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Abstract

Corona disease outbreak occurred in 2019 from Wuhan, China and the virus was identified to be a
member of the Coronaviridae family. The disease was named as COVID-19 by WHO. It started as an
epidemic and later turned into pandemic affecting world wide. The present study was aimed to conduct
a systematic review on most prevalent symptoms associated with COVID-19 and to perform a Meta
analysis on Comorbidities associated with COVID-19 and assess its severity in underlying conditions. A
literature search was conducted using search engines like Pubmed, Web of Science, Elsevier COVID-19
and LitCovid databases between January 2020 and August 2020. Forest plot analysis was done using
Random effects model to estimate odds ratio and 95% confidence interval estimate. 83 papers with a
sample size of 19,454 were analysed statistically after adopting inclusion and exclusion criteria. Our
results showed the most prevalent symptoms to be Cough, fever, dyspnoea and myalgia in interval plot
analysis. When assessed for comorbidities, Hypertension (27.02%), Diabetes (16.61%), Cardiovascular
disease (12.75%) and Chronic pulmonary obstructive diseases(19.9%) are found to be the most risk
factors in comparison with others. However a finer experimental research needs to be confirmed
with the findings.
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INTRODUCTION

Novel Coronavirus began spreading in
Wuhan China by December, 2019 and turned
into Pandemic affecting the whole world. World
Health Organization (WHO) declared this virus as
COVID-19 on 11* February, 2020. International
Committee on Taxonomy of Viruses (ICTV) named
this virus as Severe Acute Respiratory Syndrome
(SARS-CoV-2). Itis a single stranded positive sense
RNA virus belonging to the family Coronaviridae
which unlike its close relatives such as SARS-CoV
and MERS, has increased affinity towards the
ACE 1 receptor, probably a reason in accounting
for its increased pathogenicity.*

The virus has a non segmented, large
genome size of about 30kb with club shaped spike
proteins on the spherical surface. Although the
ACE2 receptor has been associated with SARS-CoV?
and HCoV-NL63? a notable change is observed in
the expression of ACE2 receptors in the oral tissue,
epithelial cells, and the isolation of SARS-CoV-2
from faecal samples and stools of the virus infected
samples. This indicates that the oral and faecal
route might be a potential route of transmission
of the SARS-CoV-2 virus.

The genomic homology studies of
SARS-CoV-2 suggested two different possible
intermediate hosts, the horseshoe bat?, and the
Malayan Pangolins.* Another study also suggested
snakes as a possible intermediate host. The
optimization of the SARS-CoV-2 virus to bind to the
human receptors efficiently has been attributed
to natural selection, but whether this selection
occurred before or after the zoonotic transfer, is
yet to be studied. However, sequencing studies
of the common ancestor of the different strains
of the novel Coronavirus estimated to have been
present between October and November of 2019
might reveal the significant mutations that the
virus underwent which might have contributed
to its pathogenicity.>®

WHO declared the spread of the virus to
be through respiratory droplets which resulted
in a pandemic outbreak. Previous reports stated
that symptoms were noted more in adults with
characteristic symptoms of fever, sore throat,
cough and malaise. The symptoms ranged
from mild to severe like shortness of breath

and hospitalization in ICU. As the disease is
progressing many other symptoms have been
observed which included , loss of smell and
taste, diarrhea, vomiting, chest pain etc and is
observed in neonates and children as well. Rapid
spread of the disease, Morbidity and mortality
associated with COVID-19 are very important to
determine the possible factors associated with
it. Comorbidities like Hypertension, Diabetes,
cardiovascular disease, COPD associated with
COVID-19 are known to aggravate the condition
and increase the risk of infection in patients.
Understanding the dynamic changes observed in
terms of symptoms and comorbidities in people
affected with COVID-19 the present study was
undertaken to perform a systematic review and
meta analysis on symptoms and comorbidities in
COVID-19 infected people.

METHODS

Eligibility Criteria

The search for research papers was
done using search engines like Pubmed, Web of
Science, Elsevier COVID-19 and LitCovid databases
between January 2020 and August 2020. Key terms
used for search included “COVID-19, Coronavirus
Disease 2019, clinical characteristics of COVID-19,
comorbidities associated with COVID-19 ” etc. The
papers were shortlisted based on the title of the
paper and abstract. Selection of relevant articles
and extraction of data was done selectively by
two authors independently who are a part of this
study. Disagreements between the authors was
resolved in consultation with the third author and
by mutual consensus.

Inclusion and Exclusion criteria were
adopted to all the shortlisted papers. Inclusion
criteria included the data retrieved from only
the papers published in a peer-reviewed journal,
Variables extracted from the studies includes
the patients of all age groups, gender, clinical
manifestations like cough, fever, Myalgia,
dyspnoea, sore throat, rhinorrhoea, anorexia,
fatigue, headache, diarrhoea, Nausea, chest pain
and comorbidities like Hypertension, diabetes,
cardiovascular disease, renal disease, Obesity,
COPD, Immunodeficiency and cancer, severity
of symptoms like patients in ICU, discharged/
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recovered and mortality were included in study.
Exclusion criteria included duplicate studies,
general articles, editorial boards, reports published
by various health agencies, studies with small
sample size and studies with incomplete data
were excluded from the study. The steps involved
in literature search were showed in Figure 1.

Data Analysis

Interval plot analysis was done for
symptoms to show the confidence interval for
the mean of the data. Correlation analysis was
performed with individual symptoms against
mortality to understand the most associated
symptom with COVID-19 fatal rate. Relationship
between severities of the symptoms was recorded
with admission of patients in ICU, discharged/
recovered to Mortality rate was done by using
surface plot analysis. 3D scatter plots were used

to understand the relationship between gender
against mortality. All calculations were performed
using R programming.

Risk of bias was assessed by a cross-
sectional study which provided a snapshot of a
COVID and other variables in a defined population
at a specific point in time. This is done to infer
the relationships between a COVID and other
variables.

Statistical analysis was done using R
studio software for generating Forest plot analysis.
This was done using Random effects model due to
heterogeneity between the studies to estimate
the random effects and precision which gives
95% confidence interval estimate (Cl). The risk of
comorbidities in different patients was described
using odds ratio and the statistical heterogeneity
was assessed using |2 Statistics.

n=145

Records identified through database searching

l

n=92

Screening Udentiﬂcation}

Records after duplicates removed

!

n=383

Eligibility

Records screened for eligibility

Records excluded
n=9

l

Included

Full text articles assessed for eligibility for various
comorbidities independently includes
Hypertension(n=37);Diabetes(n=42),Cardiovascular
diseases(n=39); Cancer (n=6);COPD(n=37);Renal
diseases (n=32);0ther comorbidities(n=34)

Figure 1. Flow diagram depicting the number of studies included in the study
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RESULTS AND DISCUSSION

Systematic Review on Symptoms Associated with
COVID-19 and Severity of Disease

Database search was conducted using
different search engines and 145 research records
were found. After cleaning the data for duplication
92 research papers were shortlisted. 83 papers
with a sample size of 19,454 were analysed after
excluding 9 papers which has insufficient data for
analysis adopting exclusion criteria. The data was
analysed for symptoms associated with COVID-19
and severity of disease using interval plot analysis.
Mortality with respect to gender was done using
scatter plot analysis.

From figure 2 an overlap of confidence
intervals was noted commonly for different sets
of data. Cough, fever showed higher overlapping
which indicates that the two symptoms are most
commonly found among the COVID-19 patients as
indicated by similarity of data. However, there is
slight overlapping noted with dyspnea or shortness
of breath characterizing the most prevalent
symptom noted along with fever and cough. An
interesting observation was made with the other
symptoms like Myalgia, sore throat, rhinorrhea,

Interval Plot
95% Cl for the Mean

Data

o838 88E8E

{

.

anorexia, fatigue, headache, diarrhea, nausea/
vomiting which displayed the commonality and
overlapping in interval plot analysis (Figure 2) A
clear demarcation can be done and the results can
be categorized in two groups: the most prevalent
group with cough and fever and less prevalent
group with all other symptoms noted. However,
one common symptom i.e. dyspnoea or shortness
of breath is found to be commonly associated
with both the groups. The amount of variation
is also significantly high in both cough and fever
followed by shortness of breath compared to other
symptoms. The symptom chest pain seemed to be
very consistent as variation is remarkably less
When analysed for severity of symptoms
in terms of Discharged /recovered, hospitalized
and death, overlapping of data is noted for two
categories ie people who are hospitalized and
recovered from the disease. Variation is noted
maximum for hospitalized patients compared
with the other two categories. Death/Mortality
did not show any overlapping with the other two
groups indicating the least contribution rate in
COVID-19 patients as is evidenced by the practical
display but the important point to be noted is
the small interval in case of death which shows

iii

Sl F PSS S
L Ll

Individual standard deviations were used to calaulate the intervals

Figure 2. Interval plot analysis of symptoms associated with COVID 19

Journal of Pure and Applied Microbiology

2340

www.microbiologyjournal.org



Jonnalagadda et al. | J Pure Appl Microbiol. 2022;16(4):2337-2351. https://doi.org/10.22207/JPAM.16.4.50

consistency in COVID-19 pandemic mortality
(Figure 3a) To understand and investigate the
relationship between male, female and mortality
rate a 3D scatterplot was drawn. The results from
figure 3b demonstrate that COVID-19 mortality is
more noted in males than in females which are in
accordance with studies done by Del et al.” This
may be due to the variations in hormones like
progesterone and 17 B estradiol which acts as
immune modulators in viral infections.

Meta Analysis on Comorbidities Associated with
CoviD-19

When analyzed for percentage of
prevalence among all comorbidities associated
with COVID-19, highest prevalence was noted for
Hypertension (27.02%), followed by COPD (19.9%),
Diabetes mellitus (16.61%), Other comorbidities
like immune deficiency disorders and obesity
disorder accounting to 13.66%, cardiovascular
diseases (12.75%), Renal disease (6.06%), and
cancer (1.5%). Meta analysis was carried out using
forest plot analysis after applying inclusion and
exclusion criteria independently for shortlisted
comorbidities. The total number of studies are not
uniform in each case and they vary with complete
availability of data pertaining to that comorbidity
studied. A total of 37 studies for Hypertension, 42
for diabetes, 39 for cardiovascular, 6 for cancer, 37
for COPD, 32 for Renal diseases and 34 for other
abnormalities which included Immunodeficiency
and Obesity were analyzed for Meta analysis.

Interval Plot of Discharged/Recovered, Hospitalized, Death
95% Cl for the Mean

120

Data

Individual standard deviations were used to calculate the intervals.

3a

Hypertension

For assessing the impact of the most
reported comorbidity Hypertension on COVID-19
mortality a total of 37 studies were tested for
Meta analysis after applying exclusion & Inclusion
criteria in reported studies. A heterogeneity test
was performed for these 37 studies applying
random effects model. Forest plot analysis was
done with 95% CI which revealed a substantial
probability of attaining COVID-19. Heterogeneity,
12 for the studies performed was noted to be 97
% with Odds Ratio of 1.32 (Figure 4). The results
indicate that a strong positive correlation was
noted with hypertension. Studies by Zhang et al.®
reported cytokine release syndrome and shooting
up of IL6 levels in COVID-19 patients which is
correlated with earlier studies indicating the role of
Interleukins, inflammasomes, cytokines and TLRs
in hypertension.>!® These studies are showing a
probability of aggravated responses of COVID-19
in patients with Hypertension as comorbidity.
However further research needs to be done at
molecular level to confirm the findings.

Diabetes

When analysed for impact of Diabetes
in patients affected with COVID-19, an odds ratio
of 1.19 was noted in 42 studies using random
effects model which showed a positive correlation
between Diabetes and COVID-19. Heterogeneity
was noted as 96% (Figure 5). The findings in
previous metaanalysis studies reported by Kou

3b

3D Scatterplot of Death vs Male vs Female

Figure 3. 3arepresents Interval plot of severity of symptoms; 3b represents 3D scatter plot of gender vs mortality
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et al*, Fadini, et al'> were quite different from
our present findings. One reason for this could
be inclusion of many studies in present research.
Also, the total estimated Odds ratio value indicates
that people with Comorbidity Diabetes exhibits
more risk and proceeds to severe COVID-19

disease than normal people. Though some
studies could explain the probable correlation
between Diabetes and COVID-19 is due to down
regulation of ACE2 receptor Gupta R et al.®® the
exact mechanism is still unknown. Reports by
Kumar and Arora, also suggest that imbalance in

Hypertension

Weight
Study OR Odds Ratio 95%—-CI (random)
Guan WJ et al 1.16 % [1.14; 1.19] 2.9%
Huang et al 1.16 —e— [1.04; 1.29] 2.5%
Agarwat et al 1.41 —rie— [1.20; 1.66] 2.2%
Argenziano MG et al 1.82 e [1.77; 1.88] 2.9%
Wang D et al 1.37 e [1.26; 1.48] 2.7%
Zhou F et al 1.35 '.'" [1.27; 1.45] 2.7%
Ruan Q et al 1.41 re— [1.31; 1.53] 2.7%
Shi S et al 1.36 -h- [1.30; 1.42] 2.8%
Guo T et al 1.39 L [1.30; 1.48] 2.7%
Liu K et al 1.10 - [1.05; 1.15] 2.8%
Fu L et al 1.60 —-— [1.50; 1.71] 2.7%
Chen T et al 1.40 - [1.33; 1.49] 2.8%
Wan S et al 1.10 - [1.05; 1.16] 2.8%
Mao.L et al 1.27 - [1.20; 1.34] 2.8%
Wang Z et al 1.14 —-— [1.05; 1.23] 2.7%
CaiQetal 117 - [1.12; 1.22] 2.8%
Wu C et al 1.21 - [1.15; 1.28] 2.8%
Wang L et al 1.50 - [1.43; 1.58] 2.8%
Wang L et al 1.45 -— [1.33; 1.58] 2.6%
Lovell et al 1.71 . —e— [1.55; 1.88] 2.6%
Wang D , yin et al 1.28 e [1.18; 1.38] 2.7%
Hong KS et al 1.36 =l [1.24; 1.49] 2.6%
Cummings et al 1.88 - [1.77;1.99] 2.8%
Cao Y et al 1.48 ——— [1.27;1.72] 2.3%
Tian J et al 1.48 Vo [1.42; 1.53] 2.8%
Yang K et al 1.39 - [1.30; 1.48] 2.8%
Yang L et al 1.25 gt [1.18; 1.33] 2.8%
Lavarone et al 1.79 —— [1.56; 2.05] 2.4%
SiD etal 1.75 £ —=— [1.62; 1.88] 2.7%
Singer et al 1.32 [1.29; 1.35] 2.9%
Samrah et al 1.23 e [1.13; 1.35] 2.6%
Tsou et al 1.19 —e— [1.10; 1.28] 2.7%
Munoz et al 1.36 —'r-— [1.25; 1.49] 2.6%
Zeng J et al 1.16 - [1.12; 1.19] 2.8%
Chen Y et al 1.51 e [1.32; 1.73] 2.4%
Yue H et al 1.07 - [1.02; 1.13] 2.8%
Liao Det al 1.35 - [1.29; 1.41] 2.8%
Fixed effect model 1.32 i [1.31; 1.33] -
Random effects model 1.36 - : [1.29; 1.43] 100.0%

Heterogeneity: /” = 97%, 1 35 = 1253.04 (p < 0.01)
0.5

1

N

Figure 4. Forest plot analysis of studies pertaining to Hypertension
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different immune cells during diabetes and the
shared role of DPP4 receptors and ACE2 receptors
in glucose metabolism might be taking the lead
role in contributing to the severity of disease in
diabetes patients.

Cardiovascular Disease

Significant heterogeneity was noted in 39
studies pertaining to comorbidity cardiovascular
disease with an 1% value of 95%. With forest
plot analysis using Random effects model the
value was found to be 1.16 which indicates a

Diabetes

Weight
Study OR Odds Ratio 95%-Cl (random)
Guan WJ et al 1.08 -' [1.06; 1.09] 2.6%
Huang et al 1.22 —t— [1.08; 1.37] 1.9%
Agarwat et al 1.65 : [1.39; 1.96] 1.5%
Xing -Yung et al 1.03 - [1.00; 1.07] 2.6%
Argenziano MG et al 1.45 E i - [1.41; 1.49] 2.6%
Wang D et al 1.11 —m [1.05; 1.16] 2.5%
Yang X et al 1.19 —— [1.07; 1.32] 2.1%
Zhou F et al 1.21 i—-— [1.14; 1.28] 2.5%
Ruan Q et al 1.18 - [1.11; 1.25] 2.4%
Shi S et al 1.16 f- [1.12; 1.19] 2.6%
Guo T et al 1.16 - [1.10; 1.22] 2.5%
Liu K et al 1.11 - [1.05; 1.17] 2.5%
FuL et al 1.86 : —=— [1.74; 1.98] 2.4%
Chen T et al 1.19 L [1.14; 1.24] 2.5%
Wan S et al 1.09 - [1.04; 1.15] 2.5%
Mao.L et al 1.15 -- [1.10; 1.21] 2.5%
Meng J et al 115 —— [1.04; 1.28] 2.1%
Wang Z et al 1.11 —+ [1.03; 1.19] 2.3%
Cai Q et al 1.06 - [1.03; 1.09] 2.6%
Wu C et al 1.12 —-:r [1.07; 1.16] 2.5%
Wang L et al 117 - [1.13; 1.22] 2.6%
Wang L et al 1.17 i [1.09; 1.25] 2.4%
Lovell et al 1.43 : P [1.30; 1.57] 2.2%
Wang D , vyin et al 1.11 —-t [1.05; 1.17] 2.4%
Hong KS et al 1.10 —-i [1.04; 1.16] 2.5%
Cummings et al 1.43 . [1.35; 1.52] 2.4%
Tadolini et al 1.18 —— [1.06; 1.31] 2.1%
Cao Y et al 1.22 —v—“— [1.08; 1.37] 1.9%
Tian J et al 1.30 1io- [1.26; 1.34] 2.6%
Yang K et al 1.11 - [1.07; 1.16] 2.5%
Yang L et al 1.11 -* [1.06; 1.16] 2.5%
Lavarone et al 1.43 Vo — [1.25; 1.64] 1.8%
SiD etal 1.24 I----— [1.17; 1.32] 2.4%
Singer et al 117 (] [1.15; 1.19] 2.6%
Samrah et al 1.13 —-f—- [1.05; 1.22] 2.3%
Tsou et al 1.08 —-— [1.03; 1.14] 2.5%
Munoz et al 1.21 +— [1.12; 1.31] 2.3%
Zeng J et al 1.06 : [1.03; 1.08] 2.6%
Chen Y et al 1.24 —— [1.11; 1.39] 2.0%
Yue H et al 1.05 - . [1.00; 1.10] 2.5%
Liao Det al 1.17 - [1.13; 1.22] 2.6%
Sarin SK et al 1.49 : —-— [1.40; 1.59] 2.4%
Fixed effect model 1.15 ig [1.14; 1.16 --
Random effects model 1.19 - : [1.16; 1.23] 100.0%

Heterogeneity: /? = 96%, 2, = 926.41 (p < b.0
0.75

1)

1 1.5

Figure 5. Forest plot analysis of studies pertaining to Diabetes
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positive correlation between CVD and COVID-19
which is significant with OR value (Figure 6). The
values reported are in accordance with other
metaanalysis studies reported so far. However
significant correlation can be drawn from our study
as the number of studies included are quite high.

The probable mechanism explains the role
of ACE2 report in progression of COVID-19 among
people with comorbidity CVD. The ACE 2 receptors
are expressed in various cells of the body including
the cells of the cardiac system.** An important
function of ACE 2 receptors is the conversion of

Cardiovascular disease

Weight
Study OR Odds Ratio 95%-Cl (random)
Chen et al 1.50 [1.36; 1.65] 2.1%
Guan WJ et al 1.02 [1.02; 1.03] 3.0%
Huang et al 1.16 [1.04; 1.29] 2.0%
Xing —Yung et al 117 [1.08; 1.26] 2.4%
Wang D et al 1.16 [1.09; 1.23] 2.6%
Yang X et al 1.10 [1.02; 1.19] 2.3%
Zhou F et al 1.08 [1.04; 1.12] 2.8%
Ruan Q et al 1.08 [1.04; 1.13] 2.7%
Shi S et al 1.04 [1.02; 1.06] 2.9%
Guo T et al 1.11 [1.06; 1.16] 2.7%
LiuK etal 1.08 [1.03; 1.12] 2.7%
FulL etal 1.08 [1.04; 1.11] 2.8%
Chen T et al 1.38 [1.31; 1.46] 2.6%
Wan S et al 1.08 [1.03; 1.13] 2.7%
Mao.L et al 1.10 [1.06; 1.15] 2.8%
Meng J et al 1.24 [1.09; 1.40] 1.8%
Wang Z et al 1.12 [1.04; 1.21] 2.4%
Cai Qetal 1.18 [1.13; 1.23] 2.7%
Wu C et al 1.04 [1.01; 1.07] 2.9%
Wang L et al 1.71 [1.62; 1.80] 2.6%
Wang L et al 1.06 [1.02; 1.11] 2.7%
Lovell et al 1.20 [1.11; 1.29] 2.4%
Wang D , yin et al 1.34 [1.23; 1.46] 2.2%
Hong KS et al 1.28 [1.17; 1.39] 2.3%
Ferguson et al 1.12 [1.04; 1.20] 2.4%
Cummings et al 1.21 [1.15; 1.27] 2.7%
Cao Y etal 1.08 [0.99; 1.17] 2.3%
Tian J et al 1.14 [1.11; 1.17] 2.9%
Yang K et al 1.08 [1.04; 1.12] 2.8%
Yang L et al 1.17 [1.11; 1.23] 2.7%
SiD etal 1.20 [1.13; 1.27] 2.6%
Singer et al 1.11 [1.09; 1.12] 2.9%
Samrah et al 1.08 [1.02; 1.14] 2.6%
Tsou et al 1.19 [1.10; 1.28] 2.4%
Munoz et al 1.25 [1.15; 1.35] 2.3%
Zeng J et al 1.10 [1.07; 1.13] 2.9%
Chen Y et al 1.40 [1.23; 1.59] 1.7%
Liao Det al 1.06 [1.04; 1.08] 2.9%
Sarin SK et al 1.23 [1.17; 1.30] 2.6%
Fixed effect model 1.08 [1.08; 1.09] o
Random effects model 1.16 [1.13; 1.19] 100.0%

I

Heterogeneity: 12 = 95%, 112, = 767.42 (p €0.01)
0.75

1 1.5

Figure 6. Forest plot analysis of studies related to cardiovascular disease
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vasoconstrictive angiotensin Il to vasodilatory
forms, which leads to a negative response on the
Renin-angiotensin-aldosterone system (RAAS).
Thus the ACE 2 receptors apart from acting as a
critical entry site to the SARS-CoV-2 virus, also play
arolein controlling the RAAS mechanism, which is
in turn again responsible for several cardiovascular
diseases including hypertension, atherosclerosis

and even heart failure.*> ACE 2 commonly has
an antihypertensive effect and also affects the
cardiac output. Therefore, the dysregulation of this
receptor during SARS-CoV-2 infection might be a
plausible explanation for the incidence of cardiac
abnormalities during COVID-19.% The overdrive of
the immune system has also been cited as a cause
of heart damage in COVID-19 patients."’

Renal Disease

Weight
Study OR Odds Ratio 95%—-CI (random)
Chen et al 1.11 e [1.04; 1.17] 2.3%
Guan WJ et al 1.01 5 [1.00; 1.01] 46%
Xing -Yung et al 1.01 . [0.99; 1.03] 4.1%
Yang X et al 1.33 Vi ———— [1.18; 1.51] 0.8%
Zhou F et al 1.16 P —— [1.10; 1.22] 2.7%
Ruan Q et al 1.18 D —— [1.11; 1.25] 2.3%
Shi S etal 1.03 - [1.02; 1.05] 4.3%
Guo T et al 114 i [1.08; 1.19] 2.8%
Chen T et al 1.01 . [1.00; 1.03] 4.4%
Wan S et al 1.04 .- [1.01; 1.07) 3.6%
Mao.L et al 1.03 - [1.01; 1.05] 4.1%
CaiQetal 1.06 - [1.03; 1.09] 3.9%
Wu C et al 1.01 P [1.00; 1.02] 4.4%
Wang L et al 113 Ve [1.09; 1.16] 3.4%
Wang L et al 1.04 e [1.01; 1.08] 3.3%
Lovell et al 1.23 i —— [1.14;1.33] 1.6%
Wang D, yin et al 1.03 e [1.00; 1.06] 3.6%
Hong KS et al 1.10 P—— [1.04; 1.16] 2.4%
Ferguson et al 1.06 H—— [1.00; 1.11] 2.5%
Cummings et al 1.15 i o—— [1.11; 1.21] 3.0%
Tadolini et al 1.1 H— [1.02; 1.21] 1.5%
Tian J et al 1.03 . [1.02; 1.04] 4.5%
Yang K et al 1.09 Pt [1.05; 1.13] 3.3%
Yang L et al 1.14 —— [1.09: 1.20] 2.8%
Lavarone et al 117 e [1.06; 1.30] 1.1%
SiDetal 1.05 - [1.02; 1.09] 3.5%
Singer et al 1.05 g [1.04; 1.06] 4.5%
Tsou et al 1.01 .- [0.99; 1.03] 4.2%
Zeng J et al 1.00 [1.00; 1.01] 4.6%
Chen Y et al 1.04 = [0.99; 1.10) 2.5%
Sarin SK et al 1.07 - [1.04; 1.11] 3.5%
Fixed effect model 1.02 ji [1.02; 1.02] e
Random effects model 1.06 ¢ [1.05;1.08] 100.0%
Heterogeneity: /1 = 91%, 13, = 332.15 {p < 0.01) '
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Figure 7. Forest plot analysis of studies related to Renal disease
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Renal Diseases

The pooled odds ratio estimate the
number of patients affected by both renal diseases
and COVID-19 among 31 studies was found to
be 1.06. The randomized effects model also
demonstrated a pronounced heterogeneity of I?
= 91% and P<0.01 (Figure 7). Overall a positive
correlation between renal diseases and SARS-

CoV-2 infection can be inferred from this extensive
meta-analysis study, making it an important
comorbidity associated with COVID-19 disease
severity. The most commonly recorded renal
diseases were Chronic Kidney disease(CKD) and
acute kidney injury (AKI).

In our meta analysis a very small
proportion of cases reported end stage renal

COPD

Weight
Study OR Odds Ratio 95%—-CIl (random)
Chen et al 1.19 — [1.10; 1.28] 2.7%
Guan WJ et al 1.01 [1.00; 1.02] 2.9%
Huang et al 1.02 ™ [0.98; 1.07] 2.8%
Agarwat et al 1.17 e [1.03; 1.33] 2.6%
Xing —Yung et al 1.01 - [0.99; 1.03] 2.9%
Wang D et al 1.03 ol [1.00; 1.06] 2.8%
Yang X et al 212 —— [1.88; 2.38] 2.6%
Zhou F et al 2.41 ! - [2.30; 2.52] 2.8%
Ruan Q et al 2.48 , - [2.36; 2.59] 2.8%
Shi S et al 1.03 oo [1.01; 1.05] 2.9%
Guo T et al 1.31 o [1.23; 1.39] 2.8%
Liu K et al 1.01 . [0.99; 1.04] 2.9%
Fu L et al 1.04 - [1.01; 1.06] 2.8%
Chen T et al 2.33 v - [2.23; 2.43] 2.8%
Wan S et al 1.18 T [1.11; 1.25] 2.8%
Wang Z et al 1.06 s [1.00; 1.12] 2.8%
CaiQetal 2.35 - [2.25; 2.44] 2.8%
Wu C et al 1.03 - [1.00; 1.05] 2.9%
Wang L et al 1.31 - [1.25; 1.38] 2.8%
Lovell et al 1.24 P [1.15; 1.35] 2.7%
Wang D , yin et al 1.34 I [1.23; 1.46] 2.7%
Hong KS et al 1.24 P [1.14; 1.34] 2.7%
Ferguson et al 1.28 N [1.16; 1.42] 2.7%
Zhang F et al 1.90 b —_— [1.67; 2.16] 2.5%
Cummings et al 1.19 vl [1.14; 1.25] 2.8%
Tian J et al 1.56 Vi - [1.51; 1.62] 2.8%
Yang K et al 1.48 RS [1.38; 1.58] 2.8%
Yang L et al 1.22 s [1.15; 1.28] 2.8%
Lavarone et al 1.17 e [1.06; 1.30] 2.7%
SiD et al 1.07 - [1.03; 1.11] 2.8%
Singer et al 1.11 B [1.09; 1.12] 2.9%
Tsou et al 1.14 -~ [1.07; 1.22] 2.8%
Munoz et al 1.15 b [1.07; 1.23] 2.8%
Zeng J et al 1.01 B [1.00; 1.02] 2.9%
Chen Y et al 1.17 —— [1.06; 1.29] 2.7%
Sarin SK et al 1.12 e [1.07; 1.16] 2.8%
Fixed effect model 1.07 i [1.07; 1.08] -
Random effects model 1.29 = [1.21; 1.37] 100.0%
Heterogeneity: 12 = 99%, 12, = 6719.6B (p = 0) 1

0.5 1 2

Figure 8. Forest plot analysis of studies on COPD

Journal of Pure and Applied Microbiology

2346

www.microbiologyjournal.org



Jonnalagadda et al. | J Pure Appl Microbiol. 2022;16(4):2337-2351. https://doi.org/10.22207/JPAM.16.4.50

disease, kidney injury, chronic renal failure and
chronic renal insufficiency. However the reporting
of these was very rare in other studies. Therefore
these values differed from the combined value
obtained in our analysis when compared with
studies.'819.20

The underlying mechanism of renal
diseases has been explored by many studies,
which have stated several routes through which
this might occur. The viral particles were observed
at different sites in the kidney, including the viral
antigens in kidney tubules,? virus-like particles in
the proximal tubular epithelium and podocytes,??
and viral RNA in urine samples of a COVID-19
infected patient with CKD.% The expression of ACE2
receptor??2>26 and its coexpression with protease
coding TMPRSS genes? in kidneys similar to lungs
and the digestive system points to the fact that
the kidney is a potential target for the virus. The
dysregulation of immune factors such as induction
of CD68+ cells and its complement C5b9 in tubular
epithelial cells,”® reduction of T Cells, and increase
of certain interleukins directly cause cytokine
storms and significant inflammatory responses and
in turn contribute to kidney damage. The cytokine
storms can have various serious consequences.
One study pointed out that the activation of
coagulation factors mediated by cytokine storm
can lead to hypercoagulation thereby leading to

necrosis.?® Cytokines can also cause pressure on
the kidney leading to rhabdomyolysis.*® A lung
and kidney cross interaction could also impair the
functions of the kidney leading to internal damage,
and disruption of circulation in kidneys.

COPD

COPD carrying an odds ratio of 1.07 &
heterogeneity of 99% has confirmed a greater
positive correlation with COVID-19 ( Cl -95% & p=0)
on forest plot analysis (Figure 8) COPD which was
ranked as the third leading cause of death by the
WHO in low income countries, might be a potential
cause of maximum infection in those areas. COPD
was considered to have the highest mortality
rate & risk factors especially with smokers in
comparison to other comorbidities in COVID-19
infection.

Similar to SARS-CoV, COVID-19 virus
also possesses spike protein which is primed
to the cellular serine protease TMPRSS2, this
facilitates fusion & cell entry though ACE2. COPD
causes increased ACE2 expression.? However
ACE2 expression is decreased in individuals
having asthma and are taking Inhaled & systemic
corticosteroids(ICS) in comparison to those not
taking ICS* giving a possibility to decrease the viral
entry. Anti ACE2 acts as a functional receptor in
blocking the viral replication.?*

Cancer
Weight
Study OR Odds Ratio 95%-CI (random)
Guan WJ et al 1.01 . [1.00; 1.01] 20.7%
ShiSetal 1.02 l [1.01; 1.04] 19.0%
CaiQetal 1.01 [1.00; 1.03] 19.3%
Lovell et al 1.28 ¥ —— [1.18; 1.39] 4.3%
Singer et al 1.04 n [1.03; 1.05] 20.1%
Liao Det al 1.05 .- [1.03; 1.08] 16.5%
Fixed effect model 1.02 l [1.01; 1.02] e
Random effects model 1.04 <> [1.02; 1.06] 100.0%
Heterogeneity: I = 93%, 12 = 68.65 (p < 0.01) '
0.8 1 1.25
Figure 9. Forest plot analysis of studies on Cancer
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Cancer

Not many papers resulted on correlating
cancer and COVID-19. However the six studies
shortlisted showed an OR of 1.04 and heterogeneity
of 93%, which demonstrates the comorbidity
Cancer has shown a positive correlation (p<0.01)
with COVID-19 on Forest plot analysis considering
Cl of 95% (Figure 9).

Individuals with cancer as comorbidity
were considered to be vulnerable towards
COVID-19. Though the studies report the possibility
with the mediation of increased ACE2 levels* in
the plasma samples, which is the key connector
between cancer & COVID-19 host interactions,
the disproportionate results in various other
studies leave keyholes to be filled in. Effect of ACE2

Immunodeficiency and Obesity

Weight
Study OR Odds Ratio 95%-Cl (random)
Chen et al 1.30 ‘ —— [1.19; 1.42] 26%
Guan WJ et al 1.00 i [1.00; 1.00] 3.4%
Huang et al 1.02 i [0.98; 1.07] 3.1%
Xing —Yung et al 1.22 - [1.12; 1.32] 2.6%
Wang D et al 1.08 -+ [1.04; 1.13] 3.1%
Yang X et al 233 —— [2.11; 2.57] 24%
Zhou F et al 2.20 i -+ [2.08; 2.34] 3.0%
Ruan Q et al 1.03 b [1.00; 1.086] 3.3%
Shi S et al 1.02 p [1.00; 1.03] 34%
Guo T et al 1.11 - [1.06; 1.16] 3.1%
Chen T et al 1.03 b [1.01; 1.05] 3.3%
Wan S et al 1.01 - [0.99; 1.04] 3.3%
Mao.L et al 1.28 P [1.21; 1.36] 3.0%
Meng J et al 1.07 = [0.99; 1.16] 2.7%
Wang Z et al 1.03 i [0.99; 1.07] 3.2%
Cai Q et al 1.38 Do [1.30; 1.45] 3.0%
Wu C et al 1.07 - [1.04; 1.11] 3.2%
Wang L et al 1.34 - [1.27; 1.40] 3.1%
Lovell et al 1.13 — [1.06; 1.20] 2.9%
Wang D, yin et al 1.06 e [1.01; 1.10] 3.1%
Hong KS et al 1.05 - [1.01; 1.10] 3.1%
Cummings et al 1.12 -+ [1.08; 1.16] 3.2%
Tadolini et al 1.15 —— [1.05; 1.27] 2.4%
Yang K et al 1.21 a [1.15; 1.28] 3.0%
Yang L et al 1.01 i [1.00; 1.02] 3.4%
Singer et al 1.04 ] [1.03; 1.05] 3.4%
Samrah et al 1.15 —— [1.06; 1.23] 2.7%
Tsou et al 1.05 - [1.01; 1.10] 31%
Munoz et al 1.30 —— [1.19; 1.41] 2.6%
Zeng J et al 1.02 b [1.01; 1.04] 3.4%
Chen Y et al 1.06 - [0.99; 1.13] 2.9%
Yue H et al 1.07 - [1.02; 1.13] 3.0%
Sarin SK et al 1.54 P [1.44; 1.64] 2.9%
Fixed effect model 1.01 [1.01; 1.01] -
Random effects model 1.16 . [1.13;1.19] 100.0%
Heterogeneity: /° = 98%, 13, = 1798.58 (p = 0) '

0.5 1 2

Figure 10. Forest plot analysis of studies with respect to Immunodeficiency and Obesity
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expression & its impact on COVID-19 depends
upon multiple factors like the type of cancer, age,
sex etc.* However the cytokine storm effects®3
will keep individuals with cancer comorbidity at
higher risk.

Other Comorbidities (Immune Deficiency and
Obesity)

The total estimated fraction of SARS-
CoV-2 infected patients suffering from immune
deficiency and Obesity in a randomized effects
model was found to be 1.16 [95%=1.13-1.19]. A
remarkable heterogeneity of I>=98% and P=0 was
noted (Figure 8). This strong correlation between
these two factors with the COVID-19 infection has
significant room to be explored (Figure 10).

Results reported by Gao et al.*°, Huang
et al. *° are in accordance with the results
obtained by the present study. The mechanism
underlying the positive correlation between
obesity and COVID-19 is yet to be studied, but
notably studies by reported that obese patients
are likely to develop hypoventilation leading to
lung complications in severe SARS-CoV-2 infected
patients. It was also noted that since ACE2
expression was higher in adipose tissue, obese
individuals are at a higher risk to contract SARS-
CoV-2 virus particles entry.*! Since obesity is also
a risk factor for other comorbidities like diabetes
and also affects the immune responses, it is safe to
say from our meta-analysis that obese individuals
are at a higher risk to develop severe COVID-19
infections.

Limitations

Patients can be suffering with multiple
comorbodities which might have added to the
severity in effect. This is a very important limitation
of the study. The studies with reported mortality
rates to a specific comorbidity alone were used for
analysis, an inherent bias could exist in terms of
selection of patients and their treatment regimes
also may differ.

CONCLUSION
SARS-CoV-2 affected large group

of population especially the patients with
comorbidities. The present study analysed for

most prevalent and less prevalent symptoms and
comorbidities associated with COVID-19. The
study highlights the most common symptoms to
be fever, cough and shortness of breath and the
most correlated comorbidities are Hypertension,
Diabetes, CVD and COPD. However, in depth
research studies are to be done as the studies are
still in infancy with novel Coronavirus COVID-19
and the underlying mechanisms for its varied
expression with respect to Symptoms and
comorbidities in diverse groups of population is
yet to be studied.
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