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Abstract 
 
Background A novel coronavirus causing corona virus 2019 (COVID-19) disease, the severe acute respiratory 

syndrome coronavirus 2 (SARS-CoV-2) was a serious cause of respiratory failure, cytokine release 
syndrome or myocarditis. The immune checkpoint blockade (ICB), cytotoxic T-lymphocyte 
associated proteins 4 (CTLA-4) and programmed cell death protein 1 / programmed death-ligand 
1(PD-1)/PD-L1) axis, has been a recognized standard of treatment in various cancers and in the 
prevention of several viral infections. 

Objective To evaluate soluble immune checkpoint levels (PD-1, PDL-1 and CTLA-4) in SARS-Cov-2 patients. 

Methods This cross-sectional study included 90 patients with confirmatory SARS-CoV-2 test by polymerase 
chain reaction (PCR), as they were seeking for treatment at Medical City in Baghdad's Teaching 
Hospital (BTH). Patients with SARS-Cov-2 were divided into two groups: first group were those with 
severe SARS-CoV-2 symptoms lowest oxygen saturation (less than 90% O2 saturation) and the 
second group are those with mild-moderate SARS-CoV-2 symptoms. The three ml of venous blood 
were taken from each patient to evaluate the levels of soluble PDL-1, PD-1, and CTLA-4 by using 
enzyme linked immunological sorbent test (ELISA). 

Results Data regarding serum level of CTLA-4, PD-1 and PD-L1 in mild-moderate and severe covid-19 
patients were found to be abnormally distributed. The median serum level of CTLA-4, PD-1 and PD-
L1 in mild-moderate groups was much lower than that of severe cases with highly significant 
differences. Age demonstrated a positive significant correlation with each of CTLA-4, PD-1 and PD-
L1. Soluble CTLA-4 had a positive significant correlation with each of PD-1 and PD-L1. Finally, PD-1 
had a positive significant correlation with PD-L1. 

Conclusion Soluble immune checkpoint markers are significantly increased in patients with severe covid-19   
cases and soluble immune checkpoint markers are positively significant correlated with age. 
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Introduction 
novel coronavirus at the end of 2019, an 
epidemic was discovered in Wuhan, 
Hubei Province, China (1). The same 

tropism receptor, angiotensin-converting 
enzyme 2 (ACE2), was used by both the severe 
acute respiratory syndrome coronavirus 2  
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(SARS-CoV2) and severe acute respiratory 
syndrome coronavirus 1 (SARS-CoV1)  to 
penetrate the host human cell ACE2 (2). Most 
corona virus 2019 disease (COVID-19) patients 
were relatively mild and moderate symptoms, 
but nearly exactly 15% progress to severe 
pneumonia and around 5% develop acute 
respiratory distress syndrome (ARDS), both of 
which require immediate treatment (3). 
Immune checkpoint blockade (ICB), which 
targets the cytotoxic T-lymphocyte associated 
proteins 4 (CTLA-4) and programmed cell death 
protein 1 / programmed death-ligand 1 (PD-
1)/PD-L1) axis, has been a recognized as 
standard of treatment in various cancers and in 
the prevention of several viral infections. 
Additional treatment modalities, such as 
radiation and chemotherapy, were employed 
more often in combination regimens that 
included both PD-1 and CTLA-4 (4). The immune 
checkpoints was mainly evolved as a tool to 
avoid immune attack that was very aggressive 
injury to healthy tissue, when response to 
acute and chronic infections, up-regulation of 
the PD-1, PDL-1 and CTLA-4 were shown, and 
checkpoint signaling modulation has shown 
early promise to enhance responses to 
infections that last a long time (5).  
The most common of the SARS-Cov-2 patients 
were elderly (between 30-79 years) to become 
mild; however, 14% were severe cases, and 
about 5% acquired critical illness with a 
significant death rate (6).  The severe SARS-Cov-
2 disease was linked to delayed innate immune 
responses, early immunosuppression, 
lymphopenia, typically neutrophilia and 
cytokine storm (7,8). The activity of immune 
cells, and hence the immune response, was 
closely controlled by a variety of stimulatory 
and inhibitory receptors that associated with 
SARS-Cov-2 infection (9). 

This study aimed to determine SARS-Cov-2 
patients' levels of soluble immunological 
checkpoints (PD-1, PDL-1, and CTLA-4).  
 
Methods 
Ninety patients with confirmed SARS-Cov-2 by 
Polymerase chain reaction (PCR) were included 
in this study, and they were seeking treatment 
at Medical City in Baghdad's Teaching Hospital 
(BTH). Patients with SARS-Cov-2 were divided 
into two groups: those with Severe SARS-Cov-2 
symptoms (low oxygen saturation) less than 90 
% and those with mild-moderate SARS-Cov-2 
symptoms. Patients with autoimmune illness, 
malignant, diabetes, under the age of 18 and 
pregnant women were excluded.    
A (3 ml) were obtained from each patient to 
evaluate the levels of soluble PDL-1, PD-1, and 
CTLA-4. The samples were separated by 
centrifugation at 3000 rpm for five minutes and 
kept at -20°C to be utilized for the enzyme 
linked immune sorbent test (ELISA). 
  
Results 
In this study, the patients with mild-moderate 
infection showed lower mean age (44.58±15.96 
years) than those with severe infection 
(56.73±10.85 years) with highly significant 
differences. Although mild-moderate group 
had higher frequency of females than severe 
group (51.11% vs. 33.33%), the difference was 
not significant (Table 1). 
Data regarding serum level of CTLA-4, PD-1 and 
PD-L1 in mild-moderate and severe COVID-19 
cases were found to be non-normally 
distributed. The median serum level of CTLA-4, 
PD-1 and PD-L1 mild-moderate group were 
0.57 ng/ml, 0.51 ng/ml and 0.64 ng/ml, 
respectively, which were much lower than that 
of severe cases (0.78 ng/ml, 0.88 ng/ml and 
0.89 ng/ml, respectively) with highly significant 
differences (Table 2). 
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Table 1. Demographic characteristics of the study population 
 

Check point markers 
Mild-moderate 

(n=45) 
Severe 
(n=45) 

P value 

Age (years) 
Mean±SD 

Range 
44.58±15.96 

19.0-87 

56.73±10.85 
24-85 

<0.001 

Sex 
Male 

Female 
22 (48.89%) 
23 (51.11%) 

30 (66.67%) 
15 (33.33%) 

0.088 

 
 
Table 2. Comparison of CTLA-4, PD-1 and PD-L1 levels between mild-moderate and severe cases 

of COVID-19 
 

Check point markers 
Mild-moderate 

(n=45) 
Severe 
(n=45) 

P value 

CTLA-4 (ng/ml) 
Mean±SD 
Median 
Range 

0.56±0.14 
0.57 

0.22-1.15 

0.86±0.3 
0.78 

0.42-1.73 
<0.001 

PD-1 (ng/ml) 
Mean±SD 
Median 
Range 

0.49±0.16 
0.51 

0.19-0.99 

0.89±0.26 
0.88 

0.45-1.65 
<0.001 

PD-L1 (ng/ml) 
Mean±SD 
Median 
Range 

0.65±0.26 
0.64 

0.2-1.65 

1.02±0.47 
0.89 

0.64-0.274 
<0.001 

 
 

Spearman’s correlation was used to explore 
the possible correlation between age and 
checkpoint markers and between checkpoint 
markers themselves. Age demonstrated a 
positive significant correlation with each of 
CTLA-4 (r = 0.281, P = 0.007), PD-1 (r = 0.282, P 

= 0.007) and PD-L1 (r = 0.219, P = 0.039). 
Soluble CTLA-4 had a positive significant 
correlation with each of PD-1 (r = 0.714, P 
<0.001) and PD-L1 (r = 0.602, P <0.001). Finally, 
PD-1 had a positive significant correlation with 
PD-L1 (r = 0.626, P <0.001) as shown in table 3. 

 
 

Table 3. Spearman’s correlation between age and check point markers  
 

Variable 
CTLA-4 PD-1 PD-L1 

r P value r P value r P value 

Age 0.281 0.007 0.282 0.007 0.219 0.039 
CTLA-4   0.714 <0.001 0.602 <0.001 
PD-1     0.626 <0.001 

 
 
Discussion 
The WHO classified the COVID-19 spread as 
pandemic on March 11th 2020 (10). COVID-19 
incidence and mortality have been associated 

with older age and comorbidities, resulting in a 
worse prognosis for weak patients and more 
frequently requiring hospitalization, intensive 
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care unit (ICU) admission, and invasive tracheal 
intubation (11). 
In this study, the characteristics of age groups 
Covid-19 حatients with mild-moderate infection 
associated with lower mean age than those 
with severe infection with highly significant 
differences. Although mild-moderate group 
had higher frequency of females than severe 
group but the difference was not significant. In 
China and Italy showed a case mortality rate of 
2.3% in COVID-19 individuals, with more than 
half of the deaths occurring in patients 50 years 
of age or older (12). Another previous study 
from Northern Italy showed that the total case-
fatality rate in individuals 64 years or older 
were 36%, compared to 15% in younger 
patients (13).  
In addition, the centers for disease control and 
prevention (CDC) recommended that the older 
persons should be more concern about COVID-
19 and they were at a higher risk of developed 
sever SARS-Cov-2 disease than younger adults 
(14). Also, other study that associated with risk 
age group includes clinical data on a large 
sample of COVID-19 patients who died in Italy 
(2020) that showed less than 9% of COVID-19 
patients who died were under the age of 65 
years. There were large proportion of patients 
had relevant chronic disease like cardiovascular 
disease, diabetes, cancer and respiratory 
disorders (15). So, the current study suggest that 
main age of severe SARS-Cov-2 cases older 50 
years of age could due to weaning of the 
immunity and the presence of associated 
disease like cardiovascular and other chronic 
diseases. 
The median serum level of CTLA-4, PD-1 and 
PD-L1 mild-moderate groups, which were 
much lower than that of severe cases with 
highly significant differences. This result was in 
agreement with another study in estimation of 
soluble immune checkpoint in SARS-Cov-2 
patients (16,17). When SARS-CoV-2 infects target 
cells, it activates both innate and acquired 
immune system cells, especially T cells and 
dendritic cells (DCs) leading to enhance the 
expression of PD-1 on the surface of 
monocytes and DCs while suppressing the 

functions and differentiation of CD4+ T-cells. 
Furthermore, once DCs deliver antigens to 
CD8+ T-cells, CTLA-4 attaches to its ligand (CD-
86), was located on the surface of DCs and was 
inhibits CD8+ T-cell activity (18).  
Although the immune checkpoint therapies 
appear to inhibit the immune system and 
hence may be regarded potentially hazardous 
in the context of COVID-19, they selectively 
target individual inflammatory cytokines or 
mediators rather than a wide panel of immune 
system components. In fact, cytokine inhibitors 
have the ability to reduce the 
hyperinflammatory state associated with 
COVID-19 and hence have a positive effect. 
This idea is backed by the fact that the pro-
inflammatory cytokines generated in COVID-19 
appear to be more important for the host 
inflammatory response than those engaged 
primarily in viral clearance (19).  
The Spearman's correlation was utilized to 
investigate the potential relationship between 
age and checkpoint markers, as well as 
between checkpoint markers themselves. The 
age had a strong positive correlation with 
CTLA-4, PD-1, and PD-L1, and the Soluble CTLA-
4 had a positive significant correlation with 
each of PD-1 and PD-L1. Finally, PD-1 had a 
positive significant correlation with PD-L1. 
Aging is also connected with a loss in immune 
system efficiency and changes to it (20). 
The highly level of this checkpoint that agree 
with a various study recently, established a link 
between T cell depletion (lymphopenia) and 
elevated expression of several inhibitory 
checkpoint molecules on T-cells in severe 
COVID-19 patients (21). When SARS-CoV-2 
infects target cells, it activates both innate and 
acquired immune system cells, especially T 
cells and DCs. Leading to enhance the 
expression of PD-1 on the surface of 
monocytes and DCs while suppressing the 
functions and differentiation of CD4+ T-cells. 
Furthermore, once DCs deliver antigens to 
CD8+ T-cells, CTLA-4 attaches to its ligand (CD-
86) that located on the surface of DCs and 
inhibits CD8+ T-cell activity (22). 
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In conclusions, soluble Immune checkpoint 
markers are significantly increased in patients 
with COVID-19 in severe cases, also these 
markers are positively significant correlated 
with age. 
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