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REVIEW

Male infertility is a condition having a severe 
impact on individuals and families, and af-
fecting more and more people: its age-

standardized prevalence rate has increased by 
0.291% since 1990 [1]. Studying its mechanisms is 
important because it can help identify the underly-
ing causative factors and eventually find the best 
course of treatment. The first prerequisite for sperm 
cells to be functional is, of course, being alive. If 
there is excessive death of germ cells, either imma-
ture germ cells or mature spermatozoa, fertility will 
be reduced or abolished altogether. The aim of this 
review is to summarize the current state of knowl-
edge about male germ cell death.

FACTORS CAUSING DEATH OF SPERM CELLS  
AND THEIR PRECURSORS

The presence of a high proportion of dead sper-
matozoa in the ejaculate, sometimes referred to as 
necrospermia or necrozoospermia, greatly reduces 
fertility. It can be due to various factors causing tes-
ticular and/or post-testicular damage, and their accu-
rate assessment is needed to develop an adequate 
approach to every case [2, 3]. In addition, excessive 
death of immature germ cells in the testis can lead to 
too few of them completing their differentiation and 
ever reaching the ejaculate, leading to low sperm 
count – oligozoospermia (oligospermia) [4]. 
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Examples of factors able to cause testicular damage 
leading to male germ cell death are varicocele, local 
hyperthermia, and hormonal imbalance. Examples 
of factors causing post-testicular damage include in-
flammatory conditions of the male genital tract such 
as epididymitis and prostatitis, and obstructive condi-
tions, such as structural changes in autosomal domi-
nant polycystic kidney disease, or a history of vasec-
tomy even if it has been reversed. Systemic factors 
such as generalized infection or intoxication, spinal 
cord injury, aging, and anti-sperm antibodies can 
cause both testicular and post-testicular damage [5].

Infections of the male genital tract, while having only 
a minor impact on sperm viability in most cases, are 
thought to cause about 40% of cases of necrozoosper-
mia. The mechanisms involved seem to differ between 
individual pathogens. They may involve substances 
directly produced by the pathogen, such as bacte-
rial lipopolysaccharide, or mediators of inflammation 
caused by the infection, such as cytokines secreted in 
chronic bacterial prostatitis [3]. In this respect, sperm 
cells are similar to their partners, the oocytes, in which 
prostaglandin exposure can induce accelerated de-
generation [6]. Viruses can also have an impact. In 
addition to the well-known correlation between mumps 
orchitis and future infertility risk, new data have shown 
acute decrease in sperm count and chronic reduction 
in testicular size and weight after SARS-CoV-2 infec-
tion of an experimental model. These effects seem to 
occur through Sertoli cell damage [7].

Toxic damage can be due to environmental, occupa-
tional or iatrogenic exposure to toxic substances, as well 
as substance abuse. Its negative effects on male germ 
cells, though difficult to evaluate especially with common 
pollutants, are pervasive and long-term [4]. When pre-
scribing drugs to male patients, the potential impact on 
semen quality should be taken into account. For exam-
ple, anti-parasitic drugs, being toxic to eukaryotic cells, 
can have detrimental effects on male germ cells. In par-
ticular, niridazole which is used to treat schistosomiasis 
has been reported to cause reversible spermatogenic ar-
rest [8]. Oxidative stress is so important that it deserves a 
category of its own: some studies have found increased 
concentrations of reactive oxygen species in the semi-
nal plasma of about a third of infertile men [9]. Oxidative 
stress can affect male germ cells by multiple mecha-
nisms: it can directly damage mature spermatozoa, 
which are very susceptible to it due to the high content of 
polyunsaturated fatty acid in their membranes, and at the 
same time unable to repair the damage because of the 
loss of most of the cytoplasm; it can make late sperma-
tids retain excess residual cytoplasm; and it might also 
disturb earlier stages of spermatogenesis. Chlorine dis-
infectants, which act by causing oxidative damage, have 

been shown to interfere with chromosome segregation 
in hematopoietic cells of a primate model [10], and data 
from patients with Robertsonian translocations suggest 
that problems with chromosome mis-segregation can 
lead to apoptosis [11]. The impact of varicocele on male 
fertility is thought to be partly based on generating oxida-
tive stress in addition to heat stress [9].

Hormonal imbalance is another factor associated with 
male germ cell death. Hyperthyroidism has been shown 
by experiments in rats to cause prophase I arrest of sper-
matocytes, and in humans, it is associated with a de-
crease in the vitality, number and motility of spermatozoa 
[12]. Gonadotropins and testosterone regulate the sur-
vival of immature germ cells in the testis, with their effect 
being at least partly mediated by Sertoli cells creating 
the microenvironment for differentiating spermatogenic 
cells. Deprivation or excessive levels of these hormones 
can cause germ cell death. It is noteworthy that, while 
estradiol can support germ cell survival when appropri-
ately balanced with follicle-stimulating hormone and tes-
tosterone, on its own it has a pro-apoptotic effect [13]. In 
recent decades, there is a widespread concern that envi-
ronmental pollution with chemical mimicking the action of 
estrogens can be a contributing factor to the deteriorating 
sperm cell counts and male fertility worldwide [14].

Anti-sperm antibodies, both autoantibodies produced 
by the male and isoantibodies produced by his female 
partner, are especially important when directed against 
surface antigens. In addition to hindering sperm motil-
ity by agglutination, they could mediate their destruc-
tion by turning them into a target for defense mecha-
nisms such as phagocytosis and complement. In fact, 
the sperm immobilization test, which is routinely used 
for detection of anti-sperm antibodies [15], detects im-
mobilization resulting from lysis by complement. It is 
hypothesized that formation of anti-sperm antibodies 
is the basis of lingering effects after vasectomy re-
versal [3], and that such antibodies against epitopes 
cross-reacting with antigens of pathogens contributes 
to the impact of infections on male fertility [15].

NECROSIS VERSUS APOPTOSIS

In addition to the above described situations of sper-
matogenic cell death caused directly by an over-
whelming external factor, i.g. necrosis, their death by 
apoptosis is the subject of a growing number of stud-
ies. Immature male germ cells, similarly to other di-
viding and differentiating cells, are well known to un-
dergo apoptosis. During the first spermatogenic wave, 
apoptosis of large numbers of spermatogonia is used 
to optimize their ratio to Sertoli cells; in later life, tes-
ticular germ cells respond by apoptosis to moderately 
damaging factors [16]. Hormonal imbalance, especially 
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testosterone deficiency or excess, increases the level 
of male germ cell apoptosis [13, 17]. Certain toxins, 
such as estrogen-mimicking chemicals and plasticizers 
which are widespread environmental pollutants, have 
also been shown to exercise testicular damage by in-
ducing germ cell apoptosis [4, 14]. This pro-apoptotic 
action can be based both on the extrinsic pathway us-
ing signaling though death receptors (Fas), and the in-
trinsic pathway using mitochondria-associated proteins 
of the Bcl-Bax family [13]. The well-known detrimental 
effect of hyperthermia on spermatogenesis is also due 
to inducing apoptosis, though it is still unclear why sper-
matogenic cells of humans and most other mammals 
are uniquely susceptible to heat-induced apoptosis and 
require a lower temperature than is maintained in the 
rest of the body [18]. Experiments on rats have shown 
that only prolonged and intensive heat can change the 
mode of cell death from apoptosis to necrosis, which 
is supposed to be caused by severe oxidative stress 
resulting from the treatment [19].

Apoptosis of mature spermatozoa was regarded as 
more controversial. It was initially thought that they can-
not undergo this type of cell death due to their terminal 
differentiation including cessation of transcription and 
protein synthesis. This assumption was supported by 
the methodological difficulties in assessing apoptosis in 
sperm cells with their already highly condensed nuclei, 
leading to difficult detection of DNA fragmentation by 
TUNEL protocols standardized for somatic cells, and 
making it impossible to use as a criterion the morpho-
logical changes of the nucleus which are a hallmark 
of somatic cell apoptosis [20]. In recent years, how-
ever, evidence accumulated that spermatozoa pos-
sess the molecular apparatus of apoptosis, particularly 
caspases, and are able to perform it. TUNEL test has 
been optimized for sperm cells, and other tests to de-
tect DNA damage have been introduced, such as the 
Comet assay quantifying the DNA fragmentation level. 
Both double- and single-strand breaks can be detected 
[20]. Moreover, the proportion of sperm cells displaying 
apoptotic markers has been shown to be higher in infer-
tile patients than in healthy donors, and increases after 
subjecting the cells to potentially damaging treatment 
such as freezing [22, 23]. These data show that sperm 
cell apoptosis not only exists but also is of practical im-
portance with regard to male infertility and assisted re-
production. In fact, spermatozoa may be better “suited” 
for apoptosis than mature oocytes which are arrested 
in metaphase II and need to exit meiosis in order to de-
velop the full apoptotic sequence [24].

Numerous teams have studied the influence of factors 
able to trigger apoptosis in spermatozoa, as well as 
the possible mechanisms of the process. Mitochondria 
known to be important for apoptosis of somatic cells 

can have the same role in sperm cells, as shown by ex-
periments using the betulinic acid, a plant terpenoid in-
ducing release of cytochrome C from the mitochondria 
into the cytosol [25, 26]. Bacterial lipopolysaccharide, 
which is present in the seminal plasma in male genital 
tract infections, causes apoptosis of spermatozoa by 
binding their surface Toll-like receptor 4 (TLR4) [27]. 
Once inside the female genital tract, sperm cells under-
go capacitation which, while a necessary prerequisite 
for their fertilizing ability, increases their susceptibility to 
apoptosis through oxidative stress [28]. There are yet 
no data whether anti-sperm antibodies against surface 
antigens can cause apoptosis but this possibility should 
be considered in future research, because such path-
ways have been described in other cell types [e.g. 29].

ASSESSMENT AND TREATMENT  
OF NECROZOOSPERMIA

During semen analysis, sperm motility is a proof of vital-
ity. Dead spermatozoa are of course immotile, but live 
spermatozoa can also be immotile for various reasons, 
i.e. a molecular defect in their motility apparatus [30]. To 
distinguish between the two situations, if the observed 
motility of ejaculated spermatozoa is poor (< 40%), a vi-
tality test is performed by assessing their membrane in-
tegrity. The recommended methods are staining by eosin 
(alone or in combination with nigrosin) or hypo-osmotic 
swelling [31]. If the result proves an excessive proportion 
of dead spermatozoa, more examinations and tests are 
performed to reveal the cause(s). An important param-
eter in this respect is sperm DNA fragmentation, which 
may be involved in the causation of cell death and in-
variably follows it [3]. Electron microscopic observation, 
though not obligatory, can also be very helpful and show 
interesting sequences of structural degeneration [32, 33]. 
The role of epididymal factors in some cases of necro-
zoospermia was first revealed by this method [34].

Treatment of necrozoospermia depends on its pre-
sumed cause, and there is yet no standardized pro-
tocol [35]. Depending on the revealed causative fac-
tors, there are two approaches to help the patient, 
which are not mutually exclusive. The first one is to 
address the supposed cause(s) of germ cell death: 
treating the infection, minimizing the exposure to 
heat, removing the toxins, surgically correcting the 
varicocele, correcting the hormonal profile etc. The 
second approach is to try to bypass the stage and 
place where cell death is induced. When epididymal 
factors are suspected, the exposure of sperm cells 
to them can be shortened by repeated ejaculations. 
In severe necrozoospermia, expecially when it is 
thought to be caused by post-testicular damage, in-
tracytoplasmic sperm injection (ICSI) with testicular 
spermatozoa is recommended [3]. When perform-
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ing ICSI with immotile spermatozoa, application of a 
modified hypo-osmotic swelling test is recommended 
in order to select a viable sperm cell [35]. In all cases, 
treatment should be personalized based on exten-
sive examinations and tests to reveal the etiology of 
sperm damage, and the aim should be not only giving 
the patient an opportunity to reproduce but also res-
toration of his general health and well-being. 

Acknowledgments: This work was supported by the Med-
ical University of Sofia Grant No. D-137/14.06.2022.

Disclosure Summary: The authors have nothing to disclose.

REFERENCES
1. Sun H, Gong TT, Jiang YT et al. Global, regional, and national prev-

alence and disability-adjusted life-years for infertility in 195 countries 
and territories, 1990-2017: results from a global burden of disease 
study, 2017. Aging (Albany NY), 2019, 11(23):10952-10991.

2. Agarwal A, Sharma RK, Gupta S et al. Sperm Vitality and 
Necrozoospermia: Diagnosis, Management, and Results of 
a Global Survey of Clinical Practice. World J Mens Health, 
2022, 40(2):228-242.

3. Boursier A, Dumont A, Boitrelle F et al. Necrozoospermia: The 
tree that hides the forest. Andrology, 2022, 10(4):642-659.

4. Lagos-Cabré R, Moreno RD. Contribution of environmental 
pollutants to male infertily: a working model of germ cell apop-
tosis induced by plasticizers. Biol Res, 2012, 45(1):5-14.

5. Dumont A, Barbotin AL, Lefebvre-Khalil V et al. Necrozoo-
spermia: From etiologic diagnosis to therapeutic manage-
ment. Gynecol Obstet Fertil Senol, 2017, 45(4):238-248.

6. Kolarov AI, Hadzhinesheva VP, Chakarova IV et al. Prosta-
glandin F2α Causes Fast Degenerative Changes in Ovulated 
Mouse Oocytes. Folia Biol (Praha), 2021, 67(5-6):208-212.

7. Li C, Ye Z, Zhang AJX et al. Severe Acute Respiratory Syn-
drome Coronavirus 2 (SARS-CoV-2) Infection by Intranasal 
or Intratesticular Route Induces Testicular Damage. Clin In-
fect Dis, 2022, 75(1):e974-e990.

8. Drobnis EZ, Nangia AK. Antimicrobials and Male Reproduc-
tion. Adv Exp Med Biol, 2017, 1034:131-161.

9. Agarwal A, Virk G, Ong C et al. Effect of oxidative stress on 
male reproduction. World J Mens Health, 2014, 32(1):1-17.

10. Delimitreva S, Wedi E, Bakker J et al. Numerical chromosome dis-
orders in the common marmoset (Callithrix jacchus) – comparison 
between two captive colonies. J Med Primatol, 2013, 42(4):177-185.

11. Brugnon F, Janny L, Communal Y et al. Apoptosis and meiotic 
segregation in ejaculated sperm from Robertsonian translo-
cation carrier patients. Hum Reprod, 2010, 25(7):1631-1642.

12. La Vignera S, Vita R. Thyroid dysfunction and semen quality. 
Int J Immunopathol Pharmacol, 2018, 32:2058738418775241.

13. Shaha C, Tripathi R, Mishra DP. Male germ cell apoptosis: 
regulation and biology. Philos Trans R Soc Lond B Biol Sci, 
2010, 365(1546):1501-1515.

14. Selvaraju V, Baskaran S, Agarwal A et al. Environmental con-
taminants and male infertility: Effects and mechanisms. An-
drologia, 2021, 53(1):e13646.

15. Dimitrova-Dikanarova DK, Lazarov VV, Tafradjiiska-Hadjiolo-
va R et al. Association between Helicobacter pylori infection 
and the presence of anti-sperm antibodies. Biotechnol Bio-
technol Equip, 2017, 31:1-8, https://doi.org/10.1080/131028
18.2016.1258330.

16. Asadi A, Ghahremani R, Abdolmaleki A et al. Role of sperm 
apoptosis and oxidative stress in male infertility: A narrative 
review. Int J Reprod Biomed, 2021, 19(6):493-504.

17. Shaha C, Tripathi R, Mishra DP. Male germ cell apoptosis: 
regulation and biology. Philos Trans R Soc Lond B Biol Sci, 
2010, 365(1546):1501-1515.

18. Shahat AM, Rizzoto G, Kastelic JP. Amelioration of heat 
stress-induced damage to testes and sperm quality. Therio-
genology, 2020, 158:84-96.

19. Kaushik K, Kaushal N, Kalla NR. Conversion of apoptosis to 
necrosis and the corresponding alteration in the oxidative mi-
lieu of male germ cells of rat under acute heat stress: An ex-
perimental study. Int J Reprod Biomed, 2018, 16(9):577-586.

20. Ramos L, Wetzels AM. Low rates of DNA fragmentation in 
selected motile human spermatozoa assessed by the TUNEL 
assay. Hum Reprod, 2001, 16(8):1703-1707.

21. Pourmasumi S, Nazari A, Fagheirelahee N et al. Cytochemi-
cal tests to investigate sperm DNA damage: Assessment and 
review. J Family Med Prim Care, 2019, 8(5):1533-1539.

22. Hichri R, Amor H, Khammari M et al. Apoptotic sperm bio-
markers and the correlation between conventional sperm pa-
rameters and clinical characteristics. Andrologia, 2018, 50(1). 
doi:10.1111/and.12813.

23. Karabulut S, Demiroğlu-Zergeroğlu A, Yılmaz E et al. Effects 
of human sperm cryopreservation on apoptotic markers in 
normozoospermic and non-normozoospermic patients. Zy-
gote, 2018, 26(4):308-313.

24. Markova M, Kolarov A, Chakarova I et al. Preliminary Obser-
vations on Apoptotic Fragmentation of Cultured Mouse Oo-
cytes. Acta Morphol Anthropol, 2022, 29(3-4):53-56.

25. Grunewald S, Fitzl G, Springsguth C. Induction of ultra-
morphological features of apoptosis in mature and immature 
sperm. Asian J Androl, 2017, 19(5):533-537.

26. Engel KM, Springsguth CH, Grunewald S. What happens to the 
unsuccessful spermatozoa? Andrology, 2018, 6(2):335-344.

27. Fujita Y, Mihara T, Okazaki T et al. Toll-like receptors (TLR) 2 
and 4 on human sperm recognize bacterial endotoxins and 
mediate apoptosis. Hum Reprod, 2011, 26(10):2799-2806.

28. Aitken RJ, Baker MA, Nixon B. Are sperm capacitation and 
apoptosis the opposite ends of a continuum driven by oxida-
tive stress? Asian J Androl, 2015, 17(4):633-639.

29. Mattes MJ, Michel RB, Goldenberg DM et al. Induction of apop-
tosis by cross-linking antibodies bound to human B-lymphoma 
cells: expression of Annexin V binding sites on the antibody 
cap. Cancer Biother Radiopharm, 2009, 24(2):185-193.

30. Markova MD, Chakarova IV, Zhivkova RS et al. Genetic disor-
ders affecting tubulin cytoskeleton. J Biomed Clin Res, 2015, 
8(2):97-103.

31. World Health Organization. WHO laboratory manual for the 
examination and processing of human semen (6th ed.). Ge-
neva, World Health Organization, 2021, 26-32.

32. Markova M, Nikolova V, Chakalova L et al. Reconstruction 
and explanation of early artifactual microscopic observations 
of sperm tail. Acta Morphol Anthropol, 2012, 18: 54-59.

33. Markova MD, Nikolova VP, Marinova TT. Observations of in-
terface between tail microtubules and outer dense fibers in 
human necrozoospermic spermatozoa. J Biomed Clin Res, 
2011, 4 (2): 82-85.

34. Wilton LJ, Temple-Smith PD, Baker HW et al. Human male 
infertility caused by degeneration and death of sperm in the 
epididymis. Fertil Steril, 1988, 49(6):1052-1058.

35. Agarwal A, Sharma RK, Gupta S et al. Sperm Vitality and 
Necrozoospermia: Diagnosis, Management, and Results of 
a Global Survey of Clinical Practice. World J Mens Health, 
2022, 40(2):228-242.


