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Abstract

Objective: Severe acute respiratory syndrome coronavirus 2 through angiotensin-
converting enzyme 2 receptor can harm testes function. The objectives were to
analyse the prevalence of low serum testosterone (LT) and impaired fertility po-
tential (Leydig and Sertoli cells dysfunction, respectively) in coronavirus disease
2019 (COVID-19) male survivors and to evaluate acute infection-related associated
factors. Also, we explore its association with post-acute COVID-19 syndrome (PCS)
and quality of life (QOL).

Materials and Methods: Male adults recovered from polymerase chain reaction-
confirmed COVID-19 were offered a structured evaluation 8-12 weeks after
recovery. The main outcome measure(s) were as follows: LT, defined as total
testosterone (TT) < 2 ng/ml or if TT levels 2-4 ng/ml as calculated free testoster-
one < 6.36 ng/dl; Sertoli cell dysfunction was defined as inhibin-B < 89 pg/ml. Sec-
ondary outcome-associated factors were analysed by multiple logistic regression
(odds ratio; 95% confidence interval [Cl]). QOL was evaluated by SF-36 v.2.
Results: One hundred and forty-three patients were evaluated at a median (inter-
quartile range) of 77 days (72-83) after disease onset; 72% of them recovered from
severe pneumonia. LT was detected in 41 patients (28.7%; 95% Cl: 21.8-36.5). Low
levels of inhibin-B were detected in 25 patients (18.1%; 95% Cl: 12.5-25.3). After
multivariate adjustment, obesity and hypokalaemia were associated with LT,
whereas age more than 65 was an independent predictor of Sertoli cell dysfunction.
LT or Sertoli cell dysfunction was not associated with PCS. Patients with LT had a
lower score in four domains of QOL.

Conclusions: Prevalence of male LT and impaired fertility potential in COVID-19
survivors is high in the medium term. Traditional risk factors and severity markers for
COVID-19 could be predictive.
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1 | INTRODUCTION

The battle against coronavirus disease 2019 (COVID-19) seems
not limited to screening and management of the acute disease.
COVID-19 also has widespread effects throughout the body with
lesser known clinical manifestations, and the medium- and long-term
health consequences experienced by survivors of COVID-19, if any,
are currently unknown. Knowledge about the impact of this virus on
the endocrine system is growing.?

Severe acute respiratory syndrome coronavirus (SARS-CoV) was
able to cause orchitis and germ cell destruction in human testes.® The
messenger RNA for angiotensin-converting enzyme 2 (ACE2) (geno-
mic coordinates (GRCh38): X:15,518,196-15,602,157), the receptor
for COVID-19, is highly expressed in human testes, primarily in
spermatogonia, Leydig cells and Sertoli cells.*> Hence, ACE2 plays
vital roles in spermatogenesis—reproductive function and the reg-
ulation of steroidogenesis. Therefore, there is potential for SARS-
CoV-2 to invade the testes via ACE2 and interfere with testosterone
release and Sertoli cells function.

A pattern of elevated luteinising hormone (LH) without tes-
tosterone changes has been reported in hospitalised patients
with confirmed COVID-19. It suggests an early gonadal failure
and speaks against a direct COVID-19 effect at hypothalamus or
pituitary gland.® This testicular defect could be caused by direct
testicular damage by the virus or by an indirect inflammatory/
immune response in the testicles.” We lack data about the pi-
tuitary-gonadal axis of male patients recovered from COVID-19
acute infection in the medium and long term, as well as the
possible effects of disease severity and the treatments used for
the disease.

This study aims to analyse the medium-term Leydig and Sertoli
cells dysfunction through a hormonal evaluation in COVID-19
survivor male patients and to evaluate the acute infection phase-
associated factors. In addition, we explore its association with
post-acute COVID-19 syndrome (PCS) and quality of life (QOL).

2 | MATERIALS AND METHODS

2.1 | Patients and design

This is a cross-sectional study of adult patients with COVID-19, at-
tended in the Alicante General University Hospital, Emergency De-
partment, from 27 February to 29 April 2020. SARS-CoV-2 infection
was confirmed by reverse transcription polymerase chain reaction
(PCR) (in nasopharyngeal swab or lower respiratory tract sample) or
subsequent seroconversion. Patients were classified according to
the World Health Organization Clinical Progression Scale into hos-
pitalised patients (ordinal scale > 3) and ambulatory (ordinal scale < 3,

which includes nonsevere pneumonia managed as hospital follow-up
at home and mild cases without pneumonia managed by primary
care).®

Surviving patients of COVID-19 were offered an assessment
by COVID-19 medical team 8-12 weeks after ambulatory
COVID-19 recovery or discharge from hospital. A structured
evaluation was performed in the same visit: clinical examination,
fasting (8-10am) blood test, Chest-X-ray, pulmonary function
test and quality-of-life assessment by EuroQol Visual Analogue
Scale.? Of 237 male patients evaluated in the emergency de-
partment, 37 (15.6%) died, and 28 were not included in the pre-
sent study: 18 with severe comorbidity, 5 with follow-up in other
health areas and 5 being monitored by other physicians. Also, 3
patients refused to participate, 8 patients did not attend the face-
to-face assessment (although a telephone interview was con-
ducted) and 18 patients were lost to follow-up. Finally, 143
(71.5% of the survivors) were included in the study. Patients
without assessment, excluded from the analysis, did not differ in
severity from the study population. No patient was on testos-
terone as hormone replacement therapy before admission or
during follow-up.

The clinical features, comorbidity (Charlson index'®), com-
plementary examinations, established therapies and evolution during
the acute phase of the infection by SARS-CoV-2 and after recovery
from the acute phase were extracted from the digital medical record.
The systematic approach in patients who had recovered from
COVID-19 include the evaluation of PCS (defined as the persistence
of at least one clinically relevant symptom or abnormalities in
spirometry or chest radiology)'’ and the QoL by SF-36 v.2 Health

Survey.'?

2.2 | Outcomes

221 | Outcome variables
Primary

- Low serum testosterone was defined as total testosterone (TT) <
2 ng/ml (6.9 nmol/L) or in those with borderline TT levels 2-4 ng/
ml (6.9-13.9 nmol/l) as a calculated free testosterone (CFT)<
6.36 ng/dl (<0.22 nmol/L), according to the normal range for
healthy young males in our laboratory.**** CFT was calculated by
determining TT, sex hormone binding globulin (SHBG) and albumin
from the equation described by Vermeulen et al.*®

- Sertoli cell dysfunction, spermatogenesis disruption, was defined as
inhibin-B < 89 pg/ml (89 ng/L), cutoff derived from 2.5 percentile
inhibin-B in a cohort of young men unbiased with regard to fertility.*®
Inhibin-B/follicle-stimulating hormone (FSH) ratio was calculated.
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TABLE 1 General characteristics of the global study population and patients with gonadal dysfunction

Demographics
Age (median), years
Comorbidities

Hypertension, %

ARA2/ACEI as hypertension

therapy, %

Diabetes, %

Obesity, %

Cardiovascular disease, %

Charlson index = 3, %
Clinical presentation

Clinical duration, days®

Fever, %

Dry cough, %

Dyspnoea, %

Diarrhoea, %

Confusion, %

Fatigue, %

Myalgias-arthralgias, %

Anosmia-dysgeusia, %
Initial assessment

Oximetry at room air (%)

PaOzzFiOZ

Respiratory rate, breaths/min

Systolic BP, mmHg
Diastolic BP, mmHg
Heart rate, beats/min
BMI, kg/m?

eGFR, ml/min/m?

eGFR < 60 ml/min/m?, %

Lymphocytes, per mm?

C-reactive protein, mg/dl
Procalcitonin, ng/ml

Ferritin, mg/L

Interleukin-6, pg/ml

Lactate dehydrogenase, U/L

p-dimers, mg/ml

Global
cohort (n = 143)

59.0 (46.0-68.0)

441
81.5

11.9
321
9.6

30.8

7.0 (5.0-9.0)
81.8

66.2

525

23.8

4.2

42.4

371

15.2

96.0 (93.0-97.0)
350.0 (286.7-416.6)
16.0 (14.0-18.0)
135.0 (120.0-149.0)
83.0 (74.0-92.0)
92.0 (82.5-102.0)
27.7 (25.0-31.6)
86.0 (70.0-90.0)
154

1130.0
(820.0-1530.0)

4.34 (1.53-8.49)
0.08 (0.05-0.16)

854.5
(423.7-1516.0)

23.0 (12.5-63)
254.5 (202.7-327.2)
0.52 (0.33-0.89)

Low serum testosterone® Leydig cell Impaired fertility potential®

dysfunction (n=41)

65.0 (53.5-73.5)

68.6
85.2

26.8
58.5
15.0
56.1

7.0 (4.0-8.0)
75.6

67.5

55.0

19.5

9.8

45.0

30.0

17.5

95.0 (92.0-97.0)

300.0 (258.0-414.5)
16.0 (14.0-24.0)

134.0 (120.0-144.0)
79.0 (70.0-88.0)

90.0 (73.0-100.0)

30.8 (27.2-34.8)

74.0 (56.1-89.5)

28.9

1095.0 (842.5-1387.5)

5.54 (2.97-10.5)
0.12 (0.06-0.19)
811.0 (551.0-1755.0)

29.0 (13.7-74.5)
265.0 (224.0-326.7)
0.59 (0.36-1.03)

Sertoli cell dysfunction (n=25) p1

71.0 (57.0-77.5)

68.0
72.2

28.0
48.0
25.0
56.0

6.0 (2.5-10.0)
72.0
48.0
40.0
16.0
12,0
440
240
12,0

96.0 (93.0-97.0)
319.0 (276.2-383.0)
16.0 (16.0-20.0)

134.0 (122.5-149.5)
77.0 (64.0-92.0)

89.0 (74.7-99.5)

29.9 (28.4-31.5)

80.3 (54.6-90.0)

28.0

1030.0 (610.0-1450.0)

4.89 (2.26-8.67)
0.07 (0.06-0.16)
780.0 (508.5-1226.0)

45.0 (17.2-75.5)
228.0 (181.5-308.0)
0.49 (0.32-0.97)

.002

<.001
.523

.001
<.001
.202
<.001

0.222
222
.837
.706
488
.056
699
269
.633

.069
.016
.385
.624
.015
196
<.001
.006
.007
.584

.075
.025
.825

.398
.360
223
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p2

<.001

.007
269

.010
.079
.008
.003

.329
255
.029
191
277
.071
.908
123
649

.834
269
135
944
0.098
192
.025
.080
0.072
0.260

.588
.663
.609

.263
.334
921

(Continues)
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TABLE 1 (Continued)

Troponin T, ng/L

Brain natriuretic peptide, pg/ml
Haemoglobin, g/dI
Haematocrit, %

Opacities > 50% of lung surface
on X-rays, %

Severe pneumonia, yes
COVID-gram score, points®
CURB6522, %

Evolution

Hospitalisation, days
Hypokalemia, %

TCZ use, %

Corticosteroids use, %

ICU, %
ICU, days
IMV, %

IMV, days

Post-COVID syndrome®

Changes in QolL, points

Global
cohort (n=143)

8.0 (6.0-14.0)
61.0 (22.0-202.0)
14.8 (13.9-15.5)
45.1 (43.4-46.9)
67.8%

72.0
106.8 (90.0-132.9)
19.0

9.0 (6.0-15.0)
231

231

23.8

11.2

11.0 (7.25-14.75)
9.8

8.5 (6.75-11.75)
53.8

-3.5(-10.0 to 0.0)

Low serum testosterone® Leydig cell Impaired fertility potential®

dysfunction (n =41)
16.0 (8.0-22.5)
183.0 (36.5-484.5)
14.2 (13.5-15.2)
44.5 (41.8-46.8)
68.3

80.5
127.4 (100.5-140.6)
38.9

9.5 (7.25-16.0)
364

244

19.5

14.6

12.0 (6.0-27.5)
12.2

11.0 (7.5-29.0)
61.0

4.0 (-15.0 to 0.0)

Sertoli cell dysfunction (n=25) p1

14.5 (6.5-21.5)
176.0 (62.5-758.5)
14.3 (13.3-15.1)
44.1 (41.3-46.0)
68.0

76.0
131.1 (98.6-145.9)
46.7

9.0 (6.0-11.0)
263

20.0

20.0

0

0

60.0
0.0 (-11.25 to 0.0)

Note: Data shown as %, median (IQR), unless specified otherwise. In bold, statistically significant differences.

p2

<.001 .027
.004 .007
.015 .046
.090 .065
.396 734
.153 744
.004 146
.036 .007
261 .682
.028 .768
.813 .398
448 567
.395 076
.704 -

544 .074
159 -

.870 .503
794 164

Mann-Whitney's U and x? tests were used for group comparisons: p1 low serum testosterone versus no low serum testosterone, p2 impaired fertility
potential vs no impaired fertility potential.

Abbreviations: ARA2/ACEI, angiotensin Il receptor antagonists/angiotensin-converting enzyme inhibitors; BMI, body mass index; BP, blood pressure;
COVID, coronavirus disease; CURB65, severity score for community-acquired pneumoniag"; eGFR, estimated glomerular filtration rate; ICU, intensive
care unit; IMV, invasive mechanical ventilation requirement; PaO,:FiO,, ratio between partial pressure of oxygen in arterial blood (PaO,) and FiO,; QoL,

quality of life; TCZ, tocilizumab.

2Defined as total testosterone (TT) < 2 ng/ml (6.9 nmol/l) or in those with borderline TT levels 2-4 ng/ml (6.9-13.9 nmol/l) as calculated free testosterone

(CFT) <6.36 ng/dl (<0.22 nmol/L), lower than the normal range for healthy young males in our laboratory.

13,14

bDefined as inhibin-B level < 89 pg/ml16; no inhibin-B available in five patients. To convert into International System of Units: TT (ng/ml x 3.467) nmol/L;
CFT (ng/dl x 0.03467) nmol/L; inhibin-B (ng/L x 1).

“Days of symptoms before admission.

dClinical risk score to predict the occurrence of critical illness in hospitalised patients with COVID-19.%°

®Post-COVID syndrome, defined as the persistence of at least one clinically relevant symptom, spirometry disturbances or significant radiological
alterations.

Secondary

The pituitary-gonadal

axis was evaluated determining the

post-COVID syndrome; post-COVID syndrome was defined as the

persistence of COVID-19-relevant symptoms (systemic, neurological

FSH and LH. Secondary dysfunction was defined as low or in-

appropriately normal gonadotropin levels,** LH (for hypogonad-
ism) or FSH concentrations (for Sertoli cell dysfunction).

Identification of risk factors for gonadal dysfunction related to the
baseline characteristics of the acute episode of COVID-19. To study
the association between the presence of gonadal dysfunction and

or respiratory) or radiological or spirometric alterations.

TT (ng/ml; reference range [r.r.]: 3-10 [nmol/L; r.r.: 10.4-34.6])
(intermediate coefficients of variability [CV]: 7.9% for 1.32 nmol/L
and 6.7% for 1.96 nmol/L), LH (U/L; rr.: 2-11.2) (CV: 1.4% for
11.4U/L and 1.1% for 63.4U/L), FSH (U/L; r.r.. 1-8) (CV: 2.7% for
9.9 U/L and 3.1% for 48.8 U/L), SHBG (nmol/L; r.r.: 1-8) (CV: 3.5%
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for 3.03 nmol/L and 2.4% for 20.9 nmol/L) and prolactin (ng/ml; r.r.:
4.6-21 (ug/L; rr.: 4.6-21]) (CV: 2.7% for 0.74 pug/L and 2.9% for
7.6 ug/L) were determined by an electrochemiluminescent im-
munoassay method. They were quantified in serum on a Cobas e 801
automated autoanalyser (Roche Diagnostics). Albumin was de-
termined by an immunoturbidimetric method, in a Cobas ¢ 702 au-
toanalyser (Roche Diagnostics) (CV 1.0% for 637 umol/L and 1.2%
for 1037 umol/L). Inhibin-B was determined by Gen Il ELISA (Beck-
man Coulter INMUNOTECH) (intra-assay CV: 2.9% for 82.7 ng/L and
interassay CV: 6.5% for 24.36 ng/L). Hyperprolactinaemia was eval-
uated and iron overload syndrome was discarded.

2.3 | Statistics

The prevalence of principal outcomes (95% confidence interval [Cl])
was determined both in the severe pneumonia subpopulation and the
global cohort. Associations between disease severity and PCS were
evaluated by x? test. Multiple logistic regression models were built to
explore which characteristics present at COVID-19 diagnosis could
be associated with a higher prevalence of gonadal dysfunction; odds
ratios (ORs) with (95% Cl) were estimated. Variables were included as
covariates if they showed significant associations in simple models.
Some covariates could be excluded in case of being highly correlated;
>20% of missing values or number of events was too small to cal-
culate ORs. IBM SPSS Statistics v25 (Armonk, NY) was used for
analyses. p <.050 indicated statistical significance. Written informed
consent was obtained from all the participants, with approval by the
institutional review board (EXP. 200145).

2.4 | Ethical approval
Written informed consent was obtained from all the participants,
with approval by the institutional review board (EXP. 200145).

3 | RESULTS

One-hundred and forty-three patients were included, median age
was 59.0 years, interquartile range (IQR) was (46.0-68.0) and 30.8%
had a Charlson comorbidity index > 3. One-hundred and three (72%)
required hospital admission and 98/103 had recovered from severe
pneumonia. Patients were evaluated at a median (IQR) of 77 days
(72-83) after disease onset. Table 1 shows the general characteristics
of the study population and the main features of COVID-19 acute
phase infection and its clinical evolution (Table 2).

Median TT was 4.2 ng/ml (3.2-5.5), and TT displayed by age
quartiles was Q1 (17-45 years) 4.2 ng/ml (3.1-5.5), Q2 (46-58 years)
4.2ng/ml (3.2-5.2), Q3 (59-67 years) 4.4ng/ml (3.5-5.8) and Q4
(68-85 years) 3.8ng/ml (2.8-5.1). There were no differences be-
tween age groups (p =.764).

357
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TABLE 2 Hypothalamic-pituitary-gonadal axis features
Median (IQR)

Total testosterone, ng/ml 4.2 (3.2-5.5)
CFT, ng/dI* 5.8 (4.9-6.7)
SHBG 43.0 (31.0-54.2)
LH, U/L 5.1(3.8-7.4)
FSH, U/L 5.4 (3.7-10.4)
Inhibin-B, pg/ml 145.0 (103.0-188.0)

Abbreviations: CFT, calculated free testosterone; FSH, follicle-stimulating
hormone; IQR, interquartile range; LH, luteinising hormone; SHBG, sex
hormone binding globulin.

3CFT was calculated in those patients with borderline total testosterone
(TT) levels 2-4 ng/ml (6.9-13.9 nmol/L) by determining TT, SHBG and
albumin from the equation described by Vermeulen et al.'® To convert
into the International System of Units: TT (ng/ml x 3.467) nmol/L; CFT
(ng/dl x 0.03467) nmol/L; inhibin-B (pg/ml x 1) ng/L.

3.1 | Low serum testosterone—Leydig cell
dysfunction and associated factors

Low serum testosterone was detected in 41/143 patients (28.7%;
95% Cl: 21.8-36.5), 32% (95% Cl: 23.8-41.5) in hospitalised patients
(mainly with severe pneumonia) and 20.0% 8/40 (95% Cl: 10.5-34.7)
in the rest of the cohort p=.153). High LH levels were present in
9/41 patients (22%), whereas 32/41 (78%) showed low or in-
appropriately normal levels (p =.017), due to a predominance in the
inhibition of the hypothalamic-pituitary-gonadal (HPG) axis (see
Figure 1).

Eleven patients had a mild elevation of their prolactin levels
(<35 ng/ml) and one a moderate elevation (<100 ng/ml); of the 32
patients with secondary low serum testosterone, only 5 had hy-
perprolactinaemia. After multivariate adjustment, in hospitalised
patients subpopulation, obesity and hypokalaemia were in-
dependent predictors of low serum testosterone, whereas higher
T-troponin level was close to statistical significance (see
Figure 2). In the global cohort model, including mild disease, only
obesity (OR: 5.12 [1.77-14.76]; p=.003) was an independent
predictor of low serum testosterone.

3.2 | Potential impaired fertility—Sertoli cell
dysfunction and associated factors

Low levels of inhibin-B were detected in 25/138 patients (18.1%;
95% Cl: 12.5-25.3), 18.4% (95% CI: 12.1-27.0) and 17.1% (95% Cl:
8.1-32.6) in patients with or without need for hospital admission,
respectively (p =.744). High FSH levels were present in 21/25 pa-
tients (84%), whereas 4/25 (16%) showed levels in the r.r. (p =.017),
translating a predominance in primary structural damage. Inhibin-B/
FSH ratio was 26.1 (10.9-50.4).
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FIGURE 1 Scatter plot showing the relationship between serum
total testosterone (TT) and luteinising hormone.

Low serum testosterone was defined as TT < 2 ng/ml (6.9 nmol/L) or
in those with borderline TT levels 2-4 ng/ml (6.9-3.9 nmol/L) as a
calculated free testosterone (CFT) < 6.36 ng/dl (<0.22 nmol/L), ac-
cording to the normal range for healthy young males in our labora-
tory.'**? Those patients with borderline TT levels 2-4 ng/ml
(6.9-13.9 nmol/L) and a CFT < 6.36 ng/dI (<0.22 nmol/L) are not re-
presented in the scatter plot, but they have been reflected in the
number and type of low serum testosterone. TT (ng/ml; reference
range [r.r.]: 3-10 [nmol/L; r.r.: 10.4-34.6]); LH, luteinising hormone
(U/L; rr: 2-11.2) (CV: 1.4% for 11.4 U/L and 1.1% for 63.4 U/L). %,
percentage of patients (number of patients). To convert into the In-
ternational System of Units: TT (ng/ml x 3.467) nmol/L; CFT

(ng/dl x 0.03467) nmol/L; inhibin-B (pg/ml x 1) ng/L

Thirteen patients presented both low serum testosterone and
Sertoli cell dysfunction, the former being a risk factor of low inhibin-
B, OR: 3.49 (1.42-8.54) (p = .006).

In hospitalised patients after adjustment for confounding factors,
no baseline clinical features behave as independent predictors of low
levels of inhibin-B (see Figure 2). In the global cohort model, age > 65
years (OR: 10.04 [1.75-57.62]; p = .01) was an independent predictor
of Sertoli cell dysfunction—spermatogenesis disruption.

In patients without low serum testosterone and with inhibin-B
levels in the r.r., isolated elevations of LH or FSH were found in 2/
143 (1.3%) and 17/143 (11.8%).

Admission to the intensive care unit, length of hospital stay or
administration of corticosteroids, tocilizumab or antiviral therapy
during the acute infection phase did not show an effect on gonadal
dysfunction in the medium term. Low serum testosterone or Sertoli
cell dysfunction was not associated with a post-COVID syndrome
(clinically relevant symptom or abnormalities in spirometry or chest
radiology). There were differences in the scores of 4 dimensions of
the SF-36 between low serum testosterone subpopulation and the
remainder of the study population: general perception of health (62.0
[47.0-77.0] vs. 72.0 [60.0-87.0]; p=.012), role limitations due to
physical health problems (56.3 [25.0-100.0] vs. 93.8 [62.5-100.0];
p =.016), physical functioning (65.0 [40.0-75.0] vs. 80.0 [65.0-85.0],
p=.001) and body pain (60.0 [50.0-90.0] vs. 80.0 [60.0-90.0];

p =.027); without differences in social functioning (93.7 [46.8-100.0]
vs. 75.0 [62.5-100.0]; p=.858], well-being (80.0
[57.5-92.5] vs. 80.0 [60.0-95.0]; p=.757], role limitations due to
personal or emotional problems (100.0 [50.0-100.0] vs. 100.0
[75.0-100.0]; p=.357) and vitality (energy or fatigue) (56.3
[28.1-81.3] vs. 68.8 [50.0-81.3]; p =.091).

emotional

4 | DISCUSSION

To the best of our knowledge, this is the first study that has eval-
uated male gonadal dysfunction in a large cohort of patients re-
covered from COVID-19. The assessment shows a high prevalence of
low serum testosterone or Sertoli cell dysfunction, spermatogenesis
disruption, around 40%, 8-12 weeks after disease onset. Low serum
testosterone is mainly functional, secondary, associated with low or
inappropriately normal LH levels, whereas Sertoli cell dysfunction
seems mediated by primary structural damage in the seminiferous
tubules. In hospitalised patients (mainly severe pneumonia patients),
obesity as comorbidity, hypokalaemia and higher T-troponin as bio-
markers of severity disease in acute infection phase were associated
with Leydig cell dysfunction; neither other baseline characteristics of
the patients nor the COVID-19 disease features were associated with
potential impaired fertility. In the global cohort, obesity and older age
were associated with low serum testosterone and Sertoli cell dys-
function development, respectively. Low serum testosterone or
Sertoli cell dysfunction were not associated with a COVID-19 se-
quelae, nevertheless, patients with low serum testosterone had a
poorer QoL and physical functioning. The absence of a relationship
between low serum testosterone and post-COVID syndrome makes
plausible a low serum testosterone-related worsening in some SF-36
dimensions; however, the study design prevents us from obtaining
solid conclusions in this regard.

These findings can be extremely relevant for male sexual health
as the consequences of COVID-19 pandemic can extend to sexual
and reproductive health.

The prevalence of low serum testosterone detected in this post-
COVID-19 cohort greatly exceeds that reported in the general
population. In the European Male Aging Study in middle-aged and
elderly men (between the ages of 40 and 79 years, mean age:
59.7+£0.3), 4.1% of subjects had a TT level of less than 8.0 nmol/L
(<2.3ng/ml) and 17.0% had a TT level of less than 11 nmol/L
(<3.2ng/ml).”” However, the community prevalence estimates of
potentially functional hypogonadism in middle-aged and older men
vary from 2.1% to 12.3%.'¢

Evidence of gonadal involvement in COVID-19 is scarce and
heterogeneous.

In the acute phase of the infection, Ma et al., in nonsevere ill hos-
pitalised patients (n = 81), found a higher LH and low TT:LH ratio, without
changes in TT versus age-matched healthy men; only C-reactive pro-
tein was significantly associated with T:LH ratio after adjustment on
multivariable analysis. Rastrelli et al.'’ evaluated 31 patients under non-
invasive mechanical ventilation (non-IMV) and found a lower TT and CFT
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Odds Ratio (95% Cl)

I3

= 0.19 (0.01-3.04) 0.246
Charlson comorbidity > 3 1.14 (0.07-18.13) 0.925
Diabetes 1.09 (0.16-7.18) 0.925
Hypertension 2.68 (0.52-13.68) 0.236
Obesity L 9.71 (2.28-41.38) 0.002
eGFR < 60 ml/min/m? - 0.70 (0.08-5.98) 0.745
Hypokalemia ] 6.37 (1.32-30.70) 0.021
Troponin T > 14 ng/L - 8.77 (0.90-85.51) 0.062
B-type natriuretic peptide > 202 pg/mL 3.55(0.72-17.41) 0.118
Procalcitonin > 0.15 ng/ml S S 0.24 (0.04-1.32) 0.101
Diastolic Blood Peassure, mm Hg n 0.97 (0.91-1.03) 0.357
COVIDgram score, points . 1.01 (0.99-1.01) 0.726

[ I I I |
0.0 1.0 5 10 20 100

(B)

Risk Factor

>65 years of age

Odds Ratio (95% Cl)

p

= 4.76 (0.71-32.01) 0.108
Charlson comorbidity > 3 - 0.41 (0.05-3.43) 0.41
Diabetes 2.62 (0.50-13.65) 0.252
Hypertension - 0.91 (0.18-4.72) 0.917
Obesity - 1.46 (0.39-5.55) 0.572
Macroangiopathy 2.79 (0.39-19.87) 0.305
€GFR < 60 ml/min/m? - 1.18 (0.18-7.57) 0.858
Dry cough R S — 0.32 (0.09-1.10) 0.070
Troponin T > 14 ng/L ] 0.81 (0.09-6.84) 0.846
Hypogonadism = 1.66 (0.40-6.90) 0.483

[ \ I [ I
0.0 10 5 10 20 100
FIGURE 2 Low serum testosterone and spermatogenesis disruption associated factors in patients with severe pneumonia.

Variables were included as covariates if they showed significant associations in simple models. The 95% confidence intervals (Cls) of the odds
ratios have been adjusted for multiple testing. In bold, independent predictors associated with the outcomes. For the purpose of logistic
regression, variables were categorised regarding their 75 percentiles within this subpopulation, to show the impact of severe extreme values in
the outcomes. For the following variables, standard categorisations were followed: age 265 years, estimated glomerular filtration rate
(eGFR) < 60 ml/min/m?, respectively. Low serum testosterone was included in the impaired fertility potential model, given its strong association

at the time of assessment

(increased LH) in those who evolved unfavourably requiring IMV or de-
ceased, compared with those who improved or maintained a stable
condition. After adjustment for age and comorbidities, lower TT and CFT
were significantly associated with higher serum LDH, ferritin and pro-
calcitonin, as well as with an increased level of neutrophils and decrease
in lymphocyte count. The characteristics of the study populations could
explain these discrepancies.

Recently, Kadihasanoglu et al.?° reported in a cohort of
hospitalised patients that COVID-19 (n=89, 49.9+12.5 years)

was associated with decreased level of TT and increased level of

LH and prolactin, compared with cases with non-COVID-19 re-
spiratory tract infection (n=30, 52.7+9.6 years, and age-
matched controls admitted to urologic outpatient clinic for re-
productive function evaluation (n=143, 50+7.8 years). The
proportion of patients with testosterone deficiency (TT < 3 ng/ml)
in Groups 1, 2 and 3 was 74.2%, 53.3% and 37.8%, respectively
(p <.0001). These findings, despite being limited to patients
evaluated in the acute infection phase, support a greater im-
pairment of gonadal function in COVID-19 infection than in other
infectious processes and support a hypothalamic-pituitary origin
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of the dysfunction of the Leydig cells in the medium term, ac-
cording to our findings.

Post-mortem examinations of testicular tissue from 12
COVID-19 patients showed significantly reduced Leydig cells, as well
as oedema and inflammation in the interstitium.>® Whether
SARS-CoV-2 virus can be found in semen is still debated.?*%*

The factors found associated with low serum testosterone
(obesity, hypokalaemia and higher T-troponin) seem to reflect a
greater severity of the past illness. Obesity relationship was expected
as it may play a key role and contribute to the apparent age-related
decline of testosterone, as observed in middle-aged and older men in
the European Male Aging Study study®*; moreover, obesity re-
presents a risk factor for higher severity and worse prognosis in
patients with COVID-19 infection.?> Hypokalaemia is prevalent in
patients with COVID-19 pneumonia, and is an independent predictor
of IMV requirement and seems to be a sensitive biomarker of severe
progression of COVID-19,%° whereas high T-troponin levels are as-
sociated with disease severity and poor prognosis.”’

Impact of SARS-CoV-2 infection on male fertility is still lacking.
The studies had primarily focused on the detection of the virus in the

male reproductive tract. Recently, Li et al.”®

performed a thorough
investigation of male reproductive health in a hospital-based ob-
servational study that included autopsied testicular and epididymal
specimens of deceased COVID-19 male patients (n = 6) and recruited
recovering COVID-19 inpatients (n =23) with an equal number of
age-matched controls. Li et al.?® identified significant impacts of
SARS-CoV-2 on the male reproductive system as demonstrated by
impaired spermatogenesis (39.1% oligozoospermia); inflammatory
response in testis and epididymis (interstitial oedema, red blood cell
exudation, thinning of seminiferous tubules, higher number of
apoptotic cells within seminiferous tubules, an increased concentra-
tion of CD3+ and CDé68+ in the interstitial cells of testicular tissue
and the presence of immunoglobulin G within seminiferous tubules);
and altered seminal immune markers (increased seminal levels of
MCP-1
compared with control males) signifying immune impairment by
COVID-19 illness. All of these signs would be, for the authors, due to

an autoimmune orchitis. However, the ability of this novel cor-

interleukin-6, tumour necrosis factor-a and

onavirus to induce an autoimmune orchitis is not proven to date.?’
These recent data reinforce and give plausibility to our findings in
pituitary-gonadal axis of COVID-19 recovered patients, whereas
Sertoli cell dysfunction seems mediated by primary structural
damage in the seminiferous tubules.

Sertoli cell function declines with age in general population.*®
The loss of the association between older age and impaired fertility in
the population with severe pneumonia suggests that other COVID-
19-related conditions have a more relevant role.

It is important to point out that the time point of evaluation of
the pituitary-gonadal axis in the natural history of COVID-19 can be
essential to interpret testicular damage, since the alteration patterns
can be dynamic, as in other clinical entities. The absence of asso-

ciation between gonadal dysfunction and post-COVID syndrome

makes it unlikely that alterations in the pituitary-gonadal axis are
related to another systemic sequel.

Several viruses may cause orchitis in men. Among them, the
mumps virus is well known for its testicular tropism and for inducing
inflammation, decreased androgen production and degeneration of
the seminiferous epithelium that can lead to sterility.>° Orchitis de-
velops in 5%-37% of all adult patients infected with mumps.>* Uni-
lateral involvement is the most common, whereas bilateral
involvement occurs in 15%-30% of the patients with orchitis.>?
Bilateral orchitis leads to hypofertility with oligospermia and testi-
cular atrophy in 13% of those patients.®> Morphological studies of
mumps-associated orchitis showed the focused nature of the in-
mimicking COVID-19 fea-

tures.’ While seminiferous epithelium degenerated, Sertoli cells

flammation with interstitial oedema,*®

seemed little affected,® in contrast to the marked decrease in the
Sertoli cells observed in COVID-19.7*

Concerning the consequences of orchitis on testicular endocrine
function, Adamopoulos et al.>* described a severe alteration of
Leydig cell function during the acute phase of the disease, with a
drop in the testosterone level together with an increase in LH, a
pattern of primary origin of low serum testosterone, which differ with
our findings of secondary HPG axis damage in patients recovered
from active infection.

Limitations include the possible presence of undetected pre-COVID ab-
normalities in the patients, the exclusion of some patients with severe
comorbidity, deceased patients and the single-centre design; due to
shortage of PCR testing during the first wave of the pandemic, some mild
ambulatory cases of COVID-19 could had been clinically diagnosed and
likely not enroled in this study. TT was assessed only once and not with
mass spectrometry, and seminal analysis was not conducted. Genetic
testing of the patients was not performed to exclude potential genetic
reasons of gonadal dysfunction. Given the absence of a comprehensive
evaluation of symptoms and signs of testosterone deficiency, our findings
of low serum testosterone cannot be translated into the presence of
hypogonadism as a clinical and biochemical state. We compared the
prevalence of low serum testosterone using studies that had significantly
larger cohorts (i.e, European Male Aging Study),”” potentially with dif-
ferent baseline medical comorbidities; hence, whether the low serum
testosterone/infertility rates are truly higher in this population is unclear.
Finally, there was no control group; therefore, we cannot rule out that our
results are superimposable with the sequelae of other febrile viral pro-
cesses and not specific findings of SARS-CoV-2 infection. Long-term
follow-up to confirm these preliminary results and the potentially re-
versible gonadal dysfunction is mandatory.

This study has several strengths: (1) The size and the representativeness
of the sample (wide clinical spectrum of severity and representative of
comorbidity in western countries). (2) The re-evaluation time, after re-
covering from the acute phase. (3) The low serum testosterone evaluation
approach including CFT to avoid bias and the measurement of inhibin-B
as a sensitive marker of male fertility potential. (4) The analysis of the
characteristics of acute infection associated with gonadal damage, ad-

justed for confounding factors.
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In conclusion, this study provides the first direct evidence
about the medium-term influence of COVID-19 on pituitar-
y-gonadal axis and helps to bridge the existing gap in the field,
suggesting that more attention to the global gonadal function
among patients recovered from SARS-CoV-2 infection is needed.
The low serum testosterone does not appear to be related with
sequelae of the disease, but it is associated with a worse QoL.
Independently of the limitations of these preliminary results, it
should be acknowledged that the testis and pituitary-gonadal
axis are a target for SARS-CoV-2 and the possibility for long-
lasting consequences on the endocrine function exists, even for
recovered patients. We should be cautious while drawing con-
clusions from this medium-term data, whether this state of low
serum testosterone and impaired fertility potential is permanent

or temporary is a question that remains unanswered.
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