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Introduction: Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2), which
appeared in 2019, has been classified as critical and non-critical according to
clinical signs and symptomes. Critical patients require mechanical ventilation and
intensive care unit (ICU) admission, whereas non-critical patients require neither
mechanical ventilation nor ICU admission. Several factors have been recently
identified as effective factors, including blood cell count, enzymes, blood
markers, and underlying diseases. By comparing blood markers, comorbidities,
co-infections, and their relationship with mortality, we sought to determine
differences between critical and non-critical groups.

Method: We used Scopus, PubMed, and Web of Science databases for our
systematic search. Inclusion criteria include any report describing the clinical
course of COVID-19 patients and showing the association of the COVID-19
clinical courses with blood cells, blood markers, and bacterial co-infection
changes. Twenty-one publications were eligible for full-text examination
between 2019 to 2021.

Result: The standard difference in WBC, lymphocyte, and platelet between the
two clinical groups was 0.538, -0.670, and -0.421, respectively. Also, the
standard difference between the two clinical groups of CRP, ALT, and AST was
0.482, 0.402, and 0.463, respectively. The odds ratios for hypertension and
diabetes were significantly different between the two groups. The prevalence of
co-infection also in the critical group is higher.

Conclusion: In conclusion, our data suggest that critical patients suffer from a
suppressed immune system, and the inflammation level, the risk of organ
damage, and co-infections are significantly high in the critical group and
suggests the use of bacteriostatic instead of bactericides to treat co-infections.
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GRAPHICAL ABSTRACT
Summary of the comparison of two clinical course of COVID-19

Introduction

The SARS Coronavirus 2 (SARS-CoV-2) originated in China
and spread to most countries worldwide in 2019. Generally, more
than 200 million confirmed cases and more than 4 million deaths
have been reported. SARS-CoV-2 is more infectious than SARS-
CoV (1-3). The new Coronavirus is classified into critical and non-
critical cases based on symptoms. Description of critical patients
require mechanical ventilation and intensive care unit (ICU)
admission, and Non-critical patients don’t require mechanical
ventilation and ICU admission (3, 4). Accordingly, comparing
critical and non-critical groups can describe the difference
between the presence and absence of co-infection. After three
years of the first appearance of COVID-19, researchers examined
essential factors for evaluating COVID-19 disease.

As a first step, the blood cell count was evaluated. Some papers
suggest that the number of white blood cells (WBCs), lymphocytes,
and platelets may vary as a result of COVID-19, including critical,
mild, moderate, and severe cases (5, 6). The difference between
these cells may show the infection and inflammation in critical and
non-critical groups (7, 8). Another factor associated with COVID-
19 may be enzymes and proteins. Alanine aminotransferase (ALT),
Aspartate aminotransferase (AST), and C reactive protein (CRP)
levels were inconsistent between critical and non-critical groups.
The level of these markers can determine the prognosis of the two
groups (9, 10).

Underlying diseases such as high blood pressure, diabetes,
cardiovascular disease, and dyslipidemia can play a crucial role in
the clinical course of COVID-19 patients. Critical and non-critical
patients exhibit varying levels of comorbidities; these have a
different impact on morbidity (11). Moreover, there is evidence to
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suggest that the mortality rate can be affected by comorbidities
(12, 13).

Co-infection is an essential factor in morbidity and mortality.
Globally, the prevalence of bacterial co-infection in COVID-19
patients is unknown and different micro-organisms lead to co-
infection (14). Most of the organisms differ in their distribution in
different organs, such as the respiratory, blood, and urinary tracts
(15). As a result, the reaction of critical and non-critical groups to
co-infections will be considerably variable. Bacterial co-infection
plays a vital role in the clinical course of the COVID-19 disease,
which can be treated with various antibiotics.

The mortality rate of COVID-19 disease can be affected by
factors such as blood cell count, blood markers, comorbidities, and
co-infections (4). Therefore, the mortality rate can differ between
critical and non-critical groups. In this study, blood markers,
comorbidities, co-infections, and their relationship to mortality
rates were compared between critical and non-critical patients.

Method
Search strategy

We reported this systematic review meta-analysis using the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines. The studies were identified using
the following PICOS principle: Patients = Patients with COVID-19,
Intervention = dividing patients into critical and non-critical based
on ICU admission and mechanical ventilation, Control, Outcome =
Comparison of immunological and clinical factors between critical
and non-critical groups, Study design = case-control, prospective or
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https://doi.org/10.3389/fimmu.2024.1341168
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Hedayati-Ch et al.

retrospective studies (16). We used Scopus, PubMed, and Web of
Science databases for our systematic search. The search terms used
in the database were included (“COVID-19” OR “SARS COV-2”
OR “Coronavirus infection”) AND (“critical” OR “Non-sever”)
AND (“non-critical’) AND (“Co-infection” OR “Secondary
infection” OR “bacterial infection”). We searched English
publications and stored and checked articles using Endnote
software as a citation manager. All selected articles were
published in the 2019 to Jan 2022 date range. We reviewed the
search results’ titles, abstracts, and full text for screening and study
selection based on the inclusion criteria. Inclusion criteria include
any original study that evaluated differences in 1) blood cells and
blood markers, 2) bacterial co-infection, 3) Comorbidities, and 4)
mortality Rate between critical and non-critical COVID-19
patients. Viral co-infection, case reports, reviews, and duplicate
studies are generally excluded from this systematic review.

Quality assessment and data extraction

Rayyan platform was used for screening and data extraction of
included studies. Using the nine-point Joanna Briggs Institute
critical appraisal checklist for studies, two researchers conducted

TABLE 1 The Main Characteristics of Studies Included in the Meta-analysis.

Year Study design

Study name

Country

Critical (%)

10.3389/fimmu.2024.1341168

the quality assessment (A. B and M. H) and disagreements were
resolved by consensus (H. S). The included studies met more than
half of the quality assessment parameters. Based on Table 1, we (A.
B. and M. H.) extracted the publication year, country, the number of
patients, the clinical course (ICU admission or mechanical
ventilation), and physiological data from the studies. The
prevalence of bacteria and co-infections were determined using
nasal and pharyngeal swabs, blood serum, and urine analysis
samples for the respiratory, bloodstream, and urinary systems,
respectively in selected studies. As a part of our investigation, the
following information was obtained: publication year, study design
and research question, number of articles, number of each type of
study, language, and country of study, device used, patient
characteristics, and statistical methodology.

Data analysis

The statistical analysis and construction of graphs were
performed with a comprehensive meta-analysis (CMA) version 3
(Biostat Inc., Englewood, NJ) with a random effect model plotted on
forest plots since this model is more reasonable in the presence of
heterogeneity than the fixed model. The pooled standard difference

Non-Critical (%)  JBI score (RoB) References

Tao Zuo 2020 China Prospective 2 (20%) 8 (80%) 5 (Moderate) (17)
Tang 2019 China Cohort 18 (48%) 19 (52%) 4 (Moderate) (10)
Shi 2020 China Case-control 6 (30%) 14 (70%) 8 (Low) 7)
M. McKeigue 2021 Scotland Case-control 702 (16.5%) 3533 (83.4%) 6 (Moderate) (18)
Liaqat 2021 Pakistan Retrospective 57 (28.3%) 144 (71.6%) 4 (Moderate) (4)
Liu 2021 China Retrospective 16 (18.5%) 69 (81.1%) 9 (Low) )
Tian 2020 China Retrospective 45 (50%) 45 (50%) 8 (Low) (12)
Jieyu He 2020 China Prospective 49 (43.7%) 63 (56.2%) 7 (Low) (19)
Yuan Cen 2020 China Retrospective 22 (10%) 200 (90%) 6 (Moderate) (20)
Jianfeng Wu 2020 China Retrospective 697 (30%) 1690 (70) 9 (Low) (21)
Fukushima 2021 Japan Retrospective 41 (18%) 193 (82%) 8 (Low) (22)
Wang 2020 China Retrospective 50 (41%) 73 (59%) 8 (Low) (13)
Liu 2020 China Retrospective 30 (32%) 65 (68%) 7 (Low) (23)
Cheng 2020 China Retrospective 52 (21%) 200 (79%) 6 (Moderate) (24)
Zhihua Lv 2020 China Retrospective 84 (42%) 115 (58%) 8 (Low) (25)
Cameléna 2021 France Prospective 43 (100%) - 5 (Moderate) (26)
Contou 2020 France Retrospective 92 (100%) - 6 (Moderate) (27)
Rothe 2020 Germany Retrospective - 56 (100%) 5 (Moderate) (28)
THOMSEN 2021 Scandinavian Cohort 34 (100%) - 3 (High) (29)
Amaravati 2021 Indonesia Retrospective 52 (56%) 40 (44%) 3 (high) (30)
Yang 2021 China Retrospective 58 (60%) 38 (40%) 8 (Low) (31)
RoB, Risk of Bias.
Frontiers in Immunology 03 frontiersin.org
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in mean with 95% CI gave the summary estimate. To test
heterogeneity, we used the I-squared (I°). Visual bias was assessed
using a funnel plot, and Egger’s regression test confirmed it (p <
0.05 was considered a statistically significant publication bias).

Result
Search outcome and study characteristics

Considering the objectives of this study, we identified 746
publications in Scopus, PubMed, and Web of Science databases.
After removing duplicate studies and screening based on inclusion
and exclusion, 21 publications were eligible for full-text
examination (Figure 1). Studies have been conducted in the
following countries: China (13), France (2), and one study from
each of the following: Germany, Scotland, Pakistan, Japan,
Scandinavian, and Indonesia. Among the studies, there were 14
retrospective studies, three prospective studies, two case-control
studies, and two cohort studies.

10.3389/fimmu.2024.1341168

Comparison of blood cell count between
critical and non-critical groups

One of the basic factors in the clinical course of COVID-19 is
blood cells. We analyzed WBC, lymphocyte, and platelet differences
between the two groups. As shown in Figure 2, the standard
difference in means indicated that lymphocytes and platelets were
significantly higher in non-critical patients than in critical patients,
while WBCs were higher in critical patients (std: -0.670, -0.421, and
0.538, respectively, 95% CI, P <0.001).

Comparison biomarkers level between
critical and non-critical groups

Biomarkers and enzymes, such as CRP, ALT, and AST are other
factors in the clinical course of COVID-19. As shown in Figure 3,
there was a significant difference in blood markers between the two
groups. the standard difference of the mean for ALT was 0.403 (95%
CL: 0.212, 0.593. P <0.001), while for AST it was 0.461 (95% CI:
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FIGURE 1
PRISMA flow chart of study selection
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Study name  CBC Analysis Statistics for each study Std diff in means and 95% CI
Std diff Lower Upper Relative
inmeans limit limit p-Value weight

Tang 2019 Lymphocyte  -1444 -2.167 -0.720  0.000 —— 391
Hongbo 2020  Lymphocyte  -2.423 -3.639 -1.207  0.000 154
Liagat 2021  Lymphocyte  -0.523 -0.834 -0212  0.001 T 1243

Tian 2020 Lymphocyte  -0.718 -1.144 -0.291  0.001 —{f— 8.67
Yuan Cen 2020 Lymphocyte  -0.749 -1.195 -0.303  0.001 ] 8.17

Fukushima 2021  Lymphocyte  -0.573 -0.914 -0.232  0.001 =T 11.30

Wang2020  Lymphocyte  -0.619 -0.987 -0.251  0.001 i 10.38

Liv 2020 Lymphocyte  -0.750 -1.196 -0.305  0.001 ] 818
Cheng 2020 Lymphocyte  -0.571 -0.880 -0.262  0.000 = 12,51
Zhihua Lv2020  Lymphocyte  -0.451 -0.720 -0.183  0.001 - 14.22

Asmarawati 2021 Lymphocyte  -0.715 -1.140 -0.290  0.001 —f— 870
-0.670 -0.826 -0.514  0.000 <S>

Tang 2019 Pltatelet -0.593 -1.252 0.066 0.078 —— 738
Liagat 2021 Pleatelet -0.523 -0.834 -0.212  0.001 =i 13.10

Liu 2021 Plratelet -0.613 -1.164 -0.061 0.029 —_—— 886

Tian 2020 Platelet -0419 -0837 -0.001 0.049 —— .11

Yuan Cen 2020 Platelet -0.749 -1.195 -0.303  0.001 =i 10.61
Fukushima 2021 Pltatelet -0.500 -0.840 -0.160  0.004 i 1255

Wang2020 Pltatelet -0.619 -0.987 -0.251 0.001 il 12.03

Cheng 2020 Plratelet 0291 -0.015 0597 0063 == 13.19
Asmarawati 2021 Pltatelet -0.264 -0.678 0.150 0212 === 11.18
-0421 -0.659 -0.182  0.001 @

Tang 2019 WBC 1.099 0407 1790  0.002 et 7.12
Hongbo 2020 WBC 2423 1.207 3639 0.000 3.86
Liagat 2021 WBC -0.523 -0.834 -0.212  0.001 = 10.52

Liv 2021 WBC 0732 0177 1286 0010 —— 832

Tian 2020 WBC 0.555 0.134 0976 0.010 s 9.56

Yuan Cen 2020 WBC 0749 0303 1195 0.001 —— 933
Fukushima 2021 WBC 0.367 0.028 0705 0.034 == 10.29

Wang2020 WBC 0.619 0251 0987 0.001 —r— 10.03
Cheng 2020 WBC 0518 0210 0827 0.001 —— 10.54
Zhihua Lv2020 WBC 0.296 0.029 0.563 0.030 == 10.86

Asmarawati 2021 WBC 0527 0.108 0.946 0.014 —f— 9.57
0.538 0.247 0.828  0.000 <>
-3.00 -1.50 0.00 150 3.00
Non-critical Critical
FIGURE 2
Comparison of blood cells between critical and non-critical courses
Study name Biomarkers Statistics for each study Std diff in means and 95% CI
Std diff Lower Upper Relative
inmeans limit limit p-Value weight
Hongbo 2020 ALT -0.604 -1.578 0.371 0.225 3.37

Tang 2019 ALT -0.485 -1.139 0.169 0.146 6.51
Cheng 2020 ALT 0.404 0.097 0.711 0.010 —i— 16.16

Tian 2020 ALT 0433 0.015 0.851 0.042 —— 11.91

Yuan Cen 2020  ALT 0485 0.042 0.927 0.032 —— 11.14
Fukushima 2021 ~ ALT 0.500 0.160 0.840 0.004 —i— 14.76
Liagat 2021 ALT 0.523 0.212 0.834 0.001 —i— 16.00
Asmarawati 2021 ALT 0.553 0.134 0.973 0.010 —— 11.85
Liu 2021 ALT 0.732 0.177 1.286 0.010 ——— 8.30
0403 0.212 0.593 0.000 -
Tang 2019 AST -0.668 -1.330 -0.005 0.048 . 12.15
Asmarawati 2021 AST 0.059 -0.353 0.471 0.779 —— 16.17
Cheng 2020 AST 0.371 0.064 0.677 0.018 —— 17.85
Fukushima 2021 ~ AST 0.573 0.232 0.914 0.001 —— 17.32
Yuan Cen 2020  AST 0.749 0.303 1.195 0.001 e 15.62
Liu 2021 AST 0.947 0.384 1.509 0.001 —— 13.70
Hongbo 2020 AST 1.673 0.585 2.760 0.003 7.19
0.461 0.099 0.823 0.013 -~
Wang2020 CRP -0.619 -0.987 -0.251  0.001 GG 12.16
Asmarawati 2021  CRP 0.328 -0.087 0.743 0.121 —t— 11.60
ZhihuaLv2020  CRP 0479 0.194 0.765 0.001 —— 13.09

Cheng 2020 CRP 0.518 0.210 0.827 0.001 =T 12.84

Liagat 2021 CRP 0.523 0.212 0.834 0.001 —— 12.82
Fukushima 2021 ~ CRP 0.573 0.232 0.914 0.001 — 12.48
Yuan Cen 2020  CRP 0.749 0.303 1.195 0.001 ——— 11.23
Tang 2019 CRP 1.181 0.483 1.880 0.001 ——— 8.31
Hongbo 2020 CRP 1.257 0.225 2.290 0.017 5.47
0482 0.178 0.786 0.002 i
-2.00 -1.00 0.00 1.00 2.00
Non-critical Critical

FIGURE 3
Comparison of blood markers between critical and non-critical courses.
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0.099, 0.823. P = 0.013). In addition, the standard difference of the
mean for CRP was 0.482 (95% CI: 0.178, 0.786. P = 0.002). The
critical group had significantly higher levels of each of these factors
than the non-critical group.

Comparison of mortality and comorbidities
between critical and non-critical groups

Comorbidities such as hypertension and diabetes are important
factors related to mortality and complications of COVID-19 patients.
Pooled results in Figure 4 showed that there was a significantly higher
prevalence of hypertension, diabetes, and subsequent mortality rate
in the critical group ((OR: 0.446, 95% CI: 0.243, 0.818. P = 0.009),
(OR: 0.565, 95% CI: 0.336, 0.949. P = 0.031), and (OR: 0.043, 95% CIL:
0.011, 0.161. P < 0.001) respectively).

Comparison of bacterial co-infection
between critical and non-critical groups

The probability of bacterial co-infection differs significantly
between groups, as illustrated in Figure 5. As a result, the
difference in co-infection prevalence between critical (Event
rate:57.7%, 95% CI: 0.296, 0.816) and non-critical (Event
rate:25.7%, 95% CI: 0.074, 0.60) groups was 32%.

10.3389/fimmu.2024.1341168

Publication bias

A funnel plot was used for visual evaluation (Figure 6, 5S) and
Egger’s test was used to determine bias (Table 2). Egger’s test
indicated publication bias for three of the ten variables.
According to Egger’s test, we found significant bias in WBC and
lymphocyte mean and mortality rate differences between the two
groups. Using Table 2, it appears that variables with a P value < 0.05
are heterogeneous in terms of heterogeneity analysis. Although
heterogeneous data does not necessarily indicate bias, the Egger test
must be significant (P< 0.05). We have also attached the results of
one removed study plots as Supplementary Figures 1-3.

Discussion

The COVID-19 pandemic has reached a global scale, and medical
systems in many countries are experiencing severe problems as a result
(32, 33). The COVID-19 pandemic in 2019 has caused significant
hospitalizations and deaths. According to the clinical course on
COVID-19, we can classify patients with COVID-19 into critical and
non-critical groups (4). The results showed that there are several
differences between critical and non-critical groups. In this study, we
examined the blood cell count, blood markers, and the comorbidities
difference between critical and non-critical groups.

Due to the correlation between the immune system function
and the clinical course of COVID-19, we compared the blood cell

Study name  C bidi Statistics for each study QOdds ratio and 95% CI
Odds Lower Upper Relative
ratic  limit  limit p-Value weight
Fukushima 2021 Death 0.003 0.000 0.051 0.000 [— 8.92
Asmarawati 2021 Death 0.091 0.020 0422 0.002 12.57
Zhihua Lv2020 Death 039 0112 1401 0.151 ey 13.27
Jianfeng 2020 Death 0475 0377 0598  0.000 = 15.01
Jieyu He 2020 Death 0.005 0.000 0.079 0.000 f——= 8.92
Liagat 2021 Death 0.010 0001 0178 0.002 —— 8.93
Cheng 2020 Death 0.018 0.001 0322 0.006 et — 879
‘Tian 2020 Death 0.023 0.005 0.109 0.000 e—{l—— 12.52
Wang2020 Death 0.030 0.004 0232 0.001 e 11.06
0.043 0.011  0.161 0.000 e —
Fukushima 2021 Diabet 0235 0105 0529 0.000 =T 11.10
Cheng 2020 Diabet 0289 0108 0776 0.014 el 9.83
Jianfeng 2020 Diabet 0629 0494 0801 0.000 L 1474
M. McKeigue 2021 Diabet 0.990 0813 1206 0.921 14.90
Wang2020 Diabet 0995 0417 2373 0991 i 10.67
‘Tian 2020 Diabet 1156 0402 3328 0788 9.33
Zhihua Lv2020 Diabet 1546 0658 3636 0.318 = 10.77
Yang 2021 Diabet 2,000 0.106 37.830 0644 259
Liagat 2021 Diabet 0.010 0.002  0.046  0.000 W— 6.74
Yuan Cen 2020 Diabet 3.699 0836 16357 0.085 677
Tang 2019 Diabet 0.049 0.003 0954 0.046 255
0565 0336 0949 0.031 <
Fukushima 2021  Hypertension  0.144  0.069  0.299  0.000 e 10.83
Cheng 2020 Hypertension  0.260 0.131  0.518  0.000 —— 11.03
Wang2020 Hypertension 0319 0.151  0.675  0.003 i 10.75
Tang 2019 Hypertension  0.364 0.095  1.386 0.138 7.90
Tao Zuo 2020  Hypertension 0.600 0.027 13582 0.748 292
Jianfeng 2020 Hypertension 0.610 0.504 ~ 0.738  0.000 = 12.69
Yuan Cen 2020  Hypertension 0.724  0.299 1753 0475 = 10.09
‘Tian 2020 Hypertension  1.000 0433 2308  1.000 —— 10.32
ZhihuaLv2020  Hypertension 1476 0763 23853  0.248 —l— 1115
Yang 2021 Hypertension 125.000  4.491 3478.940  0.004 2.64
Liagat 2021 Hypertension  0.042  0.016 0.111  0.000 —— 9.68
0446 0243 0818 0.009 -~
0.01 0.1 1 10 100
Non-critical Critical

FIGURE 4
Comparison of comorbidities between critical and non-critical courses.
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Study name Disease Course for each study
Event Lower Upper
rate limit limit p-Value
Asmarawati 2021 critical ~ 0.115 0.053 0.234 0.000
THOMSEN 2021 critical ~ 0.353 0.213 0.524 0.091
Yang 2021 critical ~ 0.500 0.374 0.626 1.000
ZhihuaLv 2020  critical ~ 0.643 0.376 0.843 0.292
Contou 2020 critical  0.870 0.784 0.924 0.000
Caméléna 2021  critical ~ 0.884 0.749 0.951 0.000
0.577 0.296 0.815 0.606
Asmarawati 202Inon-critical 0.075 0.024 0.208 0.000
Rothe 2020 non-critical 0.089 0.038 0.197 0.000
Yang 2021 non-critical 0.553 0.395 0.701 0.517
Zhihua Lv 2020 non-critical 0.556 0.330 0.760 0.638
0.257 0.074 0.600 0.156

-1.00
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count between groups (34). The production of cytokines is crucial
for the growth and specialization of immune cells. In COVID-19
pneumonia patients, certain inflammatory cytokines like IL-6 and
IL-10 were found to be elevated in critical cases (35). However, IL-2
levels were increased in non-critical patients but decreased in
critical ones. When present in low concentrations, IL-2 can
prevent CD4+ T and CD8+ T-cell activation by maintaining T
regulatory cell activity and survival (36). As a result, this could lead
to a significant drop in CD8+ T-cells and lymphocytes in COVID-
19 critical patients (37). Furthermore, critical patients had
significantly lower T-cell, B-cell, and NK cell counts compared to
controls (38). A gradual decrease in peripheral blood lymphocytes is
a common early indicator of adult patients with non-critical and
critical illnesses (39). IL-6 can stimulate T cell differentiation, and
its increased levels are associated with producing acute-phase
proteins like CRP and inflammatory cytokines. It is also possible
that increased WBC in critical patients with low lymphocytes may
be caused by an increase in PMNs, which can be indicated by an
increase in CRP levels.

0.0

This study analysis indicated the higher platelet count in non-critical
patients. Platelets and other related indicators play a crucial role in
inflammation and prothrombotic responses during numerous viral
infections (19). Apart from their traditional function in hemostasis and
thrombosis, platelets also contribute significantly to the immune and
inflammatory processes. Research suggests that platelets express surface
receptors that enable them to bind and allow entry to various viruses.
Furthermore, the rise in platelets and neutrophils could be due to anti-
apoptotic cytokines and stimulation by specific pro-inflammatory
cytokines (40). In addition to the immune system, enzymes and
inflammation markers play an essential role in the course of COVID-
19 disease (9). As a result of this study, ALT, AST, and CRP levels are
significantly higher in the critical group than in the non-critical group.
During acute inflammatory responses to COVID-19, there is usually a
rapid and significant increase in serum CRP levels. Elevated CRP
fluctuation during hospitalization has been identified as the primary
cause of ICU admission with a poor prognosis (41). Analysis revealed
that critical patients have higher CRP levels, indicating a more significant
inflammatory response than non-critical patients (13). Although CRP is
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TABLE 2 The Complete Results of Heterogeneity and Publication Bias Examination.

Variable Number Standard 95% ClI Heterogeneity Egger’s
of error regression
report/s = =
Lower Upper X p- I P- t-
limit limit value value value

Mean of WBC difference between Critical and 11 0.148 0.247 0.828 55.46 <0.001 81.96 0.023 2.72
non-Critical

Mean of lymphocyte difference between Critical 11 0.08 -0.826 -0.514 16.48 0.087 39.335 0.001 20.69

and non-Critical

Mean of platelet difference between Critical and 9 0.122 -0.659 -0.182 254 0.001 68.54 0.24 1.28
non-Critical

Mean of ALT difference between Critical and 9 0.097 0.212 0.593 13.9 0.084 4245 0.062 221
non-Critical

Mean of AST difference between Critical and 7 0.185 0.099 0.823 24.70 0.001> 75.71 0.72 0.36
non-Critical

Mean of CRP difference between Critical and 9 0.155 0178 0.786 41.74 <0.001 80.83 0.42 0.84
non-Critical

Hypertension event difference between Critical and 11 - 0.243 0.818 69.179 <0.001 85.54 0.658 0.457
non-Critical

Diabetes event difference between Critical and 11 - 0.336 0.949 64.59 <0.001 84.52 0.328 1.03
non-Critical

Death event difference between Critical and 9 - 0.011 0.161 56.265 <0.001 85.78 0.0002 6.75
non-Critical

Prevalence of Co-infection between Critical and 10 - 0.242 0.664 124.46 <0.001 92.76 0.317 1.06

non-Critical cases

a sensitive indicator of disease activity and an independent risk factor for
various diseases, studies have shown that CRP fluctuation is a better
indicator of inflammation severity for guiding treatment in sepsis,
systemic inflammatory response syndrome (SIRS), and community-
acquired pneumonia (9, 42).

An elevated CRP level in critical patients may hint to SIRS and
multi organ damage. An elevated level of ALT and AST in critically
ill patients may indicate liver damage and a change in bacterial co-
infection in COVID-19 disease, both of which are associated with
mortality (10). Lipopolysaccharides (LPS) are always considered a
major contributor to liver damage (43). In critical patients with
elevated liver enzymes that are indicative of acute liver damage, LPS
may be one of the contributing factors. Our analysis of critical
patients reveals a high prevalence of bacterial co-infection and LPS
is predominantly present in bacterial cell walls. LPS is generally
released from bacterial walls during bacterial proliferation or
destruction (44). Therefore, it is possible that the overused broad-
spectrum antibiotics in COVID-19 patients may suddenly destroy
gram-negative bacteria and induce liver damage with a large
amount of LPS toxin (45). Bactericide antibiotics may cause
bacteria to release LPS, so bacteriostatic are recommended
instead. The bacteriostatic inhibits the proliferation of bacteria,
but does not kill them, therefore the level of LPS remains low until
the body can recover from COVID-19. Once COVID-19 has been
eliminated, bactericide antibiotics can be used. ALT, AST, and CRP
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levels are associated with ICU admission risk based on the results of
this study and according to the definition of critical patients.

In univariable analysis, hypertension, diabetes, cardiovascular disease,
and cancer were associated with critical illnesses (24). In this study, a
statistical meta-analysis revealed that comorbidities, such as hypertension
and diabetes, are more prevalent in critical groups than in non-critical
groups. However, some previous studies state that comorbidities are
common in non-critical groups, contrary to recent studies and our
meta-analysis (46). A common element of COVID-19 patients with
hypertension and diabetes is the use of angiotensin-converting enzyme
inhibitors (ACEI). A membrane receptor known as ACE2 is responsible
for binding SARS-CoV-2 to cells and promoting its entry into the
respiratory tract. The downregulation of ACE2 by SARS-Cov-2 spike
protein binding reduces the protective effects of ACE2 during acute
inflammation (47). ACE inhibitors may induce the ACE2 expression,
the cellular receptor for SARS-Cov-2, and can aggravate the disease course
(48). Tt has been identified that SARS-CoV-2 is able to invade cells via this
previously established cell receptor which is facilitating the invasion of
SARS-CoV-2 cells (49). The higher incidence of diabetes in critically ill
patients can be attributed to three well-defined mechanisms (50): 1) The
direct entry of viruses through various receptors in B-cells can directly
cause B-cell dysfunction and apoptosis or trigger B-cell autoimmunity.
Alternatively, viruses can enter pancreatic cells that express viral receptors,
leading to structural and functional changes, local inflammation, and the
creation of a pro-diabetic environment. This can disrupt the integrity of
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nearby non-infected B-cells in a paracrine manner, potentially leading to
loss or dysfunction of these cells (51). 2) Targeting putative viral receptor-
expressing cells in metabolic organs like the liver and adipose tissue can
induce insulin resistance and result in the loss of disease tolerance
mechanisms (52). 3) Induction of systemic inflammation and
accumulation of prediabetic metabolites can lead to metabolic
derangement and maladaptive functions (53).

Critical patients with COVID-19 pneumonia exhibit a state of
immune deficiency and hypo immunity. These factors can further
worsen the situation by causing severe infection and leading to fatal
outcomes (54). The prevalence of bacterial co-infection in COVID-19
patients can also be another difference between critical and non-critical
patients. Our meta-analysis showed bacterial co-infection is more
common in critical than non-critical patients. Bronchoalveolar lavage
(BAL) and sputum are usually collected in the first week of ICU
admission. The majority of COVID-19 patients with bacterial co-
infection previously received antibiotics. Overall, our results revealed
that the frequency of bacterial co-infection is higher in critical patients
following ICU admission than in non-critical patients.

Therefore, the risk of inflammation, organ damage, and previous
disease is significantly higher in the critical group. According to the
comparison of co-infection rates, critical patients are more likely to have
co-infections than non-critical patients. Also, the critical group had a
higher death rate than the non-critical group (Graphical abstract).

In conclusion, our findings suggested that critical patients have a
suppressed immune system and that inflammation, organ damage, and
co-infections are significantly higher. Due to these factors, critical
groups have a worsened course of the disease and a high mortality
rate, so these patients require rapid diagnosis and careful management.
Additionally, bactericide antibiotics may cause liver failure in critical
patients due to the risk of liver damage. Therefore, we suggest that this
relationship be fully evaluated in future studies.

Limitations

Incomplete and vague definitions of some articles about critical
and non-critical phases.

More than three-quarters of the studies we included were from
China describing patients at the start of the pandemic.

Most patients with COVID-19 patients do not require
hospitalization but patients in the studies included in this review
were predominantly hospitalized.
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