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Abstract

Background

Coronavirus disease 2019 (COVID-19) is an ongoing global pandemic. Bacterial coinfec-
tions with COVID-19 occur in 3.5% of COVID-19 cases, with a higher incidence in severe
cases. Although antibiotics have been prescribed to treat non-critically ill patients with
COQOVID-19, their effect on non-critically ill hospitalized patients with COVID-19 remains
uncertain.

Methods

We analyzed data from non-critically ill hospitalized patients with COVID-19 who were
older than 18 years between January 1, 2020, and May 31, 2023. We performed pro-
pensity score matching analysis, evaluating in-hospital mortality with or without antibiotic
prescription within 2 days of admission. Sensitivity analyses using inverse probability
weighting and generalized estimating equation were also performed.

Results

Eligible patients (n = 144,110) were divided into antibiotic prescription (n = 3,873) and
control (n = 140,237) groups. One-to-one propensity score matching identified 3,861 pairs
of patients who received antibiotic prescriptions within 2 days of admission. Following
this, antibiotic prescription was associated with a decreased 28-day mortality rate (2.3%
vs. 3.6%) and in-hospital mortality rate (4.0% vs. 5.0%) compared with the control group.
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Conversely, antibiotics increased Clostridioides difficile infection (CDI) compared with
the control group (0.6% vs. 0.1%). No statistical differences were observed between both
groups regarding acute kidney injury (0.4% vs. 0.2%). Sensitivity analysis showed similar
outcomes.

Conclusions

This multicenter observational study in Japan showed that antibiotic prescriptions were
associated with lower 28-day and in-hospital mortalities and an increased CDI risk in
non-critically ill hospitalized patients with COVID-19.

Introduction

Coronavirus disease 2019 (COVID-19), caused by severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2), can progress from mild symptoms to acute respiratory distress
syndrome with a high mortality rate, leading to a global pandemic. COVID-19 causes prob-
lems in both its acute and chronic phases, such as post-COVID-19 condition [1-4]. Thus,
COVID-19 treatment strategies have been investigated in many countries to reduce its spread
and associated mortality [5-8].

A possible benefit of antimicrobial use in COVID-19 patients is the possibility of reduced
mortality [9]. Disadvantages include increased antimicrobial resistance [10,11], diarrhea,
other gastrointestinal problems, and Clostridioides difficile infection [12].

Previous studies have shown that the rates of bacterial complications associated with
COVID-19 are approximately 3.5%, with a high incidence in severe cases, necessitating
antibiotic prescription [13]. Conversely, antibiotic usage in patients with COVID-19 was
approximately 62% abroad [14]. In Japan, antimicrobials were prescribed to 9% of COVID-19
outpatients [15] and 16% of inpatients [16]. Thus, inappropriate antibiotics may be prescribed
to patients with COVID-19. Antibiotic use increases the risk of Clostridioides difficile infec-
tion (CDI) and acute kidney injury (AKI) [17]. However, the beneficial and disadvantageous
effects of antibiotics in non-critical COVID-19 inpatients remain unclear. Therefore, this
study aimed to evaluate the effects of antibiotic prescriptions in non-critically ill patients with
COVID-19 using a Japanese inpatient database.

Materials and methods
Database information

We utilized a Japanese multicenter inpatient database purchased from Medical Data Vision
(MDV; Tokyo, Japan). MDV employs anonymized processed data (e.g., medical records and
test results) provided by medical institutions for analysis and service development, ensuring
strict confidentiality. During processing, personally identifiable information, such as date
of birth and address, is obscured to prevent patient identification. This anonymized data is
securely provided, for instance, by being downloaded from our servers or uploaded to the
designated server [18].

As of the end of May 2023, the MDV database included outpatient and inpatient infor-
mation for 43.83 million patients from approximately 400 medical institutions using the
Diagnosis Procedure Combination (DPC) system [19]. The database contains anonymized
information on diagnoses, patient characteristics, drug prescriptions, medical procedures,
characteristics of medical institutions, and medical reimbursement costs [20].
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DPC data

DPC, a patient classification system initiated by the Ministry of Health, Labor, and
Welfare (MHLW) in 2002, is associated with a flat rate per diem payment system. The
system is accepted by over 1,700 large- and medium-sized hospitals in Japan, and the
DPC database contains administrative claims and discharge summaries. Data elements
include hospital-specific identifiers such as age, sex, primary diagnosis, admission
comorbidities, post-admission complications, surgical procedures, anesthesia time, stay
length, discharge status, total hospital charges, smoking status, obesity, level of con-
sciousness, and activities of daily living. The attending physician recorded all patients’
data upon discharge [20].

Patient selection

We identified non-critically ill patients with COVID-19 between January 1, 2020, and May 31,
2023. Non-critically ill hospitalized patients were those who did not receive oxygen, high-flow
therapy, mechanical ventilation support, or oral and intravenous steroids within 2 days of
admission, as defined by MHLW [21]. Exclusion criteria were as follows: 1) under 18 years of
age; 2) discharged within 2 days of admission for any reason; 3) pregnant patients; 4) oxygen
therapy; 5) steroid administration; 6) mechanical ventilation; 7) nasal high-flow therapy; 8)
history of kidney disease; 9) hemodialysis; 10) continuous hemodiafiltration; 11) oral vanco-
mycin; 12) oral fidaxomicin; 13) oral metronidazole; and 14) intravenous metronidazole, all
within 2 days of admission (Fig 1).

Hospitalized patients with COVID-19 (n = 197,507)

+ Under 18 years of age (n =14,106)
* Discharged within 2 days of admission for any reasons (n =13,081)
* Pregnant patients (n =4,103)

A4

n=31,290

Critically i1l hospitalized patients with COVID-19
* Oxygen therapy (n=16,765)
> - Steroid administration (n =2,437)
n=20,423 * Mechanical ventilation (n =588)
+ Nasal high flow therapy (n =633)

+ History of kidney disease (n =673)
+ Hemodialysis (7 =890)
n=1,665 + Continuous hemodiafiltration (n =102)

v

* Oral vancomycin (n =0)

+ Oral fidaxomicin (n =0)

n=19 * Oral metronidazole (n =6)

+ Intravenous metronidazole (n=13)

Included in the analysis (» = 144,110)

Fig 1. Flow chart for patients inclusion.

https://doi.org/10.1371/journal.pone.0318803.9001
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Variables

The exposure of interest determined whether patients received antibiotics. The antibiotic pre-
scription group included patients who received antibiotics within 2days of admission, whereas
the control group included those who did not. The variables assessed included age, age distri-
bution, sex, body mass index (BMI), smoking status, ambulance use, Charlson Comorbidity
index (CCI) score, comorbidities at admission time, and consciousness level. Comorbidities at
admission time were defined per the CCI score [22], such as myocardial infarction, congestive
heart failure, peripheral vascular disease, cerebrovascular disease, dementia, chronic pulmo-
nary disease, peptic ulcer, malignancy, metastatic solid tumor, mild liver disease, moderate or
severe liver disease, hemiplegia or paraplegia, diabetes with or without chronic complications,
and rheumatic disease.

Japan coma scale (JCS) score was recorded for all patients to assess their consciousness
level on admission, correlating well with the Glasgow Coma Scale score [23]. The JCS scores
were divided into four categories: 0 (alert), 1-3 (delirium), 10-30 (somnolence), and 100-300
(coma) [23].

We also investigated the following procedures performed within 2 days of admission:
intravenous remdesivir, oral molnupiravir, inhaled ciclesonide, and anticoagulants. Anticoag-
ulants included intravenous and intramuscular heparin and direct oral anticoagulants, such as
apixaban, edoxaban, rivaroxaban, dabigatran, and oral warfarin.

Definition of CDI and AKI

We attempted to detect CDI and AKI using ICD-10 disease codes, which were rarely recorded
in this database. Definitions were based on therapeutic agents, as the database lacks laboratory
data and bacterial culture results. CDI was defined as patients with COVID-19 treated with oral
vancomycin, oral metronidazole, or intravenous metronidazole 3 days post-hospitalization.
Oral fidaxomicin was not prescribed 3 days post-hospitalization and was excluded from the
definition. AKI was defined as patients with COVID-19 treated with continuous hemodiafiltra-
tion and hemodialysis 3 days post-hospitalization.

Outcome measures

The main outcomes were 28-day and in-hospital mortality rates, including CDI and AKI rates.

Statistical analysis

We performed a one-to-one propensity score matching to adjust for differences in base-

line characteristics between the antibiotic prescription and control groups. Estimating the
propensity score, the probability of a patient receiving antibiotics was adjusted for potential
confounders using the following characteristics: age, age distribution, sex, BMI, smoking sta-
tus, ambulance use, CCI, comorbidities at admission time, consciousness level, and COVID-
19 medications within 2 days of admission (intravenous remdesivir, oral molnupiravir,
inhaled ciclesonide, and anticoagulants). C-statistic was calculated to evaluate goodness-of-
fit. One-to-one matched analysis using nearest-neighbor matching was performed based on
the propensity scores. A match occurred when a patient in the antibiotic prescription group
had an estimated score within 0.2 standard deviations of a patient in the control group. We
used absolute standardized mean differences to assess the balance between patient charac-
teristics. Standardized differences within +10% were considered negligible imbalances in
baseline characteristics between the groups. Descriptive data were reported as numbers and
percentages (for categorical variables) and medians and interquartile ranges (for continuous
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variables). Descriptive statistics were assessed before and after propensity score matching.
We also used risk differences to compare outcomes between the groups. Additionally, we
performed sensitivity analyses using inverse probability of treatment weighting (IPTW)
and generalized estimating equations (GEEs), using logistic regression analysis fitted with
a GEE-adjusted propensity score to investigate the association between antibiotics and
outcomes by estimating odds ratios (ORs) and confidence intervals (CIs). Propensity score
matching, IPTW, and GEEs were performed using Stata/MP 17.0 (Stata Corp, College Sta-
tion, TX, USA).

IRB information

This study was approved by the Institutional Review Board of Tohoku Medical and Pharma-
ceutical University (approval number: 2023-025). The need for informed consent was waived
because of the anonymous nature of the data.

Results

Exactly 144,110 patients (73%) were finally included in the analysis (Fig 1, Table 1).
Eligible patients were divided into the antibiotic prescription group (n = 3,873) and the
control group (n = 140,237). One-to-one propensity score matching identified 3,861
pairs of patients who received antibiotic prescriptions within 2 days of admission.
C-statistic indicated that the goodness-of-fit was 0.794 (95% CI, 0.786-0.803) in the
propensity score model.

Baseline characteristics of the groups before and after propensity score matching are sum-
marized in Table 1. Patient characteristics were well-balanced between the groups following
propensity score matching with the standardized differences within + 10%. The baseline
characteristics after IPTW analysis are presented in Table 2, where patient characteristics were
well-balanced between the groups, with standardized differences within + 10%.

Outcome measures

The outcomes of the antibiotic prescription and control groups before and after propensity
score matching are shown in Table 3. Pre-propensity score matching, antibiotic use was
associated with a decline in the 28-day mortality rate (2.4% in the antibiotic prescription vs.
3.1% in the control groups; p = 0.01). Conversely, antibiotics were associated with an increase
in CDI (0.6% in the antibiotic prescription vs. 0.01% in the control groups; p < 0.01). No sta-
tistically significant differences were observed between the antibiotic prescription and control
groups regarding hospital mortality (4.0% vs. 4.2%, respectively; p = 0.47) or AKI (0.4% vs.
0.03%, respectively; p = 0.23). Following propensity score matching, antibiotics were associ-
ated with a decrease in the 28-day mortality rate (2.3% in the antibiotic prescription vs. 3.6%
in the control groups; p < 0.01) and in-hospital mortality rate (4.0% in the antibiotic prescrip-
tion vs. 5.0% in the control groups; p = 0.03). Conversely, antibiotics were associated with

an increase in CDI (0.6% in the antibiotic prescription group vs. 0.1% in the control group; p
< 0.01). No significant differences were observed between both groups regarding AKI (0.4%
in the antibiotic prescription vs. 0.2% in the control groups; p = 0.12). IPTW analysis esti-
mates are shown in Table 4, and IPTW findings indicated similar outcomes to those observed
post-propensity score matching.

The association between antibiotic prescription and GEE analysis outcomes for all included
patients is shown in Table 5. The GEE results were 28-day mortality (OR, 0.7; 95% CI,
0.5-0.8), in-hospital mortality (OR, 0.8; 95% CI, 0.7-0.95), CDI (OR, 4.7; 95% CI, 2.5-8.6),
and AKI (OR, 1.4; 95% CI, 0.8-2.7).
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Table 1. Patient baseline characteristics in the unmatched and propensity score-matched groups.

Unmatched groups Propensity score-matched groups
Antibiotic pre- Control Standardized Antibiotic pre- Control Standardized
scribing group group difference scribing group Group difference
Variables n= 3,873 n = 140,237 n= 3,861 n= 3,861
Age median, (IQR) (years) 80 [66-88] 68 [48-82] 0.48 80 [66-88] 80 [67-88] -0.03
Sex (man), n (%) 2,027(52.3) 76,480 (54.5) 0.04 2,017 (52.2) 1,980 (51.3) -0.01
BMI (kg/m?), n (%)
<18.5 1,573 (40.6) 31,091 (22.2) 0.41 1,566 (40.6) 1,576 (40.8) -0.01
18.5-25 1,750 (45.2) 70,523 (50.3) -0.10 1,746 (45.2) 1,727 (44.7) 0.01
25-30 429 (11.1) 27,760 (19.8) -0.24 429 (11.1) 440 (11.4) 0.02
30-35 89 (2.3) 7,947 (5.7) -0.17 89 (2.3) 85 (2.2) -0.02
>35 32(0.8) 2,889 (2.1) -0.10 31 (0.80) 38(0.98) -0.01
missing data 754 (19.5) 15,055 (10.7) 0.25 748 (19.4) 737 (19.1) 0.00
Smoking, 1 (%)
current or past smoker 726 (18.8) 37,056 (26.4) -0.19 724 (18.8) 715 (18.5) -0.01
non-smoker 2,264 (58.5) 81,704 (58.3) 0.01 2,260 (58.5) 2,276 (59.0) 0.01
missing data 882 (22.8) 21450 (15.3) 0.19 877 (22.7) 870 (22.5) -0.01
Ambulance, 1 (%) 1,631 (42.1) 38,583 (27.5) 0.31 1,625 (42.1) 1,660 (43.0) —-0.02
CCI median, (IQR) 5.0 [3.0-5.0] 3.0 [1.0-5.0] 0.47 5.0 [3.0-5.0] 5.0 [3.0-5.0] —-0.04
Comorbidities, 1 (%)
Myocardial infarction 6(0.15) 90 (0.06) 0.03 6 (0.16) 10 (0.26) -0.02
Congestive heart failure 24 (0.62) 797 (0.57) 0.01 24 (0.62) 22 (0.57) -0.02
Peripheral vascular disease 2(0.05) 61 (0.04) 0.00 2 (0.05) 3(0.08) 0.00
Cerebrovascular disease 31 (0.80) 666 (0.47) 0.04 31(0.80) 38(0.98) -0.02
Dementia 47 (1.2) 680 (0.48) 0.08 47 (1.2) 34 (0.88) 0.05
Chronic pulmonary disease 5(0.13) 334 (0.24) -0.03 5(0.13) 5(0.13) 0.00
Peptic ulcer 16 (0.41) 261 (0.19) 0.04 16 (0.41) 11 (0.28) -0.01
Malignancy 41 (1.1) 870 (0.62) 0.05 41 (1.1) 51(1.3) -0.04
Metastatic solid tumor 5(0.13) 175 (0.12) 0.00 5(0.13) 5(0.13) 0.00
Mild liver disease 13 (0.34) 206 (0.15) 0.04 13 (0.34) 15 (0.39) -0.02
Moderate or 1(0.03) 40 (0.03) 0.00 1(0.03) 5(0.13) -0.01
Severe liver disease
Hemiplegia or paraplegia 3 (0.08) 21(0.01) 0.03 3(0.08) 3(0.08) -0.01
Diabetes with 43 (1.1) 998 (0.71) 0.04 43 (1.1) 36 (0.93) -0.03
chronic complications
Diabetes without 34 (0.88) 831 (0.59) 0.03 34(0.88) 26 (0.67) -0.03
chronic complications
Rheumatic disease 1(0.03) 40 (0.03) 0.00 1(0.03) 1 (0.03) -0.01
Consciousness levels, 1 (%)
0 (Alert) 2,679 (69.2) 120,188 (85.7) —-0.40 2,674 (69.3) 2,635 (68.3) 0.04
1-3 (Delirium) 965 (24.9) 16,248 (11.6) 0.35 962 (24.9) 964 (25.0) -0.02
10-30 (Somnolence) 179 (4.6) 2,404 (1.7) 0.17 175 (4.5) 196 (5.1) -0.04
100-300 (Coma) 32(0.83) 1,133 (0.81) 0.00 32(0.83) 43 (1.1) 0.01
Interventions within 2 days of admission, 1 (%)
Anticoagulation 533 (13.8) 2,249 (1.6) 0.47 524 (13.6) 432 (11.2) 0.096
Inhaled ciclesonide 6 (0.15) 20 (0.01) 0.05 6 (0.16) 6 (0.16) 0.01
Molnupiravir 107 (2.8) 522 (0.37) 0.19 100 (2.6) 112(2.9) -0.04
Remdesivir 1,438 (37.1) 5211 (3.7) 0.91 1,428 (37.0) 1,443 (37.4) 0.00
Abbreviations: IQR, interquartile range; BMI, body mass index; CCI, Charlson Comorbidity index.
https://doi.org/10.1371/journal.pone.0318803.t001
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Table 2. Patient baseline characteristics in the IPTW analysis group.

IPTW analysis group
Antibiotic prescribing group Control Standardized difference
Group
Variables
Mean age, (years) 65.46 64.60 0.04
Sex 0.50 0.54 -0.09
BMI (kg/m?)
<18.5 0.25 0.23 0.05
18.5-25 0.50 0.50 0.00
25-30 0.18 0.20 -0.04
30-35 0.05 0.06 -0.01
>35 0.01 0.02 -0.05
missing data 0.13 0.11 0.05
Smoking
current or past smoker 0.24 0.26 -0.05
non-smoker 0.60 0.58 0.03
missing data 0.16 0.16 0.02
Ambulance 0.29 0.28 0.02
CCI median 3.10 2.99 0.06
Comorbidities
Myocardial infarction 0.00 0.00 -0.01
Congestive heart failure 0.01 0.01 0.02
Peripheral vascular disease 0.00 0.00 0.02
Cerebrovascular disease 0.01 0.00 0.02
Dementia 0.01 0.00 0.05
Chronic pulmonary disease 0.00 0.00 0.03
Peptic ulcer 0.00 0.00 0.01
Malignancy 0.01 0.01 0.01
Metastatic solid tumor 0.00 0.00 0.04
Mild liver disease 0.00 0.00 0.02
Moderate or Severe liver disease 0.00 0.00 0.02
Hemiplegia or paraplegia 0.00 0.00 0.01
Diabetes with 0.01 0.01 0.03
chronic complications
Diabetes without 0.01 0.01 0.03
chronic complications
Rheumatic disease 0.00 0.00 0.01
Consciousness levels,
0 (Alert) 0.84 0.85 -0.03
1-3 (Delirium) 0.13 0.12 0.03
10-30 (Somnolence) 0.02 0.02 0.00
100-300 (Coma) 0.01 0.01 -0.03
Interventions within 2 days of admission
Anticoagulation 0.04 0.02 0.08
Inhaled ciclesonide 0.00 0.00 0.00
Molnupiravir 0.01 0.00 0.01
Remdesivir 0.06 0.05 0.03

Abbreviations: IPTW, inverse probability of treatment weighting; BMI, body mass index; CCI, Charlson Comorbidity index.

https://doi.org/10.1371/journal.pone.0318803.t002
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Table 3. The outcome measures before and after propensity score matching.

Unmatched groups Propensity score-matched groups
Antibiotic Control P Antibiotic prescribing group Control P
prescribing group group group
Outcome, n (%) n = 3,873 n = 140,237 n = 3,861 n = 3,861
28-day mortality 91 (2.4) 4,291 (3.1) 0.01 90 (2.3) 140 (3.6) <0.01
In-hospital mortality 154 (4.0) 5,935 (4.2) 0.47 153 (4.0) 193 (5.0) 0.03
CDI 22(0.6) 19 (0.01) <0.01 23 (0.6) 3(0.1) <0.01
AKI 14 (0.4) 39 (0.03) 0.23 14 (0.4) 6(0.2) 0.12
Abbreviations: CDI, Clostridioides difficile infection; AKI, acute kidney injury.
https://doi.org/10.1371/journal.pone.0318803.t003
Table 4. The outcome measures in IPTW analysis.
IPTW analysis group
Outcomes Estimated value

(95% Confidence intervals)

28-day mortality

-0.70 (-0.98 to -0.42)

In-hospital mortality

-0.44 (-0.65 to -0.23)

CDI

0.39 (0.08 to 0.70)

AKI

0.15 (-0.12 to 0.42)

Abbreviations: IPTW, inverse probability of treatment weighting; BMI, body mass index; CCI, Charlson Comorbidity index.

https://doi.org/10.1371/journal.pone.0318803.t004

Table 5. Impact of antibiotic prescribing on outcomes using GEEs.

Outcomes Odds ratio
(95% Confidence intervals)
28-day mortality 0.7 (0.5-0.8)
In-hospital mortality 0.8 (0.7-0.95)
CDI 4.7 (2.5-8.6)
AKI 1.4 (0.8-2.7)

Abbreviations: CDI; Clostridioides difficile infection, AKI; acute kidney injury.

https://doi.org/10.1371/journal.pone.0318803.t005

Discussion

Our findings showed that antibiotic prescriptions were associated with a reduction in both the
28-day and in-hospital mortalities among non-critically ill hospitalized patients with COVID-
19. Conversely, antibiotic use was associated with an increase in CDI, but no significant
differences were observed in AKIL.

The WHO reports that during the COVID-19 pandemic, approximately 75% of COVID-19
patients received unnecessary ‘just in case’ antibiotic prescriptions. It has been suggested that
these prescriptions do not improve clinical outcomes for COVID-19 patients and may even be
harmful [24].

In this study, antibiotic prescriptions led to a reduction in mortality. Multiple reasons exist
why antibiotic usage decreases mortality, resulting in lower 28-day and in-hospital mortalities
compared with the control group. Bacterial bronchiolitis may be present in patients with mild
COVID-19. In contrast, bacterial coinfections and secondary bacterial pneumonia may occur
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in such patients. Patients with chronic lung diseases, such as chronic obstructive pulmonary
disease, or older adults are at high risk for bacterial bronchitis and pneumonia [25]. Hence,
antibiotics are needed for these populations. Antibiotic use benefits may be observed in high-
risk patients [26,27].

Furthermore, previous studies showed that co-infection with SARS-CoV-2 and bacteria was
observed in 3.5% of cases, followed by secondary bacterial infections in 14.3% of cases [13]. In
Omicron variants, secondary bacterial infections were reported to occur in 10.1% of cases [28].
Additionally, coinfections and secondary bacterial infections were observed at consistent rates
in all patients with COVID-19 [29-32]. Therefore, antibiotic use within 2 days of admission
may affect these bacterial infections, reducing the 28-day and in-hospital mortality rates.

CDI incidence is 1.3%-1.4% in the general population [33] and 0.6% in the United States
[34], similar to our results. Although antibiotic use was associated with increased CDI inci-
dence, its prevalence was lower compared with previous studies. The strict infection control
measures implemented during the COVID-19 pandemic may have effectively reduced the
incidence and transmission of CDIL.

Our study revealed that antibiotic use was not associated with an increase in AKI (per
our definition). AKI mechanisms in patients with COVID-19 may include direct viral injury
and systemic inflammatory responses, such as sepsis [35,36]. Studies have reported an AKI
incidence of approximately 30% in patients with COVID-19, increasing to 50% in critically ill
patients [37,38]. In a previous study, most AKI cases in patients with COVID-19 were mild or
moderate, not requiring renal replacement therapy [39,40]. Our study did not include labora-
tory data or urine volumes, which may have introduced bias into our results.

Strengths and limitations

The strengths of our study are: 1) the results reflect real-world clinical settings and treatment
strategies for COVID-19 in Japan; and 2) our study includes the largest number of non-
critically ill patients with COVID-19 for investigating the effect of antibiotics compared with
previous studies.

However, our study has some limitations. First, it was a retrospective, multicenter database
study, and confounding factors may have influenced our results. Second, our database did
not include laboratory data, vital signs, computed tomography findings, or detailed clini-
cal courses. Third, the cause of death was uncertain, as mortality rates in this study include
both COVID-19-related and other causes. Fourth, the reasons for antibiotic prescriptions
are unknown. Fifth, the database did not include information on SARS-CoV-2 vaccinations.
Sixth, the database lacked information regarding the number of antibiotics used. Finally, we
used propensity score matching analysis to adjust for patient background characteristics,
achieving an adequate balance between the groups. However, confounding factors from
unmeasured covariates cannot be completely avoided; therefore, bias cannot be ruled out.

Conclusion

This study, using the DPC database, showed that antibiotic prescriptions within 2 days of
admission reduced both 28-day and in-hospital mortality rates in non-critically ill hospital-
ized patients with COVID-19. However, antibiotic prescriptions within 2 days of admission
increased the risk of CDI. Conversely, antibiotic prescriptions within 2 days of admission did
not increase the risk of AKI.

Acknowledgments
We would like to thank Editage for the English language editing.

PLOS ONE | https://doi.org/10.1371/journal.pone.0318803 March 25, 2025 9/12




PLOS ONE

COVID-19 antibiotic use in non-critically ill patients

Author contributions
Conceptualization: Eiichi N. Kodama.

Data curation: Haruka Imai, Tomoki Mizuno, Shota Takahashi, Hideya Itagaki, Makiko
Yoshida.

Formal analysis: Haruka Imai, Jun Suzuki.

Funding acquisition: Shiro Endo, Eiichi N. Kodama.
Investigation: Haruka Imai.

Methodology: Haruka Imai.

Project administration: Shiro Endo.

Supervision: Shiro Endo, Eiichi N. Kodama.
Validation: Haruka Imai.

Writing - original draft: Haruka Imai.

Writing - review & editing: Eiichi N. Kodama.

References

1. Lippi G, Sanchis-Gomar F, Henry BM. COVID-19 and its long-term sequelae: What do we know
in 20237 Pol Arch Intern Med. 2023;133(4):16402. https://doi.org/10.20452/pamw.16402 PMID:
36626183

2. Liu BM, Hill HR. Role of host immune and inflammatory responses in COVID-19 cases with underly-
ing primary immunodeficiency: a review. J Interferon Cytokine Res. 2020;40(12):549-54. https://doi.
org/10.1089/jir.2020.0210 PMID: 33337932

3. Benjamin M, Liu T, Martins L. Clinical significance of measuring serum cytokine levels as inflamma-
tory biomarkers in adult and pediatric COVID-19 cases: a review. Cytokine. 2021;142:155478. https:/
doi.org/10.1016/j.cyt0.2021.155478 PMID: 33667962

4. Bekbossynova M, Tauekelova A, Sailybayeva A, Kozhakhmetov S, Mussabay K, Chulenbayeva L, et
al. Unraveling acute and post-COVID cytokine patterns to anticipate future challenges. J Clin Med.
2023;12(16):5224. https://doi.org/10.3390/jcm 12165224 PMID: 37629267

5. Hadisi Z, Walsh T, Dabiri SMH, Seyfoori A, Hamdi D, Mirani B, et al. Management of coronavirus
disease 2019 (COVID-19) pandemic: from diagnosis to treatment strategies. Adv Ther (Weinh).
2021;4(3):2000173. https://doi.org/10.1002/adtp.202000173 PMID: 33614905

6. Kory P, Meduri GU, Iglesias J, Varon J, Cadegiani FA, Marik PE. “MATH+" multi-modal hospital treat-
ment protocol for COVID-19 infection: clinical and scientific rationale. J Clin Med Res. 2022;14(2):53—
79. https://doi.org/10.14740/jocmr4658 PMID: 35317360

7. YuanY, Jiao B, Qu L, Yang D, Liu R. The development of COVID-19 treatment. Front Immunol.
2023;14:1125246. https://doi.org/10.3389/fimmu.2023.1125246 PMID: 36776881

8. Porres-Aguilar M, Mukherjee D, Didia SC, Lazo-Langner A. Which are the optimal thromboprophylaxis
strategies for hospitalized patients with COVID-19? Current controversies. Vascular. 2024;32(1):220—
5. https://doi.org/10.1177/17085381221126235 PMID: 36076354

9. Cong W, Narayan Poudel A, Alhusein N. Antimicrobial use in COVID-19 patients in the first phase
of the SARS-CoV-2 pandemic: a scoping review. Antibiotics (Basel). 2021;10(6):745. https://doi.
org/10.3390/antibiotics 10060745 PMID: 34205440

10. Ruiz-Garbajosa P, Cantén R. COVID-19: impact on prescribing and antimicrobial resistance. Rev Esp
Quimioter. 2021;34 Suppl 1(Suppl1):63-8. https://doi.org/10.37201/req/s01.19.2021 PMID: 34598431

11. Granata G, Schiavone F, Pipitone G, Taglietti F, Petrosillo N. Antibiotics use in COVID-19 patients: a
systematic literature review. J Clin Med. 2022;11(23):7207. hitps://doi.org/10.3390/jcm11237207 PMID:
36498781

12. Hekmat H, Rasooli A, Siami Z, Rutajengwa KA, Vahabi Z, Mirzadeh FA. A review of antibiotic efficacy
in COVID-19 control. J Immunol Res. 2023;2023:6687437. https://doi.org/10.1155/2023/6687437
PMID: 37854054

13. Langford BJ, So M, Raybardhan S, Leung V, Westwood D, MacFadden DR, et al. Bacterial co-
infection and secondary infection in patients with COVID-19: a living rapid review and meta-analysis.
Clin Microbiol Infect. 2020;26(12):1622—9. https://doi.org/10.1016/j.cmi.2020.07.016 PMID: 32711058

PLOS ONE | hitps://doi.org/10.1371/journal.pone.0318803 March 25, 2025 10/12



https://doi.org/10.20452/pamw.16402
http://www.ncbi.nlm.nih.gov/pubmed/36626183
https://doi.org/10.1089/jir.2020.0210
https://doi.org/10.1089/jir.2020.0210
http://www.ncbi.nlm.nih.gov/pubmed/33337932
https://doi.org/10.1016/j.cyto.2021.155478
https://doi.org/10.1016/j.cyto.2021.155478
https://doi.org/10.3390/jcm12165224
http://www.ncbi.nlm.nih.gov/pubmed/37629267
https://doi.org/10.1002/adtp.202000173
http://www.ncbi.nlm.nih.gov/pubmed/33614905
https://doi.org/10.14740/jocmr4658
http://www.ncbi.nlm.nih.gov/pubmed/35317360
https://doi.org/10.3389/fimmu.2023.1125246
http://www.ncbi.nlm.nih.gov/pubmed/36776881
https://doi.org/10.1177/17085381221126235
http://www.ncbi.nlm.nih.gov/pubmed/36076354
https://doi.org/10.3390/antibiotics10060745
https://doi.org/10.3390/antibiotics10060745
https://doi.org/10.37201/req/s01.19.2021
http://www.ncbi.nlm.nih.gov/pubmed/34598431
https://doi.org/10.3390/jcm11237207
http://www.ncbi.nlm.nih.gov/pubmed/36498781
https://doi.org/10.1155/2023/6687437
http://www.ncbi.nlm.nih.gov/pubmed/37854054
https://doi.org/10.1016/j.cmi.2020.07.016
http://www.ncbi.nlm.nih.gov/pubmed/32711058

PLOS ONE

COVID-19 antibiotic use in non-critically ill patients

14.

15.

16.

17.

18.
19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

Alshaikh FS, Godman B, Sindi ON, Seaton RA, Kurdi A. Prevalence of bacterial coinfection and
patterns of antibiotics prescribing in patients with COVID-19: a systematic review and meta-analysis.
PLoS One. 2022;17(8):e0272375. https://doi.org/10.1371/journal.pone.0272375 PMID: 35913964

Suzuki J, Endo S, Mizuno T, Takahashi S, Imai H, Yoshida M, et al. Evaluation of antibiotic prescrip-
tions based on the AWaRe classification for outpatients with COVID-19 in Japanese hospitals: a retro-
spective claims database study. Int J Antimicrob Agents. 2024;64(2):107261. https://doi.org/10.1016/j.
ijantimicag.2024.107261 PMID: 38945176

Hamada S, Tokuda Y, Honda H, Watari T, Suzuki T, Moromizato T, et al. Prevalence and characteris-
tics of antibiotic prescription for acute COVID-19 patients in Japan. Sci Rep. 2022;12(1):22340. hitps:/
doi.org/10.1038/s41598-022-26780-0 PMID: 36572705

Branch-Elliman W, O’Brien W, Strymish J, Itani K, Wyatt C, Gupta K. Association of duration and type
of surgical prophylaxis with antimicrobial-associated adverse events. JAMA Surg. 2019;154(7):590-8.
https://doi.org/10.1001/jamasurg.2019.0569 PMID: 31017647

MDV’s privacy policy. [cited 2024 Dec 14]. Available from: https://www.mdv.co.jp/privacy_policy.html

Latest MDV clinical data map. [cited 2024 Aug 7]. Available from: https://www.mdv.co.jp/about/mdv_
data.html

Sato S, Yasunaga H. A review of studies using Japanese nationwide administrative claims databases.
Ann Clin Epidemiol. 2023;5(2):58—-64. https://doi.org/10.37737/ace.23008 PMID: 38505730

Guidelines for clinical practice in response to COVID-19. 10.1 ed; [cited 2024 Aug 7]. Available from:
https://www.mhlw.go.jp/content/001248424.pdf

Marushchak M, Krynytska I, Homeliuk T, Vayda A, Kostiv S, Blikhar V. Charlson comorbidity index
and the severity of community-acquired pneumonia caused by SARS-CoV-2: A retrospective analysis.
Dent Med Probl. 2024;61(2):173-9. https://doi.org/10.17219/dmp/166666 PMID: 38642391

Yumoto T, Naito H, Yorifuji T, Aokage T, Fujisaki N, Nakao A. Association of Japan coma scale score
on hospital arrival with in-hospital mortality among trauma patients. BMC Emerg Med. 2019;19(1):65.
https://doi.org/10.1186/512873-019-0282-x PMID: 31694575

WHO reports widespread overuse of antibiotics in patients hospitalized with COVID-19. In: Who.int
[Internet]; [cited 29 Dec 2024]. Available from: https://www.who.int/news/item/26-04-2024-who-re-
ports-widespread-overuse-of-antibiotics-in-patients--hospitalized-with-covid-19

YuY, Liu W, Jiang H-L, Mao B. Pneumonia is associated with increased mortality in hospitalized
COPD patients: a systematic review and meta-analysis. Respiration. 2021;100(1):64—76. https://doi.
org/10.1159/000510615 PMID: 33454702

Benjamin M, Liu EM, Mark A. The brief case: ventilator-associated Corynebacterium accolens pneu-
monia in a patient with respiratory failure due to COVID-19. J Clin Microbiol. 2021;59(9):e0013721.
https://doi.org/10.1128/JCM.00137-21 PMID: 34406882

Michael K, Mansour J, Steven T. Case 7-2023: a 70-year-old man with Covid-19, respiratory failure,
and rashes. N Engl J Med. 2009;388(7):926—-37. https://doi.org/10.1056/NEJMcpc2211369 PMID:
36884326

Duan, Wang J, Wang S, Zhang R, Hu J, Li W, et al. Risk factors, outcomes, and epidemiological and
etiological study of hospitalized COVID-19 patients with bacterial co-infection and secondary infec-
tions. Eur J Clin Microbiol Infect Dis. 2024;43(3):577-86. https://doi.org/10.1007/s10096-024-04755-5
PMID: 38246947

Karaba SM, Jones G, Helsel T, Smith LL, Avery R, Dzintars K, et al. Prevalence of co-infection at
the time of hospital admission in COVID-19 patients, a multicenter study. Open Forum Infect Dis.
2020;8(1):0faa578. https://doi.org/10.1093/ofid/ofaa578 PMID: 33447639

Russell CD, Fairfield CJ, Drake TM, Turtle L, Seaton RA, Wootton DG, 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(8):e354—65. https://doi.org/10.1016/S2666-5247(21)00090-2 PMID: 34100002

Hughes S, Troise O, Donaldson H, Mughal N, Moore LSP. Bacterial and fungal coinfection among
hospitalized patients with COVID-19: a retrospective cohort study in a UK secondary-care setting. Clin
Microbiol Infect. 2020;26(10):1395-9. hitps://doi.org/10.1016/j.cmi.2020.06.025 PMID: 32603803

Scott H, Zahra A, Fernandes R, Fries BC, Thode HC Jr, Singer AJ. Bacterial infections and death
among patients with Covid-19 versus non Covid-19 patients with pneumonia. Am J Emerg Med.
2022;51:1-5. https://doi.org/10.1016/j.ajem.2021.09.040 PMID: 34637995

Guh AY, MuY, Winston LG, Johnston H, Olson D, Farley MM, et al. Trends in U.S. burden of clostridi-

oides difficile infection and outcomes. N Engl J Med. 2020;382(14):1320-30. https://doi.org/10.1056/
NEJMoa1910215 PMID: 32242357

PLOS ONE | https://doi.org/10.1371/journal.pone.0318803 March 25, 2025 11/12



https://doi.org/10.1371/journal.pone.0272375
http://www.ncbi.nlm.nih.gov/pubmed/35913964
https://doi.org/10.1016/j.ijantimicag.2024.107261
https://doi.org/10.1016/j.ijantimicag.2024.107261
http://www.ncbi.nlm.nih.gov/pubmed/38945176
https://doi.org/10.1038/s41598-022-26780-0
https://doi.org/10.1038/s41598-022-26780-0
http://www.ncbi.nlm.nih.gov/pubmed/36572705
https://doi.org/10.1001/jamasurg.2019.0569
http://www.ncbi.nlm.nih.gov/pubmed/31017647
https://www.mdv.co.jp/privacy_policy.html
https://www.mdv.co.jp/about/mdv_data.html
https://www.mdv.co.jp/about/mdv_data.html
https://doi.org/10.37737/ace.23008
http://www.ncbi.nlm.nih.gov/pubmed/38505730
https://www.mhlw.go.jp/content/001248424.pdf
https://doi.org/10.17219/dmp/166666
http://www.ncbi.nlm.nih.gov/pubmed/38642391
https://doi.org/10.1186/s12873-019-0282-x
http://www.ncbi.nlm.nih.gov/pubmed/31694575
https://www.who.int/news/item/26-04-2024-who-reports-widespread-overuse-of-antibiotics-in-patients--hospitalized-with-covid-19
https://www.who.int/news/item/26-04-2024-who-reports-widespread-overuse-of-antibiotics-in-patients--hospitalized-with-covid-19
https://doi.org/10.1159/000510615
https://doi.org/10.1159/000510615
http://www.ncbi.nlm.nih.gov/pubmed/33454702
https://doi.org/10.1128/JCM.00137-21
https://doi.org/10.1056/NEJMcpc2211369
https://doi.org/10.1007/s10096-024-04755-5
http://www.ncbi.nlm.nih.gov/pubmed/38246947
https://doi.org/10.1093/ofid/ofaa578
http://www.ncbi.nlm.nih.gov/pubmed/33447639
https://doi.org/10.1016/S2666-5247(21)00090-2
http://www.ncbi.nlm.nih.gov/pubmed/34100002
https://doi.org/10.1016/j.cmi.2020.06.025
http://www.ncbi.nlm.nih.gov/pubmed/32603803
https://doi.org/10.1016/j.ajem.2021.09.040
http://www.ncbi.nlm.nih.gov/pubmed/34637995
https://doi.org/10.1056/NEJMoa1910215
https://doi.org/10.1056/NEJMoa1910215
http://www.ncbi.nlm.nih.gov/pubmed/32242357

PLOS ONE

COVID-19 antibiotic use in non-critically ill patients

34.

35.

36.

37

38.

39.

40.

Sohal A, Chaudhry H, Singla P, Sharma R, Kohli I, Dukovic D, et al. The burden of Clostridioides
difficile on COVID-19 hospitalizations in the USA. J Gastroenterol Hepatol. 2023;38(4):590-7. https:/
doi.org/10.1111/jgh.16128 PMID: 36662626

Zhang H, Penninger JM, LiY, Zhong N, Slutsky AS. Angiotensin-converting enzyme 2 (ACE2) as a
SARS-CoV-2 receptor: molecular mechanisms and potential therapeutic target. Intensive Care Med.
2020;46(4):586-90. https://doi.org/10.1007/s00134-020-05985-9 PMID: 32125455

Ahmadian E, Hosseiniyan Khatibi SM, Razi Soofiyani S, Abediazar S, Shoja MM, Ardalan M,
et al. Covid-19 and kidney injury: pathophysiology and molecular mechanisms. Rev Med Virol.
2021;31(3):e2176. hitps://doi.org/10.1002/rmv.2176 PMID: 33022818

Fabrizi F, Nardelli L, Regalia A, Zanoni F, Castellano G. Are kidneys affected by SARS-CoV-2
infection? An updated review on COVID-19-associated AKI. Pathogens. 2024;13(4):325. https://doi.
org/10.3390/pathogens 13040325 PMID: 38668280

Palevsky PM. COVID-19 and AKI: Where do we stand? J Am Soc Nephrol. 2021;32(5):1029-32.
https://doi.org/10.1681/ASN.2020121768 PMID: 33637516

Ooi SH, Ng KP, Sthaneshwar P, Lim SK, Khor PY, Lim JY, et al. A study of hospitalized COVID-19
patients with AKl in a setting of multiracial developing country. BMC Nephrol. 2024;25(1):122. https://
doi.org/10.1186/s12882-024-03498-x PMID: 38580977

Oztiirk S, Turgutalp K, Aricit M, Cetinkaya H, Altiparmak MR, Aydin Z, et al. Impact of hospital-
acquired acute kidney injury on Covid-19 outcomes in patients with and without chronic kidney
disease: a multicenter retrospective cohort study. Turk J Med Sci. 2021;51(3):947-61. https://doi.
org/10.3906/sag-2011-169 PMID: 33611868

PLOS ONE | hitps://doi.org/10.1371/journal.pone.0318803 March 25, 2025 12/12



https://doi.org/10.1111/jgh.16128
https://doi.org/10.1111/jgh.16128
http://www.ncbi.nlm.nih.gov/pubmed/36662626
https://doi.org/10.1007/s00134-020-05985-9
http://www.ncbi.nlm.nih.gov/pubmed/32125455
https://doi.org/10.1002/rmv.2176
http://www.ncbi.nlm.nih.gov/pubmed/33022818
https://doi.org/10.3390/pathogens13040325
https://doi.org/10.3390/pathogens13040325
http://www.ncbi.nlm.nih.gov/pubmed/38668280
https://doi.org/10.1681/ASN.2020121768
http://www.ncbi.nlm.nih.gov/pubmed/33637516
https://doi.org/10.1186/s12882-024-03498-x
https://doi.org/10.1186/s12882-024-03498-x
http://www.ncbi.nlm.nih.gov/pubmed/38580977
https://doi.org/10.3906/sag-2011-169
https://doi.org/10.3906/sag-2011-169
http://www.ncbi.nlm.nih.gov/pubmed/33611868
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

