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A B S T R A C T

Objective: To examine prescription patterns and explore to what extent guidelines are available and how
they might influence treatment appropriateness among hospitalised patients in Kenyan hospitals.
Methods: Data on antimicrobial usage were collected from hospitalised patients across 14 Kenyan public
hospitals. For each prescription, appropriateness of treatment was defined using available local and
international treatment guidelines and through consensus with local medical specialists. Association
between appropriate treatment, guideline availability and other possible explanatory factors was
explored using univariate and multiple regression analysis.
Results: There were 1675 (46.7%) of the 3590 hospitalised patients on antimicrobials with 3145(94%) of
the 3363 antimicrobial prescriptions being antibiotics. Two patients (0.1%), had treatment based on
available antibiotic susceptibility tests. Appropriate treatment was assessed in 1502 patients who had a
single diagnosis. Of these, 805 (53.6%) received appropriate treatment. Physical availability of treatment
guidelines increased the odds of receiving appropriate treatment Odds Ratio 6.44[95% CI 4.81–8.64].
Conclusion: Appropriate antibiotic prescription remains a challenge in Kenyan public hospitals. This may
be improved by the availability of context-specific, up-to-date, and readily accessible treatment
guidelines across all the departments, and by providing better diagnostic support.
© 2020 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
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Background

Antimicrobial resistance (AMR) is an emerging global challenge
that is thought to account for more than 700,000 deaths annually
(O’neill, 2014). Certain practices that are common in resource-
limited settings can fuel resistance. Inappropriate use of antibiotics
is highly problematic, especially where they are availed over the
counter without prescriptions. Similarly, the availability of falsified
or substandard drugs is a significant issue (O’neill, 2014;
Ayukekbong et al., 2017). In hospital settings, inappropriate use
has been fuelled by lack of surveillance and diagnostic capabilities,
poor antibiotic stewardship activities and lack of treatment
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guidelines (Petti et al., 2006; Elbireer et al., 2013; Doron and
Davidson, 2011; Paterson, 2006).

Efforts to improve the appropriateness of antibiotic use rely on
the availability of relevant usage data. Unfortunately, there is a lack
of data on antimicrobial use in African countries compared to other
regions (Ahoyo et al., 2014; Versporten et al., 2018). To measure
antibiotic use and quality of prescriptions at hospital and patient
level, point prevalence surveys (PPS) have been extensively used
(Gharbi et al., 2016; Okoth et al., 2018). They are easy to administer
and, in addition to generating data on antibiotic use, can highlight
other problematic aspects of quality of care, including the quality
of prescription. They also offer a useful tool for audit and feedback
on antibiotic use in hospitals to improve decision making and
strengthen antibiotic stewardship activities.

The Government of Kenya in 2017 launched the national plan on
prevention and containment of antimicrobial resistance. One of the
strategies is to optimise the use of antimicrobials. This can be
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http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijid.2020.07.084&domain=pdf
mailto:mmaina@kemri-wellcome.org
https://doi.org/10.1016/j.ijid.2020.07.084
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.ijid.2020.07.084
http://www.sciencedirect.com/science/journal/12019712
www.elsevier.com/locate/ijid


M. Maina et al. / International Journal of Infectious Diseases 99 (2020) 10–18 11
achieved through increasing compliance to reporting of antimi-
crobial consumption across the country. (Republic of Kenya, 2017)

Some studies in Kenya indicate a high prevalence of antibiotic
use in both inpatient and outpatient settings of more than 80%.
Also highlighted in these studies are challenges with the quality of
prescriptions, including the use of proprietary drug names and
incomplete prescriptions (Mulwa et al., 2015; Okoth et al., 2018).
These studies were, however, from single hospitals. We set out to
conduct an antibiotic point prevalence survey across 14 public
hospitals in Kenya, examine prescription quality and explore to
what extent guidelines are available and how they might influence
treatment appropriateness.

Methods

This study took as its starting point the methods developed for
the Global Point Prevalence Survey of Antimicrobial Consumption
and Resistance (GLOBAL-PPS), which has been widely used and for
which tools are freely available. (Versporten et al., 2018; GLOBAL-
PPS, 2015).

Setting

The point prevalence survey was carried out between February
and April 2018 across 14 public hospitals in Kenya with a total bed
capacity of 4152 (Maina et al., 2019).These hospitals are distributed
across the central, eastern and western parts of the country in high
and low malaria prevalence regions. HIV prevalence ranges
between 2 and 16% across the counties where these hospitals
are located. The bed capacity, number of specialists, catchment
population and the HIV prevalence, are provided as a supplement.
(Supplement 1).These hospitals provide multi-speciality care and
were selected purposively as part of a collaboration between the
Ministry of Health and the KEMRI Wellcome Trust Research
Programme (English et al., 2017a). During the surveys, the months
of March to May 2018, which are the long rains period in Kenya
experienced heavy rainfall and flooding in most parts of the
country (Ministry of Environment and Forestry, 2018). This rainy
period sees increased hospitalisations due to malaria and
diarrhoeal diseases in Kenya (Apat et al., 2017; Tornheim et al.,
2010).

Data collection

Ward-level
At ward level, data were collected on the department type, bed

and patient numbers. These data were used to compute bed
occupancy. As a modification to the global PPS, wards were
grouped into five departments, namely adult medical, adult
surgical, paediatric medical, paediatric surgical or neonatal. In
facilities with more than one ward in these groupings, all were
surveyed, and results pooled at group level. The data collection tool
is provided as a supplement (Supplement 2)

Patient-level
At the patient level, data were collected on the patients' age,

sex, date of admission and diagnoses. For the diagnosis, a total of 46
possible options were provided, 45 of these were categorised by
the anatomical system involved. The last category was when the
prescription was not supported by documentation of any diagnosis
for which antibiotics are indicated. This category was labelled as
“Conditions for which antibiotics are not indicated”. Data were also
collected on the antimicrobial type, dose and duration of
treatment. Microbiology, antibiotic susceptibility and biomarker
(C-reactive protein; procalcitonin) test results used to inform the
diagnosis and treatment, were also documented. Supplement 3
provides the patient-level data collection tool and the list of
diagnoses.

Data collection process

Data were collected by clinicians trained on the study
methodology. There were three data collection teams, each with
5–6 members under the leadership of a clinical pharmacist. The
survey followed standard operating procedures and data capture
forms currently in use as part of the Global PPS with some context-
appropriate modifications. One modification included data collec-
tion on all weekdays mainly due to logistical reasons. Data were
not collected on weekends and holidays. The survey procedures are
given in Supplement 4.

Inclusion and exclusion criteria

Ward-level
All wards from paediatric (medical and surgical), adult (medical

and surgical including obstetrics and gynaecology) and neonatal
were included in the study. Psychiatric, Ear Nose and Throat (ENT),
renal, neurosurgery, eye and intensive care units, were not present
in all hospitals and were excluded. One large hospital included in
the survey only provides maternal and neonatal care. Data from
this facility were included in relevant analyses.

Patient-level
Data were collected from all hospitalised patients on antimi-

crobial treatment or prophylaxis, even if the drug was not
administered on the day of the survey. Outpatients and day case
admissions were excluded.

Electronic data entry

At each ward, de-identified data were entered from paper
medical records into REDCap using laptop computers. REDCap1

(Research Electronic Data Capture) is a secure, web-based
application that supports data capture (Harris et al., 2009). In-
built range, error and validity checks were employed at the point of
data entry.

Data analysis

At ward level, proportions were computed to establish bed
occupancy and the percentage of hospitalised patients on
antimicrobial treatment. At the patient level, since each patient
was eligible for a maximum of five diagnoses, specific diagnoses
were computed as a proportion of the total number of diagnoses.

For analysis of antimicrobial agents, these were grouped into
ten main groups based on their Anatomical Therapeutic Chemical
Classification System (ATC) (World Health Organization, 2015). In
addition to the groups based on the ATC, we generated a new group
that was a combination of benzylpenicillin and gentamicin to
capture all the prescriptions in which this combination was used.
This combination is the expected national first-line treatment for
many severe paediatric and neonatal infections in Kenya (World
Health Organization, 2013; Ministry of Health, 2016).

Antibiotic treatment appropriateness
In this study, treatment appropriateness is defined as any

prescription which is in keeping with (i) treatment guidelines, (ii)
consensus of local expert opinion or (iii) bacterial speciation and
antibiotic susceptibility tests.

To determine treatment appropriateness, we first searched for
all available Kenyan (hospital-based or national) guidelines for
each of the 45 diagnostic classifications in the Global-PPS. For the
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conditions without local guidance, we searched for guidelines
from the World Health Organisation, the Infectious Diseases
Society of America, the National Institute for Health and Care
Excellence and guidelines from international medical associations,
e.g. The European Society of Intensive Care Medicine. We chose the
international guidelines through consensus with local medical
specialists since these guidelines are commonly used in Kenya for
teaching. We documented which of these local/international
guidelines were physically available in the relevant wards during
the survey.

De-identified individual patient data including diagnoses and
antibiotic prescription were then shared with a speciality
consultant relevant to the ward they were admitted to (either a
surgeon, physician, obstetrician or a paediatrician). None of the
consultants worked in the participant hospitals, and all were
blinded as to the hospital source of the data. Based on the reference
guidelines, these consultants reviewed the individual prescrip-
tions and classified treatment as inappropriate if it was not in
keeping with the guidelines, or if it involved redundant antibiotic
combinations (where antibiotics have a similar spectrum of cover).
The principal investigator (PI), identified a sample of ten medical
records from each of the departments and independently assessed
appropriateness using the same approach. This independent,
duplicate sample was used to check for congruency with the
decisions made by the specialists. In cases where the decision by
the PI and that of the specialists were not in agreement and
consensus was not forthcoming, the opinion of an infectious
disease specialist was sought.

To establish the appropriateness by disease condition, a subset
of the data was used. The data were for those patients with only a
single diagnosis that warranted antibiotic treatment. These
individuals were used to calculate the proportions of appropriate
treatment by disease condition.

Factors associated with treatment appropriateness
In keeping with our primary interest, we explored whether the

physical availability of treatment guidelines was associated with
treatment appropriateness and included the number of comor-
bidities, gender, and duration of hospital stay (period between
admission and day of survey) as additional explanatory factors.
Duration of hospital stay and comorbidities were included in
following the hypothesis that patients that spend longer in
hospital are more likely to have a more significant number of
prescriptions, and likely to have more complex illness (Nobili et al.,
2011). The complexity of the illness and the number of
prescriptions may possibly have an influence on the appropriate-
ness of the prescription choice. Duration of hospital stay was
centred and scaled to improve model stability and reduce the
problems of model convergence (Pinheiro et al., 1995). Frequency
tables and graphs were used to present the data. Statistical analysis
was conducted in R (R Core Team, 2013).

Results

Data are presented for 14 public hospitals in Kenya. Ten of the
hospitals had five departments (adult medical, adult surgical,
paediatric medical, paediatric surgical and neonatal unit). One
hospital (H16) is a maternity hospital, therefore had no paediatric
and adult male units. Hospitals H9, H10 and H11 had no paediatric
surgical units. There were no adult surgical patients hospitalised
in H10 during the survey. A total of 3590 patients were
hospitalised during the survey, with a median of 230 patients,
interquartile range (IQR[137] across the hospitals. The bed
capacity varied across the hospitals with a median of 297 beds
IQR[137]. The median occupancy was 87% IQR[39]. Table 1
provides more description.
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Overall antimicrobial usage

There were 1675 (47%) of the 3590 hospitalised patients on
treatment with at least one antimicrobial agent. Of all the hospital
departments, the adult medical departments had the highest
number of hospitalised patients (1513). Of these, 538 (35.6%) were
on at least one antimicrobial. In the adult surgical, neonatal,
paediatric medical and paediatric surgical wards there were 990,
546, 425 and 116 patients respectively with 528 (53.3%), 230
(42.1%), 331 (77.9%) and 48 (41.4%) patients on antibiotics
respectively.

Antimicrobial and antibiotic use

There were 3363 antimicrobial prescriptions (median 2 per
patient). Of these, 3145 (94%) were antibiotic prescriptions, with
95 anti-parasitic agents (3%), 80 antivirals (2%) and 43 antifungal
agents (1%) accounting for the remainder. This report, therefore,
focusses on antibiotic prescriptions as they were the most
common.

The 3145 antibiotic prescriptions were made for 1675 patients.
These included a total of 1078, 816, 305, 450 and 92 antibiotic
prescriptions in the adult surgical, adult medical, neonatal,
paediatric medical and paediatric surgical units respectively. Of
these total prescriptions, 404 (13%) were a combination of
benzylpenicillin and gentamicin. Cephalosporins were the most
Figure 1. Bar charts denoting the proportions of drug prescriptions by drug ATC class 

benzylpenicillin and gentamicin.
common prescriptions accounting for 772 (26%) of the remaining
2741 prescriptions. They were followed by nitroimidazole deriv-
atives, mainly metronidazole, with 585 (20%) prescriptions.
Combinations of benzylpenicillin and gentamicin were predomi-
nant in the neonatal unit with 178 (58%) of the 305 prescriptions.
The 3rd generation cephalosporins in the adult medical units
represented 263/816 (32%) of prescriptions. Two (0.1%) of the 1675
patients in the study (one adult medical and one paediatric
medical) had treatment based on antibiotic susceptibility tests.
Figure 1 illustrates the proportion of prescriptions by department
and hospital.

Diagnoses warranting treatment

There were 2059 diagnoses (adult medical = 716, adult surgi-
cal = 599, paediatric medical = 449, paediatric surgical = 54 and
neonatal 241) recorded from the 1675 hospitalised patients. For
adults in the medical units, the most frequent diagnostic category
was “conditions for which antibiotics are not indicated” accounting
for 160/716 (21%) of the diagnoses in that department. In
paediatrics, the most common diagnosis was pneumonia or lower
respiratory tract infections (148/449 [33%]). To give a clear picture
of the disease patterns in these hospital departments, Figure 2
presents the top ten diagnoses for each department documented
for the 1675 patients and therefore includes some parasitic
(malaria) and viral infections like HIV. All other diagnoses in a
across 14 hospitals by departments and overall. Also included is a combination of



Figure 2. Bar Plot illustrating the top ten diagnoses and their proportions (%) for each department. n = total number of diagnoses in each department. CNS; Central Nervous
System, URTI; Upper Respiratory tract infection, OBGYN; Obstetrics and Gynaecology.

Figure 3. Bar chart showing the proportion (%) of patients receiving appropriate treatment by department based on 1502 patients with a single diagnosis.
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Figure 4. Proportion of treatment inappropriateness by disease conditions across the departments. The number on brackets () indicates the total number of patients with the
disease. Patients with antibiotic treatment for conditions where antibiotics are not required are presented as a proportion of the total number of patients in the department.
PUO- Pyrexia of unknown origin, UTI- Urinary Tract Infection, CNS-Central Nervous System, GI-Gastro-Intestinal, OBGYN Obstetrics and Gynaecology.
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department are collapsed into the category “other conditions
needing antimicrobial treatment”. Where relevant the viral and
parasitic infections were excluded from the analysis on antibiotic
use.

Guideline availability and treatment appropriateness

We identified four major local guidelines. A guide on manage-
ment of common illnesses in level 4–6 hospitals (Ministry of
Medical Services and Ministry of Public Health and Sanitation,
2009), national guidelines for the treatment of sexually transmit-
ted illnesses (Ministry of Health, 2018), the basic paediatric
protocol (Ministry of Health, 2016), and a local hospital guideline
for use in the national referral hospital (Kenyatta National Hospital
and University of Nairobi, 2018). Others were from the British
Thoracic Society(1 condition), Infectious Diseases Society of
America (10 conditions), the Surviving Sepsis Campaign(2 con-
ditions) and the National Institute for Health and Care Excellence
(2 conditions). Full list is provided in Supplement 5.

There were 1502(90%) of the 1675 hospitalised patients,(Adult
medical = 421; adult surgical = 543; paediatric medical = 261;
paediatric surgical = 53 and neonatal = 224 patients), where we
could ascertain a final diagnosis. This allowed for assessment of the
per-patient appropriateness of treatment by condition. Overall,
805(53.6%) of the 1502 patients had appropriate treatment. The
highest percentage of appropriate treatment was in the neonatal
department at 80% [179/224]). Of the 224 patients in the adult
medical unit whose treatment was inappropriate, 140 (63%)
prescriptions were for conditions not requiring antibiotic treat-
ment. This is shown in Figure 3

Treatment appropriateness by disease conditions

We further explored the disease conditions that were treated
appropriately by the departments from these 1502 patients where
a single final diagnosis was assigned. In the adult medical
department, 24 (26%) of the 94 patients with pneumonia had
inappropriate treatment. In the adult surgical unit, skin and soft
tissue infections formed a large proportion of patients, 93/135
(68%) received inappropriate treatment. This is shown in Figure 4.
Patients with a final diagnosis of conditions where antibiotic
treatment was not indicated are presented as a proportion of the
total number of patients.

Physical availability of guidelines

We assessed which treatment guidelines were physically
available during the survey (Supplement 6). The only physically
available guideline was the basic paediatric protocols. These
guidelines cover ten conditions, five in each of the paediatrics
and neonates. The five conditions for which guidelines were
available in the neonatal and paediatric units accounted for 94%
(210/224) and 56%(147/261) of the patients with a final diagnosis
respectively.
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Factors associated with treatment appropriateness

We assessed the main factors that may be associated with
treatment appropriateness in both univariate models and a
multiple regression model. These were duration of hospital stay
since admission, gender, physical availability of guidelines and
number of diagnoses.

We ran these models considering two possible outcomes, I.
Overall treatment appropriateness for all patients on antibiotics
and II; appropriateness only for patients with conditions requiring
antibiotics.

Both outcomes resulted in the same general pattern of results.
With overall treatment appropriateness for all patients on anti-
biotics as the outcome, there was evidence of a negative
association of appropriateness of treatment with increasing the
duration of hospital stay. Quadratic terms for the duration of stay
were not statistically significant; hence a linear relationship was
assumed. Physical availability of treatment guidelines increased
the odds of receiving appropriate treatment. There was an increase
in the odds of appropriate treatment with an increase in the
number of diagnoses for the population of patients receiving
antibiotics (Table 2).

Discussion

From this report about half the hospitalised patients were on
antimicrobial treatments, mainly antibiotics. The proportions of
patients on antibiotics varied across hospital departments with
almost three-quarters of the admitted paediatric medical
patients on treatment. This prevalence of antibiotic use is
consistent with other studies in Africa, with some studies
reporting proportions higher than 70% among hospitalised
patients (Mulwa et al., 2015; Chukwuani et al., 2002).
Cephalosporins and penicillins accounted for a substantial
portion of these prescriptions. A significant increase in the
use of penicillins and cephalosporins, particularly ceftriaxone
over the last decade was identified globally (Van Boeckel et al.,
2014). This has been attributed to factors including economic
growth, increased expenditure on health and increased access to
medicines (Van Boeckel et al., 2014). The use of cephalosporins
has also been increased by its convenient frequency of
administration which may be advantageous on understaffed
units and may have lower drug costs (purchase, preparation and
administration) compared to other antibiotics that require
multiple daily doses (Davis and Bryson, 1994).

From this survey, less than 1% of the antibiotic prescriptions
were supported by laboratory data. Lack of laboratory support
influences prescription patterns and choice (Chem et al., 2018).
This results in most of the treatment being broad-spectrum, also
encouraging polypharmacy, and may fuel drug resistance (Chokshi
et al., 2019). Some challenges identified in laboratories have been,
the high cost of investigations, long turnaround time and
inaccurate results (Alemnji et al., 2014). Improving laboratory
capacity to conduct tests like cultures and antibiotic susceptibility
testing would translate to increase costs of care for the patient. The
use of regional referral laboratories supported by governments to
carry out such tests may mean lower costs for patients due to
economies of scale (Ministry of Health, 2014). These extra
laboratory costs need to be viewed in light of the unnecessary
costs incurred due to unwarranted treatment and hospital stay in
cases where treatment is not supported by laboratory data.

Our data suggest an association between the physical availabil-
ity of treatment guidelines and appropriate treatment. It is striking
that across 14 hospitals, guidelines were only physically available
on paediatric and neonatal units. Better access to approved
guidelines for common illnesses is imperative. We note that the



M. Maina et al. / International Journal of Infectious Diseases 99 (2020) 10–18 17
availability and use of the paediatric guidelines have been
supported by other interventions which include nationwide
dissemination of the guidelines by the Ministry of Health and
the training of clinicians in hospitals and universities on the use of
these guidelines through the emergency treatment and triage
programme (English et al., 2017b; Irimu et al., 2008). Adherence to
locally relevant treatment guidelines may improve patient out-
comes by improving mortality, reducing the length of hospital stay
and readmissions (Wathne et al., 2019). Although we assessed for
physical availability of guidelines, we acknowledge that some of
the international guidelines are also available electronically.
Availing local guidelines electronically may increase usage due
to the extensive internet coverage in Kenya.

In addition to the hospital level factors like laboratory and
guideline availability, clinician level factors may also affect antibiotic
prescription. Level of training and clinical experience is crucial in
decision making and guideline adherence (Ogero et al., 2020). Most
of the hospitals in our study were internship training centres. Hence,
prescriptionsweredoneby differentcadresofclinicianswithvarying
levels of training. Though data on prescribers were not collected in
this study, work in similar settings indicates that more than 85% of
prescriptions in the paediatric units are done by junior clinicians
mainly in the pre-registration period of training (Ogero et al., 2020).
Therefore, in addition to providing guidelines, improving supervi-
sion of the junior clinicians is crucial (Papoutsi et al., 2017). Other
interventions that could enhance proper antibiotic use include
functional antibiotic stewardship committees that can audit
antibioticuseandprovidefeedbacktothe clinicians(Weietal., 2017).

Our data collection included Mondays in deviation to the Global-
PPS recommendation, especially on surgical prophylaxis data
(GLOBAL-PPS, 2015). This was because patients in our hospitals
were admitted for elective surgeries throughout the week.
Additional analysis showed no differences in the prescriptions
patterns and appropriateness by day of the week. Using the PPS
approach has some limitations. It does not capture seasonal
variations in disease patterns, treatment outcomes and does not
establish which antibiotics were available in the hospitals, which
may influence the prescriptions. Additionally, other investigations
including, radiologyand haematology, whichmay have informed the
antibiotic prescriptions are not considered in this PPS approach.

We acknowledge the clinical specialties used to assess
appropriateness did not include clinical microbiologists and
pharmacists. While including them would have been ideal, we
consulted an infectious disease specialist to assist where the
decisions on appropriateness were not clear. Additionally, the
guidelines we included provided different treatment approaches
for similar illnesses hence accommodating the differences in
antibiotic selection between the prescribers.

Our assessment of appropriateness did not consider the doses
and duration of treatment. However, we note that in more than
96% of the prescriptions, the dose and duration were documented.
Finally, this study was performed in public hospitals, although
these are the majority, it does not inform about appropriateness of
prescription and usage in private hospitals in Kenya.

Conclusion

We report that 46.7% of all inpatients were on antimicrobial
treatment, mainly antibiotics. In <0.1% of patients, the antibiotic
prescription was supported by laboratory tests. Many patients did
not have a recorded diagnosis that warranted an antibiotic
prescription, and there is a strong indication that physical
availability of guidelines may influence treatment appropriateness
positively. This situation may be improved by availing treatment
guidelines across all the departments and providing better
diagnostic support and training for clinicians.
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