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Abstract

Background Millions of people die every year as a result of antimicrobial resistance worldwide. An inappropriate
prescription of antimicrobials (e.g., overuse, inadequate use, or a choice that diverges from established guidelines)
can lead to a heightened risk of antimicrobial resistance. This study aimed to determine the rate and appropriateness
of antimicrobial prescriptions for respiratory tract infections.

Methods This review was conducted in accordance with the PRISMA guidelines. Web of Science, PubMed, ProQuest
Health and Medicine, and Scopus were searched between October 1, 2023, and December 15, 2023, with no time
constraints. Studies were independently screened by the first author and the co-authors. We included original
studies reporting antimicrobial prescription patterns and appropriateness for respiratory tract infections. The qual-
ity of included studies ' was assessed via the Joanna Briggs Institute’s Critical Appraisal Checklists for Cross-Sectional
Studies. The assessment of publication bias was conducted using a funnel plot and Egger’s regression test. A random
effect model was employed to estimate the pooled antibiotic prescribing and inappropriate rates. Subgroup analysis
was conducted by country, study period, data source, and age group.

Results Of the total 1220 identified studies, 36 studies were included in the review. The antimicrobial prescribing rate
ranged from 25% (95% Cl 0.24-0.26) to 90% (95% Cl 0.89-0.91). The pooled antimicrobial prescription rate was 66%
(95% C1 0.57 to 0.73). Subgroup analysis by region revealed that the antimicrobial prescription rate was highest

in Africa (79%, 95% Cl 0.48-0.94) and lowest in Europe (47%, 95% Cl 0.32-0.62). Amoxicillin and amoxicillin-clavula-
nate antimicrobials from the Access group, along with azithromycin and erythromycin from the Watch group, were
the most frequently used antimicrobial agents. This study revealed that the major reasons for antimicrobial prescrip-
tion were acute bronchitis, pharynagitis, sinusitis, and the common cold. The pooled inappropriate antimicrobial pre-
scription rate was 45% (95% Cl 0.38-0.52). Twenty-eight of the included studies reported that prescribing antimicrobi-
als without proper indications was the main cause of inappropriate antimicrobial prescriptions. Additionally, subgroup
analysis by region showed a higher inappropriate antimicrobial prescription rate in Asia at 49% (95% Cl 0.38-0.60). The
result of the funnel plot and Egger’s tests revealed no substantial publication bias (Egger’s test: p=0.268).
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Conclusion The prescribing rate and inappropriate use of antimicrobials remain high and vary among countries. Fur-
ther studies should be conducted to generate information about factors contributing to unnecessary antimicrobial

prescriptions in outpatients.

Systematic review registration Systematic review registration: CRD42023468353.

Keywords Antimicrobial prescription, Antimicrobial resistance, Outpatient, Respiratory tract infections

Introduction
Antimicrobial resistance is an increasing public health
concern worldwide, causing millions of deaths per year
[1]. Recent studies reported approximately 5 million
deaths worldwide in 2019 and this number is expected
to double by 2050 [2, 3]. The misuse and overuse of anti-
microbials contribute to the development of antimicro-
bial resistance. According to Klein, et al. [4], antibiotic
consumption expressed in defined daily doses (DDDs)
increased by 65% (21.1-34.8 billion DDDs) across 76
countries between 2000 and 2015. The rise of antimi-
crobial resistance has been further exacerbated by inad-
equate infectious prevention practices and limited access
to healthcare facilities in various [5]. According to a
report by the World Bank [6], antimicrobial resistance
could lead to a significant economic burden, potentially
costing the global economy up to $100 trillion by 2050
due to increased healthcare costs and lost productivity.
Acute respiratory tract infections are a major reason
for outpatient visits and are frequently treated with anti-
microbials [7]. A study in the USA reported that acute
respiratory tract infection accounts for a significant
proportion of all outpatient antimicrobial prescriptions
[8]. However, it is important to note that antimicrobi-
als provide limited benefits for such infections, and their
excessive use contributes to the growing problems of
antimicrobial resistance [9]. Viruses cause most upper
respiratory tract infections, are self-limiting, and do not
require antibiotic treatment [10, 11]. For example, a study
highlighted that approximately 72% of primary health-
care visits for acute respiratory tract infections did not
require antimicrobial prescriptions [12]. A study con-
ducted by Smith, et al. [13] reported that antimicrobials
are prescribed for upper respiratory tract infections in
up to 60% of cases in primary healthcare settings, despite
evidence indicating that such treatments do not improve
outcomes. Inappropriate antimicrobial prescription prac-
tices including overuse, inadequate use, and improper
selection of antimicrobials (where the choice diverges
from established guidelines), may lead to diverse clinical
outcomes and antimicrobial resistance [14]. Studies have
shown that more than half of the antimicrobials taken
globally are inappropriately prescribed, distributed, or
marketed [15, 16]. Furthermore, a study found that the
inappropriate use of antimicrobials was associated with

increased healthcare costs and prolonged hospital stays
[4].

Several surveillance studies have examined the appro-
priateness of antimicrobial prescriptions for outpatients
with acute respiratory tract infections in terms of indica-
tions, frequency, and duration. For example, a study in
Italy explored antimicrobial prescribing patterns for the
upper respiratory tract in pediatric patients and reported
that 27.4% of the prescribed antimicrobials were inap-
propriate [17]. Similarly, another study in Jordan found
that antimicrobials were inappropriately prescribed at
a high rate (71%) for respiratory tract infections in the
outpatient setting [18]. Furthermore, research in Tuni-
sia also investigated the appropriateness of antibiotic
use for acute respiratory infections and found that 75%
of antimicrobials were prescribed inappropriately in pri-
mary care settings [19]. These studies shed light on the
importance of understanding prescribing patterns and
the appropriate use of antimicrobials for respiratory tract
infections in outpatient settings. A review of the available
evidence on the use of antibiotics for respiratory tract
infection is therefore critical to compacting antimicrobial
resistance, as it helps to identify patterns of overuse and
misuse, informs targeted interventions, and guides policy
changes aimed at improving prescribing practice. This
will contribute to achieving the World Health Organi-
zation’s plan to compact antimicrobial resistance [20].
However, a systematic review and meta-analysis of exist-
ing quantitative evidence are lacking. This study aims to
fill this gap by providing a concise summary of the avail-
able evidence regarding the patterns and appropriateness
of antimicrobial prescriptions for respiratory tract infec-
tion in outpatients.

Materials and methods

Protocol and registration

This systematic review was conducted based on the Pre-
ferred Reporting Items for Systematic Review and Meta-
analysis (PRISMA) 2020 guidelines [21]. The protocol
was registered in the international Prospective Register
of Systematic Reviews (PROSPERO) (CRD42023468353).

Eligibility criteria
The focus of the review was to examine quantitative
studies reporting on antibiotic prescribing rates and
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appropriateness for respiratory tract infections in out-
patient settings. On the basis of this objective, the inclu-
sion criteria for this review were (1) studies that assessed
the appropriateness and/or patterns of antimicrobial
prescriptions for respiratory tract infection, (2) original
studies published in peer-reviewed journals in English,
(3) conducted in outpatient settings, and (4) quantita-
tive study designs. Systematic reviews, study protocols,
studies not published in English, those not published in
peer-reviewed journals, editorials, conference abstracts,
qualitative studies, and case reports were excluded.

Information source and search strategy

A comprehensive literature search was performed in
PubMed, Web of Science, ProQuest Health and Medi-
cine, and Scopus from October 1 to December 15, 2023,
without time constraints. A combination of keywords
such as “antibiotic” “antimicrobial’, “prescriptions’, “res-
piratory tract infection”, “appropriate’, and “prescrip-
tion patterns” were used in the search query. We used
Boolean operators (AND, OR, *) to identify relevant
findings and combine similar phrases/words. Further-
more, the Google Scholar search engine and reference
lists from the included articles were used to retrieve rel-
evant articles that might have been missed throughout
the database searches. For the full search string seeSup-
plementary file 1.

Study selection

The search results were imported into EndNote 20 and
duplicates were removed. The first author (GK) and co-
authors (MS], JH, and SC) independently screened all
studies by title and abstract, with potentially relevant
studies then subjected to full-text review. Any disagree-
ments were resolved by discussion.

Data extraction

Data were extracted using prepared data extraction
forms and included first author, publication year, objec-
tives, study area (country), sample size, study design, data
source, unit of analysis (patients or prescription), age
group, healthcare settings, commonly prescribed antimi-
crobials, diagnosed respiratory tract infection, commonly
used antibiotic class, rates of antimicrobial prescriptions
and inappropriate use. Data extraction was conducted by
the first author and co-authors (MS], JH, and SC). Any
disagreements were resolved through discussion.

Study quality assessment

The methodological quality of the included articles was
critically appraised using the Joanna Briggs Institute’s
Critical (JBI) Appraisal Checklist for Cross-Sectional
Studies [22]. This tool contains eight items to assess the
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quality of cross-sectional studies, with response options
including “yes’, “no’, “unclear” and “not applicable” The
first author and co-authors independently appraised the
quality of all included articles. Any disagreement was

resolved through discussion.

Data analysis and publication bias

RStudio version 4.1.2 was used to analyze the extracted
data. The antibiotic prescribing rate and appropriate-
ness of prescription were pooled using a random effect
model with a 95% confidence interval (CI) [23]. Cochran’s
tau®, Q, H% and I? were used to quantify heterogeneity.
According to Higgins and Thompson [21] if the values of
P fall within the range of 0-25%, 25-50%, 50~75%, and
above 75% the results were categorized as low heteroge-
neity, moderate heterogeneity, substantial heterogeneity,
and high heterogeneity respectively. Subgroup analy-
sis was performed to investigate whether the variability
in effect sizes was explained by differences in the study
characteristics. Subgroup analyses of the rate of antibi-
otic prescriptions were conducted on the basis of region,
data source, study period, unit of analysis, and age group.
The most prescribed antimicrobials in the selected stud-
ies were described using the Access, Watch, and Reserve
(AWaRe) framework (WHO, 2021). Publication bias was
assessed using a funnel plot. Egger’s regression test was
used to examine the asymmetry of the funnel plot. Sen-
sitivity analysis was performed by identifying and exclud-
ing outliers and influencing studies.

Results

In total, 1220 studies were initially identified. Of these,
1170 articles were obtained through four electronic data-
base searches: Web of Science (n=250), Scopus (n=400),
PubMed (7=370), and ProQuest Health and Medicine
(n=150). The remaining 50 articles were identified from
Google Scholar and the reference lists of the included
studies. After the removal of duplicates and screening
of titles and abstracts, 210 studies were assessed for eli-
gibility. Following the assessment against the inclusion
criteria, 36 full-text articles were included in this meta-
analysis (Fig. 1, Supplementary file 2).

Study characteristics

All included studies used a cross-sectional study design.
The 36 studies included in this review were conducted
between 2005 and 2023 across 23 countries, including
the USA (n=5), China (n=4), Italy (n=3), Japan (n=3),
UK (n=2) and one study each in the remaining coun-
tries (n=17) as shown in Table 1. One study was car-
ried out across five countries (Denmark, Sweden, Russia,
Argentina Spain, Lithuania) [24]. The included studies
focused on the types of prescribed antimicrobials, rates
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Fig. 1 Flow diagram of study selection (PRISMA 2020 model)

of antimicrobial prescriptions, and appropriateness. In
terms of data sources, nine studies used surveys, five
studies used prescription audits, and the remaining stud-
ies (n=22) used electronic medical records (Table 1). The
age groups of the participants in the included studies var-
ied; 26 studies considered all age groups, while six studies
focused specifically on children, and the remaining four
studies targeted adult participants. The unit of analysis
in most studies was prescriptions (n=24), whereas the
other 12 studies used patients as the unit of analysis. In
terms of setting, four studies were conducted in both
public and private healthcare services, while 30 studies
focused on the public sector, and two studies focused on
the private sector. From the included studies, six stud-
ies [13, 25—29] did not mention the overall antimicrobial
prescription rate because their sample consisted of only
patients who had received antibiotic prescriptions.

Quality of studies

According to the Joanna Briggs Institute’s Critical
Appraisal Checklist for cross-sectional studies, 20 studies
met all the criteria, addressing the possibility of bias in
their design, identifying confounding factors with clearly

stated strategies, and conducting appropriate statistical
analysis. On the other hand, 16 studies identified con-
founding factors but did not state strategies to address
confounding factors.

Sensitivity analysis and publication bias assessment

There was no difference in the result of the sensitiv-
ity analysis. On the basis of the funnel plot, there was
no asymmetrical distribution of the effects of the stud-
ies. Additionally, Egger’s test revealed that there was
no statistical evidence for publication bias (b=0.4098
CI-0.1553-0.9750; p=0.256). When the outliers were
removed, the results of Egger’s test and the asymmetry of
the funnel plot did not change significantly (seeSupple-
mentary file 3).

Antimicrobial prescription patterns for respiratory tract
infections

All included studies reported patterns of antimicrobial
prescriptions for respiratory tract infections. As shown in
Table 1 penicillin (44%), macrolides (20%), and cephalo-
sporins (12%) were the three main classes of antimicro-
bials used for respiratory tract infection treatment. The
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studies conducted in Croatia, Tunisia, Saudi Arabia, Jor-
dan, China, and India reported that the majority (74.8%,
58.8%, 53%, 52.75%, 51.5%, and 50% respectively) of anti-
microbials prescribed were from the penicillin group [18,
19, 26, 35, 37, 50]. Similarly, studies conducted in Ecua-
dor, Sierra Leone, Thailand, Jordan, the UK, and Saudi
Arabia revealed that the most commonly prescribed
antimicrobials were benzathine penicillin+amoxicillin
(86.7%), ampicillin (75.8%), amoxicillin (70%), and amox-
icillin-clavulanate (69.9%) [27, 28, 37, 41, 44, 48]. A study
conducted in Ethiopia reported that Ceftriaxone was the
main prescribed third-generation cephalosporin antibi-
otic, accounting for 84.9% of antimicrobial prescriptions
[34].

In this review, we identified that the major reasons
for antimicrobial prescription were acute bronchitis,
pharyngitis, sinusitis, and the common cold. However,
the frequency of these diagnoses varies from country to
country. A study conducted in Syria [38] reported that
98.5% of antimicrobials were prescribed for acute tonsil-
litis. According to a study conducted by Chandra Deb in
the USA [36], 74.4% of antimicrobials were prescribed
for acute bronchitis. Another two studies conducted in
Vietnam, and India reported that 66% and 63.5% of anti-
microbials were prescribed for acute pharyngitis, and
common cold diagnosis, respectively [35, 42]. A study
conducted in Denmark and Iceland reported that 80% of
antimicrobials were prescribed because of acute sinusitis
[53].

Among the included studies, 19 reported the pattern of
AWaRe antibiotic use (Table 2). The majority of prescrip-
tions were from the Access group followed by the Watch
group. However, studies conducted in Ethiopia and China
reported that 64% of antimicrobials were prescribed from
the Watch group [34, 39] (Table 2). Additionally, a study
conducted in Vietnam reported that 2.8% of antimicrobi-
als were prescribed to the Reserve group [42].

Antimicrobial prescription rates for respiratory tract
infections
Among the included studies, 30 reported the antibiotic
prescribing rate. In these studies, a total of 2,685,049
patients were analyzed, and 1,328,984 patients received
antimicrobial prescriptions for various diagnoses related
to respiratory tract infection. The range of antimicrobial
prescription rates in these studies ranged from 25% (95%
CI10.24-0.26) to 90% (95% CI 0.89-0.91) [24, 38, 46]. The
estimated pooled antimicrobial prescription rate was
66% (95% CI 0.57-0.73, I’=99.9%) (Fig. 2). There was a
high degree of heterogeneity observed between studies.
Given the high degree of heterogeneity, subgroup
analyses by region (Africa, Asia, Europe, North America,
and Oceania), age group (adults, children, and all), unite
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of analysis (patients and prescriptions), and data source
(survey, prescription audit and medical records), and
study period (2000-2009, 2010-2019, and 2020-2023)
were performed to understand the source of variability
or heterogeneity with at least two studies in each group
(seeSupplementary file 4) on the basis of the availability
of information. Subgroup analysis by region revealed a
high antimicrobial prescription rate in Africa at 79% (95%
CI 0.48-0.94), with the lowest prescription rate reported
in Europe at 47% (95% CI 0.32-0.62) using a random
effect model with significant subgroup differences. Addi-
tionally, the subgroup analysis showed that the overall
antimicrobial prescription rates in Asia and North Amer-
ica were 70% and 72% respectively (Fig. 3).

Based on the study period of the included studies, a
higher pooled prevalence of antimicrobial prescriptions
was observed for the period 2020-2023, with a rate of
77% (95% CI 0.60—0.88) compared with the other study
periods (Table 3). The pooled prevalence of antimicro-
bial prescription rates from 2000 to 2009 was 57% (95%
CI0.45-0.68). In the subgroup analysis based on the data
source, the pooled prevalence of antimicrobial prescrip-
tions was 57% (95% CI 0.39-0.74) for questionnaire sur-
veys, 70% (95% CI 0.59-0.79) for medical records, and
63% (95% CI 0.52-0.73) for prescription audits (Table 3).
The subgroup analysis revealed that the proportion of
patients receiving antimicrobials was greater for children
than for adults, with rates of 74% (95% CI 0.51-0.89) and
69% (95% CI 0.44-0.86), respectively. Analysis of the 19
studies that used prescriptions as the unit of analysis also
showed a high antimicrobial prescription rate for res-
piratory tract infections, with a pooled estimate of 69%
(95% CI 0.59-0.77). There was no significant variation
observed in the subgroup analysis based on sample size
(see Supplementary file 4). Due to very few studies con-
ducted solely in the private health sector, no comparison
was made against the public sector.

Inappropriate antimicrobial prescriptions for respiratory
tract infection

The included studies assessed the rationality of anti-
microbial prescription or appropriateness in terms of
indication, dosage, frequency, and route of administra-
tion. Thirty-four studies utilized national and interna-
tional guidelines to measure the appropriateness of the
prescription. The remaining two studies conducted in
Tunisia and the USA utilized the Medication Appropri-
ateness Index (MAI) in addition to international guide-
lines [19, 29]. Among the included studies, 28 reported
that the main reason for inappropriate antimicrobial
prescription was the prescription of antimicrobials
without proper indications. For instance, a study con-
ducted in Ethiopia revealed that the highest proportion
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Study Country Two most commonly No. of Access-group Watch-group Reserve-group
diagnosed infections antimicrobials  antimicrobials antimicrobials antimicrobials
(from most to least) prescribed N (%) N (%) N (%)
Bo, et al. [31] Malaysia Acute pharyngitis, acute 120 76 (63.3%) 44 (36.7%) 0
bronchitis
Bianco, et al.[17] Italy Pharyngotonsillitis, common 177 1001 (57%) 76 (43%) 0
cold
Giuseppe, etal. [11] Italy Acute pharyngitis, influenzas 216 162 (75%) 54 (25%) 0
Alekaw, et al. [34] Ethiopia Pneumonia, acute bronchitis 248 89 (35.7%) 159 (64.3%) 0
Bel Haj Ali, et al. [19] Tunisia Acute bronchitis, tonsillitis 6426 3746 (58.3%) 2679 (41.7%) 0
Kumari Indira, et al. [35] India Common cold, pharyngitis 6183 3091 (50%) 3091 (50%) 0
Shaheen, et al. [37] Saudi Arabia  Common cold, bronchitis 515 314 (61%) 201 (39%) 0
Fu, et al. [39] China Acute bronchitis, common 4752 1711 (36%) 3041 (64%) 0
cold
Ababneh, et al. [41] Jordan Influenzas, tonsillitis 4570 3702 (81%) 868 (19%) 0
Nguyen, et al. [42] Vietnam Acute pharyngitis, acute 129,317 119 360 (92.3%) 7243 (5.6%) 3620 (2.8%)
bronchitis
Suttajit, et al. [44] Thailand Bronchitis, pharyngitis, 2838 2270 (80%) 568 (20%)
Sanchez Choez, et al. [48]  Ecuador Common cold, acute tonsil- 523 446 (85%) 78 (15%) 0
litis
Moon, et al. [27] Sierra Leone  Bronchiolitis pneumonia 777 591 (76%) 186 (24%) 0
Chang, et al. [26] China - 68,527 39,746 (58%) 28,781 (42%) 0
Alkhaldi, et al. [18] Jordan - 20,133 10,620 (52.75%) 9513 (47.25%) 0
Dekker, et al. [49] Netherlands  Chronic sinusitis, pneumonia 1035 797 (77%) 238 (23%) 0
Gacina, et al. [50] Croatia - 709 530 (74.8%) 179 (25.2%) 0
Lakkis, et al. [51] Lebanon Acute pharyngitis acute 328 197 (60%) 131 (40%) 0
bronchitis
Vergidis, et al. [54] USA Acute bronchitis, pneumonia 352 292 (83%) 60 (17%) 0
Study Events Total Proportion 95%-Cl Weight
Wang et al., 2023 138331 162742 085 [085 085 34%
Bo etal., 2022 120 205 058 [052,065 33%
Bianco et al, 2018 1332 1079 067 [065,069 3.3%
Bianco et al, 2022 177 565 031 [028,035 33%
Di Giuseppe et al., 2021 216 31 069 [064;074] 33%
Amolda et al., 2020 2280 2621 087 [0.86,0.88] 3.3%
Alekaw et al., 2022 248 279 089 [085092] 32%
Bagger et al., 2015 3756 15022 025 [024;026] 33%
Bel Haj Ali et al., 2022 6426 9886 065 [064;066] 33%
Kumari Indira et al., 2008 6184 8910 069 [068,070] 33%
Chandra Deb et al., 2022 0342 10592 088 [088,089] 33%
Shaheen et al., 2018 515 908 057 [053,060] 33%
Al Sous et al, 2023 13422 14913 090 [090;090] 33%
Fuetal, 2021 4752 10678 044 [044,045] 33%
Fuetal, 2023 150027 212036 075 [075,075] 3.4%
Ababneh et al , 2017 4570 5829 078 [077,079] 33%
Nguyen et al., 2023 129317 193010 067 [067,067] 34%
Gonzales et al., 2006 1430 2270 063 [061;065 33%
Suttajt et al , 2005 2838 4512 063 [061;064] 33%
Barlam et al., 2015 3500 4942 071 [070;072] 33%
Ishida et al., 2021 3546 3940 090 [0.89;091] 3.3%
Keohavong et al , 2019 396 576 069 [065072] 33%
Sanchez Choez et al., 2018 522 1303 038 [0.35,040] 33%
Alkhaldi et al., 2021 20120 73701 027 [027,028] 3.4%
Dekker et al, 2015 1035 2724 038 [0.36,040] 33%
Ga?ina et al., 2020 231 709 033 [029;036] 33%
Lakkis et al., 2021 328 a72 088 [0.85,091] 33%
Jietal, 2021 813699 1937379 042 [042,042] 34%
RGN SigurGardottir et al., 2015 964 1428 067 [065070] 33%
Vergidis et al., 2011 352 617 057 [053,061 33%
Overall pooled random effect 1328984 2685049 0.66 [0.57;0.73] 100.0%
Prediction interval [0.20; 0.94]

Heterogeneity: /° = 99.99%, 1> = 0.9745,p =0

T T T
0.2 04 06
proportion

Fig. 2 Forest plot for antimicrobial prescription rate. Note: Events =antimicrobials, Total =sample size
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Fig. 3 Forest plot for subgroup analysis of antimicrobial prescription rates by study area. Note: Events=antimicrobials, Total=sample size

Table 3 Subgroup analysis of antimicrobial prescription rates

Subgroup Categories No. of studies No. of examined No. of Pooled 296(p-value)
antimicrobials proportion %
prescribed (95%Cl)
Study area or Region Africa 2 25,187 10,429 79 (0.48-0.94) 98.2 (<0.01)
Asia 15 2,683,004 1,327,668 70(0.59-0.79) 99.9 (<0.001)
Europe 7 2,521,485 1,190,181 47(0.32-0.62) 99.72 (<0.001)
North America 4 2,482,529 72(0.55-0.84) 99.75(<0.01)
Study period 2000-2009 8 40,425 20,067 57(045-0.68) 99.89 (<0.001)
2010-2019 19 2,643,458 1,308,057 67 (0.55-0.77) 99.9 (<0.001)
2020-2023 3 1166 860 77(0.60-0.88) 94.93 (<0.01)
Data source Questionnaire survey 8 36,816 18,891 57 (0.39-0.74) 99.9 (<0.001)
Medical records 17 2,414,273 1,138,651 70 (0.59-0.79) 99.9 (<0.001)
Prescription audit 5 233,960 171,441 63 (0.52-0.73) 99 (<0.001)
Unit of analysis Patients 1 38,799 19,878 60 (0.44-0.74) 99.8 (<0.001)
Prescription 19 2,646,250 1,309,106 69 (0.59-0.77) 99.9 (<0.001)
Age group Children 5 9,870 7671 74 (0.51-0.89) 994 (<0.01)
Adults 4 1,946,142 820,299 69 (0.44-0.86) 99.9 (<0.00)
All 21 729,037 501,013 63 (0.53-0.72) 99.9 (<0.001)

of patients with inappropriate prescriptions (20.8%)
received antimicrobials that were not appropriate for
their condition or not indicated by guidelines [34].
Another study conducted in Tunisia similarly reported
that antibiotic therapy was inappropriate in 75% of

patients, with 40% of cases attributed to a lack of proper
indications [19]. This review identified inappropri-
ate routes of administration and dosages as additional
reasons for inappropriate prescriptions. According to a
study conducted in Qatar, out of 45% of inappropriate
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prescriptions, 23% of antimicrobial prescriptions were
administered improperly [25].

Among the 36 included studies, the proportion of
inappropriate prescriptions exceeded 50% in 11 studies,
whereas the remaining 25 studies reported a proportion
below 50% (Table 1). The lowest level of inappropriate
prescription was reported in a study conducted in Japan,
in which 3546 prescribed antimicrobials were analyzed
with a rate of 13% [46]. In contrast, the highest rate of
inappropriate prescription reported in a study from
Ecuador was 90.25% [48].

The overall pooled prevalence of inappropriate anti-
microbial prescription was 45% (95% CI 0.38-0.52, PI
0.12-0.82, ’=99.9%) (seeSupplementary file 4). Sub-
group analysis on the basis of study region showed a
relatively high rate of inappropriate antimicrobial pre-
scription in Asia at 49% (95% CI 0.38-0.60), followed
by North America with 46% (95% CI (0.31-0.63) (Fig. 4)
and Europe, 46% (95% CI 0.30-0.55). However, the sub-
group analysis also revealed that the pooled prevalence
of inappropriate antimicrobial prescriptions in Africa for
respiratory tract infections was 27% (95% CI 0.24—0.31).
The pooled prevalence of inappropriate prescriptions in
Africa was lower than that in other regions, which may
be due to the smaller number of studies conducted. The

Study Events Total
Wang et al, 2023 74633 162742
Bo etal,, 2022 117 205
Kumari Indira et al., 2008 4455 8910
Shaheen et al,, 2018 436 908
Al Sous et al., 2023 8948 14913
Fuetal, 2021 3310 10678
Fuetal, 2023 63611 212036
Ababneh et al., 2017 4034 5829
Nguyen et al., 2023 86855 193010
Suttajit et al., 2005 2843 4512
Ishida et al., 2021 512 3940
Keohavong et al., 2019 392 576

Chang et al., 2019
Alkhaldi et al., 2021

68527 74648
21226 73701

Buttetal., 2017 34080 75733
Lakkis et al., 2021 149 372
Jietal, 2021 678083 1937379
Bianco et al., 2018 1316 1979
Bianco et al., 2022 158 565
Smith et al, 2018 2172827 4574373
Di Giuseppe et al., 2021 216 311
Bagger et al., 2015 6760 15022
Dekker et al., 2015 1253 2724
Gavina et al., 2020 213 709

RUN Sigurbardottir et al., 2015

230 1428
Nowakowska et al., 2019 444902 1151105

Alekaw et al., 2022 86 279
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overall inappropriate antimicrobial prescription rate for
respiratory tract infection did not vary by age group,
study period, data source, and unit of analysis (see Sup-
plementary file 4).

Discussion

This review aimed to provide a summary of the available
evidence on the rate and appropriateness of prescrib-
ing antimicrobials for outpatients with respiratory tract
infections. The results indicated that the antimicrobial
prescription rate and inappropriateness are generally
high but the rate varies by country. This variation may
be due to the number of studies included in this review
varying for each country. For instance, we have fewer
studies from Africa than from Asia and Europe. This
finding showed that countries were not at the same level
regarding the research-based evidence of antimicrobial
resistance patterns. There was a high rate of heterogene-
ity observed. In proportional meta-analyses, high hetero-
geneity is common due to the nature of proportional data
(variation in time and place of included studies) even in
small sample studies and it does not necessarily mean
that the data are inconsistent [55]. However, it is impor-
tant to interpret the results cautiously.

Proportion 95%-Cl Weight
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The overall pooled prevalence of antimicrobial pre-
scribing rate for outpatients with respiratory tract
infection was 66% (95% CI 0.57-0.73 (Fig. 2), with con-
siderable heterogeneity observed. Except for one study
[24], the reported antibiotic prescribing rates in the other
studies were higher than the WHO-recommended rate
of 27% or less [56], suggesting inappropriate antibiotic
use. The current result is lower than the 69.8% reported
in a previous study of antibiotic use for respiratory tract
infection among adults living in long-term care facili-
ties Huang, et al. [57]. Conversely, our pooled rate is
higher than the result of the previous study conducted
by Acam, et al. [58] which reported 57%. This variation
may be attributed to the fact that the previously reported
rates were analyzed in both inpatients and outpatients,
whereas this review focused solely on outpatients. Sub-
group analysis by region revealed a high antimicrobial
prescription rate in Africa 79% (95% CI 0.48—0.94), with
the lowest prescription rate reported in Europe 47%
(95% CI 0.32-0.62). This variation may be attributed to
less adherence to the WHO recommendation rate and
potentially exacerbated by the absence of stewardship for
antimicrobial resistance management in African nations
[58]. According to a systematic review conducted across
Africa on the pattern of antimicrobial prescription, the
overall prevalence of antimicrobial use among inpatients
and outpatients with different infections ranged from
40.7 to 97.6% [59]. This is much higher than the 47% rate
reported in Europe. In contrast, Europe has been shown
to have more stringent antimicrobial stewardship pro-
grams and better regulatory mechanisms in place, which
likely contribute to the lower prescription rates observed
[4].

Furthermore, this review revealed a greater pooled
prevalence of antimicrobial prescriptions for the period
2020-2023 (77%; 95% CI 0.60-0.88) than for the period
2000-2009 ((57%; 95% CI 0.45-0.68). This suggests an
increasing trend in antimicrobial use in recent years. This
increase could be attributed to several factors, including
the COVID-19 pandemic, which has increased the use
of antimicrobials due to concerns about secondary bac-
terial infections and the lack of specific treatments for
viral infections [60]. The subgroup analysis based on data
sources revealed varying antimicrobial prescription rates:
57% for questionnaire surveys, 70% for medical records,
and 63% for prescription audits. These differences high-
light potential biases and limitations inherent in each
data collection method. There is a possibility that ques-
tionnaire surveys underreport prescriptions, due to recall
bias or incomplete responses, whereas medical records
and prescription audits can provide more accurate and
thorough information, but they are still subject to record-
ing methods and healthcare provider behavior.
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The study revealed that children were prescribed anti-
microbials at a higher rate (74%; 95% CI 0.50—1.89) than
adults were (69%; 95% CI 0.40-40.86). This finding is
consistent with prior research, which suggests that chil-
dren are more commonly prescribed antibiotics due to
the greater prevalence of respiratory diseases and other
diseases in this age group, as well as parental expectations
and healthcare provider concerns [57]. It is imperative to
promote sensible antimicrobial use in pediatric popula-
tions, such as antimicrobial stewardship programs, to
address this issue.

On the basis of our review, we found that antimicrobial
prescription was most commonly associated with acute
bronchitis, pharyngitis, sinusitis, and the common cold.
Nevertheless, the frequency of these diagnoses varies
from country to country. These differences may be due to
differences in healthcare systems, diagnostic capabilities,
and cultural expectations. For example, low-and middle-
income countries often face challenges, such as over-
the-counter antimicrobial sales and limited access to
diagnostic tests, leading to higher rates of antimicrobial
prescription [61]. Fleming-Dutra et al. (2016) reported
that a significant proportion of antimicrobial prescrip-
tions in the USA were for acute respiratory conditions,
such as bronchitis and sinusitis, despite most of these ill-
nesses being viral in origin and not requiring antimicro-
bials [8]. Another study conducted in the UK reported
that the majority of antimicrobial prescriptions were for
respiratory tract infections, including pharyngitis and
the common cold [62]. This review found that amoxicil-
lin, ampicillin, amoxicillin/clavulanate, azithromycin,
and erythromycin were the most commonly prescribed
antimicrobials. Similar observations were demonstrated
by studies conducted in Nigeria and Tanzania which
reported that amoxicillin and amoxicillin-clavulanate
were the most commonly prescribed antimicrobials
for respiratory tract infection in outpatients [63, 64].
This finding indicates that prescribers are using broad-
spectrum antimicrobials, whereas it is recommended to
maintain narrow-spectrum antimicrobials at>80% in
cases where an antibiotic is prescribed [65, 66]. This may
contribute to the increase in antimicrobial resistance.

In addition to the misuse of antimicrobials, therapeutic
regimens may be inappropriate due to incorrect choice
of antimicrobials, prescribed antimicrobials when not
indicated, or use of incorrect dosages or durations. For
example, a study conducted in Ethiopia reported that
14% of antimicrobials were prescribed inappropriate dos-
ages [34]. This result is in line with a study conducted
in India where 15% of antimicrobials were prescribed at
inappropriate dosages [35]. As a result of this review, the
overall pooled prevalence of inappropriate antimicrobial
prescriptions was 45% (95% CI 0.38—0.52). This finding is
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higher than the inappropriate prescription rate reported
in a previous systematic review and meta-analysis for
outpatients in high-income countries which was 31.5.%
[67]. This variation may be attributed to the fact that our
study focused exclusively on all age groups, whereas the
previous study focused solely on children and focused on
high-income countries. The broader inclusion criteria in
the present study may also account for the higher overall
rate of inappropriate antibiotic prescription.

Subgroup analysis by region indicated that Asia had the
highest inappropriate antimicrobial prescription rate at
49% (95% CI 0.38-0.60), followed by North America with
46% (95% CI 0.31-0.63). On the other hand, our results
showed that there is a lower inappropriate antimicrobial
prescription rate in Africa at 27% (95% CI 0.24-0.31),
which may be attributed to the smaller number of stud-
ies or less research from Africa analysis in this review.
This result is in line with a study conducted by Donnelly,
et al. [68] in America, which reported that in emergency
department patients with respiratory tract infections,
approximately 43% of antimicrobial prescriptions were
inappropriate. The variation in the rate of inappropriate-
ness could also be due to the types of infection and their
prevalence across regions, as shown in Table 1. This is
supported by [69], who reported that regional variation
in inappropriate prescribing could be influenced by dif-
ferences in patient characteristics, insurance systems,
and clinical diagnosis. Further studies are needed to
investigate the factors contributing to inappropriate anti-
microbial prescriptions and compliance with the recom-
mended guidelines.

Limitations

We employed thorough search strategies and performed
a rigorous systematic review and meta-analysis; how-
ever, there are some limitations in this study. There was
high heterogeneity between studies even in the subgroup
analysis, which may be due to broader inclusion crite-
ria. Q and its derivatives I and H? increase rapidly with
a larger sample size and are influenced by the nature of
proportional data [55, 70]. Consequently, the results of
this study should be interpreted with caution. Second,
it is noteworthy that we included only published data in
the English language. Third, a substantial portion of the
data in the included studies were sourced from electronic
medical records. These records are susceptible to under-
reporting, as not all diagnoses or antimicrobial prescrip-
tions may be registered [71]. Fourth, our investigation
focused solely on outpatients and excluded inpatients.
Additionally, we did not explore the factors associated
with high prescription rates and inappropriate prescrip-
tions. Therefore, this review may not provide a general
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overview of antibiotic usage patterns for respiratory tract
infections.

The implications of the results for practice, policy,

and future research

Indeed, this review could serve as valuable informa-
tion for shaping policies on stewardship programs and
guiding future research on antimicrobial resistance. The
results of this review revealed a high prescription rate of
66%. However, the WHO recommended that the rate of
antimicrobial prescription should be less than 27%, and
Access-group antimicrobials should constitute at least
60% of overall antibiotic use [56]. This suggests a poten-
tial issue with antibiotic prescribing that may need atten-
tion, considering the importance of responsible antibiotic
use and the WHO recommendations to combat antibi-
otic resistance. Additionally, we observed that the rates
of inappropriate antimicrobial prescriptions remain high
(45%). This suggests that a significant portion of antimi-
crobial prescriptions are not aligned with guidelines or
clinical standards. Achieving the necessary reduction in
inappropriate antibiotic prescribing to combat antimi-
crobial resistance requires a paradigm shift in antibiotic
stewardship and the transformation of policy into clinical
practice. Furthermore, our investigation focused solely
on the antimicrobial prescription rate and appropriate-
ness, and further research is needed to explore the fac-
tors influencing antibiotic prescription and to provide
suggestions for interventions to minimise inappropriate
antibiotic prescribing.

Conclusion

This review investigated the pattern and appropriateness
of antibiotic prescriptions for respiratory tract infections
in outpatients. This highlighted a generally high antibi-
otic prescribing rate and inappropriate use of antimicro-
bials. The prevalence of high antimicrobial prescription
rates varies across countries. This review found that
antimicrobial prescribing was most commonly associ-
ated with acute bronchitis, pharyngitis, sinusitis, and the
common cold. Furthermore, ampicillin amoxicillin and
amoxicillin-clavulanate antimicrobials from the Access
group, along with azithromycin and erythromycin from
the Watch group, were the most frequently used anti-
microbials. This result suggested that it is necessary to
improve antimicrobial prescription practices improv-
ing antimicrobial stewardship programs for frequently
used antimicrobials in outpatient treatment, to minimize
unnecessary antibiotic use. Furthermore, this review
suggests that further research is needed to investigate
the factors contributing to inappropriate antimicrobial
prescription.
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