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ABSTRACT

Introduction: The empiric use of antibiotics in Coronavirus
Disease-2019 (COVID-19) infection is not routinely recommended
unless a secondary bacterial infection is suspected or confirmed.
However, there have been reports of widespread antibiotic use
in COVID-19 patients, despite a low rate of secondary bacterial
co-infection. Therefore, this study aims to understand the factors
influencing the empirical prescription of antibacterial drugs in
Reverse Transcriptase-Polymerase Chain Reaction (RT-PCR)
confirmed COVID-19 patients in Indian settings, as the available
data is sparse and conflicting.

Aim: To determine the factors associated with antibacterial
prescription in patients with proven COVID-19 infection at a
tertiary care hospital.

Materials and Methods: An antibacterial surveillance study was
conducted at Nizam'’s Institute of Medical Sciences, Hyderabad,
Telangana, India. The study duration was two months, from
September 2020 to October 2020. The study included COVID-
19 patients admitted to critical and non-critical COVID-19
Care Units. Patient data, including demographics, general and
systemic examination details, biochemistry, pathological and
microbiological reports, and treatment details, were collected
using a specially designed form. Patients who were prescribed
antibacterial drugs (other than repurposed antibacterial drugs for
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COVID-19 treatment) were considered as cases, while the rest
were classified as controls. The Hazard Ratio (HR) for factors
associated with antibacterial prescription was estimated using
Cox regression analysis with the Statistical Package for Social
Sciences (SPSS) version 20.0.

Results: The study included 200 patients, of whom 45 (22.5%)
received antibacterial drugs and were classified as cases,
while the remaining 155 (77.5%) received antibacterial drugs
and were classified as controls. The median age of cases and
controls was 59 and 46 years, respectively. Cox regression
analysis showed that procalcitonin >1 ng/mL (HR: 1.074,
95% Confidence Interval [Cl]: 1.009-1.142, p-value=0.02) and
admission to the critical care unit were independent predictors
of antibacterial prescription. Additionally, high-dose steroid use
(>120 mg/day of Methylprednisolone [MPS]) was associated
with a 20% higher risk of antibacterial prescription, although
the values were statistically non-significant (HR: 1.203, 95%
Cl: 0.503-2.879, p=0.678).

Conclusion: Admission to critical care units and procalcitonin
levels >1 ng/mL were identified as independent predictors of
antibacterial prescription in COVID-19 patients. Compliance
with hospital-based standard treatment guidelines promotes
the rational use of antibacterial drugs.

Keywords: Antibiotic prescription, Antimicrobial stewardship, Antimicrobial resistance, Coronavirus disease-2019,

Methylprednisolone, Procalcitonin, Severe acute respiratory syndrome coronavirus-2

INTRODUCTION

COVID-19 is a viral infection caused by Severe Acute Respiratory
Syndrome Coronavirus-2 (SARS-CoV-2), and there is a limited role
for antibiotics in its management, unless a secondary bacterial
infection is confirmed or suspected. However, during the early
phase of the pandemic, widespread use of antibiotics for the
management of COVID-19 was reported, despite the low rate of
secondary bacterial infection or co-infection in RT-PCR confirmed
COVID-19 patients (2%-8%) [1,2]. This suggests a discrepancy
between antibiotic prescribing and the rate of bacterial co-infection.
In the past, infections with the influenza virus were known to alter
the respiratory environment and increase susceptibility to bacterial
infections [3]. However, current evidence does not indicate that
SARS-CoV-2 promotes secondary bacterial infections [4]. Antibiotics
must be used judiciously to avoid the growing threat of nosocomial
infections in patients with COVID-19 and other viral infections.

According to the interim guidance for clinical management of COVID-
19 released in May 2020 by the World Health Organisation (WHO),
the empiric use of antibiotics in patients with mild and moderate
CQOVID-19 disease is not recommended unless there is clinical
suspicion of bacterial infection, as it can contribute to increased
rates of antimicrobial resistance [5]. However, the guideline does
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recommend empiric use of antimicrobials to treat all likely pathogens
in COVID-19 patients admitted to critical care units with suspected
bacterial infections, after obtaining samples for culture susceptibility
testing. The Antimicrobial Stewardship Programme (AMSP) is a
program that promotes the rational use of antimicrobials. The goal
of the AMSP is to optimise clinical and healthcare outcomes while
minimising the unintended consequences of antimicrobial use. The
AMSP helps ensure that antibiotics are appropriately used for the
correct patient, at the correct dose, and for the correct duration [6,7].

The primary objective of this antibacterial surveillance study was to
determine the factors associated with antibacterial prescription in
patients with proven COVID-19 infection. The secondary objective
was to estimate the rate of antibacterial prescription and the rate of
microbiologically confirmed bacterial co-infection in patients with RT-
PCR confirmed COVID-19 infection admitted to COVID care units.

MATERIALS AND METHODS

An antibacterial surveillance study was conducted at Nizam'’s
Institute of Medical Sciences, Hyderabad, Telangana, India. The
study duration was two months, from September 2020 to October
2020. The study was conducted under the Indian Council of
Medical Research (ICMR) sponsored Antimicrobial Stewardship
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Programme (AMSP), which was approved by the Institutional Ethics
Committee (EC/NIMS/2426/2020 dated-09/06/2020).

Inclusion criteria: The study included RT-PCR confirmed COVID-
19 patients aged 18 years and above, of either gender.

Exclusion criteria: Patients with pre-existing antibacterial prescriptions
at the time of admission into COVID Care Units were excluded from
the study.

Study Procedure

Data was collected from the patients’ case sheets using a specially
designed case record form. This included demographic details,
clinical history and examination details, data from biochemical,
pathological, and microbiological reports, as well as, treatment
details, including prescribed antibacterial drugs. Data was collected
on a daily basis for the entire duration of hospitalisation from patients
admitted to COVID care units at the hospital. Routine investigations
ordered by treating clinicians for all COVID-19 patients included
Complete Blood Count (CBC) with Differential Cell Count (DLC),
complete urine examination, Liver Function Test (LFT), renal function
tests, random blood sugar, C-reactive Protein (CRP), serum ferritin,
lactate dehydrogenase, procalcitonin, and D-dimer. Chest X-ray
and, if required, High-resolution Computed Tomography (HRCT)
chest were also performed.

Out of the total patients, 45 (22.5%) were prescribed antibacterial
drugs and were considered as cases, while 155 (77.5%) received
antibacterial drugs and were classified as controls. The repurposed
antiviral drugs recommended by the National COVID-19 guideline
[8], including azithromycin, hydroxychloroquine, and doxycycline
[9,10], were not classified as antibacterial drugs for the purpose
of this study. Patients who were not prescribed antibacterial drugs
were classified as controls. The primary outcome measures were:
(i) Association of admission to critical care units, fever, steroid use,
DM, CRP>12 mg/100 mL, procalcitonin >1 ng/mL with antibacterial
prescription. The secondary outcomes were: (i) Percentage of
patients with antibacterial prescription as per WHO AWaRe (Access,
Watch, Reserve) [10] criteria; (i) Percentage of patients with
microbiologically confirmed bacterial infection.

STATISTICAL ANALYSIS

Descriptive statistics were used to summarise the data as
proportions for categorical variables. The outcome measures were
compared for association with cases using Fisher’s exact test for
categorical variables. The HR associated with different factors and
antibacterial prescription was estimated by Cox regression analysis
using SPSS version 20.0. A p-value of <0.05 was considered
statistically significant.

RESULTS

Data was collected from 205 patients using purposive sampling.
Out of these, 200 patients were included, while the remaining
five patients were excluded as they were already on antibiotics
upon admission. Among the enrolled patients, 45 (22.5%) were
prescribed antibacterial drugs and considered as cases, while the
control group included 155 (77.5%) patients.

Risk factors for antibacterial use were analysed using Fisher’s exact
test. Factors such as older age (>61 years), admission to critical
care units, Diabetes Mellitus (DM), co-morbidities, procalcitonin level
>1 ng/mL, Total Leucocyte Count (TLC) >11000 cells/mm?3, CRP
level >12 mg/1000 mL, steroid use (MPS >120 mg/day), oxygen
requirement, and invasive ventilation requirement were found to be
significantly associated with cases. The demographic and clinical
characteristics of cases and controls are shown in [Table/Fig-1].

COX regression analysis was conducted to determine the likelihood
of association between six factors (steroid use MPS >120 mg,
procalcitonin >1 ng/mL, CRP >12 mg/dL, DM, fever, and critical
care) and empirical antibacterial drug prescription. The results,
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Cases n=45 | Controls n=155

Parameters n (%) n (%)* p-value
Age (in years)
18-30 5(11.1) 40 (25.8) 0.04
31-45 4(8.9) 34 (21.9) 0.05
46-60 17 (37.7) 60 (38.7) 0.73
>61 19 (42.2) 21(13.5) 0.0001
Gender
Females 14 (31.2) 71 (45.8)

0.081
Males 31 (68.8) 84 (54.2)
Non critical units 8(17.8) 126 (81.9)

0.001
Critical units 37(82.2) 29 (18.7)
Presented with fever 34 (75.5) 97 (62.6) 0.113
Co-morbidities™ 35 (77.8) 73 (47.1) 0.003
DM 21 (46.7) 36 (23.2) 0.004
Long term immunosuppressants 2 (4.4 9 (5.80) 1.000
Procalcitonin >1 ng/mL 8(17.8) 4(2.6) 0.009
TLC >11,000/pL 19 (42.2) 9(5.8) 0.009
CRP >12 mg/dL 28 (62.2) 22 (14.2) 0.001
Steroid (MPS >120 mg/day) 20 (44.4) 19 (12.3) 0.001
Invasive ventilation 14 (31.1) 1(0.6) 0.001

[Table/Fig-1]: Characteristic of the study population. (n=200, Fisher’s-exact test).
*-Percentages for each parameter in the cases group is calculated with total number of cases

(45) as denominator
*-Percentages for each parameter in the control group is calculated with total number of controls
(155) as denominator, TLC: Total leucocyte count; CRP: C-reactive protein; MPS: Methylprednisolone

presented in [Table/Fig-2], identified admission to critical care as
a significant independent predictor, increasing the likelihood of
antibacterial prescription by five times. Procalcitonin >1 ng/mL also
significantly increased the likelihood by 7%. Although, high-dose
steroid prescription (>120 mg/day of MPS) was associated with a
20% higher risk of antibacterial prescription (HR: 1.203, 95% ClI,
0.503-2.879, p=0.678), this was not statistically significant. Fever,
elevated CRP, and DM were not associated with antibacterial
prescription in the present cohort of patients.

Variables Hazard ratio 95% CI p-value
Steroid (MPS >120 mg/day) 1.203 0.503-2.879 0.678
Procalcitonin >1 ng/mL 1.074 1.009-1.142 0.02
CRP >12 mg/dL 1.011 0.996-1.027 0.148
DM 1.090 0.523-2.273 0.818
Fever 1.064 0.485-2.335 0.876
Critical care 5.771 2.373-14.035 0.001

[Table/Fig-2]: Predictors of antibacterial use using COX regression.

*Methylprednisolone, MPS: Methylprednisolone; CRP: C-reactive protein; Cl: Confidence interval

The overall rate of antibacterial prescription was 22.5% (45/200
patients) for empirical use. Nine patients were started on a
combination of two antibacterial drugs, while 36 patients were
prescribed a single antibacterial drug empirically. The pattern of
empirical antimicrobial therapy is presented in a box and whisker
plot in [Table/Fig-3], where the Y-axis represents the number of days
of antibiotic.

use and the X-axis represents the number of patients prescribed
each antibiotic. Furthermore, the choice of antibiotics used empirically
belonged to the ‘Access and Watch’ group of the WHO AWaRe
classification. No drugs from the ‘Reserve’ group were used
empirically. Among the cases, appropriate cultures were sent for
21/45 (46%) patients, with 10/21 (48%) cultures vyielding positive
results. Antibiotic therapy was reviewed and rationalised in 7/10 (70%)
patients with positive cultures.

The rate of confirmed bacterial co-infection was 10 (5%). Out of
the 10 isolated bacteria, seven were gram-negative and three
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Pattern of Antimicrobial use

Cotrimoxazole (A) Clindamyein (A)

W Ciprofloxacin (W)

B Meropenem (W)
Amoxycillin+Clavulunic acid (A)

B Cefoperazone+Sulbactam (W)

1 Ofloxacin+ornidazole(W)
B Cefixime (W)
W Metronidazole (A)
B Ceftriaxone (W)
W Piperacillin+Tazobactam(W)

Number of Days
=
o N
-
=
——
.
—t——

Number of Patients

[Table/Fig-3]: Pattern of empirical antimicrobial use.

were gram-positive bacteria. Among the gram-negative isolates,
four were Kilebsiella pneumoniae (K. pneumoniae), one was
Escherichia coli (E. coli), and two were Acinetobacter baumanii
(A. baumanii). Carbapenem resistance was found in three isolates
of K. pneumoniae and one isolate of A. baumanii, while extended-
spectrum B-lactamase resistance was seen in one isolate each
of K. pneumoniae, E. coli, and A. baumanii. In patients with
carbapenem-resistant isolates, injection colistin was started in
combination with injection meropenem. For patients with ESBL-
producing organisms, antibiotic therapy was changed to injection
meropenem. Among the gram-positive bacteria isolated, two were
Enterococcus faecium and were sensitive to vancomycin and
linezolid, while the remaining one was methicillin-resistant
Staphylococcus haemolyticus. Injection linezolid, belonging to the
reserve group as per WHO AWaRe, was started in all three patients.

DISCUSSION

The present prospective study has demonstrated that admission
to critical care units and procalcitonin >1 ng/mL were independent
factors that increased the likelihood of empiric antibiotic prescription
in RT-PCR proven COVID-19 patients. The rate of antibacterial use
was found to be 22.5%, and the antibiotics used belonged to the
‘Access’ and ‘Watch’ group of the WHO AWaRe classification. The
rate of confirmed bacterial infection was 5% in the present cohort
of patients.

For COX regression analysis, the authors selected six factors based
on previous literature that showed an association with antibacterial
prescription in COVID-19 patients. These factors included age,
invasive ventilation, co-morbidity, severity of COVID-19, Intensive
Care Unit (ICU) admission, corticosteroid use, and procalcitonin use.
Age, Invasive ventilation were not included as separate factors as it
was observed majority of the patients admitted in critical care were
elderly, with severe disease and only patients who were admitted in
critical care were administered invasive ventilation. Co-morbidities,
apart from DM, were not included in the analysis due to the small
number of cases for each individual co-morbidity.

A cross-sectional study on the Malaysian population found that the
severe stage of COVID-19, elevated inflammatory blood parameters
(neutrophils, lymphocytes, and CRP), corticosteroid use, and ICU/
High Dependency Unit (HDU) admission were associated with
higher odds of antibiotic use [11]. A study from Bangladesh in
COVID-19 dedicated wards showed that severe COVID-19 and DM
were associated with higher odds of antibacterial prescription [12].
A retrospective study in the Indian population found that disease
severity and CRP were significantly associated with antimicrobial
prescription in COVID-19 patients. Although age >60 years was
associated with antimicrobial prescription on univariate analysis, it
was no longer significant on multivariable analysis [13]. These results
align with the findings of the present study regarding admission
to critical care units and high corticosteroid use. However, in the
present study, the likelihood of empiric antibiotic prescription was
not associated with DM or elevated CRP.
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Among the cohort of patients in this study, a majority of those
prescribed antibacterial drugs were elderly (>60 years) (42.2%),
compared to 3.5% in the control group. This can be explained
by a large meta-analysis that found older age (>60 years) to be
associated with a higher risk of severe COVID-19 disease and a
greater need for intensive care.

The present study’s results were also in line with WHO guidelines,
which recommend the use of empiric antibiotics in severe COVID-
19 infection based on clinical judgment, patient host factors, and
local epidemiology [14].

The rate of empiric antibacterial prescription in this study was only
22.5%, compared to national and international statistics ranging
from 57% to 95% [1,2]. The majority of empiric antibacterial drugs
prescribed in this study were from the ‘Watch’ group, guided by
the previous six months’ antibiogram of the hospital’s ICU units,
which justified their use. Furthermore, this prescription may be
justified in the critical care setting, as these patients had suspected
COVID-19-induced cytokine storm, were on immunosuppressives
including tocilizumab and steroids, and had undergone invasive
procedures. Antibacterial drugs from the ‘Reserve’ group were
only used definitively in patients with confirmed in-vitro sensitivity
reports. This rational pattern of antibacterial drug prescription can
be attributed to compliance with the local hospital-based guideline
for the treatment of COVID-19, released by the COVID-19 task force
of the Institute, which was adapted from WHO and national COVID-
19 guidelines and based on the principles of AMSP. The use of
antibacterial drugs in severe COVID-19 infection is recommended
as preliminary evidence shows that pneumonia causing fluid and
pus-filled pulmonary alveoli create a conducive environment for
bacteria such as Pseudomonas aeruginosa and Staphylococcus
aureus. Additionally, cytokine storm in severe COVID-19 induces a
proinflammatory response, which promotes immune dysregulation,
tissue damage, and predisposition to bacterial co-infection [15].

The rate of confirmed bacterial infection in COVID-19 patients was
found to be 5% in this study, while other studies have reported rates
ranging from 5% to 27% in severe COVID-19 patients [1,16,17]. A
multi-hospital cohort study in Michigan-based hospitals found the
incidence of community-onset bacterial co-infection to be 3.5%
(59/1705 patients) in those with confirmed COVID-19 infection [18].
Another retrospective study reported that the rate of secondary
bacterial infections in critically ill COVID-19 patients was 68% [19].
The low rate of bacterial infection in this study may be attributed to
the inclusion of COVID-19 patients across all spectrums of disease
severity, as studies indicate that severe illness is a risk factor for
secondary infection [15,17-18]. The majority of organisms isolated
were carbapenem-resistant in four patients, followed by Extended-
spectrum Beta-lactamase (ESBL) producing organisms in three
patients, and vancomycin-sensitive Enterococcus faecium in two
patients, and methicillin-resistant Staphylococcus haemolyticus in
one patient, indicating that the majority of infections were hospital-
acquired. A retrospective cohort study in critically ill COVID-19
patients found gram-negative bacilli to be the most frequent (82%),
followed by gram-positive cocci (66%), and gram-negative cocci
(24%) [19].

A study conducted in moderate to severe COVID-19 patients
from India reported Klebsiella pneumoniae and Escherichia coli in
four and two isolates, respectively, from nine urine culture positive
reports, and one patient had Enterococcus in blood culture. This
finding is consistent with the bacterial isolates found in the present
cohort of patients [20]. The study further reported that patients
with co-infections had higher mortality. Additionally, studies have
reported that the median time to secondary infection in critically ill
COVID-19 patients was 10-12 days, and the median time to death
was 19 days, indicating that secondary infections leading to sepsis
and septic shock may be an important cause of mortality in critically
il COVID-19 patients [21,22]. It is crucially important to identify



Roopali Kedar Somani et al., Factors Influencing the Prescription of Antibacterials in COVID-19 Patients

such patients and initiate empirical antibacterial therapy as early
as possible, especially in the setting of sepsis due to bacterial co-
infection in COVID-19 patients.

Distinguishing between exacerbation of viral pneumonia and
secondary bacterial infection in a COVID-19 patient is difficult due to
similar clinical presentation, radiological findings, and the absence
of specific biological markers. Additionally, isolating bacteria is
challenging in COVID-19 patients due to the scarcity of sputum
production and the modest yield of sputum samples, which limits the
ability to obtain satisfactory samples for bacterial identification and
other microbiological studies [23]. Furthermore, the administration of
exogenous steroids increases neutrophil count mainly through two
mechanisms: glucocorticoids increase the migration of neutrophils
from the bone marrow to the blood and increase their overall survival
[24,25]. This steroid-induced neutrophilia creates a perplexing
clinical picture, further complicating the decision regarding the
initiation and discontinuation of antibiotics despite negative blood
cultures. In such scenarios, procalcitonin may prove to be a useful
marker for distinguishing between viral and bacterial pneumonia.
Procalcitonin levels are usually expected to be low in viral infections
since macrophages secrete interferon-y, which inhibits the secretion
of procalcitonin. However, in bacterial infections, procalcitonin is
typically elevated, with higher values seen in systemic compared to
localised infections and with more pathogenic organisms [26-28].
However, some studies have reported that elevated procalcitonin
is associated with severe COVID-19, which is a hyperinflammatory
state [29].

Thus, there is an urgent need to develop a rapid diagnostic test
to differentiate between bacterial and viral infections. This would
help maintain the balance between over-prescribing empirical
antimicrobial prescriptions in mild to moderate viral illnesses and
early initiation of antibacterial therapy in suspected bacterial sepsis
during a viral iliness. Such a test could guide AMSP practices in
the future and play a role in preventing the unnecessary use of
antibacterial drugs in patients with viral infections.

The present study was conducted during the first wave of COVID-
19 in India, between September 2020 and October 2020. Only
a few frontline workers with mild COVID-19 were admitted for
isolation purposes. This allowed the authors to analyse the pattern
of antibacterial prescription across the spectrum of disease severity,
factors associated with empirical antibiotic use, the choice of
empiric antibiotics, and the pattern of secondary bacterial infection.

Limitation(s)

The present study was a single-centre study, limiting the
generalisability of the findings. The authors focused on assessing
changes in process measures rather than outcomes such as
microbial resistance levels and clinical outcomes.

CONCLUSION(S)

The present study has shown that admission to the ICU and
procalcitonin levels were independent predictors of antibiotic
prescription in COVID-19 patients. The rate of antibacterial use
was found to be 22.5%, with antibiotics from the “Access and
Watch” group of the WHO AWaRe classification being prescribed.
The rate of confirmed bacterial infection in this cohort of patients
was 5%. Compliance with hospital-based standard treatment
guidelines promotes the rational use of antibacterials. Understanding
patterns and predictors of antibacterial prescribing can help identify
opportunities for interventions and target antimicrobial stewardship
strategies to improve the rational use of antibacterials.
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