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Background: Antibiotics resistance is a global concern. A considerable body of evidence has shown a direct association between 
antibiotic use and the development of resistance. The objective of this study was to ascertain susceptibility patterns in the private 
health sector and determine possible relationship between antibiotic usage and resistance in Namibia.

Introduction

Abstract

Antibiotic resistance is a major public health problem globally 
with both clinical and financial consequences [1-3]. The European 
Commission estimates 250,000 deaths and cost of over 1,5 billion 
Euro due to antimicrobial resistance each year [4]. The Unites States 
on the other hand reports that two million people daily are infected 
with antibiotic resistant bacteria and at least 23,000 of these die 
[5]. Though there are no statistics in Africa, antibiotic resistance 
has been described as a growing problem that accounts for most 
of Africa’s disease burden [6-8]. The WHO also reports that despite 
the limited availability of data, the African region shows worldwide 
trends of increasing antibiotic resistance [9].

Resistance is a result of antibiotic selection pressure as a result 
of antibiotic overuse, under-use of irrational or indiscriminate use 
[5,10,11]. In 1998, Finch suggested that antibiotic resistance is a 
function of time and use [12]. Since then, numerous studies have 
been conducted that show the relationship between antibiotic use 
and the development of resistance over time [13-15].

Methodology: A retrospective analysis of prescription claims data 2008 to 2011 and microbiological reports for 2005 to 2011 was 
conducted. Antibiotic use was expressed in defined daily dose per 1000 inhabitants per day in accordance with the anatomical 
therapeutic classification. Antibiotic resistance was expressed as sensitivity rates.

Results: Antibiotic consumption was high (27DDD/1000/day) and increased by 3.5% between 2008 and 2011. Beta- lactams 
were the highest used antibiotic class followed by macrolides. Antibiotic resistance showed very little change between 2010 and 
2011. Overall, the greatest resistance was observed with chloramphenicol (18%). E. coli and S. aureus showed great resistance to 
amoxicillin (23% and 7% respectively). Overall, increasing resistance was observed in older antibiotic agents as compared with the 
newer agents. No association between antibiotic use and resistance was observed however statistical significance increased when 
correlating earlier antibiotic use with resistance of later years.

Conclusion: Antibiotic resistance profiles observed in this study are comparable to those in other African countries. The study could 
not establish a statistically significant correlation between antibiotic use and resistance. Continuous monitoring of antibiotic use and 
resistance in Namibia in the context of the WHO Global Action Plan is recommended.

Knowledge of local sensitivity patterns is important in guiding 
optimal empiric treatment and rational use of antibiotics. These 
can be effectively monitored through the use of antibiograms [16-
18]. In Namibia, a few studies were done to look into the sensitivity 
patterns of antimicrobials. However, these were done only in 
the public sector and do not look into the correlation of use and 
resistance pattern.
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A combined strategy of surveillance for antibiotics, that is 
using both consumption and resistance data, provides a better 
understanding of the relationship between usage and resistance 
[19]. Accordingly, the objective of this study was to ascertain 
susceptibility patterns in the private health care setting and 
determine possible relationship between antibiotic use and 
resistance in Namibia.

Methodology
Ethical clearance for this study was obtained from the Research 

Ethics Committee (Human), Faculty of Health Sciences, North-
West University (Ethical clearance number NWU-00028-13-s1). 
All analyses were conducted on anonymized, aggregated records 
therefore no individual patient consent was necessary. Additional 
permission was obtained from the medical aid administrators and 
the specific laboratory.

Antibiograms: antibiotic sensitivity data
Antibiograms for pathogens isolates were provided by the 

laboratory for the period 2001 to 2011.

Viable specimens were processed in accordance with in-
house procedures. Methodology for pathogen identification was 
dependent on the source of the specimen, for example, uri-select 
is used for urine samples while blood agar and chalk plates were 
used for cerebrospinal fluid samples (CSF). Sensitivity testing was 
performed in accordance with the Clinical Laboratories Standard 
Institutions (CLSI) guidelines. The first line test for sensitivity 
testing is the Kirby-Bauer disk diffusion method whereby the discs 
containing antibiotics were placed over an agar plate inoculated 
with the organism. The size of the zone of inhibition was equated 
with whether or not the organism was sensitive or resistant to the 
antibiotic at standard doses. Antibiotic susceptibilities were then 
reported in qualitative recorded and entered onto Meditech® and 
stored by organism. Annual sensitivity reports were then drawn 
from these data.

From the antibiograms, the number of isolates tested and those 
testing susceptible were computed. Percentage susceptibility 
for each antibiotic was calculated by combining all species for 
which the antibiotic was indicated. The nature of the information 
provided did not allow for identification of information by source 
of specimen.

Antibiotic use data
Antibiotic use data covering a four (4) year period from 01 

January 2008 to 31 December 2011 were collected from the 
medical aid claims data of a medical aid fund that covers 54% 

of the insured population. Only data related to antibiotics for 
systemic use (anatomical therapeutic classification (ACT) J01) 
were collected and analysed using the defined daily dosage 
(DDD) methodology. The ACT/DDD methodology was used to 
evaluate the consumption of antibiotics and each antibiotic was 
assigned a DDD obtained from the ACT/DDD index 2013 (www.
whocc.no/act_ddd_index). The data were expressed as DDD/1000 
population/day using the formula:

DDD/1000/day = (Total consumption in DDDs/Total population 
covered x Total days in the period of data collection) x 1000.

Statistical analysis

Microsoft Excel 2010 and SAS Version 9.1.3 (SAS Institute, Cary, 
NC) were used for analysis. Descriptive statistics were used to 
summarize frequencies and distribution of microbial isolates and 
their sensitivity to different antibiotics. All statistical significance 
was considered with probability of p < 0.05. The practical 
significance of the results was computed when the p-value was 
statistically significant (p 0.05). Chi-square test (χ2) was used to 
determine if an association exists between proportions of two or 
more groups, The Cramer’s V statistics was used to test practical 
significance of this association. Because of the non-linear nature of 
the data, Spearman’s correlation coefficient was used to determine 
the relationship between antibiotic use and sensitivity.

Results

Overall antibiotic use measured in DDD/1000 population per 
day (DID) was high (27) and showed a 3.5% increase between 
2008 and 2011. Most frequently used antibiotic class was beta-
lactams followed by macrolides. The most frequently used 
antibiotic over the years was amoxicillin with clavulanic acid. A 
high increase in antibiotic use over the 4 year period was observed 
for macrolides especially clarithromycin and azithromycin. Table 
1 shows antibiotic usage (including changes in usage over the 4 
years) by pharmacological group.

Antibiotic consumption

Because of the gap in data between 2005 and 2010, only 
sensitivity data for 2010 and 2011 were used to allow for 
comparability with antibiotic usage data year on year from 2008 
to 20011. A total of 3506 and 5037 isolates were reported for 
2010 and 2011 respectively. Nine species were reported and 
Escherichia coli was the most commonly isolated organism (49%) 
followed by Staphylococcus aureus (16%). The other isolates 
reported were Enterococcus spp. (14%), Streptococcus pyogenes 
(2.7%), Haemophilus influenza (3.03%), Pseudomonas aeruginosa 
(8.45%), Salmonella spp. (3.57%) and Shigella spp. (1.09%).

Antibiotic resistance
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Antibiotic Class ATC 2008 2009 2010 2011 Diff % Diff
Penicillin J01C 13.64 10.44 9.53 10.22 -3.4 -25.07
Cephalosporin J01D 4.5 4.7 5.2 6.3 1.8 40.00
Macrolides J01F 1.97 4.65 5.09 5.67 3.7 187.82
Quinolones J01M 2.6 2.6 2.7 2.8 0.2 7.69

Aminoglycosides J01G 0.106 0.073 0.57 0.078 0.0 -26.42
Tetracyclines J01A 2.3 2.1 1.8 3.4 1.1 47.83
Other J01X 0.056 0.068 0.127 0.088 0.0 57.14
Other Beta Lactams 0.47 0.77 0.71 0.04 -0.4 -91.49

Table 1: Trends in antibiotic use by class expressed in DDD/1000/day.
*ATC denotes the anatomic therapeutic classification of the WHO.

Escherichia coli showed resistance to amoxicillin and co-
trimoxazole. Decreasing sensitivity to amoxicillin/clavulanic acid 
and nalidixic acid by E. coli was also observed.

S. aureus showed the highest resistant of all the pathogens to 
amoxicillin.

S. pneumonia showed sensitivity to amoxicillin and 3rd 

generation cephalosporins. Decreased sensitivity to erythromycin 
and tetracycline was observed.

S. pyogenes showed sensitivity to all antibiotics tested and 
reduced sensitivity to tetracycline (84%). Not much change in 

With regards to stool pathogens, Shigella spp. is resistant 
to ampicillin/amoxicillin, cotrimoxazole and chloramphenicol; 
while Salmonella spp. showed resistance to chloramphenicol and 
reduced sensitivity to cotrimoxazole and ampicillin.

Resistance between 2010 and 2011 for individual antibiotics 
for different isolates remained fairly stable. The table below 
shows percentage susceptibility of each antibiotic calculated by 
combining all species for which the antibiotic is indicated.

Antibiotic 2001 2002 2003 2004 2005 2010 2011

Ampicillin 67.62 69.37 65.62 64.25 65.5 62 61.88

Augmentin 95 96 93 92 93.5 88.33 88.33

Cloxacillin 95 95 95 93 96 89 92

Cotrimoxazole 54.8 56.8 56.16 47.83 43.33 52 53.4

Cephalosporins 2nd 99 99 98.5 98.5 97.5 88.5 91.67

Cephalosporins 3rd 99.2 98.2 98.8 99.4 95.8 95.57 96

Cephalosporins 4th 0 0 0 0 0 86.5 87.5

Gentamycin 97.5 96.5 93.5 94.5 90.5 76.75 82.5

Nalidixic Acid 97 93 83 85 85.5 84 82.83

Nitrofurantoin 91.5 99 97 92.5 96.5 96 97.5

Ofloxacin 96.8 99.4 98 95.8 95.8 95.5 92.5

Ciprofloxacin 99 98.4 98.2 97.4 96.2 89.86 89.86

Moxifloxacin 0 0 0 0 0 96.67 99.33

Erythromycin 91.25 90.5 89.5 85.5 86.5 86 83.67

Azithromycin 0 0 0 0 0 100 100

Tetracycline 87 90.5 92.5 88 86.25 66.75 84.5

Clindamycin 74.5 93.5 91.5 95 90 43.5 81.5

Fucidic acid 95 98 97 95 98 93 96

Chloramphenicol 76 50 71 63 74.5 18 18

Table 2: Percentage antibiotic sensitivity for all isolates.

sensitivity. Haemophilus spp. species showed sensitivity to all 
antibiotics except co-trimoxazole.
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Discussion

Chloramphenicol showed the lowest sensitivity profile. A 
modest rise in resistance to ciprofloxacin, gentamycin, nalidixic 
acid and chloramphenicol over the 11 year period (2001 - 2011) 
was observed.

Comparing antibiotic use and resistance pairs for 2010 and 
2011 respectively showed no association between antibiotic usage 
and resistance both at individual antibiotic level and at antibiotic 
class level.

Comparing earlier antibiotic use (2008) with later resistance 
(2010 and 2011 respectively) still showed no correlation but the p 
value decreased from p = 0.856 in 2010 to p = 0.056 in 2011. Same 
trends were seen when comparing antibiotic use in 2009 and 2010 
with sensitivity data of 2010 and 2011 as seen on table 3 below.

Antibiotic use year
Sensitivity year 2008 2009 2010
2010 0.856 0.858 0.843
2011 0.056 0.058 0.153

Table 3: Comparing changes in significance of earlier antibiotic 
use with resistance in later years (p value).

Comparing earlier antibiotic use with resistance in later 
years shows a trend in decreasing p-value that is approaching 
significance (p < 0.05).

This study reports on observed antibiotic resistance patterns 
in the private sector of Namibia and the association between 
these patterns and antibiotic use. Antibiotic use in Namibia is high 
and logically, an association is expected between such usage and 
resistance [13,20].

Over the 4 year period, an overall increasing trend in antibiotic 
use was observed. Generally, a decrease in beta-lactams was 
observed and an increase in the use on macrolides was observed 
over the 4 year period. On the other hand, despite the gap in data 
between 2005 and 2010 (when analysis was not recorded and 
reported), antibiotic resistance showed very little change between 
2001 and 2011. This was observed across all organisms and all 
antibiotics. However increasing resistance has been observed in 
older antibiotic agents as compared with the newer agents.

Sensitivity profiles observed in the private sector of Namibia are 
similar to those reported elsewhere in Africa. Sensitivity profiles 
similar to those reported for E. coli were reported in Ethiopia and 
Ghana [21,22] and also in the Namibia public sector [23]. Similarly, 

sensitivity profiles similar to S. aureus were reported in Gabon, 
Ethiopia and other Sub-Saharan countries [22,24,25]. Decreased 
sensitivity to erythromycin and tetracycline by S. pneumonia was 
observed in South Africa [25].

When antibiotic use and prevalence of resistance were 
compared, no statistically significant correlation was found both 
at individual antibiotic level and at the level of the antibiotic class. 
However, comparing earlier antibiotic use (2008) with prevalence 
of resistance in later years (2010 and 2011), a decreasing trend in 
p-value was year on year, with the trend approaching significance. 
Correlating earlier antibiotic use with later resistance also showed 
that as the volume of antibiotic consumption increases, the time 
to reach the same strength of correlation is shorter. For example, 
in 2009 and 2010, the volume of antibiotics used were higher and 
the corresponding resistance a year later showed a lower p-value 
compared to earlier p-value. This shows that increasing the 
volume of antibiotic consumption increases the selection pressure 
for the development of resistance [26-28]. This finding suggests 
that resistance is a function of time and antibiotic use, findings 
that were previously reported by others [29-31]. This implies that 
prior antibiotic exposure can have an impact in future resistance.

The relationship between antibiotic use and resistance is 
complex. The lack of correlation between antibiotic use and 
resistance has not only been found in this study but has been 
reported by others and attests to the complex relationship between 
the two [1,14,32,33]. This has been attributed to confounding factors 
such as infection control, sample selection bias, susceptibility 
testing methods and patient’s underlying illness.

Other methodological factors that have been cited as possible 
contributors to the lack of correlation between antibiotic use and 
resistance the fact that data used were aggregated data. Resistance 
selection pressure occurs at an individual level and DDD does not 
measure individual exposure [14,33,34]. In 2005, Hay., et al. [32] 
concluded that “associations at individual level were obscured by 
analysis of aggregate data”.

There are several limitations to this study. Firstly, the laboratory 
data was only available for two years and could therefore not allow 
for 4 year comparison with the usage data. Secondly, aggregate 
data was used and as pointed out already, this could potentially 
obscure the associations that could be present at individual level. 
Thirdly, it is unlikely that every infection seen in the private sector 
actually engendered a sample for microbiological analysis. Finally, 
the laboratory serves a much smaller population as compared to 
the rest of the country therefore the sensitivity results do not show 
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Conclusion

the full picture of the country. All these suggest that the sensitivity 
data presented here could be an under-estimation of the actual 
sensitivity in the private sector. Equally, use data represent only a 
small fraction of the population (those accessing care in the private 
sector) and not a full picture of antibiotic usage in a country with 
dual health care system.

Understanding the relationship between antibiotic use and the 
prevalence of resistance is crucial to the fight against antimicrobial 
resistance. This was the first study in Namibia to ascertain 
susceptibility patterns in the private health sector and determine 
possible relationships between antibiotic use and resistance.

The study found an increasing trend in use of antibiotics 
especially broad spectrum antibiotics. While resistance trend 
remained stable over the observed period, greater resistance to 
older agents was observed. The study also found that while there 
was no obvious correlation between antibiotic use and resistance, 
trends showed that prior antibiotic use as well as the volume of 
antibiotics had a bearing on sensitivity in later years.

In line with the objectives 2 and 4 of the WHO Global Action 
Plan, a surveillance system should be established that will 
routinely monitor sensitivity profiles of common organisms from 
health care facilities and communities. This should be linked to 
monitoring of antibiotic consumption and together these data 
should be used to promote responsible use of antibiotics in order 
to extend their lifespan. Such a system should collect data from 
both the public and private health sectors. The results of this study 
and the methodology employed therefore could serve as a starting 
point [35].

Results of this surveillance should be shared with all health 
professionals and should be shared at regional and global fora.
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