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The new severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) that generated the COVID-19
pandemic is a broad-spectrum infection that besides the respiratory tract, can attack multiple organs, including
the digestive, circulatory, and urinary systems. However, the negative consequences of SARS-CoV-2 on the
male reproductive system have been largely ignored. The aim of this research was to see how SARS-CoV-2
affects the production of hormones, which are the markers of male reproductive function and fertility. The 350
Iraqi male participants were classified into two groups consisting of 150 COVID-19 recovered patients with
a mean age of (32 £ 7.9) years and COVID-19 diagnosis confirmed by RT-PCR, and 200 apparently healthy
male volunteers of similar age. The patients’ group was further divided into three groups depending on the
recovery period of 3, 5 and 7 months. Serum levels of testosterone, luteinizing hormone (LH), follicle stimulat-
ing hormone (FSH) and prolactin were measured using the Mindray CL-1000i automated chemiluminescence
analyzer provided with matching kits. When comparing the indices of COVID-19 recovered participants to
the control group, the results revealed a decrease in testosterone level that was positively associated with the
recovery period and an increase in the LH, FSH and prolactin levels that were negatively associated with the
recovery period. It is supposed that infection with SARS-CoV-2 may be followed by a temporary condition of

testicular failure.
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C oronavirus disease 2019 is a new global
public health disaster that has resulted in
significant mortality and morbidity. Begin-
ning in the Chinese city of Wuhan in the Hubei re-
gion in December 2019, COVID-19 has since spread
to several countries, turning into a pandemic [1].
SARS-CoV-2 (Severe Acute Respiratory Syndrome
Coronavirus-2) is a novel beta coronavirus that is the
culprit behind COVID-19 [2]. High rates of trans-
mission, phenotypic clinical indications that range
from mild to severe, and significant clinical, radio-
logic, and pathologic issues in elderly people are all
characteristics of COVID-19 [3]. Although there is
currently investigation into the disease’s potential ef-
fects on other tissues, the respiratory system is where
it is most prevalent. The genus of enclosed viruses

known as coronaviruses is large and diverse, and its
genetic material is composed of positive-sense sin-
gle-stranded RNA. The common cold is one of the
respiratory conditions caused by these viruses that
affect both humans and other species [4]. When seen
using transmission electron microscopy, the protein
spikes on the envelope of coronaviruses are club-
shaped, giving them the appearance of a crown (thus
the name) [5]. Other coronavirus members have also
been linked to severe respiratory diseases. SARS-
CoV (SARS-CoV-1) causes severe acute respiratory
syndrome (SARS), and Middle East Respiratory
Syndrome-Related Coronavirus (MERS-CoV) [6].
It is believed that ACE2 (angiotensin-
converting enzyme 2) is the receptor for SARS-
CoV-2 binding and entry into host cells [7, 8].
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SARS-CoV-2 might hypothetically infect any cells
that contain ACE2. Testes have the highest level of
ACE2 protein expression, according to the Human
Protein Atlas portal [9]. ACE2 is primarily found in
spermatogonia, Leydig, and Sertoli cells, according
to Wang ZP et al. [10]. All of the findings point to
the male gonad being susceptible to infection with
SARS-CoV-2.

Multiple organs, including the digestive, circu-
latory, and urinary systems, have been attacked by
SARS-CoV-2 [11-14]. However, any negative con-
sequences of SARS-CoV-2 on the male reproduc-
tive system, particularly the virus's impact on male
reproductive hormones, have been largely ignored.
Male reproductive hormones have an important role
in both male and female sexual development, matu-
ration, and fertility.

Testosterone, the primary sex hormone and
anabolic steroid in males, is involved in a variety
of physiological functions, including reproductive
physiology (e.g., spermatogenesis), morphology (e.g.,
secondary sexual features improvement), psychology
(e.g., sexual inclination), and behavior such as ag-
gression, All of these processes are crucial for sur-
vival and reproduction [15].

Luteinizing hormone (LH) is a heterodimeric
glycoprotein that has different roles in males and
women. Both sexes’ primordial germ cells benefit
from LH's assistance in maturation. Male Leydig
cells in the testes produce testosterone when LH is
present. In women, LH causes the ovaries to produce
steroid hormones [16].

Follicle-stimulating hormone (FSH) is a gly-
coprotein that controls the human body’s develop-
ment, growth, pubertal maturation, and reproductive
functions. FSH promotes the maturation of primor-
dial germ cells in both males and females. In males,
FSH causes Sertoli cells to secrete androgen-binding
proteins (ABPs), which is controlled by the anterior
pituitary’s negative feedback mechanism, inhibin.
FSH-stimulated Sertoli cell activation maintains
spermatogenesis and induces inhibin B production
[17].

Prolactin has several different impacts. It stimu-
lates the mammary glands to produce milk (lacta-
tion): increasing serum prolactin level throughout
pregnancy causes mammary gland expansion and
prepares for milk production, which typically be-
gins when progesterone level declines near the end
of pregnancy and a suckling stimulus is present [18].
Prolactin has been linked to male infertility, despite
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the fact that its functional significance to male re-
production has not been definitively demonstrated.
Acute hyperprolactinemia has been shown to limit
testosterone synthesis and male fertility by causing
adrenal corticoid hypersecretion or blocking GnRH
secretion via the receptors of prolactin on hypotha-
lamic dopaminergic neurons [19, 20].

Testicular damage brought on by viruses can
reduce spermatogenesis and gonadal hormone re-
lease, as seen by HIV and mumps-induced orchitis
[21]. Orchitis and SARS-CoV have previously been
connected in research [22]. There is yet no clinical
proof that a SARS-CoV-2 infection affects the func-
tionality of the male gonads, though. As a result, the
goal of this study is to see how SARS-CoV-2 affects
the levels of male reproductive hormones (Testos-
terone, FSH, LH, and prolactin) in a group of Iraqi
COVID-19 recovered patients after infection.

Materials and Methods

Study subjects. The 350 male participants in
this study were classified into two main categories.
The first group consisted of 150 male COVID-19 re-
covered patients with a mean age of (32 £ 7.9) years
whose ages ranged from 28 to 42 years. The other
group, which served as the control group, consisted
of 200 apparently healthy male volunteers. The con-
trol group was (31 8.5) years old on average, with
a range of (29—44) years. The patients’ group was
further divided into three groups depending on the
period of recovery from the day of sample collec-
tion. The first group (Group A) included 50 subjects
with a recovery period of three months. The second
group (Group B) included 50 subjects with a recov-
ery period of five months. The third group (Group
C), included 50 subjects with a recovery period of
seven months from the day of the sample collection.
Verbal consent was obtained from the subjects in-
volved in this study. The subjects enrolled in this
study were colleagues, acquaintances and random
subjects attending private medical labs. The previous
diagnosis of the patients with COVID-19 was con-
firmed by real-time polymerase chain reaction test
(RT-PCR). All the study subjects were asymptomatic
and negative for active infections with SARS-CoV-2
at the time of sample collection. This study was ap-
proved by the Ethics Committee (approval No. 113
at 19/Dec/2021) in the Department of Molecular and
Medical Biotechnology, College of Biotechnology,
Al-Nahrain University.
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Exclusion criteria. In order to prevent any po-
tential impact on the study results, the following
subjects were omitted from the study: patients who
were infected with SARS-CoV-2 at the time of sam-
ple collection, patients suffering from male repro-
ductive diseases, patients under current or previous
hormonal therapy, patients with any known inflam-
matory condition, subjects using steroid supplements
and finally, smokers were also excluded.

Collection and storage of blood samples. By
puncturing veins with plastic disposable syringes,
5 ml of venous blood samples were obtained from
each patient and a healthy control. In order to start
the coagulation process, the blood was placed in a
gel tube and maintained at room temperature for
15-30 min. The gel tube was then centrifuged at
3500 xg for fifteen minutes to separate the serum.
The samples were analyzed immediately after col-
lection.

Measurement of testosterone, FSH, LH and
prolactin. Testosterone, FSH, LH and prolactin were
measured in the sera of all the study subjects using
the chemiluminescence automated analyzer (Mind-
ray CL-10001, China) provided with kits manufac-
tured by Mindray Medical International Limited. All
of the samples were analyzed in triplicate form.

Statistical analyses. Statistical package for so-
cial sciences (SPSS) software (version 25) was used
to analyze biochemical data. Student’s t-test, One-
Way ANOVA and Pearson Correlation were used in
order to assess the results of this study.

Results and Discussion

Because spermatogenesis and androgen secre-
tion are the main functions of the testes, sex-related
hormones can also be utilized to assess the condi-
tion of the male reproductive organ. To show how
the COVID-19 recovery process affected men’s
ability to reproduce, we compared the sex hormone
profiles of recovered COVID-19 patients to those of
age-matched, fertile males in the general population.
Accordingly, this study involved measuring the se-
rum levels of testosterone, FSH, LH and prolactin in
150 COVID-19 recovered males and 200 apparently
healthy controls. The levels of these hormones in the
patients and control groups are mentioned in Table 1.

In order to investigate the post-infection severi-
ty of the COVID-19 impact on the gonadal function
in the males of this study, we divided the subject into
three groups depending on the recovery period of the
patients as stated earlier. The levels of testosterone,

LH, FSH and prolactin measured in subjects after
three, five and seven months from full recovery are
shown in Table 2.

As it can be seen from the results in Table 2,
there is a positive correlation between testoster-
one serum levels and the recovery period. The se-
rum level of testosterone was significantly lower
(2.71 £ 0.53) after three months from full recovery
compared to its level after five and seven months
from full recovery (3.6 = 0.27 and 4.72 + 0.46 re-
spectively). The levels of testosterone increased
significantly (P < 0.0001) moving from group A to
C (Group A: three months recovery, Group B: five
months recovery, Group C: seven months recovery).
Although the level of testosterone was within the
lower limit of the normal range, it seems that as the
recovery period from COVID-19 increased, the se-
rum level of testosterone started to increase as well.
This observation confirms the effect of Covid-19 on
the levels of hormones and the effect of the virus on
the hypothalamus-pituitary-gonadal axis in general.

Our findings, on the other hand, revealed that
the serum levels of LH, FSH and prolactin were
significantly higher after three months from full re-
covery compared to their levels after five and seven
months from full recovery. A significant decline
(P <0.0001) in the concentrations of these hormones
is observed as the recovery period is increased.

Pearson correlation was determined in order
to assess the presence of a statistical correlation be-
tween the parameters as shown in Tables 3—6 below.

Judging from the results in Tables 3—6, it is ob-
vious that there is a significantly negative correla-
tion between testosterone and the other hormones.
However, there was a significant positive correlation
between LH and both FSH and prolactin, while a

Table 1. Serum levels of testosterone, LH, FSH
and prolactin in the COVID-19 recovered patients
and control groups

Groups
Parameters COVID-19 Control
(mean £ SD, | (mean + SD,
n = 150) n =200)
Testosterone, ng/ml ~ 3.68 +0.93  7.29+1.76
LH, mIU/ml 800+ 176 4.05+1.17
FSH, mIU/ml 729+2.61 4.12+1.04
Prolactin, ng/ml 1632 +£2.89 7.67+2.23
Note. P <0.05
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Table 2. Serum levels of testosterone, LH, FSH and prolactin in the COVID-19 recovered patients based
on the recovery period

Parameters COVID-19 mean + SD P-value, P-value, P-value,
groups, N = 50 (A vs B) (Avs C) (Bvs C)

Testosterone, ng/ml Group A 271+0.53
Group B 3.6+0.27 1x10-4* 1x10-4* 1x10-4*

Group C 472 +0.46

LH, mIU/ml Group A 976 £ 1.16
Group B 8.04 £ 0.16 1x10-4* 1x10-4* 1x10-4*

Group C 6.19+1.24

FSH, mIU/ml Group A 10.00 = 0.96
Group B 7.77 £0.37 1x10°* 1x10°* 1x10°*

Group C 410+ 1.24

Prolactin, ng/ml Group A 18.62 + 1.37
Group B 17.04 £ 0.26 1x10-4* 1x105* 1x10-°*

Group C 13.29 +2.85

*Significant at the level < 0.05. SD —standard deviation, N — number of subjects. Group A —three months recovery,
Group B — five months recovery, Group C — seven months recovery

Table 3. Pearson correlation between testoster-
one and other parameters

Table 4. Pearson correlation between LH and

other parameters

Testosterone vs Correlation (r) | P-value LH vs Correlation (r) P-value
parameters parameters

LH -0.902 1x10°6* Testosterone -0.902 1x10°6*

FSH -0.954 1x10°6* FSH 0.924 1x10°6*

Prolactin -0.874 1x10-5* Prolactin 0.931 1x10-5*

*Significant at the level < 0.05. r — pearson correlation

significantly negative correlation was found between
LH and testosterone. The same applies to FSH and
prolactin. In both FSH and prolactin, there was a sig-
nificant negative correlation with testosterone, while
there was a significant positive correlation with other
hormones.

The results of the present study suggest that
some of the subjects enrolled may have suffered
from testicular failure (also known as primary hypo-
gonadism), reflected by the low-normal serum levels
of testosterone and the elevated levels of LH, FSH
and prolactin. When elevated FSH and LH levels
are combined with low-normal or below-normal tes-
tosterone levels, it indicates generalized testicular
failure, which could be congenital (e.g., Klinefelter
syndrome) or acquired [23-27].

Although the hormone’s physiological signifi-
cance to male reproduction has not been definitively
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*Significant at the level < 0.05. r — pearson correlation

demonstrated, it has been linked primarily to male
infertility. As mentioned earlier, our results showed
a significantly negative correlation between tes-
tosterone and prolactin, showing elevated levels of
prolactin with low levels of testosterone in the study
subjects. Acute hyperprolactinemia has been shown
to limit testosterone synthesis and male fertility by
causing adrenal corticoid hypersecretion or blocking
GnRH secretion via receptors of prolactin on hypo-
thalamic dopaminergic neurons [28, 29]. Endorphin
release from opioidergic neurons is hypothesized to
be influenced by dopamine, which limits GnRH pro-
duction [30].

Male infertility has also been attributed to dis-
turbances in reproductive hormones (testosterone,
follicle-stimulating hormone, luteinizing hormone
and prolactin). Therefore, these hormones are also
assessed in clinical practice for the screening and
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Table 5. Pearson correlation between FSH and
other parameters

Table 6. Pearson correlation between prolactin
and other parameters

FSH vs parameters | Correlation (r) ‘ P-value

Prolactin vs parameters | Correlation (r) ‘ P-value

LH 0.924 1x10-6*
Testosterone -0.954 1x10-5*
Prolactin 0.918 1x10-6%

LH 0.931 1x10-6%
FSH 0.918 1x10-6*
Testosterone -0.874 1x105*

*Significant at the level < 0.05. r — pearson correlation

diagnosis of infertility causes. Gonadotropins (FSH,
LH), as well as testosterone, are the prime regulators
of germ cell development. Abnormal spermatogene-
sis is frequently linked with altered serum gonado-
tropins and testosterone. In a study by Ramesh et
al., in 96 infertile males, the levels of FSH, LH, and
testosterone were evaluated. Of these, 35 had azoo-
spermia, 35 had oligospermia, 11 had varicocele,
and 15 had histological abnormalities like hypo-
spermatogenesis, spermatid arrest, and sertoli-cell
only syndrome. When compared to the fertile con-
trols (n = 35), the results demonstrated a statistically
significant (P < 0.05) rise in the mean FSH and LH
levels in all the infertile males tested. Furthermore,
there was no discernible difference between the in-
fertile and fertile men in the mean levels of testos-
terone [31].

So far, only three studies have examined how
SARS-CoV-2 affects male reproductive hormones.
In the first study, Ma L. et al. revealed the first
non-peer-reviewed data associating SARS-CoV-2
infection with male sex hormone abnormalities.
The researchers studied sexrelated hormones in
81 reproductive-aged males infected with SARS-
CoV-2 and 100 healthy men of similar age. Although
blood testosterone levels were not statistically dif-
ferent between the two groups, recovered patients
had significantly higher serum LH levels and lower
tes-tosterone: LH and follicle stimulating hormone:
LH ratios than healthy controls. In the second study,
Rastrelli G. et al. [32] found that total testosterone
levels were adversely connected to CRP levels in
COVID-19 recovered patients, with low total testos-
terone levels seen in the most severe cases. Males
with COVID-19 tended to have low levels of both
testosterone and dihydrotestosterone, according to
the third study from Germany [33]. These findings
imply that hypogonadism might be a risk factor for
COVID-19, leading to increased morbidity and mor-
tality. However, none of the earlier studies investi-
gated the levels of the male hormones after recovery

*Significant at the level < 0.05. r — pearson correlation

from the infection and the correlation between the
recovery period and the abnormalities found in the
levels of the corresponding hormones. To the best
of our knowledge, this study is the first to examine
the effect of recovery time on the levels of male and
fertility hormones, though it needs to be applied
to a wider recovery time range and a larger num-
ber of samples. The suggested condition of testicu-
lar failure seen in the subjects of the present study
seems to be a temporary condition provoked by the
infection with SARS-CoV-2 virus, since levels of
the tested hormones were closer to their normal/or
appropriately normal values as the recovery period
from COVID-19 was increased. As seen from the
results, the abnormality in levels of the hormones
reflecting the condition of testicular failure was
more pronounced in the recently recovered subjects
(3 months recovery group), while their levels were
closer to the normal range in the long term recovered
subjects (7 months recovery group).

Conclusions. Serum testosterone levels were
significantly lower in the COVID-19 recovered
subjects and were positively associated with the re-
covery period. Serum LH, FSH and prolactin levels
were significantly higher in the COVID-19 recovered
subjects, and their levels were negatively associated
with the recovery period. The infection with SARS-
CoV-2 may have an impact on the levels of sex and
fertility hormones in males of reproductive age.
Thus, COVID-19 may cause a temporary condition
of testicular failure that may improve as the recovery
period from the infection increases.
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HoBmii kopoHaBipyc 2 TSKKOTO TOCTPOTO
pecniparoprnoro cunapomy (SARS-CoV-2), mo
cnpuunauB nagaeMiro COVID-19, e indexmiero mu-
POKOTO CIIEKTPY /i1, IKa, OKPiM TUXaTHHUX MIJISAXIB,
MOXE Bpa)kaTH Pi3HI OpraHd, 30KpeMma, OpraHu
TPaBHOI, CEpLEBO-CYAMHHOI Ta ceuoBoi cucteM. Of-
Hak HeraTtuBHI epexkTn SARS-CoV-2 Ha 4onoBiuy pe-
MPOIYKTUBHY CUCTEMY 371€0LIBIIIOT0 irHOPYIOTHCS.
MeToro LbOro JOCIiIKEHHs OyJI0 3’ICyBaTH, BILIUB
SARS-CoV-2 Ha npomykyBaHHS TOPMOHIB, SKi €
MapKepaMH YOJIOBI401 PenpoayKTUBHOI (yHKIIT
ta (epTunabHOCTI. YuacHUKIB nociimxenas (350
0ci0 4onoBivoi cTari) OyJ0 pO3MAiJIEHO HA JBI Tpy-
nu: 150 mamienTiB 3 cepennim Bikom 32 + 7.9, ski
onyxanu Big COVID-19, a giaraoz COVID-19 6ys
ninreepmkennid metogom I1JIP, i 200 mpakTu4HO
3JI0POBUX YOJIOBiKiB-JIOOPOBOJIBIIIB aHAJIOTIYHOTO
BiKy. I'pyma mamieHTiB Oylia 0JaTKOBO pO3JiJieHa
Ha TPU TPYIIN 3aJICKHO BiJl Nepiogy ony>KaHHS - 3,
517 micsauiB. PiBHI TecTOCTEpOHY, JTIOTEIHI3YIOUOTO
ropmony (JII'), domikynocTuMyror04oro rop-
Moy (@CI') Ta mponmakTHHY B CHPOBATIli KpOBi
BHU3HAYajJd 3a  JIOIIOMOIOI0  aBTOMAaTHYHOI'O
XEeMUTIOMiHEeCIIeHTHOr0 aHamizaTopa Mindray CL-
1000i. [Ipu mopiBHSHHI MOKA3HUKIB MAII€HTIB, SKi
onyxanu Bit COVID-19, 3 KOHTPOJIBHOIO TPYTIOLO,
BCTAQHOBJICHO 3HIDKEHHS PIBHS TECTOCTEPOHY, IO
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MO3UTHUBHO AaCOIIIOETHCS 3 TEPIOJOM Oy KaHHS,
ta nigsuieHHs piBHiB JII, ®CI 1 nponakTuny, 1o
HETaTHUBHO AacOIIOETHCA 3 MEPIOJIOM Oy KaHHSL.
[Mpunyckaerbesi, mo iHpikyBaHHs SARS-CoV-2
MOKE CYMPOBO)KYBAaTUCSI TUMYACOBUM IOPYILICH-
HSIM (QYHKIIIT S€YOK.

KnmouoBi cmoBa: craresi
goJioBiva hpepTmiIbHICTE, SARS-CoV-2.
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