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Abstract

hospitalized children with COVID-19 is limited.

were prescribed at hospital admission.

exposures on disease outcomes.

prognosis.

Background: The empirical prescription of antibiotics to inpatients with Coronavirus Disease 2019 (COVID-19) is
frequent despite uncommon bacterial coinfections. Current knowledge of the effect of antibiotics on the survival of

Objective: To characterize the survival experience of children with laboratory-positive COVID-19 in whom antibiotics

Methods: A retrospective cohort study was conducted in Mexico, with children hospitalized due to COVID-19 from
March 2020 to December 2021. Data from 1601 patients were analyzed using the Kaplan—-Meier method and the
log-rank test. We computed hazard ratios (HR) and 95% confidence intervals (Cl) to evaluate the effect of the analyzed

Results: Antibiotics were prescribed to 13.2% (n = 211) of enrolled children and a higher mortality rate [14.9 (95%
C110.1-19.8) vs. 8.3 (95% Cl 6.8-9.8)] per 1000 person-days, p < 0.001) was found among them. At any given cut-off,
survival functions were lower in antibiotic-positive inpatients (p < 0.001). In the multiple model, antibiotic prescrip-
tion was associated with a 50% increase in the risk of fatal outcome (HR=1.50, 95% Cl 1.01-2.22). A longer interval
between illness onset and healthcare-seeking and pneumonia at hospital admission was associated with a poorer

Conclusions: Our results suggest that antibiotic prescription in children hospitalized due to COVID-19 is associated
with decreased survival. If later replicated, these findings highlight the need for rational antibiotics in these patients.

Keywords: COVID-19, Child, Hospitalized, Anti-bacterial agents, Drug prescriptions, Fatal outcome

Background

The Coronavirus Disease 2019 (COVID-19) burden
among children in Mexico has been high [1]. By mid-Jan-
uary 2022, and among children aged 9 years or younger,
more than 85 thousand confirmed cases of COVID-19
had been registered, together with 7.3 thousand hospital
admissions [2].
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Latin-American countries had been hard-hit by the
COVID-19 pandemic. In the region, the cumulative mor-
tality rate (per 100 thousand people) observed in Mexico
by the start of April 2022 (254) is only overcome by Peru
(654), Brazil (314), Chile (302), Argentina (286), Colom-
bia (278) and Paraguay (267) [3].

Current knowledge on managing adult or children
patients with COVID-19 is insufficient [4]. Despite bacte-
rial coinfections being infrequent and presented only in
around 8% of patients [5], the empirical use of antibiotics
in patients with COVID-19 has been widely documented
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since the start of the epidemic in the city of Wuhan,
China [6].

The proportion of COVID-19 Chinese patients receiv-
ing antibiotics during hospital stay was around 50% [7,
8]. In general, higher rates have been registered in the
United States and European countries, above 70% [9, 10].

Antibiotic prescription rates as high as 86% have been
documented in hospitalized children [11]. This is par-
ticularly concerning since a poorer survival has been
reported among COVID-19 adult inpatients receiving
antibiotics [10]; moreover, to the best of our knowledge,
there are not hitherto published studies evaluating in-
hospital outcomes in children patients receiving anti-
biotics. This study aimed to characterize the survival
experience of children hospitalized due to a laboratory-
positive COVID-19 result in whom antibiotics were
prescribed.

Methods

Study design and setting

We conducted a nationwide retrospective cohort study
in Mexico from November 2021 to January 2022. Chil-
dren that were hospitalized due to laboratory-confirmed
(reverse-transcription polymerase chain reaction, RT-
PCR) COVID-19 were potentially eligible. They were
identified from the nominal records found in a national
and normative system for epidemiological surveillance
of respiratory viruses, which belongs to the Mexican
Institute of Social Security (IMSS, the Spanish acronym).
IMSS is part of the public healthcare system. It provides
medical assistance, social protection, and integral ser-
vices to its users through more than 6.5 thousand medical
units (350 and 36 of them being secondary and tertiary
care hospitals, respectively) located across Mexico.

Study population

According to normative standards, RT-PCR testing is
performed in all suspected cases of COVID-19 requir-
ing hospital admission [12]. Hospitalized children
aged 9 years or younger, with the onset of symptoms of
COVID-19 from March 2020 to December 2021 and with
conclusive test results, were eligible. Individuals with
missing clinical or epidemiologic data of interest were
excluded.

Data collection

Data of interest were retrieved from the audited surveil-
lance system, which primary data sources were the medi-
cal records of enrolled patients and death certificates, if
applicable. Analyzed information included demographic
characteristics (sex, age), personal history of noncommu-
nicable diseases (no/yes: obesity, type 1 diabetes melli-
tus, asthma, chronic kidney disease, immunosuppression
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or cardiovascular disease), administration of antibiotics
(any; no/yes) at hospital admission, clinical manifesta-
tions (no/yes: fever or chills, cough, shortness of breath,
and tachypnea) and pneumonia-related radiographic
findings (no/yes: ground glass patterns in X-ray or com-
puted tomography scanning). Hospitalized children with
pneumonia at admission were those with both clinical
manifestations and radiographic findings of this abnor-
mality [13].

Date of healthcare-seeking and dates of hospital admis-
sion and discharge (and the causes of hospital discharge
[recovery/death], were also extracted from the audited
database. The interval (days) elapsed between the symp-
toms onset and the date of healthcare-seeking were
computed.

We used the date of symptom onset as an approxima-
tion for the SARS-COV-2 variant causing the infection
and were categorized as March 2020—April 2021 or May
2021-December 2021, when the dominant variants were
the ancestral and Delta (B.1.617.2), respectively [14].

Outcome

The primary outcome was the cause [recovery or death
(due to any immediate cause)] of hospital discharge of
children hospitalized due to COVID-19.

Laboratory methods

Clinical specimens (deep nasal swabs) were analyzed
(SuperScript™ III Platinum™ One-Step qRT-PCR Kits) at
four specialized regional laboratories integrated into the
IMSS network for epidemiologic surveillance. A broader
description of the laboratory methods has already been
published elsewhere [15].

Statistical analysis

We computed summary statistics and the significance
level (a) at 5%. The Kaplan—Meier method calculated
survival functions and 95% confidence intervals (CI). The
log-rank test was used to compare the survival distribu-
tions of the study groups. The effect of the prescription
of antibiotics (any) was evaluated through hazard ratios
(HR), and 95% CI was computed using a multivariate Cox
proportional hazard regression model. All analyses were
conducted using Stata version 16.0 (StataCorp; College
Station, TX, USA).

Results

Data from 1601 patients were analyzed for a total follow-
up of 16,238 person-days. Figure 1 shows the study pro-
file. Antibiotic prescription was identified in 13.2% (n
= 211/1601; 95% CI 11.6-14.9%) of analyzed inpatients
and the overall frequency, according to disease out-
come, was 12.1% (95% CI 10.5-13.9%) vs. 23.8% (95% CI
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Fig. 1 Study profile, Mexico 2020-2021. *Cases registered, from March 2020 to December 2021, in a national and normative system for the
epidemiological surveillance of respiratory viruses, which belongs to the Mexican Institute of Social Security

17.0-30.6%) in non-fatal and fatal cases respectively (p
< 0.001). Cephalosporins were the most commonly pre-
scribed antibiotics.

The overall rate of a fatal in-hospital outcome was 9.3 (n
= 151/16,238; 95% 7.8—10.8) per 1000 person-days. The
mortality rate was higher among antibiotic-positive inpa-
tients [14.9 (95% CI 10.1-19.8) vs. 8.3 (95% CI 6.8-9.8)
per 1000 person-days, p < 0.001]. Table 1 summarizes the
characteristics of participants for selected variables.

As presented in Fig. 2, survival rates were lower among
patients prescribed antibiotics, specifically on day 15 of
hospital admission and later (log-rank test, p=0.001).
The specifics survival rates (antibiotics were prescribed,
yes vs. no), according to the number of days elapsed
since hospital entry, were as follows: 1 day, 98.0% (95%
CI 94.8-99.3%) vs. 98.8% (95% CI 98.0-99.3%); 3 days,
96.9% (95% CI 93.2-98.6%) vs. 97.7% (95% CI 96.7—
98.4%); 7 days, 91.0% (95% CI 85.6—94.5%) vs. 95.2% (95%
CI 93.8-96.4%); 15 days, 82.3% (95% CI 74.9-87.7%)
vs. 90.1% (95% CI 87.9-91-9%); 21 days, 77.6% (95%
CI 69.6-83.8%) vs. 88.8% (95% CI 86.4-90.6%); and
30 days, 73.4% (95% CI 64.9-80.2%) vs. 86.5% (95% CI
83.8-88.7%).

In the multiple regression model (Table 2), and com-
pared with children who did not receive antibiotics, hos-
pitalized children receiving any of these drugs had a 50%
increased risk of fatal outcome (HR=1.50, 95% CI 1.01—
2.22). We also documented a poorer in-hospital outcome

in patients with more days elapsed between illness
onset and healthcare-seeking (per each additional day:
HR=1.05, 95% CI 1.01-1.10), as well as a nearly twofold
increase in the risk of death among children with pneu-
monia at hospital entry (HR=1.94, IC 95% 1.37-2.77).

Discussion

We characterized the survival experience of a large sub-
set of children inpatients with laboratory-confirmed
COVID-19. Our findings suggest that prescribing antibi-
otics to pediatric COVID-19 patients is associated with a
poorer in-hospital prognosis. However, given the limita-
tions of an observational study, the results must be care-
fully considered.

Published data regarding the antibiotic prescription
rates in hospitalizes are scarce, and the estimates het-
erogeneous. In our study, these drugs were prescribed
to around 13% of enrolled inpatients. This frequency is
almost a half (24.5%, p <0.001) of the rate documented by
a previously published Latin-American multicenter study
where most of the analyzed patients were from Peru and
Costa Rica [16]. Our rate is also lower than the computed
by a metanalysis where 154 studies were analyzed (38.5%,
95% 26.3-52.3%; p <0.001) [9].

We hypothesize that two factors may be determined, at
least partially, by the low rates of antibiotic prescription
documented in our study. The first is that all hospitals
from where patients were recruited were public settings
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Fig. 2 Survival function of hospitalized children with COVID-19 according to the prescription of antibiotics (any) at hospital admission, Mexico

belonging to IMSS. For-profit hospitals have been associ-
ated with a higher risk of receiving these drugs [17]. The
second factor is that IMSS developed early (April 2020)
protocols for the attention of COVID-19 patients [18].

The main factors determining the start of antibiotics
seem to be increased inflammatory markers, and any infil-
trate on an x-ray image [19]. In our study sample, children
inpatients with pneumonia were more likely to receive
antibacterial drugs at admission (31.1% vs. 9.1%, p <0.001).

The empirical prescription of antibiotics in COVID-19
patients does not reduce the risk for severe symptoms or
death [20]. The clinical usefulness of macrolides, for their
anti-inflammatory properties, is also questionable [21,
22].

The overuse of antibiotics in patients with COVID-19,
especially combinations of broad-spectrum antibiotics,
has become a significant concern [23]. Fighting the threat
of antibiotic resistance is a public health priority as cru-
cial to limiting the spread of SARS-COV-2, especially in
children with a high respiratory infection rate [24].

The potential limitations of our study must be cited.
First, data regarding the prescription of antibiotics were
collected as a dichotomous variable, and other clinical

and epidemiological relevant information (such as length
of administration) was omitted. We also documented
that in around 40% of inpatients, the precisely prescribed
antibiotic was not registered. Second, we did not evaluate
intermediate outcomes such as the multisystem inflam-
matory syndrome temporally related to COVID-19 [25],
which might impact antibiotic prescription rates. Third,
the initial symptoms of COVID-19 may be unspecific
[26]. Therefore, we recommend carefully considering our
slight but significant increased risk of death among chil-
dren with more days from symptom onset to healthcare
seeking. Finally, we used anonymized data, and we were
unable to identify what patients received medical care in
secondary and tertiary care hospitals. The latter may have
had any effect on the observed estimates. However, above
90% of units from which patients were recruited were
secondary care hospitals.

Conclusions

Our findings suggest that antibiotic prescription in
children inpatients with COVID-19 is associated with
an increased risk for fatal outcome. If later replicated
in other populations, our results highlight the major
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relevance of limiting the empirical administration of anti-
bacterial drugs in these patients.
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