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ABSTRACT

Dog bites are a source of zoonotic infections to humans, such as pasteurellosis and meningitis. Zoonotic bacterial identification and
their antibiotic susceptibility assessment are key towards the successful management of such infections. This study isolated and
identified zoonotic bacterial species from the oral cavities of indigenous dogs and also determined their antibiotic susceptibility
profile. Oral swab samples collected from 54 indigenous dogs (domestic [36] and stray [18]) were cultured on agar media,
and then on selective-differential media. The colony morphology and conventional biochemical tests were used to identify the
bacterial isolates. Antibiotic susceptibility was evaluated using the Kirby-Bauer disk diffusion method. A total of 232 bacterial
isolates were obtained, from which 29 bacteria species (18 Gram-negative and 11 Gram-positive) belonging to 19 genera and
13 families were identified. Aerobic and anaerobic bacteria species constituted 69% and 31%, respectively. The most prevalent
bacteria species was Staphylococcus aureus (10.8%) followed by Escherichia coli (9.5%), while Yersinia enterocolitica (0.4%) was the
least common. Most bacteria species belonged to family Enterobacteriaceae (11) followed by Vibrionaceae (04). All the sampled
dogs had a number of multi-drug-resistant superbugs in their oral cavities. However, all the tested bacterial isolates were only
susceptible to imipenem and chloramphenicol. All the identified bacteria species were resistant to metronidazole, amoxicillin-
clavulanic acid and ceftazidime. Therefore, antibiotics such as imipenem and chloramphenicol could be of better choice for
managing dog bite infections compared to the antibiotics recommended by Uganda Clinical Guidelines, such as metronidazole
and amoxicillin-clavulanic acid.

1 | Introduction et al. 2020). Human interactions with dogs, either casually or

tactically such as in petting and territorial defence, result in dog
Dogs are among the tamed intelligent animals that live with bites, since some dogs tend to retain wild instincts (Owczarczak-
man worldwide. They serve various purposes such as cultural, Garstecka et al. 2019). Dog bites constitute the highest percentage
economic, social, protection, forensic and companionship (Bata of emergency hospital visits as compared to canine bites globally
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(Goldstein et al. 2018; Morzycki, Simpson, and Williams 2019;
Razali et al. 2020). In developing countries of Asia and Africa,
dog bites constitute over 95% of animal bite cases (Kisaka et al.
2021). In Uganda, dog bites are a public health concern, with
an annual prevalence of over 14,865 bites reported between 2015
and 2020 (Akusekera, Namayanja, and Okello 2021). According
to Wangoda et al. (2019), there are more dog bites caused by stray
dogs than domestic dogs in semi-urban areas of which such dogs
are majorly indigenous.

Dog bites are reported as an important source of infections to
humans (Hampson et al. 2015) such as pasteurella, meningitis,
salmonella infections (Ghasemzadeh and Namaz 2015), among
others. The dog bite wounds are commonly infected through
microbial contamination in addition to other complex effects
(Mouro, Vilela, and Niza 2010) such as tetanus and rabies
(Griego et al. 1995). Up to 18% of dog bite wounds are infected
with the dog’s oral flora, and such infections are referred to
as polymicrobial (Razali et al. 2020), since the dog’s oral cavity
contains numerous bacteria and other microbes. Studies have
reported that several bacteria species such as Pasteurella species
(Damborg et al. 2016), Staphylococcus aureus, Escherichia coli
(Meyer et al., 2012; Kaspar et al. 2019) and Clostridium perfringens
(Griego et al. 1995) are common zoonotic pathogens to humans
from dog’s oral flora cavities. This implies that the oral flora cavity
of the biting dog is a source of bacteria species (Talan et al. 1999;
Rothe, Tsokos, and Handrick 2015) that could infect the dog bite
wound. Meyers et al. (2008) stated that there is always need for
veterinary care such as vaccination of dogs, so as to minimize
bacterial pathogen drift to man via dog bites. Unfortunately,
according to Akusekera, Namayanja, and Okello (2021), only 10%
of dogs in Uganda are vaccinated that puts dog bite victims at risk
on acquiring infections due to dog bites.

It has also been reported that animal bites such as dog bites
are significant sources of resistant bacterial pathogenic strains
to humans (Yaovi et al. 2022). This means that the bacteriology
and susceptibility tests on the pathogens from such bites are
paramount to guide clinicians on the choice of antibiotic therapy
(Kisaka et al. 2022) to manage those bites. Therefore, this study
focussed on isolation, identification and antibiotic susceptibility
testing of zoonotic bacteria pathogens from the oral cavities
of indigenous (domestic-chained, domestic-free and stray) dogs.
The results may act as a reference point for antibiotics choice in
the clinical management of dog bite wound infections.

2 | Materials and Methods
2.1 | Study Designs and Study Areas

A cross-sectional study was used to collect information from 27
dog owners between June 2022 and January 2023. Domesticated
dogs were purposively selected using area local council members
who knew the homes with domestic-chained and/or domestic-
free dogs. After dog owners consented to participate in the study,
they were required to give information on the dogs’ demography,
vaccination status, diet, treatment and management of bite
wounds when dog bites occur. The stray dogs were captured
and samples were collected with the help of experienced dog
handlers. In this study, a domestic-chained dog is a dog owned

in a particular homestead, kept on a chain during day time and
released at night time but it is not allowed to move out of the
compound of a homestead. The domestic-free dog is one owned
and kept in a homestead but it is free to move out of the compound
of a homestead. A stray dog is one that roams in and around an
area and its homestead of ownership is not known.

The dogs were sampled from semi-urban areas of the western,
central and eastern regions of Uganda, which were purposively
selected based on the high prevalence of dog bites (Wangoda
et al. 2019). The specific areas selected were as follows: Ishaka-
Bushenyi municipality (0.5468°S, 30.1387°E-0.5424°S, 30.1965°E)
in the western region; Kawempe division in Kampala (0.3802°N,
32.5571°E) in the central region and Mafubira division, Jinja city
(0.4824°N, 33.2132°E) in the eastern region.

2.2 | Sample Size Determination

The sample size was determined using the formula described by
Almeda, Capistrano, and Sarte (2010):

Nz?

= praNe’ W
where n = the sample size, z = the z-score at 90% confidence
level, e = marginal error of 10% and N = the population of
dogs in Uganda. The animal census carried out in 2008 reported
approximately 1.6 million dogs in Uganda (Masiira et al. 2018).
Using Equation (1), the sample size calculated was 68 dogs. There
are four regions in Uganda, and there are three categories of dogs
(domestic-chained, domestic-free and stray) studied. Therefore,
approximately 18 dogs per region comprising 6 dogs per category
were sampled. This means that the dog sample size for the three
regions studied was 54 dogs consisting of 36 domestic and 18 stray
dogs.

2.3 | Swab Sample Collection, Handling and
Bacteria Culturing

The oral cavity samples were collected in triplicates using sterile
swabs by rubbing the tongue, gum, palate, and teeth of each dog.
The samples were transported in an ice box and stored at 4°C
before analysis. The swab samples were cultured for bacterial
growth as described by Nagy, Boyanova, and Justesen (2018)
and Razali et al. (2020) with slight modification. Briefly, the
swab samples were inoculated on chocolate agar and blood agar
supplemented with 5% defibrinated sheep blood. The plates were,
respectively, incubated, anaerobically in a 5% CO, atmospheric
chamber containing HiAnaero Gas Pack in HiMedia Gas PAK and
aerobically at 37°C for 48-72 h.

2.4 | Bacterial Isolation and Identification

Isolation and identification of the bacteria species were carried
out as described by Nagy, Boyanova, and Justesen (2018) with
slight modifications as per Razali et al. (2020). The incubated
culture plates were examined for presumptive identification of
the bacteria based on colony morphologies formed on either

20f10

Veterinary Medicine and Science, 2025

85U80|7 SUOWWIOD @A ea1) (e (dde au Aq peusenob afe sejonre VO ‘@sn Jo sajnJ Joj AkeiqiauljuO 8|1 UO (SUOTIPUD-pUe-SWLRIAL0D A8 1M AeIq 1 U1 UO//:SANY) SUORIPUOD pUe S 1 8ys 89S *[9202/0/22] Uo Ariqiaulluo A8|iM ‘(-ul eAnge ) aqnopesy Ad 69TOL ESWA/ZOOT OT/I0P/L0D A8 |im Aeiq Ul |uo//:Sdny woly pepeojumod ‘T ‘SZ0Z ‘S60TES0Z



chocolate and/or blood agar before purification on differential
media. The presumptive colonies were sub-cultured on blood
agar, MacConkey agar, mannitol salt agar, nutrient agar, thiosul-
fate citrate bile salts, xylose lysine deoxycholate agar and eosine
methylene blue agar, and then they were incubated under the
respective aeration conditions at 37°C for 48-72 h. Thereafter,
phenotypic identification of the bacteria species was done based
on the morphology of the colonies, type of haemolysis and
nature of lactose fermentation. This was followed by performing
Gram staining microscopy and conventional biochemical tests of
catalase, oxidase, coagulase, indole, methyl red-Voges-Proskauer
(MR-VP), urease, citrate, hydrogen sulphide producing, nitrate
reduction, lactose fermentation and lysine decarboxylation. The
absence of bacteria growth in specific media was also considered
to draw the inference. The most common bacterial species
identified from all the study regions were selected for antibiotic
susceptibility tests.

2.5 | Antibiotic Susceptibility Tests by
Kirby-Bauer Disk Diffusion Method

Thirteen commonly prescribed antibiotics for animal bites
according to Uganda Clinical Guidelines (UCG) (2016),
azithromycin (AZM, 15 pg), chloramphenicol (C, 30 png),
kanamycin (K, 30 pg), cefotaxime (CTX, 30 pg), ceftriaxone
(CTR, 30 pg), imipenem (IMP, 10 pg), amoxicillin-clavulanic acid
(AMC, 20 pg), ceftazidime (CAZ, 30 ug), tetracycline (TE, 30 ug),
sulphamethoxazole-trimethoprim (SXT, 23 pg), ciprofloxacin
(CIP, 5 pg), gentamycin (GEN, 10 ug) and metronidazole (MTZ,
10 pg), were used for antibacterial susceptibility testing following
the Clinical Laboratory Standard Institute (CLSI) guidelines
(CLSI 2018). Two discrete purified colonies were emulsified in
2 mL of 0.85% w/v normal saline to obtain a bacterial suspension
with turbidity equivalent to 0.5 McFarland standards (Messele
et al. 2017). The bacterial suspension was spread uniformly on
the surface of Mueller-Hinton agar (HIMEDIA, India) using a
sterile swab while rotating the plate at approximately 60° thrice.
The inoculated plates were left to dry at room temperature for
approximately 15 min. Unlike other test bacteria, Pasteurella
multocida isolates were inoculated on Muller-Hinton agar
supplemented with 5% defibrinated sheep blood. Subsequently,
selected antibiotic discs (Oxoid, UK) were added to the surface
of the inoculated agar plates using sterile forceps. The plates
were later incubated aerobically or anaerobically based on the
aeration conditions needed by the inoculated bacteria (CLSI
2018). After incubation, the growth inhibition zone diameters
were measured using a ruler in millimetres, and thereafter
interpreted as susceptible, intermediate or resistant (CLSI 2020).
All tests were performed in triplicates.

Media performance tests were performed on freshly prepared
media. Briefly, the prepared sterile agar plates were inoculated
with standard American Type Culture Collection (ATCC) bacteria
strains of Escherichia coli ATCC 25922 and Staphylococcus aureus
ATCC 25923 for quality control of all media used. Also, the
subculture of Pseudomonas aeruginosa ATCC 27853 on Simmon’s
citrate slants was incubated in a chamber that contained an
anaerobic GasPAK as a control (Nagy, Boyanova, and Justesen
2018).

2.6 | Data Analysis

Descriptive data were presented as frequencies and percentages.
Numerical data were tabulated using MS-Excel for Windows (MS
Corporation, USA). The zones of inhibition were used to assess
antibiotic susceptibility patterns.

3 | Results
3.1 | Demographic Characteristics of Indigenous
Dogs Studied

The demographic characteristics of 54 indigenous domestic and
stray dogs from semi-urban areas in Uganda, composed of 61.1%
males and 38.9% females, are presented in Table 1. The average age
range of most domestic dogs was between 1 and 2 years (41.7%).

The study revealed that the common purpose of owning and
domesticating dogs was for security (83.3%). Thus, male dogs
were preferred to female dogs. Most domestic dogs were fed on
the same food as that prepared for consumption in the homes
of dog owners (69.4%), followed by restaurant leftovers (16.7%),
while 13.9% feed on their own, especially the domestic-free dogs.
A big proportion (44.4%) of domestic dogs were treated annually,
while 16.7% received no treatment. To maintain hygiene, some
shelters were cleaned regularly by sweeping (30.5%), disinfected
(11.1%) and some dogs were washed (8.3%). It was observed that
50% of domestic dogs were vaccinated once a year, while the
rest were either not vaccinated at all (30.6%) or were vaccinated
massively during government programmes (19.4). Very few dog
owners were aware of dog bite management and could attend to
a victim by either rushing him/her to the nearby clinic (18.5%)
or applying medicinal plants from herbalists (14.8%). Dog owners
(66.7%) had no idea about dog bite management. The profile of
stray dogs was not fully described in Table 1 because of their
unknown living status. The 18 stray dogs included in the study
were generally obtained around garbage collection sites and open
playgrounds.

3.2 | Bacteria Species Isolated From the Oral
Cavities of the Dogs

A total of 232 cultivable bacterial isolates were obtained from
all the oral swabs cultured. On identification, 29 bacteria species
belonging to 19 genera and 13 families were obtained (Table 2).

Bacteria species from the family Enterobacteriaceae dominated,
followed by those from the Vibrionaceae family (Figure 1).

The study also showed that 69% (20/29) of the bacteria isolated
were aerobic, while 31% (9/29) were anaerobic. Among the
aerobic bacteria, 65.0% were Gram-negative and 35.0% were
Gram-positive (Table 2). The more prevalent aerobic bacteria
species were S. aureus (10.8%), followed by E. coli (9.5%), while
the least prevalent was Y. enterocolitica (0.4%) of the total
isolates.

Gram-negative (55.6%) anaerobic bacteria species were the
most common as compared to Gram-positive (44.4%) anaerobic
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TABLE 1 | Demographic profile of domestic and stray indigenous dogs and dog bite management by dog owners from semi-urban area in Uganda.

Feature Description Frequency Percentage
Sex Male 33 61.1
Female 21 38.9
Age Domestic <lyear 07 19.4
1-2 years 15 41.7
2-5years 11 30.6
> 5years 03 8.3
Stray NA NA NA
Purpose Domestic Security 30 83.3
Pet (company) 04 1.1
Business 02 5.5
Stray NA NA NA
Shelter Domestic Kernel 03 83
Chained in sheds 15 41.7
Free 18 50.0
Stray NA NA NA
Feeding Domestic Any food prepared in owner’s home 25 69.4
Leftovers got outside owner’s home 06 16.7
Left to feed on their own 05 13.9
Stray NA NA NA
Hygiene Domestic Dogs bathed regularly 03 8.3
Regular disinfecting on the dog shelter 04 1.1
Regular sweeping in the dog shelter 1 30.6
No hygiene measure taken 18 50.0
Stray NA NA NA
Frequency of Domestic Treated when young only 06 16.7
treatment Treated annually 16 44.4
Treated when sick only 06 16.7
Rarely treated 02 5.5
Not treated at all 06 16.7
Stray NA NA NA
Frequency of Domestic Vaccinated annually 18 50.0
vaccination Vaccinated during massive programmes 07 19.4
Not vaccinated at all 1 30.6
Stray NA NA NA
Dog bite management by dog Clean wound with water and takes the victim to 05 18.5
owners the nearby clinic
Apply medicinal plants 04 14.8
No idea at all 18 66.7

Note: For domestic dogs (n = 36, 66.7%), for stray dogs (n = 18, 33.3%), total number of dogs studied was 54, total number of dog owners interviewed (n = 27).
Abbreviation: NA = not applicable.

bacteria species. Clostridium species (03) were more prevalent, 3.3 | Bacterial Susceptibility to Conventional
followed by Fusobacterium species (02), while Veillonella species ~ Antibiotics
(01) were the least prevalent anaerobic bacteria (Table 2). Out of

the 19 genera identified, Vibrio (13.8%) was the prevalent genus, Thirteen common bacteria species identified from the oral cav-
followed by Clostridium genus (10.3%) (Table 2). ities of domestic and stray indigenous dogs were subjected to
4 0f 10 Veterinary Medicine and Science, 2025
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TABLE 2 | Bacteria species isolated from the oral cavities of domestic and stray indigenous dogs from semi-urban areas in Uganda.

Bacteria No. of Isolates No. of Isolates
type Bacteria species isolates (%) Bacteria species isolates (%)
Aerobic Gram-negative (13, 65%) Gram-positive (07, 35%)
bacteria Citrobacter freundilVE¢ 1 4.7 Bacillus subtilis 03 1.3
Citrobacter koseri 03 1.3 Enterococcus faecalis"E¢ 13 5.6
Escherichia coli"E¢ 22 9.5 Corynebacterium 06 2.6
diphtheriae
Klebsiella oxytoca 04 1.7 Nocardia asteroids 03 1.3
Klebsiella 09 3.9 Staphylococcus 25 10.8
prneumoniae™E¢ aureus"EC
Pasteurella 15 6.5 Streptococcus canis 03 1.3
multocida™F¢
Proteus mirabilis"E¢ 16 6.9 Streptococcus 10 4.3
mutans"EC
Proteus vulgaris 05 2.2
Vibrio alginolyticus 02 0.9
Vibrio cholerae"E¢ 12 5.2
Vibrio 12 5.2
parahemolyticus"EC
Vibrio vulnificus 04 1.7
Yersinia enterocolitica 01 0.4
Anaerobic Gram-negative (05, 55.6%) Gram-positive (04, 44.4%)
bacteria Bacteroides fragilis"E¢ 1 4.7 Clostridium difficile 03 1.3
Fusobacterium 03 1.3 Clostridium 08 3.5
necrophorum perfringens"E¢
Fusobacterium 03 1.3 Clostridium septicum 02 0.9
nucleatum
Prevotella nigrescens 09 3.9 Peptostreptococcus 09 3.9
asacaharolyticus"E®
Veillonella parvula 05 2.2

Note: WEC = Bacterium isolated from oral dog swabs from western, eastern, and central regions. Total number of bacterial isolates (n = 232), aerobic bacteria

species (n = 20, 68.9%) and anaerobic bacteria species (n =9, 31.1%).

antibiotic susceptibility tests against 13 antibiotics commonly
prescribed for the treatment of animal bites. The antibiotic
susceptibility results revealed that none of the selected bac-
terial isolates was susceptible to all the 13 antibiotics used
(Table 3).

The order of descending susceptibility to antibiotics was: B.
fragilis = P. mirabilis > P. multocida = E. coli > S. aureus > V.
parahemolyticus > S. mutans > C. perfringens > V. cholera =
E. faecalis = K. pneumoniae = C. freundil > P. asacaharolyticus
(Figure 2). However, all the selected bacterial isolates were
100% susceptible to chloramphenicol and imipenem, followed by
azithromycin and tetracycline (76.9%), then kanamycin (61.5%)
and trimethoprim (53.8%).

Similarly, all the selected bacterial isolates were 100% resis-
tant to metronidazole, amoxicillin and ceftazidime, followed by
ceftriaxone, cefotaxime and ciprofloxacin (69.2%) (Figure 3).

4 | Discussion

The findings revealed that the most dogs studied were males than
females that are domesticated majorly for security, which concur
with the findings of Awoyomi and Ojo (2014). The dogs are mostly
fed any food as that prepared in dog owners’ home, and their
hygienic conditions are bad, although they are at least treated
or vaccinated annually. According to Oh et al. (2015), the nature
of food consumed, age and hygienic conditions are relevant to
the health of dogs. For example, the periodontal health of dogs
and the oral microbiome depends on the diet (Isaiah, Hoffmann,
and Kelley 2017; Kardjadj and Ben-Mahdi 2019). Meyers et al.
(2008) reported that the veterinary care of dogs is instrumental
to sustaining their good health. Poor health interventions put
dogs at risk of being invaded by pathogens that affect their
immune system. Therefore, diet, living conditions and limited
veterinary care have put the majority of the dogs in the study
areas at health risk of being invaded by microbes in their oral
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Enterobacteriaceae
Vibrionaceae
Bacteroidaceae
Fusobacteriaceae
Peptostreptococcaceae
Streptococcaceae
Brucellaceae

Corynebacteriaceae

Family name

Nocardiaceae
Peptoniphilaceae
Staphylococcaceae
Veilonellaceae

Bacillaceae

4 6 8 10 12

Number of bacteria species

FIGURE 1 | Families of the bacteria species isolated from the oral cavities of domestic and stray dogs from semi-urban areas in Uganda.

TABLE 3 | Antibiotic susceptibility profile of the selected common bacteria species isolated from oral cavities of domestic and stray dogs from

semi-urban areas in Uganda by disk diffusion method.

Antibiotics used and mean zones of inhibition (mm), n =3

Commonly identified

bacteria species AZM C K CTX CTR IPM AMC CAZ TE STX CIP GEN MTZ
B. fragilis 12 30* 19* 27* 30* 32* 0 0 16* 20* 33* 14* 0
P. mirabilis 20* 26*  20* 24* 27* 29* 0 0 0 24* 30* 15* 0
S. aureus 25* 30%  22* 12 19 44* 0 0 30* 20* 25%* 16* 0
E. coli 20%* 30 20* 26* 25% 30* 0 0 25% 22% 23 12 0
V. parahemolyticus 25* 18*  25* 0 10 45* 0 0 24* 35* 34* 12 0
P. multocida 22%* 23*  20* 25* 29* 32* 0 0 25* 0 0 14* 0
S. mutans 25* 33* 25* 0 0 29* 0 0 30* 30* 0 0 0
V. cholera 20%* 25* 12 0 20 31* 7 7 8 20* 23 12 0
E. faecalis 20* 21* 13 10 13 27* 0 0 24* 0 20 9 0
C. perfringens 16* 4q* 17 12 15 34* 0 0 25* 0 1 18* 0
K. pneumoniea 20* 25%  20* 0 0 32* 0 0 0 0 20 12 0
P. asacaharolyticus 14 30* 15 10 13 30* 0 0 25* 0 13 0 0
C. freundil 13 20* 16 8 14 30* 0 0 15* 0 0 17* 0

Note: * indicates susceptible; other values of zones of inhibition in the table show resistance.
Abbreviations: AMC = amoxicillin-clavulanic acid, AZM = azithromycin, C = chloramphenicol, CAZ = ceftazidime, CIP = ciprofloxacin, CTR = ceftriaxone, CTX
= cefotaxime, GEN = gentamycin, IMP = imipenem, K = kanamycin, MTZ = metronidazole, SXT = sulphamethoxazole-trimethoprim, TE = tetracycline.

cavities. The stray dogs are also non-hygienic because their living
environment and diet are uncontrollable since such dogs reside
generally around garbage collection sites and open places like
playgrounds. Consequently, in case any dog bite occurs, the oral
microbiome could be shed into the bite wound(s) of the victim,
and the health of people interacting with such dogs is at risk
(Meyer et al. 2012; Yaovi et al. 2022).

Most of the dog owners in the study areas had limited ideas on
how to manage dog bites. The findings concur with Kisaka et al.

(2022) who reported that fewer individuals have knowledge on
managing dog bites and that some victims apply local materials
such as herbs before and or after clinical interventions (Kisaka
etal. 2021). This calls for community sensitization by stakeholders
to minimize the consequences of dog bites (Mouro, Vilela, and
Niza 2010) on the health of the people.

From the findings, each dog had at least one bacterium isolated
from its oral cavity. The findings concur with Sturgeon et al.
(2013) and Flancman, Singh, and Weese (2018) who reported
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Bacteriodes fragilis
Proteus mirabilis
Pasteurella multocida
Escherichia coli
Staphylococcus aureus
Vibrio parahemolyticus
Streptococcus mutans

Clostridium perfringens

Bacterial species

Vibrio cholera
Enterococcus faecalis
Klebsiella pneumoniea
Citrobacter freundil

P. asacaharolyticus

BSusceptibility (%)  @Resistance (%)

Percentage susceptibility to antibiotics

FIGURE 2 | Antibiotic susceptibility pattern of selected bacteria species isolated from the oral cavities of domestic and stray dogs from semi-urban

areas in Uganda.

Imipenem 00 (
Chloramphenicol 00 i
Azithromycin e | e ey . 1) e

Tetracycline 6:9 23:1
Kanamycin iy ) O, e R 1. . S
.g Sulphamethoxazole-trimethoprim [ K. B e S . o JSSUSN U]
2 Gentamycin R |y e ¢ 1 FES U e]
Z Ciprofloxacin
Cefotaxime
Ceftriaxone

Ceftazidime | 00
Amoxicillin-clavulanic acid | 1 e
Metronidazole | (11 B
BSusceptibility (%)  WResistance (%) Percentage susceptibility and resistance
FIGURE 3 | Susceptibility and resistance pattern of selected antibiotics tested against selected bacteria species isolated from the oral cavities of

domestic and stray dogs from semi-urban areas in Uganda.

various zoonotic bacteria in the oral cavities of dogs studied. The
high prevalence of bacterial isolates of the family Enterobacteri-
aceae is attributed to their natural presence in the oral cavities,
oesophagus (Drzewiecka 2016), and gastrointestinal tracts of
animals (Katica et al. 2019). As a result, Enterobacteriaceae spp
like P. mirabilis and E. coli could easily be shed into dog bite
wounds and cause health challenges such as wound infections
and abscesses, meningitis, septicaemia, urinary tract infection,
and fatal endotoxemia. The current findings validate prior studies
that have reported wound infections from dog bites due to the
presence of Enterobacteriaceae bacteria species (Bula-Rudas and
Olcott 2018; Katica et al. 2019). Enterobacteriaceae spp are multi-
drug-resistant and could result in nosocomial infections (Kaspar
et al. 2019). For other bacteria spp of other bacterial families
identified, several studies have also reported members of bacterial
isolates from oral cavities of dogs belonging to most of these

families (Yaovi et al. 2022; Talan et al. 1999), which concur with
the findings of the present study.

Bacteria species in the genera Vibrio, Clostridium, Peptostrococ-
cus, Veillonella, Yersinia and Nocardia were reported for the first
time from the oral cavities of indigenous dog breeds in Uganda.
The bacteria species of genus Vibrio were more common in the
present findings, which contradicts with other past studies of the
same kind except Meyers et al. (2008) who isolated Vibrionaceae
bacterial isolates in non-infected (02) and infected (02) dog
bite wounds in South Africa. The presence of Vibrio species
could be due to the poor hygienic conditions that most of the
domestic (50%) and stray (100%) dogs live in and also their poor
diet (Table 1). Razali et al. (2020) reported that factors such as
poor hygiene and diet lead to contamination of the dog’s oral
cavities. The Vibrio species identified were associated to both
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domestic-free and stray dogs which share living conditions, and
the diet of these dogs could even extend to faecal materials
which are associated with Vibrio species. Tarasiuk and Wainer
(2023) reported that East African countries have Vibrio species-
related diseases, thus, the existence of the causative pathogens is
expected in the environment. Tarasiuk and Wainer (2023) further
reported that human companion animals and domestic dogs are
exposed to Vibrio species, while Zheng et al. (2023) reported that
Vibrio species are the most common pathogens in the microbiome
of diseased dogs.

The bacteria species of other genera identified in this study were
reported from different dog breeds in African countries such as
South Africa (Ruiz et al. 2018), Nigeria (Bata et al. 2020), Algeria
(Razali et al. 2020) and in the United States (Griego et al. 1995).
The dissimilarity in the bacteria species identified could be caused
by variations in the geographical location (Isaiah, Hoffmann, and
Kelley 2017), periodontal health, diet, sampling season and area
in the oral cavity swabbed (Kardjadj and Ben-Mahdi 2019). It is
also worthwhile to report that other than the bacteria species in
the genera reported for the first time in the present study, Kisaka
et al. (2020) isolated similar bacteria species from infected dog
bite wounds in Uganda. These coherent findings support prior
research pronouncements that the oral microbiome of the biting
animal is released into the bite wounds (Razali et al. 2020), hence
responsible for the polymicrobial infections.

The high percentages of Gram-negative bacteria species are in
support with the findings of Lau et al. (2016) who reported
that such bacteria cause dog bite wound infection because these
superbugs are commonly involved in animal bite infections.
Gram-negative bacteria species are pathogenic; they cause sep-
ticaemia and bacteraemia that produce endotoxins, which, on
being released into soft body tissue and blood, result in severe
shock and fatality (Babalola and Balogun 2013). Oral cavity swab
samples of variable breeds of dogs in Nigeria gave Gram-negative
bacteria species of E. coli (43.2%) followed by Klebsiella spp,
Bacillus spp (8.9%) and the least was S. aureus (x~6.0%) (Bata
et al. 2020). From Algerian stray dogs, P. mirabilis (16.7%) was
more prevalent, followed by P. pneumotropica (9.8%) and then
Enterobacter spp (0.6%) (Razali et al. 2020), while from canine
pulps in South Africa, P. multocida (10.2%) was more common
followed by Moraxella spp (8.2%) and least were Enterobacter
and Proteus spp (2.0%) (Ruiz et al. 2018). The contrast in the
results with the present study could be possibly due to differences
in geographical location (Isaiah, Hoffmann, and Kelley 2017)
and the buccal part swabbed (Kardjadj and Ben-Mahdi 2019).
However, the present findings agree with Kisaka et al. (2022), who
reported that S. aureus (30.4%) isolated from infected dog bite
wounds are most prevalent in Uganda, followed by other similar
bacteria species as of those reported in the current study. A total
of 93% of the anaerobic and aerobic bacteria species identified
in the current study were reported by Talan et al. (1999) who
studied infected dog bite wounds in the United States. Therefore,
the findings of the present study could also suggest that there is a
drift of bacteria species from the oral cavities of dogs into wounds
when biting takes place. This is because reports say that dog bite
wounds are usually contaminated with the oral microbiome of the
biting dog, and can easily cause infections and other complicated
effects (Mouro, Vilela, and Niza 2010; Meyer et al., 2012; Yaovi
et al. 2022).

Among the identified bacteria species, 13 common bacteria
species were selected for antibiotic susceptibility assessment.
Determination of the susceptibility of the bacteria from the oral
cavities of dogs acts as a reference point for appropriate antibiotic
choice in the management of dog bite wound infections. This
is due to the fact that the oral microbiome of the biting animal
reflects the polymicrobial isolates in the wounds (Razali et al.
2020). Similarly, UCG (2016) recommended that the antibiotic
choice for the management of dog bite wounds should have a
background of the cultures from the wound and their sensitivity
tests. Kisaka et al. (2022) reported that such clinical tests were not
routinely practised, putting victims of dog bites at significant risk
of the effects of bacterial infections.

All the selected identified bacteria species subjected to antibiotic
susceptibility tests were 100% resistant to metronidazole, amox-
icillin and ceftazidime. This is because the zones of inhibition
measured (Table 3) were in the resistance range for the respective
antibiotics used (CLSI 2020). The selected bacterial isolates tested
showed resistance to a minimum of four antibiotics; this shows
that multi-drug resistance is in play. These findings agree with
Awoyomi and Ojo (2014), who tested bacterial isolates from the
oral cavities of apparently normal indigenous hunting dogs in
Nigeria and reported that each isolate was resistant to at least two
antibiotics. On the contrary, all the selected identified bacteria
species for susceptibility were 100% susceptible to imipenem
and chloramphenicol. This is because the zones of inhibition
measured (Table 3) were in the susceptible range for these
antibiotics according to CLSI (2020). These findings agree with
those of Kisaka et al. (2022) who reported that the bacterial
isolates from dog bites were totally sensitive to imipenem and
chloramphenicol.

Therefore, from the findings in the current study, antibiotics
such as imipenem and chloramphenicol are suggested as the
best choices followed by azithromycin and tetracycline for the
management of dog bites. However, the suggestion made here
contrasts the recommended list of antibiotics for prophylaxis and
treatment of dog bite wounds in Uganda (UCG 2016) and the
United States (Ellis and Ellis 2014), because other than tetracy-
clines, the isolates were resistant to the rest of the antibiotics on
the list, especially metronidazole and amoxicillin (Figure 3). In
a similar study, Kisaka et al. (2022) reported that the bacterial
isolates from dog bite wounds were 100% resistant to metron-
idazole in Uganda. These coherent findings could be a vivid call
for UCG to revisit the grounds under which metronidazole is
recommended for prophylaxis and treatment of dog bite wounds.
This is because the drug could be a dupe of drug resistance and
its continued use might put the life of dog bite victims at risk.
Similarly, although amoxicillin is one of the first-line choices for
prophylaxis and treatment of dog bite wounds (Ellis and Ellis
2014; Al Omran et al. 2020), the isolates used in the current study
that could be potential causes of dog bite infections were also
100% resistant to this antibiotic and so is for ceftazidime. The
isolates were also 69.2% resistant to ciprofloxacin, cefotaxime and
ceftriaxone. The antibiotic resistance displayed by the selected
isolates gives a probable risk of resistant bacterial strain drift from
dogs to humans due to the casual and tactical associations (Pomba
et al. 2017; Owczarczak-Garstecka et al. 2019). Nevertheless, most
of the antibiotics tested in this study have shown a greater
possibility of therapeutic triumph that they can be of importance

8 0f 10

Veterinary Medicine and Science, 2025

85U80|7 SUOWWIOD @A ea1) (e (dde au Aq peusenob afe sejonre VO ‘@sn Jo sajnJ Joj AkeiqiauljuO 8|1 UO (SUOTIPUD-pUe-SWLRIAL0D A8 1M AeIq 1 U1 UO//:SANY) SUORIPUOD pUe S 1 8ys 89S *[9202/0/22] Uo Ariqiaulluo A8|iM ‘(-ul eAnge ) aqnopesy Ad 69TOL ESWA/ZOOT OT/I0P/L0D A8 |im Aeiq Ul |uo//:Sdny woly pepeojumod ‘T ‘SZ0Z ‘S60TES0Z



in the management of dog bite wound infections related to the
bacteria species isolated from the oral cavities of indigenous dogs
from the regions studied.

5 | Conclusion

As one of the first baseline studies of its kind in Uganda, multi-
drug-resistant bacteria species from the oral cavities of indige-
nous dogs have been isolated and identified using conventional
methods. Gram-negative aerobic bacteria species were prevalent,
and this suggests that polymicrobial wound infection may occur
when an individual is bitten by the indigenous dogs in Uganda.
The oral cavities of the indigenous dog were colonized by several
potential zoonotic bacteria species; hence, tactical or casual
interaction could be a potential path for superbug drift from dogs
to humans. However, based on the multi-antibiotic resistance
pattern observed, the use of antibiotics such as imipenem and
chloramphenicol that had shown 100% antibiotics susceptibility
could be a milestone in the management of dog bite wounds
to counteract the subsequent infections. Nevertheless, the list
of antibiotics recommended by UCG for dog bite management
should be revisited.

Author Contributions

Paul Mukasa: conceptualization, writing-original draft, methodology,
writing-review and editing, data curation, formal analysis. Patrick
Engeu Ogwang: supervision, validation. Richard Oriko Owor:
writing-review and editing, supervision, validation. Julius Bunny
Lejju: supervision. Hannington Gumisiriza: conceptualization,
writing-review and editing. Ibrahim Ntulume: writing-review and
editing, methodology. Christopher Adaku: writing-review and editing,
supervision, validation.

Acknowledgements

We acknowledge all the dog owners and the experienced dog handlers
for their willingness to share the information and help to swab the dogs
during this study. Great thanks go to the local council members for their
guiding information and sacrifices that helped us identify the dog owners.
Great appreciations also go to FoS, MUST for the possible financial
support that was extended to us for this study.

Ethics Statement

Ethical approvals were obtained from the Mbarara University of Sci-
ence and Technology Research Ethics Committee (MUST-2021-76), and
the Uganda National Council for Science and Technology (UNCST,
NS290ES).

Consent

The Local Council authorities of each study area were consulted before
enrolling dog owners/“dog men,” who in turn consented before dog swabs
were taken.

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

The data generated and analysed during this study were included in this
manuscript.

Peer Review

The peer review history for this article is available at https://publons.com/
publon/10.1002/vms3.70169.

References

Akusekera, I., J. Namayanja, and P. E. Okello. 2021. “Dying Rabid:
Adopting Compulsory Mass Dog Vaccination to Reduce Human Deaths
From Dog Rabies in Uganda: Policy Brief.” Quarterly Epidemiological
Bulletin 6, no. 4: 2.

Almeda, J., T. Capistrano, and G. Sarte. 2010. Elementary Statistics.
Quezon City, the Philippines: University of Philippines Press.

Al Omran, Y., E. Evans, C. Jordan, D. Yang, and S. Hugq. 2020. “Appropriate
Antibiotics in Dog Bite Injuries: An Audit Study.” IJS Short Reports 5, no.
2: e09. https://doi.org/10.1097/SR9.0000000000000009.

Awoyomi, O.J., and O. E. Ojo. 2014. “Antimicrobial Resistance in Aerobic
Bacteria Isolated From Oral Cavities of Hunting Dogs in Rural Areas of
Ogun State, Nigeria.” Sokoto Journal of Veterinary Sciences 12, no. 3: 47-52.
https://doi.org/10.4314/s0kjvs.v12i3.9.

Babalola, M. O., and J. A. Balogun. 2013. “The Ecology and Potential
Health Risk of the Oral Microflora of Python regius and Cleliascyntalina.”
International Journal of Microbiology Research 5, no. 1: 349-356. https://
doi.org/10.9735/0975-5276.5.1.349-356.

Bata, S. I., O. A. Andua, A. Maimadu, J. A. Sabo, O. Mayowa, and I. A.
Waziri. 2020. “Oral Cavities Multidrug Resistant Bacteria Colonization
in Apparently Healthy Dogs in Jos, Plateau state, Nigeria.” Science World
Journal 15, no. 1: 15-20.

Bula-Rudas, F. J., and J. L. Olcott. 2018. “Human and Animal Bites.”
Pediatrics in Review 39, no. 10: 490-500. https://doi.org/10.1542/pir.2017-
0212.

Clinical Laboratory Standard Institute (CLSI). 2018. Performance Stan-
dards for Antimicrobial Disk Susceptibility Tests for Bacteria Isolated From
Animals, 5th ed. Wayne, PA: Clinical and Laboratory Standards Institute.

Clinical Laboratory Standard Institute (CLSI). 2020. Performance Stan-
dards for Antimicrobial Susceptibility Testing, 30th ed. Wayne, PA: Clinical
and Laboratory Standards Institute.

Damborg, P., E. M. Broens, B. B. Chomel, et al. 2016. “Bacterial Zoonoses
Transmitted by Household Pets: State-of-the-Art and Future Perspectives
for Targeted Research and Policy Actions.” Journal of Comparative
Pathology 155, no. 1: S27-S40. https://doi.org/10.1016/j.vetmic.2009.12.042.

Drzewiecka, D. 2016. “Significance and Roles of Proteus Spp. Bacteria in
Natural Environments.” Microbial Ecology 72, no. 4: 741-758. https://doi.
0rg/10.1007/500248-015-0720-6.

Ellis, R., and C. Ellis. 2014. “Dog and Cat Bites.” American Family
Physician 90, no. 4: 239-243.

Flancman, R., A. Singh, and J. S. Weese. 2018. “Evaluation of the Impact
of Dental Prophylaxis on the Oral Microbiota of Dogs.” PLoS ONE 13, no.
6: €0199676. https://doi.org/10.1371/journal.pone.0199676.

Ghasemzadeh, 1., and S. H. Namaz. 2015. “Review of Bacterial and Viral
Zoonotic Infections Transmitted by Dogs.” Journal of Medicine and Life 8,
no. 4: 1-5.

Goldstein, E. J. C., D. M. Citron, K. L. Tyrrell, E. Leoncio, and C.
V. Merriam. 2018. “Comparative In Vitro Activity of Omadacycline
Against Dog and Cat Bite Wound Isolates.” Antimicrobial Agents and
Chemotherapy 62, no. 4: €02551-17. https://doi.org/10.1128/AAC.02551-17.

Griego, R. D., T. Rosen, I. F. Orengo, and J. E. Wolf. 1995. “Dog, Cat,
and Human Bites: A Review.” Journal of the American Academy of
Dermatology 33, no. 6: 1019-1029. https://doi.org/10.1016/0190-9622(95)
90296-1.

Hampson, K., L. Coudeville, T. Lembo, et al. 2015. “Estimating the Global
Burden of Endemic Canine Rabies.” PLoS Neglected Tropical Diseases 9,
no. 4: e0003709. https://doi.org/10.1371/journal.pntd.0003709.

9 of 10

85U80|7 SUOWWIOD @A ea1) (e (dde au Aq peusenob afe sejonre VO ‘@sn Jo sajnJ Joj AkeiqiauljuO 8|1 UO (SUOTIPUD-pUe-SWLRIAL0D A8 1M AeIq 1 U1 UO//:SANY) SUORIPUOD pUe S 1 8ys 89S *[9202/0/22] Uo Ariqiaulluo A8|iM ‘(-ul eAnge ) aqnopesy Ad 69TOL ESWA/ZOOT OT/I0P/L0D A8 |im Aeiq Ul |uo//:Sdny woly pepeojumod ‘T ‘SZ0Z ‘S60TES0Z


https://publons.com/publon/10.1002/vms3.70169
https://doi.org/10.1097/SR9.0000000000000009
https://doi.org/10.4314/sokjvs.v12i3.9
https://doi.org/10.9735/0975-5276.5.1.349-356
https://doi.org/10.1542/pir.2017-0212
https://doi.org/10.1016/j.vetmic.2009.12.042
https://doi.org/10.1007/s00248-015-0720-6
https://doi.org/10.1371/journal.pone.0199676
https://doi.org/10.1128/AAC.02551-17
https://doi.org/10.1016/0190-9622(95)90296-1
https://doi.org/10.1371/journal.pntd.0003709

Isaiah, A., A. R. Hoffmann, and R. Kelley. 2017. “Characterization of
the Nasal and Oral Microbiota of Detection Dogs.” PLoS ONE 12, no. 9:
€0184899. https://doi.org/10.1371/journal.pone.0184899.

Kardjadj, M., and M. H. Ben-Mahdi. 2019. “Epidemiology of Dog-
Mediated Zoonotic Diseases in Algeria: One Health Control Approach.”
New Microbes and New Infections 28: 17-20. https://doi.org/10.1016/j.
nmni.2019.01.001.

Kaspar, U., A. von Liitzau, A. Schlattmann, U. Roesler, R. Kock, and
K. Becker. 2019. “Zoonotic Multidrug-Resistant Microorganisms Among
Small Companion Animals in Germany.” PLoS ONE 13, no. 12: €0208364.
https://doi.org/10.1016/j.onehlt.2019.100091.

Katica, M., Z. Obradovic, N. H. Ahmed, and E. DervisSevic. 2019. “Dog Bites
and Their Treatment in Federation of Bosina and Herzegovina.” Cyprus
Journal of Medical Sciences 4, no. 2: 136-140. https://doi.org/10.5152/cjms.
2019.868.

Kisaka, S., F. E. Makumbi, S. Majalija, A. Bangirana, and S. M Thumbi.
2020. “Epidemiology and Preclinical Management of Dog Bites Among
Humans in Wakiso and Kampala Districts, Uganda: Implications for
Prevention of Dog Bites and Rabies.” PLoS ONE 15, no. 9: €0239090.
https://doi.org/10.1371/journal.pone.0239090.

Kisaka, S., F. E. Makumbi, S. Majalija, A. Kagaha, and S. M. Thumbi. 2021.
“‘As Long as the Patient Tells You It Was a Dog That Bit Him, Why Do You
Need to Know More?” A Qualitative Study of How Healthcare Workers
Apply Clinical Guidelines to Treat Dog Bite Injuries in Selected Hospitals
in Uganda.” PLoS ONE 16, no. 7: €0254650. https://doi.org/10.1371/journal.
pone.0254650.

Kisaka, S., F. E. Makumbi, S. Majalija, M. Muwanga, and S. M Thumbi.
2022. “The Potential for the Double Risk of Rabies and Antimicrobial
Resistance in a High Rabies Endemic Setting: Detection of Antibiotic
Resistance in Bacterial Isolates From Infected Dog Bite Wounds in
Uganda.” Antimicrobial Resistance & Infection Control 11: 142. https://doi.
0rg/10.1186/s13756-022-01181-0.

Lau, J.,, T. M. Korman, A. Yeung, R. Streitberg, M. J. Francis, and M.
Graham. 2016. “Bacteroides pyogenes Causing Serious Human Wound
Infection From Animal Bites.” Anaerobe 42: 172-175. https://doi.org/10.
1016/j.anaerobe.2016.10.008.

Masiira, B., I. Makumbi, J. K. B. Matovu, et al. 2018. “Long Term Trends
and Spatial Distribution of Animal Bite Injuries and Deaths Due to
Human Rabies Infection in Uganda, 2001-2015.” PLoS ONE 13: 1-16.
https://doi.org/10.1371/journal.pone.0198568.

Messele, Y. E., R. D. Abdi, S. T. Yalew, and D. T. Tegegne. 2017. “Molecular
Determination of Antimicrobial Resistance in Escherichia coli Isolated
From Raw Meat in Addis Ababa.” Annals of Clinical Microbiology and
Antimicrobials 16, no. 55: 1-9. https://doi.org/10.1186/s12941-017-0233-x.

Meyers, B., J. P. Schoeman, A. Goddard, and J. Picard. 2008. “The Bac-
teriology and Antimicrobial Susceptibility of Infected and Non-Infected
Dog Bite Wounds: Fifty Cases.” Veterinary Microbiology 127: 360-368.
https://doi.org/10.1016/j.vetmic.2007.09.004.

Meyer, E., P. Gastmeier, A. Kola, and F. Schwab. 2012. “Pet Animals
and Foreign Travel Are Risk Factors for Colonisation With Extended-
Spectrum Beta-Lactamase-Producing Escherichia coli.” Infection 40: 685—
687. https://doi.org/10.1007/s15010-012-0324-8.

Morzycki, A., A. Simpson, and J. Williams. 2019. “Dog Bites in the
Emergency Department: A Descriptive Analysis.” CJEM 21, no. 1: 63-70.
https://doi.org/10.1017/cem.2018.2.

Mouro, S., C. L. Vilela, and M. M. R. E. Niza. 2010. “Clinical and
Bacteriological Assessment of Dog-to-Dog Bite Wounds.” Veterinary
Microbiology 144, no. 1: 127-132. https://doi.org/10.1016/j.vetmic.2009.12.
042.

Nagy, E., L. Boyanova, and U. S. Justesen. 2018. “How to Isolate, Identify
and Determine Antimicrobial Susceptibility of Anaerobic Bacteria in
Routine Laboratories.” Clinical Microbiology and Infection 24, no. 11:
1139-1148. https://doi.org/10.1016/j.cmi.2018.02.008.

Oh, C., K. Lee, Y. Cheong, et al. 2015. “Comparison of the Oral
Microbiomes of Canines and Their Owners Using Next-Generation
Sequencing.” PLoS ONE 10, no. 7: e0131468. https://doi.org/10.1371/
journal.pone.0131468.

Owczarczak-Garstecka, S. C., R. Christley, F. Watkins, H. Yang, B. Bishop,
and C. Westgarth. 2019. “Dog Bite Safety at Work: An Injury Prevention
Perspective on Reported Occupational Dog Bites in the UK.” Safety
Science 118: 595-606. https://doi.org/10.1016/j.ssci.2019.05.034.

Pomba, C., M. Rantala, C. Greko, et al. 2017. “Public Health Risk of
Antimicrobial Resistance Transfer From Companion Animals.” Journal
of Antimicrobial Chemotherapy 72: 957-968. https://doi.org/10.1093/jac/
dkw4381.

Razali, K., R. Kaidi, A. Abdelli, M. N. Menoueri, and K. Ait-Oudhia.
2020. “Oral Flora of Stray Dogs and Cats in Algeria: Pasteurella and Other
Zoonotic Bacteria.” Veterinary World 13, no. 12: 2806-2814. https://doi.org/
10.14202/vetworld.2020.2806-2814.

Rothe, K., M. Tsokos, and W. Handrick. 2015. “Animal, and Human Bite
Wounds.” Deutsches Arzteblatt International 112, no. 25: 433-443. https://
doi.org/10.3238/arztebl.2015.0433.

Ruiz,J. C. A., A. Jonker, A.-M. Bosman, and G. Steenkamp. 2018. “Bacteria
Profile and Antibiogram of the Bacteria Isolated From the Exposed Pulp
of Dog Canine Teeth.” Veterinary Record 183, no. 3: 97. https://doi.org/10.
1136/vr.104540.

Sturgeon, A.,J. W. Stull, M. C. Costa, and J. S. Weese. 2013. “Metagenomic
Analysis of the Canine Oral Cavity as Revealed by High-Throughput
Pyrosequencing of the 16S rRNA Gene.” Veterinary Microbiology 162, no.
2-4: 891-898. https://doi.org/10.1016/j.vetmic.2012.11.018.

Talan, D. A., D. M. Citron, F. M. Abrahamian, G. J. Moran, and E. J.
Goldstein. 1999. “Bacteriologic Analysis of Infected Dog and Cat Bites.”
New England Journal of Medicine 340, no. 2: 85-92. https://doi.org/10.
1056/NEJM199901143400202.

Tarasiuk, K., and M. Weiner. 2023. “Properties and Pathogenicity of the
Vibrio bacilli.” Health Problems of Civilization 17, no. 2: 106-113. https://
doi.org/10.5114/hpc.2023.127391.

Uganda Clinical Guidelines (UCG). 2016. Ministry of Health, National
Guidelines for Management of Common Conditions. Kampala, Uganda:
Ministry of Health, Government of Uganda.

Wangoda, R., J. Nakibuuka, E. Nyangoma, S. Kizito, and T. Angida. 2019.
“Animal Bite Injuries in the Accident and Emergency Unit at Mulago
Hospital in Kampala, Uganda.” Pan African Medical Journal 33: 112.
https://doi.org/10.11604/pam.2019.33.112.16624.

Yaovi, A. B., P. Sessou, A. B. N. Tonouhewa, et al. 2022. “Prevalence of
Antibiotic-Resistant Bacteria Amongst Dogs in Africa: A Meta-Analysis
Review.” Onderstepoort Journal of Veterinary Research 89, no. 1: al970.
https://doi.org/10.4102/0jvr.v89i1.1970.

Zheng,H. H., C.T.Du, Y. Z. Zhang, et al. 2023. “A Study on the Correlation
Between Intrauterine Microbiota and Uterine Pyogenesis in Dogs.”
Theriogenology 196: 97-105. https://doi.org/10.1016/j.theriogenology.2022.
11.003.

10 of 10

Veterinary Medicine and Science, 2025

85U80|7 SUOWWIOD @A ea1) (e (dde au Aq peusenob afe sejonre VO ‘@sn Jo sajnJ Joj AkeiqiauljuO 8|1 UO (SUOTIPUD-pUe-SWLRIAL0D A8 1M AeIq 1 U1 UO//:SANY) SUORIPUOD pUe S 1 8ys 89S *[9202/0/22] Uo Ariqiaulluo A8|iM ‘(-ul eAnge ) aqnopesy Ad 69TOL ESWA/ZOOT OT/I0P/L0D A8 |im Aeiq Ul |uo//:Sdny woly pepeojumod ‘T ‘SZ0Z ‘S60TES0Z


https://doi.org/10.1371/journal.pone.0184899
https://doi.org/10.1016/j.nmni.2019.01.001
https://doi.org/10.1016/j.onehlt.2019.100091
https://doi.org/10.5152/cjms.2019.868
https://doi.org/10.1371/journal.pone.0239090
https://doi.org/10.1371/journal.pone.0254650
https://doi.org/10.1186/s13756-022-01181-0
https://doi.org/10.1016/j.anaerobe.2016.10.008
https://doi.org/10.1371/journal.pone.0198568
https://doi.org/10.1186/s12941-017-0233-x
https://doi.org/10.1016/j.vetmic.2007.09.004
https://doi.org/10.1007/s15010-012-0324-8
https://doi.org/10.1017/cem.2018.2
https://doi.org/10.1016/j.vetmic.2009.12.042
https://doi.org/10.1016/j.cmi.2018.02.008
https://doi.org/10.1371/journal.pone.0131468
https://doi.org/10.1016/j.ssci.2019.05.034
https://doi.org/10.1093/jac/dkw481
https://doi.org/10.14202/vetworld.2020.2806-2814
https://doi.org/10.3238/arztebl.2015.0433
https://doi.org/10.1136/vr.104540
https://doi.org/10.1016/j.vetmic.2012.11.018
https://doi.org/10.1056/NEJM199901143400202
https://doi.org/10.5114/hpc.2023.127391
https://doi.org/10.11604/pam.2019.33.112.16624
https://doi.org/10.4102/ojvr.v89i1.1970
https://doi.org/10.1016/j.theriogenology.2022.11.003

	Antibiotic Susceptibility of Zoonotic Bacteria Isolated From Oral Cavities of Indigenous Dogs From Semi-Urban Areas in Uganda
	1 | Introduction
	2 | Materials and Methods
	2.1 | Study Designs and Study Areas
	2.2 | Sample Size Determination
	2.3 | Swab Sample Collection, Handling and Bacteria Culturing
	2.4 | Bacterial Isolation and Identification
	2.5 | Antibiotic Susceptibility Tests by Kirby-Bauer Disk Diffusion Method
	2.6 | Data Analysis

	3 | Results
	3.1 | Demographic Characteristics of Indigenous Dogs Studied
	3.2 | Bacteria Species Isolated From the Oral Cavities of the Dogs
	3.3 | Bacterial Susceptibility to Conventional Antibiotics

	4 | Discussion
	5 | Conclusion
	Author Contributions
	Acknowledgements
	Ethics Statement
	Consent
	Conflicts of Interest
	Data Availability Statement
	Peer Review

	References


