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ARTICLE INFO ABSTRACT

Keywords: Recently, there is increasing evidence that coronavirus disease 2019 (COVID-19) causes men to experience more
IgM serious symptoms and have a higher mortality rate than women, but the association between sex and immune
1gG

response stays unknown till now, and weather patient’s prognosis associated with sex or not is another vague in
COVID-19. In this study, the SARS-CoV-2-specific antibody titer test was performed for 727 patients who were a
positive RT-PCR result for COVID-19 and we determined the difference in immune response in both genders.
Patients were divided into two groups based on their genders, which were 383 males and 344 females. Plasma
was collected from the patients after 17 days of diagnosis with COVID-19, and the concentrations of specific
antibodies (IgG and IgM) was measured by multiparametric immunoassay system (VIDAS). Results demonstrated
that there was no significant difference in both IgM and IgG production in male participants compared to women.
Moreover, despite there was a weak significant positive association between age and IgM in male patients, while
there was no significant correlation between IgG and age for the same gender. On the other hand, a slight positive
correlation between IgM and IgG with age was observed in female participants. Finally, it concluded that there
was no sex biases in patients with COVID-19 in Erbil, Iraq. So, these findings are crucial to treat and care male
and female’s patients infected with COVID-19 at hospitals.

SARS-CoV-2
Sex differences

1. Introduction 2020). Later that, the World Health Organization (WHO) introduced
outbreak of SARS-CoV-2 as a pandemic on March 11%, 2020. It has

SARS-CoV-2, a type of novel coronavirus, was initially identified in become increasingly evident that gender has relationship with disease
November 2019 in several cases in China-Wuhan city (Khailany et al., severity in which Covid-19 develops in males with severe symptoms and
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high mortality rate. In England, a cohort study that includes 17 million
adults declared that male sex is significantly associated with death risk
by SARS-Cov-2 (hazard ratio 1.59, 95% CI 1.53-1.65) (Williamson et al.,
2020). About 60% of affected people died by COVID-19 worldwide were
men (Gebhard et al., 2020).

The higher incidence and higher mortality rate of COVID-19 in men
compared to women is due to differences in biological factors (including
differences in DNA, reproductive organs, and steroid hormones), and
gendered-related issues such as practicing the traditional and social
aspects (Gebhard et al., 2020). Social aspects that have negative effects
on health are more in men as compared to women such as smoking, drug
and alcohol abuse (Griswold et al., 2018). Men have higher age adjusted
rates of coexistence of such diseases such as chronic obstructive pul-
monary disease (COPD) which is obstruction of airflow from lungs and
cardiovascular disease (CVD), both of them linking to a weak COVID 19
prognosis (Mehmet et al., 2020; Junejo et al., 2020; Junejo et al., 2021;
Petrilli et al., 2020; Grasselli et al., 2020; Zhou et al., 2020; Mehra et al.,
2020). Furthermore, even after controlling for age, impact of co-
morbidities on mortality by COVID-19 is higher in men as compared
to women, according to a stratified study (Jin et al., 2020).

Previous researches demonstrated that sex could have a significant
impact on infection outcomes and was linked to fundamental variations
in immune responses to the diseases in human (Safdar et al., 2021;
Fischer et al., 2015, Klein and Flanagan, 2016). For example, men have a
significantly higher prevalence of hepatitis A (a viral liver disease) and
tuberculosis (a bacterial infection) than women (Guerra-Silveira and
Abad-Franch, 2013). Moreover, the viral titter of human immunodefi-
ciency virus (HIV) as well as hepatitis C virus (HCV) is considerably
higher in male patients suffering from AIDS and HCV (Moore et al.,
2003; Collazos et al., 2007). Females, conversely, react to vaccines with
a greater immune response (Fink et al., 2018). These results give a
common idea that females could be more resistance and have high im-
munity against infectious agents. Nevertheless, the exact mechanism of
development of COVID-19 by SARS-CoV-2 in male patients with serious
outcomes in comparison with female patients is still unclear.

Finding and identifying the antibodies against SARS-CoV-2 was
applied for prevention, management and control program of COVID-19
(Zhejiang et al., 2020). Currently, the antibody is commonly used for
patients to clinically diagnose COVId-19 in China (Zeng et al., 2020).
Antibody tests for IgM and IgG are positive in which both IgM and IgG
are detected approximately 1 week after symptom onset (Xiang et al.,
2020). There is not effective treatment for COVID-19. In addition, it is
observed that SARS-CoV-2 IgG has protective role against SARS-CoV-2.
Accordingly, SARS-CoV-2 IgG isolated from patients recovered from
severe COVID-19, transfers to recipient patients (Shen et al., 2020; Malik
et al., 2021; Tazerji et al., 2020) that could significantly neutralize the
virus and mitigate the symptoms (Tazerji et al., 2020). However, it is
unknown if men and women patients with COVID-19 have different
levels of SARS-CoV-2 IgG.

In this study, we aimed to figure out the immune responses of male
and female patients against SARS-CoV-2 in Erbil, Iraq. In addition, we
analyzed and assessed SARS-CoV-2 IgM and IgG levels following to the

Table 1
Demographic and clinical data

COVID-19 (N=727)

Mean (SEM) Median (IQR)
Age (years) 44.40 + 0.633 42.50 (32.00-56.00)
Gender
Male 383
Female 344
IgM (IU/mL) 2.253 + 0.170 0.365 (0.150-1.665)
IgG (IU/mL) 6.319 + 0.411 0.865 (0.020-7.715)

IQR, interquartile range; IgG, immunoglobin G; IgM, immunoglobin; SEM,
standard error of mean
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difference in sex in the context of immune phenotype (Table 1).
2. Materials and methods

All participants are COVID-19 patients who were admitted in Riza-
gari hospital, Erbil, Iraq. They were diagnosed by RT-PCR fulfilling the
criteria of new coronavirus pneumonia prevention and control program
(Zhejiang et al., 2020). A total of 727 patients enrolling into the hospital
between 1 December and 31 March of 2021 were divided into Male
(383) and Female groups (344). The blood was taken from patients and,
plasma samples were employed to measure SARS-CoV-2 antibodies (IgG
and IgM) by Biomerieux kit in VIDAS instrument.

2.1. Statistical analysis

GraphPad prism 6.0 was used for doing statistics and making graphs.
The data were non-parametric since they did not obey the criteria of
parametric data (they did not pass normality test of De-Agostino, Sha-
piro and Kolmogorov). The comparison of parameters between male and
female group were done by Mann-Whitney U test while the correlation
between them were done by spearmen correlation. The data are non-
parametric and were represented by median and interquartile range
(IQR). P-value less than 0.05 regarded as statistically significant (Fig. 1).

3. Results

We first examined age and titers of SARS-CoV-2 IgM antibodies be-
tween male and female groups. We found that the median and IQR of
IgM antibodies in male group (0.290 (0.120-1.483)) had on average a
non-significant difference (P-value=0.410) than the female group
(0.570 (0.020-7.610)). The median of age was also showed non-
significant change between two groups (43.00 (33.00-57.00) in male
vs 42.00 (30.75-55.25) in the female). The titer of SARS-CoV-2 IgG
antibodies were also comparable (Table 2, Fig. 2a). We found that the
median of IgG antibodies of male group (0.570 (0.020-7.610)) was also
non-significantly differed than the IgG of female group (1.170
(0.020-7.720)) (Table 2, Fig. 2b).

The SARS-CoV-2 antibodies were also correlated with the age in both
male and female group. The relation revealed that in male patients,
levels of IgM antibody were weakly positively correlated with age (r =
0.104, P = 0.046) (Fig. 3a, Table 3), whereas there was no association
between levels of IgG antibody and age (r = 0.103, P = 0.056) (Fig. 3b,
Table 3). By contrast, in female patients, levels of IgM and IgG anti-
bodies were weakly positively associated with higher age (r = 0.137, P
=0.011) (r = 0.218, P < 0.0001) (Fig. 3c,d, Table 3).
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Fig. 1. Comparison of ages in male and female COVID-19 patients.
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Table 2

Comparisons of IgM, IgG and age in male and female groups.
Parameters Male (Median + IQR) Female (Median + IQR) p-Value
1gM (IU/mL) 0.290 (0.120-1.483) 0.570 (0.020-7.610) 0.410
1gG (IU/mL) 0.570 (0.020-7.610) 1.170 (0.020-7.720) 0.332
Age (Years) 43.00 (33.00-57.00) 42.00 (30.75-55.25) 0.225

Comparison between parameters were done by the Mann-Whitney U test. IQR,
interquartile range; IgG, immunoglobin G; IgM, immunoglobin.

4. Discussion

Results obtained from patients infected with SARS-CoV-2 revealed
that there are no significant differences in immune responses between
men and females. Firstly, the level of essential anti-S1-antibody such as
IgG and IgM in both infected genders with SARS-CoV-2 were not sig-
nificant statistically in our study. Secondly, the direct correlations be-
tween antibody production and age in female participants have been
observed. There was also no correlation found between IgG and patients
age in our population.

More importantly, IgG level in infected women is higher than in men,
pretending why the survival rate and better patient’s prognosis are
higher in females (Zeng et al., 2020; Xiang et al., 2020). However, there
were no significant differences in IgG level in both genders in our study.
Our data was quite different from Kutsuna et al. (2021) results that
showed men have a higher antibody titers concentration than women.
Also, our finding was different from Robbiani et al. (2020) results, which
found that antibody titers in men are lower than in women. Although
this discrepancy could be affected by genetic bases and also non genetics
local factors, finding the possible cellular and molecular mechanisms
explaining the antibody outcome stays unknown and require further
investigation.

Furthermore, according to one of the studies performed by Sarhan
et al. (2020) in Iraq, in which its antibody level production was close to
our participant, the survival rate in men is lower than in females.
However, antibody production level may not be the only reason for
having a higher death rate in men compared to women in our study but,
it might be due to men having a worse lifestyle than women such as
smoking and alcohol consumption (Griswold et al., 2018). The presence
of androgens and androgen receptors, higher expression of TMPRSS2
may be responsible for having a higher death rate in a male. TMPRSS2
are participating in SARS-CoV-2 infection combined with immunosup-
pressive effects of Androgens and comorbidities might have a role in the
severity of the disease. On the other hand, a higher survival rate in
women may be due to estrogens’ protective function, which has a role in
having more robust innate immune response necessary for having a
faster clearance of virus loads in female (Chakravarty et al., 2020).
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Even though the physiologic mechanisms explaining the relationship
between antibody production and age in the Iraqi population stay un-
identified, evidences provide that SARS-CoV-2-specific antibody re-
sponses can be different in numerous age categories such as children and
adults compared to those who possibly tried various clinical manifes-
tations (Weisberg et al., 2021).

Although finding a similar immune response in infected male and
female with COVID-19 in our population is a crucial results and demands
further investigation to figure out the mechanism, limitations exist in
analyses of this article should be considered. Firstly, samples from
healthy individuals have been taken and used as a control. Secondly,
viral RNA, cytokine and chemokine concentrations for our participants
have not been measured.

5. Conclusions

In conclusion, our results demonstrated that there was no significant
differences between men and females infected with COVID-19 in Erbil,
Iraq, and this vital outcome clarified that a different therapeutic
approach for male and female is not necessary. Furthermore, SARS-CoV-
2 IgG and IgM antibody concentrations in our population are pretty
similar in both males and females.
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immunoglobin M; NS, non-significant.

Table 3

Correlation between some studied parameters in COVID-19 patients.
X variable Y variable r P-value
Age (M) IgM 0.104 0.046
Age (M) 18G 0.103 0.056
Age (F) IgM 0.137 0.011
Age (F) IgG 0.218 <0.0001

Correlation between parameters were done by the Spearman correlation coef-
ficient, M, male; F, female, r, correlation coefficient, IgG, immunoglobin G; IgM,

immunoglobin.
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