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ABSTRACT 

Domestic dogs are present in thousands of homes around the world. Because they are 

in contact with their owners, they can transmit microorganisms that are eventually tolerant to 

certain antimicrobial drugs. Knowing the existence of bacterial strains of clinical interest in 

the saliva of these domestic dogs can be considered a way of verifying potential sources of 

infections to humans. The present study aimed to analyze the resistance to antibiotic drugs in 

clinical bacterial strains or of clinical importance, associated with the saliva of dogs from Foz 

do Iguaçu. Seven saliva samples were collected from dogs. Using selective culture media, 12 

clinical genera including Enterococcus, Escherichia, Haemophilus, Pseudomonas, 

Staphylococcus, Salmonella, and Streptococcus were found. The paper disc diffusion 

technique was used to verify the resistance of bacteria to drugs for human use including 

azithromycin, amoxicillin + potassium clavulanate and chloramphenicol. Amoxicillin + 

potassium clavulanate was inefficient for E. coli, Haemophilus, Pseudomonas, Salmonella 

and Streptococcus. Chloramphenicol was not efficient for a Pseudomonas strain. However, 

azithromycin showed a slight efficiency against strains of Pseudomonas and E. coli. Strains of 

Pseudomonas and E. coli showed the most worrying results of resistance. The results suggest 

that domestic dogs can represent a risk of bacterial spread, possibly pathogenic to humans 

with resistance to commercial antimicrobials, demonstrating the importance of maintaining 

hygiene habits in living with dogs. 
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I 

NTRODUCTION 

Currently, domestic dogs usually live very close to their owners, which can lead to an 

eventual transmission of bacteria responsible for diseases, and that occasionally overcome the 

effects of some antibiotics, mainly through licks and bites caused by dogs on their owners 

(ARIAS and CARRILHO, 2012; ISHII et al., 2011). Works show that the bacterial diversity 

present in human skin can be affected due to this daily approximation between dogs and 

owners (DA SILVA and DA SILVA, 2014). Bacterial genera found in humans such as 

Staphylococcus, Streptococcus and Actinomyces have already been observed in oral samples 

from dogs (DA SILVA and DA SILVA, 2014; ELLIOTT et al., 2005).  

The uncontrolled use of antibiotics in human and veterinary clinical practices has 

favored the appearance of many bacteria that no longer respond to the same drugs, which has 

hampered the fight against different infections and may increase the probability of death of 

patients affected by these resistant strains (MINISTÉRIO DA SAÚDE and SECRETARIA 

DE CIÊNCIA, TEC. E INSUMOS ESTRATÉGICOS, 2012).  

Antimicrobial drugs can become ineffective for bacteria due to their respective cellular 

mechanisms: i) horizontal transfer of R-resistance plasmids; ii) modification of molecules that 

bind to drugs, such as restructuring of penicillin binding proteins (PBPs); iii) the ribosome 

can be bonded to a protein, blocking the interaction with the active principle; iv) alterations in 

the sequences of genes responsible for topoisomerase IV and DNA gyrase enzymes, reducing 

specificity with the active principle; v) reduced permeability of membranes by porins, 

resulting in decreased affinity of the active ingredient; vi) increased extracellular transport of 

the drug due to increased efflux, mediated by membrane pumps (LIN et al., 2015; LOPES, 

2009; DA SILVA and AQUINO, 2018). 

Thus, the indiscriminate use of these drugs and the contact between humans and their 

dogs led to the existence of clinically important bacteria resistant to antimicrobials in the 

saliva of these animals, which can stimulate actions such as population awareness campaigns 

on periodic veterinary monitoring of the health of their dogs, detecting and early treating 

diseases that can affect the animal, such as canine periodontitis (BRAGA et al., 2005). Other 

important actions would be the population control of abandoned dogs accompanied by 

campaigns to inhibit the abandonment of these animals on the streets and, also, education of 

the population about the consequences of the uncontrolled use of antibiotics, minimizing the 

emergence of resistant pathogens. With these measures, the coexistence of healthy dogs and 
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their owners will not pose risks to the health of guardians and the general population (DA 

SILVA and DA SILVA, 2014). 

In this sense, with the participation of the Zoonoses Control Center (CCZ), the study 

aimed to isolate clinical bacteria from salivary samples of domestic dogs, for detection of 

strains resistant to commercial antimicrobials. The results obtained will support the CCZ to 

raise awareness of the importance of preventive measures for society regarding the risks that 

this interaction can represent to citizens in the west of Paraná State. 

 

METHODS 

Animal saliva collection 

The collection was executed at the CCZ of the city. Small, medium, and large 

domestic animals (dogs), all healthy, were used. Swabs (sterilized) were used. The swabs 

were rubbed into the gums of each dog, properly prepared at the Zoonoses Center, and placed 

in Stuart medium (Olen) on ice, to be taken to the UNILA Laboratories, at Jardim 

Universitário campus. 

 

Isolation of clinically important bacterial strains 

Petri dishes with Chocolate Agar, Blood Agar, CLED Agar and MacConkey Agar 

media were used. The swabs were placed in a solution with 0.5% peptone and shaken for 1 

minute (vortex). The streaking technique was performed to seed the plates, using the swab 

with the peptone sample. After sowing, plates were incubated for 48 to 72 hours at 37 °C. 

Blood Agar, Chocolate Agar and MacConkey media were kept in microaerophilia (by using a 

candle inside a can, where, when closing the can, the candle consumes almost all the oxygen 

present), favoring the appearance of facultative aerobic cells. 

 

Identification of isolated strains  

After microbial growth, the bacteria were identified based on information reported in 

the literature and in the manuals of the differential media used (LEVY, 2004). The methods of 

Gram (staining that distinguish between Gram positive and negative bacteria) and catalase 

(addition of hydrogen peroxide to a microbial smear and, with the formation of bubbles, the 

test indicates positive catalase) were used. Only strains of clinical importance were identified 

and stored at 4 °C. 
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Antibiogram test (resistance to antimicrobial compounds) 

The identified bacteria were evaluated for their resistance to antimicrobials, following 

the Kirby-Bauer diffusion method (LABORCLIN, 2011). The isolates were transferred to test 

tubes containing 3 mL of sterile distilled water, being homogenized for 10 seconds by 

vortexing. Sterile swabs were embedded in the cell suspensions and used to seed plates 

containing Mueller-Hinton Agar (MH) medium. An MH plate was used for each bacteria 

tested (LEVY, 2004). 

Solutions of the commercial broad-spectrum antimicrobials, azithromycin (500 mg.L-

1), amoxicillin + potassium clavulanate (500/125 mg.L-1) and chloramphenicol (500 mg.L-1), 

were prepared. Sterile filter paper discs (5 mm diameter) soaked for 1 minute in each 

antibiotic solution were added to the plates (MH) with the bacteria previously striated and, as 

a control, discs soaked with Lysoform® (Johnson) were used. Each assay was performed in 

triplicate, and the plates were incubated under microaerophilic conditions for 24 - 48 hours at 

37 °C. The formation of microbial growth inhibition halos around the discs was considered a 

result of antibiotic susceptibility. The halos were measured with the aid of a ruler and the 

inhibition was defined by the average of the three repetitions. 

 

RESULTS 

 

Isolation of clinically important bacterial strains 

 

Twelve clinically-important bacterial strains were isolated, i.e.: sample 1: 

Staphylococcus sp. (n=1) and E. coli (n=1); sample 2: Streptococcus sp. (n=1); sample 4: E. 

coli (n=1) and Salmonella sp. (n=1); sample 5: Pseudomonas sp. (n=1) and Staphylococcus 

spp. (n=2); sample 6: Haemophilus sp. (n=1) and E. coli (n=2) and sample 7: Enterococcus 

sp. (n=1) (Table 1). No bacteria were isolated from sample 3. During the isolation, the growth 

of several bacteria in addition to those identified in the study was observed. However, as they 

did not show color, hemolysis, and morphology characteristics of colonies of clinical strains, 

it was decided to disregard them, which is why a small number of bacteria was isolated 

(n=12). 
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Table 1. Bacterial strains of clinical importance found in the samples and their physiological and morphological characteristics. 

Sample 
Dog 

Size  
Blood Agar 

Chocolate 

Agar 
MacConkey CLED Agar Catalase 

Ferm. 

Lactose 
Morphology Gram 

1 Small n.f. n.f. Staphylococcus n.f. + + Coccus + 

  n.f. n.f. n.f. E. coli + - Bacillus - 

2 Medium Streptococcus n.f. n.f. n.f. - n.f. Coccus + 

4 Big n.f. n.f. E. coli n.f. n.f. + Bacillus + 

  n.f. n.f. Salmonella n.f. + - Bacillus - 

5 Medium n.f. n.f. Pseudomonas n.f. + - Bacillus - 

  n.f. n.f. Staphylococcus n.f. + + Coccus + 

  n.f. n.f. n.f. Staphylococcus + - Coccus + 

6 Medium n.f. Haemophilus n.f. n.f. n.f. n.f. Coccobacillus - 

  n.f. n.f. n.f. E. coli n.f. + Bacillus - 

  n.f. n.f. E. coli n.f. n.f. + Bacillus - 

7 Big n.f. n.f. n.f. Enterococcus - + Coccus + 

n.f.: not found 
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Antibiogram assay 

 

The plate antibiogram assays (Table 2 and Figure 1) showed that the antimicrobial 

amoxicillin + potassium clavulanate was the least efficient drug in inhibiting microbial 

growth. Among the 12 bacteria identified, 7 (58.3%) were resistant to this drug, being them E. 

coli (n=4), Streptococcus sp. (n=1), Pseudomonas sp. (n=1) and Salmonella sp. (n=1). The 

test also showed a partial sensitivity (formation of 01 halo in only 01 disc) of Haemophilus 

sp. (n=1). Thus, it was possible to verify that all E. coli strains found presented resistance to 

this drug. 

Chloramphenicol was the second least efficient antibiotic, being unable to inhibit the 

development of a strain of Pseudomonas sp. However, the drug azithromycin showed partial 

sensitivity against 3 bacterial isolates, which were E. coli (n=2) and Pseudomonas sp. (n=1) 

isolates (Table 2). 

The bacterial genus with the greatest resistance to the antimicrobial drugs tested was 

Pseudomonas sp. strain, isolated from sample 5, a healthy medium-size dog. This strain was 

resistant in its entirety (microbial growth in the 3 discs) to amoxicillin + potassium 

clavulanate and chloramphenicol drugs, as well as showing partial resistance to the drug 

azithromycin. 
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Table 2: Antibiogram results of bacterial isolates recovered from saliva samples. 

Isolates 

Genera 

Sample/ 

number 

isolates 

Chloramphenicol 
Amoxicillin + clav. of 

potassium 
Azithromycin 

  
Resistance/ 

sensibility 

Test Average 

(cm) 

Resistance/ 

sensitivity 

Test Average 

(cm) 

Resistance/ 

sensitivity 

Test Average 

(cm) 

Staphylococcus 1/1 S Totala S Totala S Totala 

E. coli 1/1 S 0.33 R 0 S 0.1 

Streptococcus 2/1 S 0.16 R 0 S 0.43 

E. coli 4/1 S 0.23 R 0 S 0.15 

Salmonella 4/1 S 0.56 R 0 S 0.16 

Pseudomonas 5/1 R 0 R 0 S 0.4 

Staphylococcus 5/2 S 0.25 1.03 S 0.4 0.76 S 0.76 Totala 

Haemophilus 6/1 S 0.5 S 0.2 S 0.2 

E. coli 6/2 S 0.76 0.66 R (2) 0 0 S 0.23 0.29 

S = Sensibility (inhibition halo in 03 discs) 

S = Partial sensibility (inhibition halo in 01 disc) 

R = Resistance 

Totala = Wide halo 
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Figure 1: Plates with antibiogram tests with resistant bacteria. a) Haemophilus sp. (sample 6); 

b) Pseudomonas sp. (sample 5); c) Escherichia coli (sample 1); d) Streptococcus sp. (sample 

2). Control: Lyzoform®. Azithr = azithromycin; Chloran = chloramphenicol; Amox = 

amoxicillin + potassium clavulanate. 

 

DISCUSSION 

 

The isolation of clinically important bacteria from canine saliva samples using Blood 

Agar and Chocolate Agar media recovered a low number of strains (Streptococcus sp. n=1 

and Haemophilus sp. n=1), respectively, and this is due to the specificities of these media and 

the good health conditions of the animals. Chocolate agar is used for the cultivation of 

demanding microorganisms, i.e., Haemophilus spp., Neisseria spp., Branhamella catarrhalis 

and Moxarella spp., while blood agar, despite being rich in nutrients and enabling the growth 
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of various microorganisms, especially favors growth and differentiation of Streptococcus spp. 

and Staphylococcus spp. (ANVISA, 2010). The low incidence of these microorganisms in the 

samples shows that dogs are healthy and live in places with good hygienic-sanitary 

conditions. 

On the other hand, the use of less selective media favored the growth of a greater 

number of clinically important genera. In MacConkey medium, bacteria of the genera 

Escherichia, Salmonella, Staphylococcus and Pseudomonas were found, while in assays with 

CLED medium, colonies of Enterococcus, Escherichia and Staphylococcus were found. 

These culture media are considered differentials for disease-causing bacteria, including those 

that ferment lactose (CLED) and enterobacteria and other Gram-negative bacteria with rod 

morphology (MacConkey) (BECTON DISCKINSON, 2012). Thus, the growth and 

identification of a greater number of microbial genera of clinical importance recovered in 

these media was expected. 

The genera found in this study have already been retrieved from other samples of 

animal origin. Genera such as Escherichia, Haemophilus, Staphylococcus, Pseudomonas and 

Streptococcus have already been isolated from dog saliva and nostrils, as described in the 

works by Bailie et al. (1978) and Elliott et al. (2005). 

Isolates of the E. coli species are commonly found in the human and animal intestines 

and can cause enteric diseases in their hosts. However, in the study carried out by Beutin 

(1999) it was shown that canine enterotoxigenic E. coli (ETEC) strains are different from 

ETEC found in other animals and in humans, due to their serotypes and adhesion factors. Like 

canine enteropathogenic strains (EPEC), they are also different from EPECs isolated from 

humans compared to those isolated from different animals, due to their serotypes and the 

presence of adhesion proteins of EPECs to cells of the intestinal mucosa.  

Oehler et al. (2009) showed transmissions of strains of Streptococcus spp. to men by 

the bite of dogs. Schriber et al. (2014) also reported that Streptococcus sp. found in the human 

host have virulence for both humans and dogs. Haemophilus spp. have already been isolated 

from the nostrils of dogs (VARGHESE et al., 1977), while Staphylococcus spp., such as the 

species S. pseudintermedius and S. aureus, were transmitted to dogs through contact with 

people (LOZANO et. al., 2017; VAN DUIJKEREN et al., 2004). Likewise, Pseudomonas 

aeruginosa, Enterococcus faecalis and Salmonella spp. have been reported to be transmitted 

between humans and dogs, and vice versa, as well as being found in canine feces 

(FERNANDES et al., 2018; JOHNSON et al., 2006; JAY-RUSSELL et al., 2014). 
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Works described in the literature have already shown resistance by clinical bacteria 

affiliated to the same genera described in this work, for the same antibiotics tested. According 

to Fernandes et al. (2018), Pseudomonas aeruginosa strains recovered from social 

environment shared between dogs and their owners were resistant to tests with 

chloramphenicol. Other works showed that amoxicillin, chloramphenicol, and azithromycin 

were ineffective against strains of E. coli, Staphylococcus spp. and Salmonella spp., isolated 

from canine samples (ZOGG et al., 2018; PEREIRA 2009; TORKAN et al., 2015). 

The literature points out that the events for resistance to conventional drugs can be: a) 

Chloramphenicol: i) inactivation of acetylation, by acetyl transferase (enzyme) (MURRAY 

and SHAW, 1997); ii) DNA sequence encoding information for the drug to be expelled from 

the cell (MOSHER et al., 1995); b) amoxicillin: i) synthesis of β-lactamase, which can be 

overcome by the use of clavulanic acid (MURRAY and SHAW, 1997), and that in our study 

did not show satisfactory results; c) azithromycin: i) ribosome structure alteration, making 

drug binding impossible (CHISHOLM et al., 2010). For veterinary use, the drugs of choice to 

treat infections, are: cephalosporins, amoxicillin + potassium clavulanate, macrolides 

(azithromycin), lincosamides and fluoroquinolones (GUARDABASSI et al., 2010). 

Isolates of major relevance recovered from samples were the four strains of 

Escherichia coli, due to their resistances to amoxicillin + potassium clavulanate, as well as 

Pseudomonas sp., due to its resistance to two of three antimicrobials tested. This result of 

multiple resistance showed by Pseudomonas sp. strain is of great relevance, as reported by 

Mohammadi et al. (2014), in the Intensive Care Units, infections caused by strains resistant to 

multiple drugs such as Acinetobacter spp. or Pseudomonas spp., can increase the mortality of 

patients with pneumonia associated to mechanical ventilation in around 80% (TURKOVIĆ et 

al., 2015). Rodrigues et al. (2018) reported that bacteria commonly resistant to hospital 

infections are Acinetobacter baumannii, Enterobacter spp., Enterococcus faecium, Klebsiella 

pneumonia, Pseudomonas aeruginosas and Staphylococcus aureus. 

Domestic dogs can be reservoir of bacteria potentially pathogenic and resistant to 

commercial antimicrobials. Antimicrobial resistance is originated by the incorrect use of these 

drugs by the population, requiring actions to raise awareness about the risks associated with 

health, especially for patients hospitalized in ICUs (Intensive Care Unit). The results show 

that bacteria of clinical interest with resistance to commercially available antimicrobials are 

close and in constant contact with humans, which can cause infections that are difficult to 

treat.   

CONCLUSIONS 
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The high number of isolates resistant to amoxicillin administered with potassium 

clavulanate and the identification of a bacterium resistant to multiple drugs raises concern. 

With the possibility of transmission of diseases and their agents between dogs and their 

guardians, the existence of bacterial strains that have shown resistance to commercial drugs 

brings a warning. 

Antimicrobial resistance is an obstacle to curing infectious diseases, putting the health 

of people and animals at risk. Population awareness actions, through educational campaigns 

about the importance of the correct use of antimicrobials, as well as the relevance of 

monitoring the health of their pets, should be carried out periodically. The results found in 

this work will be used by the Zoonoses Center to take actions, which should also address the 

consequences for the community of abandoning animals and contact with dogs indoors. Thus, 

new studies need to be developed to expand the sampling of dogs, enabling a better approach 

to the problem of the indiscriminated use of antibiotics for animal and humans. 
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