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Abstract

The role of pets as one of the most significant transmitters of zoonotic infections and antimicrobial-resistant genes has been
overlooked for a very long time, especially among developing countries of the world with weak prospects of healthcare facilities
and much needed skilled and well exposed manpower to tackle the menace. However, the most interspecies pathway for the
spread of resistant bacteria is closely hinged on the interaction between humans and their pets. This study aimed to determine
the distribution of some potentially risky microbial pathogens among pet dogs in Port Harcourt. A cross-sectional study design
and a convenient random sampling technique were explored, involving forty-eight (48) dogs, with a total of one hundred and
forty-four (144) swab samples, which were collected aseptically from the ears (48), nose (48), and fur (48) respectively. Standard
microbiological laboratory techniques were explored to isolate and identify the organisms. However, a total of 127 swab samples
yielded microbial growth, while there was no microbial growth in 17 swab samples, with a prevalence of 88.19% and 11.80%,
respectively. The number of isolated bacteria was 248 (84.93%) and the number of isolated fungi was 44 (15.07%). These
distributions were statistically significant at p < 0.05. The ear swabs contained the fewest number of isolated organisms with 93
(30.03%), followed by nose swabs with 96 (32.88%) and fur swabs with 103 (35.27%). The distribution of bacterial isolates in
the dogs did not differ significantly by gender at p > 0.05. Nevertheless, at p < 0.05, the gender of the pet dog owners and the
frequency of their veterinary visits had a significant impact on the distribution of pathogens among the pets. Escherichia coli
was isolated in 60 samples (20.55%) being the most prevalent bacterial organism, followed by Staphylococcus aureus in 48
samples (16.41%), while Proteus mirabilis and Streptococcus agalactia had the lowest incidence with only one isolate (0.34%)
among the 14 bacteria species isolated. Among the 11 fungal organisms isolated, Candida albicans was the most prevalent with
13 isolates (4.45%), followed by Candida species with 12 isolates (4.11%), and three Trichophyton species, namely
Trichophyton kragdeni, Trichophyton carious and other Trichophyton species were the least prevalent with 1 isolate (0.34%)
each. These observations were statistically significant at p < 0.05. Ear swabs and fur swabs showed the highest prevalence of
fungal infections with 17 isolates (5.82%) each, whereas nose swabs had the lowest prevalence with 10 fungal isolates (3.43%).
In conclusion, it was observed that pet dogs harbour important risky pathogens of public health concern in their nostrils, skin,
and ears, and the fact that these domestic dogs are kept as pets in homes makes them even more dangerous. Therefore, proper
public health education regarding the risks associated with dog ownership, as well as the need for regular vaccination and proper
hygiene when handling these animals, must be strongly underpinned and sustained, so as to protect the overall goals of public
health protection in our urban and remote communities.
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Introduction

The role of pets as one of the most notable and critical sources of
antimicrobial-resistant bacteria has been overlooked for a very long time.
They are also primary sources of antimicrobial-resistant pathogens littered
in our environment through their interaction with the ecosystem and have
been considered to be part of food-chain producing and poisoning pathogens.
Multidrug-resistant (MDR) bacteria are most effectively transferred between
species through close contact between humans and their pets [1]. When dogs
and cats share a home with their owners, they are exposed to the same
surfaces, foods, and objects, which increase the likelihood of antimicrobial
resistance spreading potency. Thus, this makes it very difficult to treat
infections with a high probability of anti-microbial resistance genes from
zoonotic origins. Furthermore, advances in veterinary medicine and a
growing sense of social responsibility for the welfare and health of pets have
increased the pets' life expectancy, resulting in an increase in demand from
the number of geriatric patients who require regular antimicrobial therapy,
since they are frequently exposed to chronic diseases or
immunocompromised conditions [2]. These domestic pets can be colonised
or infected with a wide variety of pathogenic microbes that cause zoonotic
diseases in both animals and humans [3]. Thus, these can be directly or
indirectly transmitted to humans respectively. Nonetheless, it is strongly
believed that the animal serves as a reservoir for zoonotic infections in most
cases, whereas in the second option, it may merely act as a mechanical vector
during the transmission mechanism process, as reported by Karesh et al., [4].
Nevertheless, directly or indirectly, animals play a critical role in the
transmission, spread, and maintenance of numerous diseases in animal and
human populations, as also supported by the by WHO [5] report.

Nevertheless, zoonotic bacterial infections that are associated with pets have
received less attention, unlike food-borne zoonotic diseases that have always
been on the front burner of news and investigations across the globe.
However, increased close contact between household pets and humans
creates favourable conditions for the transmission of bacterial zoonoses,
either through petting, licking, or physical injuries, or indirectly through
contaminated food and the environment. Those with compromised immune
systems, including the young, the elderly and pregnant women should be of
particularly great concern. Young children are increasingly susceptible to
zoonotic epidemic outbreak infections, due to their lack of hygienic practices
and close personal contact with these animals and household environments
such as floors and carpets [6]. The primary modes of transmission for
bacterial zoonoses are through physical injuries (bites and scratches),
inhalation (Psittacosis), contact with urine or urine-contaminated
environments, and faecal-oral ingestion through the mouth [7; 8]. Stall et al.,
[9] strongly opined that household pets are significant sources of zoonotic
pathogenic infections, simply due to the close and intimate interactions
between the household environment and these supposedly animals in
question. Nevertheless, many people are probably and generally unaware of
the massive public health risks, that are undoubtedly associated with
interacting with these animals and also may not be aware of how to reduce
these risks through the firm application of personal hygiene and safety
strategies of international best practices [9 ;10]. Nonetheless, against the
above backdrop, there is a visible paucity of data/robust research information
on the above subject matter in South-South part of Nigeria thus; it is firmly
believed that data generated through this study would probably form baseline
research information on the distribution of potential risky pathogens that are
linked to domestic pet Dogs. Furthermore, it would also underpin the
researcher’s huge understanding of the prevailing prevalence of the emerging
zoonotic diseases, that are associated with pet dogs and possible risk factors
that are promoting the trend in the region.

Methodology

Study Area: This research was conducted in Port Harcourt, which is the
capital of Rivers State. Rivers State is the sixth most populous state in

Nigeria, with over five million inhabitants [11]. It is located in the Niger
Delta at 4°451N6°501E/4.750°N6.833°E [11] and is rich in rainforests and
mangrove swamps. Port Harcourt is the largest and most densely populated
city in Rivers State, as well as the economic centre of Nigeria's petroleum
industry [11]. As a result of this fact, many communities within the state are
oil-producing communities. The city has been dubbed "The goose that lays
the golden egg" in reference to a large number of multinational corporations
present in the city. Given this reason, many migrants from far and near seek
greener pastures in the region.

Study Population/Design/Eligibility Criteria: The study population
comprised pet dogs in Port Harcourt,

Rivers State. The study design was cross-sectional. The inclusion criteria
included Pet dogs living as household pets and those whose owners agreed
to participate in the study. However, the exclusion criteria include those who
could not give their consent to participate in the study and none household
pet dogs.

Sampling Technique: The sampling technique used was a convenient
random sampling research technique, involving a total of 48 dogs from
which (48) nose swabs, (48) ear swabs and (48) fur swabs were collected,
giving a total of 144 swab samples which were collected aseptically.

Sample collection and processing: The sample type comprised swabs
collected from the nose, ear and fur of pet dogs. Samples were collected
using sterile cotton wool swabs which were kept on ice parks to prevent or
reduce deterioration during transportation time back to the laboratory for
analysis, however, culture and analysis of each batch of samples were done
on the same day they were collected. All bacterial pathogens were isolated
using MacConkey agar, Blood agar, and Chocolate agar and Saboroud agar
plates, incubated overnight at 37°C while plates that showed no growth were
re-incubated for 48 hours at the same temperature except MacConkey plates.
All fungal isolates were isolated from the Saboroud plates. The cultural
characteristics of the isolated pathogens were identified using
microbiological identification key and biochemical tests matched with
standard fungal plates on the internet key alongside microbiological
microscopic appearance using potassium hydroxide (KOH). However,
candida species tube tests were carried out on all suspected Candida colonies
using fresh plasma as described by Cheesborough, [12]. The sample analysis
was done in the microbiology department of University of Port Harcourt
Teaching Hospital, Choba, which is a tertiary healthcare facility with robust
scientific infrastructure.

Data Analysis:

Data analysis was done using SPSS (Statistical Package for Social Sciences,)
version 21 with p-value set at 0.05

Level of significance. Results of the analysis such as t-test, and chi-
square/cross-tabulation analysis were presented in graphs, histograms, tables
and bar charts respectively.

Results

Table 1 shows the infection prevalence of the different types of sample swab
sites explored in the study, the result showed that ear swabs had the least
number of positive cases at 41 (28.47%) while the fur and nose swabs stood
at 43 (29.86%) positive cases each respectively. Also, the results of the
frequency and percentage distribution of some bacterial and fungal isolates
as shown in table 2 indicate that fur (103) had the highest number of bacterial
isolates seconded by the nose swab (96) and the least was ear (93), however,
the result of the number of fungi pathogens isolated showed that the highest
was isolated from the ear and fur (17 each) while the nose had the least (10).
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Sample/Swab Type Number Number Number Tested Prevalence
Tested Negative Positive (%)
Ear Swab 48 7 41 28.47
Fur Swab 48 5 43 29 86#
Nose Swab 48 5 43 29 86%
Total 144 17 127 88.19
Table 1: Infection Prevalence Rates of different Sample Types
Sample/Swab Number of Number of Total Number of | Percentage (%)
Type Bacteria Fungi Isolated Microorganisms
Isolated Isolated
Ear Swab 76 17 93 31.85
Fur Swab 86 17 103 3527
Nose Swab 86 10 96 32.88
Total 248 44 292 100
Percent (%) 8493 15.07 100

Table 2: Frequency and Percent Distribution of Some Microbial Isolates

Table 3 illustrates the frequency and percentage occurrence of Bacteria from
different samples. Proteus mirabilis and Streptococcus agalactia had the
least prevalence of 0.34%, while Escherichia coli was most prevalent
(20.55%) followed by staphylococcus aureus with a prevalence of 16.44%.
other microorganisms isolated had prevalence rates as follows; Bacillus

Category of Bacteria Ear Fur Noze Swab Total % Ocourrence of
Swab Swab (n=0d) (N=292) bacterial isolates in
(n=83) (n=103) swabz
Bacillus species 10 22 2 40 1370
Escherichia coli 4 14 12 &0 1055
Klebsiella species 4 7 T 18 6.14
Proteus mirabilis o 1 i} 1 0.34
e udomOna: gErLENesa 0 ] 1 2 0.4
seudomona: species 1 1 1 3 103
Serratia mercescence 1 4 2 7 239
Sraphplococous albus 3 ] i} 3 1.03
Srapkyloceccus aureus 11 14 13 43 1644
Srapiylococcus epidersidiz ! ! : B 43
Srapkylococcus species 4 20 18 42 1438
Srreprococous agalacias 0 ] 1 1 0.34
Enteroceccus fascalis 1 o 1 2 0.468
Srreptococcus species o ¥ & g 274
Total Té B8 &4 148
Percentage Ooourmencs (34) 2603 1043 2045 8423

Table 3: Frequency and Percentage Occurrence of Bacterial Isolates from Pet Dog

Table 4 shows the frequency and percentage occurrence of fungal pathogens
isolated from the different samples. Candida albicans was the most prevalent
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species (13.70%), Staphylococcus species (14.38), Klebsiella species
(6.16%), Staphylococcus epidermidis (4.45%), Serratia mercescenece
(2.39%), Streptococcus faecalis (0.60%), Streptococcus species (2.74%),
Pseudomonas aeruginosa (0.68%) and Pseudomonas species (1.03%)
respectively.

fungal isolate (4.45%). This was closely followed by Candida species with a
prevalence of 4.11%. The least prevalence was observed among three
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different Trichophyton species including Trichophyton kragdeni (0.34%),
Trichophyton carious (0.34%) and other Trichophyton species (0.34%).
Other fungi species isolated from this study and their prevalence rates are as
follows; Aspergillus fumigatus (1.03%), Aspergillus niger (1.37%), other
Aspergillus species (0.70%), Dermatophyte species (0.70%), Petrialla
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species (0.70%) and Trichophyton tonsurans (1.03%). Among the three
different samples taken, ear swabs and fur swabs yielded the highest
prevalence of fungal species (5.82% respectively) while nose swabs had the
least prevalence of 3.43% of fungal infection.

Category of Fungi Ear Swab Fur Swab Nose Swab Total FPercentage
(IN=93) (IN=103) (IN=0a) (IN=101) Occurrence {04)
Aspergilluz flomigatus 1 2 o 3 1.03
Aspergilius niger 0 1 3 4 137
Aspergilluz species a 1 1 2 0.70
Cpralida albicans g 4 1 13 4435
Candida species 3 5 Fi 12 411
Dermatophyte species [ 2 0 2 0.70
Perrialla species 1 0 1 2 0.70
Trichapiyron kegjdent 1 0 0 1 0.34
Trichopiyron carisus 0 0 1 1 034
Trichapiion species U 0 1 1 0.34
Trichophyton stonsurars ! 2 o 3 103
Total 17 17 10 44
Percentage Occurrance 5.82 582 343 1207
(%)

Table 4: Frequency and Percentage Occurrence of Fungal Isolates from Pet Dog Samples

Table 5 compares the different organisms isolated and the type of sample,
among the three swab samples taken, there was a significant difference in the
isolation of microorganisms (P = 0.003) (p < 0.05). The likelihood of
isolating an organism from any of the three swab samples used in this
research was significant (p = 0.00) (p < 0.05). In contrast table 6 compare

the mean distribution of plate counts based on the sex or gender of the dogs.
Female pet dogs have a mean + SD of 95.73 + 176.90 while the male
counterparts had a value of 98 + 129.81. The observed differences in the
microbial plate count of the dogs based on gender were not statistically
significant with a p-value of 0.92 (p < 0.05).

[Category of salates Type of Sample'Swab Total (5} |
[Growth
Far Swab | Fur Snab | Nese Swab
) (%) (24)
Ho Growth TTo Growth X&) TR IEH LR L]
Aspergiilus fiminmtes 133.3) {667 0 (0.0 3 (10
Azpergilius niger om T30 TIE0) ETRL]
Asperglius species O {00 I500) T (30.0% 100,
L T I T, r
‘Barillus spacier T {33 55 TiI0.0) A0 {100
Condian alficms LG ] 4 {30E) 17T TI{I00
Fungl Canaian Jpecies TELT) F{ELT) I{I6Ty TI{I00)
n 1 1] T 1
Der hyte species T {0 T I00.0) [ [ L]
Fetrialla species TN [E{T] T (0.0 I{TIN
Trichophylon Fraqaen T {100 [T [0Ry T
Trickaphyton cariow {00 [FOT] T{T00.0) TN
Trichaphyton species {0 0 T{Io0.0) TN
Trichophyion sonswrans| T3 T{EET) DER] 3 (10
Eschsrichiz coli H{E0 HEF | EEaT | s0(Iom
Klehsiella specia: L] TEET) TEED TE(I00)
Protews mirahilic {00 T[{I00.0) [T0R] T{T0
Freudamonas {0 0 T{I00.0) )]
DEFLEIOST
Freudomoras [pecies 17353 I {333) JNEEEN] DL
Bacteria JErrariy mercescence I ER] 4371} TI56) T {1
SETpRFOCoCCNT abLs ETLLDT] (R DT(E] 3 (10
T T Th {
Seqmiyiacoccus aureus IT{EE) T4{I5T] FiIDy | S5{100)
SREpRFaCotrus TERE Irn T8} TI{I0T)
epiderdicimiz
Seapiplacsccus pecier 383 0EE [ TEELE | JI{I00)
Sreprocaccis om [F{] [ {I00.0) T {10
agalactioe
Streprocaccic fhecalls ] 00 T (30.0% 100,
Sreplocaccis Jpecis o{m {31 G0 L]
Total oT5IE | IS0 [ BEOLT [ T00{I00

Table 4.5.: Chi-Square/Cross Tabulation of Isolates and Type of Sample/Swab
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Pearson Chi-Square=81.521, df=50, N=300, p=0.003. Likelihood Ratio =93.067, df=50, N=300, p=0.00.

Sex of Dog

Mean + SD

Female

9573+176.90

hiale

9838 £ 129581

p-value

0.92

Eemark

NS

p < 0.05 = Sig=Significant; p > 0.05 = Not Significant=N/S

Table 6: t-test comparing Mean Distribution of Plate Counts based on Sex of Dogs

Table 7 compares the plate count for the different sample sites. The mean
values for Ear Swab, Fur Swab and Nose Swab were 56.76 + 79.43, 100.16
+ 138.43 and 136.04 + 184.55 respectively. The observed differences in

mean values of plate counts from the different sites were found to be
statistically insignificant with a p-value of 0.31 (p < 0.05).

Nature of Sample Mean = 5D
Ear Swab 56.756 = 794333
Fur Swab 100.136 = 138 4292
Mose Swab 136.044 + 1843487
F - value 3575
p-value (031
Bemarks Ns

P<0.05 = Sig=Significant; p>0.05 = Not Significant=N/S

Table 7: Mean Comparison (ANOVA) of Plate Count for Different Samples

Discussion

The ear swabs yielded the fewest positive cases (28.47%) compared to the
fur and nose swabs of the pet dogs, which yielded 29.86% and 29.86%,
respectively. Similarly, Abdel-moein et al., [13] reported that ear swab
samples from the animals studied yielded the lowest number of positive
cases. This observation may be attributable to the anatomical differences
between the sampled sites, which may offer the animal in question more or
less physical microbial protection. As shown in Table 2, the percentage
distribution of bacteria on the dog's fur was 35.27% higher than on the other
two sites, indicating a higher bacterial presence. As the outermost covering
of the animal, the fur of pet dogs provides a relatively easier site for the
deposition of bacterial species compared to the nose and ear. According to
Hille et al., [14], Li et al., [15], and Eklund et al., [16], significant quantities
of bacterial species have been isolated from the furs of pet dogs and other
animals. These findings however are consistent with the above findings.

Out of 292 microorganisms isolated, this study revealed a cumulative
prevalence of bacterial infection of 84.93% and fungal infection of 15.07%.
This result was consistent with Talan et al., '[17] estimate of a 20%-83%
infection rate, as well as Kettleson et al., [18] findings that a significantly
greater number of bacterial species were isolated than fungal species. This
observation could probably be attributed to the fact that bacterial species are
the most prevalent microorganisms on the surface and in the cavities of dogs
in both physiological and pathological states, followed by fungal species [19
;20 ;21]. Nevertheless, Escherichia coli was the most prevalent organism in
this study (20.55%), as shown in the result; the high E. coli prevalence
recorded in this study is consistent with several studies where E. coli has
been associated with the colonisation of the surfaces and fluids of pet and
stray dogs [1], with the potential and capacity to transmit a further large

amount of pathogenic organisms within the environment [22]; and resistant
strains to humans as reported by Vega-Manriquez et al., [23]. However,
Staphylococcus aureus was the second most prevalent organism isolated
from this study, with a prevalence of 16.44%. This observation differs from
the findings of Talan et al., [17], in which S. aureus was the most prevalent
organism isolated in our study

Nonetheless, methicilin-resistant Staphylococcus aureus (MRSA) in
apparently healthy and/or diseased pet dogs would make S. aureus an
emerging veterinary pathogen that could probably potentially pose a threat
to human health if it spreads to humans and within the eco-system [13].
However, the reason for these variations between the findings from this study
and those of the cited authors is not known per se, nonetheless, it may
probably be due to differences in study design and sample size. It may also
be due to the method of analysis, skills and experience deployed at the time
of laboratory analysis, even as the reason may be linked to the environmental
and cultural behaviour of the people and also the location that hosted the
study.

Bacillus species were also isolated in this study at a rate of 13.70% varying
from the observations made by Azuonwu et al., [24] where Bacillus species
were the least prevalent bacterial species. This variation could be attributed
to the respective environment of the sampled pet dogs; the expertise in the
bacteriological analysis may have also played a role. The genus Bacillus is
well adapted to its environment; with a prominent species known as B.
anthracis that causes Anthrax, a severe zoonotic disease that has a significant
impact on human and animal health [25 ; 26]. Staphylococcus species were
isolated from 14.38% of the studied animals which was similar to the
observations made in a similar study by Azuonwu et al., [24]; these species
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are of public health significance because they are implicated in emerging
zoonotic infections; a good example is Staphylococcus pseudintermedius,
which colonises the skin and orifices of healthy canines and was recently
identified as a cause of sinonasal infections in humans [27]. Furthermore,
Klebsiella species (6.16%), which are potential causes of respiratory and
urinary tract infections in humans, were also isolated from this study; though
the prevalence in this study is in variance with a similarly designed study in
Port Harcourt where this genus of bacteria was reported as 16%, though
comparable with the findings of Marks et al., [28]. The ability of this genus
to develop and spread extended-spectrum-lactamase (ESBL) enzymes in
human populations is a major public health concern to be watched closely
[29].

This study also led to the isolation of Staphylococcus epidermidis (4.4%),
which are normal commensals of the skin and mucosa but are also
opportunistic pathogens, with Meticillin-resistant (MR) and multidrug-
resistant (MDR) isolates increasing in human, veterinary and healthcare
settings[30], the study by Azuonwu et al. [24] however had a higher
prevalence of other Staphylococcus species. Serratia marcescens was
isolated from 2.39% of the pet dogs in this study; this organism is linked to
severe and progressive cellulitis following a dog scratch [31]. The reported
prevalence from this study was similar to the findings of Al-Kubaisi et
al.,[32]. This study also led to the isolation of Streptococcus faecalis
(0.60%), Streptococcus species (2.74%), Pseudomonas aeruginosa (0.68%),
and Pseudomonas species (1.03%), some of which are capable of causing
zoonotic infections in dog owners, as described by Damborg et al., [33] and
have been observed in similarly designed studies with some level of
variations [24; 28 ; 32]. Candida albicans was the most prevalent fungal
isolate in this study, with a prevalence of 4.45%. This was closely followed
by other Candida species, with a prevalence of 4.11%. This was not in
agreement with Rees et al., [34], who asserted that the dermatophytic fungus,
Trichophyton rubrum is the most common cause of skin infections in pet
dogs. However, Nichita et al., [35] also recorded a higher prevalence of
dermatophytes such as Microsporum canis and Trichophyton
mentagrophytes compared to yeasts such as Candida albicans, which
contradicts the results of the present study. Such primary infections have
distinct morphologies and courses, are typically caused by a single organism,
and typically affect healthy skin. However, Trichophyton species were the
least prevalent in this study (Trichophyton Kragdeni, 0.34%; Trichophyton
carious, 0.34%; and other Trichophyton species, 0.34%). Aspergillus
fumigatus (1.03%), Aspergillus niger (1.37%), additional Aspergillus
species (0.70%), Dermatophyte species (0.70%), Petrialla species (0.70%),
and Trichophyton tonsurans (1.03%) were also isolated from this study.
Although from this study, ear swabs and fur swabs yielded the highest
prevalence of fungal species (5.82% and 5.82%, respectively), while nose
swabs had the lowest prevalence of fungal infection (3.43%), however, in
the study by Racine, [36], up to 20% of dogs have some form of ear disease
and dogs are more susceptible to ear infections than humans due to the shape
and structure of their ear [36; 34]. This study supported the conclusion of
Racine [36] as it demonstrated a statistically significant difference in the
isolation of microorganisms from ear swab samples (p=0.003) (p >0.05) with
a statistically significant likelihood ratio (p=0.00) (p < 0.05).

Conclusion

In the present study, it was discovered that dogs harbour important organisms
of public health significance in their nostrils, fur, and ears, with the
likelihood of multidrug-resistant bacteria strains among these domestic dogs
used as household pets. Additionally, the present study revealed a greater
bacterial presence in the fur of the pet dogs than in the other two locations.
Bacterial species were most predominant in the studied animals. In this
study, Escherichia coli was the most prevalent bacterial species, followed by
Staphylococcus aureus. Other bacterial species isolated in this study include
Bacillus species, Staphylococcus species, Klebsiella species, Staphylococcus
epidermidis, Serratia marcescens, Streptococcus faecalis, Streptococcus
species, Pseudomonas aeruginosa, Pseudomonas species, the vast majority
of which are capable of causing zoonotic diseases. Candida albicans were
the most common Candida species isolated in this study, followed by other
Candida species.
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Recommendation

It is therefore, recommended that pet dogs should be vaccinated and properly
treated when they are sick by trained personnel. Interestingly, much-needed
personal hygiene must be observed at all times by the pet dog owners. Thus,
Kissing, caressing, eating and sleeping with dogs on the same bed must be
avoided to reduce contact and cross-infection/contamination.
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