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Abstract 

Background:  Antibiotics are synthetic or natural substances used to treat bacterial infectious diseases. When used 
incorrectly, they can be a factor in the development of antimicrobial resistance, increased treatment time, costs, and 
mortality. The present study aimed to assess the pattern of inappropriate use of antibiotics and their predictors in 
pediatric patients admitted to the Central Hospital in Nampula, Mozambique.

Methods:  A cross-sectional, retrospective study with a quantitative approach was conducted between January and 
July 2019. The population consisted of children ages 0–10 years hospitalized in the pediatric ward I. Binary logistic 
regression was used to determine risk factors for the inappropriate use of antibiotics with 95% confidence interval.

Results:  The prevalence of antibiotic use among pediatric patients was 97.5%. Of the 464 antibiotics prescribed, 
39.9% were for patients suffering from gastroenteritis, 21.8% and 9.1% for those affected with pneumonia and malaria, 
respectively. Most antibiotics were for parenteral use (95.9%, 445/464). Many (36.5%) of the prescriptions had errors, 
primarily in the duration of treatment (74.0%) or dosage (24.4%). Binary logistic regression analysis revealed that 
patients prescribed ≥ 3 antibiotics (OR = 2.83, 95% CI 1.245–6.462, p-value = 0.013) or hospitalized for a short time 
(OR = 1.88, 95% CI 1.133–2.3140, p-value = 0.015) were more likely to experience inappropriate use of antibiotics.

Conclusion:  The study showed both a high prevalence of antibiotic use and a high error rate in prescriptions, espe-
cially among patients prescribed ≥ 3 antibiotics or hospitalized for a short time. These results are concerning, since 
inappropriate and excessive use of antibiotics is a major factor in the development of antibiotic-resistant microorgan-
isms. Therefore, policies to reduce the inappropriate and excessive use of antibiotics are necessary.
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Background
Antibiotics are drugs of natural or synthetic origin used 
to treat infectious diseases, with the ability to destroy 
or inhibit the proliferation of microorganisms. They are 
the most-used drugs in pediatric patients and play a vital 
role in the treatment of infectious diseases worldwide [1]. 
Studies have shown that about 86% of hospitalized chil-
dren received at least one antibiotic [2]. Currently, these 
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drugs are used excessively and inappropriately, result-
ing in risks to the user, such as ineffective treatment and 
the development of microorganism resistance [3]. The 
worldwide excessive use of antibiotics in agriculture and 
human medicine results in the proliferation and dissemi-
nation of a multitude of antibiotic-resistant genes, which 
is one of the most serious global public health threats [4]. 
This practice of excessive and inappropriate use of antibi-
otics is the main global cause of bacterial resistance [3]. 
The inappropriate use of antibiotics includes errors in 
prescription, administration, dosage and duplication of 
the same product [5]. Some studies have shown that the 
percentage of improper use of some antibiotics in hospi-
tals ranges from 20 to 80% [6, 7]. Moreover, patients with 
antibiotic-resistant infections are more likely to experi-
ence ineffective treatment, recurrent infection, delayed 
recovery, and even death [3]. Therefore, about 6.5% of 
morbidity and mortality in hospitalizations is associ-
ated with inappropriate antibiotic prescription [8]. In the 
United States and Canada, 30–50% of antibiotics are used 
incorrectly. Similarly, in some Asian and African nations, 
50% of prescribed antibiotics are identified as inappro-
priate [9, 10]. According to the World Health Organiza-
tion (WHO), antimicrobial resistance among pathogens 
responsible for common infections is alarmingly high 
[11]. In Middle East regions, 90% of hospitalized new-
borns with sepsis had bacterial resistance to antibiot-
ics [12]. In sub-Saharan Africa, 66% of cases of neonatal 
sepsis and meningitis are caused by antibiotic-resistant 
bacteria [13]. A current, high-level report estimates that 
by 2050, “10 million people will die every year due to 
antimicrobial resistance (AMR) unless a global response 
to the problem of AMR is mounted” [14]. Reducing mis-
use is essential to reducing not only antibiotic resistance 
but adverse reactions as well. Therefore, proper prescrip-
tion is an essential strategy to reduce the inappropriate 
and excessive use of antibiotics, limiting them to careful 
application in certain circumstances, in order to prevent 
the rapid growth of bacterial resistance to antibiotics. 
Knowledge about the patterns of incorrect use of antibi-
otics and their risk factors in the pediatric population is 
vital for the creation of programs, policies, and actions 
related to the dispensing of these drugs in this popula-
tion. Thus, the present study aimed to assess the pattern 
of inappropriate use of antibiotics and their predictors 
in pediatric patients admitted to the Central Hospital in 
Nampula, Mozambique.

Methods
Study design
A cross-sectional, retrospective study with a quantitative 
approach was conducted in patients hospitalized at the 
Central Hospital of Nampula, Mozambique. Pediatrics 

I is a ward that treats patients with various pathologies, 
categorized into gastrointestinal, respiratory, and general 
diseases. The survey was carried out in the year 2020.

Population and sample size
From January to July 2019, a total of 1745 patients 
between the ages of 1 and 120  months were hospital-
ized in that ward. The minimum sample size for the study 
was 315, estimated through the single population pro-
portion formula. To obtain a representative sample, the 
simple randomization technique was used, in which each 
element of the population has an equal chance of being 
selected to be part of the sample.

Data collection
Data were collected through supervision of the principal 
investigator. A data collection instrument was used con-
taining the patients’ sociodemographic and clinical char-
acteristics and information concerning the antibiotics 
used during hospital stay. The enumerated record book 
of patients admitted to the ward was used to obtain the 
master list of the population for randomization, from 
which the research participants were selected. When a 
clinical file was found to lack information important to 
the study, such as age, sex, weight, medical diagnosis, 
outcome, dosage, route of administration, duration of 
treatment, and length of hospitalization, that participant 
was excluded and was substituted with a different ele-
ment selected at random. No information was found in 
all medical records regarding microbiological reasons for 
prescribing antibiotics for clinical conditions.

Study variables
The proper or improper use of antibiotics was considered 
the dependent variable and considered as the study out-
come variable, in which it was classified as dichotomous 
categorial. It was coded using code one (1) for misuse, 
which is inappropriate antibiotic use, and zero (0) for 
correct use, which is proper use. The variable of inter-
est was code 1. The independent variables were sex, age, 
weight, medical diagnosis, outcome (discharge, Aban-
donment, or death), prescribed antibiotics, dosage, route 
of administration, duration of treatment, and length of 
hospitalization; and each was classified as numerical or 
categorical. The numerical variables were age, weight, 
number of antibiotics prescribed and duration of treat-
ment. The categorical variables were sex, medical diag-
nosis, outcome, dosage, dose, route of administration 
and length of hospitalization. The age variable was also 
considered as categorical: infant (28  days–12  months), 
toddler (1–2  years), preschool (3–5  years), and school 
(6–10  years). The weight variable was transformed into 
categorical: < 10, 10–18.9, and ≥ 19. The dosage was 
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categorized into underdose, overdose, and correct dose. 
Duration of treatment was transformed into categori-
cal, according to Table 1. The variables used to derive the 
outcome of interest were age; weight; length of hospital 
stay (short, < 5  days; long, ≥ 5), which was determined 
according to Iftikhar et al. [15]; and number of antibiotics 
prescribed.

Determining prescription errors
The antibiotics were considered appropriately used if 
the dosage written on the prescription was in accord-
ance with the patient’s weight. Antibiotics were consid-
ered inappropriately used in five cases: (1) combination 
of antibiotics of the same class (duplication); (2) wrong 
antibiotic selected for the disease; (3) non-recommended 

route of administration; (4) wrong duration of antibiotic 
use; and (5) dosage error, in which the prescribed dose 
was higher or lower and short or long duration of treat-
ment than recommended by international guidelines 
and databases. The dosage error was determined after 
assessing the 10% deviation from the lower and upper 
limits of normal dosing range. Prescription doses with an 
error above 10% were considered overdoses, while pre-
scribed doses below 10% were considered underdoses. 
References used were the WHO guidelines [16], Brit-
ish National Formulary for Children (BNFC) September 
2019–2020, and National Institute for Health and Care 
Excellence (NICE) [17, 18]. These references were used 
because of the wide details on dose, dosage, duration of 
treatment and indication.

Data analysis
Data were entered into SPSS 25.0 software for cleaning 
and analysis. Microsoft Excel was used for graphic crea-
tion. Descriptive statistics was applied to the sociode-
mographic, clinical data and information of antibiotics 
used in terms of frequencies and proportions, measures 
of central tendency (mean, median, minimum and maxi-
mum values) and dispersion (standard deviation). The 
multivariate logistic regression model was applied to 
identify the predictor variables for inappropriate antibi-
otic use after selecting the variables for the model, thus, 
the Odds Ratio (OR) was applied to determine the like-
lihood of inappropriate use of antibiotics occurring with 
95% confidence interval (CI) and p-value < 0.05 for statis-
tically significant differences between the independent 
variables with the outcome of interest. To verify that the 
regression model was generalizable and the correlation 
levels appropriate, the multicollinearity analysis between 
the independent variables was performed.

Results
Demographic and clinical features of patients
Of the 315 pediatric patients selected for the study, 63.2% 
were male. The majority (162; 51.4%) were between 1 
and 3  years of age. The mean age in months was 30.44 
(SD ± 26.07) and the median was 21, with 5  months as 
the minimum age and 120 months the maximum. Nearly 
half of the pediatric patients (48.9%) weighed less than 
10  kg. As to the length of hospital stay (in days), 61.6% 
had a short hospital stay, with an average of 2.85  days; 
and 39.4% had a long hospital stay, with an average of 
8.99 days (Table 1).

Description of used antibiotics
Of the 315 pediatric hospitalized patients, 307 were pre-
scribed antibiotics. A total of 464 prescriptions of antibi-
otics were made. The prevalence of antibiotic use during 

Table 1  Demographic and clinical characteristics of pediatric 
patients hospitalized in the Pediatrics I ward

Variables (n = 315) %

Sex

Male 199 63.2

Female 116 36.8

Age

[1–2 years] 162 51.4

[28 days–12 months] 74 23.5

[3–5 years] 41 13.0

[6–10 years 38 12.1

Age in months (mean ± SD) = 30.44 ± 26.07

Weight (kg)

 < 10 154 48.9

10–18.9 136 43.2

 ≥ 19 25 7.9

Number of prescribed antibiotics

1 187 60.9

2 90 29.3

 ≥ 3 30 9.7

Length of hospitalization (days)

Short [average = 2.85, range 
0–4]

194 61.6

Long [average = 8.99, range 
5–39]

121 38.4

Duration of antibiotic therapy 
(days)

0–5 382 82.3

6–8 40 8.6

9–14 22 4.7

 ≥ 15 20 4.3

Outcome

 Discharge 301 95.6

 Abandonment 8 2.5

 Death 6 1.9
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the study period was 97.5% (307/315). Many antibiotics 
(39.9%) were prescribed for patients suffering from gas-
troenteritis, 21.8% for those with pneumonia, and 9.1% 
for patients affected with malaria (Table 2). Most antibi-
otics prescribed (443/464; 95.5%) were for parenteral use, 
followed by oral use (19; 4.1%). As for oral antibiotics, 
84.2% (16/19) were in suspension form and 15.8% (3/19) 
tablets.

Figure  1 shows that the most-used antibiotics were 
crystalline penicillin (155/464, 33.4%), ceftriaxone 
(95/464, 20.5%), co-trimoxazole (86/464, 18.5%), gen-
tamicin (52/464, 11.2%), and ampicillin (43/464, 9.3%).

Description of antibiotic use errors
A total of 36.5% (112/307) of antibiotic prescriptions had 
errors; thus, 34.9% (162/464) of individual antibiotics 
were incorrectly prescribed. 57.1% (64/112) of prescrip-
tions had one error, while 24.1% (27/112), 8.0% (9/112), 
and 10.7% (12/112) had respectively two, three, and four 
errors. An error rate of 100% was detected in patients suf-
fering from hydrocephalitis (6/6), meningo encephalitis 
(5/5), haemangioma (3/3) and pharyngitis (3/3), with the 
next highest rates in sepsis (63%; 10/16), pharygotonsil-
litis (57%; 4/7) and typhoid fever (55%; 6/11). The errors 
found were duration of treatment (74.1%; 143/193), dos-
age (24.4%; 47/193), and duplication of therapy (1.6%; 
3/193). Dosage errors were 53.2% (25/47) overdoses and 
46.8% (22/47) were underdoses, while duration errors 
were 76.2% (109/143) too short and 23.8% (34/143) too 
long.

Analysis to determine risk factors for inappropriate use 
of antibiotics
Binary logistic regression was applied to verify whether 
age, weight, number of antibiotics, and length of hospital 

stay predict inappropriate use of antibiotics. The regres-
sion model containing age, number of antibiotics, and 
length of hospital stay was significant (X2 (1) = 15.005; 
p < 0.020; R2 Cox & Snell = 0.48). The chance of anti-
biotics being used inappropriately was almost three 
times greater in pediatric patients with a prescrip-
tion of ≥ 3 antibiotics (OR = 2.83, 95% CI 1.245–6.462, 
p-value = 0.013), a nearly 200% increase in relation to 
patients prescribed only one antibiotic. In patients hos-
pitalized for a short time, the chance of antibiotics being 
used inappropriately was 1.8 times higher (OR = 1.88, 
95% CI 1.133–3.140, p-value = 0.015), a 100% increase in 
odds compared to patients hospitalized for a long period 
(Table 3).

Discussion
Antibiotics are the most commonly prescribed type of 
drug, and their use in the pediatric population is a huge 
concern in some countries. Today, antibiotic resistance is 
one of the most serious public health problems that has 
arisen from excessive and inappropriate antibiotic use in 
both humans and animals [19].

Studies have shown that antibiotics are overused 
among pediatric patients. The 97.5% prevalence rate dis-
covered in the present study converges with rates found 
by Abubakar in a hospital in Nigeria (80.1%) and by Mon-
teiro LGS et  al. in two hospitals (Central and General) 
in Maputo (97.6%) [20, 21]. Lower prevalence (43.5%) 
was found by Wai et al., in a tertiary hospital in Malay-
sia [22]. All these antibiotic prescription rates are alarm-
ingly higher than the WHO-recommended frequency of 
20.0–26.8% in hospitals [23], possibly because the health 
systems in these countries lack resources for more appro-
priate medications. The danger is that when antibiot-
ics are used unnecessarily and excessively, they provide 

Table 2  Distribution of the antibiotic prescriptions by diagnosis among patients

Diagnosis (ICD-10) (n = 464) % Diagnosis (ICD-10) n %

Gastroenteritis (A09, K52) 185 39.9 Epilepsy (G40.0) 6 1.3

Bronchopneumonia (J18.0) 101 21.8 Meningoencephalitis (G04) 5 1.1

Malaria (B50) 42 9.1 Pyoderma (L0.80) 4 0.9

Febrile convulsions (R59.0) 34 7.3 Cerebral palsy (G80) 4 0.9

Sepsis (A41.9) 16 3.4 Heart disease (I25-I69) 4 0.9

Anemia (D53) 12 2.6 Haemangioma (T18) 3 0.6

Typhoid fever (A01.)) 11 2.4 Neoplasm (D36, C80.9) 2 0.4

Asthma (J46) 7 1.5 Injury (T14.9) 2 0.4

Hydrocephalitis (G90) 6 1.3 Allergy (T78.4) 2 0.4

Pharyngotonsillitis (J06.8) 7 1.5 Pains (R52) 1 0.2

Pharyngitis (J02, J31.2) 3 0.6 Splenomegaly (R16, B54) 1 0.2

Tonsillitis (J03) 2 0.4 Laryngitis (J04, J37) 1 0.2

Dermatitis (L20-L30) 2 0.4 Burn (T29) 1 0.2
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a means for the development of antibiotic-resistant 
microorganisms, which can lead to ineffective treatment, 
recurring infections, increased treatment costs, or even 
mortality. In the present study, gastroenteritis (39.9%), 
pneumonia (21.8%), and malaria (9.1%) were the diag-
noses for which antibiotics were most commonly pre-
scribed. Chaw et al., in their research, similarly evidenced 
that antibiotics were prescribed to pediatric inpatients 
at a Gambian hospital most frequently for pneumonia 

(37.1%), followed by sepsis (14.1%) [24]. Monteiro LGS 
et al., identified that antibiotics were prescribed for 100% 
of patients suffering from pneumonia, fevers, sepsis, and 
gastroenteritis, and for 97.8% of patients suffering from 
malaria [21]. The present study observed that crystallized 
penicillin (33.4%), ceftriaxone (20.5%), cotrimoxazole 
(18.5%), and gentamicin (11.2%) were the most-used anti-
biotics. Muslim and Meinisasti found a divergent rates 
of gentamicin (34.9%) and ampicillin (34.3%) [25]. Labi 
et  al., found a higher rate of use of ceftriaxone (80.5%), 
followed by of gentamicin (76.5%), while Chaw et al. iden-
tified ampicillin (19.5%), followed by gentamicin (14.5%) 
and ceftriaxone (12.8%) as the most common antibiotics 
used [26, 27]. The present research reveals that paren-
teral antibiotics represent the most-used (95.5%) dosage 
form. Labi et  al. found a convergent rate of 83.5% [27]. 
Monteiro LGS et al. also found that the most-used anti-
biotics were parenteral, but with a much lower frequency 
(52.9%) [21], while Mgbahurike et  al. observed a very 
high rate of oral antibiotics (86.3%) [28]. This high use 
of parenteral antibiotics found in the present study is far 
above the WHO-recommended frequency of 13.4–24.1% 
injectable [23], and may be due to the age of the patients 
and the severity of their illnesses. Also, this may be due 
resource-poor setting (shortage of routine microbiologi-
cal cultures, lack of workers, equipment and financial 
resources) which may result in empirical use and poor 
availability of antibiotics [29, 30].

155(33.4%)

95(20.5%)
86(18.5%)

52(11.2%)
43(9.3%)

9(1.9%) 7(1.5%) 5(1.1%) 5(1.1%) 5(1.1%) 2(0.4%)
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Antibiotics prescribed
Fig. 1  Antibiotics prescribed for hospitalized pediatric patients. *Note: Crystalline penicillin (inj.), Ceftriaxone (inj.), Cotrimoxazole (both inj. and oral), 
Gentamicin (inj.), Ampicillin (inj.), Metronidazole (both inj. and oral), Nystatin (oral), Azithromycin (both inj. and oral), Vancomycin (inj.), Ciprofloxacin 
(both inj. and oral) and Tetracycline (unguentum)

Table 3  Determination of risk factors for inappropriate use of 
antibiotics

* Shown to have statistical significance with p-value less than or equal to 0.05 
(95% CI)

Variables Clinical predictors OR (95% CI) p value

Age 1–2 years –

28 days–12 months 0.75 0.382–1.482 0.410

3–5 years 1.16 0.526–2.574 0.708

6–10 years 1.20 0.432–3.332 0.728

Weight (kg)  < 10 –

10–18.9 0.96 0.518–1.813 0.921

 ≥ 19 1.70 0.466–6,216 0.421

Number of 
antibiotics per 
prescription

1 –

2 1.40 0.819–2.406 0.217

 ≥ 3 2.83 1.245–6.462 0.013*

Hospitalization 
time (days)

Short (< 4) 1.88 1.133–3.140 0.015*

Long (≥ 5) –
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As to the nature of the errors, the present research 
observed 36.5% of medical prescriptions contain-
ing errors, with a total of 34/9% of antibiotics being 
improper prescribed. Iftikhar et  al. [15], and Denny 
et al. [31], observed convergent rates of 40.8% and 22.9% 
improper prescriptions, respectively. A survey by San-
tander et  al. found a similar rate of 51.9% of improper 
medical prescriptions [32], while Okello et  al. found a 
rate of 68.4% [33]. In the present research, 57.1%, 24.1%, 
10.7%, and 8.0% of the prescriptions presented one, 
two, four, and three errors, respectively. Iftikhar et  al. 
found that 47.2% of prescriptions had one error, while 
21.7% and 30.9% respectively had two and three or more 
errors [15]. Most of the errors detected in the present 
research were related to dosage (24.4%) and duration 
of treatment (74.1%). Fekadu et  al. also observed dos-
age (underdose = 27.1%, overdose = 7.03%), frequency 
(low = 20.54%, high = 3.78%), and duration of use (short 
duration = 13.51%, prolonged = 0.54%) were the most 
common errors [34]. Oguz et  al. found that 55.69% of 
antibiotics had errors, including frequency, (25.88%), 
route of administration (16.08%), and dosage (2.67%) 
[35]. These results are alarming, since the inappropri-
ate use of these drugs constitutes the primary means for 
the emergence, growth, and dissemination of resistant 
microorganisms. The widespread inappropriate use of 
antibiotics may be due to carelessness or poor judgment 
of prescribers regarding the proper prescription of these 
drugs, considering their guidelines and patient charac-
teristics. Also, this may be due to the use of antibiotics 
empirically and low availability of antibiotics in hospitals 
[30].

As to risk factors for the inappropriate use of antibiot-
ics, the study showed that patients prescribed ≥ 3 antibi-
otics are more likely (about 3 times more) to have some 
inappropriate use of antibiotics than those prescribed 
only one antibiotic, and that patients with a short hos-
pital stay have about twice the chance of experiencing 
some inappropriate use of antibiotics than those who 
stayed ≥ 5  days. Iftikhar et  al. similarly found that pre-
scribing three or more antibiotics (OR = 1.7, 95% CI 
1.1–2.1, p-value = 0.020) is a risk factor for inappropri-
ate antibiotic use compared to patients prescribed one 
antibiotic; but in contrast to the present study, those 
authors found that a long hospital stay (OR = 12.5, 95% 
CI 10.1–17.6, p-value < 0.001) constitutes a risk factor for 
experiencing some incorrect use of antibiotics [15]. Pre-
scribers may recommend three or more antibiotics due 
to uncertainty of whether an infection is viral or bacterial 
or due to non-compliance with guidelines for antibiotic 
prescription. Meanwhile, pressure exerted on physicians 
by family members and guardians of pediatric patients 
may be a reason for their short hospital stay. Because 

inappropriate antibiotic use is a major factor in the 
development of resistant microorganisms, age-sensitive 
interventions are necessary to reduce their use in pedi-
atrics. These policies governing the selection of the best 
therapeutic regimen, dose, duration of treatment, and 
route of administration would improve clinical outcomes 
from antibiotic use, reduce adverse effects such as toxic-
ity, reduce costs, and limit the development of resistant 
microorganisms.

Limitations to the current study include a lack of some 
clinical data regarding the patients’ discharge, whether 
it was due to a clinical improvement or to continue 
the therapy in an ambulatory care. Nevertheless, most 
patients were discharged due to clinical improvement.

Conclusion
Antibiotic use among hospitalized pediatric patients was 
highly prevalent. Many prescriptions were inappropriate, 
with dosage and duration of treatment as the most fre-
quent errors. Patients who were prescribed with three or 
more antibiotics per prescription, and had short Hospi-
talization time were more likely to experience prescrib-
ing errors. These results are concerning, as overuse and 
inappropriate use of antibiotics are major factors in the 
development of antibiotic-resistant microorganisms. Pri-
oritizing the design and development of new antibacte-
rial agents is not a good strategy to solve this worldwide 
health crisis; instead, the creation or improvement of 
policies, programs, and methods for the use of existing 
drugs must be the priority. Multiple interventions, such 
as lectures and poster distributions, are essential for edu-
cating both health professionals and the general pub-
lic about the appropriate use of antibiotics. Institutions 
must also have up-to-date, internal forms and guidelines 
on the most commonly used antibiotics, to assist in deci-
sion-making on antibiotic use according to the needs of 
each individual patient.
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