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Abstract: (1) Background: Few studies have focused on antibiotic use and appropriateness in children
in primary health institutions (PHIs). This study aimed to identify the patterns and appropriateness
of antibiotic use for children in PHIs in Beijing, China. (2) Methods: Outpatient prescriptions of
327 PHIs from 2017 to 2019 for patients <18 years old were collected. Prescriptions were described
using quantity indicators. Antibiotics were categorized according to ATC classification J01 and
Access, Watch, Reserve grouping. Appropriateness was reviewed by experts using three subtypes of
irrational prescriptions (irregular, inappropriate, and abnormal). (3) Results: 20,618 prescriptions
were collected in total. The antibiotic prescription rate (APR) was 15.1% (N = 3113). Among antibiotic
prescriptions, JO1FA Macrolides were the most used (N = 1068, 34.9%). The Watch group constituted
89.0% (N = 2818) of total antibiotic use. Bronchitis (N = 1059, 35.2%) was the most common diagnosis.
A total of 292 instances of irrational antibiotic use were identified, with inappropriate prescriptions
being the most prevalent subtype (N = 233, 79.8%). (4) Conclusion: Although APR for children in
PHIs in Beijing was relatively low, the pattern of antibiotic use differed from other countries. Further
studies are needed to optimize antibiotic use for children in PHIs under different levels of economic
development.
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1. Introduction

The selection pressure of antibiotics, driven by inappropriate antibiotic prescribing,
generates antimicrobial resistance [1,2]. The development of antimicrobial resistance
(AMR) is further accelerated by inappropriate antibiotic use and has become a growing
public health threat worldwide, particularly for children [3,4]. An estimate from the
China Antimicrobial Resistance Surveillance System (CARSS) showed that the proportions
of third-generation cephalosporin-resistant Escherichia coli in China (CTX/CRO-R ECO)
isolated from children and newborns in 2019 were 38.8% and 10.1%, respectively, which
were higher than those from adults (28.8%) [5]. Appropriate antibiotic use in children is
also critical, as there are limited antibiotic formulations suitable for this population.

China is among the largest consumers of antibiotics worldwide and has taken many
measures to strengthen antimicrobials management [6-9]. However, most policies were im-
plemented in secondary and tertiary hospitals, while primary healthcare institutions (PHIs)
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were subject to more localized management measures [10]. Since PHIs were not included
in the national surveillance networks for both antibiotic use and AMR, understanding and
addressing antibiotics use in PHIs can enhance the management of antibiotics use and
AMR surveillance.

Beijing is the capital city of China and enjoys a high level of health system management.
The Beijing Municipal Health Commission has made great efforts to promote rational
antibiotic use in PHIs, including establishing a Prescription Review and Feedback (PRF)
system. The PRF, one of the interventions to promote rational antibiotic use, was first
introduced in PHIs in Beijing in 2014 [11]. Studies have shown that this approach is effective
in controlling irrational antibiotic use in various settings across the world, regardless of
their levels of economic development [12-16]. However, we found little evidence about the
patterns and appropriateness of antibiotic use in children in PHIs [17,18]. To explore how
antibiotics were used for children in PHIs, this study aims to determine the patterns and
appropriateness of antibiotic prescriptions among children in PHIs in Beijing between 2017
and 2019.

2. Results
2.1. Selected Indicators of the Prescriptions

The selected indicators of all the sample prescriptions are described in Table 1. Of
all the prescriptions (N = 1,809,616) extracted from 327 reporting PHIs of the Beijing
Prescription Reviewing System of Community Healthcare Institutions (BPRSCHI) included
in the study, a total of 20,618 prescriptions (1.6%) for children were extracted during the
study period, among which 3113 prescriptions (15.1%) contained antibiotics. Among
all antibiotic prescriptions, antibiotic combination prescriptions and prescriptions with
antibiotic injections accounted for 1.6% (N = 50) and 8.6% (N = 269), respectively. Antibiotic
prescriptions that were reviewed and rated as irrational accounted for 9.2% (N = 286) of all
antibiotic prescriptions. The antibiotic prescription rate (APR) for children demonstrated a
downward trend from 17.9% (N = 995) in 2017 to 13.9% (N = 1447) in 2019. The irrational
antibiotic prescription rate showed a more substantial decrease from 14.0% (N = 139) to
4.8% (N = 69) during the study period.

Table 1. Selected indicators of prescriptions for children from all PHIs covered by Beijing Prescription
Reviewing System of Community Healthcare institutions, 2017-2019.

Indicators 2017 2018 2019 Total
Prescriptions for children, n 5569 4627 10,422 20,618
Antibiotic-containing prescriptions, n 995 671 1447 3113
(% of prescriptions) (17.9%) (14.5%) (13.9%) (15.1%)
Prescriptions with antibiotic combinations, n 18 12 20 50

(% of antibiotic prescriptions) (1.8%) (1.8%) (1.4%) (1.6%)
Prescriptions with antibiotic injections, n 78 50 141 269

(% of antibiotic prescriptions) (7.8%) (7.5%) (9.7%) (8.6%)
Irrational antibiotic prescriptions, n 139 78 69 286

(% of antibiotic prescriptions) (14.0%) (11.6%) (4.8%) (9.2%)

2.2. Patterns of Antibiotic Use among Children

Among all antibiotic prescriptions for children, JO1FA Macrolides was the most com-
monly prescribed antibiotics (N = 1068, 34.9%), followed by J01DC second-generation
cephalosporins (N = 1040, 34.0%), and JO1DD third-generation cephalosporins (N = 686,
22.4%) (Figure 1A). When using the 2020 WHO EMLc Access, Watch, Reserve (AWaRe)
grouping to analyze the patterns of antibiotic use, prescriptions of the Watch group of
antibiotics constituted most of the antibiotic prescriptions (N = 2818, 89.0%), followed by
the Access group of antibiotics (N = 333, 10.5%). The Reserve group (N = 6, 0.2%) and
Not Recommend group of antibiotics (N = 8, 0.3%) were barely prescribed (Figure 1B).
Tonsillitis was the most frequent diagnosis shown on antibiotic prescriptions (N = 393,
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36.4%), followed by pharyngitis (N = 387, 28.4%), bronchitis (N = 1097, 28.1%), and common
cold (N =174, 11.2%). Bronchitis (N = 1059, 35.2%) was the most common diagnosis among
commonly seen infectious conditions, as shown in Figure 2.
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Figure 1. Patterns of antibiotic use among children, as described in the Anatomical Therapeutic and Chemical classification
and the 2020 WHO EMLc Access, Watch, Reserve (AWaRe) grouping. (A).Patterns of antibiotic use among children described
in the Anatomical Therapeutic and Chemical classification. (B). Patterns of antibiotic use among children described in the
2019 WHO EMLc Access, Watch, Reserve (AWaRe) grouping.
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Figure 2. Antibiotic prescription rate of common infections in outpatient antibiotic prescriptions for children.

2.3. Appropriateness of Antibiotic Use for Children

As demonstrated in Table 2, among all antibiotic prescriptions, 9.2% (N = 286) were
determined as irrational, amounting to a total of 292 incidences of inappropriate antibiotic
use. When divided by types (see Table 2 for detailed definitions), inappropriate prescrip-
tions accounted for 79.8% of all irrational prescriptions (N = 233), followed by irregular
prescriptions (N = 59, 20.2%), and no prescriptions were reviewed as abnormal. Among
the subtypes of inappropriate prescriptions, prescriptions with inappropriate usage and
dosage (N = 145, 49.7%), inappropriate indication (N = 25, 8.6%), and inappropriate route
of administration (N = 22, 7.5%) were most commonly mentioned. Among the subtypes
of irregular prescriptions, non-conformity with the National Regulations on the Clinical
Application of Antibiotics (N = 15, 5.1%), prescribing without a clinical diagnosis or with
an incomplete clinical diagnosis (N = 13, 4.5%), and unspecified date of birth for infants
and newborns (N = 8, 2.7%) ranked as the top three.
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Table 2. Frequency of three types of irrational prescription of sample antibiotic prescriptions for children, 2017-2019.
: _— Frequency Proportion
No. Irrational Prescription Type N =292 of 100.0%
1 Irregular prescription N =59 20.2
1-1 Missing elements, non-standardized, or illegible writing. 4 14
1-3 Absence of a prescription suitability review 1 0.3
Unspecified date of birth for infants and newborns (in months
1-4 8 27
or days)
Illegible writing of dosage, specifications, usage, unit in
1-7 L 6 2.1
the prescription
18 Ambiguous expression concerning dosage and/or use (e.g., 1 03
“follow the doctor’s advice”, “self-medicated”, etc.) ’
Prescribing without a clinical diagnosis or with an incomplete
1-10 . . . 13 4.5
clinical diagnosis
Non-conformity with the National Regulations on the Clinical
1-14 - o 15 5.1
Application of Antibiotics
2 Inappropriate prescription N =233 79.8
2-1 Inappropriate indication 25 8.6
2-2 Inappropriate selection of drugs 19 6.5
2-3 Inappropriate route of administration 22 7.5
2-5 Inappropriate usage and dosage 145 49.7
2-6 Inappropriate combined use of drugs 9 3.1
2-7 Repeated administration 6 2.1
2-8 Incompatibility or adverse interaction 4 14
2-9 Other inappropriate situations 3 1.0

Note: The subgroup of irrational use was defined by the “Regulation Standard for Hospital Prescription Review” 2010.

3. Discussion

In this cross-sectional observational study, we identified the patterns of antibiotic use
and evaluated the appropriateness of antibiotic prescriptions of PHIs in Beijing, China. We
found that the pediatric antibiotic prescribing rate in PHIs in Beijing (15.1%) was lower
than that in France (26.1%) [19], Australia (23%) [20], the Netherlands (29%) [21], Germany
(38.6%) [22], and the United Kingdom (36.2%) [23], but was slightly higher than in Italy
(8.81%) [24]. The GDP per capita of Beijing was 10,484 U.S. dollars, roughly equivalent to
that of Malaysia (10,270 U.S. dollars) and Russia (10,037 U.S. dollars) [25]. This relatively
low antibiotic prescription rate for children in community settings in Beijing could be
attributable to the better healthcare management capacity of PHIs compared with the
countries above. It could also be attributable to China’s measures to control antibiotic use,
including establishing restrictions on antibiotic allocation to health facilities [26], public
reporting of inappropriate antibiotic use [27], and providing continuous professional
training for health professionals [28]. A study showed that the outpatient APR was
35.5% in PHlIs in Beijing during 2009-2011, with only 42.4% of the antibiotic prescriptions
considered as appropriate [29]. After the implementation of the PRF process in 2014, the
APR in children in Beijing showed a sharp decrease by 15.1% in our study, suggesting
the effectiveness of PRF in promoting appropriate antibiotic use among children seen
in PHIs. However, as previously mentioned, metropolitan cities such as Beijing and
Shenzhen are privileged to have PHIs with better management capacity, which pave the
way for PRF implementation and thus control of inappropriate antibiotic use [30]. In
less-resourced settings such as the rural areas in Guangxi province, PHIs have a more
limited management capacity but are confronted with similar, if not greater, challenges
from inappropriate antibiotic use. In rural China, APR was over 30% for children diagnosed
with upper respiratory infections, suggesting a high rate of inappropriate antibiotic use
among children [31]. PRF has the potential to lower regional disparities in controlling
inappropriate antibiotic use, especially in PHIs, as qualitative research suggested that
residents in rural areas were more likely to seek care and continue treatment in PHIs
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compared with their urban counterparts [32]. Still, PRF implementation is context-specific
and needs to be contextualized to local needs and capacity. More studies are therefore
needed to verify the effectiveness of PRF in different settings.

JO1FA Macrolides were the most prescribed antibiotics in our study sample. This
finding illustrated a difference in antibiotic utilization patterns between communities in
Beijing and in other developed countries. In Europe, the most consumed antibiotics in
community settings in 2019 were penicillins across all countries but Slovakia, with the
proportion ranging from 27% (Slovakia) to 66% (Denmark) of the total antibiotic con-
sumption [33]. In Beijing, we found that cephalosporins and other beta-lactams (ATC
group J01D) accounted for 56.4% of the total pediatric antibiotic use, nearly twice as high
as in Europe (Slovakia, 27%). Moreover, 34.9% of prescribed antibiotics in Beijing were
lincosamides and streptogramins, which is far more than that in Europe (ATC group JO1F,
26%), according to sales and reimbursement data. These discrepancies in antibiotic uti-
lization reflect differences in antibiotic selection among primary pediatric caregivers from
different countries due to factors such as patient pressure, time constraints, diagnosis un-
certainty, and so forth [34]. Moreover, the abundant use of macrolides and the second- and
third-generation cephalosporins could be attributed to the following factors: first, in China,
prescribing penicillin requires a skin test. The inconvenience of using penicillins due to
over-estimation of penicillin allergy rates could impel some clinicians to replace penicillins
with cephalosporins or other broad-spectrum antibiotics [35,36]. Second, azithromycin
is more child-friendly in terms of form for convenient use. Third, due to the shortage of
guidelines related to respiratory self-limiting disease for the pediatric population, as well
as vague expression in guidance for drug choice in the existing ones, physicians can barely
obtain practical information from guidelines. These factors may result in the free choice of
antibiotics under pressures such as patient demands [34]. However, cephalosporins are not
recommended as the first-line treatment for acute respiratory infections (ARI) in children
in Chinese guidelines. This prescribing manner suggested a low guideline adherence in
physicians in PHIs, whose prescribing capacity would need further training processes and
other interventions to improve.

Despite the relatively low APR for children compared with other countries and the
decreasing rate of inappropriate antibiotic use, our results suggest that control measures
of antibiotic use await further improvements. Our results showed that 28.1% of the
prescriptions for bronchitis and 11.2% of the prescriptions for the common cold contained
antibiotics. Since antibiotics are not indicated in these two syndromes, and the sample
prescriptions were collected based on a reporting mechanism, the inappropriateness may be
underestimated. Besides, the Watch group antibiotics were the most prescribed antibiotics
for children in our study. There is still a large gap in the utilization of the Access group
antibiotics, which is recommended by the WHO to account for at least 60% of total antibiotic
use by 2023 [37]. Another possible contributor to this large gap in antibiotic use compared
with the WHO recommendation might be the differences between the Chinese formulation
restriction policy and the AWaRe classification [26]. Moreover, skewness was also shown
in the distribution of the appropriateness reviewing process results. The subtype of
inappropriate prescription (79.8%) was the main error, most of which was attributable to
inappropriate usage and dosage (49.7%). The lack of pediatric-specific comparative data,
uncertainty in pediatric dosing regimens for several agents, and a relative lack of new
antibiotics with pediatric indications collectively present unique challenges for antibiotic
use in children [38]. There is an urgent need to develop new antibiotics and dosage
regimens for children and to enhance their accessibility, as they are essential to child health
across the world, not only in China.

Our study has several limitations. First, the information of medical history, secondary
diagnosis, and pathogenic examination could not be retrieved by the reviewers from the
BPRSCHI database, which might introduce bias to the results in the reviewing process.
Second, because the prescription-reviewing process was conducted based on prescription
per visit instead of per patient, the linkage between prescriptions and patients was not
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accessible. Nonetheless, the analysis based on prescriptions was accurate enough to reflect
the patterns in antibiotic use for children in PHIs. Third, although most of the community
healthcare centers (CHCs) were included in the BPRSCHI database, the selection of PHIs
could introduce selection bias due to the imbalanced distribution of CHCs and community
healthcare stations (CHSs) in the sample PHIs. Fourth, the study sample may not be
fully representative of the general child population in Beijing as parents might prefer
to seek care at higher-level medical institutions instead of PHIs, potentially leading to
overestimated results in this study. Fifth, socioeconomic information on the doctors, which
could affect prescribing behaviors [34], was not included due to data accessibility, which
may introduce bias to the results. Sixth, although the sampling process was based on
a systematic randomized methodology, we could not avoid potential selection biases
in the reporting process. However, the random selection process could maximize the
representativeness of the prescriptions. Seventh, due to the absence of ICD coding, we
could not present all the diagnoses of the prescriptions. Nonetheless, prescriptions of the
four commonly seen diagnoses were the majority of the prescriptions (65.9%, N = 2057).

4. Materials and Methods
4.1. Methods
4.1.1. Study Design

We conducted a cross-sectional observational study to quantify the pattern and appro-
priateness of antibiotic prescriptions for children in 327 PHIs in Beijing from January 2017
to December 2019.

4.1.2. Study Setting and Data Source

As the capital of China, Beijing had 21.5 million residents (12.6% of whom were aged
under 19) and 2075 PHIs (including 345 CHCs and 1730 CHSs) with 68.3 million visits in
2019 (25.8% of total hospital visits). PHIs are designed to be the first level of contact of
patients with the national health system. All PHIs in Beijing are outpatient clinics with very
little inpatient capacity (only 26,000 patients were discharged from PHIs in 2019), providing
basic outpatient clinical care and public health services to individuals and families residing
in the community.

All reported prescriptions from the sample PHIs (16.0% of total PHIs) were extracted
from the Beijing Prescription Reviewing System of Community Healthcare Institutions
(BPRSCHI) database. BPRSCHI was established by Beijing Health Commission in 2014
for routine online prescription reviews of the sample prescriptions that are reported to the
database. The selection of PHIs in BPRSCHI is based on a convenience sampling method
while considering the geographical representativeness of the city. The BPRSCHI database
covered 327 PHIs; most of them were community health centers (321 out of 345) during
2017-2019. A sampling software is embedded in the information system of all PHIs. A total
of 100 prescriptions were randomly selected from each PHI monthly using a systematic
sampling method, with the sampling interval calculated by dividing the number of total
prescriptions by 100.

4.1.3. Data Collection

All prescription data in BPRSCHI (N = 1,809,616) from January 2017 to December 2019
were extracted. We selected the prescriptions for children for further analysis. We derived
data on prescription code, area text, prescribing date, age, gender, medical insurance status,
diagnoses, medication, specification, dosage, administration route, and the result of the
reviewing process given by the BPRSCHI review team. Electronic prescriptions were
digitally transferred from the database and were double-checked by our researchers. The
selection of the antibiotic prescriptions for children is shown in Figure S1.

In this study, children were defined as patients under 18 years old. A prescription was
defined as all the medicines prescribed to a patient during one visit. Antibiotic prescrip-
tions were defined as the prescriptions that contained at least one antibiotic according to
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Anatomical Therapeutic and Chemical (ATC) classification J01 [37]. Due to the absence
of standardization of diagnosis, namely the adoption of International Classification of
Diseases (ICD) coding in PHIs, it is difficult to standardize all the diagnoses of the pre-
scriptions. Therefore, we collected data on four commonly seen infectious conditions by
searching the following keywords in diagnoses: “Qiguanyan”, “Biantaotiyan”, “Yanyan”,
“Ganmao” (meaning bronchitis, tonsillitis, pharyngitis, and common cold, respectively).

4.2. Measurements
4.2.1. Indicators

The prescriptions for children were described using the following indicators. The
percentage of antibiotic-containing prescriptions was calculated by dividing the number
of prescriptions that contained at least one antibiotic by the total number of prescriptions.
The percentage of antibiotic combination prescriptions was calculated by dividing the
number of prescriptions with more than one antibiotic by the total number of antibiotic
prescriptions. The percentage of prescriptions with antibiotic injections was calculated
by dividing the number of prescriptions that contained at least one antibiotic injection
by the total number of antibiotic prescriptions. The percentage of irrational antibiotic
prescriptions was calculated by dividing the number of prescriptions reviewed as irrational
by the total number of antibiotic prescriptions.

4.2.2. Patterns of Antibiotic Use Indicated by the Sample Prescriptions

We described the patterns of antibiotic use by calculating the proportion of the an-
tibiotic prescriptions, classified according to Anatomical Therapeutic and Chemical (ATC)
classification JO1 [39]. We also adopted the 2019 WHO EMLc Access, Watch, Reserve
(AWaRe) grouping to analyze the proportion of antibiotic use by AWaRe categories [40].
We further calculated the antibiotic prescription rate (APR) for the selected diagnoses by
dividing the number of antibiotic prescriptions for the given diagnosis by the number of
prescriptions for the same diagnosis.

4.2.3. Appropriateness of the Antibiotic Prescriptions

We analyzed the appropriateness of the antibiotic prescriptions by the result of the
reviewing process. According to “Regulation Standard for Hospital Prescription Review”
issued by the Chinese Ministry of Health in 2010 [11], the PRF process is conducted
manually on a monthly basis by a review team consisting of multidisciplinary healthcare
professionals, including physicians, pharmacists, and microbiologists, as well as experts of
medical management from tertiary hospitals. Following the “Guideline for the prescription
review process of Beijing healthcare institutions”, the review is conducted based on the
clinical pathways, medication, and clinical treatment guidelines, as well as the medication
manufactory instructions. As quality-control measures, the Hospital Medication and
Therapeutics Committee is responsible for providing training to the review team before
conducting the review, and Medical Quality Committee is responsible for quality evaluation
after the reviewing process periodically.

In light of the “Regulation Standard for Hospital Prescription Review”, an irrational
prescription is a prescription with inferior quality in writing or with inappropriate use
of medications (including indication, selection of drugs, administration route, usage and
dosage, drug—drug interaction, and incompatibility of drugs) compared with relevant
law and technical specifications. An irrational prescription could be categorized as one
of the following subtypes based on whether the use of antibiotics adheres to standards:
irregular prescription, inappropriate prescription, and abnormal prescription based on
different types of mistakes or inappropriateness of the prescription. Irregular prescriptions
refer to prescriptions with unclear, non-standard, ambiguous, or missing components of a
standard prescription. Inappropriate prescriptions refer to prescriptions with unreasonable
conditions in drug selection, indications, usage and dosage, drug interaction, etc. Abnormal
prescriptions refer to the choice of drug use beyond the general principles of drug therapy
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or the lack of justification of prescriptions. The detailed criteria of these three subtypes of
irrational prescriptions are shown in Table S1.

4.2.4. Data Analysis

Descriptive statistics were reported throughout. Statistical analysis was performed
using STATA V.15.1 (StataCorp, TX, USA) and Excel 2016.

4.2.5. Ethics Approval

Ethics committee approval was obtained from Peking University Institution Review
Board (IRB00001052-21048). Patient consent was waived because no contact with patients
was conducted and patient anonymity was assured.

5. Conclusions

This study described the patterns in antibiotic use among children in PHIs in Beijing.
Although a relatively low level of antibiotic utilization was found, the fact of an extremely
high proportion of Watch group prescriptions raises concerns of potential inappropriate-
ness. Besides that, the patterns in PHIs in Beijing differ significantly from settings with
comparable levels of economic development. To combat drug resistance and irrational use
of antibiotics in children, more research should focus on the use of antibiotics in children
in primary care settings and its influencing factors in areas with different economic levels
in order to optimize the use of antibiotics in children at the primary level and curb the
occurrence of drug resistance in children.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/antibiotics10101248/s1, Figure S1: The selection of antibiotic prescriptions. Table S1: Definition
of the three types of irrational prescriptions.
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