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ABSTRACT 

Objective: To explore the role of lymphocyte count as a predictor of severity biomarkers in COVID-19 patients. 
Study Design: Comparative cross-sectional study. 
Place and Duration of Study: Pak Emirates Military Hospital, Rawalpindi Pakistan, from Sep 2020 to Jan 2021. 
Methodology: A total of 120 patients were enrolled for this study. We analyzed the blood samples of the affected patient in a 
certified laboratory. From blood samples, we deduced information related to leucocyte count, neutrophils, lymphocyte 
(cells×109/L) counts, ferritin (ng/mL), CRP (mg/dL), d-Dimer (mg/mL), lactate dehydrogenase (LDH, U/L) and lymphocyte 
subsets. 
Results: In critical condition cases, we observed a massive decrease in CD3+CD4+T cell count by 49% (278+124.53 vs 
545+138.32), CD4+/CD8+ratio by 30% (0.72+0.14vs1.00+0.04) and CD4+MFI by 17% (21834+1150.03 vs 26287+920.86) as 
compared to the Non-Critical Group (p-value<0.001). Comparatively, the ferritin and LDH levels were high in the Critical 
Group (p-value <0.001). 
Conclusion: After the results, our study concluded that lymphocyte count plays a vital role in the early determination of 
COVID infection. We observed that a decrease in CD8+ count highly contributes to the severity of COVID-19. 
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INTRODUCTION 

With the widespread range of SARS-COVID-19  
virus, many scientists claim that it will occasionally 
come in the future to target poor economic countries 
by causing a huge burden on the healthcare system.1,2 
Initial symptoms of this deadly virus were very similar 
to pneumonia, creating obstacles to distinguishing 
these two viruses at the initial stage.3 Many researchers 
examined pulmonary opacity in COVID-19 patients 
with CT imaging.4,5 Close contacts and respiratory 
droplets are the reason for the widespread of this 
virus. Some researchers claimed that the faeces of 
affected patients might transmit it.6,7 In many regions, 
symptoms were mild to moderate, but some patients 
reported severe respiratory failure within 7-8 days of 
symptom onset.8 Comorbidities and poor immune 
systems are vital in the high morbidity and mortality 
ratio. Up to 25% of severe cases need immediate ICU 
assistance.4 In many critical patients, cytokine storms 
and immune system dysfunction were highly 
observable.9 In recent years, very limited literature has 
been produced on the role of lymphocyte subsets in 

SARS-CoV-2 infection. One of the studies observed a 
decline in CD3+, CD4+, and CD8+ T cell counts and 
CD4+/CD8+ ratio in the early stage of SARS compared 
to other viral diseases like HIV or BVB infection.6 
Variations in lymphocyte count were observed at 
different phases of SARS infection to define its 
association with COVID-19, but still, the role of 
lymphocyte count needed to be studied.10 This study 
was designed to explore the role of lymphocyte count 
as a predictor of severity biomarkers in COVID-19 
patients. 

METHODOLOGY 

The comparative cross-sectional study was 
conducted at Pak Emirates Military Hospital, Rawal-
pindi Pakistan, from September 2020 to January 2021. 
The study was conducted after ethical approval from 
the Hospital Administration and Research Committee 
(ERC number A/28/EC/281/2021). 

Inclusion Criteria: Patients admitted with a respir-
atory rate ≥30 breaths per minute, PaO2 <92% while on 
FiO2 ≥0.35; PaO2/FiO2 ratio <200, need mechanical 
ventilation, were included. 

Exclusion Criteria: Patients above 75 years, patients of 
chronic renal disorders; severe pulmonary obstructive 
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disease; history of chemotherapy and hemodialysis, 
were excluded. 

The subjects admitted in COVID Intensive care 
and high dependency units were selected from an even 
number of beds at regular intervals every fortnight.  
Informed consent was taken from all patients at the 
start of the study. Information related to demograp-
hics, date of symptoms onset, admission date of 
patients, and active cardiovascular risk factors were 
collected from each patient. Information related to 
patient discharge and worst symptoms were also 
noted for this study. We analysed blood samples of 
affected patients in a certified laboratory. This informa-
tion included observation of total leucocytes, neutrop-
hils, lymphocyte (cells×109/L) counts, ferritin (ng/ 
mL), CRP (mg/dL), d-Dimer (mg/mL), lactate dehydr-
ogenase (LDH, U/L) and lymphocyte subsets. A total 
of 120 patients were enrolled for this study. Out of 
these 120, fifty patients were categorized as critically 
ill, and twenty-six underwent a thorough thoracic CT 
scan. Among these, ten patients had pulmonary throm-
boembolism along with COVID-19. 

We analysed the lymphocyte subpopulation by 
adding a panel of monoclonal antibodies in blood 
samples. We used flow cytometry to collect the sample 
and analyzed it using the BD FACSuite™ Clinical 
Software version. Absolute numbers of cells were obta-
ined using TruCount tubes. On the other hand, FlowJo 
software was used to measure the median fluorescence 
intensity (MFI) of different markers. 

Statistical Package for Social Sciences (SPSS) 
version 23.0 was used for the data analysis. Quanti-
tative variables were expressed as Mean±SD and 
qualitative variables were expressed as frequency and 
percentages. Independent sample t-test was applied to 
explore the inferential statistics. The p-value lower 
than or up to 0.05 was considered as significant. 

RESULTS 

In the limited timeframe of the study, we obser-
ved 50(41.6%) severe cases out of 120 recruited cases. 
The mean age of the patients was reported as 60.43+ 
4.43 years, with mean days of admission for critical 
and non-critical patients being 15.46+3.28 and 4.94+ 
0.81 days. Comorbidities like cardiovascular disorders 
were low, with 24(20%) hypertensives and 20(16.7%) 
dyslipidemics. During the follow-up, only 20(38.46%) 
patients under the category of critical illness expired.  

In critical condition cases, we observed a massive 
decrease of 49%(278 vs 545) in CD3+CD4+T cell count 

(p-value<0.001),28%(0.72 vs 1.0) in CD4+/CD8+ratio 
(p-value<0.001) and 17%(21834 vs 26287) in CD4+ 
MFI(p-value<0.001) as compared to the Non-Critical 
Group. The absolute lymphocyte count was also lower 
in critical patients than in non-critical patients (p-
value=0.001). There was a significant association 
between mortality outcome and low absolute lympho-
cyte count (p-value=0.001) (Table). 

 

Table: Blood parameters of Critical and Non-Critical Patients 
(n=120) 

Characteristics 
Critically ill 

Patients 
n=52, ±SD 

Non Critical 
Patientss 

n=68, ±SD 

p-
value 

Leucocyte count 
(cells×109/L) 

5970±1620 6550±1721 <0.001 

Lymphocyte count 
(cells×109/L) 

1116±290.5 1260±119.8 <0.001 

Neutrophil count 
(cells×109/L) 

4200±1579.2 4570±1315.6 <0.001 

Neutrophil to 
Lymphocyte Ratio 

4.0±4.0 3.57±1.1 <0.001 

CD8±MFI 25337±3942.9 25916±840.9 <0.001 

Ferritin (ng/mL) 783.7±498.4 639.1±200.4 <0.001 

CD4±MFI 21834±1150.0 26287±920.9 0.001 

CRP (mg/dL) 9.50±2.0 8.54±1.7 <0.001 

Ratio CD4±/CD8± 0.72±0.13 1.0±0.04 <0.001 

D-Dimer (mg/mL) 679±338.4 703±115.6 <0.001 

Natural Killer count 234±54.0 192±37.2 <0.001 

LDH (U/L) 356±59.6 267±33.1 <0.001 

B Lymphocyte count 79±36.4 121±24.6 <0.001 

T lymphocyte count 647±191.8 725±138.8 <0.001 

CD3±CD4±count 278±124.5 545±92.2 <0.001 

CD3±CD8±count 237±195.0 253±194.8 <0.001 
 

DISCUSSION 

This study showed a significant reduction in 
CD3+CD4+ T cell count, the CD4+/CD8+ ratio, and 
the CD4+MFI among patients at admission. Evaluation 
of these elements helps us to evaluate COVID-19 
patients with bilateral pneumonia. Results of our study 
suggest that the investigation of CD3+CD4+ T cell 
count and expression level of CD4+ helps to decide the 
aggressive treatment with corticosteroids or IL-6 inhi-
bitors at the initial stage of COVID-19 detection. In this 
study, we observed that the prediction of lymphocyte 
subsets assists us in treating critical patients with IL-6 
inhibitors. 

One previous study explained that late produc-
tion of adaptive response and delay in the process of 
virus clearance had many contributions to severe 
COVID-19 development.11 Sun et al. and Wang et al. 
observed a decline in CD3+, CD4+, and CD8+ T cell 
count in critical cases infected with the virus.12,13 
Though all those studies were conducted at the last 
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stage of disease (at the point of lung failure), they 
failed to evaluate the role of the lymphocyte subset at 
an early stage of disease as a prognostic factor of 
disease severity. Our results align with the previous 
animal model studies on SARS-CoV by Zao et al. in 
2010. They observed that T lymphocytes are respon-
sible for virus clearance.14 A similar study done by 
Chen et al. in 2010 on SARS-CoV concluded that deple-
tion of CD4+ T cells declined the neutralization process 
of antibodies. In contrast, depletion of CD8+ T cells 
was ineffective for neutralizing antibodies.15 Their 
studies end with the assumption that CD4+ cell respo-
nse is critical to control SARS-COVID-19 infection. 

In this study, we categorized hospital-admitted 
cases of COVID-19 in severe cases and found an 
inverse association of CD3+CD8+ T cells and CD4+ 
MFI with the duration of hospital stay. We observed an 
association of CD3+CD4+ T cells with critically ill 
patients. In 2020, Jiang et al. observed a massive decline 
in CD8+ T cells among severe cases of COVID-19, 
which eventually caused the need for ICU admission.16 
Our results are in accordance with the previous 
studies,17 which observed variations in CD3 and CD8+ 
T cell levels. These variations cause a delay in hospital 
discharge, which was identified in another study done 
by Sun et al.18 Another retrospective study by Zheng et 
al. 2020 observed that decreased CD4+ and CD8+ T cell 
levels in critical patients cause malfunctioning in the 
immune system.19. Another retrospective study by 
Hengeveld et al. reported that COVID-19 damages the 
CD4+ T cells, which boosts the excessive activation of 
CD8+ T cells with potential exhaustion.20 Our results 
are in accordance with the previously conducted retro-
spective study of Hengeveld et al. on hospitalized 
COVID-19 patients. We observed a massive decline in 
CD8+ and CD4+ cell count and reconstitution of CD8+ 
T cells at a later stage of the disease. 

Many other viral diseases like HIV and herpes 
virus infection also observed a low level of CD4+ T 
cells during diagnosis due to the lipid raft's interna-
lisation. In many SARS COVID-19 study by Hoffman et 
al.  in 2021, a hypothesis emerged to support this 
evidence that COVID-19 cause damage to T cells 
through S protein-mediated membrane fusion.21 Our 
study contributes to the pathophysiological unders-
tanding of viruses. We observed the CD3+CD4+ T cells 
involvement at the initial stage of the disease and 
observed excessive activation of CD8+ T cells at the 
chronic stage. These results align with the previous 
study of Ganji et al. in 2020, who observed high 

cytotoxic activity due to overexpression of CD8+ 
protein.22 

CONCLUSION 

After the results, our study concluded that lymphocyte 
count plays a vital role in the early determination of COVID-
19 infection severity. We concluded our study with the 
results which define the specific role of CD4+ lymphocytes at 
the initial stage of diagnosis. We observed that CD8+ count 
highly contributes to the severity of COVID-19 infection. 
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