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Abstract

Background
Antibiotic overuse is a major driver of antimicrobial resistance (AMR), a global public health concern,
particularly in sub-Saharan Africa where a high burden of infectious diseases and predominantly
empirical diagnosis contribute to inappropriate use. The World Health Organization (WHO) AWaRe
(Access, Watch, Reserve) classification supports rational prescribing by enabling the monitoring of
antibiotic use patterns. However, data on AWaRe-based antibiotic use in Mozambique, especially in
outpatient settings, remain limited. This study aimed to evaluate antibiotic prescribing patterns among
outpatients using the WHO AWaRe classification in health facilities in Tete and Sofala, Mozambique.

Methods
Secondary data from outpatient prescriptions at two health facilities in Mozambique, Health Center No.
3 in Tete Province and Caia District Hospital in Sofala Province, were analyzed. Patients of all ages
attended between November 2025 and January 2026 with at least one antibiotic prescribed were
included (n = 387). Antibiotic prescribing patterns were evaluated using the WHO AWaRe classification
and WHO/INRUD prescribing indicators.

Results
Among the 387 prescriptions included, a total of 435 antibiotics were prescribed. Most patients received
one antibiotic (89.4%), while 6.7% received two and 3.9% received three or more. Cotrimoxazole was the
most frequently prescribed antibiotic (42.8%), followed by amoxicillin (20.2%) and metronidazole
(11.3%). According to the AWaRe classification, 85.7% of antibiotics belonged to the Access group and
12.4% to the Watch group, with no prescriptions from the Reserve group. All antibiotics were prescribed
by their generic names and were included in the essential medicines list. Total antibiotic consumption
was 121.91 DDD/1,000 inhabitants/day, with amoxicillin (50.22) and ciprofloxacin (23.59) showing the
highest utilization rates.

Conclusion
Antibiotic prescribing among outpatients in this study met the WHO target for the Access group,
indicating overall alignment with recommended practices. However, the use of Watch antibiotics,
particularly macrolides, highlights the need to strengthen antimicrobial stewardship efforts to ensure
more rational use. The implementation of WHO recommendations, including the AWaRe classification,
together with improved adherence to clinical guidelines and targeted training of healthcare providers, is
essential to optimize prescribing practices in outpatient settings.
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Introduction
Excessive and inappropriate use of antibiotics is a major driver of antimicrobial resistance (AMR), which
is widely recognized as a global public health challenge [1]. AMR affects not only human health but also
animal health, agriculture, and the environment [2, 3]. Recent estimates indicate that millions of deaths
are associated with bacterial resistance, representing an even greater concern in Sub-Saharan Africa
(SSA), where the coexistence of a high burden of infectious diseases, limited diagnostic capacity, and
reliance on empirical prescribing practices increases the likelihood of inappropriate antibiotic use [4]. In
this context, strategies that promote rational prescribing are essential to curb the progression of
resistance [1].

To guide clinical decision-making and improve prescribing quality, the World Health Organization (WHO)
developed the AWaRe classification, which categorizes antibiotics into three groups: Access, Watch, and
Reserve [5]. Antibiotics in the Access group are recommended as first- or second-line treatments for
common infections and should be widely available. The Watch group includes antibiotics with a higher
potential to drive resistance and therefore requires closer monitoring. The Reserve group consists of
last-resort agents, intended for use only in specific situations to preserve their effectiveness. This
classification, together with the WHO Model List of Essential Medicines, provides a practical framework
for optimizing antimicrobial use [5].

Monitoring antibiotic consumption based on the AWaRe classification allows the identification of
inappropriate prescribing patterns and supports antimicrobial stewardship interventions [5]. The WHO
recommends that at least 60% of total national antibiotic consumption should come from the Access
group, aiming to reduce selective pressure that contributes to the emergence of resistant
microorganisms [5, 6].

Although some countries have made progress in implementing these recommendations, substantial
regional variations in antibiotic prescribing and consumption patterns persist [7]. These differences are
driven by multiple factors, including medicine availability, the local epidemiological profile of infections,
access to laboratory diagnostics to guide treatment decisions, and the level of training of healthcare
professionals [1, 8].

In Mozambique, despite several studies assessing antibiotic use [9–12], there is limited evidence
evaluating prescribing practices using the AWaRe classification alongside WHO/INRUD indicators [13],
particularly in outpatient settings within tertiary hospitals. To address this gap, this study aimed to
assess antibiotic prescribing patterns among outpatients using the WHO AWaRe classification (Access,
Watch, and Reserve) in tertiary hospitals in Tete and Sofala, Mozambique.

Methods

Study design, population, and sample size
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A cross-sectional study was conducted using secondary data obtained from medical records and
prescription forms. The study focused on outpatients attending Health Center No. 3 in Tete City, Tete
Province, Mozambique, and Caia District Hospital in Sofala Province, Mozambique. The health center is a
primary care facility responsible for outpatient services, including general consultations, management of
acute and chronic conditions, and medication dispensing. The district hospital is a secondary-level
facility providing both outpatient and inpatient care, including specialized consultations and the
management of more complex cases.

The study was carried out between November 2025 and January 2026. During this period, a total of 387
outpatients, including both children and adults, received at least one antibiotic prescription and were
included in the study.

Data collection and variables
The WHO AWaRe classification and WHO/INRUD prescribing indicators were used to assess antibiotic
prescribing practices. Data were collected under the supervision of the principal investigator using a
structured data collection tool that included patient-related and antibiotic-related information.
Prescriptions with illegible handwriting that prevented clear identification of the prescribed antibiotic, as
well as those containing only medical supplies, were excluded from the analysis.

Statistical analysis
Statistical analyses were performed using R software (R Foundation for Statistical Computing, Vienna,
Austria), version 4.5.1 for Windows, within the RStudio environment. Descriptive statistics, including
frequencies, percentages, means, medians, and standard deviations (SD), were used to summarize the
data.

Results

Sociodemographic characteristics
As shown in Table 1, a total of 387 individuals were included in the study. There was a slight
predominance of male participants (51%) compared to females (49%). The median age was 15 years.
Regarding the place of care, most patients attended Health Center No. 3 (323; 83%), while 64 (17%)
attended Caia District Hospital. In terms of diagnostic approach, clinical diagnosis was the most
common (356; 93%), whereas laboratory-confirmed diagnosis was less frequent (28; 7%). Concerning
antiretroviral therapy (ART), the majority of participants were not receiving treatment (357; 92%), and
only 30 (8%) were on ART. Information on disease type was available for 77 participants, among whom
57 (74%) had infectious diseases and 20 (26%) had non-infectious conditions.
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Table 1
Sociodemographic characteristics

Characteristics N (%)

Age  

Children (0–11 years) 151 (39.0)

Adolescents (12–17 years) 47 (12.1)

Adults (18–59 years) 155 (40.1)

60 years and over 4 (1.0)

Not specified 30 (7.8)

Sex  

Female 190 (49.1)

Male 197 (50.9)

Name of the health centre  

Health Centre No. 3 323 (83.5)

Caia District Hospital 64 (16.5)

Type of diagnosis  

Clinical 359 (92.8)

Clinical and laboratory 28 (7.2)

Antiretroviral therapy (ART)  

No 357 (92.2)

Yes 30 (7.8)

Diagnostic  

Infectious disease 49 (12.7)

Non-infectious disease 29 (7.5)

Not specified 309 (79.8)

Number of antibiotics prescribed  

1 353 (91.2)

2 20 (5.2)

3 14 (3.6)
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Characteristics N (%)

Age  

Routes of administration  

Oral 385 (99.5)

Parenteral 2 (0.5)

Duration of tratment  

< 5 26 (6.7)

5–10 361 (93.3)

Antibiotic prescribing patterns
According to Table 1, most patients received a single antibiotic (261; 87%). The prescription of two
antibiotics occurred in 22 cases (7%), and three antibiotics in 16 cases (5%). Regarding the route of
administration, oral delivery predominated (385; 99%). As illustrated in Fig. 1, cotrimoxazole was the
most frequently prescribed antibiotic (42.8%), followed by amoxicillin (20.0%). Metronidazole accounted
for 11.3%, while erythromycin and ciprofloxacin each represented 7.1%. In terms of pharmacological
classes (Fig. 1), the combination of sulfonamide + trimethoprim was the most commonly used (43.0%; n 
= 186), followed by penicillins (24.0%; n = 105). Macrolides accounted for 12.0%, and nitroimidazoles for
11.0%.

Distribution of prescribed antibiotics by age group, health facility,
and prescriber
Table 2 shows that antibiotics were most frequently prescribed to adults (41.4%) and children aged 0–11
years (36.3%). Cotrimoxazole was predominantly prescribed among adolescents aged 12–17 years
(65.3%) and children aged 0–11 years (45.6%). Amoxicillin was more frequently prescribed in children
aged 0–11 years (23.4%) and adults (18.3%). Erythromycin was prescribed in 10.1% of cases among
children. According to S.Table 1, cotrimoxazole was the most prescribed antibiotic in both health
facilities, with a higher proportion at Health Center No. 3 (48.9%) compared to Caia District Hospital
(16.9%). In contrast, amoxicillin was more frequently prescribed at Caia District Hospital (18.8%) than at
Health Center No. 3 (6%).
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Table 2
Distribution of prescribed antibiotics by age

Antibiotics ATC code Age

0–11
years
N = 
158

12–
17
years
N = 49

18–
59
years
N = 
180

Above
60
years
N = 4

Not
specified
N = 44

Overall
N = 
435

Amoxicillin J01CA04 37
(23.4)

8
(16.3)

33
(18.3)

1
(25.0)

9 (20.5) 88
(20.2)

Azithromycin J01FA10 5
(3.2)

1
(2.0)

12
(6.7)

0 (0.0) 5 (11.4) 23
(5.3)

Benzathine Penicillin J01CE08 1
(0.6)

0
(0.0)

2
(1.1)

0 (0.0) 0 (0.0) 3 (0.7)

Ciprofloxacin J01MA02 8
(5.1)

3
(6.1)

18
(10.0)

1
(25.0)

1 (2.3) 31
(7.1)

Cotrimoxazole J01EE01 72
(45.6)

32
(65.3)

69
(38.3)

0 (0.0) 13 (29.5) 186
(42.8)

Erythromycin J01FA01 16
(10.1)

1
(2.0)

10
(5.6)

1
(25.0)

3 (6.8) 31
(7.1)

Griseofulvin D01BA01 3
(1.9)

1
(2.0)

1
(0.6)

0 (0.0) 0 (0.0) 5 (1.1)

Metronidazole P01AB01 9
(5.7)

3
(6.1)

29
(16.1)

0 (0.0) 8 (18.2) 49
(11.3)

Nystatin A07AA01 1
(0.6)

0
(0.0)

1
(0.6)

0 (0.0) 1 (2.3) 3 (0.7)

Phenoxymethylpenicillin J01CE02 4
(2.5)

0
(0.0)

5
(2.8)

1
(25.0)

4 (9.1) 14
(3.2)

Tetracycline J01A
A01

2
(1.3)

0
(0.0)

0
(0.0)

0 (0.0) 0 (0.0) 2 (0.5)

As presented in S.Table 2, which describes antibiotic distribution by professional category, most
prescriptions were issued by general medical technicians (71.5%), followed by physicians (20.0%) and
general nurses (9.4%). Cotrimoxazole was most frequently prescribed by medical technicians (46.3%)
and nurses (36.6%), while amoxicillin was more commonly prescribed by physicians (29.9%).

Defined daily dose (DDD) of prescribed antibiotics
The total antibiotic consumption was 121.91 DDD per 1,000 inhabitants per day, corresponding to a total
DDD (DDDT) of 1,121.405. Amoxicillin showed the highest utilization rate (50.22 DDD/1,000/day),
followed by ciprofloxacin (23.59), cotrimoxazole (13.58), erythromycin (11.32), and azithromycin (8.75).
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Moderate levels of consumption were observed for phenoxymethylpenicillin (5.71) and benzathine
penicillin (5.48). In contrast, metronidazole (2.80) and tetracycline (0.46) had the lowest utilization rates
(Table 3).

Table 3
Defined daily dose (DDD) of prescribed antibiotics

Antibiotics ATC Code DDD
(g)

DDDT DDD/1,000/day

Amoxicillin J01CA04 1 462 50.22

Azithromycin J01FA10 0.5 80.5 8.75

Benzathine Penicillin J01CE08 3.6 50.4 5.48

Ciprofloxacin J01MA02 1 217 23.59

Cotrimoxazole J01EE01 0.5 124.92 13.58

Erythromycin J01FA01 2 104.16 11.32

Metronidazole P01AB01 1.5 25.725 2.8

Phenoxymethylpenicillin J01CE02 2 52.5 5.71

Tetracycline J01AA01 1 4.2 0.46

Total     1.121.405 121.91

Note: ATC: Anatomical Therapeutic Chemical classification system; DDD (g): Defined Daily Dose in
grams, as established by the WHO; DDDT: Total number of defined daily doses consumed during the
study period; DDD/1,000 inhabitants/day: Defined daily doses per 1,000 inhabitants per day,
indicating the intensity of antibiotic consumption.

Antibiotic prescription according to WHO AWaRe
classification
As shown in Table 4, 85.7% of the prescribed antibiotics belonged to the Access group, while 12.4% were
classified in the Watch group. No antibiotics from the Reserve group were prescribed. Within the Access
group, cotrimoxazole (49.9%), amoxicillin (23.6%), and metronidazole (13.1%) were the most frequently
used. In the Watch group, ciprofloxacin (57.4%) and azithromycin (42.6%) predominated.
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Table 4
Categorization of antibiotics according to AWaRe classification by the WHO

Antibiotics ATC code Access Watch Unclassified Overall

(N = 373) (N = 54) (N = 8) (N = 435)

Amoxicillin J01CA04 88 (23.6) 0 (0.0) 0 (0.0) 88 (20.2)

Azithromycin J01FA10 0 (0.0) 23 (42.6) 0 (0.0) 23 (5.3)

Benzathine Penicillin J01CE08 3 (0.8) 0 (0.0) 0 (0.0) 3 (0.7)

Ciprofloxacin J01MA02 0 (0.0) 31 (57.4) 0 (0.0) 31 (7.1)

Cotrimoxazole J01EE01 186 (49.9) 0 (0.0) 0 (0.0) 186 (42.8)

Erythromycin J01FA01 31 (8.3) 0 (0.0) 0 (0.0) 31 (7.1)

Griseofulvin D01BA01 0 (0.0) 0 (0.0) 5 (62.5) 5 (1.1)

Metronidazole P01AB01 49 (13.1) 0 (0.0) 0 (0.0) 49 (11.3)

Nystatin A07AA01 0 (0.0) 0 (0.0) 3 (37.5) 3 (0.7)

Phenoxymethylpenicillin J01CE02 14 (3.8) 0 (0.0) 0 (0.0) 14 (3.2)

Tetracycline J01A A01 2 (0.5) 0 (0.0) 0 (0.0) 2 (0.5)

WHO/INRUD Standard Prescribing Indicators
According to Table 5, all antibiotics were prescribed by their generic names (100%), fully meeting the
WHO-recommended standard. Likewise, all prescribed antibiotics were listed in the Essential Medicines
List (100%), in complete alignment with established guidelines. Only 0.5% of patients received antibiotics
in injectable form.

Table 5
WHO/INRUD Standard Prescribing Indicators

Drug use indicators N (%) WHO optimal values (%)
[26]

Average number of antibiotics per prescription 1.12 (SD:
0.426)

 

Antibiotics prescribed by generic name 435 (100) 100

Antibiotics prescribed from the essential medicines
list

435 (100) 100

Antibiotics prescribed in injectable form 2 (0.5) 13.4–24.1

Discussion
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This study represents one of the first analyses conducted in Mozambique to evaluate outpatient
antibiotic prescribing patterns using the WHO AWaRe classification, focusing on health facilities in the
provinces of Tete and Sofala. A higher proportion of prescriptions was observed among children and
adolescents, which may reflect the increased burden of infectious diseases in these age groups and
their frequent use of outpatient services.

Amoxicillin and cotrimoxazole were the most commonly prescribed antibiotics, a pattern consistent with
findings from other studies conducted in SSA [14–17], where these agents form the backbone of primary
healthcare treatment. In settings characterized by a high burden of infectious diseases and limited
access to diagnostic tools, empirical prescribing is common practice [1]. This likely explains the high
proportion of clinically diagnosed cases observed in this study. Although these antibiotics predominated,
other studies have reported different prescribing patterns, in which antibiotics such as ciprofloxacin
ranked among the most frequently used after amoxicillin [15, 18]. This variation may reflect differences
in local prescribing practices, availability of medicines, and adherence to treatment guidelines across
settings.

The predominance of general medical technicians in issuing most prescriptions may reflect the structure
of the Mozambican health system, where these professionals play a central role in primary healthcare
delivery. In this context, investing in continuous professional training on rational prescribing, along with
the adoption of tools that support appropriate antibiotic use [19], such as the AWaRe classification, may
contribute to strengthening efforts to combat antimicrobial resistance.

Regarding the AWaRe classification, the findings of this study demonstrate a predominance of
antibiotics from the Access group (85.7%), aligning with the WHO recommendation that at least 60% of
total antibiotic consumption should come from this category [6]. The proportion of prescriptions from
the Watch group was 12.4%. Although this proportion is relatively lower compared with findings from
other studies [16, 20], antibiotics in this group are recommended only for specific indications and require
careful monitoring due to their higher potential to drive AMR [6]. Their use should ideally be guided by
laboratory diagnostics; however, in settings with limited diagnostic capacity, prescribing may occur
empirically. Such practices can compromise the quality of care and contribute to the emergence and
spread of AMR.

Regarding the WHO/INRUD prescribing indicators, all evaluated prescriptions were consistent with
recommended standards. The average number of antibiotics per prescription was within acceptable
limits, all antibiotics were prescribed by their generic names, were included in the essential medicines
list, and were administered predominantly via the appropriate route, with limited use of injectable
formulations [21]. These findings suggest good adherence to key prescribing principles and reflect
rational practices in terms of medicine selection and prescription writing. Prescribing by generic name
and adherence to the essential medicines list are particularly important in resource-limited settings, as
they promote cost-effectiveness and improve access to treatment.
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In terms of antibiotic consumption, this study identified a total of 121.91 DDD per 1,000 inhabitants per
day, indicating a high level of use in the outpatient setting, likely associated with a substantial burden of
infectious diseases and the frequent reliance on empirical prescribing. When compared with findings
from other settings, these values are considerably higher than those reported in Ethiopia (5.31 DDD per
100 outpatient visits per day) [22], Tanzania (39.05 DDD per 1,000 inhabitants per day) [23], and Slovenia
(59.8 DDD per 1,000 inhabitants per day) [24], where antibiotics such as penicillins, ciprofloxacin, and
doxycycline were among the most commonly used. In the present study, amoxicillin showed the highest
utilization rate, followed by ciprofloxacin and cotrimoxazole, suggesting that these agents form the core
of treatment in the study setting. This pattern is partly expected, as amoxicillin belongs to the Access
group and is widely recommended as a first-line treatment for common infections. However, the
substantial use of ciprofloxacin, a Watch group antibiotic, warrants attention due to its higher potential
to drive antimicrobial resistance. The differences observed across studies may be explained by several
factors, including the relatively short data collection period in the present study, potential seasonal
variations in infection patterns, and differences in prevention and control strategies [22].

In the context of the growing threat of antimicrobial resistance, strengthening antimicrobial stewardship
strategies within healthcare facilities is essential. The systematic integration of the AWaRe classification
into local treatment protocols, the implementation of regular prescription audits, and investment in
laboratory infrastructure to support diagnostic confirmation are key measures [1]. In addition, targeted
educational interventions for prescribers may help reduce inappropriate practices related to antibiotic
selection, dosing, and treatment intervals.

This study has some limitations. As a cross-sectional study based on clinical records and prescription
data, it is subject to potential omissions or inconsistencies in documentation. The inclusion of only two
healthcare facilities limits the generalizability of the findings to other regions or settings within the
country. Furthermore, the lack of microbiological data precluded the assessment of treatment
appropriateness based on etiological confirmation. Despite these limitations, the study provides relevant
insights into outpatient prescribing patterns and serves as an important foundation for future, more
comprehensive research in Mozambique, while also contributing to efforts aimed at promoting the
rational use of antibiotics.

Conclusion
Antibiotic prescribing in this outpatient setting was generally consistent with WHO recommendations, as
reflected by the universal use of generic names and full adherence to the Essential Medicines List. Most
prescriptions involved antibiotics from the Access group, aligning with global efforts to promote rational
antibiotic use. Despite these positive findings, the results highlight the need to strengthen diagnostic
capacity and reinforce antimicrobial stewardship strategies to further optimize prescribing practices and
reduce the risk of AMR. Additionally, these findings emphasize the importance of conducting more
comprehensive future studies to better understand prescribing patterns and inform evidence-based
interventions.
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Figure 1

Distribution of prescribed antibiotics by individual agent (A) and by pharmacological group (B).
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