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Abstract
The COVID-19 pandemic led to widespread antibiotic use despite limited evidence supporting their effectiveness 
against viral infections. In Romania, national treatment protocols evolved to reflect emerging data, particularly 
discouraging antibiotics in the absence of  bacterial infection. This study evaluates how prescribers adapted their 
antibiotic prescribing after a major revision of  Romania’s COVID-19 treatment protocol. It also examines anti-
biotic use based on the WHO AWaRe classification and potential effects on Clostridioides difficile infection (CDI) 
incidence. This retrospective study analyzed non-ICU adult COVID-19 patients admitted to a support hospital in 
Cluj-Napoca, Romania, from November 2020 to May 2021. Data from electronic hospital records included antibi-
otic prescriptions, bacterial infection diagnoses, and CDI occurrence. Antibiotic prescribing patterns were compared 
before and after the protocol revision on December 15, 2020. Among 298 patients, 75.5% had not received anti-
biotics before admission, yet 85.9% received them in-hospital. Following the protocol change, in-hospital antibiotic 
use significantly decreased (p=0.02), especially in moderate COVID-19 cases (p=0.003), though pre-hospital use 
remained unchanged. The most prescribed antibiotics belonged to the WHO “Watch” category. CDI was diag-
nosed in 8.38% of  patients, with no significant link to antibiotic use (p=0.36). While the protocol revision reduced 
in-hospital antibiotic prescribing, outpatient use remained high, emphasizing the need for stronger antimicrobial 
stewardship. Continued efforts are essential to optimize antibiotic use and curb antimicrobial resistance, particularly 
in settings with high antibiotic consumption.
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Introduction
In the first months of the COVID-19 pandem-

ic, several drugs were used to manage SARS-CoV-2 
infection and its symptoms in the absence of a 
specific treatment [1]. Uncertainty and lack of evi-
dence had characterized the onset of the COVID-19 
pandemic, with limited data to guide diagnosis and 
treatment plans. Different classes of drugs, in-
cluding antibiotics, were largely prescribed with-
out strong evidence of efficacy [2]. In Romania, the 
national therapeutic protocol for SARS-Cov 2 in-
fection (”Protocolul de tratament al infecției cu vi-
rusul SARS-Cov 2” issued by the Ministry of Health 

no. 487/23.03.2020) was published in the first 
days of the pandemic, to navigate the uncertain-
ty of a new disease. The first therapeutic protocol 
for COVID-19 in Romania included the sentence 
“antibiotics can be used in case of...” and it detailed 
different examples of antibiotics used to treat 
bacterial pneumonia, although it mentioned that 
bacterial infection is rarer in COVID-19 than in the 
case of influenza. As new evidence emerged, the 
national protocol was revised eight months later. 
The updated version from 27.11.2020 (published on 
3.12.2020) clearly stated that “no antibiotics shall 
be used unless a bacterial infection is detected”. We 
considered that this change in the protocol was an 
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inflection point that could have had a significant 
impact on the antibiotic treatment. The aim of this 
study is to evaluate how the prescribers changed 
their prescription strategy regarding antibiotics in 
COVID-19 based on the new version of the pro-
tocol. Also, in the context of an increased risk of 
Clostridioides difficile (formerly Clostridium diffi-
cile) infection (CDI), we evaluated the prescription 
of antibiotics (ATC J01) according to WHO AWaRe 
classification of antibiotics [3] and antisecretory 
drugs (ATC A02B), both classes associated with an 
increased risk of CDI.

Material and methods

Study design and setting
The study population included all consecu-

tive non-intensive care patients who tested pos-
itive for the SARS-CoV-2 virus and were admitted 
to a clinical hospital in Cluj-Napoca, Romania, that 
served as a supporting hospital for COVID-19 pa-
tients. We extracted retrospective data from adult 
patients with mild, moderate and severe/critical 
COVID-19 between November 2020 and May 2021. 
The study was approved by the Ethics Committee 
of Iuliu Hatieganu University of Medicine and Phar-
macy, Cluj-Napoca (NR.AVZ221/14.11.2024) and re-
spects the principles of the Helsinki Declaration.

Participants and variables
The following data were extracted from the 

hospital’s electronic system: demographic infor-
mation, clinical data for severity classification, 
microbiological laboratory tests, including blood 
and urine cultures, and other relevant laboratory 
tests, including Clostridioides difficile diagnosis 
and prescription data. The study data collected 
was anonymized.

Disease classification was done according 
to the updated national protocol and the WHO 
guideline as follows: a) Mild form: symptomatic 
patients without pneumonia or hypoxia who meet 
the case definition of the disease; b) Moderate 
form: clinical signs of pneumonia, including chest 
imaging, but no signs of severe pneumonia and a 
SpO2>94%; c) Severe form: the presence of any of 
the following - respiratory rate >30 breaths/min, 
oxygen saturation SpO2 (resting state) ≤94% or 
Critical form: respiratory failure requiring me-
chanical ventilation, shock, organ failure that 
needs ICU admission. Clostridioides difficile in-
fection was defined as diarrhoea, and glutamate 
dehydrogenase (GDH) and A/B toxins were de-
tected positively in the stool samples.

Extracted prescription data regarding an-
tibiotics includes antibiotic treatment prior to 
hospitalization antibiotic treatment during hos-

pitalization, including treatment length, antibiotic 
associations or escalations/de-escalations. An-
tisecretory medication extracted includes proton 
pump inhibitors (PPIs) and H2-antagonists. We 
also evaluated the glucocorticoid treatment pre-
scribed during admission.

Patients were treated according to the na-
tional COVID-19 protocol based on their severity 
and comorbidities with oxygen by nasal cannula/
face mask, high flow or non-invasive mechanical 
ventilation, antivirals, anticoagulants, immuno-
modulators such as glucocorticoids, and antibiot-
ics for bacterial superinfection. 

To analyze the impact of antibiotic prescrib-
ing after the change of the national protocol, 
we divided the cohort into before and after 15 
December 2020. A two-week period of transition 
between the publication of the protocol and its 
implementation was established. 

Statistical analysis
Descriptive statistics were used to describe 

the general characteristics, demographics, and 
disease severity of the study population. Con-
tinuous variables were presented as means with 
standard deviations (SD).

The frequency and types of antibiotics used 
before and during hospitalization were analyzed. 
Proportions of patients receiving no antibiotics, 
antibiotic monotherapy, and antibiotic combina-
tion/escalation were calculated and presented.

Hypothesis testing was performed using 
chi-square tests to compare categorical varia-
bles. Where appropriate, analyses were stratified 
by protocol timing (before versus after the revi-
sion) and illness severity (mild, moderate, severe). 
When applicable, Fisher’s exact test was used to 
obtain exact p-values. A p-value of <0.05 was con-
sidered statistically significant.

Statistical analysis was performed using Jamovi 
version 2.3 [4].

Results
The study population consisted of patients 

hospitalized with COVID-19 in a COVID-19 sup-
port hospital in Cluj County, Romania. From 
November 2020 to May 2021, 298 patients were 
hospitalized with a positive test for the Sars-
CoV-2 virus according to the national diagnostic 
guidelines either by RT-PCR or point-of-care an-
tigenic testing. Patients’ characteristics are de-
scribed in Table 1. Among the patients admitted to 
the hospital, 64.4% had severe disease, 32.2% had 
moderate disease and 3.3% had mild disease, with 
most patients being older adults.

Before hospitalization, 75.5% of the patients 
(N=225) did not receive any antibiotics at home. 
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However, 22.5% (N=67) had antibiotic monother-
apy, and 2% (N=6) were on an antibiotic combina-
tion or received more than one antibiotic in the 
past three days before admission. Macrolides rep-
resent the most used group of antibiotics. Access 
group antibiotics represent 19.17% of total antibi-
otics. The distribution of specific antibiotics prior 
to hospitalization is noted in Table 2.

During hospitalization, antibiotic use in-
creased significantly compared to before hospital-
ization. Only 14.09% (42 patients) did not receive an 
antibiotic; the rest of them, 49.32% (147 patients), 
received one antibiotic, and 36.57% (109 patients) 
received at least two antibiotics either in combi-
nation or an escalation to the first one. The most 
prescribed antibiotics during hospitalization were 
beta-lactams, notably a 3rd generation cephalo-
sporine, ceftriaxone, and a Watch group antibiot-
ic. The distribution of specific antibiotics can be 
seen in Table 3, noting that more than a third of 
the patients received either a combination of anti-
biotics or received more than one antibiotic dur-
ing their stay. Of these antibiotics, 12.95% are from 

the Access group, 81.86% from the Watch group, 
and 5.18% from the Reserved group.

During hospitalization, antisecretory therapy, 
either a proton pump inhibitor (PPI) or an H2-re-
ceptor antagonist, was administered to nearly all 
patients, with only 3 individuals (1%) not receiving 
such treatment. Similarly, glucocorticoid therapy 
was withheld in just 5 patients (1.67%), all of whom 
had mild forms of COVID-19.

We analyzed the impact of national proto-
col change in recommendations concerning an-
tibiotics during the interval of time studied. The 
change in the national treatment protocol notably 
impacted antibiotic prescriptions only for hospital 
use. Before the protocol change, antibiotics were 
prescribed to 23.6% (30 patients) before hospital-
ization and 91.3% (116 patients) during hospitali-
zation. After the protocol change, 22.2% (38 pa-
tients) of out-hospital and 81.8% (140 patients) of 
in-hospital received antibiotic treatment. The 
chi-square test indicated no significant difference 
in pre-hospitalization antibiotic use (χ²=0.0811, 
p=0.776) (Table 4), but a significant reduction in 

Table 1. Characteristics of age, sex and severity for the patients admitted to the hospital.

Sex Severity No. Age (Mean±SD)

Female

Mild 5 71.2±13.4

Moderate 44 69.6±11.3

Severe 97 66.6±10

Male

Mild 5 59.4±13.9

Moderate 52 65.8±10.4

Severe 95 64.4±10.9

Table 2. Antibiotic use prior to hospitalization.

Antibiotic before hospitalization No. (total=73) % AWaRe class 
according to WHO

Beta-lactams

Amoxicillin/
Clavulanic acid 3 3.80 Access

Ampicillin/
Sulbactam 1 1.27 Access

Cephalexin 1 1.27 Access

Cefuroxime 7 8.86 Watch

Cefixime 16 20.25 Watch

Macrolides
Azithromycin 33 41.77 Watch

Clarithromycin 1 1.27 Watch

Tetracycline Doxycycline 9 11.39 Access

Fluoroquinolones
Ciprofloxacin 1 1.27 Watch

Levofloxacin 2 2.53 Watch

Unspecified 5 6.33 - 
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in-hospital antibiotic use (χ²=5.395, p=0.02) fol-
lowing the protocol change (Table 5). We per-
formed a layered analysis based on severity. We 
noted clinicians reduced antibiotic prescribing af-
ter the protocol change in patients with moderate 
forms (p=0.003), with the other groups unaffected.

The study investigated the relationship be-
tween antibiotic use during hospitalization and 
the incidence of CDI. Out of the 298 patients, 
8.38% (25 patients) had clinical manifestations of 
colitis and a positive stool test for C. difficile toxin 

(a calculated prevalence of 56.5 cases/10.000 pa-
tient-days). The chi-square test showed no signif-
icant association between antibiotic treatment in 
the hospital and CDI (χ²=0.837, p=0.36) (Table 6). 
Similarly, the use of probiotics did not show a sig-
nificant relationship with CDI incidence (χ²=0.295, 
p=0.587) (Table 7).

We analyzed the length of hospital stay for 
patients with and without CDI who were hospi-
talized with COVID-19. The median hospital stay 
for patients without CDI was 13 days (IQR 10–17), 

Table 3. Antibiotics used during hospitalization.

Antibiotic during hospitalization No. (total=256 patients/ 
386 antibiotics) % AWaRe class 

according to WHO

Beta-lactams

Amoxicillin/
Clavulanate 4 1.03 Access

Ampicillin/
Sulbactam 1 0.26 Access

Oxacillin 1 0.26 Access

Piperacillin/
Tazobactam 66 17.01 Watch

Ceftriaxone 208 53.61 Watch

Ceftazidime 4 1.03 Watch

Ceftazidime/
Avibactam 2 0.52 Reserved

Imipenem/Cilastatin 1 0.26 Reserved

Meropenem 19 4.9 Watch

Glycopeptides
Vancomycin 9 2.32 Watch

Teicoplanin 1 0.26 Watch

Macrolides Azithromycin 2 0.52 Watch

Cyclines
Doxycycline 40 10.31 Access

Tigecycline 5 1.29 Reserved

Oxazolidinone Linezolid 7 1.8 Reserved

Polymyxin Colistin 5 1.29 Reserved

Other classes of 
antibiotics

Fosfomycin (Oral) 5 1.29 Watch

Metronidazole 4 1.03 Access

Rifaximin 2 0.52 Watch

Amikacin 1 0.26 Access

Ciprofloxacin 1 0.26 Watch

Table 4. Antibiotic usage before hospital admission.
Protocol change Antibiotic No antibiotic Total χ² p

Before 30 97 127

0.0811 0.776After 38 133 171

Total 68 230 298
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compared to 19 days (IQR 12–30) for patients with 
CDI, with the difference being statistically signif-
icant (p<0.001). 

Discussion
Several treatments were introduced in the 

early months of the COVID-19 pandemic based on 
preliminary and limited evidence from small-scale 
studies. Some of these therapies were later found 
to be ineffective [2, 5, 6] and, in certain cases, po-
tentially harmful, for example, increasing the risk 
of CDI infection [7]. In Romania, the Ministry of 

Health published a national therapeutic protocol 
in the early days of the pandemic (23 March 2020), 
with subsequent modifications as new evidence 
emerged. (Supplementary in Romanian). Although 
referred to as a protocol, this document is more of 
a guideline, as it aims to inform and support clin-
ical decision-making rather than provide a step-
by-step procedural framework. 

The American Academy of Family Physicians 
(AAFP) published standards for developing trust-
worthy guidelines [8], together with tools for cli-
nicians to differentiate between guidelines that 
provide trustworthy evidence guidance and those 
that do not [9]. 

* – Fisher’s exact test.

Table 5. In-hospital antibiotic usage by severity of condition.

Severity Protocol 
change

In-hospital antibiotic usage
Total χ² p

Yes No

Mild

Before 6 1 7

0.476 0.49 (1*)After 3 0 3

Total 9 1 10

Moderate

Before 41 3 44

8.613 0.003 (0.004*)After 36 16 52

Total 77 19 96

Severe

Before 69 7 76

0.626 0.3429After 101 15 116

Total 170 22 192

Total

Before 116 11 127

5.395 0.02After 140 31 171

Total 256 42 298

Table 6. Association between hospital antibiotic treatment and incidence of Clostridium difficile infection.

Hospital ATB 
treatment

CDI
Total χ² p

Yes No

Yes 23 233 256

0.837 0.36 (0.539*)No 2 40 42

Total 25 273 298

* – Fisher’s exact test.

Table 7. Association between probiotic use and incidence of Clostridium difficile infection.

Probiotic
CDI

Total χ² p
Yes No

Yes 7 91 98

0.295 0.587No 18 182 200

Total 25 273 298
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Although the Romanian protocol recommend-
ed antibiotic treatment only in patients with prov-
en bacterial infections, antibiotic prescribing for 
patients admitted for COVID-19 was common, 
even without clear evidence of a bacterial infec-
tion. This may be partly explained by the clinical 
uncertainty at the time, limited access to rapid 
diagnostic tools, and the overlap between bacte-
rial and viral pneumonia symptoms, which made 
distinguishing the two particularly difficult in the 
early stages of the pandemic. Clinicians often pre-
scribed empirical antibiotic therapy out of cau-
tion, especially in patients at risk of deterioration. 
Another study on the Romanian population that 
compared CDI infection before and during the 
COVID-19 pandemic noticed an overuse of anti-
biotics in COVID-19 patients, with 86.3% of them 
receiving antibiotics before the CDI diagnosis [10]. 
Similarly, antisecretory drugs were also excessive-
ly used. However, this may reflect a precautionary 
approach, especially in patients with an increased 
risk of gastrointestinal complications—such as 
those in intensive care or receiving NSAIDs along-
side corticosteroids [11]. 

Multiple studies have shown that PPI use is 
linked to a higher incidence of CDI, especially in 
hospitalized and immunocompromised patients 
[12, 13]. H2-receptor antagonists may have a lower 
risk than PPIs but are still linked to CDI [14]. Cor-
ticosteroids alone are not associated with an in-
creased risk of CDI [15], but they are associated 
with an increase in mortality in patients who have 
developed CDI [16]. 

The change in the treatment protocol for 
COVID-19 had a minor effect on improving the 
prescribing habits of antibiotics in the hospitals 
and had no effect on antibiotics used prior to ad-
mission in an ambulatory settlement. How a rec-
ommendation is articulated in a clinical practice 
guideline or protocol is pivotal to how prescrib-
ers respond [8]. In evaluating antibiotic use, it is 
important to consider the complex factors that 
influence clinical decisions. Physicians may be 
guided by caution, fear of clinical deterioration, 
or therapeutic inertia, especially in the context of 
a novel and evolving disease. In addition, external 
factors such as patient expectations, system pres-
sures, and the practical challenges of implement-
ing national policies or guidelines can significantly 
affect prescribing behavior [17, 18].

Local support at the patient’s bedside 
through antibiotic stewardship programs is nec-
essary, especially in the context of a health emer-
gency when the pressure on the health system 
is increased. Romania faces some of the highest 
levels of microbial antibiotic resistance in Europe 
[19], so the introduction of a national-level antibi-
otic stewardship program in Romania is an emer-
gency. The AWaRe classification of antibiotics is 
a tool for monitoring antibiotic consumption at 

local and national level, defining targets and mon-
itoring the effects of stewardship policies that 
aim to reduce antimicrobial resistance [3]. This 
study also evaluated antibiotic consumption from 
the AWaRe point of view to establish the starting 
point of future programs that will address the op-
timization of antibiotic therapy. Studies assess-
ing knowledge, attitudes, and practices regarding 
antibiotic use are needed to evaluate reasons for 
poor adherence to guidelines and protocols.

A limitation of our study is that data collected 
from patients did not mention whether the anti-
biotics used before admission were prescribed by 
a primary care physician or self-medication. Al-
though the release of antibiotics from the phar-
macy without a prescription was not allowed at 
that time, still a quarter of Romanians have tak-
en an antibiotic without a prescription [20]. Since 
during the pandemic, self-medication with antibi-
otics increased [21] and, in our country, antibiotic 
self-medication represents a problem [22], it is ex-
pected that a large part of these cases is self-med-
ication, therefore, not influenced by the change in 
the protocol.

Conclusion
The revision of Romania’s national COVID-19 

treatment protocol led to a significant reduction in 
antibiotic prescribing within hospitals, particularly 
for patients with moderate disease severity. How-
ever, antibiotic use before hospitalization remained 
unchanged, suggesting that outpatient prescrib-
ing practices were less influenced by the updated 
guidelines. The continued high use of “Watch” cat-
egory antibiotics and the lack of significant asso-
ciation between antibiotic use and CDI highlight 
the complexities of antimicrobial stewardship in 
pandemic settings. These findings emphasize the 
urgent need for targeted interventions, such as an-
tibiotic stewardship programs and clinician educa-
tion, to optimize antibiotic use and reduce the risk 
of antimicrobial resistance in Romania.
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