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The effect of outpatient
antibiotic treatment of
coronavirus disease 2019 on
the outcomes in the emergency
department: a propensity score
matching study

Aim To determine the effect of outpatient oral antibiotics
on coronavirus disease 2019 (COVID-19) in patients pre-
senting to the emergency department.

Methods This retrospective cohort study with propensity
score matching conducted at University Hospital Dubrava
collected data on all emergency department visits due to
COVID-19 in November 2020. The primary outcome was
hospital admission. The secondary outcomes were pneu-
monia development, respiratory failure, and required level
of respiratory support.

Results Overall, 1217 visits were evaluated and 525 pa-
tients were included in the analysis. After propensity score
matching, 126 pairs of treated patients and controls were
identified. Patients and controls did not differ in physical
examination findings, laboratory test results, radiographic
findings, or defined outcomes before and after matching.

Conclusion This study suggests no benefit of empirical
oral antibiotics for outpatient treatment of COVID-19. In
patients presenting to the emergency department, prior
oral antibiotic treatment did not affect hospital admission
rates or the level of respiratory support required.
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The coronavirus disease 2019 (COVID-19) pandemic has
increased antibiotic prescription rates in the community,
which could negatively affect antimicrobial stewardship
and resistance (1,2). Up to 71% of COVID-19 patients had an
antibiotic administered without a clinical indication (3,4).
The reasons behind antibiotic prescription for a known or
suspected viral disease are manifold. First, during the in-
fluenza pandemic, the rates of bacterial super-infections
were higher (5). Second, the usual clinical signs of COVID-
19 overlap with the signs of bacterial disease. Finally, drugs
such as azithromycin were postulated to play a role in treat-
ing COVID-19 due to their antiviral and immunomodulato-
ry activities (6,7). An expected benefit from outpatient an-
tibiotic treatment is preventing a more severe disease and
hospital admission. Reducing hospital admission rates dur-
ing pandemics would alleviate the overload of the health
care system, particularly during pandemic surges.

Guidelines for treatment of COVID-19 issued by the Croa-
tian Ministry of Health and the European Medical Agen-
cy in late 2020 did not include administration of empiri-
cal antibiotics (8,9). Despite the guidelines, latest data
available in Croatia show an increase in the prescription
of azithromycin in clear correlation with the increase of
COVID-19 patients (10). However, reported rates of bac-
terial co-infections in COVID-19 patients are low. A me-
ta-analysis by Langford et al (11) demonstrated that only
5.9% of all patients hospitalized for COVID-19 had bacterial
co-infections, while the majority of patients had received
antibiotics at some point in their treatment. Recently pub-
lished results of the PRINCIPLE Trial Collaborative group
showed that azithromycin did not reduce the number of
hospital admissions or deaths compared with usual care
in the general population with suspicion of COVID-19 or
a proven COVID-19 infection (12). The proportion of pa-
tients seeking hospital attention in the PRINCIPLE trial is
low, and conclusions drawn for this population are pos-
sibly underpowered.

Another concern with antibiotic overuse are adverse ef-
fects of antibiotics. In a recent randomized controlled study
(RCT) comparing azithromycin with placebo, early after
starting therapy with azithromycin, the treatment group
had more gastrointestinal symptoms, including diarrhea,
abdominal pain, and nausea than the placebo group (13).

Previously published studies involving asymptomatic pa-
tients or specific age groups had a significant loss to fol-
low-up and, most importantly, had a low incidence of
emergency department (ED) attendance or hospital
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admission. In our study, we investigated the effect of prior
oral antibiotics as empirical treatment in all adult COVID-
19 patients who presented to the emergency department.
The primary outcome of interest was hospital admission;
secondary outcomes were pneumonia development, re-
spiratory failure, and need for respiratory support.

PATIENTS AND METHODS

We retrospectively reviewed the medical records of all
emergency department visits at a COVID-19 hospital in
University Hospital Dubrava that took place from Novem-
ber 1 to December 1, 2020. University Hospital Dubrava
was temporarily appointed the chief hospital for the acute
care of exclusively COVID-19 patients. All patients present-
ed with a positive polymerase chain reaction (PCR) or rap-
id antigen test (RAT) for SARS-CoV-2 infection. Therefore,
in the studied period no testing was performed at our ED.
The study was approved by the Ethics Committee of Uni-
versity Hospital Dubrava (2021/2503-05). Written or verbal
consent was waived.

Data collection

Data were collected during March 2021 by three indepen-
dent researchers from the hospital information system by
IN2 group (iBIS, IN2, Zagreb, Croatia). Data included demo-
graphic information, clinical examination results, labora-
tory test results, and radiographic findings. The data were
further independently validated by two senior researchers,
and the differences were adjudicated by discussion. The
data were obtained during routine clinical examinations
and not for the purposes of the study.

Patient eligibility

We enrolled all adult patients presenting to our ED from
November 1 to November 30, 2020. Patients excluded were
those with a history, physical examination, laboratory find-
ings or imaging highly suggestive of a bacterial infection
(eg, abscesses, dysuria, localized erythema, etc), patients
who had received intravenous antibiotics before ED pre-
sentation, patients transferred from other hospitals (due
to unavailable health records it was not possible to deter-
mine whether they received antibiotics), patients who pre-
sented with non-COVID-19 complaints (eg, trauma), and
patients who had finished empirical oral antibiotic treat-
ment for COVID-19 more than seven days ago (treatment
was too long ago to affect the current presentation) or had
started oral antibiotics in under 24 hours (not to preclude
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any potential antibiotic effects). Patients with several ED
visits were excluded as reasons for several visits were un-
related to the study (eg, patients without primary health
care providers in Zagreb, patients requiring specific proce-
dures or testing that was only available at our institution
for SARS-CoV-2 positive patients etc).

Outcomes

The primary outcome was hospital admission. The sec-
ondary outcomes were pneumonia development, respi-
ratory failure, and level of respiratory support required.
Pneumonia was confirmed by x-ray or computed tomog-
raphy scans. Respiratory failure was defined as SpO,<93%,
p0,<8.00 kPa, or pCO,>6 kPa. Level of respiratory support
was categorized as nasal cannula/mask oxygenation, high-
flow nasal cannula (HFNC), or mechanical ventilation. Pa-
tients were oxygenated by mask or nasal cannula when
SpO, was below 92% for those without chronic obstructive
pulmonary disease (COPD) and below 89% for those with
COPD. HFNC was initiated when SpO, was below 90% de-
spite maximum oxygenation by mask (15L/min). Patients
were intubated and mechanically ventilated when hypox-
emia <90% persisted despite maximum HFNC settings in
the ED, or when patient presentation required immediate
intubation as per clinical judgment of the attending emer-
gency medicine specialist.

Statistical analysis

Categorical variables are presented as counts and percent-
ages, and were compared between groups by using the
X’ test or Fisher exact test for counts <5. Continuous vari-
ables are presented as means and standard deviations (SD)
or as medians where appropriate. For continuous and or-
dinal variables, the t test or Mann-Whitney test was used,
where appropriate. All reported P values are two-sided and
are considered to be statistically significant when P<0.05.
A propensity-score matching (PSM) method was used to
reduce confounding (14). The selected covariates used in
PSM were extracted based on literature review and select-
ed based on available data (15). Logit PSM was performed
by using the 1:1 nearest neighbor algorithm with a caliper
distance of 0.1 without replacement; exact matching was
used for the sex variable. No trimming was performed. Pa-
tient groups were matched according to age and comor-
bidities; exact matching was used for the sex variable. Lo-
gistic regression model with odds ratios for each matching
variable is presented in Supplementary material 1. There
were no missing data for variables used for propensity

score calculation. In a subanalysis, logistic regression was
used to determine whether antibiotic treatment signifi-
cantly predicted the same outcomes when adjusted for
antithrombotic pre-ED treatment. Data manipulation and
statistical analysis were performed by using the IBM SPSS,
version 26.0 (https://www.ibm.com/analytics/spss-statis-
tics-software) and Propensity Score Matching for SPSS, Ver-
sion 3.0.4 (underlying packages Matchlt, optmatch, Rltools,
SparseM and cem) from R software, version 3.5.0 (cran.r-
project.org) (16-25).

RESULTS

After evaluating 1217 patient ED visits, 525 patients met
the inclusion criteria, with 128 patients in the antibiotic
treatment group and 397 in the control group. After calcu-
lating the propensity scores, 126 pairs were matched and
273 patients were excluded (Figure 1).

Unmatched patient characteristics

The mean age was 63.5 years (SD 16.2); 60.8% patients
were male and 355 (67.6%) had one or more comorbidi-
ties (Table 1). Mean symptom onset was 8.4 days (SD 4.2)
before presentation to the ED. Most patients, 84%, re-
ceived azithromycin, 30% received amoxicillin and clavu-
lanic acid, and 9% received other antibiotics. More than
two different antibiotics were prescribed to 18% of pa-
tients. Electronic health records of the prescribing physi-
cian were available in 65% of patients. In 85.5% of cases
the primary care physician was reported as the prescrib-
ing physician. In the unmatched group, oral antibiotics
were prescribed to younger patients with fewer comor-
bidities, particularly arterial hypertension, chronic kidney
disease (CKD), atrial fibrillation, and cardiovascular dis-
ease (Table 1). Patients taking oral antibiotics presented
to the ED one day later than controls. Physical examina-
tion findings, inflammatory markers, and radiographic
findings did not significantly differ between the groups
(Supplementary material 2). The observed difference in
renal function indicators in the unmatched cohort can
most likely be explained by more patients in the control
group receiving renal replacement therapy. The signifi-
cant difference persisted even after matching, but after
excluding CKD patients from the analysis no significant
difference was observed. Nine patients from both groups
had a left shift in the complete blood counts. Overall,
272 patients (51.8%) were admitted to hospital (Table
1), 90% of whom required oxygen administration by
mask or nasal cannula, 6% required HFNO, and 3%
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were intubated and mechanically ventilated on presen-
tation (Table 2). Pneumonia developed in 431 patients
(81.9%); 214 presented with respiratory failure (40.8%).
Empirical oral treatment of COVID-19 before ED presen-
tation did not affect pneumonia development, respirato-
ry failure, hospital admission, required level of respiratory
support, or average hospital stay (Table 2).

Propensity score matching

The 126 matched pairs demonstrated a good balance be-
tween the groups. Overall covariate balance after matching
was tested by Hansen & Bowers test (x>=5.494, P=0.856).
Standard differences in the mean propensity scores be-
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tween two groups before and after matching displayed no
significant imbalance, indicating robust matching (Table 1,
Figure 2) (14). The largest standardized mean difference in
absolute value for any given variable was 0.052, which is
lower than the upper limit of 0.25 recommended by Ru-
bin and Stuart (26,27). Before matching, the treatment and
control group significantly differed in age, hypertension,
CKD, cardiovascular disease, and atrial fibrillation. Hence,
significant differences before matching were observed in
the rates of statin and warfarin use. After matching, no sig-
nificant differences in the variables selected for propensity
score matching were observed (Figure 2, Supplementary
material 3, Supplementary material 4, Supplementary ma-
terial 5).

COVID-19 patients attending
the Emergency Department
(ED) from November 1st to
December 1st, 2020

Patients with prior antibiotic
therapy (N=454)

Patients without prior antibiotic
therapy (N=763)

Excluded:

Hospital transfers: 79

Not the first ED visit: 32
Bacterial co-infection: 77
Patients unfit for oral intake: 8
Received IV antibiotics: 92
First antibiotic dose <24h: 22
Last antibiotic dose >7 days: 16

J

Excluded:

Hospital transfers: 133

Not the first ED visit: 29
Bacterial co-infection: 20
Patients unfit for oral intake: 64
Non-COVID-19 related visits: 88
Incomplete data: 32

v Y
Oral antibiotic group Control group
(N=128) (N=397)
Propensity score matching
(N=525)

Oral antibiotic
group (N=126)

!

Control group

(N=126)

Hospitalized Discharged
N=58 (46%) N=68 (54%)

J

Hospitalized
N=53 (42%)

Discharged
N=73 (58%)

FIGURE 1. Flowchart of the study design. COVID-19 - coronavirus disease 2019.
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Matched patients’ characteristics

In the matched group, the mean age was 60.2 years (SD
15.3); 61.9% of patients were men and 138 (55%) had one
or more comorbidities. The mean number of days since
symptom onset was 9.1 days (SD 3.8), with no significant
difference between the groups (Table 1). For both groups,
leukocyte count was within the reference range. C-reactive
protein levels were elevated, without significant difference
between the groups. On average, other baseline labora-
tory values were within the reference ranges and without
significant difference between the groups (Supplementary
material 2).

In the matched group, 111 (44%) patients were admitted,
92 (36.5%) presented with respiratory failure, and 204 (81%)
presented with pneumonia. On admission, 98 (38.9%) pa-
tients required supplemental oxygen by mask, 9 (3.6%) re-
quired HFNO, and 4 (1.6%) were intubated on presentation.
Prior oral antibiotic treatment did not significantly affect vital
signs, respiratory failure, pneumonia development, require-
ment of respiratory support, or hospital admission (Table 2).

When adjusted for antithrombotic pre-ED treatment in a
binominal logistic regression model, antibiotic treatment
was associated with a higher prevalence of pneumo-
nia (odds ratio 2.04, 95% confidence interval 1.025-4.062,
P=0.04, Nagelkerke R?=0.08, x*=2.03). Other outcomes,

TABLE 1. Characteristics of controls and patients who received antibiotic treatment before admission to emergency department due

to coronavirus disease 2019*

Patients
unmatched matched

treatment control treatment control
Variable (n=128) (n=397) df (n=126) (n=126) df
Age*, years 59.6 (154) 64.7 (16.3) -0.32 599 (15.3) 604 (15.3) -0.03
Sex* (%) 0
female 50(39.1) 156 (39.3) 48 (38.1) 48 (38.1)
male 78 (60.9) 241 (60.7) 78 (61.9) 78 (61.9)
Day of illness on presentation 94 (3.6) 8.14.3) 0.34 94 (3.7) 8.8(4.2) 0.15
Number of comorbidities, n (%) -040 -0.02
0 59 (46.1) 111 (28.0) 59 (46.8) 5543.7)
1 29 (22.7) 105 (26.4) 27 (214) 35(27.8)
2 26 (20.3) 92 (23.2) 26 (20.6) 20 (15.9)
>3 14 (10.9) 89 (22.4) 14 (11.0) 16 (12.7)
Comorbidities
Arterial hypertension, n (%)* 54 (42.2) 236 (594) -0.35 53 (42.1) 54 (429) 0.02
Diabetes mellitus, n (%)* 24(18.7) 102 (25.7) -0.18 26 (20.6) 24 (19.0) -0.04
Chronic kidney disease, n (%)* 3(2.3) 29(7.3) -0.33 3(24) 3(24) 0.00
Chronic obstructive pulmonary disease/asthma, n (%)* 12 (9.4) 32(8.0) 0.05 9 (7.9) 10 (7.9) 0.03
Hypothyroidism, n (%)* 9(7.0) 32(8.) -0.04 10 (7.9) 9 (7.) -0.03
Cardiovascular disease, n (%)* 4(3.1) 50(12.8) -0.54 4(3.2) 4(3.2) 0.00
Cerebrovascular disease, n (%)* 3(2.3) 23 (5.8) -0.23 4(4.8) 3(24) -0.05
Active cancer, n (%) 2(1.6) 12 (3.0) -0.12 2(1.6) 2(1.6) 0.00
Cancer in remission, n (%)* 7(54) 26 (6.5) -0.13 6 (4.8) 7 (5.6) 0.04
Atrial fibrillation (%)* 4(3.1) 40 (10.1) -040 5(4) 43.2) -0.04
Medications
Angiotensin-converting enzyme inhibitor, n (%) 36 (28.1) 138 (35.0) -0.14 36 (28.6) 37 (29.3) -0.13
Warfarin, n (%) 2(16) 32(8.) -0.31 2(1.6) 6 (5) -0.18
Direct oral anticoagulants, n (%) 1(0.8) 15(3.1) -0.20 1(0.8) 2(1.6) -0.07
Statins, n (%) 16 (12.5) 85 (21.4) -0.24 16 (12.7) 18 (14.2) -0.05
Anti-platelet/anti-aggregation therapy, n (%) 13 (10.2) 66 (26.6) -0.19 13 (10.3) 17 (13.5) -0.10

*variables used as covariates in propensity score matching.
tstandardized mean difference.
Fvalues are means and standard deviations unless indicated otherwise.
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when adjusted for antithrombotic pre-ED treatment, re-
mained non-significant (Supplementary material 6).

DISCUSSION

Our retrospective study with PSM of 525 ED patients dis-
played no benefit of empirical oral antibiotic treatment for
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COVID-19. In the unmatched cohorts, the treated group
had somewhat fewer hospital admissions than controls,
but in the matched groups there was no relevant differ-
ence. Considering the secondary outcomes in unmatched
sets, the treated group showed a tendency for pneumo-
nia development and lesser requirement of respiratory
support. After matching, however, no consistent benefit

TABLE 2. Outcomes of controls and patients who received antibiotic treatment before admission to emergency department due to

coronavirus disease 2019

Patients
unmatched matched
treatment control treatment control
Variable (n=128) (n=397) P (n=126) (n=126) P
Primary outcome
Hospital admission, n (%) 60 (46.9) 212 (534) 0.2 58 (46) 53 (42.1) 0.53
Secondary outcomes
Pneumonia (all imaging modalities), n (%) 112 (875) 319 (80.4) 0.07 108 (85.7) 96 (76.2) 0.054
Respiratory failure, n (%) 47 (36.7) 167 (42.1) 0.28 47 (37.3) 45 (33.3) 0.89
Respiratory support, n (%) 0.34
None 68 (53.1) 185 (46.6) 68 (54) 73 (579)
Supplementation by mask or nasal cannula 52 (40.6) 194 (48.9) 50 (39.7) 48 (38.1)
High flow nasal oxygenation 64.7) 1 Q27) 6 (4.8) 3(24)
Mechanical ventilation 2(1.5) 7(1.8) 2(1.6) 2(1.6)
12
-0.332;11
2 ©-1-0.030; 11
-0.177;10
£ o=10— -0.041;10
-0.327;9
9 ¢ 0.000; 9
-0.398;8 -0.045;8
O 8
0.045;7
& 0.027;7
-0.227;6 -0.052;6
2 o 6
-0.542;5
') ¢ 0.000; 5
-0.040; 4
9C140.031; 4
-0.117;3
) ¢ 0.000; 3
-0.125;2
> 2 ) 0.035;2
-0.348;1
9 @)0.016; 1
o
-0.600 -0.500 -0.400 -0.300 -0.200 -0.100 0.000 0.100

@ Before matching  © After matching

FIGURE 2. Dot plot of standardized mean differences before and after propensity score matching for matching variables showing
robust matching. 1 - arterial hypertension, 2 — cancer in remission, 3 — active cancer, 4 — hypothyroidism, 5 — coronary heart disease,
6 — cerebrovascular disease, 7 — chronic obstructive pulmonary disease/asthma, 8 - atrial fibrillation, 9 - chronic kidney disease, 10 -

diabetes mellitus, 11 - age.
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of outpatient oral antibiotics in the treatment of COVID-
19 was observed. Yet, an almost one third (28%) of all pa-
tients who presented to the ED for COVID-19in the studied
period reported using antibiotics. The observed antibiotic
prescription rates agree with those from two US EDs (28).
Increased antibiotic use is observed without evidence of
a treatment benefit, which in the long term could lead to
increased antibiotic resistance (29).

This article presents real-life data from a cross-section of
typical COVID-19 adult patients of all ages. We believe that
our exclusion criteria favored younger patients, as patients
previously hospitalized or unfit for oral intake were more
likely to be older. In other studies, the most commonly
evaluated antibiotic is azithromycin (12,13,30,31), which
was the most frequently reported antibiotic in our study.
A large RCT from the UK, the PRINCIPLE trial, assessed
azithromycin as treatment for suspected COVID-19 in the
outpatient setting (12). Comparable to our results, they re-
ported no justification for azithromycin use in the treat-
ment of COVID-19. They reported no effect of azithromy-
cin on hospital visit rates, hospital admissions, or mortality
vs usual care for suspected COVID-19. Oral azithromycin
did not reduce the time to full recovery. Importantly, the
PRINCIPLE trial included only adults older than 65 or those
older than 50 with comorbidity, while our study included
all adult patients. Another RCT found no effect of outpa-
tient single-dose oral azithromycin on disease severity, dis-
ease duration, or hospital admission rates (13). The study
showed increased ED visit rates by patients who were tak-
ing azithromycin vs placebo, possibly due to the increased
occurrence of symptoms attributed to azithromycin side
effects, such as diarrhea, nausea, and vomiting.

Drawbacks of this study, particularly for evaluating ED-spe-
cific outcomes, were the low number of patients enrolled,
with only 19 patients seeking ED attention, inclusion of
asymptomatic individuals, and exclusion of all individuals
older than 55. When compared with studies at the outpa-
tient level, our study enabled a more precise evaluation of
specific outcomes. Studies on hospitalized patients added
further evidence against the use of antibiotics for treat-
ing COVID-19. The RECOVERY trial, involving 7763 admit-
ted patients, reported no benefit of in-hospital azithromy-
cin on hospital stay, mechanical ventilation requirement,
or mortality. Several RCTs evaluating in-hospital antibiotic
treatment in hospitalized patients consistently reported
no mortality benefit (30-32). A retrospective study demon-
strated that early administration of antibiotics to critically ill
patients had no mortality benefit (1).

Our study included only confirmed COVID-19 patients
who started their antibiotic treatment at the primary-care
level. Confounding was handled by strict exclusion criteria
and PSM. Another limitation of this study is the single-cen-
ter setting. However, because the hospital was designated
as a COVID-19 hospital serving around one million inhab-
itants, we believe that our sample comes from a diverse
population. Presumably, patients visiting the ED have more
severe symptoms than patients treated in the outpatient
setting and represent a different population sample. A fur-
ther limitation is the lack of data regarding risk factors, in-
cluding weight and smoking status. Due to the low num-
ber of patients requiring HFNC or mechanical ventilation,
our study is underpowered to draw conclusions on these
outcomes.

In conclusion, our findings demonstrate no benefit of em-
pirical antibiotic use in the outpatient treatment of COVID-
19in adults, including no difference in hospital admissions,
pneumonia development, respiratory failure, or level of re-
spiratory support required. Our findings suggest avoiding
inappropriate prescribing of antibiotics in the treatment of
COVID-19 in the community.
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