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ORIGINAL ARTICLE

Lymphopenia as an early predictor of disease

severity in COVID-19

Shaheen Ali Khan, Laraib Saeed, Muhammad Naveed Anwar, Wajeeha Qayyum, Zuhayr Ahmad

Mufti, Sofia Haider Durrani
ABSTRACT

Introduction: Research has implicated an exaggerated
or self-directed immune response as a factor in
determining patient outcome in COVID-19. Initial
reports identify lymphopenia as having a predictive role
in COVID-19 related disease severity.

Objective: To document the occurrence of lymphopenia
in COVID-19 patients and explore its association with
demographic factors and disease course.

Materials & Methods: This cross sectional,
observational study was conducted at Rehman Medical
Institute, Peshawar from May, 2020 to August, 2020. All
patients admitted to the hospital with COVID-19
diagnosis were included. Relevant information including
demographics, disease severity, laboratory findings &
outcomes were noted in a predesigned Performa. The
data were analyzed on SPSS 22 for descriptive and
comparative statistics; p<0.05 denoted significance.

Results: A total of 216 patients were included, of whom
172 (79.6%) were males. The mean age was 54.61 +
14.35 years. Classic lymphopenia was found in 67
(31.5%), 66 (31.0%) had borderline lymphopenia, and
80 (37.6%) had no lymphopenia. Of the classic
lymphopenia group, 14 (20.9%) had mild disease, 21
(31.3%) had moderate disease, 18 (26.9%) had severe
disease & 14 (20.9%) had critical disease. In patients
with borderline lymphopenia 31 (47.0%) had mild
disease, 17 (25.8%) moderate disease, 14 (21.2%) had
severe disease and 04 (6.1%) had critical disease. In
patients with no lymphopenia, 32 (40.0%) had mild, 32
(40.0%) had moderate, 14 (17.5%) had severe & 02
(2.5%) had critical disease. Mortality associated with
classical lymphopenia was 37.3% (n=25) whereas 43.3%
(n=29) patients recovered. Male gender, disease severity
and outcome were statistically linked to lymphopenia; no
statistical significance was observed with age.

Conclusion: A statistically significant association of
lymphopenia with severe/critical disease and adverse
outcomes was noted.
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INTRODUCTION

In December 2019, a group of patients in Wuhan,
China, were found suffering from a mysterious
respiratory illness of undetermined etiology. All
the patients were found to have been exposed to a
wet animal market in Wuhan. The causative agent
was later identified as a new coronavirus
eventually named severe acute respiratory
syndrome coronavirus 2 (SARS-COV-2) and the
disease it causes was labelled COVID-19.
Coronaviruses are RNA viruses that can infect
mammals, including humans and birds and lead to
heterogeneous diseases that can involve the central
nervous, respiratory & gastrointestinal systems.
Two of the six coronaviruses that can infect
humans, have led to fatal outbreaks of diseases
such as the Severe Acute Respiratory Syndrome
outbreaks in 2002 and 2003 in China & severe
respiratory disease outbreaks in 2012 in the
Middle East respectively.?

As of August 1, 2020 there have been 17.2 million
reported cases of COVID-19 worldwide with 67
thousand reported deaths. Pakistan has a reported
278 thousand cases and 5951 deaths. The cause of
the low mortality is thought to be under reporting.®

COVID-19 shows a whole rainbow of symptoms
ranging from mild to critical with 81% of patients
exhibiting mild and 5% exhibiting critical disease.
Common lab aberrations seen are lymphopenia,
ESR and inflammatory marker elevations,
particularly C-reactive protein, lactate
dehydrogenase, ferritin and d-dimers.*®

Lymphocytes play a pivotal role in immunity and
inflammatory reaction to foreign invaders within
the body.” A prominent functional decline in T-
Lymphocytes is reported in COVID-19.8

Low Lymphocyte counts have been correlated
with disease severity and the patients that died
reportedly had significantly fewer lymphocytes
compared to survivors. Four possible mechanisms
have been postulated to explain lymphocyte
deficiencies in COVID-19: First, a direct cytotoxic
effect of the virus on lymphocytes that express
surface ACE2 receptors whereby viral entry and
eventual destruction of the cell occurs. Second, the
virus might directly destroy lymphatic organs such
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as the thymus and spleen. Third, inflammatory cytokines, such
as TNF-alpha and IL-6, released during the infection may lead
to lymphocyte apoptosis. Fourth, inhibition of lymphocytes by
an acidotic hyperlactemic environment induced within the body.
The elevated blood lactic acid levels, seen in patients with
severe COVID-19 are thought to depress the growth and
division of lymphocytes. These various mechanisms are thought
to work together in unison to lead to lymphopenia, however
further research into these postulated mechanisms is required.”

Timely identification of patients who may quickly progress to
critical disease is very important in the management of COVID-
19, with the aim to prioritize care and direct valuable resources
where needed the most, as health care systems everywhere and
particularly in low to middle income countries like Pakistan are
under immense strain.® Therefore it is essential to find an
economical, easily available & accurate measure for quick
identification of potential patients that can progress to severe or
critical disease, so as to prioritize their management.
Lymphocyte count may just be the biomarker we are looking
for. However evidence regarding the extrapolative role of
lymphocyte count in predicting the severity of COVID-19 is
still limited. Herein, we analyze data collected from COVID-19
patients to determine the possible role of lymphocyte count in
identifying patients at risk of severe disease early on in order
to prioritize their management.

The objective of the study was to document the occurrence of
lymphopenia in COVID-19 patients, and to explore its
association with demographic factors and disease course.

MATERIALS & METHODS

This cross sectional descriptive study was conducted at Rehman
Medical Institute, Peshawar, Khyber Pakhtunkhwa, Pakistan
from May 2020 to August 2020, on all patients admitted to the
hospital that tested positive for COVID-19 on an RT-PCR
performed on nasopharyngeal secretions.® Approval was
obtained from the Research Ethics Committee of Rehman
Medical Institute. The requirement for written, informed
consent was fulfilled by either the patients or their
representatives in case patients were incapacitated. In the
instance of a negative RT-PCR but high clinical suspicion, an
HRCT was done and classic findings in accordance with the
guidelines set by the American Radiology Association ARA
were taken as being diagnostic.°

Recent studies on COVID-19 have defined lymphopenia as a
lymphocyte count < 1- 1.5 x 10%L. Four recent studies defined
it as <1.1x 10%L and one as <1.5 x 10%L.% For the purpose of
precision we divided our patients into three groups: Group 1
(Classic Lymphopenia) contained patients with lymphocyte
counts <1 x 10%L, Group 2 (Borderline Lymphopenia) had
patients with lymphocyte counts of 1-1.5 x 10°%/L, and Group 3
(No lymphopenia), patients with lymphocyte counts >1.5 x
10°%L. The disease was then subdivided into classes according
to disease severity, in accordance with the guidelines issued by
the National institute of Health Pakistan. Outcomes were
divided into Alive, Dead & Unknown (when patients left
against medical advice). The three groups were then compared
with each other for age, gender, disease severity & outcomes to

discern a link. All information including demographics, disease
severity, laboratory findings & clinical outcomes were first
noted down in a predesigned Performa, later entered
and analyzed on SPSS version 22. For quantitative variables
such as age and lymphocyte counts, the mean and standard
deviation was calculated and for qualitative variables like
gender, disease severity and outcomes, percentage and
frequency were calculated. Chi Square test and ANOVA were
applied where ever appropriate. A p value <0.05 was taken as
statistically significant.

RESULTS

A total of 216 patients were included in the study. Of these 172
(79.6%) were males (male to female ratio of 3.91:1). The mean
age was 54.61 + 14.35 years.

Table 1: Demographic data of COVID-19 patients (n=216).

\ Characteristics Frequency (%)

Mean Age (years) 54.61 +14.35

Male 172 (79.6)

Gender Female 43(19.9)

Mild 78 (36.1)

. . Moderate 72 (33.3)

Disease Severity Severe 26 (21.3)

Critical 20 (09.3)

Alive 115 (53.2)

Outcome Death 41 (19.0)

LAMA/DOW 19 (09.4)

Classic Lymphopenia was found in 67(31.5%) patients,
66(31.0%) had borderline lymphopenia, and 80(37.6%) had no
lymphopenia (Figure 1).

Classic
Lymphopenia

67 (31.50%)

Borderline
Lymphopenia

66 (31%)

Figure 1: Lymphopenia groups in COVID-19 patients
(n=216).

Table 2 shows the disease categories of Lymphopenia groups.
In Group 1 patients, 14(20.9%) had mild disease, 21(31.3%) had
moderate disease, 18(26.9%) had severe disease and 14(20.9%)
had critical disease. In Group 2 patients, 31(47.0%) had mild
disease, 17(25.8%) had moderate disease, 14(21.2%) had severe
disease, and 04(06.1%) had critical disease. In Group 3 patients,
32(40.0%) had mild, 32(40.0%) had moderate, 14(17.5%) had
severe, and 02(02.5%) had critical disease.

Mortality in Group 1 was higher at 37.3% (n=25) compared to
12.1% in Group 2 and 10.0% in Group 3 (p=0.001). Gender was
found to be statistically linked to lymphopenia with male




prevalence seen at 91% (n=61) for Group 1 and 80.3% (n=53)
for Group 2. However no statistically significant link could be
established between age and lymphopenia. Severe / critical
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disease and adverse outcome had a statistically significant
association with lymphopenia (Table 2).

Table 2: Comparison of characteristics between the three groups (n=216).

Group | (n=67)

Group Il (n=66) Group 111 (n=80)

Characteristics (Classic lymphopenia)  (Borderline lymphopenia) | (No lymphopenia) p value
Mean Age (Years) 57.93 £13.45 53.82 £14.11 52.80 £ 15.13
Male 61 (91.0) 53(80.3) 56 (70.0)
Gender Female 06 (09.0) 12 (18.2) 24 (30.0) 0.014
Mild 14 (20.9) 31 (47.0) 32 (40.0)
) . Moderate 21 (31.3) 17 (25.8) 32 (40.0)
<
Disease Severity < ere 18 (26.9) 14 (21.2) 14 (17.5) 0.001
Critical 14 (20.9) 04 (06.1) 02 (02.5)
Alive 29 (43.3) 36 (54.4) 48 (60.0)
Outcome Death 25 (37.3) 08 (12.1) 08 (10.0) 0.001
LAMA/DOW 08 (12.0) 06 (09.1) 05 (06.3)
DISCUSSION

The dominant gender in this study was male; 79.6% of the data
subset was male. Contrary to our result, initial reports from
China and Europe found roughly similar numbers of males and
females being affected by COVID-19.2t A study from China,
made up of 425 patients, found that 56% of their study
population was male. Similarly, another Chinese study, with
140 patients found, that 50.7% of their patients were males.
Studies from New York and 7 other US states found an equal
number of male to female ratio of affected patients whereas the
remaining 16 states, including Washington exhibited a male
dominance (i.e. male to female ratio 1:0.9/0.8) as was seen in
our study. Unusually another study out of a long-term care
facility in Washington, with a 167 COVID-19 cases showed the
majority of the cases to be women (68% of the residents and
76% of the healthcare workers).*!

The mean age of our patients was 54.61+14.35 years. Two
studies reported findings similar to ours i.e. a study from
Shanghai,'* where the mean age of the patients was 50.1 years
and another study from Wuhan with 221 subjects, where the
median age was 55.0 years.'* Contrary to this, certain other
Chinese studies reported their subjects as being in their mid-
forties i.e. 46 years in Hubei and 45 years in Chongging.*>
American studies reported older patients e.g. a study out of New
York comprising of 393 patients, reported a median age of 62.2
years.® Similarly another US study reported a total of 43 patients
as having a mean age of 65.5 years.!” Studies out of India
indicated a younger patient pool e.g. a study with a data set of
147 patients, predominantly male i.e. 70.7%, had a mean age of
40.9,8 and another Indian study similarly reported a mean age
of its study cohort as 40.3 years.'®

Regarding lymphopenia, 31.5% of our study subjects were
lymphopenic (<1x 10%L), 31.0% had borderline lymphopenia
(1-1.5 x 10%L) and 37.6% had no lymphopenia at all on
admission. These findings are supported by several studies from
around the globe. In a single centre study of COVID-19 patients
from Shanghai they found that the most common laboratory
abnormality was lymphopenia, 48.5% of their patients had
decreased lymphocytes on admission.’ Another study from

Wuhan, with 221 subjects, showed 33.0% of their patients as
having leukopenia and 73.8% lymphopenia on admission.™
Another study from Hubei, with 291 COVID-19 patients, found
lymphopenia in 22.7% of their patients. They reported that
patients with severe/critical disease had a relatively lower level
of lymphocytes, much like our findings.”> Another Chinese
study of 51 COVID-19 patients also reported lymphopenia in
51.0% of their patients.* An American study with 42 diagnosed
COVID-19 patients in Des Moines, found lymphopenia in 75%
of their patients.” A study conducted in New York on 393
patients showed that most of their data set i.e. 90% had
lymphopenia.*®

The present study showed that based on lymphopenia groups of
the study and the proportion and severity of disease in each
group (Table 2), a statistically significant association was found
between lymphopenia and severe / critical disease and mortality.

In Hubei, a double center observational study found that
compared to the mild / moderate disease severity group, the
severe / critical disease group had a lower level of lymphocytes
(p<0.01).”°

Another study found significant reduction in lymphocyte count
in severe vs non-severe COVID-19, so that those
with lymphopenia had a 3-fold higher risk of developing severe
infection; lymphocyte counts offer a useful, inexpensive and
easily accessible biomarker that can predict severity and clinical
outcomes.®

Another study with 222 patients found that severe cases were
more frequently found in patients with higher pro inflammatory
cytokines and decreased T cell counts.?® As for mortality, 37.3%
of the lymphopenic patients expired, 43.3% were alive and the
remainder had an unknown outcome as they left against medical
advice and were not followed thereafter.

In a study conducted in Wuhan, 19.0% patients were discharged
and 5.4% patients died; 80% of severe cases received ICU care,
with 52.3% eventually being discharged after clinical
improvement and 20.5% ended up dying.! In another study of
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393 COVID-19 patients, 90% were lymphopenic, and of these
40 (10.2%) patients, died, 260(66.2%) were discharged from
the hospital, and outcome data are incomplete for the remaining
93(23.7%) patients.® This result varies from our findings.

A study of 17 death cases, 7 severe cases and 11 moderate cases
of COVID-19 found that the most significant and consistent
hematological correlation with severity, disease progression and
adverse outcomes was lymphopenia. In conclusion they
discerned that lymphopenia was an effective and reliable
indicator of severity and adverse outcomes.’

Patients admitted to the ICU in Wuhan showed leucopenia and
lymphopenia as compared to non-ICU patients on admission,
indicating that this can be a prospective marker of severity &
sequelae.® Recent articles reported 85% of critically ill patients
with COVID-19 showed lymphopenia as a hallmark of COVID-
19 ICU and deceased patients.”! A meta-analysis identified a
number of possible variables that can serve as clinical predictors
of severe and fatal COVID-19. This study recommended closely
monitoring of WBC and lymphocyte counts in hospitalized
COVID-19 patients with respiratory complications as these

laboratory aberrations were commonly observed in non-
survivors and could predict a potential progression to critical
iliness.?? Another study found that among hematological
indices, lymphopenia was clearly associated with severe disease
and non-survivors had significantly lower lymphocyte counts
than survivors.”® The differences in age, gender and outcomes
between our studies and others can be explained by a difference
in the general quality of life, easy availability and access to
medical and healthcare services, and a difference in social,
cultural and territorial norms and practices.

CONCLUSION

A significant association was found between lymphopenia at
admission and severe / critical disease and adverse sequelae.
Thus a lymphocyte count can be a reliable indicator that the
patient requires urgent and rigorous medical attention and
hospital admission. This could significantly reduce mortality
and morbidity in low to middle income countries such as
Pakistan where healthcare resources are limited, by streamlining
potential critical patients.
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