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Abstract

Background
Males and females differ in their immunological responses to foreign pathogens. However, most of the
current COVID-19 clinical practices and trials do not take sex as consideration.

Methods
We performed an unbiased sex-based comparative analysis for the clinical outcomes, peripheral immune
cells, and SARS-CoV-2 speci�c antibody levels of 1,558 males and 1,499 females COVID-19 patients from
a single center. The lymphocyte subgroups were measured by Flow cytometry. Total antibody, Spike
protein (S)-, receptor binding domain (RBD)-, and nucleoprotein (N)- speci�c IgM and IgG levels were
measured by chemiluminescence.

Results
We found that the mortality and ICU admission rates were approximately 2-fold higher in males than that
in females (P < 0.005). Survival analysis revealed that sex is an independent prognostic factor for COVID-
19 (Hazard ratio = 2.2, P = 0.003). The concentration of in�ammatory factors in peripheral blood was
signi�cantly higher in males. Besides, the renal and hepatic abnormality induced by COVID-19 was more
common in males during the hospitalization. The analysis of lymphocyte subsets revealed that the
percentage of CD19 + B cell and CD4 + T cell was signi�cantly higher in females (P < 0.001) during
hospitalization, indicating the stronger humoral immunity in females than males. Notably, the protective
RBD-speci�c IgG against SARS-CoV-2 sharply increased and reached a peak in the fourth week after
symptom onset in females, while gradually increased and reached a peak in the seventh week in males.

Conclusions
The unfavorable prognosis of male COVID-19 patients may result from the weak humoral immunity and
indolent antibody responses during SARS-CoV-2 infection and recovery. Early medical intervention and
close monitoring are important, especially for male COVID-19 patients. Convalescent plasma therapy may
help improve the immunity of males to �ght against SARS-CoV-2 infection.

Background
Caused by the infection of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), The outbreak
of novel coronavirus disease 2019 (COVID-19) is a worldwide pandemic spreading in more than 210
countries and territories[1, 2]. As of August 11, 2020, a total of 19,936,210 con�rmed cases were reported,
of which 732,499 patients died (WHO situation report 204). There have been over 1,780,000 con�rmed
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cases, extremely challenging the public health and medical service around the globe. Investigating the
risk factors of susceptibility and prognosis for COVID-19 is necessary to help disease prevention and
precise therapy.

According to the previous reports, age is a risk factor of COVID-19[3]. In a report of 1099 patients with
COVID-19 from 552 hospitals in 30 provinces in China, patients with severe disease were older than those
with the non-severe disease by a median of 7 years[4]. As the fact that SARS-CoV-2 has an approximately
85% nucleotide sequence identity to SARS-CoV[5], which was the causal agent of the severe acute
respiratory syndrome outbreaks in 2003, the epidemiological risk factors may be similar between SARS-
CoV and SARS -CoV-2. In addition to age, epidemiological studies showed that the incidence and
mortality of SARS-CoV infection were sex-dependent[6]. Males were more susceptible, and experienced
more severe disease after SARS-CoV infection[7]. A recent case series study reported that 75% of patients
who died of COVID-19 were men[8]. Moreover, some researchers proposed that clinical trials for COVID-19
should include sex as a variable because of the biological difference between males and females[9].
Notably, experiments in mice indicated that ovariectomy or treating female mice with an estrogen
receptor antagonist increased mortality after SARS-CoV infection[10], suggesting the hormonal effect
plays an important role in the immune response against infection. However, the sex-based clinical
outcome, as well as the underlying biological difference in COVID-19 is still unclear. In this study, by
describing the clinical and laboratory characteristics of 3,057 COVID-19 patients from a single center, we
performed an unbiased sex-based comparative analysis for the clinical, cellular and molecular
differences in COVID-19. Our results will provide important information for the epidemiology and precise
therapy for this emergent pandemic.

Methods
Patients

We analyzed the laboratory test results of 3,057 COVID-19 patients, including 1,455 mild or moderate,
1,417 severe, and 150 critical cases, admitted from February 4 to March 30 at Wuhan Huoshenshan
Hospital. The severity degree of each patient was determined according to the clinical classi�cation
criterion in Diagnosis and Treatment Protocol for Novel Coronavirus Pneumonia released by the National
Health Commission (trail version 7). We obtained the clinical characteristics and laboratory �ndings of all
patients from the electronic medical records of the hospital. This study was approved by the Medical
Ethical Committee of Wuhan Huoshenshan Hospital. Written informed consent was obtained from each
patient.

The lymphocyte subgroup assay

The lymphocyte subgroups were measured by Flow cytometry (CytoFLEX �ow cytometry system,
Beckman coulter, Inc.) using commercially available kits (Beckman coulter, Inc.) according to the
manufacture’s protocol. Brie�y, the reagents of the BD six-color lymphocyte subgroup (FITC-CD3, PE-
CD16/PE-CD56, PerCP-Cy5.5-CD45, PE-Cy7-CD4, APC-CD19, and APC-Cy7–CD8) were mixed with the
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whole blood and incubated at room temperature for 20 minutes, followed by adding 1mL of a lysis
solution with 30 minutes incubating. The proportion of CD3+, CD3+/CD4+, CD3+/CD8+, CD3-/CD19+,
CD3-/CD56+/CD16+ cells in lymphocytes was analyzed with the software.

Serum anti-SARS-CoV-2 antibodies assay

Total SARS-CoV-2 IgM or IgG in the serum was measured by chemiluminescence using commercially
available kits (Shenzhen YHLO Biotech Co., Ltd.), which was coated with N and S proteins, in 1850
patients at different time points. 416 of these patients were tested for S-speci�c, RBD-speci�c, and N-
speci�c IgM and IgG levels at different time points by chemiluminescence using commercially available
kits (Nanjing RealMind Biotech Co., Ltd.), including 126 mild or moderate patients, and 290 severe or
critical patients. Brie�y, the blood samples were centrifuged at room temperature, the supernatant was
taken and incubated with antigen-coated magnetic beads. The antigen-antibody complex is then
captured, incubated, and reacted with hydrogen peroxide in an excitatory buffer. Relative luminescence
intensity was recorded in the ACL2800 chemiluminescence system (Nanjing RealMind Biotech Co., Ltd.).
The relative luminescence intensity was converted to AU/ML antibody levels.

De�nition of physiological functionabnormalities

We identi�ed the cardiac function abnormality patients based on the level of B-type natriuretic peptide
(BNP). BNP levels greater than the maximum of the normal range were considered as an abnormality.
The abnormality of the level of creatinine (CRE) and/or blood urea nitrogen (BUN) was used to recognize
the patients with renal function abnormality. Besides, patients who had glutamic-pyruvic transaminase
(ALT), glutamic oxalacetic transaminase (AST), alkaline phosphatase (ALP), and/or
glutamyltranspeptidase (GGT) 2-fold greater than the normal upper limit were thought to be hepatic
function abnormality.

Survival analysis

Survival was estimated according to the Kaplan–Meier method. The log-rank test was used to assess
statistical signi�cance. To recognize the risk factors for COVID-19, age, sex, pre-existing diseases, days
from symptoms onset to admission, and days from admission to discharge were evaluated in univariable
Cox regression models for outcome. P values < 0.05 were considered statistically signi�cant. The
signi�cant factors of univariable analysis were further analyzed by multivariable Cox proportional
hazards model.

Statistical analysis

We used the Wilcoxon rank-sum test or Fisher’s exact test to compare the difference between groups
where appropriate. Continuous and categorical variables were presented as median (IQR) and n (%),
respectively.
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Results

Sex is an independent prognostic factor for COVID-19
To evaluate the relationship between sex and COVID-19 susceptibility and prognosis, we compared the
clinical characteristics and outcomes between male and female patients (Table 1). There were 1,558
males and 1,499 females in our cohort, implying that the susceptibility of SARS-CoV-2 might be not
associated with sex. There are more patients with the pre-existing chronic obstructive pulmonary disease
among males than females (96 (6.2%) vs. 51 (3.4%) among males and females, respectively, P < 0.001),
perhaps because the male smoking rate is much higher than that in Chinese females (288 million men vs
12.6 million women were smokers in 2018)[11]. Besides, pre-existing chronic liver disease was more
common in males (57 (3.7%) vs. 26 (1.7%) in males and females, respectively, P = 0.002). Although the
hospitalization time had no signi�cant difference between sexes, the severity of COVID-19 was
signi�cantly associated with sex (P = 0.002), as the percentages of critically ill patients were 6.2% vs.
3.5% in males and females, respectively. During the hospitalization, 73 (4.69%) males and 41 (2.74%)
females got admitted to the ICU eventually (P = 0.005). Notably, the mortality in males was more than 2-
fold higher than that in females, with 46 (3.0%) males and 21 (1.40%) females died (P = 0.004) in our
cohort (Table 1). To further assess the outcomes of different sexes, we performed survival analysis for
3,057 COVID-19 patients (Fig. 1A). Results showed that males had signi�cantly unfavorable outcomes
(log-rank test, P = 0.004, HR = 2.1, 95% CI: 1.3–3.6). By integrating age, sex, hospitalization time, and
various pre-existing diseases to perform univariable and multivariable Cox Regression (Table 2,
Supplementary Table S1), we found that sex is an independent risk factor for COVID-19 (HP = 2.2, P = 
0.003, 95% CI: 1.31–3.74). Besides, age and intervals from symptoms onset to admission were also
signi�cant independent risk factors for COVID-19, indicating the crucial role of timely medical intervention
for COVID-19 patients.



Page 7/16

Table 1
Comparison of Clinical Characteristics and outcomes between Males and Females

Characteristics Total

(N = 
3057)

Male

(N = 
1558)

Female

(N = 
1499)

P-
value

Age (yr.)– median (IQR) 60 (49–
68)

60 (48–
69)

60 (51–
68)

0.2

Pre-existing diseases – no. (%)

Hypertension 931
(30.5)

474
(30.4)

457
(30.5)

1

Diabetes 419
(13.7)

228
(14.6)

191
(12.7)

0.1

Cardiovascular disease 348
(11.4)

178
(11.4)

170
(11.3)

1.0

Cerebrovascular disease 124 (4.1) 68 (4.3) 56 (3.7) 0.4

Malignancy 80 (2.6) 42 (2.7) 38 (2.5) 0.8

Chronic obstructive pulmonary disease 147 (4.8) 96 (6.2) 51 (3.4) < 
0.001

Chronic renal disease 52 (1.7) 29 (1.9) 23 (1.5) 0.5

Chronic liver disease 83 (2.7) 57 (3.7) 26 (1.7) 0.002

Immunode�ciency 10 (0.3) 1 (0.06) 9 (0.6) 0.02

Days from symptoms onset to admission(d) –
median (IQR)

25 (14–
35)

24 (14–
35)

25 (15–
35)

0.1

Days from admission to

discharge(d) – median (IQR)

13 (8–
19)

13 (8–
19)

13 (8–
19)

0.9

Days from symptoms onset to admission(d) –
median (IQR)

25 (14–
35)

24 (14–
35)

25 (15–
35)

0.2

Days from admission to

discharge(d) – median (IQR)

13 (8–
19)

13 (8–
19)

13 (8–
19)

0.8

Degree of severity – no. (%) 0.002

Mild/Moderate 1455
(47.6)

739
(47.4)

716
(47.8)

 

Severe 1417
(46.4)

700
(44.9)

717
(47.8)

 

*IQR: interquartile range
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Characteristics Total

(N = 
3057)

Male

(N = 
1558)

Female

(N = 
1499)

P-
value

Critical 150 (4.9) 97 (6.2) 53 (3.5)  

ICU admission – no. (%) 114 (3.7) 73 (4.7) 41 (2.7) 0.005

Clinical outcomes – no. (%) 0.004

Discharge from hospital 2940
(96.2)

1481
(94.9)

1459
(97.3)

 

Death 67 (2.2) 46 (3.0) 21 (1.4)  

*IQR: interquartile range

Table 2
Multivariable analyses of survival of COVID-19 patients

Variable HR* 95% CI* P-value

Age 1.1 1.0-1.1 < 0.001

Sex 2.2 1.3–3.7 0.003

Days from symptoms onset to admission(d) 0.9 0.9-1.0 < 0.001

*HR: hazard ratio, 95%CI: 95% con�dence interval

Furthermore, we compared the levels and dynamic changes of laboratory indicators associated with
COVID-19 prognosis between sex. Previous studies reported that the ratio between neutrophil and
lymphocyte percentage is an important index for the prognosis of COVID-19[12]. Patients with lower
lymphocyte percentage and higher neutrophil percentage often have a poor outcome[13]. Our results
showed that the lymphocyte percentage was signi�cantly lower in males than that in females throughout
the hospitalization (23.0 [14.2–30.4] % vs. 27.0 [19.2–33.5] % in males and females, respectively, P < 
0.001, Fig. 1B). On the contrary, neutrophil (65.4 [57.1–75.7] % vs. 62.4 [55.2–71.0] % in males and
females, respectively, P < 0.001, Fig. 1C) was higher in males than that in females throughout the
hospitalization. Besides, the concentration of C-reactive protein (CRP) was signi�cantly higher in males
during hospitalization (3.5 [1.1–17.3] mg/L vs. 2.1 [0.8–7.4] mg/L in males and females, respectively, P < 
0.001, Fig. 1D), suggesting the increased in�ammatory responses in males. Meanwhile, the level of
in�ammatory cytokine Interleukin-6 (IL-6) was higher in males (5.9 [2.9–30.9] pg/mL vs. 4.4 [2.6–15.3]
pg/mL in males and females, respectively, P < 0.001), especially that the median IL-6 level in males was
signi�cantly higher than the normal range (Fig. 1E). Furthermore, we compared percentages of abnormal
the above four indicators between sexes. The abnormal percentages of males, except of IL-6, are more
than females (P < 0.001, Fig. 1B-1E). Recent studies reported that the elevated level of cytokines (or even
cytokine storm) could lead to acute pulmonary injury and acute respiratory distress syndrome (ARDS),
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related to the ICU admission and death[14]. In our cohort, the levels of IL-6 and CRP are both signi�cantly
higher in males than these in females(P < 0.001, Fig. 1D-E). Thus, our results showed that males with
COVID-19 were more prone to experience severe in�ammation and increasing cytokine level. In addition,
we compared the number of patients with cardiac, renal, and hepatic function abnormality induced by
COVID-19 between males and females during hospitalization (Supplementary Figure S1, Supplementary
Table S1). Results showed that the percentage of COVID-19-induced renal (6.5% [102/1588] vs. 4.2%
[63/1499] in males and females, respectively, P = 0.002) and hepatic abnormalities were signi�cantly
higher in males than that in females (40.9% [650/1588] vs. 31.7% [475/1499] in males and females,
respectively, P = 0.003). It is important to closely monitor the cytokine levels and other indicators for male
COVID-19 patients, and provide timely treatment.

Males have weak humoral immunity during the infection and recovery of COVID-19

The latest study demonstrated that the humoral and cellular immune response plays an important role in
defending against SARS-CoV-2 infection[15]. To explore the underlying immunological basis of the
relatively poor clinical outcomes in males, we analyzed the sex differences in lymphocyte subsets,
including CD4 + T cells and B cells (Fig. 2). The results showed that the percentages of B cells (9.1 [5.85–
13.35] % vs. 11.2 [8.2–14.4] % in males and females, respectively, P < 0.001, Fig. 2) and CD4 + T cells
(38.6 [33.5–44.6] % vs. 43.0 [35.9–48.3] % in males and females, respectively, P < 0.001, Fig. 2) were
remarkably higher in females than that in males. And in the abnormal groups, males are also more than
females (P < 0.05, Fig. 2). B cells play a pivotal an role in humoral immunity by differentiating to plasma
cells under the stimulation of foreign antigens, and plasma cells can synthesize and secrete speci�c
antibodies against virus infection[16]. Besides, CD4 + T cells are indispensable in helping the
differentiation from B cells to plasma cells[17, 18]. The higher percentages of B cells and CD4 + T cells in
females indicated that females had stronger humoral immunity than males during the infection and
recovery of COVID-19. These results suggested that males and females had different humoral and
cellular immune responses in SARS-CoV-2 infection and recovery.

The response of SARS-CoV-2 speci�c IgG is more rapid in females than in males

As the observed stronger humoral immunity in females, we further compared the dynamic changes of
Spike protein (S)-, receptor binding domain (RBD)-, and nucleoprotein (N)- speci�c IgM and IgG levels
during SARS-CoV-2 infection and recovery between males and females (Fig. 3, Supplementary Figure S2).
We observed similar dynamic trends of total IgM and IgG in males and females, except that the total IgG
reached a relatively high level in the third week after symptom onset in females, while it took 4 weeks for
the males to get the comparable antibody level. The N-speci�c IgG level showed no obvious differences
between males and females. Notably, as one of the most important neutralizing antibodies against SARS-
CoV-2[19], the RBD-speci�c IgG level sharply increased within the �rst 4 weeks after onset in females.
However, the RBD-speci�c IgG level increased much more slowly in males, and it took at least 7 weeks for
males to reach a comparable level of the fourth weeks in females. The RBD-speci�c IgG levels were 11.3
AU/ML and 34.3 AU/ML in the fourth week in males and females, respectively. Moreover, the dynamic
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changes of the S-speci�c IgG level showed a similar trend with RBD-speci�c IgG. Our results indicated
that although the S- and RBD- speci�c IgG levels continuously increased in males during the COVID-19
recovery, the response of these protective antibodies was much slower in males than that in females.

Discussion
Although previous epidemiological studies reported that the mortality of males was signi�cantly higher
than females[20], the underlying cellular and molecular mechanisms have not been comprehensively
analyzed due to insu�cient sample size of test data. In this study, using a homogeneous data from a
single-center, we described the clinical and laboratory characteristics of 3,057 COVID-19 patients (1,558
males and 1,499 females) and performed a comparative analysis for clinical outcomes and
immunological responses between males and females. Our results showed that the mortality, ICU
admission rate, and percentage of critical cases were approximately 2-fold higher in males than that in
females. Sex is an independent prognostic risk factor for COVID-19. The concentration of in�ammatory
factors in peripheral blood was signi�cantly higher in males, indicating a higher risk of the cytokine
storm. Besides, the renal and hepatic abnormality induced by COVID-19 was more common in males
during the hospitalization. The further immunological analysis revealed that females have stronger
humoral immunity than males during the infection and recovery of COVID-19, and the response of
protective antibodies was much slower in males than that in females.

In this decade, it is increasingly acknowledged that males and females differ in their immunological
responses to foreign and self-antigens, including both innate and adaptive immune responses[21].
Studies showed that females have stronger immune responses against various diseases, such as HIV
infection and cancer[22, 23]. Furthermore, for vaccination, females have greater responses and may
experience greater e�cacy than males[9].

In addition, our results showed that the response of S- and RBD- speci�c antibodies were much slower in
males than that in females after SARS-CoV-2 infection. The indolent antibody responses in males may
lead to their rapid progression of the disease. This result indicated the importance of early medical
intervention for males with COVID-19. Furthermore, immunotherapy such as early plasma transfusion
may enhance the immunity of male patients through improving the original antibody level. Moreover,
males have a higher risk of cytokine storm, and renal, hepatic abnormalities during the hospitalization.
Closely monitoring of various indicators is necessary, especially for severe male patients.

Conclusions
In this study, by analyzing the sex-based clinical and immunological differences in a large COVID-19
cohort, we found that the poor prognosis of male COVID-19 patients may due to the weak humoral
immunity and indolent antibody responses during SARS-CoV-2 infection and recovery. Meanwhile, it is
important for male patients to be early intervened and closely monitored. Our results will provide
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important information for the epidemiology and precise medical intervention for COVID-19, and shed new
light on the development of hormonal and immunological therapy for males.
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COVID-19: coronavirus disease 2019; SARS-CoV-2:severe acute respiratory syndrome coronavirus 2;
S:Spike protein; RBD:receptor binding domain; N:nucleoprotein; CRP:C-reactive protein; IL-6:in�ammatory
cytokine Interleukin-6; ARDS:acute respiratory distress syndrome; BNP:B-type natriuretic peptide;
CRE:creatinine; BUN:blood urea nitrogen; ALT:glutamic-pyruvic transaminase; AST:glutamic oxalacetic
transaminase; ALP:alkaline phosphatase; GGT:glutamyltranspeptidase;
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Figure 1

Survival analysis and comparison of prognostic indicators between males and females. (A) Sex-based
survival analysis of COVID-19 patients. (B-E) Differences of laboratory �ndings in male and female
patients. The x-axis displays the group of sexes. The y-axis displays the level of prognostic indicators or
abnormity based on percentage or percentage after logarithmic transformation. Quadruple tables record
numbers of patients in abnormal and normal states in different sexes.
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Figure 2

Comparison of lymphocyte subsets in peripheral blood between males and females. Differences of
lymphocyte subsets in male and female patients. The x-axis displays the group of sexes. The y-axis
displays the percentage of immune cells or abnormity. Quadruple tables record numbers of patients in
abnormal and normal states in different sexes.

Figure 3

The dynamic changes of antibodies against SARS-CoV-2. The x-axis displays the weeks after admission.
F indicates the number of tests of females, and M indicates the number of tests of males. The y-axis
displays the level of IgG level. The red line based on median is used to pro�le the variation tendency of
the females, and the blue line based on median is used to pro�le the variation tendency of the males.
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