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COVID-19...
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A review of 37 published articles with 24983 participants showed that the ICU-admission rate and
mortality among ICU admitted patients with covid-19 were 32% and 39%, respectively
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COVID19; 2019-nCoV Infection; 2019 nCoV Infection; Coronavirus Disease-19;
Coronavirus Disease 19; SARS Coronavirus 2 Infection; SARS-CoV-2 Infection; SARS CoV
2 Infection; SARS-CoV-2 Infections; COVID-19 Pandemics; COVID |9 Pandemic

ICU; Intensive care unit

Cross Infections; Healthcare Associated Infections; Health Care Associated Infections;
Hospital Infections; Nosocomial Infections; Virus Diseases; Viral Infections; Viral Diseases;
Mycoses; Fungus Infections; Fungus Diseases; Bacterial Infections; Bacterial Diseases;
Respiratory Tract Infections; Respiratory Infections; Upper Respiratory Tract Infections;
Upper Respiratory Infections; co-infections
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Cross Infection;
coinfection

Intensive Care Units
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SEARCH STRATEGY AND STUDY SELECTION
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INCLUDING AND EXCLUDING CRITERIA
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DATA EXTRACTION
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QUALITY ASSESSMENT

* The methodological quality of the included studies was assessed using the National Institutes of Health
(NIH).A different version of this checklist was assigned to each study type, consisting of 12 items for
case-control studies, 9 for case series,and 14 for observational studies (cohort and cross-sectional).
Responses indicated whether the article met the questioned criteria with a yes, no, cannot
determine/not reported. The final score was calculated by summing the number of yes answers and
reported as good (low risk of bias), fair (insufficient bias to invalidate the results), or poor (high risk of
bias).The quality of observational studies was classified as poor for scores of 0-4, fair for scores of 5-10,
and good for scores of | |-14 . For case-control studies, the overall score was categorized as poor for
scores 0-5, fair for scores 6—7,and good for scores 8-12.The quality of case-series studies was
categorized as poor for scores 0-3, fair for scores 4-6, and good for scores 7-9.Two researchers
independently assessed the included studies and discussed any discrepancies with the research team.




STATISTICAL ANALYSIS

* After extracting information from the articles, the prevalence and 95% confidence interval (95%Cl)
was reported as an overall effect size. Heterogeneity among the studies was assessed using the |2
index and Q statistic, and the random or fixed method was used to combine the results. Subgroup
analysis was performed to investigate the prevalence in subgroups based on type of study, sex, and
microorganism’s type. In addition, the meta-regression method was used to investigate the effect of
age on the outcome. Publication bias was assessed using Egger's test. If the publication bias was

significant, the ‘trim and fil’ method was used to modify the results. All statistical analyses were
performed using Stata version |7




* The initial search identified |60 articles, but four were excluded due to duplicates. After title and
abstract screening, | |4 articles remained for further evaluation.Two researchers carefully reviewed
the full texts of these studies and consulted a third reviewer for any discrepancies. Finally, we
included 74 articles in the systematic review and summarized the characteristics of all included

studies. For the meta-analysis, 32 articles were excluded because the prevalence of the pathogens

was not extractable. Therefore, the meta-analysis was performed on 42 articles.
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Figure 1. Flow diagram of the inclusion process




* The pooled prevalence of coinfections was estimated at 35% [Cl 95%:29%- 41%], and the results
did not change significantly after re-examination according to study type (P= 0.8).The overall
prevalence by study types was 37% for case-control studies, 35% for case series, 36% for cohort
studies, and 3 1% for cross-sectional studies

* we could not to obtain comparable results regarding the types of pathogens responsible
for coinfection due to methodological differences. Some studies reported the pathogen
types based on patient samples taken during hospitalization and did not report them
separately for each case. However, among the positive reports of coinfection, 196 cases
were bacterial, 37 were fungal, two were viral,and two were contaminated with more

than one type of pathogen




* The meta-analysis of 3| studies showed that the incidence of coinfection was significantly

associated with gender (P< 0.001), with men having a higher prevalence of 69% compared

to women with a prevalence of 31% .

* However, our analysis of the extracted data from 32 articles showed no association

between the prevalence of coinfection and age(P=0.65).Although the result of the Egger
test was significant (P< 0.001), we performed the trim and fill method to account for any
possible modification,




* Bacterial coinfections in ICU patients with covid-19

* although bacterial coinfections among covid-19 patients were less common than in previous influenza
pandemics, they remained an important challenge in the covid-19 outbreak. Some studies suggested the
serum level of procalcitonin as a factor to help clinicians in the differential diagnosis of viral and bacterial
infections. A study of 101 ICU patients with confirmed severe covid-19 pneumonia examined respiratory
tract samples. They reported 19.8% positive cultures with at least one pathogen. Staphylococcus aureus
was the most common pathogen in their patients. In addition, most cases (82.2%) required intubation
and mechanical ventilation . A review of |10 published studies in October 2021 stated that bacterial
coinfection occurred in less than 4% of hospitalized covid-19 patients and the most common frequencies
were related to Staphylococcus aureus, Streptococcus pneumoniae, and Haemophilus influenzae,
respectively. This pattern was different in patients with prolonged hospitalization; in these cases,
Pseudomonas aeruginosa, Klebsiella spp., and Staphylococcus aureus were more common, respectively.




* A study on hospitalized patients with COVID-19 from a center in Saudi Arabia showed that
the rate of positive sputum and blood samples for bacterial coinfections was significantly
higher in ICU patients than in cases admitted to the other ward.They reported that the most
common species were Acinetobacter baumannii and Klebsiella pneumoniae which were only
susceptible to colistin. Their results highlighted the importance of the positive association
between ICU admission in COVID-19 patients and the possibility of multidrug-resistant
bacterial. It has been suggested that empiric antibiotic treatment should be considered in
hospitalized patients with the following features; having serious underlying disease,

immunocompromised cases, or radiographic or laboratory findings compatible with bacterial
infection




* Fungal coinfections in ICU patients with covid-19

* The treatment target in patients with severe covid-19 was immunoregulatory agents such as
corticosteroids to reduce the systemic inflammatory response to the virus . Consequently,
covid- |9 patients, especially immunocompromised and critically ill cases, were more suspected
to be coinfected with opportunistic fungus. Several studies have been performed on the
correlation between immunosuppressive treatment of covid-19 and the development of fungal
coinfections; high-dose corticosteroids remarkably increased the risk of aspergillosis and

candidemia in critically ill covid-19 patients.In addition, the risk of fungal pneumonia and

sinusitis increased in covid-19 patients admitted to the ICU who received tocilizumab.




* In addition to immunosuppressants, intensive medical interventions, such as mechanical ventilation and central
venous catheters, lead to fungal colonization and proliferation and predispose ICU patients to fungal
coinfections. Detecting fungal contamination requires comprehensive diagnostic measures such as
histopathology, direct microscopic examination, culture, f-D-glucan, galactomannan, and PCR-based assays . The
diagnostic efficacy of these tests was practically different according to the fungal species. For example, a meta-
analysis of published data estimated the specificity of PCR to be around 90% and of 3-D-glucan to be around
80% for invasive candidiasis . Therefore, using more than one test in patients suspected of having a fungal
infection has been suggested to improve the test's diagnostic efficacy. In the study the overall mortality rate in
coinfection with covid-19 and fungi was estimated at 53%, significantly different from patients without fungal
coinfection (31%). Echinocandins and azoles were the first-line antifungal agents to treat invasive fungal
infections. However, treatment failure occurred in cases infected with multi-drug resistant Candida spp., such as
C. auris and C. glabrata. So, screening for fungal infection in high-risk cases and maybe initiating prophylactic
treatment could improve the management of covid-19 patients admitted to the ICU and their outcomes.




Viral coinfections in ICU patients with covid-19

The rate of coinfection with viruses among the Covid-|9-positive population was significantly lower than that of the SARS-
CoV-2-negetive population. It directly correlated with age and was higher in covid-19 patients aged 60.A systematic review of
33 published articles estimated the pool prevalence of viral infection among covid-19 patients to be 12.58%.They also found a
high heterogeneous prevalence of viral coinfections in different geographic regions.They mentioned that blood-borne viruses
were more common than respiratory viruses, and most cases (1 1.71%) were coinfected with Herpes virus.Also, treating
patients who were positive for covid-19 and other viruses was more complicated;They are at a higher risk of progression to
ARDS, and consequently, they need more extended hospitalization and ICU care than others.Thus, the possibility of viral
coinfections, especially among immunocompromised patients, needs more attention during the covid-19 pandemic.

The limitation of the present study was the limited published articles on this topic.According to the high prevalence of
coinfection in covid- |9 patients admitted to ICU and its relationship with the outcomes, the lack of a suitable study in this field,
and the different methodologies in reporting the prevalence of pathogens, we could not compare the prevalence of pathogen

types




* Data availability statement:All data from the current study are available from the

corresponding author upon reasonable request.
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Table 1.

and type of inicu

Author

Country

Study design

Sample
size

sex

“Type of pathogens.

NI

Prevalence

NiH score

Alharthy %

2020

Saudi Arabia

Case report

Human metapneumovirus

Amaral

2020

Brazil

Case report

Cytomegalovirus

Amarsy®

2021

France

Cross-sectional

Fa
M8

568£156

Klebsiella pneumoniae

Amarsy 0

2020

France

Cross-sectional

Serratia marcescens

si4

Anderson 2

Assalf®

2021

Egypt

Cross-sectional

M3
F8

503+126

Kiebsiella pneumoniae (10120, 50%),
Acinetobacter calcoaceticus baumanni complex (7120, 35%)

Enterobacter cloacas complex (520, 25%), Staphylococeus aureus (4 (MRSA)120, 20%)
Streptococeus agalactia (3/20, 15%)

Haemophilus influenza (1120, 5%)

Kiebsiella aerogenes (20, 5%)

Escherichia coli (1120, 5%)

Streptococeus pneumoniae (1/20, 5%)

Bardi

2021

Spain

Case-control

M:T79%

Gram-positve (55%)
Gram negative bacteria (309%)
Fungi (15%)

91 episodes of confirmed NI in 57 patients

Baskaran

2021

UK

Cohort

coinfection! co-colonisation: 83 (32.79%)
)

Serratia marcescens 1 (11%)
Gitrobacter koseri 5 (5.7%)
Staphylococcus aureus 11 (12.5%)
Haemophilus influenzz 4 (459%)
Acinetobacter baumanii 2 2.27%)
Burkholderia multivorans 1 (113)
Enterococeus spp. 8 (31)
Morganella morgani 1(1.1%)
Raoultella sp. 1 (11%)

Total 88

Bishburg **

2021

UsA

Retrospective cohort

M:4 50%

Candidemia: 8 (8.9%)
Tropicalis 2 (25%)
Albicans 2 (25)
Glabrata 2 (25)
Parapsilosis 2 (25)

e

Bonazzetti

2021

Retrospective observational study.

M:T7.5%

6L5yr; IQR, 531-68.7

60 patients (67.4%) experienced one or more of the 93 recorded BS| episodes
117 iottes:

Gram-positive 85 (72.6%);

Enterococcus faecalis26 (49.1%)
Enterococcus hirae 1(1.8%)
Coagulase-negative staphylococei (24, 20.5%)
. aureus (9, 7.6%)

Gram-negative:

Enterococeus species (53, 45:3%)
Enterobacterales 24.8%

(Candida species 26%
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Figure 3. A funnel plot to check for the existence of publication bias in this study
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