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ABSTRACT: The bacteriological safety of food/food products and the menace of antimicrobial resistance amongst enteropathogenic bacteria
raise therapeutic management concerns within the public health system. Recently consumers of food/food products purchased from the public
market of Bushenyi District presents with Enterobacteriaceae infection-associated symptoms and clinical conditions. We determine the molecu-
lar characterization and antibiotic signatures of some enteric bacterial recovered from foods/food products in markets of Bushenyi District,
Uganda. Standard molecular biology techniques (Polymerase chain reaction PCR) and microbiological procedures were applied. Meat (MT)
and milk (MK) samples were collected from 4 communities/town markets (Kizinda, Ishaka, Bushenyi, kashenyi) between April and September
2020 and analyzed. Our result reveals high differential counts of Salmonella species (175.33 +59.71 Log 10 CFU/100ml) and Escherichia coli
(53.33+26.03 Log 10 CFU/100ml) within the 4 markets with the count of Salmonella species higher than that of E. coli in each sampled market.
The PCR further confirmed the detected strains (22.72% of E. coli and 54.29% of Salmonella species) and diverse multiple antibiotic-resistant
determinants {TEM: (12 (23.1%) blaTEM-2 gene, 3 (5.8%) blaTEM gene}, 5 (9.6%) blaSHV gene, 3 (5.8%) bla-CTX-M-2, 1 (1.9%) bla-CTX-M-9
}. Other resistance genes detected were {10 (21.7%) strA gene} and 8 (17.4%) aadA gene} indicating a potential antibiotic failure. The need for
alternative medicine and therapeutic measure is suggestive. Astute and routine surveillance/monitoring of potential pathogens and food prod-

ucts in the public market remains a core for maintaining future consumer safety.
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Introduction

In humans, food-associated gastroenteritis is majorly caused by
enteric bacterial pathogens.! They cause high morbidity and
mortality in children and adults and pose significant public
health risks, especially in low resource communities. These
potential bacterial pathogens have been isolated from fresh and
ready-to-eat food specimens (milk, meat, etc.), water and the
environment. Enteric bacterial pathogens span several genera,
including Salmonella, Shigella, Yersinia, Escherichia, Vibrio,
Bacillus, Enterobacter, Plesiomonas, Klebsiella, Proteus, Serratia,
Aeromonas etc. Primary infections associated with the afore-
mentioned bacterial pathogens have remained a public health
concern due to the multiple antibiotic resistance (MAR)
revealed in the studies of various investigators.?3

Generally, regions with a high prevalence of antibacterial-
resistant pathogens and antibacterial-resistant determinants
(genotypes and phenotypes) have been reported to arise from
the indiscriminate use of antimicrobial agents as therapeutic
control strategies, agricultural and veterinary purposes. These
resistance determinants are significantly transferred to related

and unrelated species in other niches, such as the soil, water
and food, via horizontal gene transfer.4*

In the middle and low-income communities, the rapid
emergence and spread of multidrug-resistant Enterobacteriales
pose a severe threat to the public health and management sys-
tem, making infectious diseases difficult to treat.’-1° In the
Bushenyi District of Uganda, there is a paucity of studies on
the molecular characterization and assessment of resistance
genotypes of Enterobacteriales recovered from dairy food
products. To this end, this study aimed to evaluate the occur-
rence, antibiotic susceptibility, and genes encoding antibacte-
rial resistance of Salmonella spp. and Escherichia coli from milk
and meat sold in the Bushenyi District markets Western region
of Uganda. This study appears to be the first report on this
subject within the study district.

Methods
Study area

This study was conducted in the Bushenyi District of the
Western Region, Uganda. Bushenyi District is one of Uganda’s
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Table 1. The study area in Bushenyi district, Uganda.

STUDY AREA SC INDICATIONS LATITUDE LONGITUDE
Bushenyi Town Meat MT-Bu Meat and Milk market -0.53947 30.18749
Ishaka Meat Market MT-Is General food market —-0.54532 30.14051
Kinzida Town Meat MT-Ki General all-purpose market -0.53857 30.12522
Kashenyi Meat MT-Ka Meat and Milk market -0.58464 30.13288

SC=Sampling code.

highly populated and low-income communities where major
public markets and dairy products are commercially available
to the public. Samples of milk products and meat were col-
lected (once-off) from open markets within the Bushenyi
District of Uganda, as described below in Table 1.

Bacterial isolation and identification

Briefly, meat (MT) and milk (MK) samples were collected
from 4 community/town markets (Kizinda, Ishaka, Bushenyi,
Kashenyi) and labelled as Ki, Is, Bu and Ka, respectively. The
food samples were collected between April and September in
sterile glass bottles, packed in an ice-box and transported to the
Department of Microbiology laboratory, KIU Teaching
Hospital, for culture within 3hours of collection. The meat
samples (1g) were homogenized and pre-enriched in S5ml of
peptone water for 2hours, subcultured onto pre-prepared
McConkey agar (MCA) and Salmonella Shigella agar (SSA)
agar plates were incubated at 37°C (following manufacturer’s
instructions Merck Germany, www.merck-chemicals.com).
Culture plates were incubated at 37°C for 24 to 48h for the
isolation of Sa/monella spp. and E. coli, respectively. On the
other hand, 1ml of milk samples were pre-enrichment on 4 ml
peptone water, subcultured onto MacConkey Agar (MCA),
Deoxycholate agar (DCA) and Salmonella Shigella Agar (SSA)
as cultured agar plates were incubated at 370°C for 24 to
48 hours.!! Discrete colonies from the enumeration with black
colouration on SSA and pink on MCA media were considered
presumptive Salmonella spp. and E. coli. These isolates were
then stored in 25% glycerol stock and kept at -200C before

biochemical and molecular characterization.

Enumeration of total bacterial load

Salmonella spp from food samples (meat and milk). Homoge-
nized samples were serially diluted (10-! to 10-3) and cultured
onto Selenite broth, SSA and Desoxycholate agar.!! The bacte-
rial load was determined by counting the number of discrete
colonies using the viable plate count method.'! The results
were expressed as colony-forming unit per millilitre (CFU/ml)
for milk and colony-forming unit per gram (CFU/g) for meat
while their expression in a log of CFU/ml or CFU/g was
applied using the formulae:

1
Colony forming unit / ml (cfu / g) =colony number XZ X

1
gm / ml plated '

E. coli from food samples (meat and milk). Homogenized sam-
ples were serially diluted (10! to 10-3) and cultured on Mac-
Conkey agar.!>13 The bacterial load was determined by
counting the number of discrete colonies using the viable plate
The colony-forming unit (CFU) was
expressed in a log of CEU/ml or g by the formulae:

count method.!

Colony — forming unit / ml (CFU / mlor g)
1 1

=colony number x — x

dl gm / ml plated '

Phenotypic characteristic of the isolates (biochemical test). Single
colonies were further sub-cultured onto nutrient agar to obtain
pure isolates. The pure isolates were used for phenotypic char-
acteristics, including (Gram staining, Indole, Citrate, Urease,
Hydrogen sulphide) to determine the bacteria morphology,
biochemical and enzyme-based
described by Cheesbrough'.

culture-dependent  test

Molecular confirmation of the presumptive isolates

The genomic DNA was extracted from the purified isolates
using the boiling method described elsewhere'17 as a DNA
template for PCR reactions. The primers used for the PCR
confirmation of the isolates were retrieved from previous stud-
ies and synthesized by Ingaba biotechnological Inc, Rausbauer,
South Africa. The sequences are Ec-1
GACCTCGGTTTAGTTCACAGA (5'-3"), Ec-2
CACACGCTGACGCTGACCG (5'-3"), amplicon Size
(bp) of 585, which was used to confirm the E. co/i as described
by El-Sayed et al'” Sa/monella spp. were confirmed using the
primer SdiAl AAT ATC GCT TCG TAC CAC (5'-3"),
SdiA2 GTA GGT AAA CGA GGA GCA G (5'-3') with
amplicon size of 274bp as described by.!® For E. co/i the PCR
assay was done in 24 uL reaction volume as explained; (5 pL of
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nuclease-free water, 12 L. master mix, 2 pL of primer 1micro-
Molar and 5 pL of template DNA). PCR cycling conditions
was set as initial denaturation (93°C for 5 minutes); 35 cycles
of : denaturation at 92°C for 40 seconds, annealing at 57°C for
1 minute, extension at 72°C for 2 minutes), and a final exten-
sion at 72°C for 2minutes. The same reaction process was
done for Samonella spp. with an annealing temperature of 52
9C. The amplified PCR products were electrophoresed using
agarose gel electrophoresis (1.5% agarose) stained with ethid-
ium bromide and visualized UV trans-illuminator. All positive
isolates were stored in 25% glycerol stock at -~200°C for subse-
quent analysis.

Antimicrobial susceptibility profile

The antimicrobial susceptibility test of the confirmed bacterial
isolates was determined using the recommended Clinical and
Laboratory Standard Institute (Clinical and Laboratory
Standards Institute (CLSI)! guidelines for disc diffusion tech-
nique on Muller-Hinton agar (MHA) plates. Briefly, fresh cul-
ture from the glycerol stock was streaked onto nutrient agar
plates, incubated at 37°C for 24 hours. Colonies were suspended
in a 5mL sterile standard saline test tube and adjusted to obtain
turbidity corresponding with 0.5 Mc-Farland standards. The
isolates were inoculated onto MHA plates, and disks impreg-
nated with antibacterial agents/disc were dispensed onto the
inoculated plates. The plates were incubated at 37°C for 18 to
24 hours, and zones of inhibition were measured after incuba-
tion. The susceptibility reports of the isolates were interpreted
as resistant, intermediate or sensitive the commercial antibiotic
discs used were: Cefotaxime (CTX) 30 pug, Amoxicillin (AM)
25 pg, Polymixin B (PB) 300 pg, Nitrofurantoin (NI) 200 ug,
Ciprofloxacin (CIP) 5pg, Nalidixic Acid (NA) 30pg,
Gentamicin (CN) 10pg, Cefazolin. (CZ) 30pg, Kanamycin
(K) 30 pg.

Molecular characterization of antibiotic resistance
genes

The PCR technique was used to characterize the resistance
genes from the phenotypic antibiotic-resistant isolates.> The
resistance genes explored in this study include B-lactamases-
encoding genes (6laCTX-M2, b6CTX-M9, blaTEM,
blaTEM-2) and aminoglycosides resistant genes (aadA, aac(3)-
ITa (aacC2-a), strA). Table 2 includes the primers, the targetted
genes, sequence, and PCR conditions. The PCR products were
electrophoresed, as explained earlier.

Patterns of multiple antibiotic resistance genotypes
(MARGS)

The Multiple Antibiotic Resistance Genotypes (MARGs)
patterns of the confirmed potential pathogens with =2 multi-
ple resistance genes was evaluated as described by.2*

Statistical method and analysis

All experiments were performed in triplicates, expressed in
mean and standard error difference adopting the ANOVA
(using graph prism version 8.0.2). This was followed by Fisher’s
least level of significant difference (LSD) to test significant
differences in bacterial counts in each sampling point and the
months at p<<.05 with regression analysis. RStudio version 3.5
1 was used to develop the multivariate heatmap analysis.

Results
Enumeration of total bacterial load

Lower density of E. coli than Salmonella spp. count in meat from
various locations of Uganda in April and September. In Kizinda,
there was neither a difference in the Sa/monella species count
during April (114.33 = 48.89 Log 10 CFU/100ml) and Sep-
tember (175.33 £59.71 Log 10 CFU/100 ml) sampling peri-
ods, nor was there a difference in the E. co/i during April
(53.33+26.03 Log 10 CFU/100ml) and September
(36.00+11.59 Log 10 CFU/100 ml) sampling periods. How-
ever, the E. coli count was significantly lower than the Sa/mo-
nella species count during both periods (Figure 1a).

Also,in Ishaka, there was neither a difference in the Sa/monella
species count during April (102.67 + 49.60 Log 10 CFU/100 ml)
and September (112.67 = 63.04 Log 10 CFU/100 ml) period of
sampling, nor was there a difference in the E. co/i during April
(30.00+9.17 Log 10 CFU/100ml) and September
(36.67+12.81 Log 10 CFU/100ml) period of sampling.
However, the E. coli count was significantly lower than the
Salmonella species count during both periods (Figure 1a).

In Bushenyi, there was a higher Salmonella species count
during September (167.00 = 88.07 Log 10 CFU/100ml) than
April (49.00 +28.04 Log 10 CFU/100ml) sampling period,
but there was no difference in the E. co/i during April
(23.67£10.11 Log 10 CFU/100ml) and September
(12.33 = 7.22 Log 10 CFU/100 ml) sampling periods. However,
the E. co/i count was significantly lower than the Sa/monella spe-
cies count during September but not April (Figure 1a).

Similarly, in Kashenyi, there was neither a difference in the
Salmonella species count during April (120.33 £68.22 Log
10 CFU/100ml) and September (133.00=50.72 Log 10
CFU/100 ml) sampling periods, nor was there a difference in
the E. coli during April (3.67 =2.33 Log 10 CFU/100ml)
and September (9.33 £5.21 Log 10 CFU/100ml) sampling
periods. However, the E. co/i count was significantly lower
than the Sa/monella species count during both sampling peri-
ods (Figure 1a).

Nevertheless; the bacterial enumeration of Sa/monella spp.
and E. coli were significantly abundance in meat when compare
with milk samples.

Lower Density of E. coli than Salmonella spp., count in milk from
various locations of Uganda in May and September. In Kizinda,
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Table 2. Antibiotic resistance genes, primer sequences and PCR conditions.

CLASSES OF
ANTIBIOTICS

ANTIBIOTICS PRIMER

PCR PRIMER SEQUENCE(5'-3’)

PCR CYCLING
CONDITION

REFERENCE

Cefotaxime, blaTEM-1

Cefazolin

Cephalosporins
BetaLactam/B-
lactamase
inhibitors

blaTEM-2

blaSHV

bla
CTX-M-
gr2

bla
CTX-M-
ar9

Aminoglycosides Kanamycin, StrA

Nitrofurantoin

aadA

aac(3)-lla
(aacC2)a

FTTTCGTGTCGCCCTTATTCC
R: CCGGCTCCAGATTTATCAGC

F: CATTTCCGTCGCCCTTATTC
R:CGTTCATCCATAGTTGCCTGAC

F: AGCCGCTTGAGCAAATTAAAC
R: ATCCCGCAGATAAATCACCAC

F:CGTTAACGGCACGATGAC
R: CGATATCGTTGGTGGTRCCAT

FTCAAGCCTGCCGATCTGGT
RTGATTCTCGCCGCTGAAG

FCTTGGTGATAACGGCAATTC
R: CCAATCGCAGATAGAAGGC

F:GTGGATGGCGGCCTGAAGCC
R: AATGCCCAGTCGGCAGCG

F:CGGAAGGCAATAACGGAG
R: TCGAACAGGTAGCACTGAG

690

800

713

404

561

348

525

428

ID (94°C for 5min), C
(30 cycles), D (94°C
for 30seconds), A
(60°C for
30seconds), E (72°C
for 90seconds), FE
(72for 5min.

ID (94for 10min), C
(30 cycles), D (94°C
for 40seconds), A
(60°C for
40seconds), E (72°C
for 60seconds), FE
(72°C for 7min.

ID (94°C for 10 min),
C (30 cycles), D
(94°C for
40seconds), A (60°C
for 40seconds), E
(72°C for
60seconds), FE
(72°C for 7min.

ID (94°C for 4min), C
(30 cycles), D (94°C
for 45seconds), A
(50°C for45seconds),
E (72°C for
45seconds), FE
(72°C for 7 min).

ID (94°C for 5min), C
(30 cycles), D (94°C
for 30seconds), A
(60°C for30seconds),
E (72°C for
90seconds), FE
(72°C for 5min).

ID (94°C for 4min), C
(30 cycles), D (94°C
for 45seconds), A
(50°C for45seconds),
E (72°C for
45seconds), FE
(72°C for 7min).

ID (94°C for 4min), C
(30 cycles), D (94°C
for 45seconds), A
(50°C for45seconds),
E (72°C for
45seconds), FE
(72°C for 7min).

ID (94°C for 5min), C
(30 cycles), D (94°C
for 30seconds), A
(50°C for
30seconds), E (72°C
for 1.5min), FE (72°C
for 5min).

AS=Amplicon size, ID =Initial Denaturation, C=cycles, D=denaturation, A=annealing E =extensionand FE =final extension.

there was no difference in the Salmonella species count during
April (46.33£31.59 Log 10 CFU/100ml) and September
(48.33236.55 Log 10 CFU/100ml) sampling periods, but

Bailey et al?°

Dallenne et al?!

Dallenne et al?!

Dallenne et al?!

Srinivasan et
al22

Srinivasan et
a|22

Maynard et al??

there was a difference in the E. co/i during April (9.67 =5.36
Log 10 CFU/100ml) and September (0.00=0.00 Log 10
CFU/100 ml) sampling periods. However, the E. co/i count was
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Figure 1. Salmonella species and E. coli counts in meat (A) and milk (B)
from various locations of Uganda in May and September.

significantly lower than the Sa/monella species count during
both sampling periods (Figure 1b).

Also,in Ishaka, there was neither a difference in the Sa/monella
species count during April (49.00 + 28.04 Log 10 CFU/100ml)
and September (87.00 £48.85 Log 10 CFU/100ml) sampling
periods, nor was there a difference in the E. co/i during April
(8.332.91 Log 10 CFU/100ml) and September (3.00 +2.52
Log 10 CFU/100ml) sampling periods. However, the E. coli
count was significantly lower than the Sa/monella species count
during both sampling periods (Figure 1b).

In Bushenyi, there was neither a difference in the Sa/monella
species count during April (70.33 + 34.64 Log 10 CFU/100 ml)
and September (62.33 = 32.82 Log 10 CFU/100 ml) sampling
periods, nor was there a difference in the E. co/i during April
(6.33 £2.03 Log 10 CFU/100 ml) and September (0.67 = 0.67
Log 10 CFU/100ml) sampling periods. However, the E. coli
count was significantly lower than the Salmonella species count
during both sampling periods (Figure 1b).

Similarly, in Kashenyi, there was no difference in the
Salmonella species count during April (58.33 =31.39 Log 10
CFU/100ml) and September (58.67+29.38 Log 10
CFU/100ml) periods, but there was a difference in the E. coli
during April (4.67 £2.91 Log 10 CFU/100 ml) and September
(0.00 = 0.00 Log 10 CFU/100 ml). However, the E. co/i count
was significantly lower than the Sa/monella species count dur-
ing both sampling periods (Figure 1b).

Molecular characterizations/confirmations of
presumptive isolates

The target-specific oligonucleotide primer sets produced the
expected amplicon sizes at 585 base pairs, which indicated that
E. coli was detected from the study (Figure 2a). Ten E. co/i iso-
lates were confirmed by molecular detection (PCR); 6 strains
were detected/observed in meat and 4 strains detected/observed
in milk (Table 3). Similarly, Sa/monella spp., was also confirmed
during the study as revealed in the PCR detection (Figure 2b),
which produced the expected amplicon sizes at 274 base pairs.
Nineteen Salmonella spp. strains were confirmed, amongst
which 10 strains were confirmed in meat, and 9 strains were

confirmed in milk (Table 3).

Antibiogram of isolates

Antibiotic Susceptibility Profile of Isolates using various antibiot~
ics. The results depict that of 19 isolates of the Sa/monella spp.
Nineteen (100.00) were resistant to Cefazolin (CZ) of Cepha-
losporins, Kanamycin (K) of Aminoglycosides, and Polymixin
B (PB; aka Colistin) family of Lipopeptides. Also, a high resist-
ance level of 17 (89.47) was observed against Nitrofurantoin
(NI) of the Nitrofuran family, as shown in Table 4. In the case
of the E. coli potential pathogens, of out of the 10 isolates pro-
filed for antibiogram and antibiotic signature, 9 (90.0%) of
them were resistant to Cefazolin (CZ) of Cephalosporins, fol-
lowed by 8 (80.00) of them being resistant against Nalidixic
Acid (NA) of Fluoroquinolones (Table 4).

The multi-way heatmap cluster analysis reveals the antibi-
otic susceptibility profile of 10 E. co/i and 19 Salmonella spp.
PCR confirmed isolates with the sample locations concerns the
interpretation of antibiogram signatures or fingerprints in
Figure 3 A & B. The various colours read as follows: yel-
low = Susceptible range, pink = dose-dependent (intermediate),
black =resistance. Based on the signature, the isolates were
shown to arise from 2 major clades with multiple progenies
amongst the E. co/i and Salmonella spp. The profile also showed
the multiple antibiotic-resistant nature of the various isolates,
indicating that perhaps, if implicated in an infection case, it
may be difficult to treat using the selected antibiotics that are
routinely used to treat Salmonellosis other enteric pathogenic
cases.

Patterns of multiple antibiotic resistance phenotypes (marps) and
multiple antibiotic resistance indices (MARIs). We observed a
varied MARP and MARI distribution pattern in Table 5.
which implies that the potential pathogens harboured resist-
ance against more than 4 test antibiotics. For Sa/monella
spp., the CN-AM-CZ-K-PB-NI-CIP-NA MAR-pheno-
types was detected in 2 isolates with MARI 0.7 and CZ-K-
PB-NI-CIP-NA MAR-phenotypes from 4 isolates with
MARI of 0.5. E. coli showed MAR-phenotypes CN-AM-
CZ-K-PB-NI-CIP-NA in one isolate with MARI of 0.7 and
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(b)

274 bp

Figure 2. (a) Gel photo representing molecular confirmation of E. coli: Lane 1: Molecular Marker (1 kbp); Lane 2: Negative control; Lane 3: positive control
E. coli, Lane 4 to 8 positive confirmed Isolates). (b) Gel picture representing molecular confirmation of Salmonella spp.: Lane 1: Molecular Marker (2 kbp);
Lane 2: Negative control; Lane 3: positive control Salmonella, Lane 4 to 7 positive confirmed Isolates).

Table 3. A genotypic and molecular characterization of presumptive isolates results.

PATHOGENS TOTAL PRESUMPTIVE TESTED PCR CONFIRMED ISOLATES % OCCURRENCE
E. coli spp. 44 (meat, 21; milk, 23) 10 (meat, 6; milk, 4) 22.72
Samonella spp. 35 (meat, 18; milk, 17) 19 (meat, 10; milk, 9) 54.29

Table 4. Antibiotic susceptibility profiles of target pathogens.

SAMONELLA SPP. (N=19) E. COLI SPP. (N=10)

ANTIBIOTIC S (%) I (%) R (%) S (%) I (%) R (%)
CTX 6 (31.58) 3 (15.79) 10 (52.63) 3 (30.00) 2 (20.00) 5 (50.00)
CN 13 (68.42) 0 (0.00) 6 (31.58) 7 (70.00) 0 (0.00) 3 (30.00)
AM 12 (63.16) 1(5.26) 6 (31.58) 7 (70.00) 0 (0.00) 3 (30.00)
cz 0 (0.00) 0 (0.00) 19 (100.00) 0 (0.00) 1(10.00) 9 (90.00)
K 0 (0.00) 0 (0.00) 19 (100.00) 3 (30.00) 0 (0.00) 7 (70.00)
PB 0 (0.00) 0 (0.00) 19 (100.00) 3(30.00) 0 (0.00) 7 (70.00)
NI 0 (0.00) 2 (10.53) 17 (89.47) 6 (60.00) 1(10.00) 3(30.00)
cIP 5 (26.32) 5 (26.32) 9 (47.37) 3(30.00) 2 (20.00) 5 (50.00)
NA 0 (0.00) 6 (31.58) 13 (68.42) 0 (0.00) 2 (20.00) 8 (80.00)

CTX-CZ-K-PB-NA MAR-phenotypes in 3 isolates with cephalosporins. Resistance to nitrofurantoin antibiotics was

MARI of 0.4, as revealed in Table 5. 20 (68.97), while those resistant to kanamycin were 26
The potential pathogens which show phenotypic resist- (89.66) of the class aminoglycosides. The various isolates
ance to amoxicillin was 9 (31.03); cefotaxime were 15 (51.72); were pooled together for the PCR based determination of

cefazolin were 28 (96.55) of the classes of penicillins and resistance genes.
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Figure 3. susceptibility of the isolates to antibiotics.

Yellow = Susceptible range, pink=dose-dependent (intermediate), black =resistance.

Abbreviations: CTX, cefotaxime, AM, amoxicillin, PB, polymixin B, NI, nitofurantoin, CIP, ciprofloxacin, NA, nalidixic acid, CN, gentamicin, CZ, cefazolin, K, kanamycin.
(MT=Meat-MK=Milk) are the food samples for isolation or the organisms. (Ki=Kizinda Is=Ishaka Bu=Bushenyi Ka=Kashenyi) are the different sample locations.

Amongst the pooled isolates tested for extended-spectrum the aminoglycoside resistance genes {10 (21.7%)} while other
beta-lactamase genes (ESBL), the TEM (blaTem-2) has a distri- genes were 8 (17.4%) for aadA, (5.8%) bla-CTX-M-gr2, (1.9%)
bution of 12 (23.1%), 5 (9.6%) for the 6laSHV gene. The most bla-CTX-M-gr9 out of the pooled isolates as represented in
distributed genes after the molecular detection were members of Figure 4 and the gel pictures in Supplementary 1 A-D.
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Table 5. Multiple Antibiotic Resistance Phenotypes (MARPs) and Multiple Antibiotic Resistance Indices (MARI).

SALMONELLA SPP.

NO. OF ISOLATES NO. OF ANTIBIOTICS
1 CN-AM-CZ-K-PB-NI-CIP-NA 2 8 0.7
2 CTX-CN-AM-CZ-K-PB-NI 2 7 0.6
3 CTX-CZ-K-PB-NI-CIP-NA 3 7 0.6
4 CTX-CN-AM-CZ-K-PB 2 6 0.5
5 CTX-CZ-K-PB-NI-NA 1 6 0.5
6 CZ-K-PB-NI-CIP-NA 4 6 0.5
7 CTX-CZ-K-PB-NI 2 5 0.4
8 CZ-K-PB-NI-NA 3 5 0.4

NO. OF ISOLATES NO. OF ANTIBIOTICS
1 CN-AM-CZ-K-PB-NI-CIP-NA 1 8 0.7
2 CTX-CN-AM-CZ-K-PB-NI 1 7 0.6
3 CTX-CN-AM-CZ-K-PB 1 6 0.5
4 CZ-K-PB-NI-CIP-NA 1 6 0.5
5 CTX-CZ-K-PB-NA 3 5 0.4
6 CZ-CIP-NA 2 3 0.3
25.0%

20.0%
15.0%
10.0%
5.0%
=5 9%
blaTEM blaz blaTEM-2 blaCTX-M2 blaCTX-M9  blaSHV strA aadA aac(3)-lia,
(aacC2)a
Cephalosporins Aminoglycosides
Figure 4. Antibiotic resistance genes of the phenotypic resistant pathogens.
Discussion Bushenyi District, Uganda. The focus was to determine the
Major enterocyte infecting bacterial are currently thriving bacteriological safety of such food specimens currently sold in
beyond the expectation even as various control measures are the public market within Bushenyi District. The results indi-
being put in place to combat enteric infections. This study cate an improvement in hygienic practice as revealed by the
genetically characterized potential pathogens antibiograms total bacterial count for both food specimens (meat and milk).
and genes encoding antimicrobial resistance of enteric bacterial The side-by-side comparison of periodic total presumptive

recovered from foods specimen within the open markets of counts for Salmonella spp., and E. coli in both meat and milk
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reveals a high Salmonella spp. count both in April and
September in all the sampling locations. There was a relatively
low E. coli total presumptive count in meat and milk compared
to that of Sa/monella spp. in all sampling locations in September
and April. Although there was a low E. co/i count in milk col-
lected in September at Ishaka and Bushenyi, there was no
observed E. co/i count in milk collected in September at
Kashenyi and Kizinda during the study. This observation may
be attributed to inappropriate hygienic practices in the market-
place and the possible sterility of collected milk.

The bacterial phenotypes also revealed an adverse gram
staining, citrate utilization positive, hydrogen sulphide produc-
tion positive (Sa/monella spp.), and indole positive (E. coli).
This is also similar to the previous reports of'#?> on the cultural
morphology and biochemical identification of bacterial.

The molecular identification/characterization using PCR
confirm the present of E. co/i and Salmonella spp. in the food
samples while other viral-relevance determinants were reported
elsewhere. The result of PCR detection showed Sa/monella spp.
{19 (meat: 10; milk: 9); 54.29%} and E. co/i {10 (meat: 6; milk:
4); 22.72%} with more Salmonella spp. detected than E. coli.
Salmonella spp., and E. coli were previously reported in food
specimen by various investigators from both West, East, North
and Southern African countries.?6-30 Such observation implies
that these members of Enterobacteriaceae infecting potential
pathogens thrive within the environment in the region. It also
indicates that the food specimen both harbours and serve as
carrier/distributor of these potential pathogens. A continuous
surveillance/monitoring of food (meat and milk) and other
tood products, made commercially available in open public
markets, remains a cardinal to ascertain the safety of such food
products. This routine assessment of food products in markets
should also ensure adequate inter-personal hygiene of such
tood product handlers and the environment.

It is important to note that these isolated strains of potential
enteric pathogens of humans and animals are implicated in
public health causing diarrhoea infection, enterotoxigenicity,
enterohaemorrhagic and uropathogenicity etc. Observing them
in food specimen is also a pointer that any human or animal
that consumes such products have a predilection for being
infected by the pathogens which arouse the need specific and
potent for antibacterial therapy.

The antimicrobial susceptibility/antibiogram profile of the
various isolates shows that 72.4% (21/29) of isolates were
resistant to nalidixic acid, 34.5% (10/29) of isolates were resist-
ant to cefotaxime, 82.8% (24/29) of isolates were resistant to
cefazolin, 86.2% (25/29) of isolates were resistant to kanamy-
cin etc. Such resistant phenotypes indicate antibiotic failure,
should these members of antibiotics be used in the treatment
of any disease case implicated by any of the characterized
members of organisms. Similar resistant phenotypes have been
previously reported by>3? amongst some enteric associated

bacterial pathogens, which show a failure of the various antibi-
otic regimen used, thereby arousing the need for effective alter-
native antibiotics. The antibacterial signatures also yielded
multiple antibiotic-resistant phenotypes (MARP) with a pro-
file of antibiotic resistance numbers ranging from 4 to 8 and
multiple antibiotic-resistant indexes (MARI) range 0.4 to 0.7.
Various investigators previously reported such multiple resist-
ance phenotypes and high resistance index on enteric isolates
retrieved from the water and food products in significant com-
munities in Africa®>3%2 indicating that such high resistant sig-
nature is predominant amongst the enteric pathogens retrieved
in African environment. It also indicates that these environ-
ments need apt attention in surveillance studies to avoid the
various therapeutic concerns arising in the post-antibiotic era.

In a bid to ascertain the observed phenotypes, an antibiotic
genotyping and profile was conducted using the PCR tech-
nique, which reveals resistance genes belonging to the
extended-spectrum beta-lactamase, aminoglycoside resistance
genes and other beta-lactamase resistance genes. Amongst the
tested isolates, resistance genotypes observed were TEM 12
(23.1%) blaTem-2 gene and 3 (5.8%) 6laTEM gene, 5 (9.6%)
blaSHV gene, 3 (5.8%) bla-CTX-M-gr2, 1 (1.9%) bla-CTX-
M-gr9. Other resistant genes detected were aminoglycoside/
streptomycin resistance genes 10 (21.7%) sz7A and 8 (17.4%)
aadA gene. Similar reports of resistant genes have been previ-
ously reported amongst multiple antibiotic-resistant Sa/monella
strains recovered from swine and package vegetables.®®
According to the study of Iwu and his colleagues, it was
reported that the Sa/monella species recovered during the study
showed high multiple antibiotic-resistant determinants, which
may fail antibiotic therapy as well as thriving of the Isolates.
Other investigators of related potential pathogens studied
resistance characterization amongst Gram-negative isolates.
However, their study employed the use of novel and existing
clinically relevant resistance indicators. It was reported from
their study that resistant genes ranging from aminoglycoside
through fluoroquinolone, cephalosporins and other beta-lac-
tam antibiotics were observed.>?33 Such observation reveals
high resistant markers, which is similar to the report from our
study. It is therefore possible that the potential pathogens may
be sharing resistant genes via horizontal mechanism amongst
other strain which may have informed the repeated resistance
gene amongst the food and other food products.#¢%33 The
need for astute and routine surveillance/monitoring of poten-
tial pathogens and food products in public market remains a
core for maintaining safety.

Conclusion

This study emphasizes the microbiological safety of some food
and food products, commercially available in open public open
markets, occurrence of infectious Enterobacteriaceae pathogens
and the relevance of molecular biology (PCR) technique in the
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detection/profiling of such bacterium resistance genes. The
study revealed the statistical significance of the bacterial count
and detected various strains of E. co/i and Salmonella species
which were shown to possess various Enterobacteriaceae resist-
ance indices including multiple antibiotic resistance pheno-
types and genotypes. Such resistant determinants are currently
impacting therapeutic control strategies and public health sys-
tem, which necessitate an astute surveillance of other related
tood and food products within the study environment.
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