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Abstract

Aggressive immune response, due to overexpressed proinflammatory molecules, has
been characterized in coronavirus disease 2019 (COVID-19) patients. Some of those
mediators have a dual and opposite role on immune systems at play behind dif-
ferential disease severities. We investigated the expression of some cytokines and
chemokines in COVID-19 patients in Bangladesh. We diagnosed the patients by
detecting severe acute respiratory syndrome coronavirus 2 RNA in nasal swab
samples by the real-time RT-PCR method. Thirty adult patients were preselected
based on their disease severities and grouped into mild, moderate, and severe cases.
Nine healthy volunteers participated in this study as a control. Relative expression
of nine cytokines/chemokine in total leukocytes was semi-quantified in SYBRgreen-
based real-time quantitative reverse-transcriptase polymerase chain reaction. We
performed statistical tests on transformed log data using SPSS 24.0. At the onset of
symptoms (Day 1), angiotensin-converting enzyme 2 (ACE2) (p < 0.05) and inter-
leukin (IL)-6 (p > 0.05) were upregulated in all COVID-19 groups, although the ex-
pression levels did not significantly correlate with disease severities. However,
expressions of IL-6, monocyte chemotactic protein-1, macrophage inflammatory
protein-1a, tumor necrosis factor-a (TNF-a), RANTES (regulated upon activation,
normal T cell expressed and secreted), and ACE2, on Day 14, were positively cor-
related with disease severities. Relative viral load at Day 1 showed no significant
correlation with cytokine expression but had a significant positive correlation with
RANTES and ACE2 expression on Day 14 (p < 0.05). Male patients had a higher level
of IL-6 than female patients on Day 1 (p < 0.05). All COVID-19 patients showed
upregulated cytokines and chemokines on Day 14 compared to Day 1 except TNF-a.
Female patients had a higher expression of ACE2 and IL-12 on Day 14. Upregulated
cytokines/chemokines at the convalescent stage, especially IL-6, may help in tar-

geting anticytokine therapy in post-COVID-19 patients' management.
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1 | INTRODUCTION

A novel coronavirus severe acute respiratory syndrome cor-
onavirus 2 (SARS-CoV-2) was identified in Wuhan, China, in
December 2019 and has lead to over 127 million cases and 2.79
million death worldwide as of March 31, 2021.> However, sur-
prisingly in Bangladesh, this period recorded 0.61 million con-
firmed cases and only 9046 deaths. Coronavirus disease 2019
(COVID-19) related deaths are significantly lower in countries
with lower quality of life.? Although most SARS-CoV-2 patients
demonstrate mild or moderate symptoms, it could also lead to
excessive, ineffective and exaggerated immune responses called
cytokine release syndrome. The clinical response shows acute
respiratory distress syndrome (ARDS), multiple organ failure, and
ultimately death.® Several authors reported the role of cytokines
and chemokines as a double-edged sword. Higher levels of che-
mokines (such as monocyte chemotactic protein [MCP]-1, mac-
rophage inflammatory protein [MIP]-1a, MIP-1B8, RANTES
[regulated upon activation, normal T cell expressed and se-
creted], IP-10, and CCL3) and cytokines (such as interleukin
[IL]-6, IL-8, IL-1b, tumor necrosis factor-a [TNF-al, interferon-y
[IFN-y], and colony-stimulating factors (granulocyte colony-
stimulating factor, granulocyte-macrophage colony-stimulating
factor) have been reported for COVID-19 patients.®> ¢ Several
authors have been reviewed the importance and function of
these chemokines and cytokines” ” and demonstrated the role of
IL-6, TNF-a, IL-10, and IL-8 for disease severity.

The SARS-CoV-2 virus uses novel Metallo-carboxyl peptidase
angiotensin receptor 2 (ACE2) to enter its human host cell.’**! In
spite of acting as the viral receptor, ACE2 protects against lung in-
jury by degrading vasoconstrictive and proapoptotic protein.'? ACE2
expressed higher in severe patients than mild and moderate.'® The
authors also found upregulation of several IFNs, cytokines, and
immune-related genes for severe patients compared with mild and
moderate patients. Biological sex variation influenced the severity of
COVID-19 cases'” as reported in various studies; men are more
likely to get severe forms of COVID-19.2>"/

As cytokines and chemokines play a crucial role in the COVID-19
disease manifestations, theoretical therapeutic strategies should
base on those. Several investigations have identified anticytokine
therapies targeting overactive proinflammatory cytokines (IL-6 and
TNF-a). Correct timing for administrating anticytokine therapies
needs to recognize for COVID-19 patients' personalized treatment.
Data on circulating viral mutants, disease manifestation to a specific
population, relative expression, and comparative analysis of proin-
flammatory cytokine/chemokine in COVID-19 cases within a said
geographical location is vital for making patients' management

policy. Moreover, questions remained unanswered about the reasons
for reduced severity and mortality in developing countries like
Bangladesh. To the best of our knowledge, no data are currently
available on cytokine expression either in Bangladesh or surrounding
regions. We aimed in this study to explore the relationships between
relative cytokine expression levels and disease severity, the effect of
biological sex in clinical presentation or viral load at the nasopharynx
swap of COVID-19 patients. We hope this work can predict ther-

apeutic strategies in the developing south.

2 | MATERIALS AND METHODS

2.1 | Ethical permission and sample collection

The Ethical Review Committee of the Jashore University of Sci-
ence and Technology approved this study (ERC No.: ERC/FBST/
JUST/2020-49). A total of 30 symptomatic COVID-19 patients
were preselected, and patients were categorized into mild cases
(n=10), moderate cases (n=10), and severe cases (n=10) of
COVID-19 according to the World Health Organization Guide-
lines for Diagnosis and Treatment of COVID-19 infection.'® We
grouped patients with fever and slight upper respiratory tract
symptoms as mild cases; patients with shortness of breathing,
constant pain, or pressure in the chest as moderate cases; and
patients with respiratory failure requiring intensive care units
(ICUs) as severe COVID-19 cases. We informed individual par-
ticipants (COVID-19 patients) or their family members about the
study protocol and took verbal consent. The demographic in-
formation of all participants enlisted in Table 1. Ten healthy in-
dividuals (who gave their consent and participated in this study)
were primarily selected, who were free from recent respiratory
diseases, acute or chronic infectious diseases, and had no co-
morbidities. They maintained home quarantine from the begin-
ning of the COVID-19 outbreak in Bangladesh and tested
negative for recent SARS-CoV-2 infection by using All Check
COVID-19 immunoglobulin G (IgG)/immunoglobulin M antibody
assay (CALTH Inc.). We excluded a sample from one volunteer in
the final study due to the appearance of antibodies against SARS-
CoV-2. All participants were Bacillus Calmette-Guerin (BCG)
vaccinated within 1 month of birth (identified by the skin scar/
mark on the left upper arm and their verbal confirmation). We
have interviewed patients or their family members to collect
demographic data and clinical history from all qualified partici-
pants. Hereafter, we refer to the healthy control as HC, mild
COVID-19 cases as MIC, moderate COVID-19 cases as MOC, and
severe COVID-19 cases as SC.
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TABLE 1 ’ Demogra'phlc an<':| 'cllnlcal HC MIC MOC sc
characteristics of studied participants
Characteristics (n=9) (n=10) (n=10) (n=10)
Men 5 (55.55%) 6 (60%) 8 (80%) 6 (60%)
Women 4 (44.45%) 4 (40%) 2 (20%) 4 (40%)

Age (mean [£SD]) years

23.89 (¥2.435) 37.30 (¥+4.814) 40.20 (¥4.69) 58.40 (+3.361)

Fever (temperature >37°C) 0 8 (80%) 10 (100%) 9 (90%)
Cough 0 4 (40%) 8 (80%) 8 (80%)
Headache 0 5 (50%) 6 (60%) 6 (60%)
Malaise 0 2 (20%) 10 (100%) 7 (70%)
Myalgia 0 2 (20%) 5 (50%) 3 (30%)
Loss of taste or odor 0 0 6 (60%) 4 (40%)
Shortness of breathing 0 2 (20%) 7 (70%) 10 (100%)
Constant pain or pressure in 0 3 (30%) 5 (50%) 5 (50%)
chest
SPO; at rest <94% 0 0 0 6 (60%)
Respiratory failure requiring 0 0 0 10 (100%)
intensive care unit
treatment
Diabetes 0 0 0 4 (40%)
Hypertension 0 0 1 (10%) 6 (60%)

Abbreviations: COVID-19, coronavirus disease 2019; HC, healthy control; MIC, mild COVID-19 cases;
MOC, moderate COVID-19 cases; SC; severe COVID-19 cases.

2.2 | AQuantification of SARS-CoV-2 viral load

We performed detection of SARS-CoV-2 at the Genome Center,
Jashore University of Science and Technology, Jashore, Bangladesh.
We extracted viral RNA from a 10 pl clinical specimen (nasal swab
and throat swab) within 12 h of specimen collection using Quick-
Extract™ RNA extraction kit (Lucigen) following the manufacturer's
instructions. Then, 10 ul of each viral RNA extract was amplified by
one-step real-time quantitative reverse-transcriptase polymerase
chain reaction (QRT-PCR) using a Novel Coronavirus Nucleic Acid
Diagnostic Kit (Sansure Biotech Inc.). The kit detected n- and orflb
gene of SARS-CoV-2 and human RNase P gene as an internal control.
In this study, samples with Ct values for both n- and orflb genes of
<35.0 were considered positive, that of >35.0 retested, and of >40.0
were considered negative. We used equation 272t to estimate viral
load, where ACt =Ct iral N gene = Ctruasep- - We have translated all

the data as logo(1 +2724CY).

2.3 | Estimating cytokine and chemokine
expression levels by gRT-PCR

We collected approximately 4-5ml of peripheral blood samples,
within 24 h (Day 1) of laboratory confirmation of SARS-CoV-2 in
nasopharyngeal swabs, from 30 COVID-19 symptomatic and 9

symptomatic patients. After 14 days, we collected blood samples
from twenty patients with MIC (n = 10) and MOC (n = 10) symptoms
from their residence while maintaining home quarantine. Three
healthy volunteers (out of nine) tested SARS-CoV-2 positive during
repeated sampling and were let off from the study. So we had six
samples from healthy volunteers on Day 14. We could not collect
blood samples from participants of the severe COVID-19 cases as
they were either deceased after 14 days of initial sample collection
or admitted into the ICU from whom we could not be allowed to
collect the blood.

We extracted total messenger RNA (mRNA) from human leu-
kocytes using 1 ml of whole blood from all study participants using
the SV total RNA isolation system (Promega), as per the manu-
facturer's instruction. According to the manufacturer's instructions,
we prepared 20.0 pl complementary DNA (cDNA) from 8.0 pl of total
mRNAs using the GoScript™ Reverse transcription system (Pro-
mega). We diluted 20 ul cDNA into a final volume of 100.0 ul. We
performed SYBRgreen intercalation gRT-PCR to detect the expres-
sion level of two proinflammatory cytokines (TNF-a and IL-6), two
antiviral cytokines (IFN-y and IL-12), four chemokines (MIP-1a,
RANTES, IP-10, and MCP-1), and ACE2. We used the primer se-
quences to detect these cytokines and chemokines from an earlier
study.? The qRT-PCR was performed in QuantStudio™ 3 (Applied
Biosystems), using the following protocol: denaturation at 95°C for
2 min followed by 40 cycles of 95°C for 10s, annealing for 30's, and
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extension at 72°C for 30s. We analyzed the melting curve to de-
termine the assay's specificity (60-95°C, 0.05°C/s). Annealing tem-
perature varied for different primer pairs (such as ACE2: 53°C; IL-6:
45°C; TNF-o: 60°C; IP-10: 45°C; IFN-y: 48°C; MIP-1a: 58°C;
RANTES: 48°C; MCP-1: 52°C; IL-12: 50.5°C; and B-actin: 60°C). We
performed each experiment in triplicate and Ct values with less than
10% variance considered for analyses only. In this essay, the human
B-actin gene worked as the internal control. We accessed mRNA
expression by relative quantification and calculated fold expression
change by the 279t method.?*

2.4 | Statistical analysis

The distribution of the fold expression change of mRNAs was
skewed, so we log-transformed these data for further analyses. Re-
sults presented as median (interquartile range). Nonparametric tests
such as the Mann-Whitney U test and the Kruskal-Wallis test with
Dunn multiple comparisons were used to compare relative cytokine
expression levels among the different groups where applicable.
Spearman's rank correlation coefficient (r) analyzes the correlation
between relative cytokine expression levels in total lymphocytes and
the close viral load. Spearman rank correlation analyses the asso-
ciation between disease severity and cytokine expression levels. We
performed statistical tests based on transformed log data using SPSS
24.0 for Windows (SPSS, Inc.) and GraphPad Prism 8.0 (GraphPad
Software) to construct all the figures' logarithmic scales. For all tests,
if the two-tailed p values were less than 0.05, the test results were
considered significant.

3 | RESULT

3.1 | Demographic and clinical characteristics of
studied participants

Table 1 lists the demographic characteristics and clinical aspects of 30
COVID-19 patients and 9 healthy volunteers. Mean (+SD) age of MIC,
MOC, and SC groups were estimated as 37.30 (+4.814), 40.20 (+4.69),
and 58.40 (+3.361) years, respectively. HC groups' mean age was 23.89
(£2.435) years. All MOC participants (n=10) and SC (n=10) suffered
from shortness of breathing, but only two MIC reported such difficulties.
All SC had respiratory failure and thus required ICU support. We re-
corded no death for mild and moderate groups but one death was re-

ported during the study period in the SC group.

3.2 | Relative expression levels of cytokine and
chemokine in studied participants

Figure 1 represented comparing different cytokine and chemokine
expression levels on Days 1 and 14 among the study patients'
groups. The ACE2 expressed higher (p < 0.05) in the MIC group than

the HC group on Day 1. The relative expression level of IL-6 was
numerically higher in all patients' groups than HC group, although
this difference was nonsignificant (p > 0.05). For other tested cyto-
kine or chemokine expression on Day 1, no significant differences
(p > 0.05) was found among the four study groups.

On Day 14, the MIC group had significantly (p <0.05) increased
expressions of IL-12 and IFN-y compared with the HC group. We also
observed slightly increased expression of IP-10 and MCP-1 in the MIC
group but were nonsignificant. On the other hand, the MOC group had
significantly higher (p < 0.05) expressions of ACE2, IL-12, MCP-1, TNF-a,
MIP-1q, IL-6, RANTES, IP-10, and IFN-y on Day 14 compared to the HC
group. Among the MIC and MOC groups, the latter group had a sig-
nificantly higher expression (p < 0.05) of RANTES and ACE2 with a nu-

merically nonsignificant increased IL-6 expression.

3.3 | Correlation between disease severity and
cytokine and chemokine expression level

Spearman rank correlation analyses were performed to determine
any correlations between disease severity and expression levels of
cytokine and chemokine in COVID-19 patients, separately for both
Days 1 and 14. Correlation coefficients (r) for all cytokine and che-
mokine (both Days 1 and 14) are shown in Figure 2A. Statistical
analyses revealed that the relative expression levels of IL-6
(r=0.609), TNF-a (r=0.741), MIP-1a (r=0.607), MCP-1 (r = 0.486),
RANTES (r=0.623), and ACE2 (r = 0.845) on Day 14 were positively
correlated (p < 0.05) with disease severity (Figure 2B). However, no
significant correlation between disease severity with any cytokine
and chemokine was observed on Day 1. But expression levels of
IL-12 (r=0.102), TNF-a (r=0.110), IFN-y (r=0.166), IL-6 (r=0.295),
IP-10 (r=0.210), and MIP-1a (r=0.128) were weakly positively

correlated with severity on Day 1.

3.4 | Correlation between viral load and cytokine
and chemokine expression level

Spearman rank correlation analyses were also done to determine any
correlations between relative viral load and expression levels of
cytokine and chemokine in COVID-19 patients. Correlation coeffi-
cients (r) for all cytokine and chemokine (both Days 1 and 14) are
shown in Figure 3A. Expression levels of only TNF-a (r = 0.4469) had
a nonsignificant positive correlation (p > 0.05) with relative viral load
at the onset of disease. However, IL-6 (r=-0.4182), RANTES
(r=-0.2376), MIP-1a (r=-0.2078), and MCP-1 (r=-0.3111) had a
nonsignificant weak negative correlation with the relative viral load
on Day 1. However, after 14 days, expression levels of RANTES
(r=0.4860) and ACE2 (r=0.6471) had a significant positive corre-
lation (p <.05) with the relative viral load (Figure 3B). Moreover,
relative expression levels were nonsignificantly positively correlated
with viral load for IL-12 (r=0.3516), TNF-a (r=0.4615), IL-6
(r=0.4895), and MIP-1a (r = 0.3538).



NIGAR ET AL 5809
-WI LEY—I—

MEDICAL VIROLOGY
IL-12 e ki B 4 TNF- o
E’; 4- a g)o o a i g a
g 5 S 1.51
S 34 ab S 1.54 b =
g g % 1.0- b
? 24 ‘2 1.0 b $ ™ |be bca e be
E C C ¢ c 2 b & C
X o1-e v = b be 15 0.5
SR 2,03
39; 0 -} ................... g o0d®e... i. .................. NA éc L ST Y (ASRE— NA
58 S o8
=) =V}
= T T T ) S .05
\xb‘ \\“ WA A ST T T - \I; \I; L; i;
Bt R i it AV A B B @
SRR PSP OHt R OF OF
QQ 09 IF O NAERRVAASAIAN
R IL6 , —~ 20 - RANTES g Y 1P-10
g A Qc;o a § ab
S 5 b ab 2 15 - A S 3] b b
= b b 9 b = a
N ; g ° : 2
£ 1% b %AI £ 07 ¢ By b
) %f - ’ £ 05148 i_i % i 3 l-l %
= 0 NA = ?? A =
S 0 g goqtd w = ANAE gF A R T NA
& & &
3 AT T T T T — -0.5 T T T T ,3 1= T T T
\bt \b\ \& \ \ \ \ \ Na \ \b‘ * %‘\ & %‘\ ht *
o % o o I o I o SR N 9%"*
go b @:?” 1.57 . E” 37 ACE2
S 151 = cd b 2 a
= c : 1.0 : 2 b
7 104 b oc) ¢ = gy = «d go d
g c £ 057 d E 14 ;
5 05- 8 l g |d
2 = NA = 5 NA
(g/ 00- ......................... NA é 0.0_. .......................... gé 0_... .................... ceee
s E E
an on on
3 _05 T T T T ;3 '0'5 LI LI LI} LI 3 '1 LI LI LI LI
> > > > > > S5 \\b‘ %\xb‘ ﬂ\ﬁ\b‘ %{ \\b‘ g %ﬂ
\ \ \ '\ D > Q) Q) ‘) Q)
) ooo R RN AP O O o
I 9B o o ° % N

FIGURE 1 Relative expression levels of cytokine and chemokine in healthy control and COVID-19 infected symptomatic patients (mild
COVID-19 cases, moderate COVID-19 cases, and severe COVID-19 cases). @ = Healthy Control; l = Mild COVID-19 cases; A = Moderate
COVID-19 cases; and ¥ = Severe COVID-19 cases. Each RT-PCR was done in triplicate and data that vary less than 10% were taken for
analyses. Due to this, the number of samples varies for different cytokines and chemokine. Data are expressed as median with interquartile
range (IQR). Separate analyses were performed for Days 1 and 14. For any cytokine, different letters (a, b, ¢, ...) indicate significant differences
at p< 0.05. NA, not available (severe COVID-19 cases data on Day 14). ACE, angiotensin-converting enzyme; IL, interleukin; IFN, interferon;
IP-10, interferon-inducible protein of 10 kDa; MCP, monocyte chemotactic protein; MIP, macrophage inflammatory protein; RANTES, regulated
upon activation, normal T cell expressed and secreted; TNF, tumor necrosis factor
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3.5 | Effect of gender on relative cytokine
expression levels in COVID-19 patients

To explore any effect of sex on cytokine and chemokine expression
levels, we analyzed cytokine's relative expression levels of males and
females on both Days 1 and 14 (Figure 4). Irrespective of sex, all
cytokine and chemokine were upregulated on Day 14 than on Day 1,

except for IL-6 and TNF-a. For males, the IL-6 expression level was

IL-12

Log,(fold expression change)

Log((fold expression change)

similar at both sampling times. TNF-a showed no significant differ-
ence in any comparison. The relative expression level of ACE2 and
IL-12 were also identical in both gender on Day 1. But both ACE2
and IL-12 were upregulated (p <0.05) in females on Day 14. Ad-
ditionally, we did not observe a significant difference in the relative
expression level of IFN-y, RANTES, and IP-10 in males and females
on both days. On the other hand, MCP-1 and MIP-1a were upre-
gulated (p < 0.05) in females on Day 1. But we did not find any sex
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FIGURE 4 Relative expression levels of cytokine and chemokine in male and female COVID-19 patients. Here, =3 = male and

=1 = female COVID-19 infected patients. Each RT-PCR was done in triplicate and data that vary less than 10% were taken for analyses. Due
to this, the number of samples varies for different cytokines and chemokine. Data are expressed as median with interquartile range (IQR).
Separate analyses were performed for Days 1 and 14. For any cytokine, different letters (a, b, c,). indicates significant differences (p < 0.05).
COVID-19, coronavirus disease 2019; RT-PCR, real-time reverse-transcriptase polymerase chain reaction
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discrimination for expression of MCP-1 and MIP-1a on Day 14. The
relative expression level of IL-6 was higher (p < 0.05) in males on Day

1 but did not vary significantly (p > 0.05) with gender on Day 14.

4 | DISCUSSION

To our knowledge, this is the first study on cytokine/chemokine
expression levels in COVID-19 patients in Bangladesh. We observed
upregulation of ACE2 (p<0.05) and IL-6 (p>0.05) in MIC cases
compared with HC on Day 1 (Figure 1). Many natural, common ways
such as taking Vitamin C, Metformin, Vitamin B3, and Vitamin D can
upregulate the ACE2 receptor.?? Here in Bangladesh, doctors in-
structed COVID-19 patients to take Vitamin C and Vitamin B3
during their illnesses, increasing ACE2 expression. Although the virus
uses ACE2 to enter into its host cell, upregulation of the cellular
ACE2 receptor would likely be antiinflammatory and might have
contributed to reduced mortality in COVID-19 patients.”?> Proin-
flammatory cytokines such as IL-6, TNF-a, while upregulated, trigger
cytokine storms and ultimately lead to tissue damage and organ
failure.?® Although we observed a slightly increased expression of IL-
6, we did not observe TNF-a upregulation at the onset of the disease
(Figure 1). Like our study, normal TNF-a levels were reported in
COVID-19 patients by Wan et al.>* However, elevated TNF-a levels
in COVID-19 patients' sera were also reported recently.*?° Recently
some studies reported IL-6 as severity predictors of COVID-19.2%2%7
In a meta-analysis including 1426 patients, complicated COVID-19
patients had higher IL-6 expression levels (>3 times) compared with
other uncomplicated patients.?® In our study, COVID-19 patients had
no higher expression of either IFN-y or IL-12 than the HC group,
which is indicative of the absence of elevated antiviral immune re-
sponse at the onset of disease symptoms. Surprisingly, none of the
cytokines and chemokines of ICU patients from the SC group shows
significant differences compared with others. Zhang et al.?’ found
that ICU patients in China had higher levels of IL-2R, IL-6, IL8, IL10,
and TNF-a compared with reference ranges of the normal man. In
other studies from Finland, ICU patients had higher levels of IL-6,
C-reactive protein, and procalcitonin compared with non-ICU
patients.’® Keddie et al.*" also noted similar findings. The authors
demonstrated that CRP, IL-6, IL-10, and lactate dehydrogenase sig-
nificantly correlated with ARDS and respiratory support. In another
study, Lev et al.>? also noted that IP-10 is associated with ICU pa-
tients and act as potential biomarkers. The combination of IL-6 x IL-
10 serum levels has shown a predictor of ICU patients.> The less
expression of most cytokines and chemokines might be probable
reasons for less mortality rate (1.5%) of severe COVID-19 patients in
Bangladesh.

Moreover, in our study, the relative expression of cytokine and
chemokines differs between 2 weeks. After 14 days, significant up-
regulation of both antiviral cytokines (IFN-y and IL-12) occurs in MIC
and MOC. Although the antiviral immune response was not present
in COVID-19 patients at the onset of disease, the antiviral immune
response accelerated in those patients after 14 days. This
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upregulation indicates enhanced host immunity to eliminate viral
pathogens. Similar IL-12 upregulation was reported in both SARS-
CoV>* and SARS-CoV-2 infected patients.**> IL-12 has distinctive
characteristics and has a vital role in positive and negative feed-
back.*® On Day 14, proinflammatory cytokine IL-6 was significantly
higher in MOC but not in MIC cases. However another proin-
flammatory cytokine, TNF-a, was significantly upregulated in all
COVID-19 patients than HC. These findings suggest that proin-
flammatory cytokines had direct effects on the severity and com-
plexity of COVID-19 disease. The antiinflammatory cytokines levels
got upregulated compared to proinflammatory cytokines after 14
days. So, it might result in rapid recovery and reduced mortality in
COVID-19 patients. On Day 14, RANTES and ACE2 also upregulated
with the severity of COVID-19 disease. RANTES, a well-established
chemo-attractant, links innate and adaptive immune responses.
RANTES decreased significantly in SARS-CoV-2 infected persons in a
recent study, where MIP-1a level was higher in ICU patients.”

We observed that the relative expression of some cytokines and
chemokines varied among COVID-19 cases. Based on the samples'
data on Day 1, we could not establish any significant correlation
between disease severity and relative cytokine expressions. But after
14 days, estimated expression levels of IL-6, TNF-a, MIP-1a, MCP-1,
RANTES, and ACE2 correlated with and differed significantly with
COVID-19 severity groups (Figure 2). Several reviews have high-
lighted the importance of cytokines and chemokines and demon-
strated IL-1, IL-6, IL-8, IL-10, IL-2R, IL-18, MCP-1, and TNF-« levels
for disease severity.>*”°® The cytokines and chemokines regulate
the CD4+T, CD8 +T, monocytes, neutrophils, and macrophages.
However, we observed differences in the expressions between stu-
dies. Recent work by Qin et al.?® is also in accord with our ob-
servation, where COVID-19 severity was associated with increased
levels of IL-6, IP-10, MCP-1, and MIP-1a. Although Costela-Ruiz
et al.” reported elevated TNF-« and its association with severity in
COVID-19 patients, we did not observe such differences. In another
study, even the samples from nasopharyngeal swabs revealed the
higher expression of IFN-y and lowered expression of TGF-81 and
RANTES in symptomatic patients compared with negative patients.*’
But our studies demonstrated the higher expression of RANTES for
MIC and MOC compared with HC. At the onset of the disease, the
relative viral load had no significant correlation with cytokines and
chemokines' relative expression (Figure 3A). However, initial viral
load positively correlated with expression levels of [L-12, TNF-q, IL-
6, RANTES, MIP-1qa, and ACE-2, after 14 days. A higher level of IL-6
and RANTES decreased CD8+T cell and virus.”® The results from
our study agreed with that study.

Although males tend to get more severe forms of COVID-19
diseases, we observed significant gender variation only for IL-6,
MIP-1a, and MCP-1 on Day 1 (Figure 4). Our observations of
male patients who had more upregulated IL-6 than female pa-
tients at the beginning of the disease agreed with China's similar
findings. The study reported a higher level of serum IL-6 male
compared to female. Increased expression of IL-6 on Day 1 might
result in severe COVID-19 diseases in males. Interestingly both
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males and females had similar expression levels of proin-
flammatory cytokines (TNF-a, IL-6) after 14 days. On Day 14,
female patients had significant upregulation of ACE2 and IL-12.
In response to vaccinations, women induced a robust immune
response.*’ In a previous study, estrogens lead to cytokine up-
regulation in mice treated with coronavirus. Estrogens had a
protective role by suppressing the immune response's escalation
phase.*? As women are expressing more ACE2, therefore, less
severity and death rate has been attributed in Bangladesh. A
recent study showed that, compared with male patients, severe
female patients had a greater 1gG production level in weeks of
the COVID-19 disease onset.® The protective role of IgG in fe-
male COVID-19 patients might be associated with the upregu-
lation of I1L-12.

There were a few limitations due to the small sample size in our
study. We could not collect repeated blood samples after 14 days
from severe patients admitted to ICU. We also estimated the relative
expression levels of cytokines and chemokines instead of serum
cytokine levels. We could not collect samples from lungs and could
not also target the cytokine expression in alveolar leukocytes.
Modulators of cytokine expression released from the injured lungs
may also spill and diffuse from the source to enter the systemic
circulation, which might also contribute to significant upregulation of
cytokine expression in the peripheral leukocytes and hence con-
tributed to COVID-19 disease manifestations. However, live vaccines
such as the BCG are known to induce trained immunity (enhanced
innate immune response to subsequent infections). COVID-19 cases
were reported as being lower in countries with universal BCG vac-
cination programs (such as Bangladesh, Nepal, Bhutan, Japan) com-
pared to those without the programs (such as the United States,
Spain, Canada, Italy).**> We hypothesized that BCG vaccination might
induce an immune response and reduce SARS-CoV-2 viremia and the
severity of COVID-19 infections,” and cause rapid recovery of
SARS-CoV-2 infection in the country.

5 | CONCLUSION

This study describes cytokine and chemokine expression among
COVID-19 patients with different disease severity in a developing
country, Bangladesh. We found that IL-6 could be targeted for an-
ticytokine therapy here in Bangladesh. Although we could not prove
any direct effect of BCG vaccinations on reduced severity of COVID-
19, our data provide cytokine expression levels in BCG vaccinated
COVID-19 patients. Knowledge of the underlying mechanisms of
differential expressions and the associations of these cytokines with

disease severity could help to target the choice for therapies.
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