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Abstract  The objective of the study was to determine the prevalence and antibiotic resistance phenotype of 
enteric bacteria from the municipal dumpsite. A qualitative survey of the dumpsite was conducted to identify types 
of solid wastes and nature of interaction on the dumpsite. Samples were collected from different type of solid waste, 
including domestic waste (Dom), solid biomedical waste (Biom), river sludge near the dumpsite (Riv) and faecal 
material of pigs scavenging on the dumpsite (FecD). A control sample was collected from faecal material of pigs 
initially reared indoor (FecI) and shifted to scavenging on the dumpsite (FecIF). Total genomic DNA was extracted, 
and the 16S rRNA gene was amplified, sequenced and used to study prevalence of enteric bacteria. The same sample 
was used to isolate enteric bacteria that were later tested to 8 different antibiotics for their susceptibility phenotype. 
Solid wastes are not sorted in Arusha municipal. There was high interaction between animals and humans on the 
dumpsite. A total of 219 enteric bacteria from 75 genera were identified. Escherichia sp and Shigella sp (12%), 
Bacillus sp (11%) and Proteiniclasticum (4%) were the predominant genera. Most of the Escherichia sp, Shigella sp 
and Bacillus were from FecD, while Proteiniclasticum spp was from Biom. Some isolates from FecD had 99% 
sequence similarity to pathogenic Escherichia furgosonii, Shigella sonnei, Enterococcus faecium and Escherichia 
coli O154:H4. Over 50% of the isolates were resistant to Penicillin G, Ceftazidime and Nalidixic Acid. 
Ciprofloxacin and Gentamycin were the most effective antibiotics with 81% and 79% susceptible isolates, 
respectively. Of all the isolates, 56% (45/80) were multidrug resistant. Escherichia sp and Bacillus sp (12 isolates 
each) constituted a large group of multidrug resistant bacteria. All Pseudomonas sp from Biom and FecD were 
multidrug resistant. There is high prevalence of antibiotic resistant enteric bacteria on the dumpsite. We report 
possible risks of spreading antibiotic resistant bacteria/genes from the dumpsite to clinical settings through animals 
and humans interacting on the dumpsite. This finding calls for a comprehensive research to study the shared 
resistome in bacteria from the environment, humans and animals using PCR and metagenomic based approaches to 
identify prevalence of known and capture new resistant genes. 
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1. Introduction 
Antibiotic resistant bacteria are extremely important to 

human and animals health, as it has become a major 
public health challenge globally [1,2,3]. Microbes have 
developed a mechanism to evade our drugs and the trend 
is worrisome as day’s go by. The knowledge on the origin 
of antibiotic resistance in the environment is key to public 
health owing to the growing importance of zoonotic 
diseases as well as the necessity for predicting emerging 
resistant pathogens [4]. Inappropriate use of antibiotics 
has been pointed out as one of the reasons which leads to 
selection and hence development of drug resistant 
microbes [5,6,7]. 

Poor solid waste management in many municipalities in 
developing countries [8,9,10] is associated with the 
accumulation of unsorted garbage in both undesignated 
areas and in common dumpsite. In African settings it is 
normal to find biomedical / pharmaceutical / antibiotic 
residues thrown into common dumpsites. The diverse 
microbes from domestic, biomedical and industrial wastes 
create a complex interface on dumpsites that favors 
bacterial changes. The variety of chemicals and drug 
residues on dumpsites are likely to create a selection 
pressure to microbes, hence generating resistant groups 
that could easily be carried by feral and domestic animals 
as well as humans often times interacting on dumpsite. 

Several studies have reported on the prevalence of 
bacteria of public health importance on municipal 
dumpsite [11,12,13]. Enteric bacterial isolates from the 
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Figure 1. Dumpsite interaction and types of solid waste on the 
dumpsite. A - Truck offloading garbage on the dumpsite and people 
searching for valuable recyclable materials; B - domestic free range pigs 
scavenging on garbage; C - Diapers from domestic waste; D - used 
syringes from hospitals; E - cattle drinking water from the river near the 
dumpsite 

3.2. Prevalence of Enteric Bacteria, Phylogeny 
and Similarity to Known Pathogens 

A total of 218 enteric bacteria from both isolates and 
cloned amplicons of 16S rRNA were identified. These bacteria 
were from 75 different genera. Escherichia/Shigella 
(12%), Bacillus (11%) and Proteiniclasticum (4%) were 
the most abundant genera. It was also noted that 
Escherichia/Shigella and Bacillus were mostly contributed 
by faecal materials of pigs scavenging on dumpsite (FecD) 
(8% and 4%, respectively) while Proteiniclasticum 
dominated in Biom waste (Supplementary file 1). 

 
Figure 2. Phylogenetic tree of faecal bacteria from pigs under 
different management system. Evolutionary relationship of faecal 
bacteria of pigs under different management system was established 
using Mega6 software. The bootstrap values (expressed as percentages of 
100 replications) are shown at branch points; only values above 50% are 
indicated. The scale bar represents substitutions per 100 nucleotides. 
Green triangles are bacteria sequences from indoor reared pigs; Blue-
diamond are bacteria sequences from pigs recently shifted from indoor to 
free range on dumpsite, and Red - rectangles are bacteria sequences from 
pigs continuously scavenging on the dumpsite. The black - circles with 
GenBank accession numbers gi|210063436| and gi|444439579| are 
reference sequences of Enterococcus faecium and Shigella sonnei, 
respectively, both known to be pathogenic. The yellow – circle is 
Methanosarcina sp from Achaea (gi|37222667|) which was used as an 
out-group 

Due to the importance of Escherichia and Shigella to 
public health; further analysis of enteric bacteria from pigs 
scavenging on the dumpsite was performed. In this 
analysis phylogenetic relationship of sequences of enteric 
bacteria from pigs scavenging on the dumpsite was 
compared to those from indoor reared, and pigs shifted 
from indoor to free range on the dumpsite. The 
phylogenetic tree (Figure 2) revealed three major clusters 
of bacteria. The first cluster (A) was composed of 
bacterial sequences exclusively found in indoor reared 
pigs (FecI). The second and third clusters (B and C) 
comprised of sequences originating from indoor, pigs 
shifted from indoor to free range as well as pigs 
permanently under free range. In these clusters at least two 
bacterial sequences from the same source clustered 
together. Of interest, sequences of both Enterococcus 
faecium and Shigella sonnei; well-known human 
pathogens fell into cluster B, and moreover, fell closer to 
sequences originating from FecD pigs.  

Further, implication of sequence similarities shown 
between the two reference pathogenic bacteria 
(Enterococcus faecium and Shigella sonnei) with enteric 
bacteria from the FecD pigs was investigated. On 
interrogation of the 16S rRNA gene sequences at NCBI 
database with bacterial sequences generated in this study, 
17 sequences of bacteria with high similarity to Shigella 
sonnei, Escherichia furgosonii, Escherichia faecium and 
Escherichia coli 0157:H7 (Table 1) all of them known as 
important human and animal pathogens. 

Table 1. Similarity of bacterial sequences from pigs scavenging on 
dumpsite to known pathogens 

This work* From literature 

Accession # # of 
clones Description Accession 

# % ID Ref 

KM244771 6 S. sonnei NR_074894.1 99 [32] 

KM244773 5 E. furgosonii NR_074902.1 99 [33] 

KM244781 3 *E. faecium NR_102790.1 99 [34] 

KM244796 3 E.coli 
O157:H7 NR_074891.1 99 [35] 

 *E - Enterococcus, E- Escherichia, S – Shigella. 

3.3. Antimicrobial Sensitivity Test 

 
Figure 3. Antimicrobial resistance phenotypic profile of bacteria 
isolates. Percentage of enteric bacterial isolates with different degrees of 
resistance; P - Penicillin G, CAZ - Ceftazidime, CTXM - Cefotaxime, 
AMC - Amoxycillin /Clavulanic, CN - Gentamicin, NA - Nalidixic Acid, 
FOX- Cefoxitin, CIP - Ciprofloxacin. Blue bars represent resistant 
isolates and red bars represent isolates with intermediate resistance 
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