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ABSTRACT

Introduction: The use of steroids has been proposed as a pharmacological approach to treat
the SARS-CoV-2 infection to improve outcomes. However, there are doubts about safety
against the development of superinfections and their worse outcomes.

Objective: To establish the relative frequency of superinfection associated with using steroids
in patients with SARS-CoV-2 infection.

Materials and methods: We conducted a systematic literature review and meta-analysis
using PRISMA standards in 5 databases (PubMed/Scopus/Cochrane/EMBASE/Google Scholar).
The search was carried out between February 2020 and May 2023. The search terms were
‘steroids’ or ‘superinfection’ ‘and’ followed by ‘SARS-CoV-2' or ‘COVID-19'.

Results: We found 77 studies, but only 10 with 3539 patients were included in the systematic
review. All patients developed severe disease. The documented OR for superinfection
through the meta-analysis was 1.437 (95% IC 0.869-2.378) with a p-value of 0.158 without
showing a risk attributed to steroids and the development of superinfections. In the Funnel-
plot analysis, no publication biases were found.

Conclusion: No relationship was found between using steroids and superinfection in patients
with SARS-CoV-2.
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Introduction .
support; However, these numbers have varied

More than 20 million cases of SARS-CoV-2 have
been reported globally since the end of 2019 when
the new coronavirus was identified as a cause of
viral pneumonia in Wubhan, a city in China’s Hubei
province [1,2.] However, the reported cases under-
estimate the total number of them because almost
80% of patients with the infection are asymptomatic,
and the remaining 20% may have mild symptoms in
such a way that they do not access the services of
health and are not included in the epidemiological
surveillance of local authorities. The seropositivity
estimated according to European and United States
studies suggests that it exceeds the number of
reported cases up to 10 times [3]. Approximately
20% of individuals who contract SARS-CoV-2
experience a decline in their condition that necessi-
tates hospitalization and the use of oxygen therapy,
either through and oxygen cannula or a non-
rebreather mask. For the infected patients, up to
15% can present a severe version of the disease and
5% a critical illness requiring invasive ventilatory

between the different reported cohorts, and this
difference has been attributed to the distribution of
the population pyramid and the prevalence and risk
control levels of non-communicable diseases in each
country [4,5].

Virus identification has evolved during the pan-
demic to more sophisticated ways [6]. These
advances made it possible to identify genes
involved and their association with clinical mani-
festations from mild to some more severe.
Although initially it was believed that the compro-
mise was just in the respiratory system, it has also
been possible to identify the affectation generated
in other organs and its implications in the progres-
sion of the disease [7,8].

The general mortality reported has varied
between 2-4%; however, in hospitalized patients,
this value can reach 26% and 37% in critical patients
[9]. Given the severity and implications of the out-
comes, if the period of illness is exceeded, different
treatment schemes have been evaluated to reduce
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hospital stays since the deterioration in the quality
of life and functionality of patients who are admitted
to an (ICU) represent
a consequence that severely affects individuals with
a critical illness [10].

Many studies have described coinfection in the
group of patients hospitalized for COVID-19, but
the reasons have only been speculated. Among the
variables analyzed, the role of the bacterial and
fungal microbiota with the outcomes in the disease
process has been described but so far with incon-
clusive information [11,12].

Among the strategies that have emerged as
potentially beneficial have been the use of steroids,
particularly in the RECOVERY study, which
included an intervention arm with dexamethasone,
which showed a reduction in the progression to
critical illness in hospitalized patients and mortality
in critical patients; representing so far the only
pharmacological intervention with evidence of ben-
efit in patients with SARS-CoV-2 infection [13].
According to the literature review, there is insuffi-
cient evidence to establish an association between
steroid use and superinfection in patients with
SARS-CoV-2.

intensive care unit

Materials and methods

Research question: What is the frequency of bacterial,
viral, or fungal superinfection in patients with SARS-
CoV-2 infection hospitalized in the general ward and
the critical care unit receiving oral or intravenous
steroid management?

Protocol and registration

This protocol follows the recommendations estab-
lished by PRISMA statement [14] and has been regis-
tered in PROSPEROQO: CRD42020207970.

Data sources and searches

According to PRISMA standards, we conducted
a systematic review and meta-analysis in five data-
bases (PubMed/Scopus/Cochrane/EMBASE/Google
Scholar) to assess the relationship between steroid
use and superinfections in SARS-CoV-2 in-hospital
patients. We also searched gray literature. The
authors selected keywords based on MeSH terms.
The search was carried out between February 2020
and May 2023. The search terms were ‘steroids’ or
‘superinfection” ‘and’ followed by ‘SARS-CoV-2’ or
‘COVID-19’. In addition, the superinfection detection
methods, the data regarding mortality, comorbidities,
follow-up time, stay in the ICU, and the steroid
protocol used was considered.

Definition of criteria

Infection by SARS-CoV-2 or COVID-19: Patients
hospitalized in the general ward or the critical care
unit with the diagnosis made by antigenic or serolo-
gical detection of viral RNA by Polymerase Chain
Reaction (PCR). Imaging diagnosis was not included
to reduce bias by diagnostic criteria according to
country of origin.

Bacterial, viral, or fungal superinfection:
A patient diagnosed with SARS-CoV-2 who pre-
sents with a superinfection documented by blood
cultures or processing of multiple molecular iden-
tification tests of microorganisms duly reported in
the articles. Cultures of secretions
included to reduce the bias due to overdiagnosis
of superinfection.

Use of steroids: A patient hospitalized in the gen-
eral ward or the critical care unit with a diagnosis of
SARS-CoV-2 who is receiving any steroid orally,
intravenously, or other routes.

were not

Selection criteria

Study selection and data extraction were performed
independently by two authors.

Observational and analytical studies were
included that evaluated the frequency of superin-
fection in patients with SARS-CoV-2 infection who
were also receiving steroids either in the setting of
inpatient wards or in the critical care unit. Studies
that did not include data on mortality outcomes,
time of steroid administration, and method by
which superinfection was documented were
excluded. Case reports, topic reviews, protocols,
opinion articles, or those in a language other than
those already defined (Spanish- English) were addi-
tionally excluded. (See the full search strategy in
supplementary material).

Statistical analysis

The unit of discordance was adjusted by converting the
units reported to standardized measures that allow
comparison. The central tendency and dispersion mea-
surements were calculated according to the variable
type. The average units used in the studies were
reported since the original individual values were una-
vailable. A random-effects meta-analysis model was
proposed. For the outcome of categorical variables
such as mortality, need for mechanical ventilation, or
admission to ICU, risk ratios were established with
a 95% confidence interval. The heterogeneity measures
12 index was estimated, and the Tau-squared test. Since
the SARS-CoV-2 publications are grouped from 2019 to
2023, estimating a retrospective search limit is not con-
sidered. The comprehensive Meta-Analysis and the



Microsoft Excel spreadsheet program used for the forest
plots was Stata v.15, licensed from the Universidad
Tecnoldgica de Pereira.

Results

After the literature review, 77 articles were entered
into the database and were reviewed in their entirety.
Considering the inclusion and exclusion criteria by
the researchers, 10 studies were finally used in the
analysis. 3539 patients were grouped (1668 patients
who received steroids and 1871 patients from the
control group). The selection flowchart is shown in
Figure 1.

Two of the ten reviewed studies corresponded to
randomized clinical trials; the other eight were obser-
vational studies. All were carried out and reported
between 2020 and 2022, including papers greater than
100 subjects with different follow-up times and
patients with a stay in critical care. The mean age in
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the 10 groups was over 62 years. The remaining study
population had a mean age of 56. Most had a SARS-
CoV-2 molecular diagnosis. Table 1 shows the char-
acteristics of the patients evaluated in the included
studies, and Table 2 shows the features according to
the evaluation group (steroids and control). In addi-
tion, the number of patients on mechanical ventila-
tion is reported.

The comorbidities reported in the studies were
mainly diabetes mellitus, arterial hypertension,
a history of coronary disease or heart failure, obesity,
chronic kidney disease, cancer, and chronic obstruc-
tive pulmonary disease. Table 3 shows the relation-
ship between the frequencies of comorbidities
according to the group of steroids and control.

It was impossible to extract precise information
about hospital stay from the studies, except for the
days of follow-up. However, it was not discriminated
for the comparison of groups. Data on mortality are
presented in Table 4.

Records excluded
(n=65)
Incomplete data or do not
perform our inclusion
criteria.

) Search in PubMed / Scopus / Cochrane / EMBASE / Google
c Scholar. MeSH terms used:
.g “Steroids” AND “Coinfection” AND “SARS-CoV-2” OR “COVID-
< 19”.
’:‘E Records identified (n = 318)
o
) l
( ) Records screened
(n=79)
(-1:) 1
=
: l
o
o
Q
0 Records after duplicates removed
(n=77)
—
v
Full-text articles assessed
F for eligibility >
8 (n=12)
0
i '
—_ Studies included in
qualitative synthesis
(n=10)
-]
.‘g v
=
= Studies included in
- quantitative synthesis
(meta-analysis)
) (n=10)

Full-text articles excluded,
with reasons
(n=2)

Excluded in a second
review because it did not
perform group
comparison.

Figure 1. PRISMA 2009 flow diagram and summary of the literature search and study selection.
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Table 1. General characteristics of the population of patients with COVID-19 in the studies.

Number of Country of Tracking  Number of patients in Age Sex in% SARS-CoV-2
Study patients Origin days ICU (Mean) (Female) (+)
Dequin, P. F., et al. 2020 149 France 115 149 62.2 30.2 144
Gordon, Anthony C, et al. 299 Brazil 96 299 61.4 37.5 286
2020
Mikulska, Malgorzata, et al. 196 Italia 51 196 67.5 32.7 196
2020
Ramiro, Sofia, et al. 2020 172 Holland 25 172 67 21 160
Brosnahan, Shari B, et al. 1167 USA 116 700 64.3 31.7 1167
2021
Almas, Talal, et al. 2021 25 Unknown Unknown 0 56.3 20 25
Monedero, Pablo, et al. 882 Spain 109 882 62.3 33.1 882
2021
Cour, Martin, et al. 2021 36 France Unknown 36 Unknown Unknown 36
Tran, Viet-Thi, et al. 2021 891 France and 61 Unknown 63 33.6 891
Luxembourg
Sevik, Signe. et al. 2021 155 Norway 336 155 62 25.8 155

ICU Intensive Care Unit.

Table 2. General characteristics of the patients discriminated by group of steroids and control.

Number of Number of Number of
Study Group patients patients in ICU Age (Mean) Sex (Female) patients on MV
Dequin, P. F., et al. 2020 Steroids 76 76 63 22 62
Control 73 73 66 23 59
Gordon, Anthony C, et al. 2020 Steroids 151 151 62 61 151
Control 148 148 64 51 148
Mikulska, Malgorzata, et al. 2020 Steroids 45 45 68,2 13 20
Control 66 66 76,2 25 9
Ramiro, Sofia, et al. 2020 Steroids 86 86 67 18 1
Control 86 86 67 18 13
Brosnahan, Shari B, et al. 2021 Steroids 314 251 68,1 111 241
Control 505 214 69,5 165 230
Almas, Talal, et al. 2021 Steroids 12 Unknown Unknown Unknown Unknown
Control 13 Unknown Unknown Unknown Unknown
Monedero, Pablo, et al. 2021 Steroids 691 225 62,9 225 25
Control 191 191 60 663 2
Cour, Martin, et al. 2021 Steroids 18 18 70 3 Unknown
Control 18 18 66 4 Unknown
Tran, Viet-Thi, et al. 2021 Steroids 203 0 64 132 19
Control 688 0 62 221 85
Sevik, Signe. et al. 2021 Steroids 72 72 62 19 72
Control 83 83 62 21 83

ICU: Intensive Care Unit MV: Mechanical ventilation.

Table 3. Frequency distribution of comorbidities reported in patients with COVID-19.

Comorbidity
Study Group DM AHT (@) HF Smoke Habit  Obesity CKD Cancer COPD
Dequin, P. F., et al. 2020 Steroids 13 NR NR 3 18 NR NR 2 4
Control 14 NR NR 3 15 NR NR 3 2
Gordon, Anthony C,, et al. 2020  Steroids 57 91 NR 1 6 46 7 NR NR
Control 69 107 NR NR 7 NR NR 5 10
Mikulska, Malgorzata, et al. 2020 Steroids 22 48 NR 1 NR 8 NR 15 NR
Control 8 29 NR 1 NR 2 NR 7 NR
Ramiro, Sofia, et al. 2020 Steroids 9 19 17 2 8 NR 4 4 10
Control 23 27 1 3 6 NR 7 5 7
Brosnahan, Shari B, et al. 2021 Steroids 262 352 Unknown 66 84 Unknown Unknown 66 89
Control 407 588 Unknown 132 121 Unknown Unknown 95 121
Almas, Talal, et al. 2021 Steroids Unknown Unknown Unknown Unknown Unknown  Unknown Unknown Unknown Unknown
Control  Unknown Unknown Unknown Unknown Unknown  Unknown Unknown Unknown Unknown
Monedero, Pablo, et al. 2021 Steroids 158 341 Unknown 12 Unknown 233 1 24 35
Control 43 79 Unknown 1 Unknown 66 11 3 5
Cour, Martin, et al. 2021 Steroids 9 10 Unknown Unknown Unknown Unknown Unknown Unknown Unknown
Control 5 8 Unknown Unknown  Unknown  Unknown Unknown Unknown Unknown
Tran, Viet-Thi, et al. 2021 Steroids 46 Unknown Unknown 8 Unknown 52 7 Unknown Unknown
Control 162 Unknown Unknown 23 Unknown 188 20 Unknown Unknown
Sevik, Signe. et al. 2021 Steroids 20 36 Unknown 8 Unknown  Unknown 7 7 20
Control 18 33 Unknown 15 Unknown  Unknown 5 0 16

DM: Diabetes Mellitus AHT: Arterial hypertension CD: Coronary disease HF: Heart failure CKD: Chronic Kidney Disease COPD: Chronic obstructive
pulmonary disease NR: Not reported.
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Table 4. Mortality discriminated by steroid use and control group.

Study Group Number of patients Mortality (Frequency %)
Dequin, P. F., et al. (21 days). 2020 Steroids 76 11 (14.5%)
Control 73 20 (27.4%)
Gordon, Anthony C,, et al. (28 days). 2020 Steroids 151 85 (56,3%)
Control 148 91 (61.5%)
Mikulska, Malgorzata, et al. (30 days). 2020 Steroids 45 13 (28.8%)
Control 66 23 (34,8%)
Ramiro, Sofia, et al. 2020 Steroids 86 14 (16.27%)*
Control 86
Brosnahan, Shari B, et al. 2021 Steroids 314 176 (56%)
Control 505 283 (56%)
Almas, Talal, et al. 2021 Steroids 12 1 (8.3%)
Control 13 8 (61.5%)
Monedero, Pablo, et al. 2021 Steroids 619 308 (49.7%)
Control 191 70 (36.6%)
Cour, Martin, et al. 2021 Steroids 18 5 (27.7%)
Control 18 13 (72.2%)
Tran, Viet-Thi, et al. 2021 Steroids 203 17 (8.3%)
Control 688 46 (6.6%)
Sevik, Signe. et al. 2021 Steroids 72 30 (41.6%)
Control 83 18 (21.6%)

+ Reported overall mortality.

In evaluating the frequency of superinfection in
the selected studies, only one study reported the
method of identification of superinfection. The ster-
oid regimens used were as follows:

(1) Dequin, P. F., et al.: hydrocortisone 200 mg/
day IV for 7 days, followed by 100 mg/day for
4 days and 50 mg/day for 3 days. The total
duration of the scheme is 14 days.

(2) Gordon, Anthony C., et al.: dexamethasone
20 mg/day IV for 5 days, followed by 10 mg/
day for 5 more days. The total duration of the
scheme was 10 days.

(3) Mikulska, Malgorzata, et al.: methylpredni-
solone 1 mg/kg for 5days and followed by
0.5 mg/kg for 5days. The total duration of
the scheme was 10 days.

(4) Ramiro, Sofia, et al.. methylprednisolone
250 mg/day IV on day 1, followed by 80 mg/
day from day 2 to 5. The total duration of the
scheme was 5 days.

(5) Brosnahan, Shari B, et al.: methylpredniso-
lone with an average daily dose and duration
(days) of 947mg and 5.4, respectively.
Dexamethasone with an average daily dose
and duration (days) of 12 mg and 4.8, respec-
tively. Hydrocortisone with an average daily
dose and duration (days) of 172 mg and 5.7,
respectively. Prednisone with an average daily
dose and duration (days) of 28.7 mg and 7.2,
respectively. This study did not report the
administration route.

(6) Almas, Talal, et al.: oral prednisone 20 mg/
day, with a mean follow-up of 7 days.

(7) Monedero, Pablo, et al.. methylpredniso-
lone, dexamethasone, and hydrocortisone.
This study did not report either the adminis-
tration route or follow-up days.

(8) Cour, Martin, et al.: dexamethasone 6 mg/
day IV with a mean follow-up of 10 days.

(9) Tran, Viet-Thi, et al.: methylprednisolone,
dexamethasone, and hydrocortisone. Dose
of: 20.8 mg/kg/day prednisone dose or 20.4
mg/kg/day (equivalent dose), oral, with
a mean follow-up of 7 days. The total dura-
tion of the scheme was 11 days.

(10) Sevik Signe, et al.: dexamethasone i.v. 6 mg x 1

or equivalent dose of methylprednisolone (nine
patients) for a median of 11 days (8-16).

Table 5 shows the frequency of superinfection dis-
criminated by a group of steroid use and control.
Table 6 and Figure 2 present the meta-analysis eval-
uated by Odds Ratio (OR), which does not show
statistically significant associations between the use
of steroids and the risk of superinfection (p =0.158),
also with a distribution of the confidence intervals in
Figure 2, which shows a distribution that explains
the non-finding of statistical significance given that
it does not favor the outcome in any of the studies
and neither in the global evaluation. Finally, Figure 3
shows the funnel - plot performed to analyze pub-
lication bias.

Discussion

In the present meta-analysis, which included 2
Randomized Controlled Trials, 8 Observational
Studies, and 3539 patients with severe COVID-19,
corticosteroid treatment was not associated with
increased superinfections.

Due to their anti-inflammatory and immunosup-
pressive properties, corticosteroids have been widely
used in various conditions, including rheumatologic,
pulmonary, and infectious diseases. Additionally,
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Table 5. Frequency of superinfection discriminated by steroid use and control group.

Number of patients Superinfection (n - %)

Study Group
Dequin, P. F., et al. 2020 Steroids
Control
Gordon, Anthony C,, et al. 2020 Steroids
Control
Mikulska, Malgorzata, et al. 2020 Steroids
Control
Ramiro, Sofia, et al. 2020 Steroids
Control
Brosnahan, Shari B, et al. 2021 Steroids
Control
Almas, Talal, et al. 2021 Steroids
Control
Monedero, Pablo, et al. 2021 Steroids
Control
Cour, Martin, et al. 2021 Steroids
Control
Tran, Viet-Thi, et al. 2021 Steroids
Control
Sevik, Signe. et al. 2021 Steroids
Control

76 28 (36.8%)
73 30 (41%)
151 33 (21.8%)
148 43 (29%)
45 14 (31.1%)
66 14 (21.2%)
86 8 (9.3%)
86 7 (8.1%)
314 43 (13.6%)
505 0 (0%)
12 1(8.3%)
13 4 (30.7%)
691 417 (60.3%)
191 92 (48.1%)
18 16 (88.8%)
18 18 (100%)
203 22 (10.8%)
688 56 (8.1%)
72 44 (61.1%)
83 23 (27.7%)

Table 6. Meta-analysis of steroid use and risk of superinfection.

Study OR Confidence interval 95% % Weight
Dequin, P. F., et al. 2020 0.836 0.432-1.616 29.48
Gordon, Anthony C, et al. 2020 0.683 0.404-1.154 51.77
Mikulska, Malgorzata, et al. 2020 2.036 0.793-5.229 9.07
Ramiro, Sofia, et al. 2020 1.158 0.400-3.346 9.68
Brosnahan, Shari B, et al. 2021 161.983 9.933-2641.452 2.98
Almas, Talal, et al. 2021 0.205 0.019-2.170 3.94
Monedero, Pablo, et al. 2021 1.638 1.187-2.260 18.70
Cour, Martin, et al. 2021 0.178 0.008-3.992 248
Tran, Viet-Thi, et al. 2021 1.372 0.815-2.308 16.78
Sevik, Signe. et al. 2021 4.099 2.087-8.051 13.06
M-H pooled OR 1.437 0.869-2.378 100.00

Cochran’s Q heterogeneity: 36.28 (d.f. =9) p =0.000.

I-squared (variation in the OR attributed to heterogeneity) = 75.2%.

OR test=12z=1.413 p=0.158.

these effects generate a predisposition for the devel-
opment of infections [15].

Observational studies are generally consistent in
the risk of infection using corticosteroids, while ran-
domized controlled trials do not show a significant
association [16]. The opposite case happens in
chronic respiratory diseases. Various studies have
shown that in conditions such as asthma and
COPD, the use of inhaled corticosteroids has been
associated with an increase in the incidence of upper
respiratory tract infections [17,18], including severe
pneumonia [19].

In severe community-acquired pneumonia,
recent systematic reviews and meta-analyses of ran-
domized controlled trials have demonstrated its
effectiveness as an adjunct therapy in adults.
Corticosteroids reduce both all-cause mortality
and in-hospital mortality, the need for mechanical
ventilation, length of stay in the ICU, and inci-
dence of septic shock and acute respiratory distress
syndrome (ARDS) [20,21].

There is now evidence to support the use of corti-
costeroids and low-quality evidence that may go
against it. However, it should be interpreted with

caution to avoid bias since the information is incon-
clusive due to the lack of large studies. For example,
an observational study concluded that patients with
ARDS and COVID-19 showed reduced mortality in
corticosteroid therapy patients. On the other hand,
low-quality evidence was also reported where patients
with severe COVID-19 and corticosteroid therapy
increased the possibility of increased mortality.
There is also indirect evidence from observational
studies of severe COVID-19 by SARS and MERS; in
the first case affecting the virus clearance and in
the second case, decreased mortality associated with
the use of corticosteroids [22].

For its part, the possibility of viral-associated
hyperinflammatory syndromes (e.g. MIS-C or MIS-
A) cannot be left aside, with all the cellular and
molecular implications that are still being studied
and could become an argument for or against the
use of corticosteroids in the future [23].

So far, the effectiveness of corticosteroids in viral
respiratory infections was first demonstrated in the
RECOVERY trial [24]. This randomized controlled
trial showed decreased mortality at 28 days in criti-
cally ill patients with severe COVID-19 in the group
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Odds ratio %
Author (95% ClI) Weight
Dequin, P. F., et al. (2020) —0—:- 0.84 (0.43, 1.62) 13.20
Gordon, Anthony C., et al. (2020) - : 0.68 (0.40, 1.15) 14.40
Mikulska, Malgorzata, et al. (2020) -—i—o— 2.04 (0.79, 5.23) 10.67
Ramiro, Sofia, et al. (2020) —0{— 1.16 (0.40, 3.35) 9.70
Brosnahan, Shari B, et al. (2021) : +- 161.98 (9.93, 2641.45) 2.73
Almas, Talal, et al. (2021) —0——5— 0.20 (0.02, 2.17) 3.59
Monedero, Pablo, et al. (2021) -:0- 1.64 (1.19, 2.26) 15.95
Cour, Martin, et al. (2021) * : 0.18 (0.01, 3.99) 2.27
Tran, Viet-Thi, et al. (2021) --f— 1.37 (0.82, 2.31) 14.43
Signe Sevik, Andreas Barratt-Due et al. : —_—— 4.10 (2.09, 8.05) 13.06
Overall, DL (I* = 75.2%, p = 0.000) <® 1.44 (0.87, 2.38) 100.00

I I

.0004883

Figure 2. Confidence intervals evaluated through meta-analysis.

-

2048

It is observed that the 95%Cl includes one, and therefore is not significant, i.e. there is not enough evidence to show that the use of steroids in
patients with Covid increases the risk of coinfection. Although the summary measure in most studies is greater than one, the Cl in 4 of the 6
studies is greater than 1. Three studies (one in favor of coinfection and two against) have extensive Cl (low precision).

Funnel graph , A
o Primary studies
0.0 = = 95% pseudo-confidence intervals
an Estimated overall effect size
o/ol g 3 A (observed studies)
°
/ \
™ 05 7 ~ ° \
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T / \
@ 0 ’ \
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3 /e
/ \
m / \
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1.5 / \
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20
-4 2 0 2 4 6

Registration’s odds ratio

Figure 3. Analysis of publication bias using funnel-plot generated by OR.

This funnel plot shows no selection bias in the studies evaluated, which was corroborated by the egger’s statistical test with a value of p =
0.7564, indicating that the funnel plot is symmetrical, with the effect estimates evenly distributed around the pooled effect estimate.

that received dexamethasone (adjusted RR 0.83 (95%
CI: 0.74-0.92) [13].

The effects on reducing mortality, disease progres-
sion, and the need for mechanical ventilation in cri-
tically ill adult patients have been replicated in other
randomized controlled trials [25]. These beneficial
effects of corticosteroids are not preserved in patients
with non-severe COVID-19 [26]. This may be asso-
ciated with the fact that corticosteroids could prolong
viral shedding in these non-severe cases, as reported
by Tang X et al. in their randomized control trial

[27]. In contrast, it is worth mentioning that most
countries have moved away from costly PCR testing
for COVID-19 and only adopt antigen rapid tests or
lateral flow tests especially for community-dwelling
individuals. Being relevant since the testing accuracy
is lower with the lateral [28] flow tests, compared to
rt-PCR [29].

Similar findings were observed in patients with
non-severe community-acquired pneumonia con-
cerning mortality, adding to the hospital readmission
of these patients [30]. This suggests that
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corticosteroid effects depend on the degree of severity
of limited respiratory diseases of infectious ori-
gin [31].

Limitations

During the review, very few studies were identified
that met the selected quality criteria, even though the
literature generated between 2020 and 2023 related to
SARS-CoV-2 has been of a significant amount.
Although this finding obtained through this meta-
analysis support the safety of using steroids in
patients with COVID-19, the studies evaluated are
few. Furthermore, it is not specifically designed to
assess the incidence of superinfection associated
with using steroids.

It was necessary to run a random effects model
due to the heterogeneity of the studies (I-squared =
75.2%), that is, the proportion of the total variation
attributable to heterogeneity, which in the case of this
study is considered between moderate and high. (The
fixed effects method could not be run because the
heterogeneity of the studies was greater than 50%). In
addition, there was also heterogeneity in terms of the
type of design of the included studies, number of
participants, time, and dose of steroids.

Conclusions

No statistically significant increase in superinfections
was found in COVID-19 patients receiving steroids.
However, within the evaluated studies, there was no
standardized administration protocol for the use of
steroids or a clear methodology for the identification
of superinfections; This situation does not preclude
the continuous evaluation of the safety of the use of
intravenous steroids in the patient with moderate or
severe disease due to COVID-19.

There is little comparable literature in the main
databases (PubMed/Scopus/Cochrane/EMBASE/
Google Scholar) evaluating a standardized protocol
for administering steroids in patients with critical
illness due to COVID-19 and the incidence of super-
infections as the primary outcome.

The summary measure establishes an overall OR of
1.437 in favor of coinfection due to steroid use, but
with a CI ranging from 0.869 to 2.378 passing through
one; thus, the result is insignificant (p-value = 0.158).

Recent studies have shed light on the relationship
between corticosteroid treatment and the occurrence
of superinfections in patients with SARS-CoV-2, the
virus responsible for COVID-19. Contrary to initial
concerns, it has been found that corticosteroid treat-
ment is not associated with an increased incidence of
superinfections in these patients.

Various research studies have explored the relative
frequency of superinfections, which can be bacterial,

viral, or fungal, in patients with SARS-CoV-2 who
received steroid therapy. The reported range of
superinfection frequency due to steroid use in these
patients varies significantly, from 8.3% to 88.8%. This
wide range suggests that multiple factors may con-
tribute to the likelihood of superinfection develop-
ment in these individuals.

Another crucial aspect investigated in these studies
is the overall mortality rate among patients with
SARS-CoV-2 infection and its potential association
with using steroids. The findings across different
research works indicate that the overall mortality
rate can vary from 8.3% to 56.3%. Interestingly, no
consistent association between using steroids and the
mortality rate in patients with SARS-CoV-2 infection
has been identified.

These research findings provide important insights
into the use of corticosteroid treatment in patients
with SARS-CoV-2. While corticosteroid treatment
does not appear to increase the risk of superinfections
in these patients, the relative frequency of such infec-
tions can vary significantly. Moreover, the mortality
rate among patients with SARS-CoV-2 infection is
influenced by various factors, with no consistent
link established between the use of steroids and mor-
tality. Continued research in this area will help
enhance our understanding of the complex interplay
between corticosteroid therapy, superinfections, and
patient outcomes in the context of SARS-CoV-2
infection.
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