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ARTICLE INFO ABSTRACT

Keywords: Introduction: Patients over 80 years of age are more prone to develop severe symptoms and die from COVID-19.
COVID-19 Antibiotics were massively prescribed in the first days of the pandemic without evidence of super infection.
Mom}lit}’ ) Antibiotics may increase the risk of mortality in cases of viral pneumonia. With age and antibiotic use, the
Ell‘:jzpr‘lt;hsat‘on microbiota becomes altered and less protective effect against lethal viral pneumonia. Thus we assessed whether it

is safe to prescribe antibiotics for COVID-19 pneumonia to patients over 80 years of age.

Method: We conducted a retrospective monocentric study in a 1240-bed university hospital. Our inclusion criteria
were patients aged > 80 years, hospitalized in a COVID-19 unit, with either a positive SARS-CoV-2 RT-PCR from
a nasopharyngeal swab or a CT scan within 72 h after or prior to hospitalization in the unit suggestive of
infection.

Results: We included 101 patients who received antibiotics and 48 who did not. The demographics in the two
groups were similar. Overall mortality was higher for the group that received antibiotics than for the other group
(36.6% vs 14.6%,). According to univariate COX analysis, the risk of mortality was higher (HR = 1.98 [0.926;
4.23]) but non-significantly for the antibiotic group. In multivariate analysis, independent risk factors of mor-
tality were an increased leukocyte count and decreased oxygen saturation (HR = 1.097 [1.022; 1.178] and HR =
0.927 [0.891; 0.9641], respectively).

Conclusion: This study raises questions about the interest of antibiotic therapy, its efficacy, and its effect on
COVID-19 and encourages further research.

Antibiotics use

1. Introduction knowledge on the virus and the lack of guidelines for its management

[6]. In the first days of the pandemic, a study published in March 2020

The COVID-19 pandemic has spread rapidly, and hospitals world-
wide have been overwhelmed by patients. Although the elderly do not
appear to have a higher incidence of COVID-19, they are more likely to
develop more severe symptoms [1-4]. The mortality rate is 10- to
100-fold higher for patients older than 65 years than in the younger
population [5].

Antibiotics have been massively prescribed because of the lack of
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showed antibiotic prescriptions for 95% of cases [7]. It is common
knowledge that antibiotics do not increase survival of patients with viral
infections, even though macrolides have antiviral activity against
certain viruses in vitro, even SARS-Cov2 [8-10]. However several
studies failed to demonstrate a significant benefit of azithromycin
against SARS-Cov2 [11-13].

Hence, aside from rare cases of bacterial co-infection or super-
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in a COVID-19 unit
n =295

Patients aged > 80 hospitalized

Did not meet inclusion criteria: n =104
RT-PCR -/Scanner -: n =51

RT-PCR -/ Scanner NA :n = 44
RT-PCR NA/ Scanner-:n=1

and/or scanner positive
n=191

Assessed for eligibility : RT-PCR

RT-PCR NA /Scanner NA:n=8

Excluded: n=23

Scanner and/or RT-PCR > 72 h prior or
after the entrance in a COVID-19 unit

COVID19 pneumonia n = 168

|

COVID19 without antibiotics
n=48

COVID19 with antibiotics

n=120

Excluded : n=19
antibiotics justified for
other reasons

COVID19 pneumonia with
antibiotics
n=101

Fig. 1. Flow chart describing the selection the patients.

infection (3.5-8%), antibiotics are useless against COVID-19 pneumonia
[14-16]. The difficulty lies in the diagnosis of bacterial co-infection.
Indeed, in most cases, there is no simple clinico-biological or radiolog-
ical evidence to differentiate viral from viral plus bacterial infections [7,
17]. Moreover, antibiotics were widely prescribed without microbio-
logical samples in COVID-19 or even despite negative samples [18,19].
Prescribing useless antibiotics may not be harmless. Obviously, the
emergence of resistance is a threat and studies in mice suggest a link
between antibiotic therapy and a higher risk of mortality in viral
pneumonia. This finding addresses the protective effect of the micro-
biota and the diversity of the microbiome against lethal viral pneumonia
[20-22].

The fact that the elderly are at greater risk of having an altered
microbiota, [23-25] have a greater risk of death from COVID-19, and

that antibiotics may increase the risk of mortality in viral pneumonia,
raises the question of whether it safe to prescribe antibiotics for
COVID-19 pneumonia to patients older than 80 years. We aimed to
determine whether antibiotics reduce the survival of COVID-19 patients
older than 80 years.

2. Materials and methods
2.1. Setting

We conducted a retrospective monocentric study according to the
STROBE criteria in a 1240-bed university hospital in Amiens, in the

north of France, where the impact of the pandemic was particularly
intense. During the study period, the pandemic led to the opening of
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nine COVID-19 units in medicine and two intensive care units. The
number of beds dedicated to COVID-19 was 158 in medicine and 62 in
intensive care.

Our study focused on people over 80 years of age with COVID-19
hospitalised in a dedicated unit in our university hospital. We fol-
lowed the patients during their hospitalisation in a COVID-19 unit.

The inclusion period was from February 29, 2020 (opening of the
first COVID-19 unit in our centre) to June 7, 2020 (closure of most
COVID-19 units).

Our inclusion criteria were patients aged > 80 years, hospitalized in
a COVID-19 unit with either a positive SARS-CoV-2 RT-PCR (reverse
transcriptase-polymerase chain reaction assay) from a nasopharyngeal
swab or a CT scan within 72 h after or prior to hospitalization in the unit
suggestive of infection, as determined by the radiologist.

Our exclusion criteria were the absence of a positive SARS-CoV-2 RT-
PCR from a nasopharyngeal swab or a CT scan suggestive of infection, as
determined by the radiologist, and positive results more than 72 h after
or prior to hospitalisation.

The primary outcome was mortality between patients receiving
pulmonary antibiotics at admission and those not receiving antibiotics
during their stay. We also assessed whether the use of antibiotics was
discussed by analysing the clinico-biological characteristics between the
two groups.

2.2. Data source

The study was registered at the French National Data Protection
Commission (Commission nationale de linformatique et des libertés;
reference: P12020_843_0097). Computerized extractions from the pa-
tient electronic health record of our university hospital were provided
by the establishment’s IT department after receiving regulatory
approval, according to the French legislation on retrospective analysis
and routine clinical practice. One reader was assigned to review the
entirety of all medical records to have the most clinical details.

2.3. Variables assessed

The data collected for each patient included demographic informa-
tion, such as age, gender, place of residence (home, nursing home),
number of medications, and the Charlson’s comorbidity score; biological
data (an interval of more or less than 72 h was accepted), including
creatinine clearance, according to the MDRD (modification of diet in
renal disease), albumin, CRP (C-reactive protein), haemoglobin, and
total bilirubin levels and leukocyte, platelet, and absolute neutrophil
counts (ANC); and clinical data, such as SaO2 (oxygen saturation), ox-
ygen flow and temperature, and systolic blood pressure. The prescrip-
tion of thromboprophylaxis was also analysed.

Patients were divided into two groups based on whether or not they
received antibiotics. The characteristics of the antibiotics were collected
along with the name, the beginning date and duration of antibiotic
therapy. Patients who received only antiretrovirals were classified in the
antibiotic-free group.

An interval of 72 h was accepted for initiation before hospitalization.

2.4. Statistics

Quantitative variables are expressed as means and standard de-
viations when the distribution was normal and medians and inter-
quartile ranges otherwise. Normality was measured by Student’s t-test.
Qualitative variables are expressed as percentages.

The outcome was the time between the beginning of hospitalization
and death or the end of hospitalization. Survival curves were generated
by group using the Kaplan-Meier estimator and compared using a log-
rank test. A semi-parametric Cox model allowed analysis of the
outcome. Thus, univariate analyses were performed to allow variable
selection at the level of 5%. The selected variables and the group (with

Biomedicine & Pharmacotherapy 146 (2022) 112481

Table 1
Comparison of clinico-biological characteristics of antibiotic and non-antibiotic
groups at admission.

Total Without With P
antibiotics antibiotics
N (%) 149 48 (32.2) 101 (67.8)
Age (years), median [IQR] 85.50 86.00 85.00 0.560
[82.00, [83.00, [82.00,
89.00] 90.00] 88.00]
Sex, N (%) 0.428
Male 66 (44.3) 19 (39.6) 47 (46.5)
Female 83 (55.7) 29 (60.4) 54 (53.5)
Living place, N (%) 0.619
Nursing Home 38 (25.5) 11 (22.9) 27 (26.7)
Home 111 37 (77.1) 74 (73.3)
(74.5)
Number of Medications 7.38 6.73 (2.83) 7.69 (3.51) 0.074
before hospitalization, (3.33)
mean (SD)
Charlson Comorbidity 6.00 6.00 [5.00, 6.00 [5.00, 0.306
Index, median [Q1, Q3] [5.00, 7.00] 7.00]
7.00]
Infection COVID-19, N (%) 0.659
Nosocomial” 25 (16.8) 9 (18.8) 16 (15.8)
Community 124 39 (81.2) 85 (84.2)
(83.2)
MDRD" at admission, 62.00 73.00 57.00 0.057
median [Q1, Q3] [42.25, [53.00, [40.00,
94.00] 96.00] 91.25]
Corticoids, N (%) 25 (16.8) 2(4.2) 23 (22.8) 0.005

Thromboprophylaxis (%) 111 33 (68.8) 78 (77.2) 0.271
(74.5)
CRP‘ at admission, median ~ 86.95 48.80 107.65 < 0.001
[Q1, Q3] [35.77, [16.20, [55.88,
154.47] 83.40] 166.93]
Haemoglobin at 12.42 11.99 12.62 0.062
admission, mean (SD) (1.85) (2.02) 1.79)
Leucocytes at admission, 6.92 6.10 [4.90, 7.15 [5.30, 0.169
median [Q1, Q3] [5.10, 8.50] 10.38]
10.00]
Saturation at admission, 95.00 95.00 95.00 0.342
median [Q1, Q3] [93.00, [94.00, [92.25,
97.00] 97.00] 97.00]
Oxygen at admission, 2.00 0.00 [0.00, 3.00 [1.00, < 0.001
median [Q1, Q3] [0.00, 3.00] 4.00]
4.00]
Temperature (°C), mean 37.03 36.97 37.06 0.557
(SD) (0.88) (0.73) (0.95)

IQR: interquartile range, SD: standard deviation.

The NA were imputed by simple imputation to not exclude patients in the
following analyses

Maximum of 3 non applicable for a variable.

Binary variables: imputation by the most frequent modality.

Continuous variables: imputation by the median.

# nosocomial infection: infection occurring in a patient during the process of
care in a hospital or other health care facility, which was not present or incu-
bating at the time of admission [36].

b MDRD: modification of diet in renal disease.

¢ CRP: C-reactive protein.

/without antibiotics) were subsequently put in a multivariable model.
The selected quantitative variables were checked for log-linearity. The
proportional hazard (PH) assumption was assessed using a statistical test
based on scaled Schoenfeld residuals. Multicollinearity was detected
using the variance inflation factor (VIF) and variables showing multi-
collinearity removed from the multivariable model. All tests were two-
sided, with a level of significance of 5%. Statistical analyses were per-
formed using R software, version 4.0.1 ©2021 with tableone, survey,
survival, and car packages.

3. Results

During the study period, 295 patients aged > 80 were hospitalized in
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Fig. 2. Antibiotic classes used by percentage during the stay concerning 149 patients. The most prescribed antibiotics were penicillins at 35.1% (amoxicillin and
piperacillin in most cases associated with a p-lactamase inhibitor), macrolides at 29.8% (spiramycin and azithromycin) and cephalosporins at 28.8% (ceftriaxone,

cefotaxime, cefepime and cefuroxime).

Percentage

Number of antbiotic

Fig. 3. Number of different antibiotics during the stay used per patient by percentage. 149 patients were included. Most of them had 1 or 2 antibiotics. The number
of antibiotics does not correspond to the number of therapeutic lines but to the number of antibiotics administered during the stay, either simultaneously

or separately.

COVID-19 units (Fig. 1). Among them, 104 were excluded because they
did not meet the inclusion criteria for a positive SARS-CoV-2 RT-PCR or
CT scan in favour of COVID-19 infection. Twenty-three more patients
were excluded because the time of diagnosis was not within 72 h before
or after hospitalization in the unit. Among the included patients, 120
(71.4%) received antibiotics and 48 (28.6%) did not. Among the pa-
tients who received antibiotics, 19 were excluded because the antibi-
otics were justified by a documented non-pulmonary infection. The
average length of stay was 8.4 days and the median 7 days [0 days - 30
days].

The characteristics of the patients are presented in Table 1. The de-
mographics were similar between the two groups. Most of the patients
lived at home. Charlson’s co-morbidity score was low for both groups
(median = 6, IQR 5-7). Most patients received antibiotics (67.8% with
antibiotics vs 32.2% without).

SARS-CoV-2 RT-PCR was available in 99.3% of cases (i.e., SARS-CoV-
2 RT-PCR was not performed for one patient). A CT scan was performed
in 32 (78.5%) cases.

Corticosteroids were also more highly prescribed in the group
receiving antibiotics (23.0% versus 4.2%).

Antibiotics were introduced during the hospitalization in 77 (76.2%)
cases. For 57 (56.4%) patients, antibiotics were introduced during the
first day of hospitalisation. Blood cultures were frequently performed in
the antibiotic group (53.5% vs 33.3%). Two blood cultures came back
positive (Staphylococcus coagulase-negative), both in the antibiotics
group and none in the other. In the antibiotics group, 26 (25.7%) pa-
tients had a sputum examination, whereas only 3 (6.25%) had a sputum
examination in the non-antibiotics group. The duration of antibiotic
treatment was seven days. Antibiotics were not stopped, even if cultures
or sputum examination were negative.
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Table 2 Table 3
Risk factors of mortality (univariate model). Multivariate model of mortality.
HR brut 1C95% P Adjusted HR 95% CI p
ATB? 1.98 [0.926; 4.23] 0.08 ATB 1.539 [0.706; 3.354] 0.278
Age (years) 1.009 [0.954; 1.067] 0.7 MDRD at admission 0.994 [0.986; 1.002] 0.163
Sex 0.5 Leucocyte count at admission 1.097 [1.022; 1.178] 0.010

Female (ref) 1 Saturation at admission 0.927 [0.891; 0.964] 0.0001

Male 1.205 [0.690; 2.104]

Living place 0.2 Adjustment for the variables linked to the primary endpoint at the 5% threshold

Home(ref) 1 in univariate analysis (previous table).

Nursing home 1.549 [0.838; 2.862] Note: there was no adjustment for CRP or O, because these variables are linked
Medications before hospitalization 1.005 [0.9209; 1.096] 0.9 to antibiotic use and increase the variance of the estimators by more than 20%
Charlson Comorbidity Index 0.974 [0.826; 1.148] 0.7 (VIF test).

Infection 0.4

Community(ref) 1

Nosocomial 0.751 [0.362; 1.556] 65% of patients in the non-antibiotic group had been discharged from
MDRD" at admission 0.991 [0.983; 0.999] 0.02 hospital (Fig. 4).

Corticoids 1.449 [0.790; 2.658] 0.2 In multivariate analysis (Table 3), independent risk factors of mor-
Z}I:r;"iboj’r;‘;plgy;a’ds ?'gg: Fl)‘zzgf 1'(1)(1)33} 8'3)01 tality were an elevated leukocyte count and reduced oxygen saturation
Haen?oglobirslsa(: admission 1118 [0.956; 1.309] : 0.2 (HR =1.097 [1.022; 1.178] and HR =0.927 [0.891; 0.964],
Leucocytes at admission 1.115 [1.046; 1.190] <0.001 respectively).
Saturation at admission 0.9162 [0.882; 0.952] < 0.001
02° at entrance 1.153 [1.094; 1.216] < 0.001 4. Discussion
Temperature at admission (°C) 1.324 [0.975; 1.80] 0.07
p: Wald test As expected in our study, the overall mortality was 29.5% in subjects
* ATB: Antibiotics. aged > 80 years hospitalized in COVID-19 units. This value is lower than
‘: MDRD: modification of diet in renal disease. that in nursing homes but higher than that for hospitalized patients
02: Oxygen. overall [3,26-29]. We found a clear trend towards higher mortality in
the antibiotic group based on univariate and multivariate COX survival
) . but it is non-significant. Only an elevated leukocyte count and reduced
Kaplan-Meier survival curves - . . .
oxygen saturation at entrance could predict mortality during the stay.
24 —— ATB- Antibiotic prescription does not appear to worsen nor improve the vital
— ATB+ prognosis.

o | During the first wave of COVID-19, antibiotics were massively pre-
> ° scribed [6,7]. In our study, antibacterial agents were prescribed to
z o 67.8% of our patients. By contrast, the estimated rate of co-infection in
§ S 7 the literature is approximately 3-8% [14-16]. Evidence that could have
s encouraged introducing antibiotics was limited, as sputum examinations
% e were prescribed in only 12% of cases. This percentage was higher in the
@ antibiotics group (25.7%) but still low. Blood cultures were prescribed

~ more often, 47% of patients overall, increasing to 53.5% for those who

e Number of patients at risk received antibiotic therapy. However, only two blood cultures were

o |48 41 17 7 4 positive, one for Staphylococcus capitis and one for Staphylococcus hom-

o 7 1?1 8|8 E’f 3|3 114 inis. These bacteria make up part of the commensal skin flora and it is

0 5 10 15 20 possible that they come from contamination. The introduction of anti-

Time since start of hospitalization (days)

Fig. 4. Survival in the antibiotic group versus the antibiotic-free group. Log-
rank test for comparison of survival curves: p = 0.07. At the 5% threshold
level, there was no significant difference between the survival curves of the
ATB- and ATB+ groups.

In total, 205 antibiotic prescriptions were analysed for 101 patients.
The most commonly administered was penicillin, comprising 72 pre-
scriptions (35.1%), macrolides comprising 61 (29.8%), and cephalo-
sporins comprising 59 (28.8%) (Fig. 2). Thirty-one (30.7%) patients
received one antibiotic, most frequently amoxicillin plus clavulanic
acid, which was prescribed 15 times (48.4% of monotherapy). Dual
therapy was prescribed for 33 patients (32.7%), combining a macrolide
with cephalosporin in 19 prescriptions (57.6% of dual therapy) (Fig. 3).
Piperacillin plus tazobactam, a broad-spectrum antibiotic, was pre-
scribed 26 times (11.7% of prescriptions).

The overall mortality of our cohort was higher in the group receiving
antibiotics than in the other group (37 patients (36.6%) vs 7 patients
(14.6%), p = 0.07). According to the model resulting from the univari-
ate COX analysis (Table 2), the risk of mortality was higher (HR = 1.98
[0.926; 4.23]) but non-significant in the antibiotic group. By day 10,

biotics was highly associated with elevated CRP levels and the need for
oxygen at admission. An early rise in CRP levels can predict respiratory
failure and intubation in COVID-19 patients who are stable at admission
but it is not a sign of pulmonary co-infection [30,31].

Before the COVID-19 pandemic, one of the main objectives of the
WHO and other global organisations was to reduce and prevent anti-
microbial resistance [32]. With the first wave of COVID-19, prescribers
were confronted with a new threat and prescribed antibiotics, even
without evidence of its utility.

Numerous studies have addressed the protective effect of the
microbiota and the diversity of the microbiome against lethal viral
pneumonia [20-22]. The microbiome is altered in the elderly and by
antibiotics [23-25]. Lactobacillus sp. can help and modulate the in-
flammatory response and protect against lethal viral infections. How-
ever, this bacteria is sensitive to many of the antibiotics used in our
patients [33-35].

This study had several limitations, including the fact that it was a
monocentric study, retrospective, on a small number of participants, and
part of the data came from unstructured text collections and not a
standardized health record, with a possible bias of subjectivity. The date
of contamination and onset of symptoms were not known and therefore
the date of admission to the COVID-19 unit does not necessarily reflect
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the same duration of the disease before admission for all patients.
Moreover, the antibiotics prescribed were very heterogeneous in terms
of the molecules, combinations, duration of exposure, and route of
administration. Finally, there was no microbiota analysis in this cohort.

Nevertheless, this study is one of the first to focus on the use of an-
tibiotics against COVID-19, especially on a frail population aged 80
years or older. Our results are consistent with those of previous studies
on high mortality and antibiotic exposure, suggesting a similar phe-
nomenon in our population. This study could be complemented by an
analysis of the microbiota and its relationship with mortality in elderly
COVID-19 patients, as well as a randomised clinical trial measuring the
benefit-risk ratio of the most commonly used antibiotic therapies.

Clinicians should be cautious about antibiotic prescriptions in the
absence of strong evidence of mixed lung infection, especially because
their prevalence is not high, a certain diagnosis is not accessible, and the
benefit/risk ratio is not clear.

5. Conclusion

Mortality trended towards being higher in the antibiotics group. Our
study highlights the massive use of antibiotics against COVID-19 in very
frail elderly patients. Prescribers relied on little evidence to introduce
them. This study raises questions about the interest of antibiotic therapy,
its efficacy, and its effect on COVID-19 and merits further research.
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