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Abstract

Antimicrobial stewardship is essential to reducing antimicrobial resistance, reducing costs, and, crucially, ensuring good
patient care. Community-acquired pneumonia (CAP) is a common medical condition, the symptoms of which show a sig-
nificant overlap with those of COVID-19. Following the COVID-19 outbreak in Ireland, patients presenting to our hospital
with features of a respiratory infection were more commonly reviewed within 24 hours (24h) of admission by an infectious
disease (ID) or respiratory specialist. We aimed to assess how the change in service provision, involving frequent specialist
reviews of patients admitted with features of CAP during the first wave of the COVID-19 pandemic, affected antimicrobial
stewardship and prescribing practices. Patients admitted under general medical teams treated for CAP from March—April
2020 were included. Retrospective data including demographics, CURB-65 score, and antimicrobial therapy were col-
lected, as well as information on whether the patient had undergone specialist review by an ID or respiratory physician.
Data were compared to a similar cohort treated for CAP between November 2019 and January 2020, though in this cohort,
before the era of COVID-19, none of the patients had undergone specialist review. Seventy-six patients were included from
the March—April 2020 cohort, with 77 from November 2019-January 2020 for comparison. An ID or respiratory specialist
reviewed 35 patients from the March—April cohort within 24 h of admission. There was a higher rate of appropriate escalation,
de-escalation, and continuation of antibiotics among those reviewed. Less than 20% of patients were started on antibiotics
in accordance with CAP guidelines on admission, though the antibiotics initiated were frequently deemed appropriate in
the clinical setting. Specialist review increases rates of appropriate antimicrobial prescribing and adherence with hospital
guidelines in patients with CAP.
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Introduction

Pneumonia is a common infectious cause of morbidity and
mortality. It is considered the leading infection causing death
in the USA [1], with a significant social and economic cost
[2]. Non-compliance with prescribing guidelines is asso-
ciated with longer hospital stays, increased mortality, and
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higher costs [3]. It is well documented that infectious dis-
ease specialist input reduces the rate of inappropriate pre-
scribing and has been associated with shorter admission and
decreased mortality [4].

The usefulness of well-validated scoring systems such as
the CURB-65 in assessing severity and predicting mortality
in patients admitted with Community-Associated Pneumonia
(CAP) is well established [5], and the CURB-65 score is
often used to form the basis of prescribing guidelines in hos-
pitalized patients. The CURB-65 score is calculated based
on five prognostic indicators, awarding one point for each
of the following:

— Confusion
— Raised blood urea nitrogen (>7 mmol/l)
— Raised respiratory rate (> 30 breaths/minute)
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— Low systolic blood pressure (diastolic <60 mmHg or
systolic < 90 mmHg) and
— age (65 years or older)

This allows physicians to stratify patients according to
mortality risk and guides decision-making in both a com-
munity and hospital setting regarding the suitability for out-
patient management versus the need for hospitalization [6].
It is also used to guide the optimal choice of antimicrobial
therapy.

The diagnosis of superimposed bacterial infections in
COVID-19 is challenging, due to overlapping clinical and
radiological findings, as well as the added complexities of
performing diagnostic procedures in patients with COVID-
19 due to the risk to healthcare workers [7]. An international
survey of antibiotic use in COVID-19 patients showed high
rates of broad-spectrum antibiotic use, concluding that phy-
sicians should adhere to antimicrobial stewardship principles
in order to reduce negative consequences of antimicrobials

[8].

Methods

Patients treated for CAP between March—April 2020 were
included. CAP was defined as either radiological evidence
of pneumonia or a high clinical suspicion of pneumonia on
the basis of history and examination in the absence of radio-
logical findings.

Retrospective data were collected from electronic
patient records, including demographics, documentation of
CURB-65 score, microbiological and radiological results,
and length of stay. Details of each patient’s antimicrobial
therapy, including whether the antimicrobials initiated at
the time of admission were compliant with hospital guide-
lines, whether they were appropriate in the clinical context,
whether they were escalated or de-escalated during the
course of admission (and whether this was appropriate in
the clinical context), and the duration of therapy, were all
recorded.

The antibiotic initiated by the admitting doctor (typically
a non-consultant hospital doctor, often outside of regular
working hours) was documented as the initial antibiotic, and
changes made thereafter (including changes made on the
post-take ward round or later in the admission) were also
recorded.

If an antibiotic was administered intravenously, despite
hospital guidelines advising oral administration for the
CURB-65 score in question, this was recorded as being
“non-compliant” with hospital guidelines.

In cases where the choice and route of antibiotic were
incongruent with prescribing guidelines, further informa-
tion was sought to clarify the reason for this. This included
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the presence of allergies and intolerances, contraindications,
recent courses of antibiotics in the community, and informa-
tion on prior sputum culture sensitivities that might have
guided the choice of antibiotics.

Data were compared with a similar cohort of patients
treated for CAP between November 2019 and January 2020.

We also recorded whether patients underwent specialist
review by ID or respiratory services within 24 h of admis-
sion to hospital. This was a common occurrence among
the March—April 2020 cohort (due to the outbreak of the
COVID-19 pandemic), but did not occur in the Novem-
ber 2019-January 2020 cohort. Among the patients in
the November 2019-January 2020 cohort, some had been
assessed by the antimicrobial stewardship (AMS) team, but
this did not typically occur within 24 h of admission. The
AMS team made recommendations based on a virtual review
of the patient’s condition and treatment regimen via the elec-
tronic patient records.

We used Microsoft Excel 2019® to compile data, with
statistical analysis performed using IBM SPSS Statistics
v.26.0 (IBM Corp., Armonk, NY). Categorical data was cal-
culated using chi-squared test, while Mann—Whitney U test
was used for non-normally distributed nominal data (length
of stay, duration of treatment).

Inclusion Criteria

Patients admitted under a medical team with a clinical or
radiological diagnosis of CAP, including those who had a
suspected or confirmed diagnosis of COVID-19 with a sus-
pected superimposed bacterial pneumonia.

Exclusion Criteria

Patients meeting the criteria for hospital-acquired or health-
care-associated pneumonia were excluded.

Patients with an infective exacerbation of COPD with-
out clinical radiological features of pneumonia were also
excluded.

Results

Seventy-six patients were included from March—April 2020,
with 77 from November 2019-January 2020 for comparison.
Details regarding their demographics, admission details, and
antimicrobials initiated are outlined in Table 1. The two
groups were similar in terms of age, gender, compliance
with hospital guidelines, and treatment duration. There was a
difference in the median length of stay, with patients admit-
ted in the period from March—April 2020 staying an average
of 2 days longer compared to those admitted between Nov
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Table 1 Baseline demographics and initial treatment

Characteristic March—April 2020 cohort Nov 2019-Jan 2020 cohort P value
(N=176) N=177)
Age (years) median (IQR) 74 (62.8-84.3) 68 (60-77) 0.07
Female sex [n (%)] 37 (48.7%) 43 (55.8%) 0.38
Length of stay (days) [median (IQR)] 9 (6-16) 7 (4-10) 0.03
CURB-65 score documented [n (%)] 12 (15.7%) 14 (18.2%) 0.69
SARS-CoV-2 positive (within 1 week of admission) [n (%)] 14 (18.4%) N/A
Antibiotics
Compliant with hospital guidelines [n (%)] 14 (18.4%) 13 (16.9%) 0.8
Appropriate in clinical context [n (%)] 57 (75%) 54 (70.1%) 0.5
Duration of antibiotics used in the treatment of CAP (days) [median 7 (7-10) 8 (7-10) 0.62
(IQR)]
Discharged on antibiotics [1n (%)] 31/65 (47.7%) 35/71 (49.3%) 0.852
CURB-65 score [n (%)]
0 19 (25%) 18 (23.4%)
1 25 (32.9%) 33 (42.9%)
2 22 (28.9%) 20 (26%) 0.42
3 10 (13.2%) 5(6.5%)
4-5 0 1(1.3%)

IQR interquartile range, CAP community acquired pneumonia

2019-Jan 2020, and this was statistically significant (9 days
vs 7 days, p=0.03).

Compliance with Hospital Guidelines

We found a low level of compliance with hospital prescrib-
ing guidelines (18.4% and 16.9%, respectively), but that the
majority of the antimicrobials used were deemed appro-
priate in the clinical context. The main examples of non-
compliance with guidelines included the use of intravenous
antibiotics where oral antibiotics were advised, and the use
of broad-spectrum antibiotics where narrow-spectrum was
advised. The use of co-amoxiclav where amoxicillin was
recommended and the use of intravenous co-amoxiclav
where oral co-amoxiclav was recommended were the two
most common deviations from the guidelines.

Common reasons for deviating from hospital guidelines
included prior resistant organisms grown in sputum, unsuit-
ability of the oral route for drug administration, acutely
unwell patients deemed to warrant intravenous antibiotics,
patients reporting no improvement with oral antibiotics in
the community, and concerning features on chest radiog-
raphy (such as pleural effusion). The reason elicited from
medical notes for deviating from the guidelines were typi-
cally considered appropriate based on the clinical context
(75% and 70.1%, respectively).

Documentation of the CURB-65 score was poor, and
while a higher percentage of those with a documented
CURB-65 score was initiated on therapy in accordance with

the hospital guidelines (33.3 vs 15.6%), this was not statisti-
cally significant.

Choices of Antibiotics
The various antibiotics initiated at the time of admission are
outlined in Table 2.

Coamoxiclav was the most commonly prescribed anti-
microbial in the treatment of CAP, usually with a second

Table 2 Choice of antibiotic initiated on admission

Antimicrobial initiated March—April Nov 2019-Jan
2020 cohort 2020 cohort
(N=176) (N=TT7)
Co-amoxiclav 20 (26.3%) 18 (23.4%)
Intravenous 15 (19.7%) 18 (23.4%)
Oral 5(6.6%) 0
Co-amoxiclav +second agent 37 (48.7%) 37 (48.1%)
Intravenous 36 (47.4%) 36 (46.7%)
Oral 1(1.3%) 1(1.3%)
Levofloxacin 1(1.3%) 709.1%)
Intravenous 1(1.3%) 5(6.5%)
Oral 0 2 (2.6%)
Piperacillin-tazobactam 8 (10.5%) 6 (7.8%)
3rd generation cephalosporin 6 (7.9%) 4(5.2%)
Doxycycline (all oral) 1(1.4%) 2 (2.6%)
Other 3 (3.9%) 3(3.9%)
Intravenous 2 (2.6%) 2 (2.6%)
Oral 1(1.4%) 1(1.3%)
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Table3 Compliance with guidelines on initiation of antibiotics
according to CURB-65 score (Nov 2019-Dec 2020 and March—April
2020 patient cohorts combined)

CURB-65 score Compliant Non-com-  Total p value
pliant

CURB 0 4 33 37

CURB 1 0 58 58

CURB 2 20 22 42 <0.01

CURB 3 12 3 15

CURB 4 0

CURB 5 0 0 0

CURB 0-1 4 (4.2%) 91 95

CURB 2-5 32 (55.2%) 26 58 <0.01

Table 4 Changes made to antimicrobials during admission

Change made to Specialist review No specialist P value

antibiotic regimen  within 24 h review within 24 h

Escalated 13 (37.1%) 14 (34.1%)
Appropriate 12 10
Inappropriate 1 4

De-escalated 18 (51.4%) 22 (53.7%)
Appropriate 18 15
Inappropriate 0 7

No change 4 (11.4%) 5(12.2%)
Appropriate 3 3
Inappropriate 1 2

Total 35 41 P<0.01
Appropriate 33 (94.3%) 28 (68.3%)
Inappropriate 2(5.7%) 13 31.7%)

agent (typically clarithromycin). The use of oral antibiotics
at the time of initiating therapy was uncommon (10.5% and
7.8%, respectively).

A breakdown of CURB-65 scores and compliance with
guidelines among all patients (including the Nov 2019-Jan
2020 and March—April 2020 cohorts) is outlined in Table 3.
Compliance with hospital guidelines was higher among
those with a CURB-65 score of 2 or greater compared
with those with a CURB-65 score of 0-1 (55.2 vs 4.2%,
p<0.001).

Assessing the Impact of the Specialist Review
on Antibiotic Use

Of the 76 patients in the March—April 2020 cohort, 35
patients were reviewed by a respiratory or ID specialist
within 24 h. The changes made to antibiotics following spe-
cialist review are outlined in Table 4.

Changes to antimicrobials included “escalation” (addition
of another antibiotic or switch to a broader spectrum anti-
biotic), “de-escalation” (oral switch of an antibiotic, switch
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to a narrower spectrum antibiotic, or discontinuation of an
antibiotic), or “unchanged” (where no change was made).

As outlined in Table 4, the likelihood of appropriate
changes to antimicrobials was increased by respiratory or ID
specialist review within 24 h (94.3 vs 68.3%, p <0.01). The
most common escalation of antimicrobials involved switch-
ing co-amoxiclav to piperacillin-tazobactam, and this was
usually based on a poor clinical response to initial therapy or
the results of microbiological investigations. The most com-
mon de-escalation involved switching from the intravenous
to the oral route or discontinuing the second agent (typically
clarithromycin).

In the November 2019-January 2020 cohort, 25 patients
were reviewed by the AMS team. Of these, 15/25 (60%)
underwent appropriate escalation, de-escalation, or discon-
tinuation of antimicrobials. In 22 of these cases, recommen-
dations were made by the AMS team regarding changes to
antimicrobials. In the majority of cases (15/25; 60%), the
advice was to de-escalate or discontinue antimicrobials,
while in 6/25 (24%) of cases they advised escalation of anti-
microbial therapy.

Duration of Therapy

Among the March—April 2020 cohort, 43/76 (56.6%) of
patients continued antibiotic therapy for the recommended
duration, with 30 continuing antibiotics for longer than
advised (though in several cases the presence of clinical
deterioration or subsequent hospital-acquired or aspiration
pneumonia was a confounding factor), while just one patient
had their antibiotics stopped early. Two patients continued
on antibiotic therapy for a prolonged period due to the detec-
tion of concomitant non-respiratory infections that required
further therapy.

There was no statistically significant difference in the
likelihood of a patient undergoing an appropriate duration
of therapy following specialist review.

Among the November 2019-January 2020 cohort, 33/77
(42.9%) of patients continued antibiotics for the recom-
mended duration. Of the 25 patients reviewed by the AMS
team, only six (24%) completed the recommended duration
of therapy.

Transfer of Care to a Specialist Team

The care of 29/76 patients admitted during the COVID-
19 pandemic was taken over by a specialist respiratory or
infectious disease team during the course of their admis-
sion with CAP (ten of whom had not been seen within
24 h of admission). This was usually due to a diagnosis of
COVID-19, with other reasons including complex infec-
tions, or underlying respiratory or infectious diseases. These
patients were more likely to undergo appropriate escalation
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or de-escalation of their antibiotics when compared with
those who did not undergo a transfer of care to a specialist
team (96.6 vs 70.2%, p=0.005).

A higher percentage of patients who underwent a transfer
of care was continued on antimicrobials for an appropriate
duration, though this was not statistically significant (72.4
vs 51%, p=0.066).

Investigations

Among the March—April 2020 cohort, 100% of patients
included in the study had undergone chest radiography upon
admission.

Seventeen patients (22.4%) had undergone sputum test-
ing, while 27 (35.5%) had undergone urinary antigen testing.

Among the 32 patients with a CURB-65 score of two or
more, only three patients (9.4%) had undergone all three of
urinary antigen testing, blood cultures, and sputum cultures.
Fourteen had undergone blood cultures, twelve had undergone
urinary antigen testing, and five had undergone sputum testing.

Discussion

The results of this service evaluation suggest a low level
of adherence to prescribing guidelines in the treatment of
community-acquired pneumonia. Adherence rates were
similar to the 16.1% demonstrated in an Australian study of
193 patients admitted with CAP [9], but fell well short of
the 52.3% compliance found in a similarly sized study in a
French teaching hospital [10]. In an Irish setting, an audit
of antimicrobial prescribing in 69 hospitalized patients with
CAP showed 21.6% compliance with guidelines [11].

We did, however, find that the choice of antibiotic was
frequently deemed appropriate in the clinical context. This
highlights the importance of physicians’ clinical judgment in
conjunction with the CURB-65 scoring system and hospital
prescribing guidelines. Indeed, the authors who developed
the CURB-65 scoring system emphasized that “overall clini-
cal judgment is crucial” when applying it to clinical practice
[6]. It is important to note that co-morbid conditions, fail-
ure of community-prescribed antibiotic therapy, and social
circumstances are not represented in the CURB-65 scoring
system [12]. These variables may have led to the decision to
deviate from hospital guidelines.

Those patients with a higher CURB-65 score were more
likely to receive antibiotics in accordance with hospital
guidelines suggests that non-consultant hospital doctors
(NCHDs) are more familiar with hospital guidelines for
higher-scoring patients. This may also reflect a hesitancy
among NCHDs in the use of oral agents or monotherapy
in patients admitted with CAP and a low CURB-65 score.

Our findings suggest that clinicians should ensure that
they are familiar with CURB-65 guidelines (including situ-
ations where oral agents may be sufficient), while supporting
recommendations that guidelines should be interpreted in
conjunction with clinical judgment on a case-by-case basis.

Specialist review by an ID or respiratory specialist
increased rates of appropriate antimicrobial prescribing,
but the impact on appropriate treatment duration was not
statistically significant. Statistical significance might have
been achieved with a bigger sample size. Only 56.6% of
patients completed an appropriate duration of therapy, and
the median duration of therapy specifically targeting CAP
was 7 days. This compared favorably with a nationwide
study performed in the USA, which found a median total
length of therapy of 9.5 days [13].

At a time when infectious disease services are being
expanded across Irish hospitals, this study highlights a
potential benefit of the expansion of these services in the
optimal management of patients hospitalized with CAP.
These findings are in keeping with prior studies that demon-
strate the positive impact of ID specialist input on antibiotic
prescribing practices internationally. A review article ana-
lyzing 31 studies carried out in multiple centers worldwide,
predominantly across Europe and the USA, found that ID
specialist input improves prescribing practices, while also
reducing the length of stay and mortality [4].

The CURB-65 scoring system does appear to be valid
when used in low- and middle-income countries (LMICs)
[14]. However, the significance of our findings to LMICs
may be hindered by a lack of trained specialists in the area.
In South Africa, for example, the first ID specialists gradu-
ated in 2004, and the majority of their workload is focused
on the management of patients with human immunodefi-
ciency virus (HIV) and tuberculosis [15]. Expansion of ser-
vices, closing knowledge gaps, expansion of diagnostics, and
improved access to antimicrobials are all issues that must
be addressed in order to combat the threat of antimicrobial
resistance in LMICs [16].

From a public health perspective, multi-drug-resistant
bacteria pose a major challenge in the community as well as
in healthcare settings. Myriad organisms traditionally associ-
ated with the healthcare setting are now emerging as causes
of CAP, so that we now consider healthcare-associated pneu-
monia (HCAP) as a different entity to CAP [17]. This will
add to the challenge of providing effective guidelines for
the treatment of CAP, both in the community and hospital
setting. Having highlighted the role of specialist input in
improving antibiotic prescribing in a hospital setting, we
suggest a potential role for collaboration between ID and
public health specialists to seek to address these challenges.

There are no large-scale analyses of the specific impact
of ID or respiratory input on prescribing practices in CAP,
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and this study highlights the need for further research in
this area.

Limitations of this study include the relatively small sam-
ple size and the potential influence of seasonal variation. Fur-
thermore, a lack of data regarding the optimal treatment of
COVID-19 at a time of great concern and uncertainty within
the medical community may have influenced antibiotic pre-
scribing practices among general medical physicians and ID/
respiratory specialists alike. Finally, the difference between
average lengths of stay in each cohort was statistically sig-
nificant. This may reflect increased uncertainty regarding the
appropriate duration of therapy, duration of isolation, and
availability of facilities for patients to self-isolate upon dis-
charge with a diagnosis of COVID-19. Ultimately, a large-
scale study is required to analyze the impact of COVID-19
on prescribing practices in CAP, and a repeat study outside
of the pandemic setting would be valuable for comparison.

Another limitation was that as ID and respiratory special-
ists were not regularly involved in the care of patients with
CAP in the patient cohort from November 2019-December
2020 (i.e., before the COVID-19 pandemic), there was no
equivalent group for direct comparison. We have included
patients from the November 2019-December 2020 cohort
who had been reviewed by the AMS team as a surrogate.
However, as the AMS team often reviewed patients more
than 24 h into their admission, and did not perform a physi-
cal clinical assessment or provide ongoing recommendations
regarding patient care, they are not truly comparable.

In summary, this service evaluation demonstrates the
value of ID and respiratory specialist input in prescribing
practices in CAP. Overall, compliance with prescribing
guidelines is low, but the choice of antibiotic can often be
deemed appropriate in the clinical context.

Our findings may reflect a lack of familiarity or a lack
of confidence in following prescribing guidelines (particu-
larly in prescribing oral antibiotics) in patients requiring
hospitalization, especially when treating patients with a
low CURB-65 score. This suggests a need for increased
awareness and education of prescribing guidelines, par-
ticularly among NCHDs, who are commonly the ones ini-
tiating therapy at the time of hospital admission.
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