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Background & objectives: The COVID-19 disease profile in Indian patients has been found to be different from 
the Western world. Changes in lymphocyte compartment have been correlated with disease course, illness 
severity and clinical outcome. This study was aimed to assess the peripheral lymphocyte phenotype and 
subset distribution in patients with COVID-19 disease from India with differential clinical manifestations.
Methods: Percentages of peripheral lymphocyte subsets were measured by flow cytometry in hospitalized 
asymptomatic (n=53), mild symptomatic (n=36), moderate and severe (n=30) patients with SARS-CoV-2 
infection, recovered individuals (n=40) and uninfected controls (n=56) from Pune, Maharashtra, India.
Results: Percentages of CD4+Th cells were significantly high in asymptomatic, mild symptomatic, 
moderate and severe patients and recovered individuals compared to controls. Percentages of Th memory 
(CD3+CD4+CD45RO+), Tc memory (CD3+CD8+CD45RO+) and B memory (CD19+CD27+) cells were 
significantly higher in the recovered group compared to both asymptomatic, mild symptomatic patient 
and uninfected control groups. NK cell (CD56+CD3-) percentages were comparable among moderate 
+severe patient and uninfected control groups.
Interpretation & conclusions: The observed lower CD4+Th cells in moderate+severe group requiring oxygen 
support compared to asymptomatic+mild symptomatic group not requiring oxygen support could be 
indicative of poor prognosis. Higher Th memory, Tc memory and B memory cells in the recovered group 
compared to mild symptomatic patient groups might be markers of recovery from mild infection; however, it 
remains to be established if the persistence of any of these cells could be considered as a correlate of protection.
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Patients with SARS-CoV-2 infection show a 
complex profile with varied clinical presentations1,2. 

Based on the worldwide hospitalized patient data, 
approximately 80 per cent of infections were mild 
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or asymptomatic, 15 per cent were severe and five 
per cent are critical infections requiring ventilation3. 
Asymptomatic infections have been reported to have 
the same infectivity as symptomatic infections4. 
An important public health concern is the extent to 
which immunity in asymptomatic patients may confer 
protection from re-infection and whether its breadth 
is lesser than/similar to that observed in symptomatic 
patients. In a proportion of patients, the infection 
results in moderate-to-severe acute respiratory distress 
syndrome (ARDS), requiring invasive mechanical 
ventilation resulting in damage of internal organs, 
multiple organ failure and sometimes death5,6. It is, 
therefore, important to identify the key differentiating 
host factors/immune molecules responsible for the 
differential clinical manifestation and outcome.

Studies in hospitalized patients infected with 
novel coronavirus pneumonia from Wuhan, China, 
have indicated a decrease in peripheral lymphocytes; 
however, overall alteration in the subsets remains 
underexplored7-9. It would be worthwhile to study 
the immunological profile in Indian patients with 
SARS-CoV-2 infection with severe disease with or 
without ARDS and compare it with mild patients. 
Thus, in the present study, the percentages of 
peripheral lymphocyte subsets were measured by 
flow cytometry in hospitalized asymptomatic (n=53), 
mild symptomatic (n=36), moderate and severe 
(n=30) SARS-CoV-2-infected patients, clinically 
recovered individuals (n=40), and in uninfected  
control individuals (n=56) from India.

Material & Methods

This study carried out between March and June 
2020, consisted of the patients whose nasal/throat 
swabs were tested positive for SARS-CoV-2 reverse 
transcription-polymerase chain reaction (RT-PCR) at 
ICMR-National Institute of Virology, Pune or at Dr. 
D.Y. Patil Medical College, Hospital and Research 
Centre, Pune, India. RT-PCR screening, identification 
and quarantine of close contacts of index cases and 
asymptomatic patients were made during the stated 
period10. Asymptomatic cases were defined by an 
RT-PCR positive test but without any relevant clinical 
symptoms. The mild symptomatic patients were defined 
by an RT-PCR positive test with mild symptoms10. The 
patients with severe/moderate illness were those who 
required critical care and required oxygen support. 
In brief, the severe patients had oxygen saturation 
(SpO2) of ≤90 per cent, mostly required supplement 

oxygen of 4-20 l and non-invasive ventilation or 
high-flow oxygen. The moderate patients had oxygen 
saturation (SpO2) of 90-94 per cent, mostly required 
supplement oxygen of 2-6 l and did not require 
non-invasive ventilation. A total of 53 asymptomatic, 
36 mild symptomatic, 30 severe/moderate patients 
[in the acute phase during hospitalization (≤6 days for 
mild and ≤2 days for severe/moderate patients)] and 
40 recovered individuals, having a previous history of 
symptomatic/asymptomatic SARS-CoV-2 infection 
and negative for SARS-CoV-2 RT-PCR were included 
in the study. Following the revised guidelines on 
clinical management of COVID-19 provided by the 
Government of Maharashtra, the COVID-19 patients 
were discharged at 10-14 days post diagnosis11. 
Sampling for recovered individuals was done between 
45 and 60 days post diagnosis.

Fifty six age and sex matched healthy individuals 
from blood donation camps organized in Pune 
in January 2020 were recruited as uninfected 
controls for phenotype comparison. All uninfected 
controls were negative for anti-SARS-CoV-2 IgG 
antibody (COVID Kavach-Anti-SARS-CoV-2 IgG 
Antibody Detection ELISA, M/s Cadila Healthcare 
Limited, Ahmedabad).

The study protocol was approved by the 
Institutional Ethical Committee for Research on 
Humans, based on the guidelines set by the Indian 
Council of Medical Research, New Delhi. Informed 
written consent was obtained from all study participants.

Flowcytometric analysis

Natural Killer (NK) and NKT cells, T-cells and 
subsets, B and B memory cells, T regulatory cells 
(Tregs) enumeration: Freshly isolated peripheral blood 
mononuclear cells (PBMCs) (0.5 X 105) from all study 
participants were stained with antibodies specific for 
NK and NKT, T and subsets, B and B memory, T 
regulatory (Tregs) cells using anti-human CD3PerCP 
(cloneSK7), CD56APC (cloneNCAM16.2), 
CD4PE (cloneRPAT4), CD8APCH7 (cloneRPAT8), 
CD19PECy7 (cloneSJ25C1), CD27APCH7 
(cloneM-T271), CD45ROAPC (cloneUCHL1) 
monoclonal antibodies and Treg cocktail [CD127Alexa 
Fluor 647 (clone HIL-7R), CD25PE-Cy7, CD4FITC 
(clone7RM21|2A3|SK3)] as previously described12-16. 
PE-Cy™7 Mouse IgG1 κ Isotype Control (BD 
Biosciences, San Jose, CA, USA) was used as 
negative control. The gating strategy is described in 
Figure 1. The phenotypes of B (CD19+), memory 
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B cell (CD19+CD27+) subsets and Tregs were not 
assessed in the severe/moderate patients.

PBMCs isolation, surface staining and acquisition in 
flow cytometer: It was carried out following the methods 
described previously12-16. Data were analyzed using 
FACS Diva software (Version 8.14 BD Biosciences, 
San Jose, CA, USA) and results are expressed as the 
percentage of positive cells in the gated population 
(Fig. 1).

Statistical analysis: The statistical analyses were 
performed on IBM SPSS software version 25 (SPSS 
Inc. Chicago, IL, USA). All data are expressed as 
mean (range). Mann–Whitney U test was used for 
the comparison among patient groups. Bonferroni’s 
correction was applied to consider multiple 
comparisons for each cell type. Thus, the conventional 
cut-off for P=0.05 was lowered down by dividing 
it by the number of comparisons made for each cell 
type. Bonferroni’s corrected cut-off for P value was 
considered significant as follows (NK and NKT-like 
cell <0.004, B cell <0.006, T cell profile <0.004, 
memory T cell <0.006 and Tregs profile <0.006). The 
dot plots were generated on Graphpad Prism software 
version 8 (GraphPad, San Diego, CA, USA).

Results

Table I depicts the characteristics of the study 
groups. The study investigated 89 patients with 
SARS-CoV-2 infection, including 53 asymptomatic 
and 36 mild symptomatic patients with relevant clinical 
symptoms (category a), 30 patients with SARS-CoV-2 
infection requiring critical care, that included 15 
moderate and 15 severe patients (category b), 40 
recovered individuals from asymptomatic/ mild 
symptomatic SARS-CoV-2 infection (category c), and 
56 anti-SARS-CoV2 IgG negative uninfected controls 
(category d). The patient in category (a) had uneventful 
recovery, whereas 11 out of 30 patients from category 
(b) succumbed. Ten of 11 non-survivors belonged 
to severe category, while one was from moderate 
category. Seven of 11 non-survivors had ARDS and 
six had septic shock. All patients sampled in the acute 
phase of infection (categories a and b) were positive 
for SARS-CoV-2 by quantitative RT-PCR, while the 
recovered individuals belonging to category (c) had 
reported a history of SARS-CoV-2 infection. In the 
study asymptomatic+mild symptomatic patients were 
clubbed together as patients not requiring oxygen 
support, while moderate+severe patients were clubbed 
together as patients requiring oxygen support. 

Immunophenotyping in asymptomatic, mild 
symptomatic, (moderate + severe) patients

NK (CD56+CD3−) and NKT-like (CD56+CD3+) cell 
subsets: The percentages of NK cells were significantly 
lower in both asymptomatic, mild symptomatic patients 
and recovered individuals compared to uninfected 
controls [NK cells: (asymptomatic 2.16 (0.10-9.6), 
mild symptomatic 2.27 (0.2-10.4), recovered 2.38 
(0.7-5.4) uninfected controls 8.25 (1.4-37.6), P<0.004 
in each]. However, the percentages of NK cells were 
comparable among the moderate+severe patient and 
uninfected control groups (Table II). The percentages 
of NK cells were comparable among asymptomatic 
and mild symptomatic patients and recovered 
individuals. Percentages of NK cells were significantly 
higher in moderate+severe patient group compared 
to asymptomatic, mild symptomatic, recovered 
individuals (P<0.004 in each).

The percentages of NKT-like cells were 
comparable in asymptomatic, mild symptomatic, 
moderate+severe patient and in recovered groups 
compared to uninfected control group. Percentages 
of NKT-like cells were significantly higher in 
asymptomatic patient group compared to mild 
symptomatic moderate +severe and recovered groups. 
It was significantly lower in patient group compared 
to moderate+severe patient group (P<0.004 in each) 
(Table II and Fig. 2).

Th (CD3+CD4+) and Tc (CD3+CD8+) cells subsets: 
The percentages of Th cells were significantly higher 
in asymptomatic, mild symptomatic, moderate+severe 
patient groups and in recovered individuals compared 
to uninfected controls. However, the percentages 
of Th cells were comparable among asymptomatic, 
mild symptomatic, moderate+severe and recovered 
individuals (Table II).

The percentages of Tc cells were significantly 
lower in the mild symptomatic patient group compared 
to the uninfected control group ( P<0.004). The 
percentages of Tc cells were comparable among 
the asymptomatic, moderate+severe, recovered and 
uninfected control groups. Further, percentages of 
Tc cells were comparable among moderate+severe 
and mild symptomatic patient groups. Th 
memory (CD3+CD4+CD45RO+) and Tc memory 
(CD3+CD8+CD45RO+) cell were significantly high in 
the recovered group compared to both asymptomatic, 
mild symptomatic patient groups and uninfected 
control group (Table II and Fig. 2).
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Fig. 1. (A) Gating strategy for the enumeration of natural killer (NK) and natural killer T-like (NKT-like) cells in different study groups. 
Lymphocyte gate was recognized by forward scatter (FSC) & side scatter (SSC). Further, the CD3 negative cells from this population were 
screened for CD56+ expression to identify the NK cells and were identified as CD3-CD56+ and NKT-like (NKT-like) cells were CD3+CD56+. 
(B) Gating strategy for the enumeration of B and memory B cells in different study groups. B cells from lymphocytes were identified with the 
help of CD19 expression. For further differentiation, expression of CD27 was considered as memory B cells. 

A

B
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Fig. 1. (C) Gating strategy for the enumeration of T helper and T cytotoxic cells in different study groups. Lymphocyte populations were 
identified based on forward and side scatter properties of PBMCs (peripheral blood mononuclear cells). The CD3 positive population was 
further discriminated to identify CD4 and CD8 T cells. T cell subsets differentiate into T helper cells (CD3+CD4+CD8-) and T cytotoxic cells 
(CD3+CD4-CD8+). (D) Gating strategy for the enumeration of memory Th and memory Tc cells in different study groups. T cell subsets 
differentiation into T helper (CD3+CD4+CD8-) and T cytotoxic (CD3+CD4-CD8+) cells from CD3+ cells. Further screening of memory Th 
cells (CD3+CD4+CD8-CD45RO+) and memory Tc cells (CD3+CD4-CD8+CD45RO+) were done. 

C

D
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B (CD19+) and memory B (CD19+CD27+) cells 
subsets: Percentages of B cells were comparable among 
asymptomatic, mild symptomatic patients, recovered 
individuals and uninfected controls. The percentages 
of B memory cells were significantly higher in mild 
symptomatic, asymptomatic patients and in recovered 
individuals compared to the uninfected controls (P<0.006 
in each). Among the patient categories, the percentage 
of B memory cells was comparable among mild 
symptomatic and asymptomatic groups. However, the 
percentages of B memory cells were significantly higher 
in the recovered group compared to both asymptomatic 
and mild symptomatic groups (Table II and Fig. 2)].

CD4+CD25+CD127- Treg cells: The percentages of 
Tregs were comparable among asymptomatic, mild 
symptomatic patients, recovered individuals and 
uninfected controls (Table II and Fig. 2).

Immunophenotyping in moderate + severe cases and 
asymptomatic + mild symptomatic cases

NK (CD56+CD3−) and NKT-like (CD56+CD3+) cells 
subsets: Percentages of NK cells were significantly 
higher in the patients requiring oxygen support 
compared to patients not requiring oxygen support 
[NK cells: patients requiring oxygen support 12.5 
(0.5-48.4), patients not requiring oxygen support 

2.21 (0.1-10.4), P<0.05]. Percentages of NKT-like 
cells were significantly lower in the patients requiring 
oxygen support group compared to those not requiring 
oxygen support (Table III and Fig. 3)].

Th (CD3+CD4+) and Tc (CD3+CD8+) cells subsets: 
Significantly lower percentages of Th cells were 
observed in the patients requiring oxygen support 
group compared to patients not requiring oxygen 
support group (P<0.05). However, percentages of Tc 
cells were comparable among the patient categories 
(Table III and Fig. 3).

Comparison of immunophenotypes among severe and 
mild symptomatic patients: The percentages of Th 
cells were significantly lower in the severe patients 
(n=15) compared to mild symptomatic patients (n=36). 
The percentages of Tc cells were lower among severe 
patients compared to mild symptomatic patients 
(P<0.05). Percentages of NK and NKT-like cells 
were significantly higher in the severe patients (n=15) 
compared to the mild symptomatic patients (n=36) 
(P<0.05) (Table III and Fig. 3).

Discussion

Evidence suggest that the coronavirus mainly 
acts on lymphocytes, especially T lymphocytes. Two 

Fig. 1. (E) Gating strategy for the enumeration of T regulatory (Treg) cells (CD4+CD25+ CD127-) in different study groups. Lymphocyte 
gate was recognized by FSC & SSC. Further, the CD4 positive cells from this population were screened for CD25+CD127- expression to 
identify (Treg) cells.

E
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Table I. Demographic and baseline characteristics of patients with SARS‑CoV‑2 infection and uninfected controls
Parameters 
Characteristics

Study participants
Asymptomatic Mild symptomatic Moderate+severe Recovered Uninfected 

controls
Study population (n) 53 36 30 40 56
Male 31 24 19 23 34
Female 22 12 11 17 22
Sex ratio (male: female) 1.4 2 1.7 1.35 1.54
Age (yr), median (range) 32 (12‑79) 38 (15‑75) 51 (29‑74) 38 (18‑70) 27 (18‑47)
Parameters 
Signs and symptoms

NA Positive 
cases

95% CI 
(range)

Positive cases 95% CI 
(range)

NA NA

Fever (97.1‑101 F) 21 58.33 (42‑74) 28 93 (84‑100)
Cough 22 61.11 (45‑77) 22 73 (57‑89)
Sore throat 13 36.11 (20‑51) 10 33 (16‑50)
Breathing difficulty 7 19.44 (6‑32) 28 93 (84‑100)
Body ache 6 16.67 (4‑28 22 73 (57‑89)
Headache 1 2.78 (0‑8) 12 4 (22‑57)
Diarrhoea 1 2.78 (0‑8) 4 13 (1.1‑25)
Nasal discharge 9 25 (10‑39) 0 0
Nausea vomiting 0 0 8 26 (10‑42)
Dysuria 0 0 2 6 (0‑15)
Abdominal pain 0 0 3 10 (0‑20)
Anosmia 0 0 4 13 (1‑25)
Loss of smell and taste 0 0 9 30 (13‑43)
Post onset days of 
illness, median (range)

NA 7 (0‑17) 6 (1‑15) 45‑60* NA

Chronic medical illness/
comorbidities

NA NA Positive/total 
number of cases

95% CI 
(range)

NA NA

Condition tuberculosis 1 3 (0‑9)
Diabetes 12 40 (22‑57)
Hypertension 14 46 (28‑64)
Heart disease 1 3 (0‑9)
Cancer 0 0
COPD 0 0
Liver failure 0 0
Dialysis 0 0
HIV 0 0
Kidney disease 0 0
Sickle cell disease or 
thalassaemia

0 0

Sepsis 6 20 (5‑34)
ARDS 7 23 (8‑38)
ARDS with AKI 1 3.33 (0‑9)
*recovered from mild symptomatic infection; #not applicable. ARDS: acute respiratory distress syndrome; AKI: acute kidney injury; 
NA: not available; COPD: Chronic obstructive pulmonary disease: Human Immunodeficiency Virus
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Fig. 2. Flowcytometric analysis of NK/NKT-like, B and memory B cells, T cell subsets. PBMCs from 53 asymptomatic, 36 mild symptomatic, 
30 (Moderate+Severe) COVID-19 patients, 40 recovered individuals and 56 uninfected controls were stained and acquired on flowcytometer. 
Vertical scatter plots denote the comparisons of frequencies of immune cells and their subpopulation among different study groups: (A) NK 
cells and NKT-like cells profile, (B) B and memory B cells profile, (C) T-helper and T-cytotoxic cells profile, (D) Memory Th and Tc cells, 
Tregs profile. Data are presented as percentage of immune cells out of lymphocytes. The dots represent individual values and bars represent 
Mean+SD values (P *** <0.0001). ns, not significant
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studies compared between patients with severe and 
non-severe SARS-CoV-2 infection and demonstrated 
that the number of T cells significantly decreased 
and were more impaired in severe cases with both 
Th cells and Tc cells below normal levels16,17. 
Lower percentages of CD3+CD4+Th cells in the 
moderate+severe group requiring oxygen support 
of the present study compared to asymptomatic+ 
mild symptomatic group not requiring oxygen 

support goes in line with the report of Song et al18 
demonstrating decreased peripheral CD4+ T-cells in 
the severe SARS-COV-2 infected patients. In view of 
the reported observation that a low CD4+ T-cell count 
in HIV infection increases the risk of opportunistic 
infections and lowers antiviral immune surveillance, 
more attention need to be paid to moderate+severe 
category of patients having low CD3+CD4+Th 
cells18.

Fig. 3. Flow cytometric analysis of NK/NKT-like, T cell subsets. PBMCs from 89 patients not requiring O2 support (Asymptomatic+ Mild 
symptomatic), 30 patients requiring O2 support (Moderate+ Severe), 36 mild symptomatic & 15 severe patients were stained and acquired 
on flowcytometer. Vertical scatter plots denote the comparisons of frequencies of immune cells and their subpopulation among different 
study groups: (A) CD3-CD56+ NK cells (B) CD3+CD56+ NKT-like cells (C) CD3+CD4+Th (D) CD3+CD8+Tc cells Data are presented as 
percentage of immune cells out of lymphocytes. The dots represent individual values and bars represent Mean+SD values. (P ***<0.0001).
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Table III. Comparison of immune cell profiles among severe, mild symptomatic, patients not requiting O2 support 
(asymptomatic+mild symptomatic) and patients requiting O2 support (moderate + severe) patients with SARS‑CoV‑2 infection
Cell type Patients not requiting O2 

support (asymptomatic + 
mild symptomatic [n=89])

Patients requiting O2 
support (moderate + 

severe [n=30])

Mild 
symptomatic 

(n=36)

Severe (n=15)

NK and NKT‑like cell profile
CD3‑CD56+NK cells 2.21 (0.1‑10.4) 12.5 (0.5‑48.4)* 2.27 (0.2‑10.4) 10.9 (0.57‑33)$

CD3+CD56+NKT‑like cells 11.4 (0‑65) 9.93 (1.2‑30.7)* 9.59 (0‑62.4) 11.0 (1.2‑30.7)$

T cell profile
CD3+CD4+Th cells 68.9 (44.3‑92.4) 59.7 (4.19‑86.2)* 71.7 (44.3‑92.4) 57.6 (4.1‑85.1)$

CD3+CD8+TcCells 21.4 (0.2‑43.6) 19.5 (1.9‑67.2) 18.6 (2.9‑41.1) 17.3 (5.8‑32.2)
Percentage of each cell type are represented as mean (range). P*<0.05 compared to patients not requiring O2 support; P$<0.05 
compared to mild symptomatic
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Reduced CD4+and particularly CD8+T 
lymphocyte subtypes in patients with moderate and 
severe COVID-19 infection has been associated with 
deficiency of the adaptive immune response19-20 Our 
study demonstrated comparable CD3+CD8+Tc cells 
in asymptomatic patients and moderate+severe patient 
group and also in recovered individuals. Since T-cells 
and T-cell responses against SARS-CoV-2 are important 
for the recognition and killing of infected cells, closely 
monitoring the T and T cell subsets during the course of 
the disease may yield meaningful information21.

Decreased helper T-cells of memory phenotype 
in severe cases indicated that the immune system in 
the severe infection was impaired more severely16. 
Higher percentages of Th and Tc memory cells in the 
recovered individuals may be a prognostic observation 
and further supports a role for T-cells in COVID-19 
and probably in the immunological memory that forms 
following recovery22.

Although the reasons for reduced frequency of 
peripheral Tregs in the severely ill COVID-19 patients 
compared with mild patients are not completely 
understood, one of the possibilities is that Tregs might 
have migrated to the lungs to prevent tissue damage2. 

Therefore, higher levels of Th cells and normalized 
levels of Tregs observed in the our mild patient 
population could probably be associated with their 
prognostic outcome.

Although CD19+B cells were similar among the 
non-severe patient population in the early phase of 
infection, recovered individuals and healthy controls, 
but, CD19+CD27+ B memory cell population 
was significantly higher in the recovered group at 
45-60 days post-infection compared to non-severe 
patient population and uninfected controls. Our 
data could be useful in establishing co-correlates of 
protection in ongoing vaccine studies. 

Based on the reduced percentages of NK cells 
in COVID-19 patients and the well-known antiviral 
role of NK cells, it has been speculated that the 
restoration of NK cells and their function may be a 
near-future solution for COVID-19 patients1,15,18,23. In 
our study asymptomatic, mild symptomatic patients 
and recovered individuals demonstrated a similar low 
NK cell profile, consistent with other reports. Li et al24 
have demonstrated a similar scenario where cytotoxic 
CD3-CD56dimCD16+ cell population was significantly 
decreased, while the CD3-CD56dimCD16- part was 
significantly increased in severe COVID-19 patients, 

thus making it essential to understand the mechanism 
behind the NK cell loss/gain in COVID-19 disease. 
Higher percentage of NK cells in the patients group 
requiring oxygen support compared to patients group 
not requiring oxygen support group further suggests 
the need for measuring the NK cells, its subsets and 
their effector function at an early stage of infection.

The absence of longitudinal follow up data 
of patient population and small sample size in the 
moderate and severe categories of patients were the 
limitations of our study. 

Higher levels of Th memory, Tc memory and B 
memory cells in the recovered individuals compared to 
mild symptomatic patient groups could be put forward 
as markers of recovery from mild infection; it remains 
to be established if the persistence of any of these cells 
could be considered as a correlate of protection.

In conclusion, higher percentages of B memory 
cells, Th and Tc memory cells in the recovered 
individual may be considered a prognostic observation. 
The mechanism of immune evasion by SARS-CoV-2 
in non-severe group could be put forward to a 
reduced NK cell population against a higher 
CD4+ T cell population. Lower CD4+Th cells in the 
moderate+severe group requiring oxygen support 
compared to asymptomatic+ mild symptomatic group 
not requiring oxygen support could be an indicative 
of poor prognosis, though needs validation in a larger 
patient population.
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