Low prevalence of antibiotic-resistant gram-negative bacteria
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Abstract
The objective of this study was to determine antibiotic resistance patterns and specific resistance genes in Gram-negative
enteric bacteria recovered from 42 different drinking water sources servicing 2 rural villages in south-western Uganda.
These water sites were prone to contamination by both human and cattle activity. Of the 52 isolates examined, 26 carried
antibiotic resistance genes with 25 being ampicillin resistant, 21 carrying the blaTEM gene, and no isolate carrying genes
coding for extended-spectrum β−lactamases. Twelve isolates were tetracycline resistant and these bacteria carried between
1 and 3 different tet genes, with the tet(A) gene the most common. Six isolates carried the macrolide resistance mef(A) and/
or the macrolide-lincosamide-streptogramin B resistance erm(B) genes. Four isolates carried the sul1 gene, and 4 isolates
carried the sul1 and int1 genes indicating the presence of Class 1 integrons. The Ugandan isolates in this study had lower than
expected carriage rates of antibiotic and multi-drug resistance genes, carriage of Class 1 integrons and lacked genes coding
for extended-spectrum β−lactamases as compared to antibiotic resistance carriage in clinical African isolates.
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Introduction
Pearson et al. (2008) reported on the isolation and biochemical characterisation of water-borne Gram-negative bacteria
isolated from boreholes, ponds and valley water tanks used by
2 rural villages, from Nyabushozi County in the Mbarara District of south-western Uganda. Both humans and animals used
the water sources and the E. coli counts confirmed that 38 of the
42 water sites did not meet international drinking water standards. The inhabitants of these villages were settled and seminomadic Bahima pastoralists, Bairu agriculturalists and a few
internal migrants. The villages had undergone dramatic water
resource changes as a result of land privatisation and the creation
of a national park in 1989. The villagers were 10 to 15 km from
the nearest local private medical clinic, which charged money
for its services and 40 to 50 km from the nearest hospital. These
communities lacked the infrastructure required for basic services, such as health care and a municipal drinking water supply. As a result, these people had little interaction with western
medicine and relied on traditional herbal treatments for human
and livestock diseases (authors’ unpublished observations).
The currently published literature suggests that levels of
antibiotic-resistant bacteria are high and continue to rise in
Africa (Okeke et al., 2007). There are no data on antimicrobial susceptibilities of water bacteria from Uganda. Therefore
it was of interest to characterise the level of antibiotic resistance and corresponding resistance genes in the Ugandan bac-
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teria previously isolated from 42 of the 47 Ugandan water sites
tested which serviced the 2 villages. In this study, the antibiotic
resistance phenotypes and genotypes of 52 randomly selected
Gram-negative enteric bacteria from Nyabushozi County in the
Mbarara District of south-western Uganda were characterised.

Materials and methods
Bacterial isolates
Previously, water-borne Gram-negative bacteria were recovered from 1 mℓ water samples taken from 47 water sites within
2 villages in Nyabushozi County in the Mbarara District of
south-western Uganda. The water samples were plated onto
EC 3MTM PetrifilmTM according to the manufacturer’s instructions and incubated at 37oC for 24 h. Forty-two of the 47 water
sites were positive for enteric bacteria. Random isolates were
taken from the Petrifilms and biochemically identified and then
representative isolates were verified by sequencing the variable
region of their 16S rRNA gene as previously reported (Pearson
et al., 2008). Many of the 16S rRNA gene sequences obtained
allowed identification to the genus but not species level. From
the initial study, 52 genetically distinct archived bacteria were
available for further study. These included: 2 Citrobacter spp.,
20 E. coli, 7 Enterobacter spp., 5 Klebsiella spp., 3 Morganella
morganii, 2 Proteus spp., 3 Providencia rettgeri, 4 Pseudomonas
spp., 4 Salmonella spp., and 2 Serratia odorifera. Because
E. coli 0157:H7 had previously been reported in the area (Majalija et al., 2008), we cultured the 20 E. coli isolates on SorbitolMacConkey medium-SMAC (Remel, Inc., Lenexa, KS, USA;
March and Ratnam, 1986). No growth was observed indicating that they were not E. coli 0157:H7. Two laboratory strains,
E. coli HB101 and E. coli DH5α were used as recipients in conjugation experiments.
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