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ABSTRACTABSTRACT
Background: Cell-mediated immunity T-cells plays an essential role in efficient antiviral responses against 
coronavirus disease-2019 (COVID-19).  Objective of the study was to compare the mean percentage of CD4 
and CD8 T-cells between urban and rural COVID-19 patients and to assess the correlation between lymphocyte 
characteristics (CD4%, CD8%, CD4/CD8 ratio) and demographic factors (age, gender, location) in COVID-19 
patients.
Materials & Methods: A cross-sectional study with duration of 6 months in 2021 was conducted in Peshawar’s 
major hospitals with a total of 71 COVID-19 patients. Sample were collected via convenience sampling technique. 
The study excluded individuals with active viral, autoimmune, or oncological conditions and those with a 
pre-existing history of chronic diseases or prior treatment with immunosuppressive drugs before contracting 
COVID-19. Flow cytometry analysis on a Beckman-Coulter Cytoflex, utilizing anti-human directly conjugated 
antibodies, assessed CD4 and CD8 percentages and ratios in T cells. The study calculated means, frequencies, 
and performed Point-Biserial correlation and Eta-squared was used.
Results: The results showed that the mean age of patients was 46.07±15.87, with the highest frequency observed 
in the 60-75 age group (29.58%) and the 30-44 age group (28.17%). Rural patients were founded higher than 
urban residing patients. Urban COVID-19 patients, except for CD8%, exhibited higher CD4% and CD4/CD8 
ratio compared to rural patients. The CD4%, CD8%, and ratio CD4/CD8 was 48.01±11.10, 49.05±10.58, and 
1.09±0.53, respectively, and the Pearson correlation analysis showed highly significantly (P value<0.01) strong 
negative association between CD4% and CD8% whereas strong positive association was found for CD4% and 
CD8% with CD4/CD8 ratio.
Conclusion: COVID-19 minimally impacted CD4%, but markedly increased CD8% and decreased CD4/CD8 
ratio. The CD4% and CD8% were closely associated, suggesting heightened CD8% expression and reduced 
CD4/CD8 ratio in COVID-19 immune responses.
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CoV-2, sharing 79.6% of its genome with SARS-
CoV, presents similar clinical features, notably in its 
impact on immune responses.2 Although vaccines 
have been developed3, the emergence of variants, 
such as Omicron, continues to complicate epidemic 
control.4 COVID-19’s clinical manifestations vary, 
with older individuals and those with comorbidities 
experiencing more severe outcomes, often due to 
hyperactivation of the immune system.5 
COVID-19 has disproportionately affected disad-
vantaged populations, exacerbating healthcare 
challenges in regions with limited resources.6 While 
Pakistan has reported a lower prevalence and mortal-
ity rate compared to other countries, the complexity 
of the disease, from asymptomatic cases to severe 

INTRODUCTIONINTRODUCTION
The emergence of COVID-19 in December 2019 
posed a significant global health challenge, leading 
to a pandemic with widespread mortality.1 SARS-
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pneumonia-like symptoms, has complicated both 
diagnosis and treatment.7 Phylogenetic analyses 
confirm that the Pakistani strain is closely related to 
a bat SARS-like coronavirus, adding to the global 
puzzle of its origins and spread.8 Treatment options, 
including respiratory support, dexamethasone, and 
Remdesivir, have mitigated some of the disease’s 
impacts, though patients often require continued 
care post-discharge for full recovery.9  
Immune system responses, particularly the role of 
CD4+ and CD8+ T-cells, are critical in determining 
the progression and severity of COVID-19.10 Previous 
studies in SARS patients found that low CD4+ and 
CD8+ T-cell counts were associated with worse 
outcomes, and their restoration was linked to symp-
tom improvement.11 This has prompted research 
into their role in COVID-19, where both CD4+ and 
CD8+ counts are considered biomarkers for dis-
ease severity. Wang et al. further demonstrated that 
CD8+T counts could be a more sensitive predictor 
of recovery than CD4+T in patients showing clinical 
improvement.12

Given the diverse immune responses and regional 
variations in the severity of COVID-19, this study 
aimed to compare the mean percentage of CD4 
and CD8 T-cells between urban and rural COVID-19 
patients and assess the correlation between lym-
phocyte characteristics (CD4%, CD8%, CD4/CD8 
ratio) and demographic factors (age, gender, loca-
tion). Understanding these immune profiles across 
different populations will provide insight into how 
geography and demographic factors influence im-
mune responses to COVID-19. Thus the hypothesis 
of the study were:
1.	 Null Hypothesis (H0): There is no significant 

difference in the mean percentage of CD4 and 
CD8 T-cells between urban and rural COVID-19 
patients.
Alternative Hypothesis (H1): There is a significant 
difference in the mean percentage of CD4 and 
CD8 T-cells between urban and rural COVID-19 
patients.

2.	 Null Hypothesis (H0): There is no significant 
correlation between lymphocyte characteristics 
(CD4%, CD8%, CD4/CD8 ratio) and demograph-
ic factors (age, gender, location) in COVID-19 
patients.
Alternative Hypothesis (H1): There is a significant 
correlation between lymphocyte characteristics 
(CD4%, CD8%, CD4/CD8 ratio) and demograph-
ic factors (age, gender, location) in COVID-19 
patients.

MATERIALS AND METHODSMATERIALS AND METHODS
A cross sectional study with duration of six months 
was conducted in 2021 in two major hospitals in 
Peshawar i.e. Hayatabad Medical Complex (HMC) 

and Rehman Medical Institute (RMI). Double blind 
convenient sampling technique was used for col-
lecting data of total 71 COVID-19 patients. Sample 
size was determine using raosoft online sammple 
size calculator, where margin of error was 5%, con-
fidence level of 95%, population size 340 and with 
50% response distribution gave an estimate of 181 
patients. Unfortunately, 72 patients were found within 
that duration that surpass inclusion criteria. Inclu-
sion criteria included patients that were registered 
as COVID-19 patients in hospital wards. The study 
excluded individuals with active viral, autoimmune, or 
oncological conditions, along with those possessing 
a pre-existing history of chronic diseases, especially 
those who had previously undergone treatment with 
immunosuppressive drugs before contracting a 
COVID-19 infection. Approval for the study was grant-
ed by the Hospital Research and Ethical Committee 
of HMC Peshawar, with the reference number 421/
HEC/B&PSC/2020. Subsequently, sample collection 
adhered to the WHO criteria for obtaining coronavirus 
samples from human subjects
Flow cytometry analysis was conducted on a Beck-
man-Coulter Cytoflex (Beckman-Coulter, MA, USA) 
using anti-human directly conjugated antibodies. For 
each individual, 50 μl of blood sample was transferred 
to a round-bottom tube for CD4+ and CD8+ T cell 
counting. Following the addition of 3μl of cell surface 
antibodies (anti CD4-FITC, anti CD8-PE), the sample 
was incubated in a dark place for 15 minutes. Sub-
sequently, 1ml of lysing solution was added, and the 
sample was incubated again in a dark place. After 
centrifugation for 5 minutes at 2000 rpm, the super-
natant was discarded. The sediment was then treated 
with 2ml of PBS, re-centrifuged, and the supernatant 
was discarded. Finally, after adding 500 μl of PBS, the 
sample was analysed using Beckman Coulter Navios 
software. The CD4 and CD8 percentages and ratio, 
along with the absolute lymphocyte count calculated.
SPSS Ver. 26 was used to analyse the data. The de-
mographic (independent/control) variables data was 
taken as binominal (gender: male, female; location: 
urban, rural) and age group being ordinal variable. 
The dependent variables i.e. CD4%, CD8% and 
CD4/CD8 ratio were taken as continous variables. 
Descriptive statistics were used to summarize the 
demographic data (age, gender, and location) and 
lymphocyte characteristics (CD4%, CD8%, CD4/CD8 
ratio) of COVID-19 patients, categorized by urban 
and rural groups. The Shapiro-Wilk test was applied 
to assess normality, followed by independent sam-
ples t-tests to compare lymphocyte characteristics 
between urban and rural patients. Point-Biserial cor-
relation was used for binominal variables i.e. gender 
and location, whereas Eta-squared was used for age 
categorical independent variable against continous 
dependent variables i.e. CD4%, CD8%, CD4/CD8 ra-
tio.P-values under 0.05 were considered significant.
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RESULTSRESULTS
The results showed that the mean±S.D for age was 
46.07±15.87 (table 1). Among the age groups, the 
highest frequency was observed for elder aged 
COVID-19 patients i.e. 60-75 years old age group 
(29.58%), followed by 30-44 age groups patients 
(28.17%). Male comparative to female were slightly 
higher, and most of the patients were residing in 
rural area. 
Results of skewness statistic showed to be highly 
significant (P value<0.01) indicating a normal dis-
trubation data set (table 2). As indicated in table 3, the 
highest CD4% and ratio of CD4/CD8 was recorded 
for urban patients and CD8% was found higher in 
rural COVID-19 patients.
The mean±S.D for lymphocyte characteristic 
CD4%, CD8% and ratio CD4/CD8 was 48.01±11.10, 
49.05±10.58 and 1.09±0.53, respectively. The Pear-
son correlation of the demographic characteristic and 
lymphocyte characteristics showed non-significant 
(P value>0.05) association. Lymphocyte character-
istics showed that CD4% was highly significant (P 
value<0.01) strong negative association with CD8%, 
and strong positive association with CD4/CD8 ratio. 
Table 1: Demographic and lymphocyte distribu-
tion (Mean±S.D and frequency %) among the 

study COVID-19 patients

Characteristics Mean 
±S.D Frequency (%)

Age

15-29

46.07 
±15.87

13 (18.31%)
30-44 20 (28.17%)
45-59 17 (23.94%)
60-75 21 (29.58%)

Gender
Female 35 (49.30%)

Male 36 (50.70%)

Location
Rural 38 (53.52%)
Urban 33 (46.48%)

Table 2: Shapiro-Wilk statistic of normality test 
for lymphocyte characteristics

Variables Statistic Df Sig.

CD4% 0.827

71

0.000

CD8% 0.923 0.000

CD4:CD8 0.827 0.000

Table 3: Comparison of rural and urban lympho-
cytes characteristics (mean±S.D)

CD4% CD8 CD4/CD8

Rural 45.16±9.98 51.74±9.53 0.96±0.50

Urban 51.29±11.42 45.96±10.89 1.24±0.53

Table 4. Pearson and Eta squared statistics for 
determine association strength of lymphocyte 

characteristics against age groups. 

Variables Pearson 
correlation Eta squared

CD4% -0.201ns 0.038

CD8% 0.220ns 0.047

CD4/CD8 ratio -0.175ns 0.033

ns = non significant (p value>0.05)
The both association strength statistic including 
pearson (continuous control age group) and ETA 
square (ordinal age groups variable) against depen-
dent variable i.e. CD4%, CD8% and CD4/CD8 ratio 
is shown in table 4. Pearson correlation association 
showed that CD%4 and CD4/CD8 ratio showed nega-
tive weak non significant (p value >0.05) association 
with age, and a weak positive non significant (p val-
ue>0.05) association observed for CD8%. As for Eta 
squared analysis, results showed a weak association 
of the resultant dependent variables against ordinal 
control age variable. 

Table 5: Association of lymphocyte characteristics against location (urban/rural) and gender of 
COVID-19 patients. 

Variables Association strength Location Gender

CD4%
Pearson Correlation -.275* 0.045ns

Sig. (2-tailed) 0.02 0.709

CD8%
Pearson Correlation .273* -0.015ns

Sig. (2-tailed) 0.021 0.904

CD4/CD8 ratio
Pearson Correlation -.261* -0.025ns

Sig. (2-tailed) 0.028 0.838

* = significant (p value<0.05)
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The pearson point-biserial correlation between the 
binominal independent variable location (urban/
rural) and gender (male/female) against dependent 
variables (CD4%, CD8%, CD4/CD8 ratio) is shown 
in table 5. Results showed weak negative significant 
(p value<0.05) association of CD4% and CD4/CD8 
ratio towards rural development, indicating a slight 
increase of these factors in urban area patients than 
rural belonging patients. Whereas, CD8% showed 
weak (pearson=0.273) positive significant (p val-
ue<0.05) association towards rural patients com-
pared to urban area patients. As for gender, there was 
a non-significant (p value>0.05) association found 
with the dependent variables i.e. CD4%, CD8% and 
CD4/CD8 ratio. 

DISCUSSIONDISCUSSION
The results of this study showed that significant 
differences in immune responses of COVID-19 
patients based on their demographic characteristics. 
Ganji et al. 13 suggested that the cellular immune 
responses triggered by COVID-19 infection were 
developed through overexpression of CD8 and 
hyperactivation of cytotoxic T lymphocytes. Although, 
there was no significant difference of CD4/CD8 ratio 
between COVID-19 patients and control (normal) 
group.  Many COVID-19 patients experience a 
notable decrease in lymphocyte counts, leading 
to immunosuppression. 14 The prognosis depends 
on the resolution of lymphocytopenia, especially 
T-cell counts.15  Recovery is more likely when 
lymphocytopenia is addressed, but persistent 
cases can lead to severe complications and death.16 
Peripheral lymphocyte subset alteration was 
associated with clinical characteristics and treatment 
efficacy of COVID-19. CD8+ T cells tended to be an 
independent predictor for COVID-19 severity and 
treatment efficacy.12 He et al.17 showed correlation 
between the reduction in CD3+, CD4+, and CD8+ T 
lymphocyte levels and the progression of COVID-19 
pneumonia, particularly in severe patients. Caution 
is advised in the use of glucocorticoids for severe 
cases based on these observations. 
As for our study, the male patients slightly by pass 
female patients. Kushwaha et al. 18 findings were in 
line with the present study results, which showed that 
mean age of COVID-19 patients was 39.47 ± 17.59 
years. Females had higher infection odds in younger 
age groups and recovery (O.R. = 1.779), with the 
5–17 years age category exhibiting the highest re-
covery odds (O.R. = 88.286), regardless of gender. 
Another study revealed that 58.4% of COVID-19 
cases were among males, 41.6% among females, 
with a predominant presence in rural areas (73%). 
Disease severity, leading to hospitalization, was 
observed in 67.4% of cases, particularly among the 
elderly. The mortality rate was noteworthy, account-
ing for 14.5% of total cases, with 66.4% of fatalities 
occurring in individuals aged 65 and older.19 Zheng 

et al. 20 emphasizes that elderly patients, especially 
those with pre-existing cardiovascular conditions, 
exhibit certain biomarkers that can aid in the early 
detection and identification of critically ill individuals. 
These indicators include elevated C-reactive protein, 
heightened myocardial damage markers, increased 
brain natriuretic peptide levels, and decreased 
counts of white blood cells, neutrophils, lympho-
cytes, CD4, and CD8. 
The three-tier rural healthcare system in India faces 
deficits in infrastructure and personnel at various 
levels. Insufficient government hospital beds, com-
bined with challenges such as inadequate surveil-
lance and the reverse migration of workers during 
lockdowns, have complicated the management of 
the pandemic in rural India, creating a significant 
gap in understanding its true statistics.21 There low 
mortality rate in the Indian population, possibly due 
to a majority living in rural areas, contrasts with the 
formidable challenge posed by COVID-19 in these 
regions. BahaaEldin et al.22 suggested that women 
aged over 30, living in rural areas, and having un-
derlying medical conditions face an increased risk 
of severe COVID-19. Additionally, studies indicate 
that residing in socioeconomically deprived areas is 
associated with a higher likelihood of severe infec-
tions, potentially due to limited healthcare facilities 
in rural settings.23,24

A prospective cohort study at Indus Hospital in Ka-
rachi, Pakistan, from March to June 2020, found that 
39% of 170 adult COVID-19 patients predominantly 
aged over 60, exhibited factors such as lower oxygen 
saturation, critical disease on arrival, and increased 
use of non-invasive ventilation.25 
Overall, the study highlighted critical demographic 
and immunological differences between urban and 
rural COVID-19 patients. Further studies focusing on 
the healthcare disparities and access challenges in 
rural settings may provide valuable insights into the 
differential immune responses and outcomes for 
COVID-19 patients across different regions.8

CONCLUSIONCONCLUSION
A conspicuous elevation in CD8+ 48.01% signified 
a substantial expansion during the antiviral immune 
response. The discernible reduction in the CD4/
CD8 ratio was attributed to the combination of un-
remarkable alterations in CD4% and a pronounced 
surge in CD8%, resulting in a notable shift towards 
an augmented CD8+ T cell predominance relative to 
CD4+ T cells. The association between CD4% and 
CD8% hinted at a concerted response, suggesting 
a synchronized modulation of these T cell subsets. 
The heightened expression of CD8% and the di-
minished CD4/CD8 ratio bear implications for the 
efficaciousness and characteristics of the broader 
immune response against the virus, underscoring 
the intricate and multifaceted dynamics within the 
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immune system during COVID-19 infection.
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