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Abstract
Objectives: Over the past decade, concerning trends in antimicrobial resistance have emerged in Southern Africa. Given 
a paucity of pediatric data, our objectives were to (1) describe antibiotic utilization trends at a national referral center in 
Southern Africa and (2) assess the proportion of patients receiving antibiotics appropriately. In addition, risk factors for 
inappropriate use were explored.
Methods: We performed a prospective cohort study on medical and surgical pediatric patients aged below 13 years admitted 
to the country’s tertiary care referral hospital in Gaborone, Botswana. We collected demographics, clinical, laboratory, and 
microbiology details, in addition to information on antibiotic use. We separately categorized antibiotic prescriptions using 
the World Health Organization AWaRe Classification of Access, Watch, and Restrict.
Results: Our final cohort of 299 patients was 44% female and 27% HIV-exposed; most (68%) were admitted to the General 
Pediatrics ward. Infections were a common cause of hospitalization in 29% of the cohort. Almost half of our cohort were 
prescribed at least one antibiotic during their stay, including 40% on admission; almost half (47%) of these prescriptions 
were deemed appropriate. At the time of discharge, 52 (21%) patients were prescribed an antibiotic, of which 37% were 
appropriate. Of all antibiotics prescribed, 42% were from the World Health Organization Access antibiotic list, 58% were 
from the Watch antibiotic list, and 0% were prescribed antibiotics from the Restrict antibiotic list. Univariate analyses 
revealed that surgical patients were significantly more likely to have inappropriate antibiotics prescribed on admission. 
Patients who were treated for diseases for which there was a clinical pathway, or who had blood cultures sent at the time of 
admission were less likely to have inappropriate antibiotics prescribed. On multivariate analysis, apart from admission to the 
surgical unit, there were no independent predictors for inappropriate antibiotic use, although there was a trend for critically 
ill patients to receive inappropriate antibiotics.
Conclusion: Our study reveals high rates of antibiotic consumption, much of which was inappropriate. Promising areas 
for antimicrobial stewardship interventions include (1) standardization of management approaches in the pediatric surgical 
population and (2) the implementation of feasible and generalizable clinical pathways in this tertiary care facility.
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Introduction

Antimicrobial resistance (AMR) is a global threat with 
alarming implications, including morbidity, mortality, and 
costs.1 Botswana struggles with this problem, as evidenced 
by rising AMR rates that are well documented in its pediatric 
population.2 Over the past decade, the country has experi-
enced a rapid rise in the rates of methicillin-resistant 
Staphylococcus aureus (MRSA) infections3 and the preva-
lence of multiply resistant gram-negative organisms among 
patients with urinary and enteric tract infections.4,5

Throughout Southern Africa (SA), including Botswana, 
data reveal the emerging threat of drug-resistant organ-
isms. A study describing the prevalence and trends of 
MRSA in hospitalized patients in the Republic of South 
Africa (RSA) detected methicillin resistance in 1231/ 2709 
(46%) isolates of S. aureus, with the highest rates meas-
ured in children below 5 years of age.6 A global surveil-
lance study reported that RSA was in the top 10 countries 
for the prevalence of beta-lactamase production among 
Enterobacterales isolates and Pseudomonas aeruginosa.7 
Another RSA study revealed that 42% of Salmonella spp. 
isolates were multidrug-resistant.8 Such trends have sub-
stantial implications for the antibiotic regimens recom-
mended for empiric and definitive therapy of pediatric 
patients in this region.9,10

A retrospective observational study of antibiotics use in 
a cohort of pediatric medical admitted to Princess Marina 
Hospital (PMH), Gaborone, Botswana11 revealed that the 
duration of therapy prescribed for laboratory-confirmed 
infections was excessively long, with patients receiving up 
to 1.5 times the recommended standard length of therapy. 
More alarmingly, this study demonstrated that patients 
who did not have a confirmed infection were prescribed 
antibiotics for equally long durations of time as those who 
did.11 More recent national data have revealed concerning 
trends in both the inpatient and outpatient realm. A 2017 
point prevalence investigation revealed that almost three-
quarters of inpatients at 10 hospitals in Botswana received 
antibiotics at some point in their hospitalization.10 A recent 
cross-sectional study of primary healthcare facilities 
throughout Botswana revealed the large burden of infec-
tious diseases in Botswana nationally, with 42.7% of all 
prescriptions being for antibiotics, a rate higher that the 
World Health Organization (WHO) recommendation 
of < 30%.12 However, this cohort included a high burden 
of gynecological and sexually transmitted diseases, and thus 
not fully generalizable to the pediatric population. With 
the continued spread of AMR and rising rates of antibiotic 
consumption worldwide,13 it is imperative to benchmark 
the current status of antibiotic utilization of hospitalized 
children to identify optimal targets for interventions in set-
tings where resources are limited. Here, we describe the 
first prospective hospital-wide study on pediatric antibi-
otic use in hospitalized children in Botswana.

Methods

Study design, location, and population

From June to September 2018, we conducted a prospective 
cohort study of pediatric patients admitted to PMH, the 
country’s tertiary care referral hospital, in Gaborone, 
Botswana. All children less than 13 years of age who were 
admitted to the medical or surgical wards were eligible for 
inclusion. We excluded children above the age of 13 years as 
they are admitted to the adult wards. We also excluded neo-
nates as they are admitted to the neonatal unit. The study was 
approved by the Institutional Review Boards of Princess 
Marina Hospital, Botswana Ministry of Health Research and 
Development Committee, the University of Botswana, the 
Children’s Hospital of Philadelphia, and the University of 
Pennsylvania. A local study coordinator reviewed the study 
with each caregiver and obtained written informed consent 
in the caregiver’s preferred language of either Setswana or 
English.

Data collection

After consent was obtained, the following data were col-
lected from the medical record: demographics, clinical 
details, laboratory, and microbiology results, and antibiotic 
use including choice of agent, indication, dose, interval, 
and prescribed or planned duration. Comorbidities were 
noted; defined as the presence of a chronic disorder or ill-
ness documented in the patient’s medical record. Severity 
of illness score was estimated using the inpatient triage, 
assessment, and treatment (ITAT) score.14 By enquiring 
daily with the lead matron, we also collected information 
on resource limitations, including drug shortages, blood 
culture bottle availability, and the presence of appropriate 
intravenous (IV) access. The primary cause of death was 
documented in the chart by the lead clinician on duty. These 
were then categorized into infectious versus non-infectious 
by the study team on review of charts.

Statistical analysis

Our primary outcome was appropriate antibiotic use at the 
time of admission, defined as the correct choice and dose of 
agent for the diagnosis in question. Given the heterogeneity 
of training of pediatric staff, we anticipated there being a 
range of appropriate antibiotic use, so we consulted local, 
national, and international guidelines to assist in this deter-
mination. These guidelines included the formulary of the 
Children’s Hospital of Philadelphia (CHOP), PMH guide-
lines, Pediatric Lexicomp, South African medical formulary 
(SAMF), British National Formulary (BNF), Nelson’s and 
PMH pediatric guidelines “Pink Book.” Antibiotic use was 
deemed appropriate if it aligned with any of these guidelines. 
Secondary outcomes included appropriate antibiotic dosing 
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and appropriate antibiotic use on discharge. We separately 
categorized antibiotic prescriptions using the WHO AWaRe 
Classification of Access, Watch, and Restrict and tracked pro-
portion of use throughout hospitalization.15 Associations 
between clinical factors and our outcome of interest, inap-
propriate antibiotic use, were assessed for using Fisher’s 
exact test. p-Values ⩽ 0.05 were considered statistically sig-
nificant. Both clinically relevant variables and those with 
association using univariate analysis were then subjected to 
multivariate analysis, where logistic regression was used to 
calculate the relative risk (RR) of appropriate antibiotic use 
on admission adjusted for the other variables included. In 
addition to analyzing the full cohort, we performed the analy-
sis using a sub-cohort of General Pediatrics participants only. 
This was due to the finding that all surgical participants had 
inappropriate antibiotic usage so there was no variability in 
terms of the primary outcome variable for that group. Stata 
v15 and SAS v9.4 were used for analyses. Power calculation 
was not performed as this was an observational study.

Results

Demographics

Our final study cohort included a total of 299 patients 
(Figure 1), of which 56% were male, 27% were HIV-
exposed, and 4.4% were HIV-infected. Most participants 
were admitted to the General Pediatrics ward (n = 202, 68%) 
and the remainder to the Pediatric Surgery ward (n = 97, 
32%). Only 23 (8%) of the cohort were classified as severely 
ill with an ITAT score of greater than or equal to 4 (Table 1). 

Infection was the most common reason for admission, and 
accounted for 29% of hospitalizations. Of these, pneumo-
nia, sepsis, and gastroenteritis were the most common infec-
tious diagnoses (Table 2). Median length of stay was 5 days 
(IQR 3–8). Outcome data were confirmed in 259 (87%) 
cases, and 246/259 (95%) survived and 13/259 (5%) died. 
However, a proportion of all patients were either transferred 
to another institution (n = 25, 8%) or had an unknown out-
come (n = 15, 5%).

Antibiotic utilization

Approximately half (n = 147, 49%) of the patients in our 
cohort were prescribed at least one antibiotic throughout 
their stay, including 119 (40%) who were prescribed at least 
one antibiotic on admission. Overall days of therapy (DOT) 
were 749 per 1000 patient days and DOT was greater for 
medical as compared to surgical patients (966 per 1000 
patient days versus 413 per 1000 patient days). At the time of 
discharge, 52 (21%) patients were prescribed an antibiotic. 
Of all antibiotics prescribed, 42% were from the WHO 
Access antibiotic list, 58% were from the Watch antibiotic 
list, and 0% were prescribed antibiotics from the Restrict 
antibiotic list. (Figure 2) The most common antibiotics 
prescribed were third-generation cephalosporins, including 
ceftriaxone at a rate of 107 per 1000 patient days and cefo-
taxime at a rate of 75 per 1000 patient days, and co-trimoxa-
zole at a rate of 69 per 1000 patient days. There was also a 
significant use of piperacillin/tazobactam and ampicillin, 
both at a rate of 61 per 1000 patient days (Figure 3).

325

• Total screened pa�ents
•3 over age 13

•2 declined to consent
•1 died before consent obtained

319
• Total eligible pa�ents

•12 were not inpa	ent status, present for outpa	ent  evalua	on only

307
• Total enrolled pa�ents

• 8 pa	ents excluded due to missing charts or key informa	on

299
• Final cohort

Figure 1.  Assembling the study cohort.
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Almost half of the antibiotics prescribed at the time  
of admission (56/119, 47%) were deemed appropriate. 
Antibiotic use at the time of discharge was appropriate in 
37% of cases. A sub-analysis exploring dosing alone revealed 

that it was appropriate in 64% of cases on admission and 
58% on discharge. The median duration of antibiotics pre-
scribed at the time of discharge was 7 days (IQR 5–24), 
deemed appropriate in 61% of cases.

As expected, significantly more patients received anti
biotics on admission for infectious diseases (ID) related 
diagnoses compared to non-ID diagnoses, (73% versus 26%, 
p < 0.05). In addition, significantly more patients received 
antibiotics inappropriately for a non-ID as compared to ID 
diagnosis (65% versus 42%, p < 0.05). Notably, only 58% 
of patients with an ID diagnosis received appropriate  
prescribing of antibiotics on admission. The most common 
indications for prescription of antibiotics were pneumonia, 
meningitis, and sepsis. Of those with a diagnosis of pneumo-
nia, 39% were prescribed antibiotics inappropriately; most 
(62%) were determined to be inappropriate due to dosing. 
Similarly, over one-third of patients with bacterial meningi-
tis (38%) were prescribed antibiotics inappropriately; 67% 
were inappropriate due to dosing errors. Most children diag-
nosed with sepsis received appropriate antibiotics; only two 
cases were inappropriate, one of these due to dosing errors.

We examined additional factors associated with inap-
propriate antibiotic use. Univariate analyses revealed that 
surgical patients were significantly more likely to have inap-
propriate antibiotics prescribed on admission. All surgical 
patients received inappropriate antibiotics on admission. In 
univariate analyses, patients who were treated for diseases 
for which there was a clinical pathway for the suspected 

Table 1.  Patient characteristics.

Characteristic Median (IQR),  
or N (%)

Weight in kg (n = 263) 12.15 (7.6, 18.3)
BMI (n = 151) 16 (14.0, 17.6)
Location (n = 299)
  General pediatrics 202 (67.6)
  Pediatric surgery 97 (32.4)
Sex (n = 299)
  Female 131 (44.0)
  Male 167 (56.0)
Age in months (n = 279) 31.5 (8.4, 78.3)
Age category (n = 279)
  6 months or less 51 (18.3)
  Older than 6 months 228 (81.7)
HIV-exposed—age 6 months or less (n = 50)
  No 36 (70.6)
  Yes 14 (27.5)
HIV-positive—age older than 6 months (n = 228)
  No 218 (95.6)
  Yes 10 (4.4)
Blood culture sent (n = 298)
  No 192 (64.4)
  Yes 106 (35.6)
Comorbidity (n = 299)
  No 215 (71.9)
  Yes 84 (28.1)
Culture shortage any (n = 299)
  No 294 (98.3)
  Yes 5 (1.7)
Outcome (n = 259)
  Death from infection 3 (1.2)
  Death from non-infectious causes 10 (3.9)
  Survival 246 (95.0)
Malignancy (n = 299)
  No 263 (88.0)
  Yes 36 (12.0)
Max ITAT severity score (n = 299)
  ⩾4 23 (7.7)
  <4 276 (92.3)
Pathway available for primary diagnosis (n = 299)
  No 185 (61.9)
  Yes 114 (38.1)
IV shortage (n = 291)
  No 284 (97.6)
  Yes 7 (2.4)
Drug shortage (n = 256)
  No 245 (95.7)
  Yes 11 (4.3)

BMI: body mass index; ITAT: inpatient triage, assessment, and treatment.

Table 2.  Leading diagnoses on admission.

N % of cohort

Endocrine/metabolic 9 3
Neurologic 28 9.4
Infectious 29.4
  Pneumonia 33  
  Gastroenteritis 19  
  Sepsis 17  
  Meningitis/encephalitis 9  
 � Suppurative infection 

of the head and neck
7  

  HIV 1  
  FUO/KD 2  
Oncologic 31 10.3
Hematologic 11 3.8
Gastrointestinal 20 6.7
Renal 6 2
Respiratory 8 2.7
Cardiology 13 4.3
Surgery 27 9
Plastic surgery 10 3.3
Osteoarticular 32 10.7
Toxic/accidental 11 3.7
Dermatologic 5 1.7
Total 299 100
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Figure 2.  Rate of antibiotic prescribing per 1000 patients by WHO category.

Figure 3.  Total rate of individual antibiotic use per 1000 patient days.
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diagnosis, or who had blood cultures sent at the time of 
admission were less likely to have inappropriate antibiotics 
prescribed. Younger age (<6 months) and presence of a 
comorbidity were associated with an increased likelihood of 
receiving appropriate antibiotics in univariate analyses, as 

did HIV exposure, which trended toward significance (Table 3). 
Given that the entire surgical cohort received inappropri-
ate antibiotics, we analyzed factors associated with inappro-
priate prescribing in both the entire cohort and in medical 
patients only. We did not identify any additional statistically 

Table 3.  Univariate analyses of factors associated with inappropriate antibiotic use.

All patients General pediatrics only

  Inappropriate use, 
n/total n (%)

p-value Inappropriate use, 
n/total n (%)

p-value

Location
  General pediatrics 38/94 (40.4) 0  
  Pediatric surgery 25/25 (100)  
Sex
  Female 29/60 (48.3) 0.3603 19/50 (38) 0.6760
  Male 34/59 (57.6) 19/44 (43.2)
Age category
  6 months or less 8/24 (33.3) 0.0409 5/21 (23.8) 0.0778
  Older than 6 months 50/87 (57.5) 33/70 (47.1)
HIV-exposed—Age ⩽ 6 months
  No 8/16 (50) 0.0222 5/13 (38.5) 0.1107
  Yes 0/8 (0) 0/8 (0)
HIV-positive—Age > 6 months
  No 47/80 (58.8) 0.4523 31/64 (48.5) 0.6767
  Yes 3/7 (42.9) 2/6 (33.3)
Blood culture sent
  No 33/47 (70.2) 0.0025 13/27 (48.2) 0.3606
  Yes 29/71 (40.9) 25/67 (37.3)
Comorbidity
  No 52/87 (59.8) 0.0219 30/65 (46.2) 0.1133
  Yes 11/32 (34.4) 8/29 (27.6)
Blood culture shortage
  No 63/117 (53.9) 0.2193 38/92 (41.3) 0.5132
  Yes 0/2 (0) 0/2 (0)
Outcome
  Death from infection 2/7 (28.6) 0.5085 2/7 (28.6) 0.8674
  Death from non-infectious causes 1/3 (33.3) 1/3 (33.3)
  Survival 48/93 (51.6) 29/74 (39.2)
Malignancy
  No 57/103 (55.3) 0.2815 32/78 (41.0) 1
  Yes 6/16 (37.5) 6/16 (37.5)
ITAT severity score
  ⩾4 10/18 (55.6) 1 8/16 (50) 0.4146
  <4 53/101 (52.5) 30/78 (38.5)
Pathway available
  No 36/51 (70.6) 0.0009 13/28 (46.4) 0.4947
  Yes 27/68 (39.7) 25/66 (37.9)
IV shortage
  No 60/113 (94.6) 0.6671 37/90 (41.1) 0.2735
  Yes 2/5 (5.4) 0/3 (0)
Drug shortage
  No 60/113 (53.1) 0.7124 35/80 (43.8) 0.3902
  Yes 2/5 (40) 1/5 (20)

ITAT: inpatient triage, assessment, and treatment.
p-values were generated using Fisher’s exact test.
Missing values were excluded from the analysis.
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significant predictors of inappropriate antibiotic use, although 
there was a trend toward an increased risk of inappropriate 
use among those deemed severely ill on admission (Table 4).

Potential impact of resource limitations

We considered the impact of drug shortages on prescribing 
which was difficult to quantify because the existence of a 
drug shortage was often verbally reported to the study team, 
rather than systematically documented by the pharmacy. 
However, drug shortages affected 11 (4.3%) of the 262 
patients for which these data were reported. Additional sys-
tem-based barriers were noted, including six instances when 
antibiotics were ordered but not given for unclear reasons. 
Separately, there were nine instances when IV antibiotics 
were ordered but not given because the patient did not have 
an indwelling IV cannula. Blood cultures returned positive 
in a median of 4 days (IQR 3–5). However, the method of 
culture reporting varied between laboratory reporting versus 
verbal reporting. Teams were also frequently unaware of 
blood culture results and there was lack of documentation of 
these in the patient’s medical chart. In addition, it was docu-
mented that four patients did not have blood cultures sent 
due to the unavailability of a blood culture bottle.

Discussion

Antibiotic utilization

The Worldwide Antibiotic Resistance and Prescribing in 
European Children (ARPEC) point prevalence study pub-
lished in 2016 revealed that 36.7% of hospitalized children 
received at least one antibiotic during their stay. Notably, 
only four African countries were represented in this interna-
tional study including Gambia, Ghana, Malawi, and RSA.16 
Our results reveal that there was significantly more 

antibiotic consumption in our Botswana cohort where 49% 
received at least one antibiotic during their stay. While 
higher than reported in the ARPEC point prevalence study, 
these findings are additionally supported by the findings 
from a recent survey performed in Botswana.10 Here, data 
from over a quarter (28%) of hospitals in the country were 
reviewed and it was revealed that over 70% of patients were 
receiving antimicrobials at the time of data collection.10 
Pediatric patients were included in the patients surveyed, 
although not separately analyzed. While it must be noted 
that a high burden of infections was documented in this 
population, as in similar low- and middle-income countries 
(LMIC) settings, concerns were highlighted about the vari-
able infrastructure currently in place to improve the stand-
ardization of future antibiotic use in these high-risk groups.10

Pediatric specific data in neighboring countries remain 
concerning. In Ghana, a multicenter point prevalence study 
of 10 healthcare facilities revealed that 71% of admitted 
children and adolescents were prescribed antibiotics.17 In 
Zimbabwe, almost all (93.1%) admitted patients were pre-
scribed an antibiotic at least once during their hospital stay.18 
A point prevalence study performed across 18 hospitals in 
RSA revealed that 49.7% (627/1261) received at least one 
antibiotic during their stay.19 In addition, studies from other 
LMIC settings, including Gambia and Ethiopia, have reported 
a wide range of antibiotic prescribing patterns of between 
54% and 86% of patients during their hospitalization.20,21

Our findings reveal a concerningly high proportion of 
inappropriate antibiotic use on admission of 53%. In West 
Africa, a review of prescriptions across 48 health centers in 
Burkina Faso, it was noted that while children < 5 years of 
age received antibiotics for the appropriate indication of 
pneumonia in the majority of cases, there was a significant 
proportion of likely inappropriate prescribing including for 
a diagnosis of malaria alone (7.3%), non-bloody diarrhea 
(20%), and isolated diagnosis of cough (40%).22 The 

Table 4.  Multivariate analyses of factors associated with inappropriate antibiotic use.

RR (95% CI) p-value RR (95% CI) p-value

Age category (months) ⩽6 0.790 (0.460, 1.357) 0.394 0.790 (0.460, 1.356) 0.393
  >6 Reference Reference  
Comorbidity Yes 0.869 (0.598, 1.264) 0.462 0.869 (0.598, 1.263) 0.462
  No Reference Reference  
HIV exposure Yes Reference Reference  
  No 1.227 (0.737, 2.041) 0.431 1.227 (0.738, 2.040) 0.431
Pathway available Yes 0.925 (0.574, 1.489) 0.747 0.925 (0.575, 1.488) 0.747
  No Reference Reference  
ITAT ⩾4 1.401 (0.709, 2.77) 0.332 1.402 (0.709, 2.771) 0.332
  <4 Reference Reference  
Sex Female 0.902 (0.631, 1.288) 0.570 0.902 (0.632, 1.287) 0.569
  Male Reference Reference  
Location General Subset 0.024 (0.000, 2.143) 0.103
  Surgical Reference  

ITAT: inpatient triage, assessment, and treatment.
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above-mentioned Zimbabwean study noted that while 93% 
of patients received antibiotics while admitted, only 58% of 
these were adherent to national guidelines.18 Such data 
strongly argue for the urgent development and implementa-
tion of pediatric antimicrobial stewardship programs which 
we know are lacking in this region of need, despite demon-
strating clear improvement in outcomes.23

Surgical sub-cohort

All patients on the surgical unit in our cohort received antibi-
otics inappropriately. Almost two-thirds of the cohort 17/26 
(65%) had antibiotics prescribed with an incorrect dose on 
admission. We suspect this was largely due to the lack of 
documented weight for appropriate dosing as 34/97 (35%) of 
all patients had no weight documented for their entire stay 
compared with 2/202 (1%) of the medical cohort. Although 
we did not capture the use of surgical prophylaxis in the 
cohort for individual patients, due to often limited documen-
tation, we did note that the median DOT per patient was 8 
(IQR 4–11.5), despite the majority of patients being admitted 
for elective procedures. This, along with the high DOT  
of 413 per 1000 patient days, argues that this is an area to 
focus future stewardship efforts. System-based contributors 
include a lack of clinical pathways in this subset of patients 
which were noted to be less likely to be associated with the 
inappropriate use of antibiotics in our univariate analysis. In 
our surgical cohort, only five patients (5%) had a pathway 
available for use compared with 109 (54%) in the medical 
cohort. Despite widespread inappropriate antibiotic use, our 
surgical cohort was surprisingly medically stable with just 11 
(12%) reported to have a comorbidity compared with 73 
(36%) of the medical cohort. Previous studies corroborate 
our findings with data from RSA showing that almost half of 
a pediatric surgical cohort received antibiotics without a doc-
umented indication, with significant variation noted in surgi-
cal antibiotic prescribing practices in general.24 With 80% of 
pediatric patients routinely receiving antimicrobials for sur-
gical prophylaxis in Africa, our results are generalizable to 
other LMIC in SA and highlight the urgent need for steward-
ship interventions in this high-risk group.24

Dosing and duration concerns

Dosing was deemed inappropriate in 36% of admission pre-
scriptions and 42% of discharge prescriptions. Data from 
other LMIC are similar; where in Ethiopia, 18.2% of patients 
received inappropriate antibiotics due to the incorrect dose 
and 10.1% receiving the incorrect duration.25 A cross-
sectional study performed in a large teaching hospital in 
Northern Ghana revealed a high proportion of prescription 
errors where almost 30% received the incorrect duration, a 
large proportion of these pediatric patients.26

A systematic study exploring the appropriateness of cef-
triaxone revealed that across Africa, three in five patients 

received inappropriate prescribing, from either dose, dura-
tion, or frequency.27 As is similar across the continent, our 
cohort received a high proportion of ceftriaxone prescrib-
ing given the most common infectious indications of pneu-
monia, sepsis, and meningitis, with a total rate of prescribing 
of 103 per 1000 patient days (Figure 3). Overall, 39% of 
patients received this medication inappropriately.

There are many reasons for dosing and duration concerns 
in LMIC that may seem out of our control, including varia-
bility in training of providers and familiarity with guide-
lines. However, other factors are potentially modifiable. As 
previously discussed, in many cases in our cohort (n = 36, 
12%), the exact weight of the child was not documented in 
the chart, making accurate weight-based dosing impossible. 
There was often a lack of child-appropriate formulary prep-
arations available and no clear discharge duration which we 
hypothesize contributed to the increased median duration of 
antibiotics that was 7 days (IQR 5–24), deemed appropriate 
in 61% of cases. These findings underscore the need for 
dedicated antimicrobial stewardship (ASP) or pediatric clin-
ical pharmacy expertise and laboratory support and funding 
to ensure a standardized approach that is generalizable and 
feasible.28

Pathways and comorbidities

Our univariate analyses noted significantly improved anti
biotic use when a pathway was available for the diagnosed 
condition. Similarly, the presence of HIV exposure or a 
comorbidity was less likely to be associated with inappropri-
ate antibiotic use, as did sending a blood culture at the time 
of admission. When stratified by location and a sub-analysis 
was performed on the General Pediatric cohort alone, results 
did not remain statistically significant; however, overall 
trends were similar. We therefore hypothesize that pre-exist-
ing mental models of known conditions allow more rapid 
and accurate clinical reasoning in these patients, leading  
to more streamlined appropriate antibiotic use. Previous 
studies have highlighted that the use of clinical pathways 
contributes toward both reduced unnecessary antibiotic use29 
and improved patient outcomes.30 Given the severe burden 
of infectious diseases in LMIC, including in our cohort 
where almost one-third had an infection as their primary 
diagnosis, we feel clinical pathways are potentially under-
utilized in LMIC settings, particularly in surgical popula-
tions, and offer the potential to offload the mental burden 
particularly associated with staffing shortages and different 
educational backgrounds. A previous study exploring factors 
associated with compliance with treatment guidelines high-
lighted the need to tailor guidelines for the facility at hand, 
keeping in mind the accessibility of both the guideline and 
the recommended antibiotic agents, the requirement for 
evidence-based up-to-date guidance, the degree to which it 
is user-friendly, and the incorporation of key personnel 
including nursing and pharmacists.31
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Drug shortages/barriers

Drug shortages remain a continuing significant global issue 
and are of major concern in LMIC where patients are unable 
to access suitable first- and second-line agents which may 
lead to unnecessary, inappropriate, or no antibiotic expo-
sure.13 Access to appropriate first-line appropriately used 
antibiotics have well demonstrated benefits to population 
health and reduction in child mortality.32 While likely under-
estimated, drug shortages were present in at least 4.3% of our 
cohort. We strongly suspect that a significant proportion of 
our inappropriate prescribing could have been mitigated with 
consistent access to key first-line agents or formulations, or 
with combination therapy of available agents at the time of 
prescribing. In-depth knowledge of the spectra of available 
antibiotics and of effective combinations of second-line 
agents is a key part of any ASP initiative but one that will 
need to be expanded to LMIC settings where we must con-
tinue to balance the need for access to appropriate antibiotics 
against the risk of inappropriately over prescribing.

Limitations

Certain documentation was missing, particularly on the surgi-
cal floor where we were often unable to determine whether 
the indication was prophylactic or therapeutic. Similarly, we 
collected data on comorbidities with an intention to include 
body mass index (BMI) as a covariate to infer nutritional sta-
tus in our cohort. However, due to missing height of many 
patients, including 76/97 (78%) on the surgical floor, we were 
unable to reliably document this for the majority of patients. 
As noted above, power calculation was not performed as this 
was an observational study. Finally, we acknowledge that this 
is a single center in Botswana thus many not be generalizable 
to all SA countries. However, it is the nation’s biggest tertiary 
care facility with a large catchment area.

Conclusion

In conclusion, our analyses reveal high rates of antibiotic 
consumption yet significant practice gaps with respect to 
appropriate antibiotic choice, dose, and duration of therapy, 
both on admission and discharge, in children in Botswana’s 
national referral center. Key areas for ASP interventions 
highlighted include both standardization of approaches in 
the pediatric surgical population in addition to the imple-
mentation of feasible and generalizable clinical pathways in 
this tertiary care facility. While we acknowledge that this is 
a single-center study, we hypothesize that many of our find-
ings are generalizable to similar LMIC throughout SA and 
highlight the urgent need for dedicated antibiotic steward-
ship in children in these settings.
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