10.1111/j.1365-2605.2006.00696.

	 Guzick DS, Ritta MN. Prognostic value of spermatological parameters as [12]
predictors of in vitro fertility of frozen-thawed bull semen.  Theriogenology. 
2004;62(7):1245-52. Doi: 10.1016/j.theriogenology.2004.01.012.

	 Sariibrahim B, Cogendez E, Kayatas S, Asoglu MR, Koleli I, Bakir L. Does [13]
Kruger’s strict criteria have prognostic value in predicting ICSI clinical results? 
PMID: 23971254 Clin Exp Obstet Gynecol. 2013;40(2):257-60.

	 Titford M. Progress in the development of microscopical techniques for diagnostic [14]
pathology. J Histotechnol. 2009;32(1):09-19.

	[15] Victor B. Histological techniques for life science researchers. Indian Journal of 
Forensic Medicine & Toxicology. 2020;14:4.

	 Sine M. License Herbert Publications Ltd; 2014. Impact of the introduction of a novel [16]
automated embedding system on quality in a university hospital  histopathology 
department. Journal of Histology and Histopathology 2014:1(1):3.

	 Silverman D, editor. 3[17] rd ed. London, Thousand Oaks, New Delhi, Singapore: 
Sage Publications; 2011. Qualitative Research: Issues of Theory, Method and 
Practice. Indian Journal of Forensic Medicine & Toxicology. 2020;14(4).

	[18] Björndahl L, Söderlund I, Johansson S, Mohammadieh M, Pourian MR, Kvist 
U. Why the WHO recommendations for eosin-nigrosin staining techniques for 
human sperm vitality assessment must change. J Androl. 2004;25(5):671-78. 
[PubMed] [Google Scholar]

	 Greene LM, Kelleman A, Knobbe M, Turner R. Effect of method and clinical [19]
on stallion sperm morphology evaluation. Theriogenology. 2011;76(4):745-50. 
[PubMed] [Google Scholar] 

	 Brito LFC, Wani AI, Masoodi SR, Laway BA, Salahuddin M. Epidemiologic and [20]
etiologic aspects of primary infertility in the Kashmir region of India. Fertil Steril. 
1997;68(4):637-43.

	 Ahmad MO, Khan SA, Hameed MA, Khan UA. A study of sperm morphology in [21]
a Pakistani population. Pak J Physiol. 2007;3(2).

http://europeanscienceediting.org.uk/wp-content/uploads/2016/11/ESENov16_origart.pdf

