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on costs of antibiotics. Appropriate prescribing
of antibiotics had a positive impact on patients’
recovery and costs of antibiotic treatments in
inpatient settings.
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Introduction
Injudicious prescribing of antibiotics in the
management of infectious diseases results in
overprescribing of antibiotics and, ultimately,
development of microbial resistance to antibiotics.1-3 In situations where antibiotics are
selected presumptively, as occurs particularly in
the empiric treatment of infections, inappropriate prescribing of antibiotics can pose a major
problem in antibiotic usage. Prescribers in such
instances may over-prescribe antibiotics in
combinations to cover for diagnostic imprecision.4 This is particularly common in developing
countries where empiric prescribing of antibiotics is a mainstay of treating infections. Most
developing countries lack functional or efficient
systems of operating microbiology laboratories,5,6 a situation not conducive to routine
identification and antibiotic sensitivity testing
of pathogens.
Inappropriate prescribing of antibacterial
agents is accepted as a cause of treatment failures and increased costs of treating infections.7
Inappropriate prescribing has been associated
with microbial resistance development to
antibiotics, and successful intervention studies
to improve antibiotic prescribing have actually
been found to reduce antimicrobial resistance.8
Timely antibacterial treatment is associated
with reduced length of hospital stays and
reduced mortality.9,10 Therapeutic deficiencies
identified with some antibiotic prescriptions
may not be seen as results of inappropriate prescribing, particularly in settings where the
drugs are prescribed in combination to treat
infections empirically. It is possible for only a
subset of such prescribed antibiotics to be effective against the pathogens causing the infection, making the therapeutic infectiveness of
others in the prescribed set less obvious. In
other circumstances, as seen for example in
cases of viral infections closely mimicking bacterial infections in clinical presentations,
patients’ recovery may not in any way be attributable to prescribed antibiotics.11 Prescribers
may interpret outcomes of treatments they
offered in all these instances as results of the
effectiveness of the prescribed antibiotics,
potentially eliminating their recognition of
therapeutic inadequacies of ill prescribed
antibiotics. Together, these situations explain
the perpetuation of inappropriate prescribing of
antibiotics in clinical practice despite the negative effects the practice has on patient management for infections. Studies that investigate the
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The therapeutic impact of inappropriate prescribing of antibiotics is debatable, particularly
in situations where infections are treated
empirically with multiply prescribed antibiotics.
Prescribers may remain under the illusion that
such prescriptions are appropriate on the basis
of any observed positive treatment outcomes,
even though an antibiotic prescribed in such
combination therapy may actually be infective
against infecting pathogens. This, inevitably,
promotes inappropriate antibiotic prescribing.
Prescribers may be motivated to make more
conscious attempts to prescribe antibiotics
appropriately if it is proven that judicious prescribing of antibiotics has positive impacts on
treatment outcomes. The objective of this study
was to determine the impact of appropriate prescribing of antibiotics on treatment outcomes,
days of patient hospitalization and costs related
to antibiotic treatment. Observational data on
antibiotic treatment were collected for a onemonth period from case notes of all inpatients
(n=307) and outpatients (n=865) at five government and mission hospitals in Lesotho.
Prescriptions were classified into categories of
appropriateness based on extents to which
antibiotics were prescribed according to principles. Treatment success rates, mean days of
hospitalization and costs of antibiotic treatments of inpatients treated with specified prescription categories were determined.
Appropriate prescribing of antibiotics for inpatients had positive impacts on treatment outcomes, patients’ days of hospitalization for
infections and costs of antibiotic treatments. In
outpatient settings, appropriate prescribing of
antibiotics failed to show any significant impact
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The impact of appropriate
antibiotic prescribing on
treatment evaluation parameters

impacts of appropriately and inappropriately
prescribed antibiotics on treatment outcome
parameters are scarce. We believe that prescribers may become less resistant to prescribing antibiotics appropriately if they are aware of
the impacts antibiotic prescribing have on treatment outcomes. This is our motivation for conducting this study.

Objective
The study has the primary objective of
observing the impact of appropriate prescribing of antibiotics on patient recovery, days of
patient hospitalization and costs of antibiotic
treatment in public hospitals in Lesotho.

Materials and Methods
This was an observational study designed as
a case series study.12 Data on prescribed
antibiotics were collected from case reports of
all patients treated for infections in inpatient
and outpatient departments. We also collected
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categorized as appropriate or inappropriate.
We also compared individual prescription categories (A1 vs A2 vs B vs F), but we only mention several interesting results because the
primary objective is to compare the appropriate vs. inappropriate categories as a whole. We
determined statistical significance between
prescription categories using the MannWhitney test. For days of hospitalization, we
also compared the distributions of appropriate
(A1, A2) and inappropriate (B, F) prescriptions
using a survival analysis23 (survdiff function in
the R package survival v.2.36-14). Ethical permissions in accordance with the Helsinki
Declaration were received from both the
Ministry of Health of Lesotho through its
ethics committee for public hospitals and individual CHAL hospitals, as well as the ethics
committee of the North-West University
(South Africa).
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- Prescription category E: antibiotics inappropriately prescribed for the prevention of
infections;
- Prescription category F: antibiotics inappropriately prescribed for unjustified indications.
We determined only for inpatients the
impacts of appropriateness of antibiotic prescribing on patients’ recovery status and their
days of hospitalization. Geographical challenges did not permit us to carry out the
impacts of appropriateness of antibiotic prescribing on outpatients’ recovery status. We
did, however, determine differences in costs of
antibiotic treatment among patient groups
treated with respective antibiotic prescriptions
between the two patient categories. We calculated both treatment success rates (TSR) of
patient groups treated with respective antibiotic prescriptions categorized as appropriate
or inappropriate. We did not consider death of
patients as necessarily being a cause of nonresponse to antibiotic treatment since other
factors unrelated to antibiotic treatment could
cause a patient’s death. We determined TSRs
with deaths in the denominator (TSR1) and
without deaths in the denominator (TSR2). We
did not include prescriptions that were prophylatics in TSR determinations, as we had no
means of determining infection prophylaxis
success rates. Nearly all prescriptions in this
category were in the inpatient surgical ward.
We compared the frequency of improvement
across groups using Pearson’s χ2 test. We also
determined the mean of days of patient hospitalization for infections and the costs of antibiotic treatment (total cost and, for inpatients,
cost per day of hospitalization) of patient
groups treated with antibiotic prescriptions
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information from nursing notes and interviewed nurses where necessary to ascertain
adequate data on patients’ recovery status.
Data collection was for a one-month period
from June 15 to July 15, 2009. Interactions
with prescribers for clarifications on observed
manners of infection diagnosis and treatment
were avoided for purposes of obtaining unbiased baseline information on manners in
which antibiotics were prescribed. We selected
five study site hospitals (three government
and two Christian mission owned hospitals)
on the basis of their sizes and ownership.
Together, they had a total bed capacity of 2466,
nearly half the total hospital bed capacity in
Lesotho.13
We assessed all antibiotic prescriptions for
their appropriateness. We used a prescription
assessment instrument that comprised a set of
criteria we developed from literature-documented principles of antibiotic prescribing.4,1421 We obtained additional information from the
literature on the etiologies of infections and
the characteristics of antibiotics. We compiled
these as an additional research tool and used it
as further information to make decisions on
the conformities of prescriptions to our assessment procedure.22 Prescriptions were assessed
principally to establish whether antibiotics
were prescribed on the basis of their need or
their clinical effectiveness against infecting
pathogens. It was necessary in principle for a
prescriber to establish a site of infection and
identify hallmark signs and symptoms of infection.14 Prescribed antibiotic(s) must also have
the appropriate spectra of activity covering
bacterial pathogens commonly associated with
infection at an anatomical site in question.4
They must be prescribed in the appropriate
doses and must be compatible and not antagonistic with other antibiotics prescribed together with them.4,14 We classified prescriptions
conforming to given sets of criteria combinations into seven categories of appropriateness
defined as follows:
- Prescription category A1: antibiotics appropriately prescribed for the empiric treatment of
infections for which bacteria pathogens were
considered absolute etiologies;
- Prescription category A2: antibiotics prescribed appropriately for the treatment of
infections according to general principles of
antibiotic prescribing but also considered
inappropriate on the basis of the agents being
prescribed for infections for which bacteria
pathogens may only be possible etiologies;
- Prescription category B: antibiotics inappropriately prescribed for the empiric treatment
of infections with absolute bacterial etiologies;
- Prescription category C: antibiotics prescribed based on available results of culture
sensitivity tests;
- Prescription category D: antibiotics appropriately prescribed for the prevention of infections;

Results

Assessment and categorization of
prescriptions

Summary statistics are shown in Table 1.
For inpatients, we report results separately for
the surgical and medical wards. A total of 307
inpatient and 865 outpatient prescriptions
accounting for 584 and 1073 total antibiotics
prescribed, respectively, during the study period, were assessed for their appropriateness.
Patients were most commonly adults (73% to
88%) and female (55% to 58%).
Table 2 shows the body systems affected in
the antibiotic prescriptions we analyzed. When

Table 1. Summary of study variables.

Outpatient
Inpatient
Medical ward
Surgical ward

No.
of patients

Prescriptions
per patient

% female
patients

% adult
patients

865
307
190
117

1.22
1.89
1.68
2.17

58%
57%
58%
55%

79%
79%
73%
88%

Table 2. Body systems affected when antibiotics were prescribed in hospital wards.
Body system
Respiratory tract
Gastrointestinal tract/abdominal cavity
Genitourinary tract infections
Skin and soft tissue
Bones
Central nervous system
Blood
Pyrexia (no specific site)
Non-infectious conditions

Inpatient medical

Inpatient surgical

Outpatient

43.7
14.2
11.6
4.2
0.5
2.6
1.1
1.6
20.5

3.4
3.4
6.8
63.2
4.3
2.6
0
0
16.2

47.3
7.4
15.5
16.0
0.1
0
0
1.2
12.6

Data are percent in each hospital ward, based on no. of patients from Table 1. Each column adds to 100 within rounding error.

[Journal of Public Health in Africa 2013; 4:e2]

[page 7]

Article

N

Table 3 shows the treatment outcomes for
the inpatient medical and surgical wards for
the prescription categories A1 and A2 (appropriate) vs B and F (inappropriate). In both
wards, A1 prescriptions have a higher treatment success rate than B and F by both TSR
metrics. In the medical ward, A2 has a lower
TSR1 but a higher TSR2 than B and F. There
were not enough F prescriptions in either ward
nor A2 prescriptions in the surgical ward to
make meaningful comparisons among these
groups alone.
Table 4 shows the average number of days of
hospitalization for inpatients by prescription
category and hospital ward. The differences
across wards (medical vs surgical) were
greater than the differences within wards (A1A2 vs B-F). The patients treated with appropri[page 8]
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Figure 1. Percentage of prescriptions per
category for outpatients and inpatients
(medical ward and surgical ward). Sample
sizes (no. of patients) in Table 1.

Table 3. Treatment success rate for medical and surgical wards (inpatients) by prescription category.
Prescription category Improved

m

Medical ward
A1
A2
B
F
A1, A2
B, F
Total
Surgical ward
A1
A2
B
F
A1, A2
B, F
Total
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Impact of appropriateness of
antibiotic prescribing on treatment
outcomes, days of hospitalization
for infection treatment and costs of
antibiotic treatment

and F were significantly less than B.
Table 6 shows the antibiotic costs per day of
hospitalization. The differences between the
prescription categories and between the wards
are less pronounced than in terms of total cost.
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ately prescribed antibiotics (A1-A2) had significantly shorter hospital stays than patients
treated with inappropriate antibiotics (B-F)
(P<0.05 by Mann Whitney Test) in the medical
ward but not in the surgical ward (P>0.05).
The conclusions were the same when deaths
were excluded from the calculations. In the
medical ward, the categories A1 and A2 were
each significantly different from category B,
and A1 and A2 were not significantly different
from each other. A survival analysis modeling
time of hospital stay with deaths treated as
censored confirmed that the length of stay was
less for appropriate prescriptions in the medical ward but that there was no difference in
the surgical ward (P<0.05 corresponding to a
significant difference by χ2).
Table 5 shows the total cost of antibiotics
during the inpatient hospital stays and for outpatient prescriptions. The inpatients with
appropriate prescriptions had significantly
lower total costs than patients given inappropriate prescriptions (P<0.05 in both wards).
For the individual categories in the medical
ward, A1, A2, and F were all significantly less
than B but were not significantly different
from each other. In the surgical ward, only A1
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more than one body system was reported, we
only report the first body system. The inpatient
medical ward and outpatients have roughly the
same distribution, with differences noted in
the systems skin and soft tissue and non-infections conditions. Both groups had respiratory
tract as the body system with the highest percentage of prescriptions. Patients in the inpatient surgical ward were predominantly prescribed antibiotics related to the skin and soft
tissue.
Figure 1 shows the percentage of each prescription category. For outpatients, the most
common categories were A1 (34.6%) and A2
(43.8%). We consider both categories appropriate, although where possible we consider A1
and A2 separately to test our hypothesis. The
A2 prescriptions were most commonly for the
respiratory tract in the inpatient medical ward
(46.5% of A2 prescriptions in that ward) and
for outpatients (76.9% of A2 prescriptions
among outpatients).
The inpatients received a higher percentage
of inappropriate prescriptions (B 31.5% and
23.9%; F 21.2% and 13.7%). The percentage of
appropriate prescriptions was significantly different between the two patient types (inpatient vs outpatient) and between the two inpatient wards (P<0.05 by χ2 test). For outpatients, prescriptions could be written by either
doctors (N=745) or nurses (N=118). There
was no significant difference in the categories
(P>0.05 by χ2 test), and we combined the prescriptions of doctors and nurses in all analyses.
Few prescriptions were in category C, and categories D and E were found in low percentages
except in the inpatient surgical ward.
Therefore, we did not consider groups C, D,
and E in further analyses.

Not improved Died

% Died

TSR1* TSR2°

29
26
35
1
55
36
91

5
7
12
0
12
12
24

6
10
10
0
16
10
26

15.0
23.3
17.5
0
19.3
17.2
18.4

72.5
60.5
61.4
100
66.3
62.1
64.5

85.3
78.8
74.5
100
82.1
75.0
79.1

11
1
20
0
12
20
37

2
0
7
0
2
7
9

1
0
0
1
1
1
2

7.1
0
0
100
6.7
3.6
4.2

78.6
100
74.1
0
80.0
71.4
77.1

84.6
100
74.1
0
85.7
74.1
80.4

TSR, treatment success rate. *TSR1=Improved/(Improved+NotImproved+Died); °TSR2=Improved/(Improved+NotImproved). No differences between individual groups (A1, A2, B) nor between aggregate groups (A1, A2 vs B, F) were statistically significant.

Table 4. Days in hospital by prescription category and ward.
Ward

Category

Medical

Appropriate
A1+A2
Inappropriate
B+F
Appropriate
A1+A2
Inappropriate
B+F

Surgical

Including deaths
Mean SD Median

Excluding deaths
Mean
SD Median

6.6

4.3

6.0

6.9

3.9

6.0

9.2

5.8

8.0

9.4

6.0

8.0

16.3

13.6

12.0

17.2

13.5

14.0

20.4

19.1

14.5

20.9

19.1

15.0

SD, standard deviation.
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prescriptions as appropriately prescribed
according to principles on one hand but which
on the other hand were inappropriate on the
grounds of their being prescribed for suspected bacterial infections only. We found that 44%
of outpatient prescriptions and 14% of inpatient prescriptions were in this A2 category
(Figure 1). Category A2 was most often found
in cases of suspected respiratory tract infections that, among outpatients commonly have
viral aetiologies.26

Impact of appropriateness of
antibiotic prescribing on treatment
evaluation parameters
Treatment outcomes
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Table 5. Total antibiotic cost (ZAR) by prescription category and ward [1 ZAR (South
African Rand)=0.14486 USD at the time of study].
Ward
Medical
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A fundamental tenet in the appropriate prescribing of antibiotics to treat infections is the
establishment of bacterial pathogens as etiological agents before antibiotics are prescribed. Classical definitions of a judiciously
prescribed antibiotic tie down the appropriateness of a prescribed antibiotic to this principle.2,3 In empiric or non-definitive antibiotic
treatment of infections, the presence of bacterial pathogens is often assumed. Such prescriptions can be justified on the basis of presenting clinical signs and symptoms and an
identified site of infection that accurately suggest bacterial pathogens as a cause of the
treated condition. Antibiotics can be considered prescribed appropriately in such circumstances provided the selection of the agents
are based on their costs and therapeutic effectiveness against bacterial pathogens known to
be commonly associated with infections at the
site as principles require.14 These considerations form the basis of the assessment of
antibiotic prescriptions in this study.
In certain cases, some infections or even
non-infectious clinical conditions with nonbacterial causes may present with signs and
symptoms similar to infections with bacterial
causes, which makes their differentiation difficult. Viral infections of the respiratory tract,
chronic obstructive airway disease with symptoms of chronic cough and excessive production of sputum and vulvovaginal symptoms
caused by retained foreign bodies, for example, typically exemplify this.16,24,25 We found
that respiratory tract infections were the most
common body system affected in outpatients
and the inpatient medical ward (Table 2). A
prescriber may adhere to principles of antibiotic prescribing in such instances and still prescribe the drugs inappropriately if the clinical
condition has non-bacterial etiologies.
Prescription category A2 categorized these
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Assessment of antibiotic prescriptions

Calculated TSRs of patient groups treated
with various antibiotic prescription categories
are summarized in Table 2. Inpatients who
received treatments with appropriate prescriptions had a higher rate of improvement compared to patients who received inappropriate
prescriptions. However, due to the relatively
small differences between groups and the
small sample size, we cannot conclude that the

Surgical
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Discussion

results were statistically significant. Leibovici
et al. in similar studies also found that appropriate empirical antibiotic treatment was associated with a significant reduction in fatality
in patients with bloodstream infection.27
In the medical ward, we found that A1 had
the highest improvement rate and that A2 and
B were essentially identical. This finding is
important as it shows positive impacts of prescribing antibiotics appropriately in the treatment of infections with absolute, rather than
suspected bacterial etiologies. It emphasized
the lack of therapeutic benefits from prescribing antibiotics in situations where bacterial
pathogens are not etiologies.
Patients’ recovery in response to drug treatment can be attributed to factors other than
the quality of drug treatment they receive. In a
meta-analysis where treatment outcomes were
evaluated against adherence, DiMatteo et al.
acknowledge that many factors including treatment efficacy, genetic variations in response
rates and even limitations in current understanding of disease can affect outcomes.28 In
the empiric treatment of infections, factors
like the severity of infection, the sensitivities

y

The difference between appropriate and inappropriate is significant in the medical ward
(P<0.05) and marginally significant in the surgical ward (P<0.10). For the individual categories, A2 was significantly less than A1, and
all categories were significantly less than B.
Considering Tables 4, 5, and 6 together, we
conclude that the length of hospital stay is the
primary cause of higher antibiotic costs for
inpatients in this survey. For outpatients
(Table 5), there is no significant difference in
cost between the appropriate and inappropriate categories, and the total costs are most
similar to the inpatient costs per day.

Appropriate
A1+A2
Inappropriate
B+F
Appropriate
A1+A2
Inappropriate
B+F

Including deaths
Mean SD
Median

Excluding deaths
Mean
SD
Median

96.6

106.3

67.8

102.6

112.7

71.5

139.0

110.4

107.0

133.1

96.6

103.4

196.8

175.2

138.1

208.0

175.5

161.3

347.8

405.3

236.3

355.6

406.8

248.1

All patients
Outpatient Appropriate
A1+A2
Inappropriate
B+F

9.8

13.6

6.5

-

-

-

8.8

8.9

5.6

-

-

-

SD, standard deviation.

Table 6. Antibiotic cost per day of hospitalization (ZAR per day) by prescription category and ward [1 ZAR (South African Rand)=0.14486 USD at the time of study].
Ward

Category

Medical

Appropriate
A1+A2
Inappropriate
B+F
Appropriate
A1+A2
Inappropriate
B+F

Surgical

Including deaths
Mean SD
Median

Excluding deaths
Mean
SD
Median

14.0

7.8

11.4

14.1

8.0

11.4

15.4

8.1

11.7

14.4

6.8

11.7

11.9

1.4

11.6

11.7

1.2

11.5

17.0

10.9

12.6

17.1

11.0

12.5

SD, standard deviation.
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Average total costs of antibiotic treatments
for inpatient groups treated with appropriately
prescribed antibiotics were significantly less
than those for patient groups treated with
inappropriately prescribed antibiotics (Table
5). Patients with appropriately prescriptions
also had lower average costs per day (Table 6).
However, the difference in average days of hospitalization is much larger than the difference
in average cost per day. Therefore, we conclude
that the differences in average length of stay
are the more important variable. Unlike inpatients, antibiotic treatments of outpatient
groups treated with appropriately and inappropriately prescribed antibiotics showed no significant differences in costs (Table 5). To our
knowledge, no previous study has compared
costs of antibiotic treatments in instances
where the agents were prescribed appropriately and inappropriately in a clinical environment. Results of some studies that evaluated
intervention programs initiated to promote
rational use of antibiotics did show, however,
that diligent antibiotic usage has significant
cost reduction effects. Such cost reductions,
though, were attributable to less prescribing
rather than an appropriate prescribing of the
agents.29 Among inpatients, our findings indicate a positive impact of appropriate antibiotic
prescribing on costs of antibiotic treatment or
hospitalization. The same, however, cannot be
said about antibiotic prescribing in outpatient
departments.

[page 10]

come indicators. Appropriate prescribing of
antibiotics did not have a significant impact on
costs of antibiotic treatments in outpatient settings. This may be due to relatively cheap traditional antibiotics still being the mainstay of
treating infections in Lesotho. These have little differences in their costs.
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Patient categories treated with prescriptions with appropriately prescribed antibiotics
stayed in hospital for fewer days than patients
treated with prescriptions with inappropriately
prescribed antibiotics (Table 4). The result
was statistically significant in the Medical
ward but not in the Surgical ward. The difference between categories A1 and A2 was not
statistically significant, but both were significantly less than category B. Leibiovici et al.
similarly showed that hospital stay of survivors
of bacteremic infections was shorter in
patients treated with appropriately than inappropriately prescribed antibiotics.27

The correctness of interpretations given to
information collected from patients’ case notes
in prescription assessment depended largely
on how much information had been provided.
In some cases prescribers omitted vital information that made it difficult to assess prescriptions against the assessment criteria of
this study. We therefore had to interpret the
available clinical information to determine a
prescription’s conformity or non-conformity.
Some such interpretations may not necessarily be what prescribers actually did in conscious
attempts to demonstrate their adherence to
principles of antibiotic prescribing. These limitations somewhat compromise the versatility
of prescription assessment methods as well as
interpretations of prescription appropriateness analysis results. Patient case notes also
lacked information on severity of infections for
which antibiotics were prescribed. This introduced uncertainty in establishing the appropriateness of prescriptions. Although we collected a large total number of prescriptions,
the survey period of one month did not yield
enough data to find statistically significant
results when the data was partitioned at the
finest levels. We suggest that further studies of
the impact of appropriateness of antibiotic prescribing be carried out within a methodological design in which prescribers, prior to data
collection, would be informed of the study and
also be persuaded to provide all information
necessary for adequate analysis of results.
Such a study design would also serve as an
educational tool for healthcare providers,
although in policy terms it would require routine verification that the participants did not
merely follow the recommendations during the
study period.
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Limitations of study
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of infecting pathogens to administered antibiotics and the regularity, likewise routes by
which prescribed antibiotics are administered,
may all determine the nature of patients’ clinical response to antibiotic treatment. In an
observational study such as ours, it is not possible to control so many factors. Therefore,
these unobserved variables couldn’t be controlled for in statistical modeling and make
determination of statistical significance more
difficult.

Conclusions

This article describes an observational study
of antibiotic prescribing in Lesotho. The findings serve to inform clinical practice and could
be used to design controlled trials to formally
evaluate the safety, efficacy, and effectiveness
of the antibiotics and practices observed herein. Appropriate prescribing of antibiotics was
associated with higher rates of patients’ recovery, fewer days of patients’ stay in hospital for
the treatment of infections as well as lower
costs of antibiotic treatments. Factors like
severity of infection, pathogens’ antibiotic
sensitivity patterns and modes of administration of prescribed antibiotics may influence
patients’ response to the empiric treatment of
infections other than the appropriateness of
prescribed antibiotics. Such factors may complicate correlations between appropriateness
of antibiotic prescribing and treatment out-
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