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Abstract 
Species of the family Enterobacteriaceae lead to illnesses affecting humans and animals globally and is 
a serious public health problem worldwide especially in developing countries. A cross-sectional study 
was conducted to assess the prevalence and distribution of faecal Enterobacteriaceae isolates from 
lactating cattle in Jos-Plateau and environs, Nigeria, between March 2017 and May 2018. Microbact 
24E kit system biochemical test was used to detect faecal Enterobacteriaceae isolates from 452 
lactating cattle across six Local Governments Areas (LGAs). Data analyses were done using 
Microsoft Excel 2013 and Minitab 17 statistical package. Eighteen faecal Enterobacteriaceae isolates 
were isolated out of 452 samples examined, and of the eighteen, only eleven samples were confirmed 
with the following species, Salmonella subsp. II (Salmonella salamae) (1, 0.22%), Salmonella subsp. 
IV (Salmonella houtenae) (1, 0.22%), Proteus frontium (1, 0.22%), Proteus mirabilis (1, 0.22%), 
Citrobacter spp. II (2, 0.44%), Enterobacter agglomerans (2, 0.44%), Escherichia fergusonii (1, 
0.22%) and Trabulsiella guamensis (2, 0.44%). The prevalence and relative frequency of distribution 
of Enterobacteriaceae isolates were highest in Jos North (5, 6.67%) followed by Jos South (2, 2.67%), 
and the lowest were in the four other local governments. The overall prevalence of faecal 
Enterobacteriaceae in Jos-Plateau and environs (11, 2.43 % at 95% CI). The study concludes that the 
presence of faecal Enterobacteriaceae isolates in lactating cattle in the Jos-Plateau and environs may 
pose public health concerns, and therefore, calls for continuous surveillance to avoid the outbreak of 
bacterial zoonosis.  
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INTRODUCTION 
Food animals such as cattle, pigs, and poultry have been extensively reared worldwide, not 
only as a source of food and also a source of income (Kimera et al., 2020) but when these 
animals are infected with pathogenic species of the family Enterobacteriaceae, it causes a 
significant economic impact on the cattle industry causing livestock mortality, abortion and 
reduced milk production which increase in veterinary cost due to treatment (Abebe et al., 
2020).  
 
Different species of the family Enterobacteriaceae have been isolated from faeces of 
apparently healthy lactating cattle. Some of the species are normal microbiota of the 
gastrointestinal microbial population. Cattle and other food animals such as sheep, goats 
and pigs that are not confined to one environment, that is, they are taken to graze outdoor 
by their owners, these animals have the habit of defaecating on the grass as they feed. Wild 
animals can also serve as reservoirs of species of Enterobacteriaceae and can transmit the 
pathogen through free-ranging food animals like cattle which can likely ingest these 
pathogens by feeding on pasture that is contaminated with faeces of other infected domestic 
and also infected wild animals (Bintsis, 2017).   
 
In Nigeria, efforts at prevention and control of bacterial pathogen have largely been by 
improved conditions on grazing reserves, improved sanitation and hygiene, improvement in 
public water supply, safe disposal of waste (Adene and Oguntade, 2008). There is limited 
available data on the presence of Enterobacteriaceae in the faeces of cattle in the study area 
and such information is important in understanding the impact of the bacteria on cattle and 
the subsequent risk to humans who consume cattle products. This study was designed to 
assess the prevalence of Enterobacteriaceae in the faeces of dairy cattle in Jos-Plateau and 
environs.  
 
MATERIALS AND METHODS 
 
Ethical Approval  
Ethical clearance was obtained from the Committee on the Use of Human Subjects 
(ABUCUHSR, 2019/006), and also Committee on Animal Use and Care (ABUCAUC 
2017/012), Ahmadu Bello University, Zaria, Kaduna, Nigeria. 
 
Study area and study design 
The study was conducted from 2017-2018 in nomadic settlements across Jos-Plateau and 
environs viz; Jos North, Jos South, Jos East, Barkin Ladi, Bassa, and Toro LGA of Bauchi 
State. Geographically, the study area stretches between Latitude 10° 40'0''N and 9° 20'0''N of 
the Equator and between Longitude 9° 40'0''E and 8°40'00'' E (Figure 1). The vegetation is 
guinea savannah and it is very conducive for livestock (cattle including exotic breeds, sheep, 
goats, pigs, poultry) and crop production (like maize, guinea corn, millet, acha, Irish 
potatoes, and yams) (Encylopaedia Britannica, 2020).  
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Figure 1: Map of Nigeria (Top right), Plateau and Bauchi areas sampled (Bottom right), and sampling area in Jos-
Plateau and environs, Nigeria (Left). 
 

Faecal sample collection and transportation  
A total of 452  fresh faecal samples based on sample size determination by Thrusfield (2007) 
and a previous prevalence of 6.4% (Karshima et al., 2013) were collected from lactating cattle 
just after defaecation at the point of the drop using disposable gloves and sterile tongue 
depressor (wooden spatula), into zipper-lock plastic bags and transported immediately on 
ice packs in Ice-man Cole box, to the Bacterial Division, National Veterinary Research 
Institute (NVRI), Vom, Plateau State for further analyses. 
 
Isoloation of Enterobacteriaceae 
Faecal samples were obtained and pre-enriched in buffered peptone water (BPW) (OXOID, 
England) in a 1:9 sample to broth ratio at 37°C for 24hrs. One gram (1gm) of fresh faecal 
sample was weighed and buffered peptone water (PBW) was added and allowed to settle 
then incubated at 37°C for 24hrs and  a loop full from the incubated PBW was smeared and 
streaked onto Xylose Lysine Deoxycholate agar (XLD) and Bismuth Sulfite (Oxoid 
Basingstoke, England), the plates were incubated at 37°C for 24hrs (ISO 6579:2002) after 
which suspected colonies of Enterobacteriaceae were picked and stored on nutrient Agar 
slants for further biochemical analysis. 
 
Biochemical characterization of Enterobacteriaceae isolates 
Presumptive colonies were further investigated biochemically using Triple Sugar Iron agar, 
Urea, Citrate, and Lysine Iron Agar slants  (Oxoid Basingstoke, England). Biochemically 
confirmed isolates were subjected to Microbact analysis.  
 
MicrobactTM Gram-Negative Identification System 24E (Oxoid, Basingstoke, UK) 
Before use, an oxidase test was performed on the organisms to be identified. The isolates to 
be inoculated were grown on selective media. Using a sterile straight wire, 2 to 3 colonies of 
the organisms were picked and emulsified in 5.0mL of 0.1% sterile peptone water and 
incubated at 37°C for 4 hours. A sterile Pasteur pipette was used to dispense one drop of the 
peptone water culture was transferred into 2.5 mL of sterile normal saline solution (0.85%) 
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following the manufacturers’ instructions. The Microbact kit is a plate with 24 wells, 
consisting of two (2) separate substrate strips, 12A and 12B. Each strip consists of 12 
different biochemical substrates. The wells (1-12) contain the following substrates/tests: 
Lysine Ornithine, H2S, Glucose, Mannitol, Xylose, o-nitrophenyl-β-d-galactopyranoside 
(ONPG), Indole, Urease, Voges Proskauer (VP), citrate, and Tryptophan Deaminase (TDA) 
respectively. The wells of the individual substrate sets were exposed by cutting the end tag 
of the sealing strip and slowly peeling it back. Using a sterile micropipette, 100µl of the 
bacterial suspension was added to each well in the set. Mineral oil was used to overlay the 
substrates in wells 1, 2, and 3, using a micropipette. The inoculated rows were then resealed 
and labeled at the end of the tag with the specimen identification number followed by 
incubation at 37°C for 24 hrs. On 24 hours of the incubation period, the sealing tape on the 
test strips was peeled back and evaluated.  
 
Reading the microbact 24E test strip 
Results were recorded in a report form as positive or negative by comparing them with a 
color chart and making reference to the table of reactions provided. However, to well 8 
(indole production), two (2) drops of indole (Kovacs) reagent was added and the result was 
evaluated within 2 minutes of addition of the reagent. Well, 10 (Voges-Proskauer reaction), 1 
drop each of VPI and VPII reagent was added and the result evaluated within 15 to 30 
minutes after the addition. To well 12 (Tryptophan Deaminase), 1 drop of TDA reagent was 
added and the result was evaluated immediately. The reaction colours for the negative 
reaction are; Yellow, Yellow-green, Straw colour, Blue-green, Blue-green, Blue-green, 
Colourless, Colourless, Straw colour, Straw colour, Green, Straw-colour to the 12 
corresponding wells. The reaction colours for positive reactions are; Blue-green, Blue, Black, 
Yellow, Yellow, Yellow, Yellow, Pink-red, Pink-red, Pink-red, Blue, Cherry red. 
Furthermore, reactions in 3 consecutive wells were summed up to give a four-digit number, 
which was fed into the computer software to provide information on the identity of the 
organism, including percentage (%) probability. The result identified the organism’s name 
and the percentage probability. The soft-ware against the name. The package recommends a 
75% cut-off point for a probable identification, all tests that gave less than 75% were not 
accepted (Oxoid UK, 2016). 
 
Data analysis   
Microsoft Excel 2013 was used to analyze the data and the bar chart is represented with the 
out of Microsoft excel chart wizard. Principal component analysis (PCA) was used to show 
the correlation between Enterobacteriaceae isolate and sampling location with the aid of 
Minitab version 17 statistical package.  
 
RESULTS  
The result for the MicrobactTM 24E kit identification of Enterobacteriaceae isolates is 
presented in figure 1. A total of eighteen (18) species of Enterobacteriaceae were identified.  
Only eleven (11) met the criteria ( ≥ 75%) of the kit identification system, while seven (7) did 
not meet the criteria (Figure 1). 
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The prevalence and distribution of confirmed Enterobacteriaceae isolates from faecal 
samples of lactating cattle in Jos- Plateau, and environs are presented in Table 1. Of the 
eleven (11) confirmed isolates, Salmonella sub sp II (1,1.33%), Salmonella sub sp IV (1,1.33%), 
Proteus frontium (1.33%), Proteus mirabilis (1.33%), and Trabulsiella guamensis (1.33%) were 
most prevalent and highly distributed in Jos North, while Jos East, Barkin Ladi, Bassa and 
Toro had the lowest prevalence of bacteria isolates (Table 1). The overall prevalence of 
Enterobacteriaceae isolates from faecal samples in lactating cattle in the study area is 2.43% 
(Table 1).  
 

 

 

Figure 1. Microbact 24E kit reading and distribution of Enterobacteriaceae isolates in faecal 

samples from lactating cattle in Jos-Plateau and environs (NB: Only isolates with ≥75.00% 

Microbact 24E readings are considered positive). 

Table 1. Microbact 24E prevalence and distribution of Enterobacteriaceae isolates in faecal 

samples from lactating cattle across sampling locations in Jos-Plateau and environs 
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Furthermore, the relative frequency and distribution of Enterobacteriaceae isolate showed 
that Jos north had more presence of bacterial distribution (Figure 2) in comparison to other 
isolates identified from other locations. 

 
 
The principal component analysis (PCA) biplot revealed the presence and correlation of 
Enterobacteriaceae isolates and the sample locations (Figure 3). The first component 
(53.69%) shows a positive correlation between the species identified by Microbact 24E and 
the Local government areas, while the second component shows a negative (21.44%).  There 
was high correlation between four species of Enterobacteriaceae family (Salmonella houtenae, 
Proteus mirabilis, Salmonella salamae, and Proteus frontium) with Jos North, in comparison with 
other locations that had one species of the family (Figure 3). 

 

Figure 2. Relative frequency of occurrence of Enterobacteriaceae isolates in faecal samples of 

lactating cattle from sampling locations in Jos-Plateau and environs 
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Figure 3. Principal component analysis (PCA) biplot of the correlation between Enterobacteriaceae isolates in 
faecal samples of lactating cattle and sampling locations in Jos-Plateau and environs 

 
DISCUSSION 
In the present study, out of the eighteen (18), Enterobacteriaceae faecal suspects identified, 
only eleven samples were confirmed and fulfilled the 75% criterion for identification and 
these include Salmonella subsp. II (Salmonella salamae) (1, 0.22%), Salmonella subsp. IV 
(Salmonella houtenae) (1, 0.22%), Proteus frontium (1, 0.22%), Proteus mirabilis (1, 0.22%), 
Citrobacter spp. II (2, 0.44%), Enterobacter agglomerans (2, 0.44%), Escherichia fergusonii (1, 
0.22%) and Trabulsiella guamensis (2, 0.44%). The MicrobactTM Gram-negative system is a 
standardized micro substrate system designed to simulate conventional biochemical 
substrates used for the identification of Enterobacteriaceae. Organisms’ identification is 
based on pH change and substrate utilization (Farmer et al., 1985; Balow et al., 1991). It is a 
confirmatory identification system. The overall prevalence of Enterobacteriaceae isolates 
from faecal samples in lactating cattle in the study area is 2.43%, though appear low at 
present, may be of public health importance and can lead to outbreak of bacterial zoonosis 
via the risk of contamination of milk and milk products, vegetable and food crops grown 
around the area and drinking water sources by lactating cattle during herding. For instance, 
Salmonella species are most important zoonotic bacterial food-borne pathogens of humans. 
Salmonella species especially those mainly of the enterica subspecies cause gastroenteritis, 
enteric fever and enterocolitis. They are major pathogens causing serious problems in public 
health and food safety world-wide (Raufu et al., 2021). Escherichia sp. is an important cause 
of foodborne human disease. Complications related to infection include diarrhea, 
hemorrhagic colitis, and hemolytic uremic syndrome (EFH, 2016). Citrobacter spp. can cause 
septicaemia in patients that display a number of predisposing factors, it has also been found 
to cause meningitis, septicaemia and pulmonary infections in neonates and young children 
(EFH, 2016). Proteus species are opportunistic human pathogens. These bacteria cause 
infections in humans with impaired immunity. They may be a source of complicated urinary 
tract infections. Proteus mirabilis has been isolated from bladder and kidney stones 
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(Drzewiecka, 2016), while Enterobacter species causes nosocomial infections, urinary tract 
infections bacteremia, lower respiratory tract infections, skin infections and fever. They 
cause considerable morbidity and mortality rates. Mortality rates are reported to range from 
6-40%. (Fraser, 2019; Ramirez and Giron, 2020). 
The prevalence and relative frequency of distribution of Enterobacteriaceae isolates were 
highest in Jos North (5, 6.67%) followed by Jos South (2, 2.67%), and the lowest were in the 
four other local governments. The high prevalence could be attributed to poor hygienic 
practices in the study environment, presence of house flies and surface run-offs of 
contaminated faeces into streams and animal pens during rainfalls; overcrowded and 
unkept animal pens, and keeping of diseased cattle with healthy ones, increases the 
opportunity of exposure to pathogens. Saeed et al. (2016) recorded a higher prevalence of 
13.00% in a similar study in Jos East; in contrast a low prevalence was recoreded in Jos East, 
Barkin Ladi, Bassa and Toro. This  may be attributed to factors such as single sampling per 
animal, season, regional variation, management practices or low carrier rate in lactating 
cattle in the study area at the period of study (Benson, 2015).  
 
CONCLUSION 
The presence of pathogenic faecal enteriobacteriaceae isolates especially Salmonella and 
Escherichia spp. in lactating cattle pose an important public health concern in Jos-Plateau and 
environs, and the need for urgent intervention by public health authorities to prevent 
outbreak of bacterial zoonosis is advocated especially via visits by Veterinarians for 
continuous treatment and surveillance.  
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