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Abstract

The prevalence, incidence, and characteristics of bacterial infections in patients infected with severe acute
respiratory syndrome coronavirus 2 are not well understood and have been raised as an important
knowledge gap. Therefore, our study focused on the most common opportunistic infections/secondary
infections/superinfections in coronavirus disease 2019 (COVID-19) patients.

This systematic review and meta-analysis was conducted according to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses. Eligible studies were identified using PubMed/Medline since
inception to June 25, 2021. Studies meeting the inclusion criteria were selected. Statistical analysis was
conducted in Review Manager 5.4.1. A random-effect model was used when heterogeneity was seen to pool
the studies, and the result was reported as inverse variance and the corresponding 95% confidence interval.

We screened 701 articles comprising 22 cohort studies which were included for analysis. The pooled
prevalence of opportunistic infections/secondary infections/superinfections was 16% in COVID-19 patients.
The highest prevalence of secondary infections was observed among viruses at 33%, followed by bacteria at
16%, fungi at 6%, and 25% among the miscellaneous group/wrong outcome.

Opportunistic infections are more prevalent in critically ill patients. The isolated pathogens included
Epstein-Barr virus, Pseudomonas aeruginosa, Escherichia coli, Acinetobacter baumannii, Hemophilus influenza,
and invasive pulmonary aspergillosis. Large-scale studies are required to better identify
opportunistic/secondary/superinfections in COVID-19 patients.

Categories: Internal Medicine, Infectious Disease, Epidemiology/Public Health

Keywords: covid-19, bacterial coinfection in covid-19, sars-cov-2, coronavirus-associated pulmonary aspergillosis,
respiratory coinfections, superinfections, opportunistic fungal infection, covid-19 co-infection, secondary infections,
opportunistic infections

Introduction And Background

The coronavirus disease 2019 (COVID-19) pandemic has been associated with fatal outcomes. Recent
studies have shown that the primary route of transmission of severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) is through respiratory droplets [1,2]. Studies have also shown that 25% of older individuals
affected with influenza acquire secondary bacterial infections [3,4]. Moreover, these individuals have been
reported to have superinfections and coinfections with SARS-CoV-2 [5-7]. However, there is limited data on
the frequency of viral, bacterial, or fungal coinfections and superinfections in COVID-19 patients [5-7].

Numerous opportunistic infections have been reported in COVID-19 patients, including Aspergillus spp.,
Candida spp., Cryptococcus neoformans, Pneumocystis jirovecii (carinii), mucormycosis, cytomegalovirus
(CMV), herpes simplex virus (HSV), Strongyloides stercoralis, Mycobacterium tuberculosis, and Toxoplasma
gondii infections [8]. A recent meta-analysis reported coinfections and superinfections in 19% and 24% of
COVID-19 patients, respectively, both being associated with the risk of increased mortality [9].

The prevalence, incidence, and characteristics of bacterial infections in patients infected with SARS-CoV-2
are not well understood and have been raised as a significant knowledge gap. Therefore, we conducted a
systematic review and meta-analysis on opportunistic infections, secondary infections, and superinfections
in COVID-19 patients.
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Data Sources and Search Strategy

This systematic review and meta-analysis were performed according to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines [10]. We searched data from PubMed/Medline
from their inception to June 25, 2021, using the following keywords: “bacterial infections AND covid,”
“coinfections AND covid,” “fungal infections AND covid,” “opportunistic infections AND covid,”
“opportunistic pulmonary AND covid,” “secondary infections AND covid,” “superinfections AND covid.” We
also screened review articles, cohort studies, randomized controlled trials (RCTs), and meta-analyses for
further relevance.

Study Selection

Our eligibility criteria for the studies, abbreviated as PECOS, included the following: (1) P (population):
COVID-19 patients; (2) E (exposure): superinfection; (3) C (control): none; (4) O (outcome): pooled
prevalence of superinfection in COVID-19; (5) S (studies): human-based RCTs and cohort studies published
in English only.

Statistical Analysis

Statistical analysis was done using the Review Manager (version 5.4.1; The Nordic Cochrane Centre,
Copenhagen) and the Cochrane Collaboration tool. We pooled the data from studies using a random-effects
model when heterogeneity was present. We analyzed the results by calculating the inverse variance (IV) with
respective 95% confidence intervals (CIs). Any differences between the subgroups were determined using the
chi-square test. We performed a sensitivity analysis to look for any single study that could be driving the
results and to assess the cause of high heterogeneity.

12 s the degree of inconsistency measured (range: 0-100%) across studies in a meta-analysis. It quantifies
the effect of heterogeneity rather than chance. Heterogeneity scales were considered as follows based on the
Cochrane handbook: I% = 25-60%, moderate; 50-90%, substantial; 75-100%, considerable heterogeneity. P-
values of <0.1 indicated significant heterogeneity [11]. P-values of <0.05 were considered significant for all
analyses.

Prevalence was calculated using raw data. This along with other extracted information was used to find
standard errors using the formula:

sp= /2

Where p is the prevalence and n is the number of COVID-19 patients. The prevalence and standard error of
each study were then entered into the Review Manager through the IV method to compute pooled
prevalence along with 95% CIs.

Data Extraction and Quality Assessment of Studies

We searched the electronic databases, exported the studies to the EndNote Reference Library software,
version 20.0.1 (Clarivate Analytics), and removed any duplicates after screening. We extracted the data and
assessed the quality of the cohort studies using the Newcastle-Ottawa Scale (NOS) where a score of 1-5 was
considered high risk for bias, 6-7 as moderate, and >7 as low (Table 7).

Comparability (Maximum Total
Studies Selection (Maximum 4) Outcome (Maximum 3)
2) score
Representativeness  Selection of the Demonstration that outcome of Comparability of cohorts on Was follow-up long Adequacy of
Ascertainment Assessment
of the exposed non-exposed interest was not present at the the basis of the design or enough for follow-up of
of exposure of outcome
cohort cohort start of the study analysis outcomes to occur cohorts

Sharifipour,
et al. 2020 1

2]

Sharov 2020

3]

Asmarawati,
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etal. 2021 1 1 1 1 1 1 1 1 8
[14]
Garcia-Vidal,
etal. 2021 1 1 1 1 1 1 1 1 8
[15]
Ripa, et al.

1 1 1 1 1 1 1 1 8
2021 [16]
Russell, et al.

1 1 1 1 1 1 1 1 8
2021 [17]
Sogaard, et

1 1 1 1 1 1 1 1 8
al. 2021 [18]
Razazi, et al.

1 1 1 0 1 1 1 1 7
2020 [19]
White, et al.

1 1 1 1 1 1 1 1 8
2020 [20]
Li, et al. 2020

1 1 1 1 1 1 1 8

[21]
Bayram, et

1 1 1 1 1 1 1 1 8
al. 2021 [22]
Lahmer, et

1 1 1 1 1 1 1 1 8
al. 2021 [23]
Pinatdo, et

1 1 1 0 1 1 1 1 7
al. 2021 [24]
Segrelles-
Calvo, et al. 1 1 1 1 1 1 1 1 8
2021 [25]
Gouzien, et

1 1 1 1 1 1 1 1 8
al. 2021 [26]
Paolucci, et

1 1 1 1 1 1 1 1 8
al. 2020 [27]
Zhang, et al.

1 1 1 1 1 1 1 1 8
2020 [28]
Bardi, et al.

1 1 1 1 1 1 1 1 8
2021 [29]
Falcone, et

1 1 1 1 1 1 1 1 8
al. 2021 [30]
Khurana, et

1 1 1 1 1 1 1 1 8
al. 2021 [31]
Kubin, et al.

1 1 1 1 1 1 1 1 8
2021 [32]
Kumar, et al.

1 1 1 1 1 1 1 1 8
2021 [33]

TABLE 1: Quality assessment of cohorts using the New Ottawa Scale.

Results

Literature Search Results

Approximately 701 studies were searched initially from the electronic databases. There were no duplicates.
We excluded 30 articles based on their title and abstracts. The full texts from 311 studies were examined to

2022 Kurra et al. Cureus 14(3): €23687. DOI 10.7759/cureus.23687 3of12



Cureus

be included after excluding studies based on titles and abstracts. Finally, 22 studies were included in the

quantitative analysis. Figure I shows our literature search results.
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FIGURE 1: PRISMA flowchart.

PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses

Study Characteristics

Table 2 provides the basic characteristics of included studies. In total, 22 studies included a total of 13,550
patients [12-33]. Overall, 13 studies were from Europe [15-20,22,23,25-27,29,30], five were from Asia
[12,14,21,28,31], two were from the United States [32,33], one was from Russia [13], and one was from Mexico
[24]. Two studies were part of the bacteria, virus, and fungi group [15,18]; one was part of bacteria and fungi
only [16]; four were part of the bacteria-only group [12-14,17]; eight were part of the fungi-only group [19-
26]; one was in the virus-only group [27], and six were in the miscellaneous group [28-33].

Study Sample Patients

Author Count Subgrou Infections
i type size died (%) ey
Sharifipour, 90% of bacterial coinfections were due toAcinetobacter
et al. 2020 Iran Cohort 19 95% Bacteria baumannii, and 10% of bacterial coinfections were due to
[12] Staphylococcus aureus
Set 1: Set 1: Set 1: 41.5% of secondary bacterial infections were due to
3 382. 185 0/ Bacteria Streptococcus pneumoniae, Staphylococcus aureus, and
Sharov Russia Cohort ’ o Hemophilus influenzae
2020 [13]
Set2: Set2: Bacteria Set 2: 35.96% were secondary pneumonia and coinfections
i : 35. Wi u i i i
1204 7.39% ° Lz
23% were bacterial coinfections and 77% were secondary
Asmarawati, bacterial infections. The most common bacteria were

2022 Kurra et al. Cureus 14(3): €23687. DOI 10.7759/cureus.23687 40f12


https://assets.cureus.com/uploads/figure/file/337428/lightbox_c58ee090979111ec96573db4663fd46e-Picture1.png

Cureus

et al. 2021
[14]

Garcia-
Vidal, et al.
2021 [15]

Ripa, et al.
2021 [16]

Russell, et
al. 2021 [17]

Sggaard, et
al. 2021 [18]

Razazi, et
al. 2020 [19]

White, et al.
2020 [20]

Li, et al.
2020 [21]

Bayram, et
al. 2021 [22]

Lahmer, et
al. 2021 [23]

Pintado, et
al. 2021 [24]

Segrelles-
Calvo, et al.
2021 [25]

Gouzien, et
al. 2021 [26]

Paolucci, et
al. 2021 [27]

Zhang, et al.
2020 [28]
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31.5%

10.5%

-
ARDS:
41%

ARDS:

33%

38%

49%

63.6%

19%

31%

86%

37.7%

None

36.36%

Bacteria

Bacteria,
fungi, and
virus

Bacteria and
fungi

Bacteria

Bacteria,
fungi, and
virus

Fungi

Fungi

Fungi

Fungi

Fungi

Fungi

Fungi

Fungi

Virus

Miscellaneous

Acinetobacter baumannii, followed by Klebsiella pneumoniae,
Pseudomonas aeruginosa, Escherichia coli, Enterobacter
cloacae complex, and Staphylococcus haemolyticus

2.5% bacterial coinfections were due toStreptococcus
pneumoniae and Staphylococcus aureus. 3.8% bacterial
superinfections were due to Pseudomonas aeruginosa and
Escherichia coli. 0.7% were hospital-acquired fungal
superinfections caused by Aspergillus fumigatus and Candida
albicans

9.3% were secondary infections, the majority caused by
bloodstream infections. 69.7% were due to coagulase-negative
staphylococci, 30.4% were due to Acinetobacter baumannii,
and 21.7% are due to Escherichia coli. Secondary infection
was frequently seen in patients admitted to the ICU in two
(45/86) days compared to patients never admitted to ICU or
admitted to ICU after two days

70.6% of the secondary infections were due to Staphylococcus
aureus and Hemophilus influenzae

36.6% were hospital-acquired secondary bacterial infections.
The most common cause is Enterobacteriaceae. 1.7% were
hospital-acquired fungal infections caused by Aspergillus
fumigatus and Candida albicans

16% were bacterial coinfections in C-ARDS versus 48% in
NC-ARDS. The most common organisms associated with VAP
were Enterobacteriaceae. There were no proven aspergillosis
cases in the entire study. Probable aspergillosis and putative
aspergillosis were less common in C-ARDS than in NC-ARDS
patients

14.1% were due to aspergillosis

6.8% were secondary bacterial infections. 35.8% were due to
Acinetobacter baumannii, 30.8% were due to Klebsiella
pneumoniae, and 6.3% were due to Streptococcus maltophilia

Mucormycosis was seen in all patients. Of these, 63.6% had
orbital apex syndrome, 36.4% had orbital cellulitis, and 54.5%
had endophthalmitis

34% were COVID-19-associated invasive pulmonary
aspergillosis

19.3% were COVID-19-associated invasive pulmonary
aspergillosis

22.8% had opportunistic invasive fungal infections and 5.4%
had aspergillosis.

1.9% were COVID-19-associated invasive pulmonary
aspergillosis

95.2% of the ICU patients and 83.6% of the subintensive care
unit patients had EBV DNA infection

57.89% were secondary infections. Of these, 50% were due to
Gram-negative bacteria, 26.92% were due to Gram-positive
bacteria, 11.54% were due to virus, 7.69% were due to fungi
and 3.85% were due to others. The most common pathogens
were Klebsiella pneumoniae, Enterococcus faecium,
Acinetobacter baumannii, HSV1

The most frequent bacteria with primary BSI were
Enterococcus faecium (43%), followed by Enterococcus
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Bardi, etal. o ain Cohort 140
2021 [29] P
Falcone, et | Cohort 315
al. 2021 [30] Y
Kh t

urana, et | dia Cohort 290
al. 2021 [31]
Kubin, et al.

ubin, etal. e n Cohort 516
2021 [32]
Kumar, et Cohort 1,565
al. 2021 [33] ‘

36%

18.8%

33%

21%

40.7%

Miscellaneous

Miscellaneous

Miscellaneous

Miscellaneous

Miscellaneous

faecalis (21%), and coagulase-negative staphylococci (CNS)
(11%). Gram-positive bacteria were the most common cause of
CRBSI (CNS 54%, E. faecium (17%), E. faecalis (8%)), 17% of
CRBSI infections were caused by Candida albicans.
Pseudomonas aeruginosa is the primary pathogen seen in
patients with VAP (38%) and tracheobronchitis (33%).
Aspergillus spp. were isolated in three cases of LRTI.E.
faecium (44%) and E. faecalis (28%) were the most common
causes of UTI

21.9% were superinfections. 44.9% were caused by
enterobacterales. Klebsiella pneumoniae was the most
common cause. 15.6% were caused by non-fermenting Gram-
negative bacilli. Pseudomonas aeruginosa was the most
common cause. 15.6% were caused by Gram-positive
bacteria. Enterococcus was the most common cause. 5.5%
are caused by fungi. Candida albicans was the most common
cause

13% were secondary infections. The most common pathogen
was K. pneumoniae (33%), followed by Acinetobacter
baumannii (32%)

6% were community-associated coinfections. The most
common organisms were Escherichia coli (31%), S. aureus
(11%), Proteus mirabilis (8%), and Klebsiella pneumoniae
(8%). 12% were healthcare-associated infections, of which
57% were caused by Gram-negative bacteria. 19% are fungal
infections. Candida was the most common infection. 17% of
infections were caused by Candida

3.7% were healthcare-associated infections. Of these, 31.5%
were due to Gram-positive infections. The most common
causes were Staphylococcus aureus and Enterococcus. 53.4%
were due to Gram-negative infections. The most common
causes were Pseudomonas, E. coli, and Klebsiella. 15% were
fungal infections. Candida was the most common cause

TABLE 2: Basic characteristics of the selected studies.

ICU: intensive care unit; C-ARDS: COVID-19-associated ARDS; NC-ARDS: non-SARS-CoV-2 viral ARDS; ARDS: acute respiratory distress syndrome;

VAP: ventilator-associated pneumonia; EBV: Epstein-Barr virus

Common bacteria present in the studies were Acinetobacter baumannii, Staphylococcus aureus, Escherichia
coli, Pseudomonas aeruginosa, and Hemophilus influenza. Common fungi included Aspergillus and Candida

species. Few virus species were isolated that might have caused infections such as Epstein-Barr virus (EBV).
Table 2 highlights the prevalence of death within these studies. Most deaths were reported by Sharifipour et
al., while the majority of other studies with a larger population size had a mortality rate between 10% and

40% [12].

Publication Bias and Quality Assessment

A funnel plot showing asymmetry which suggests publication bias is shown in Figure 2. Overall, three
studies had a moderate risk of bias [12,19,24] while 19 studies had a low risk of bias [13-18,20-23,25-33].
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FIGURE 2: Funnel plot showing publication bias.

Results of the Meta-Analysis

The pooled prevalence of opportunistic infections/secondary infections/superinfections in COVID-19

patients was 16% (95% CI = 14-19%; 12 = 99%) (Figure 3). Our study showed the highest prevalence of
secondary infections among viruses at 33% (95% CI = 3-62%), while it was 16% (95% CI = 9-23%) among the
bacteria subgroup, 6% (95% CI = 4-8%) among the fungi subgroup, and 25% (95% CI = 17-34%) among the
miscellaneous group/wrong outcome. Most studies showed significant results, but few studies showed non-
significant results. Sharifipour et al. [12] in the bacteria subgroup; Garcia-Vidal, et al. [15], Bayram et al. [22],
Segaard et al. [18], and Gouzien et al. [26] in the fungi subgroup; and Garcia-Vidal et al. [15] and Sggaard et
al. [18] in the virus subgroup showed non-significant prevalence. All studies in the miscellaneous subgroup
were statistically significant.
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Prevalence Prevalence
Study or Subgroup Prevalence SE Weight IV, Random, 95% CI Year IV, R 95% ClI
1.1.1 Bacteria
Sharifipour et al 1 1 00% 1.00 [-0.96,2.96] 2020
Sharov 0.3586 0.0138 4.3% 0.36 [0.33,0.39] 2020 o
Asmarawati et al 0197 00268 37% 0.20[0.14,0.25) 2021 =
Garcia-Vidal et al 0.075 00083 4.5% 0.07 [0.06,0.09) 2021 3
Ripaetal 0.108 00115 4.4% 0.11[0.09,0.13] 2021 &3
Russelletal 0.0gg 0.002 4.5% 0.09[0.08,0.09] 2021 L
Segaard et al 0.148 00279 37% 0.15[0.08,0.20] 2021 S
Subtotal (95% CI) 25.1% 0.16 [0.09, 0.23] L 3

Heterogeneity: Tau®= 0.01; Chi*= 396.30, df= 6 (P = 0.00001); F=88%
Test for overall effect: Z= 4.50 (P < 0.00001)

1.1.2 Fungi

Razazietal 016 00386 31% 0.16 [0.08,0.24] 2020 g5y
White et al 0.267 00381 3.2% 0.27[0.19,0.34 2020 2.
Lietal 0.068 00065 4.5% 0.07 [0.06,0.08] 2020 L
Garcia-Vidal et al 0.007 00026 4.5% 0.01 [0.00,0.01] 2021

Bayram et al 0.0003 0.00008 4.5% 0.00 [0.00,0.00] 2021

Lahmeretal 0.34 00837 1.5% 0.34[0.18,0.50] 2021 s
Pintado etal 0193 00433 29% 0.18[0.11,0.28] 2021 =
Ripa etal 0.015 00044  45% 0.01 [0.01,0.02) 2021

Searelles-Calvo et al 0.228 0.0286 3.6% 0.23[0.17,0.28] 2021 2
Segaard etal 0.01e  0.0104 4.4% 0.02 [-0.00,0.04] 2021 8
Gouzien et al 0.018 00183 41% 0.02[-0.02,0.05] 2021 &
Subtotal (95% CI) 40.9% 0.06 [0.04, 0.08] (]

Heterogeneity: Tau®= 0.00; Chi*= 295.75, df =10 (P < 0.00001); F=97%
Test for overall effect Z=6.40 (P < 0.00001)

1.1.3 Virus

Garcia-Vidal et al 0.007 00026 4.5% 0.01 [0.00,0.01] 2021

Paolucci etal 0.952 0033 34% 0.95[0.89,1.02] 2021 w2k
Segaard etal 0.031 00136 4.3% 0.03 [0.00,0.06) 2021 i

Subtotal (95% CI) 12.3% 0.33 [0.03, 0.62] R

Heterogeneity: Tau®= 0,07, Chi*= 816,70, ¢f = 2 (P < 0.00001); F=100%
Test for overall effect Z= 218 (P=0.03)

1.1.4 Miscellaneous

Zhang et al 0.579 0.08M1 1.6% 0.58[0.42,0.74] 2020 T
Bardi et al 0.407 00415  3.0% 0.41 [0.33,0.49] 2021 e
Falcone et al 0346 00268 37% 0.35[0.29,0.40] 2021 e
Khurana et al 013 00038  4.4% 0.13[0.11,0.15] 2021 =

Kubin et al 017 00068  4.5% 017 [0.16,0.18] 2021 &

Kumar et al 0.037 00048 45% 0.04 [0.03,0.05 2021 E

Subtotal (95% CI) 21.7% 0.25[0.17, 0.34] &

Heterogeneity: Tau®= 0.01; Ch" = 461.09, df= 5 (P < 0.00001); F=93%
Test for overall effect Z=5.86 (P < 0.00001)

Total (95% CI) 100.0% 0.16 [0.14, 0.19] +

Heterogeneity: Tau®= 0.00; Chi* = 4089.49, df= 26 (P < 0.00001);, F=99% ! + t i
Test for overall effect Z=13.16 (P < 0.00001) = . .

Test for subaroup differences: Chi*= 28.05. df= 3 (P < 0.00001). F=88.3%

FIGURE 3: Forest plot showing pooled prevalence of superinfections in
COVID-19 patients.

COVID-19: coronavirus disease 2019

The overall heterogeneity was significantly high (I = 99%, p < 0.00001). The reason for such high
heterogeneity might be the pooling of studies with different organisms; however, because we did not want to
stratify our results based on the species rather than on the class of organism, this high heterogeneity did not
affect our analysis.

Sensitivity Analysis

A sensitivity analysis was performed to determine the influence of each study on the overall effect. We
excluded one study at a time, followed by the generation of pooled prevalence for the remaining studies.
There was no significant effect of any study on the indicated robust results.

Discussion

In this systematic review and meta-analysis, we determined the prevalence of opportunistic infections in
COVID-19 patients. The analysis showed the highest prevalence of viruses in COVID-19 patients, followed
by bacteria and fungi. While screening articles for this study, interesting data were revealed by various
studies on secondary infections and superinfections in COVID-19 patients.

In a study by Paolucci et al., a correlation between EBV load and COVID-19 severity was observed [27]. Out
of 104 patients infected with SARS-CoV-2, 42 (40.4%) were hospitalized in an intensive care unit (ICU) and
62 (59.6%) in a sub-intensive care unit (SICU). Reactivation of human cytomegalovirus (HCMV) and EBV,
parvovirus B19, and human herpesvirus 6 virus were determined by real-time polymerase chain reaction,
whereas lymphocyte subpopulation counts were determined by flow cytometry. Among opportunistic
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viruses, only EBV was constantly identified. EBV DNA was determined in 40/42 (95.2%) of the ICU patients
and in 51/61 (83.6%) of the SICU patients.

In another observation cohort study by Garcia-Vidal et al., few patients developed superinfections during
hospitalization [15]. Out of the 989 patients with COVID-19, 72 (7.2%) had 88 other identified infections, of
which 74 were bacterial, seven fungal, and seven viral. Community-acquired coinfection at the time of
COVID-19 diagnosis was not common (31/989, 3.1%), and the primary pathogens were Streptococcus
pneumoniae and Staphylococcus aureus. Overall, 51 hospital-acquired bacterial superinfections, mostly
caused by Pseudomonas aeruginosa and Escherichia coli, were reported in 43 (4.7%) patients, with a mean
(SD) time from hospital admission to superinfection diagnosis of 10.6 (6.6) days. These findings were
different compared to those of other viral pandemics.

Sogaard et al. found that community-acquired viral and bacterial infections were uncommon among COVID-
19 patients [18]. The outcome of ICU patients was complicated by hospital-acquired bacterial or fungal
infections. In their cohort of 162 hospitalized patients with a median age of 64.4 years (interquartile range
(IQR) = 50.4-74.2), 61.1% being male, 41 (25.3%) patients were admitted to the ICU, with 34/41 (82.9%)
requiring mechanical ventilation, and 17 (10.5%) of all hospitalized patients died. A total of 31 infections
were identified that comprised five viral coinfections, 24 bacterial infections, and three fungal infections
(five ventilator-associated pneumonia, 13 tracheobronchitis, one pneumonia, and six bloodstream
infections).

Sharifipour et al. emphasized superinfections in COVID-19 patients caused by Acinetobacter baumannii and

Staphylococcus aureus [12]. In their study of 19 COVID-19 patients, all patients had bacterial infections, with
17 due to Acinetobacter baumannii (90%) and two due to Staphylococcus aureus (10%). None of the 17 strains
with Acinetobacter baumannii infections were sensitive to the evaluated antibiotics.

Sharov studied two datasets [13]. Set 1 included the results of 3,382 assays of outpatients and hospital
patients with community-acquired and hospital-acquired pneumonia of unknown etiology. Set 2 included
the results of 1,204 assays of hospital patients with pneumonia and COVID-19-confirmed patients. Set 1
revealed 4.35% of all pneumonia cases were caused by SARS-CoV-2 with large mortality (18.75%) due to
COVID-19. However, Set 2 showed that 52.82% of patients had other typical and atypical pathogens causing
pneumonia. In total, 433 (35.96%) COVID-19 patients reported the presence of other bacteria, with
Streptococcus pneumoniae, Staphylococcus aureus, and Hemophilus influenzae infections being the cause of
secondary pneumonia.

Another cohort study by Ripa et al. described the incidence and predictive factors of secondary infections in
patients with COVID-19 [16]. In their study, out of 731 patients, 68 (9.3%) patients had a secondary
infection; at least one bloodstream infection was identified in 58/731 (7.9%) patients, and 22/731 (3.0%)
patients had at least one possible lower respiratory tract infection (pLRTI). Secondary infection was
frequently seen in patients admitted to ICU in two days (45/86) compared to those never admitted to the ICU
or admitted to the ICU after two days. The incidence rate of BSIs was higher, that is, 31.9 (23.0-43.1) per
1,000 person-days of follow-ups (PDFUs) in patients admitted to the ICU compared to 3.3 (2.3-4.6) per 1,000
PDFUs in patients outside the ICU (p < 0.0001). Gram-positive pathogens (76/106 isolates, 71.7%) caused
most of the bloodstream infections, especially coagulase-negative staphylococci (53/76, 69.7%), while
among Gram-negatives (23/106, 21.7%) Acinetobacter baumannii (7/23, 30.4%) and Escherichia coli (5/23,
21.7%) were the dominant pathogens. The incidence rate of pLRTIs was higher, that is, 15.2 (9.3-23.4) per
1,000 PDFUs in patients inside the ICU compared to 0.4 (0.1-1.1) in patients outside the ICU (p < 0.0001).
PLRTIs were primarily due to Gram-negative pathogens (14/26, 53.8%). Invasive aspergillosis was identified
in 11 patients. Of the 11 patients, 10 were in the ICU when putative aspergillosis was diagnosed. On
multivariable analysis, the factors related to secondary infections were low baseline lymphocyte count (0.7

versus >0.7 per 10%/L, subdistribution hazard ratios (sdHRs) of 1.93, 95% CI of 1.11-3.35), baseline PaO o/FiOy

(per 100 points lower = sdHRs 1.56, 95% CI = 1.21-2.04), and ICU admission in the first 48 hours (sdHRs =
2.51,95% CI = 1.04-6.05).

Russell et al. analyzed data from 48,902 patients admitted to the hospital between February 6 and June 8,
2020 [17]. Pathogen determination was done for 8,649 (17.7%) out of the 48,902 patients, of which 1,107
patients were investigated for clinically significant COVID-19-associated respiratory or bloodstream culture.
Out of 1,080 infections, 762 (70.6%) were secondary that occurred at least two days post-hospitalization.
The primary respiratory coinfection pathogens were Staphylococcus aureus and Hemophilus influenzae
(reported <2 days post-admission), whereas the predominant secondary respiratory infections were
Enterobacteriaceae and Staphylococcus aureus. Escherichia coli and Staphylococcus aureus predominantly
caused bloodstream infections.

Razazi et al. in a retrospective study compared the incidence of ventilator-associated pneumonia (VAP) and
invasive aspergillosis among individuals with COVID-19-associated acute respiratory distress syndrome (C-
ARDS) and those with non-SARS-CoV-2 viral ARDS (NC-ARDS) [19]. They evaluated mechanically ventilated
90 C-ARDS and 82 NC-ARDS patients. There were substantially fewer bacterial coinfections in the C-ARDS
than in the NC-ARDS group: 14 (16%) versus 38 (48%) (p < 0.01) at the time of ICU admission. On the

2022 Kurra et al. Cureus 14(3): €23687. DOI 10.7759/cureus.23687 90of12



Cureus

contrary, more patients suffered at least one episode of VAP in the C-ARDS group compared to the NC-
ARDS: 58 (64%) versus 36 (44%) (p =0.007). The probability of VAP was high in the C-ARDS group post-
mortality adjustment and removal of the ventilator (sub-hazard ratio = 1.72 (1.14-2.52), p < 0.01). The C-
ARDS group had a higher incidence of multidrug-resistant bacteria (MDR)-related VAP than the NC-ARDS
group: 21 (23%) versus 9 (11%) (p = 0.03). The C-ARDS group received more carbapenem compared to NC-
ARDS: 48 (53%) versus 21 (26%) (p < 0.01).

White et al. in their prospective cohort study determined the incidence, risk factors, and impact of invasive
fungal infections in adult COVID-19 patients with severe respiratory distress [20]. Out of 135 COVID-19-
positive individuals (with a median age of 57 and a male-to-female ratio of 2-2/1), 26.7% (14.1%
aspergillosis, 12.6% yeast infections) were reported. The mortality rate was 38%; 53% in patients with fungal
diseases and 31% in patients without fungal diseases (p = 0.0387). Antifungal treatment declined the
mortality rate (38.5% in patients receiving therapy versus 90% in patients not receiving therapy; p = 0.008).
The tendency of aspergillosis was increased with corticosteroids (p = 0.007) and medical history of chronic
respiratory disease (p = 0.05). A fungal disease was observed often in critically ill COVID-19 patients.

The retrospective study by Li et al. among 1,495 patients hospitalized with COVID-19 showed that SBI was
seen in 102 (6.8%) and about 50% of patients (49.0%, 50/102) died during hospitalization [21]. Compared to
severe patients, the possibility of SBIs was high among critical patients. In total, 136 (85.5%) strains of
Gram-negative bacteria were identified out of the 159 strains of bacteria isolated from the SBIs. The most
common bacteria among the SBIs were Acinetobacter baumannii (35.8%, 57/159), Klebsiella pneumoniae
(30.8%, 49/159), and Stenotrophomonas maltophilia (6.3%, 10/159). Overall, 91.2% was the isolation rate of
carbapenem-resistant Acinetobacter baumannii whereas 75.5% was that of Klebsiella pneumoniae.
Staphylococcus aureus and coagulase-negative staphylococci were methicillin-resistant. No vancomycin
resistance was detected. This revealed that the incidence of SBIs in COVID-19 patients was related to the
severity of illness on admission. The most common Gram-negative pathogens were Acinetobacter baumannii
and Klebsiella pneumoniae. Moreover, the resistance rates of the dominant isolated bacteria were mostly
high.

Bayram et al. in a prospective observational study presented the various characteristics of rhino-orbital
mucormycosis (ROM) coinfection in severe COVID-19 patients [22]. In total, 11 positive ROM coinfection
cases in severe COVID-19 patients were identified, of which seven (63.6%) cases of orbital apex syndrome
and four (36.4%) cases of orbital cellulitis were identified. Overall, 54.5% of patients had endophthalmitis,
with two patients suffering from retinoschisis.

COVID-19-associated pulmonary aspergillosis was investigated by Lahmer et al., Vélez Pintado et al.,
Segrelles-Calvo et al., and Gouzien et al. [23-26].

Lahmer et al. assessed the incidence, risk factors, and outcome of invasive pulmonary aspergillosis (IPA) in
critically ill COVID-19 patients [23]. In total, 32 critically ill COVID-19 patients were screened for 28 days
using a standardized protocol for the development of COVID-19-associated invasive pulmonary
aspergillosis (CAPA). Overall, 11/32 (34%) of critically ill patients with severe COVID-19 pneumonia
developed CAPA at the median of four days post ICU admission compared to 8% in the control cohort. In the
COVID-19 cohort, patients who developed CAPA had higher mean age, Acute Physiology and Chronic Health
Evaluation (APACHE) II score, and ICU mortality compared to the group without CAPA (36% versus 9.5%; p <
0.001). ICU stay (21 versus 17 days; p = 0.340) and days of mechanical ventilation (20 versus 15 days; p =
0.570) were similar among both groups. In regression analysis, COVID-19 and APACHE II scores were
independently associated with IPA.

Vélez Pintado et al. performed a retrospective cohort study at a tertiary care center in Mexico City and
reported that the CAPA was primarily seen in critically ill COVID-19 patients and was also related to an
increased mortality rate [24]. Of the 83 ICU COVID-19 hospitalized patients, 16 (19.3%) met the criteria for
CAPA. All CAPA individuals needed invasive mechanical ventilation (IMV) whereas only 84% of patients in
the non-IPA group required IMV (p = 0.09). Mortality was reported in 31% (n = 5) of the IPA group whereas it
was 13% (n = 9) in the non-CAPA group (p = 0.08).

Poor outcome was seen with CAPA in an open prospective observational study by Segrelles-Calvo et al. [25].
Of the total number of patients included in the study (n = 215), the authors diagnosed opportunistic invasive
fungal infection in 49 (22.8%) patients. Seven of the patients had an infection caused by Aspergillus spp.
(Aspergillus fumigatus, n = 3; Aspergillus flavus, n = 2 and Aspergillus niger, n = 20). The global prevalence of
aspergillosis was 5.4%. Another retrospective cohort study by Gouzien et al. showed a significantly lower
incidence of IPA (1.8%; 1/53) [26].

Based on the literature evidence, superinfections and respiratory coinfections in SARS-CoV-2-positive
patients were more prevalent in critically ill COVID-19 patients. Among patient characteristics, a significant
relationship was found in men with COVID-19. In their study, Paolucci et al. supported the correlation
between lymphopenia and increased viral load (especially EBV), which shows the relationship between
immunosuppression and viral prevalence [27]. Several studies [17,19,20] have reported increasing bacterial
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superinfections which could be due to antibiotic resistance, further warranting optimum ways to monitor
antibiotic usage.

Limitations

Our study has certain limitations. COVID-19 is a novel disease, and its relationship between
pathophysiology and patient presentation is not well understood. We examined COVID-19 patients with
superinfections or opportunistic infections, and the occurrence of these infections in COVID-19 patients
may not be correctly identified as there were no consistent screening tools used to identify these infections.

Conclusions

Opportunistic infections are more prevalent in critically ill patients. The isolated pathogens included EBV,
Pseudomonas aeruginosa, Escherichia coli, Acinetobacter baumannii, Hemophilus influenzae, and invasive
pulmonary aspergillosis. Large-scale studies are required to estimate
opportunistic/secondary/superinfections in COVID-19 patients.

Additional Information
Disclosures

Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

References

1. Modes of transmission of virus causing COVID-19: implications for IPC precaution recommendations .
(2020). Accessed: February 26, 2022: https://www.who.int/news-room/commentaries/detail/modes-of-
transmission-of-virus-causing-covid-19-implications-for-ip....

2. WangY, WangY, ChenY, Qin Q: Unique epidemiological and clinical features of the emerging 2019 novel
coronavirus pneumonia (COVID-19) implicate special control measures. ] Med Virol. 2020, 92:568-76.
10.1002/jmv.25748

3. Chertow DS, Memoli MJ: Bacterial coinfection in influenza: a grand rounds review . JAMA. 2013, 309:275-82.
10.1001/jama.2012.194139

4. Morens DM, Taubenberger JK, Fauci AS: Predominant role of bacterial pneumonia as a cause of death in
pandemic influenza: implications for pandemic influenza preparedness. J Infect Dis. 2008, 198:962-70.
10.1086/591708

5. LinD, LiuL, Zhang M, et al.: Co-infections of SARS-CoV-2 with multiple common respiratory pathogens in
infected patients. Sci China Life Sci. 2020, 63:606-9. 10.1007/s11427-020-1668-5

6. Nowak MD, Sordillo EM, Gitman MR, Paniz Mondolfi AE: Coinfection in SARS-CoV-2 infected patients:
where are influenza virus and rhinovirus/enterovirus?. ] Med Virol. 2020, 92:1699-700. 10.1002/jmv.25953

7. Wang M, Wu Q, Xu W, et al.: Clinical diagnosis of 8274 samples with 2019-novel coronavirus in Wuhan .
medRxiv. 2020, 10.1101/2020.02.12.20022327

8. Fishman JA: Opportunistic infections--coming to the limits of immunosuppression?. Cold Spring Harb
Perspect Med. 2013, 3:a015669. 10.1101/cshperspect.a015669

9. Musuuza JS, Watson L, Parmasad V, Putman-Buehler N, Christensen L, Safdar N: Prevalence and outcomes
of co-infection and superinfection with SARS-CoV-2 and other pathogens: a systematic review and meta-
analysis. PLoS One. 2021, 16:e0251170. 10.1371/journal.pone.0251170

10. Hutton B, Salanti G, Caldwell DM, et al.: The PRISMA extension statement for reporting of systematic
reviews incorporating network meta-analyses of health care interventions: checklist and explanations. Ann
Intern Med. 2015, 162:777-84. 10.7326/M14-2385

11.  Higgins JP, Thompson SG, Deeks JJ, Altman DG: Measuring inconsistency in meta-analyses. BM]. 2003,
327:557-60. 10.1136/bmj.327.7414.557

12.  Sharifipour E, Shams S, Esmkhani M, et al.: Evaluation of bacterial co-infections of the respiratory tract in
COVID-19 patients admitted to ICU. BMC Infect Dis. 2020, 20:646. 10.1186/s12879-020-05374-7

13.  Sharov KS: SARS-CoV-2-related pneumonia cases in pneumonia picture in Russia in March-May 2020:
secondary bacterial pneumonia and viral co-infections. ] Glob Health. 2020, 10:020504. 10.7189/jogh.10.-
020504

14.  Asmarawati TP, Rosyid AN, Suryantoro SD, et al.: The clinical impact of bacterial co-infection among
moderate, severe and critically ill COVID-19 patients in the second referral hospital in Surabaya. F1000Res.
2021, 10:113. 10.12688/f1000research.31645.2

15.  Garcia-Vidal C, Sanjuan G, Moreno-Garcia E, et al.: Incidence of co-infections and superinfections in
hospitalized patients with COVID-19: a retrospective cohort study. Clin Microbiol Infect. 2021, 27:83-8.
10.1016/j.cmi.2020.07.041

16. Ripa M, Galli L, Poli A, et al.: Secondary infections in patients hospitalized with COVID-19: incidence and
predictive factors. Clin Microbiol Infect. 2021, 27:451-7. 10.1016/j.cmi.2020.10.021

17.  Russell CD, Fairfield CJ, Drake TM, et al.: Co-infections, secondary infections, and antimicrobial use in
patients hospitalised with COVID-19 during the first pandemic wave from the ISARIC WHO CCP-UK study:
a multicentre, prospective cohort study. Lancet Microbe. 2021, 2:e354-65. 10.1016/52666-5247(21)00090-2

2022 Kurra et al. Cureus 14(3): €23687. DOI 10.7759/cureus.23687 110f 12


https://www.who.int/news-room/commentaries/detail/modes-of-transmission-of-virus-causing-covid-19-implications-for-ipc-precaution-recommendations
https://www.who.int/news-room/commentaries/detail/modes-of-transmission-of-virus-causing-covid-19-implications-for-ipc-precaution-recommendations
https://dx.doi.org/10.1002/jmv.25748
https://dx.doi.org/10.1002/jmv.25748
https://dx.doi.org/10.1001/jama.2012.194139
https://dx.doi.org/10.1001/jama.2012.194139
https://dx.doi.org/10.1086/591708
https://dx.doi.org/10.1086/591708
https://dx.doi.org/10.1007/s11427-020-1668-5
https://dx.doi.org/10.1007/s11427-020-1668-5
https://dx.doi.org/10.1002/jmv.25953
https://dx.doi.org/10.1002/jmv.25953
https://dx.doi.org/10.1101/2020.02.12.20022327
https://dx.doi.org/10.1101/2020.02.12.20022327
https://dx.doi.org/10.1101/cshperspect.a015669
https://dx.doi.org/10.1101/cshperspect.a015669
https://dx.doi.org/10.1371/journal.pone.0251170
https://dx.doi.org/10.1371/journal.pone.0251170
https://dx.doi.org/10.7326/M14-2385
https://dx.doi.org/10.7326/M14-2385
https://dx.doi.org/10.1136/bmj.327.7414.557
https://dx.doi.org/10.1136/bmj.327.7414.557
https://dx.doi.org/10.1186/s12879-020-05374-z
https://dx.doi.org/10.1186/s12879-020-05374-z
https://dx.doi.org/10.7189/jogh.10.-020504
https://dx.doi.org/10.7189/jogh.10.-020504
https://dx.doi.org/10.12688/f1000research.31645.2
https://dx.doi.org/10.12688/f1000research.31645.2
https://dx.doi.org/10.1016/j.cmi.2020.07.041
https://dx.doi.org/10.1016/j.cmi.2020.07.041
https://dx.doi.org/10.1016/j.cmi.2020.10.021
https://dx.doi.org/10.1016/j.cmi.2020.10.021
https://dx.doi.org/10.1016/S2666-5247(21)00090-2
https://dx.doi.org/10.1016/S2666-5247(21)00090-2

Cureus

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Sogaard KK, Baettig V, Osthoff M, et al.: Community-acquired and hospital-acquired respiratory tract
infection and bloodstream infection in patients hospitalized with COVID-19 pneumonia. | Intensive Care.
2021, 9:10. 10.1186/540560-021-00526-y

Razazi K, Arrestier R, Haudebourg AF, et al.: Risks of ventilator-associated pneumonia and invasive
pulmonary aspergillosis in patients with viral acute respiratory distress syndrome related or not to
Coronavirus 19 disease. Crit Care. 2020, 24:699. 10.1186/s13054-020-03417-0

White PL, Dhillon R, Cordey A, et al.: A national strategy to diagnose coronavirus disease 2019-associated
invasive fungal disease in the intensive care unit. Clin Infect Dis. 2021, 73:e1634-44. 10.1093/cid/ciaal298
LiJ, Wang ], Yang Y, Cai P, Cao ], Cai X, Zhang Y: Etiology and antimicrobial resistance of secondary
bacterial infections in patients hospitalized with COVID-19 in Wuhan, China: a retrospective analysis.
Antimicrob Resist Infect Control. 2020, 9:153. 10.1186/s13756-020-00819-1

Bayram N, Ozsaygili C, Sav H, et al.: Susceptibility of severe COVID-19 patients to rhino-orbital
mucormycosis fungal infection in different clinical manifestations. Jpn ] Ophthalmol. 2021, 65:515-25.
10.1007/s10384-021-00845-5

Lahmer T, Kriescher S, Herner A, et al.: Invasive pulmonary aspergillosis in critically ill patients with severe
COVID-19 pneumonia: results from the prospective AspCOVID-19 study. PLoS One. 2021, 16:e0238825.
10.1371/journal.pone.0238825

Vélez Pintado M, Camiro-Zuniga A, Aguilar Soto M, Cuenca D, Mercado M, Crabtree-Ramirez B: COVID-19-
associated invasive pulmonary aspergillosis in a tertiary care center in Mexico City. Med Mycol. 2021,
59:828-33. 10.1093/mmy/myab009

Segrelles-Calvo G, Aratjo GR, Llopis-Pastor E, et al.: Prevalence of opportunistic invasive aspergillosis in
COVID-19 patients with severe pneumonia. Mycoses. 2021, 64:144-51. 10.1111/myc.13219

Gouzien L, Cocherie T, Eloy O, et al.: Invasive Aspergillosis associated with Covid-19: a word of caution .
Infect Dis Now. 2021, 51:383-6. 10.1016/j.idnow.2020.12.008

Paolucci S, Cassaniti I, Novazzi F, et al.: EBV DNA increase in COVID-19 patients with impaired lymphocyte
subpopulation count. Int | Infect Dis. 2021, 104:315-9. 10.1016/j.ijid.2020.12.051

Zhang H, Zhang Y, Wu ], et al.: Risks and features of secondary infections in severe and critical ill COVID-
19 patients. Emerg Microbes Infect. 2020, 9:1958-64. 10.1080/22221751.2020.1812437

Bardi T, Pintado V, Gomez-Rojo M, et al.: Nosocomial infections associated to COVID-19 in the intensive
care unit: clinical characteristics and outcome. Eur | Clin Microbiol Infect Dis. 2021, 40:495-502.
10.1007/s10096-020-04142-w

Falcone M, Tiseo G, Giordano C, et al.: Predictors of hospital-acquired bacterial and fungal superinfections
in COVID-19: a prospective observational study. ] Antimicrob Chemother. 2021, 76:1078-84.
10.1093/jac/dkaa530

Khurana S, Singh P, Sharad N, et al.: Profile of co-infections & secondary infections in COVID-19 patients
at a dedicated COVID-19 facility of a tertiary care Indian hospital: Implication on antimicrobial resistance.
Indian ] Med Microbiol. 2021, 39:147-53. 10.1016/j.ijmmb.2020.10.014

Kubin CJ, McConville TH, Dietz D, et al.: Characterization of bacterial and fungal infections in hospitalized
patients with coronavirus disease 2019 and factors associated with health care-associated infections. Open
Forum Infect Dis. 2021, 8:0fab201. 10.1093/ofid/ofab201

Kumar G, Adams A, Hererra M, et al.: Predictors and outcomes of healthcare-associated infections in
COVID-19 patients. Int J Infect Dis. 2021, 104:287-92. 10.1016/j.1jid.2020.11.135

2022 Kurra et al. Cureus 14(3): €23687. DOI 10.7759/cureus.23687

12 0f 12


https://dx.doi.org/10.1186/s40560-021-00526-y
https://dx.doi.org/10.1186/s40560-021-00526-y
https://dx.doi.org/10.1186/s13054-020-03417-0
https://dx.doi.org/10.1186/s13054-020-03417-0
https://dx.doi.org/10.1093/cid/ciaa1298
https://dx.doi.org/10.1093/cid/ciaa1298
https://dx.doi.org/10.1186/s13756-020-00819-1
https://dx.doi.org/10.1186/s13756-020-00819-1
https://dx.doi.org/10.1007/s10384-021-00845-5
https://dx.doi.org/10.1007/s10384-021-00845-5
https://dx.doi.org/10.1371/journal.pone.0238825
https://dx.doi.org/10.1371/journal.pone.0238825
https://dx.doi.org/10.1093/mmy/myab009
https://dx.doi.org/10.1093/mmy/myab009
https://dx.doi.org/10.1111/myc.13219
https://dx.doi.org/10.1111/myc.13219
https://dx.doi.org/10.1016/j.idnow.2020.12.008
https://dx.doi.org/10.1016/j.idnow.2020.12.008
https://dx.doi.org/10.1016/j.ijid.2020.12.051
https://dx.doi.org/10.1016/j.ijid.2020.12.051
https://dx.doi.org/10.1080/22221751.2020.1812437
https://dx.doi.org/10.1080/22221751.2020.1812437
https://dx.doi.org/10.1007/s10096-020-04142-w
https://dx.doi.org/10.1007/s10096-020-04142-w
https://dx.doi.org/10.1093/jac/dkaa530
https://dx.doi.org/10.1093/jac/dkaa530
https://dx.doi.org/10.1016/j.ijmmb.2020.10.014
https://dx.doi.org/10.1016/j.ijmmb.2020.10.014
https://dx.doi.org/10.1093/ofid/ofab201
https://dx.doi.org/10.1093/ofid/ofab201
https://dx.doi.org/10.1016/j.ijid.2020.11.135
https://dx.doi.org/10.1016/j.ijid.2020.11.135

	Opportunistic Infections in COVID-19: A Systematic Review and Meta-Analysis
	Abstract
	Introduction And Background
	Review
	Methodology
	TABLE 1: Quality assessment of cohorts using the New Ottawa Scale.

	Results
	FIGURE 1: PRISMA flowchart.
	TABLE 2: Basic characteristics of the selected studies.
	FIGURE 2: Funnel plot showing publication bias.
	FIGURE 3: Forest plot showing pooled prevalence of superinfections in COVID-19 patients.

	Discussion
	Limitations

	Conclusions
	Additional Information
	Disclosures

	References


