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Abstract

Salmonella species and Escherichia coli are major bacterial enteropathogens of global
public health importance that cause foodborne diseases, thereby contributing to increased
human morbidity and mortality. Both pathogens have also been found to contribute towards
the spread of antimicrobial resistance through the food chain, especially in poultry. The aim of
this study was to determine the occurrence of antibiotic-resistant Salmonella sp. and E. coli in
broiler chickens at farm level, abattoirs and open markets in selected districts of Zambia. A
cross-sectional study was undertaken in seven districts of Zambia to determine the resistance
profiles of Salmonella sp. and E. coli obtained from broiler chickens at farms, abattoirs and
open markets. A total of 470 samples were collected, including litter, cloacal swabs and carcass
swabs. Samples were inoculated into buffered peptone water, sub-cultured onto MacConkey
and Xylose Lysine Deoxycholate agar plates. Identification of Salmonella sp. and E. coli was
done using the API-20E kit and confirmation by 16S rDNA sequencing. Confirmed isolates
were tested against a panel of 10 antibiotics using the Kirby-Bauer disc-diffusion method and
interpreted according to the Clinical Laboratory Standards Institute guidelines. Analysis of the
antibiotic susceptibility test results was done using WHONET 2018 software. Overall, 4
Salmonella spp. and 280 E. coli were isolated. One of the Sal/monella sp. was resistant to
ampicillin (25%), amoxicillin/clavulanic acid (25%) and cefotaxime (25%). E. coli antibiotic
resistance was highest to tetracycline (81.4%) and lowest to imipenem (0.7%). The antibiotic
susceptibility profile revealed 55% (154/280) multidrug resistant E. coli, with the highest
multidrug resistance profile (20.7%) in the ampicillin-tetracycline-
trimethoprim/sulfamethoxazole drug combination. Furthermore, 4.3% (12/280) of the isolates
showed Extensive Drug resistance. The levels of antimicrobial resistance to E. coli and

Salmonella observed in market-ready chickens is of public health concern.
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Introduction

Poultry production is one of the most important activities in the livestock sector in many
countries, including Zambia. Production of chicken meat requires great care to assure food
safety. Disease burden has however, remained a great challenge in poultry production (1).
Some of the common microbial pathogens isolated from fresh poultry meat include Sa/monella
sp., Campylobacter spp. and Escherichia coli (2). Failure to manage these pathogens in poultry
has led to various food-borne disease outbreaks in countries such as South Africa and Botswana

(3, 4), as well as in the United States (5).

Even though progress is being made in the control of these pathogens, they tend to evolve and
generate new challenges such as antibiotic resistance (6). Antibiotic usage is considered as one
of the most important factors in promoting the emergence, selection and dissemination of
antibiotic-resistant microorganisms in both veterinary and human medicine (7). Antibiotic
usage selects for resistance in pathogenic bacteria and the endogenous bacterial flora of
exposed animals and humans (8). Also, resource-constrained countries face challenges that
co-exist and facilitate the spread of bacteria during livestock production, transportation and
processing. These challenges include high bird population density in poultry houses and/or

poor infection control measures such as lack of vaccinations and biosecurity (9).

In Zambia, processing plants such as abattoirs are still facing challenges in producing
wholesome and safe food of animal origin for human consumption due to contaminations by
antibiotic-resistant bacteria (10). This is partly because some poultry farmers are using
antibiotics as growth promoters, which are perceived as an inexpensive management practice
(11), while other farmers use antibiotics in disease prevention as a mitigation measure against

the highly prevalent unhygienic conditions and absence of biosecurity (12). Consequently,
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antibiotics are found in meat as residues and bacteria are continuously being exposed to them
with a risk of developing resistance (13). This study was, therefore, carried out to determine
the occurrence of antibiotic-resistant Salmonella sp. and E. coli isolated from broiler chickens
that are intended for human consumption at farm level, abattoirs and open markets in selected

districts of Zambia.

Materials and methods

Study design, site and population

A cross-sectional study was conducted from December 2017 to June 2018 to investigate the
occurrence of antibiotic-resistant Sa/monella sp. and E. coli in broiler chickens from poultry
farms, commercial abattoirs and open markets. Litter and cloacal swab samples were collected
from 7 districts: Chilanga, Chongwe, Kafue, Lusaka (Lusaka Province), Choma (Southern
Province), Kabwe (Central Province) and Kitwe (Copperbelt Province). In Lusaka Province,
only two commercial poultry abattoirs gave consent to the study. In Choma, Kitwe and Kabwe,
where no poultry abattoirs were available, freshly voided faecal droppings from market-ready
broiler chickens and cloacal swab samples were collected from farms and open markets.

Chickens that were condemned at slaughter or point of sale were excluded from the study.

Sample size and sampling technique

Poultry houses: In all the districts included in the study, there was no information on the
number of farmers who reared broiler chickens as most of whom were seasonal farmers.
Seasonal farmer was defined as the farmer who keep broiler chicken when the production
parameters including cost of feed, cost of medicines are favourable and stops when they are

not. Therefore, the snowball sampling method was used, and farmers in production were
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98 initially identified with the help of a local veterinary assistant or livestock officer. Such farmers
99  would then lead to other farmers in season of production. At each farm, several poultry litter
100  portions (one sample per 25m?) were collected from each poultry house and pooled for
101  laboratory analysis. Using this technique, a total of 212 pooled litter samples were collected
102  from the following districts: Chilanga (n=31), Chongwe (n=23), Kafue (n=33), Lusaka (n=24),

103  Choma (n=17), Kabwe (n=39) and Kitwe (n=45).

104  Abattoirs: A total of two abattoirs were included in this study. Three cloacal and three carcass
105  swabs were collected from each batch of chickens supplied to each of the abattoirs since only
106 25 farmers supplied chickens during the period of study. Ten (10) and fifteen (15) chickens
107  and cloacal swabs were sampled from abattoir A and B, respectively. The two (2) were the
108  main abattoirs in the study area and supplied poultry meat to supermarkets and open markets
109  throughout the country. Random "blind" sampling method was used to select the 3 chickens
110 and cloacal swabs. This method was used as it yields information about the average
111 composition of the lot. It is employed when there is no information or method for determining
112 which units (bacterial pathogens) are violated (14). A total number of 150 samples were
113 collected from the two abattoirs, comprising 75 cloacal swabs collected in the receiving bay
114  before hosting the birds on the hackles (targeting bacteria originating from farms) and 75
115  carcass swabs collected during the packaging process before the carcasses were chilled (to
116  ascertain the efficiency of processing and cross-contamination). Carcass swabs were collected
117  from under the wings of the chicken where the bacterial population is thought to concentrate

118  during processing (15).

119  Open Markets: Choma, Kabwe and Kitwe districts did not have any abattoir at the time of
120  sampling. Therefore, only broiler chickens sold on open markets were available for cloacal

121 swab collection. Samples were collected from chickens of all vendors available on the day of
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122 the visit. Random "blind" sampling method was equally used at these sites. A total of 108
123 cloacal swabs were collected with the following distribution: Choma (35), Kabwe (40), and

124  Kitwe (33).

125  All samples were immediately transferred into Amie’s transport media (Oxoid, Basingstoke,
126 UK) in a cool box with ice packs and transported to the Public Health Laboratory at the
127  University of Zambia, School of Veterinary Medicine for analysis. Samples were processed

128  and analyzed within 24 hours of collection

129 Laboratory analysis

130  Laboratory analysis included isolation of Salmonella sp. and E. coli, identification,
131  confirmation of the isolates and antibiotic susceptibility testing (AST). Laboratory protocols
132 for bacterial isolation recommended by the Food and Drug Administration’s Bacteriological
133 Analytical Manual were used with few modifications (14, 16). All media used were prepared
134  according to manufacturer’s instructions. The media were quality controlled using control

135  strains E. coli ATCC 25922 and Salmonella typhimurium ATCC 14028.

136  Isolation and identification of Salmonella species

137  Litter and swabs samples were pre-enriched in 10 mL buffered peptone water (Oxoid,
138  Basingstoke, UK) and incubated at 37°C for 24 hours. Aliquots from the pre-enrichment broth
139  were inoculated into Rappaport Vassiliadis medium (Oxoid, Basingstoke, UK), a selective
140  enrichment medium for Salmonella sp., at a ratio of 1:10 and incubated at 37°C for 48 hours.
141 A loop full of enriched broth was streaked on Xylose Lysine Deoxycholate (XLD) agar plates
142 (Oxoid, Basingstoke, UK) and incubated aerobically at 37 °C for 18-24 hours. The presumptive
143 identification of Salmonella sp. was based on morphological characteristics of colonies of non-
144  lactose fermenters. Suspected colonies of Salmonella sp. from each plate were subjected to

6
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145  serological testing using polyvalent serum against O and H antigens. Presumptive Salmonella
146 sp. colonies were then sub-cultured on nutrient agar plates (Oxoid, Basingstoke, UK),
147  incubated at 37°C for 18 to 24 hours, and the resulting pure colonies subjected to biochemical
148 identification using the API-20E test kit (bioMérieux, Marcy I’Etoile, France) according to the
149  manufacturer’s instructions. The identity of the isolates was confirmed by sequencing of the

150  bacterial 16S rDNA molecule (17).

151  Isolation and identification of E. coli

152 For the isolation of E. coli, litter and swabs samples were placed in 10mL of buffered peptone
153  water (Oxoid, Basingstoke, UK) as a pre-enrichment media and incubated at 37°C for 24 hours.
154  Aliquots from the pre-enrichment broth were sub-cultured onto MacConkey agar plates
155  (Oxoid, Basingstoke, UK) and incubated aerobically for an additional 18-24 hours at 37°C.
156  Lactose fermenting colonies were then sub-cultured onto Eosin Methylene Blue (EMB) agar
157  plates (Oxoid, Basingstoke, UK) and incubated aerobically at 37°C for 18-24 hours. After
158  incubation, presumptive E. coli colonies were observed to have a distinct green metallic sheen
159  and confirmed by using the API-20E test kit and 16S rDNA sequencing as described for
160  Salmonella isolates. All isolates were placed in 10% glycerol and stored at -20°C for a short

161  period until AST was done.

162  Antibiotic sensitivity testing

163  The antibiotic susceptibility testing was done using the Kirby-Bauer disc diffusion method on
164  Miieller-Hinton agar plates (Oxoid, Basingstoke, UK) (18). Cell suspension densities equal to
165 0.5 McFarland turbidity were prepared from fresh, pure cultures of either Salmonella sp. or E.
166  coli isolates grown overnight using a Nephelometer. Using a sterile swab, the bacterial

167  suspensions were then evenly inoculated on the surface of the Miiller-Hinton agar plates
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168  (Oxoid, Basingstoke, UK). The following antibiotics, of both veterinary and human health
169  importance, were used: amoxicillin-clavulanic acid (30pg), ampicillin (10pg), tetracycline
170 (30pg), chloramphenicol (30ng), cefotaxime (30pg), ciprofloxacin (5pg), nalidixic acid
171 (30png), colistin sulphate (10ug), imipenem (10ng) and trimethoprim-sulphamethoxazole
172 (30ug). The choice of these antibiotics was based on a list of essential drugs recommended and
173 prioritized by WHO/OIE (19). The plates were incubated for 18-24 hours at 37°C. The zones
174  of inhibition were read using a digital Vernier calliper and interpreted as Susceptible (S),
175 Intermediate (I) and Resistant (R) based on the Clinical Laboratory Standards Institute

176  recommendations (20).

177 Data processing and analysis

178  The recorded zones of inhibition for AST were entered and analysed using WHONET software.
179  Frequency distribution was reported for all categories as well as proportions and profiles of

180  antibiotic resistance.

181 Results

182 Isolation and identification of bacteria

183  Salmonella sp. and E. coli were the main bacteria isolates of interest. Overall, out of the 470
184  samples collected, 280 (59.6%) E. coli and four (0.9%) Salmonella sp. were isolated. The
185  occurrence of the two pathogens per sample types and areas of sampling are shown in table 1
186  below. Out of the 212 litter samples collected from the poultry houses in the districts under
187  study, 58.0% (123/212) E. coli were isolated and no Salmonella sp. was found. The E. coli was

188  mostly isolated in Kabwe (84.6%, 33/39) and Choma (76.4%, 13/17), whilst its occurrence was
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189  low in Chongwe (39.1%, 9/23). The occurrence of E. coli in other districts was almost the same

190 (Table 1).

191  Table 1. Distribution of Salmonella spp. and E. coli isolates by location

Sampling % Salmonella sp. (n) % E. coli isolates (n)
areas Litter Cloaca Carcass Total Litter Cloaca Carcass Total %
swabs swabs swabs % (n) % (n) swabs swabs swabs % (n) (n)
% (n) % (n) % (n) % (n)
Abattoir 0.0 0.0 66.7 61.7
A ) (0/30) 0.0 (030) (0/60) ) (20/30) 36.7(17130) (37/60)
Abattoir 4.4 44 91.1 90.0
B ) (2/45) 4.4 2/45) (4/90) ) (41/45) 88.9 (40/45) (81/90)
Lusaka 0.0 0.0 50.0 50.0
(0124) i ) (0124) (12/24) ) ) (12/24)
Choma 0.0 0.0 0.0 76.4 314 46.2
0/17) (0/35) ) 0/52) | (13/17) (11/35) ) (24/52)
Kabwe 0.0 0.0 0.0 84.6 35.0 59.5
(0/39) (0/40) ) 0/79) | (33/39) (14/40) ) (47/79)
Kitwe 0.0 0.0 0.0 533 424 48.7
(0/45) (0/33) ) 0/78) | (24/45) (14/33) ) (38/78)
Chilanga 0.0 0.0 45.2 45.2
0/31) i ) 0/31) (14/31) ) ) (14/31)
Kafue 0.0 0.0 54.5 54.5
(0/33) i ) (0/33) (18/33) ) ) (18/33)
Chongwe 0.0 0.0 39.1 39.1
(0/23) i ) (0/23) (9/23) ) ) 9/23)
Total 0.0 1.1 0.9 58.0 54.6 59.6
01212) | (2/183) 27QI75) (4/470) | (123/212) | (100/183) 76 (1007183) (280/470)

192

193 At the abattoir, from the 150 samples collected, E. coli and Salmonella sp. were isolated at a
194  proportion of 78.7% (118/150) and 2.67% (4/150), respectively. Out of the total E. coli isolates,
195  31.4% (37/118) were isolated from abattoir A while 68.6% (81/118) were isolated from abattoir
196  B. All the Salmonella sp. isolates originated from abattoir B of which two were from cloacal

197  swabs and two from carcass swabs.

198 At the open markets, out of the 108 cloacal swabs samples collected from the three districts
199  under study, only E. coli were isolated (36.1%, 39/108). When considering the occurrence of
200 E. coli concerning the number of samples collected from each district, the pathogen was mostly

201  isolated in Kitwe (42.4%, 14/33).
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202 Antibiotic susceptibility testing

203  One out of the four Salmonella sp. isolates exhibited resistance to 3 antibiotics namely,
204  Amoxicillin-clavulanic acid (25%, 95% CI: 1.3% - 78.1%), Ampicillin (25%, 95% CI: 1.3% -
205  78.1%), and Cefotaxime (25%, 95% CI: 1.3% - 78.1%). All the other isolates were susceptible

206  to all the other antibiotics tested.

207  The antibiogram pattern for the 280 E. coli isolates revealed high sensitivity to imipenem
208  (97.1%) and colistin sulphate (95.4%). The highest resistance was observed against tetracycline
209  (81.4%, 95% CI: 76.2 — 85.7%) (Table 2). In all the districts where cloacal swabs were
210  collected from open markets, isolates showed high resistance to tetracycline, with those from
211 Choma showing the highest resistance (81.8%), followed by those from Kitwe (85.7%) and

212 Kabwe (71.4%).

213 Table 2: Overall antibiotic resistance patterns for E. coli isolates.

Antibiotic name %R | %I | %S % R95% C.I. | Number
Ampicillin 682 | 54 | 264 62.3-73.5 280
Amoxicillin/Clavulanic acid 25.0 | 0.0 | 75.0 20.1-30.6 280
Cefotaxime 225 | 43 | 732 17.8-27.9 280
Imipenem 0.7 2.1 | 97.1 0.1-2.8 280
Nalidixic acid 45.0 | 16.1 | 38.9 39.1-51.0 280
Ciprofloxacin 21.1 | 6.8 | 72.1 16.6-26.4 280
Trimethoprim/Sulfamethoxazole | 654 | 0.7 | 33.9 59.5-70.9 280
Colistin 4.6 00 | 954 2.6-7.9 280
Chloramphenicol 33.6 | 82 | 582 28.2-39.5 280
Tetracycline 81.4 | 2.1 | 164 76.2-85.7 280

214

10
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Isolates from the litter (poultry houses) showed very high resistance to tetracycline (91.9%,

95% CI: 85.2 — 95.8%), while least resistant was observed with imipenem (1.6%, 95% CI: 0.3

—6.3%) (Table 3).

Table 3: Antibiotic resistance patterns for E. coli isolated from litter in all districts

sampled.
Antibiotic name %R | %I %S | % R95%C.1. | Number
Ampicillin 69.1 | 49 26.0 60.0-76.9 123
Amoxicillin/Clavulanic acid 36.6 | 0.0 63.4 28.2-45.8 123
Cefotaxime 220 | 5.7 72.4 15.2-30.5 123
Imipenem 1.6 2.4 95.9 0.3-6.3 123
Nalidixic acid 390.8 | 18.7 | 415 31.2-49.0 123
Ciprofloxacin 7.1 | 7.3 75.6 11.1-25.2 123
Trimethoprim/Sulfamethoxazole 715 | 1.6 26.8 62.5-79.1 123
Colistin 8.9 0.0 91.1 4.7-15.7 123
Chloramphenicol 341 | 89 56.9 25.9-43.3 123
Tetracycline 919 | 0.8 7.3 85.2-95.8 123

The antibiogram pattern for E. coli isolated from abattoirs revealed that all the 118 isolates
were susceptible to colistin sulphate and imipenem (Table 4) but displayed variable resistance
patterns against the other antibiotics. The majority of isolates showed high resistance against
ampicillin  (72.9%, 95% CI: 63.8 — 80.5%), and the least resistance against

Amoxicillin/Clavulanic acid (10.2%, 95% CI: 5.6 — 17.5%).

11


https://doi.org/10.1101/2020.04.20.050914
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2020.04.20.050914; this version posted April 20, 2020. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is
made available under a CC-BY 4.0 International license.

227  Table 4: Antibiotic resistance patterns for E. coli isolated from cloacal and carcass swabs

228  in abattoirs (Lusaka province).

Antibiotic name %R %I %S | % R95% C.I. | Number
Amoxicillin/Clavulanic acid 10.2 7.6 82.2 5.6-17.5 118
Ampicillin 72.9 0.8 26.3 63.8-80.5 118
Chloramphenicol 39.0 6.8 54.2 30.3-48.4 118
Ciprofloxacin 28.0 6.8 65.3 20.3-37.1 118
Colistin 0.0 0.0 100.0 - 118
Cefotaxime 27.1 1.7 71.2 19.5-36.2 118
Imipenem 0.0 0.0 100.0 - 118
Nalidixic acid 53.4 12.7 33.9 44.0-62.6 118
Trimethoprim/Sulfamethoxazole | 60.2 0.0 39.8 50.8-69.0 118
Tetracycline 71.2 2.5 26.3 62.0-79.0 118

229
230 Isolates from samples obtained from open markets in Choma, Kabwe and Kitwe showed a
231  similar resistance pattern, with the highest resistance against tetracycline (79.5%), but no

232 resistance to imipenem and amoxicillin/clavulanic acid (Table 5).

233 Table 5: E. coli Antibiogram resistance patterns of cloacal swabs samples from open

234  markets from Choma, Kitwe and Kabwe.

Antibiotic name %R %l %S | % R95%C.1I. | Number
Ampicillin 513 20.5 | 28.2 35.0-67.3 39
Amoxicillin/Clavulanic acid 0.0 10.3 | 89.7 0.0-11.2 39
Cefotaxime 10.3 7.7 82.1 3.4-25.2 39

12
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Imipenem 0.0 7.7 92.3 0.0-11.2 39
Nalidixic acid 35.9 17.9 | 46.2 21.7-52.8 39
Ciprofloxacin 12.8 5.1 82.1 4.8-28.2 39
Trimethoprim/Sulfamethoxazole 61.5 0 38.5 44.6-76.2 39
Colistin 5.1 0 94.9 0.9-18.6 39
Chloramphenicol 154 103 | 744 6.4-31.2 39
Tetracycline 79.5 5.1 15.4 63.1-90.1 39

235

236 Multidrug resistance and resistance profiles

237 Out of the 280 isolates that were subjected to susceptibility testing, 92.9% (260/280) were
238  resistant to one or more antibiotics. Furthermore, 55% (154/280) of the E. coli isolates showed
239  resistance to two or more classes of antibiotics, indicating multi-drug resistance (MDR). MDR
240  was defined as resistance to at least one agent in at least three antimicrobial classes tested. The
241 highest MDR profile, 20.7% (58/280) of the isolates, was to the ampicillin-tetracycline-
242 trimethoprim/sulfamethoxazole drug combination. A small proportion, 4.3% (12/280 of the
243 isolates) showed Extensive Drug resistance (XDR) (not susceptible to at least one agent in all
244  but two or fewer antimicrobial categories).

245

226  Discussion

247  This study found antibiotic-resistant Sa/monella sp. and E. coli in broiler chickens at farm level,
248  the abattoirs and open markets in selected districts of Zambia, which are of public health
249  importance. No Salmonella sp. were isolated from either chicken litter or live chicken cloacal
250 swabs at open markets but four Salmonella spp. were isolated from chickens at an abattoir in

251  Lusaka. The Salmonella sp. isolated from the abattoirs in this study corroborates the findings
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252 by (21) and (22) who reported proportions of 2.6% and 2.0%, respectively. Both of the above
253  studies were done from abattoirs in Lusaka with similar setups. However, the frequency of
254  1isolation was lower than in two previous studies conducted in Zambia, in which one reported
255  a proportion 28% (23) and the second one reported a proportion of 16.2% (24). However,
256  Hang’ombe et al only used biochemical tests for definitive diagnosis of Salmonella sp., whilst
257  in this study, both biochemical and molecular tests were used, thereby improving the validity

258  of the current findings.

259  Other studies done outside Zambia reported a high prevalence of Sa/monella sp. at the rates of
260  43.6% (25) and 60.0% (26). Variation in the frequencies of isolation could be attributed to the
261  sampling methods used in these studies, where (25) collected samples over a long period, whilst
262 (26), sampled only at critical control points. It is reported that isolation the frequency of
263 Salmonella sp. in an infected host is affected by the biological nature of the pathogen and its

264  shedding pattern, which is seasonal and depends on environmental factors (27, 28).

265  This study found a high proportion of E. coli at abattoir level and low proportion from open
266  markets and farms. The high isolation frequency of E. coli was expected since it is a commensal
267  bacterium. However, the isolation rates from open markets and farms were lower than rates
268  those reported in a study conducted in Spain (29). Many factors could have contributed to this,
269 among them antibiotic usage and seasonal variation (28). The widespread antibiotic usage is
270  the main risk factor for an increase in the occurrence of bacterial resistant strains (30).
271 Furthermore, some studies have reported that seasonal variation affects the rate of bacterial
272 shedding, being more in seasons of higher temperatures and less in seasons of cooler

273  temperatures (31, 32).

274  The high isolation rate of E. coli in this study, specifically at abattoirs, corroborates with

275  previous findings in Zambia (10, 23). These authors reported a high prevalence of E. coli
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276  including the presence of extended-spectrum B-lactamase (ESBL) producers. A study done in
277  Turkey by (26) in broilers chickens destined for slaughter also found chickens to be highly
278  contaminated with bacteria, especially with potential human pathogenic bacteria such as
279  coliforms and Salmonella sp. (33). In this particular study, high contamination levels of E. coli
280  on chicken carcasses were associated with carcass contamination with gut products, which

281  occur during the process of evisceration.

282 Salmonella sp. isolates in this study showed reasonable resistance to amoxicillin-clavulanic
283  acid, ampicillin and cefotaxime. This is closely related to what other authors have reported (15,
284 34, 35). Further, resistance to third-generation cephalosporins such as cefotaxime has not been
285  often reported. The frequency and extent of Salmonella sp. resistance to antimicrobials drugs
286  vary based on their usage in animal production and humans. as well as on ecological differences

287  in the epidemiology of Sa/monella sp. infections (36).

288  Low antibiotic resistance pattern of E. coli to imipenem and colistin sulfate was reported in
289  this study. This could be attributed to the fact that imipenem and colistin sulfate are the last
290 line of antibiotics for treating human bacterial infections and are not often used in food
291  production. However, during fieldwork, the research team noticed that some farmers
292  administered veterinary products containing colistin as an active compound. This may lead the
293  bacteria to become resistant to this class of antibiotics due to increased exposure. On the other
294  hand, maximum resistance was observed against tetracycline in both farm and open market
295  samples. This was consistent with previous findings by (10), who further observed that 45.5%
296  of the E. coli isolates exhibited MDR to six or more drugs. This was consistent with findings
297  in this study in which it was observed that more than 50% of the E. coli isolates showed an
298  MDR pattern, with the highest resistance profile being associated with ampicillin, tetracycline
299  and trimethoprim/sulfamethoxazole. In other studies, MDR Enterobacteriaceae, including
300 both Salmonella spp. and E. coli, have been isolated and this has been attributed to the use of
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301  growth promoters (1, 37). These findings were also consistent with those in previous study
302  conducted in Zambia, in which it was also observed that E. coli isolates from cattle had high
303 resistance against sulfamethoxazole/trimethoprim, ciprofloxacin, ampicillin and tetracycline

304 (13).

305  Tetracycline has also been used as a growth enhancer and a therapeutic agent in food
306  production (38), hence the high level of resistance observed in this study is not surprising. In
307 Zambia, tetracycline has been used extensively to treat diseases and has given rise to the
308 resistance of bacteria (39). Some of the major factors leading to AMR in E. coli include
309 antibiotic use, overcrowding and poor sanitation (8, 40). These factors are typical of intensive
310 poultry farming and explain the prevalence and degree of resistance in E. coli of poultry litter

311  at the farms (7).

312  In another study, (11) found that the use of antimicrobials in veterinary practice as therapeutic
313  and prophylactic agents, in addition to use as antimicrobial growth promoters, greatly
314  influences the prevalence of resistance in animal bacteria and poses risk for the emergence of
315 antibiotic resistance in human pathogens. The author further observed that isolates which are
316 resistant to two or more antibiotics may have originated from high-risk sources of

317  contamination like commercial poultry farms, where antibiotics are commonly used (11).

318 In this study, it was observed that a significant number of isolates were resistant to more than
319  one antibiotic. This is consistent with the study by (11), which provided direct evidence that
320 antimicrobial use in animals selects for antimicrobial-resistant bacteria that may be transferred
321  to humans through food or direct contact with animals. This was also in consonance with
322  previous findings in a study conducted at the University Teaching Hospital in Lusaka, Zambia,
323  on stool samples obtained from children under the age of 5 years, in which Sa/monella sp. and

324  E. coli were also found to be multidrug-resistant (41).
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325

326 Conclusion and recommendation

327  This study revealed that both Salmonella sp. and E. coli are resistant to several antibiotics of
328  both animal and human importance with similar patterns at all the three levels: farm, abattoir

329  and open markets.

330  The resistance patterns in both species found in food meant for human consumption constitute
331  amajor public health concern. This study has further shown that MDR of Salmonella sp. and
332 E. coli in broiler chickens may largely contribute to the wider and broad challenge of
333  antimicrobial resistance and at the same time provide useful information for monitoring and
334  surveillance purposes. The overall implication is that these resistant bacteria may be
335 transmitted to humans and may end up causing treatment failures leading to increased
336  morbidity and mortality. More studies need to be done on the abattoir workers (hands and
337  faecal samples) to gain insight into their possible contribution to poultry meat AMR bacteria

338  contamination.
339

340

341 Acknowledgements

342 We would like to thank the World Bank-funded African Centre of Excellence in Infectious
343  Diseases of Humans and Animals (ACEIDHA) Project and the CAPAZOMANITECO Project
344  at the University of Zambia for the support provided during this study. We would like to thank
345  Mr. Joseph Ndebe, Mr. Penjani Kapila, Dr. Alfred Mangani, Ms. Musonda Mubanga and Dr.

346  Wiza Mwasinga for their technical support and guidance rendered during this study.

17


https://doi.org/10.1101/2020.04.20.050914
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2020.04.20.050914; this version posted April 20, 2020. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is
made available under a CC-BY 4.0 International license.

327 References

348 1. Talebiyan R, Kheradmand M, Khamesipour F, Rabiee-Faradonbeh M. Multiple
349  antimicrobial resistance of Escherichia coli isolated from chickens in Iran. Veterinary medicine
350 international. 2014;2014.

351 2. Rouger A, Tresse O, Zagorec M. Bacterial contaminants of poultry meat: sources, species,
352  and dynamics. Microorganisms. 2017;5(3):50.

353 3. Barbour EK, Ayyash DB, Alturkistni W, Alyahiby A, Yaghmoor S, Iyer A, et al. Impact of
354  sporadic reporting of poultry Salmonella serovars from selected developing countries. The
355  Journal of Infection in Developing Countries. 2015;9(01):001-7.

356 4. Morobe I, Obi C, Nyila MA, Gashe B, Matsheka M. Prevalence, antimicrobial resistance
357  profiles of Listeria monocytognes from various foods in Gaborone, Botswana. African Journal
358  of Biotechnology. 2009;8(22).

359 5. Taylor EV, Herman KM, Ailes E, Fitzgerald C, Yoder J, Mahon B, et al. Common source
360 outbreaks of Campylobacter infection in the USA, 1997-2008. Epidemiology & Infection.
361 2013;141(5):987-96.

362 6. Ferri M, Ranucci E, Romagnoli P, Giaccone V. Antimicrobial resistance: a global emerging
363 threat to public health systems. Critical reviews in food science and nutrition.
364  2017;57(13):2857-76.

365 7. Van den Bogaard A, Willems R, London N, Top J, Stobberingh E. Antibiotic resistance of
366  faecal enterococci in poultry, poultry farmers and poultry slaughterers. Journal of
367  Antimicrobial Chemotherapy. 2002;49(3):497-505.

368 8. Van den Bogaard A, London N, Driessen C, Stobberingh E. Antibiotic resistance of faecal
369  Escherichia coli in poultry, poultry farmers and poultry slaughterers. Journal of Antimicrobial

370  Chemotherapy. 2001;47(6):763-71.

18


https://doi.org/10.1101/2020.04.20.050914
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2020.04.20.050914; this version posted April 20, 2020. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is
made available under a CC-BY 4.0 International license.

371 9. Petrovic J, Plavsa N, Milanov D, Kapetanov M. Antimicrobial resistance of foodborne
372 pathogenes as a food safety issue. LUCRARI stiintifice. 2010;43(2):197-203.

373  10. Chishimba K, Hang’Ombe B, Muzandu K, Mshana S, Matee M, Nakajima C, et al.
374  Detection of extended-spectrum beta-lactamase-producing Escherichia coli in market-ready
375  chickens in Zambia. International journal of microbiology. 2016;2016.

376  11.Byarugaba D. Antimicrobial resistance in developing countries and responsible risk factors.
377  International journal of antimicrobial agents. 2004;24(2):105-10.

378  12.Duffy G, Lynch O, Cagney C. Tracking emerging zoonotic pathogens from farm to fork.
379  Meat science. 2008;78(1-2):34-42.

380 13. Mainda G, Bessell PR, Muma JB, McAteer SP, Chase-Topping ME, Gibbons J, et al.
381 Prevalence and patterns of antimicrobial resistance among Escherichia coli isolated from
382  Zambian dairy cattle across different production systems. Scientific reports. 2015;5:12439.
383  14. Hitchins A, Feng P, Watkins W, Rippey S, Chandler L. Food and Drug Administration
384  Bacteriological Analytical Manual. Gaithersburg, USA: AOAC International; 1995.

385 15. Logue C, Sherwood J, Olah P, Elijah L, Dockter M. The incidence of
386  antimicrobial-resistant Salmonella spp. on freshly processed poultry from US Midwestern
387  processing plants. Journal of applied microbiology. 2003;94(1):16-24.

388 16. Morgan-Linnell SK, Stewart DJ, Kurzrock R. US Food and Drug Administration
389 inspections of clinical investigators: overview of results from 1977 to 2009. Clinical Cancer
390 Research. 2014;20(13):3364-70.

391  17. Clinical, Institute LS. Performance standards for antimicrobial susceptibility testing of
392  anaerobic bacteria: informational supplement: Clinical and Laboratory Standards Institute
393  (CLSI); 2009.

394 18. Biemer JJ. Antimicrobial susceptibility testing by the Kirby-Bauer disc diffusion method.

395  Annals of Clinical & Laboratory Science. 1973;3(2):135-40.

19


https://doi.org/10.1101/2020.04.20.050914
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2020.04.20.050914; this version posted April 20, 2020. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is
made available under a CC-BY 4.0 International license.

396  19.Organization WH. Integrated surveillance of antimicrobial resistance in foodborne bacteria:
397  application of a one health approach: guidance from the WHO Advisory Group on Integrated
398  Surveillanec of Antimicrobial Resistance (AGISAR). 2017.

399  20. Edition AS-T. Clinical and Laboratory Standards Institute. Wayne, Pa. 2009.

400 21. Mpundu P, Munyeme M, Zgambo J, Mbewe RA, Muma JB. Evaluation of bacterial
401  Contamination in dressed Chickens at Lusaka Abattoirs. Frontiers in public health. 2019;7:19.
402  22. Shamaila T, Ndashe K, Kasase C, Mubanga M, Moonga L, Mwansa J, et al. Inva gene and
403  antibiotic susceptibility of Salmonella Spp isolated from commercially processed broiler
404  carcasses In Lusaka District, Zambia. 2018.

405 23. Hang'ombe BM, Sharma NR, Skjerve E, Tuchili LM. Isolation of bacteria during
406  processing of chicken carcasses for the market in Lusaka, Zambia. Veterinarski arhiv.
407  1999;69(4):191-7.

408  24. William UD, Hang’ombe B, Victor ZC, King NS. Distribution of virulence genes and
409  antimicrobial susceptibility of Salmonella isolated from dogs and chickens in Zambia. 2012.
410  25. Carramifiana JJ, Rota C, Agustin I, Herrera A. High prevalence of multiple resistance to
411  antibiotics in Salmonella serovars isolated from a poultry slaughterhouse in Spain. Veterinary
412 microbiology. 2004;104(1-2):133-9.

413  26. Goksoy EO, Kirkan S, Kok F. Microbiological quality of broiler carcasses during
414  processing in two slaughterhouses in Turkey. Poultry science. 2004;83(8):1427-32.

415  27. Davies R, Wray C. Seasonal variations in the isolation of Salmonella typhimurium,
416  Salmonella enteritidis, Bacillus cereus and Clostridium perfringens from environmental
417  samples. Journal of Veterinary Medicine, Series B. 1996;43(1-10):119-27.

418  28. Phillips I, Casewell M, Cox T, De Groot B, Friis C, Jones R, et al. Does the use of antibiotics
419  in food animals pose a risk to human health? A critical review of published data. Journal of

420  Antimicrobial Chemotherapy. 2004;53(1):28-52.

20


https://doi.org/10.1101/2020.04.20.050914
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2020.04.20.050914; this version posted April 20, 2020. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is
made available under a CC-BY 4.0 International license.

421 29. Egea P, Lopez-Cerero L, Torres E, del Carmen Gomez-Sanchez M, Serrano L, Sanchez-
422  Ortiz MDN, et al. Increased raw poultry meat colonization by extended spectrum beta-
423  lactamase-producing Escherichia coli in the south of Spain. International journal of food
424  microbiology. 2012;159(2):69-73.

425  30. Apata D. Antibiotic resistance in poultry. International Journal of Poultry Science.
426  2009;8(4):404-8.

427  31. Parveen S, Lukasik J, Scott T, Tamplin M, Portier K, Sheperd S, et al. Geographical
428  variation in antibiotic resistance profiles of Escherichia coli isolated from swine, poultry, beef
429  and dairy cattle farm water retention ponds in Florida 1. Journal of applied microbiology.
430  2006;100(1):50-7.

431  32. Hudson J, Nicol C, Wright J, Whyte R, Hasell S. Seasonal variation of Campylobacter
432  types from human cases, veterinary cases, raw chicken, milk and water. Journal of Applied
433  Microbiology. 1999;87(1):115-24.

434  33. Goksoy E, Kirkan S, Kok F. Microbiological quality of broiler carcasses during processing
435  in two slaughterhouses in Turkey. Poultry science. 2004;83(8):1427-32.

436  34. Arora D, Kumar S, Singh D, Jindal N, Mahajan NK. Isolation, characterization and
437  antibiogram pattern of Salmonella from poultry in parts of Haryana, India. Adv Anim Vet Sci.
438 2013;1(5):161-3.

439  35. Hanson R, Kaneene JB, Padungtod P, Hirokawa K, Zeno C. Prevalence of Salmonella and
440 E. coli, and their resistance to antimicrobial agents, in farming communities in northern
441  Thailand. Southeast Asian Journal of Tropical Medicine and Public Health. 2003;33:120-6.
442  36. Zhao S, White D, Friedman S, Glenn A, Blickenstaff K, Ayers S, et al. Antimicrobial
443  resistance in Salmonella enterica serovar Heidelberg isolates from retail meats, including

444  poultry, from 2002 to 2006. Applied and environmental microbiology. 2008;74(21):6656-62.

21


https://doi.org/10.1101/2020.04.20.050914
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2020.04.20.050914; this version posted April 20, 2020. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is
made available under a CC-BY 4.0 International license.

445  37. Ramchandani M, Manges AR, DebRoy C, Smith SP, Johnson JR, Riley LW. Possible
446  animal origin of human-associated, multidrug-resistant, uropathogenic Escherichia coli.
447  Clinical Infectious Diseases. 2005;40(2):251-7.

448  38. Cardoso MO, Ribeiro AR, Santos LRd, Pilotto F, de Moraes HL, Salle CTP, et al.
449  Antibiotic resistance in Salmonella Enteritidis isolated from broiler carcasses. Brazilian
450  Journal of Microbiology. 2006;37(3):368-71.

451  39. Mainda G, Bessell PR, Muma JB, McAteer SP, Chase-Topping ME, Gibbons J, et al.
452  Erratum: Prevalence and patterns of antimicrobial resistance among Escherichia coli isolated
453  from Zambian dairy cattle across different production systems. Scientific reports.
454  2015;5:14162.

455  40. Diarrassouba F, Diarra MS, Bach S, Delaquis P, Pritchard J, Topp E, et al. Antibiotic
456  resistance and virulence genes in commensal Escherichia coli and Salmonella isolates from
457  commercial broiler chicken farms. Journal of food protection. 2007;70(6):1316-27.

458  41. Chiyangi H, Muma JB, Malama S, Manyahi J, Abade A, Kwenda G, et al. Identification
459  and antimicrobial resistance patterns of bacterial enteropathogens from children aged 0-59
460  months at the University Teaching Hospital, Lusaka, Zambia: a prospective cross sectional

461  study. BMC infectious diseases. 2017;17(1):117.

462

22


https://doi.org/10.1101/2020.04.20.050914
http://creativecommons.org/licenses/by/4.0/

