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The aim of the present study was to investigate the culturable microflora of pool frogs (Pelophylax 
lessonae) and their belonging aquatic environment. A total of 60 samples (56 frog cutaneous swabs, 4 
water samples) were inoculated onto different selective and differential agar plates to isolate Gram-
positive and Gram-negative bacteria or yeasts. Microbial investigation of the water hosting frogs was 
also performed. Isolates were identified by API system and their antibiotic resistance profiles were 
evaluated by disk diffusion method on Mueller Hinton agar plates. Aeromonas hydrophila and En-
terococcus durans were detected in almost all collected samples. Many of the bacterial isolates 
showed multidrug-resistant profiles. Importantly, this study highlights that skin frog microbiota is 
correlated to the belonging environment, and, moreover, some isolated bacterial strains resulted to be 
of interest in animal and public health, since the park was frequented by visitors of all ages. 
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Skin is the first line of defense against 
pathogenic microorganisms and the inti-
mate contact between the epidermis and 
microbes has been already studied. Com-
monly, the skin flora is nonpathogenic, 
and either commensal (not harmful to the 
host) or mutualistic (offers a benefit). The 
skin microbiota can protect from transient 
pathogenic organism’s colonisation either 
by competing for nutrients, secreting 

chemicals against them, or stimulating the 
skin’s immune system (Cogen et al., 
2008). 

It has been reported that, in a host spe-
cies-specific manner, amphibian skin may 
select for microbes that are generally in 
low abundance in the environment (Walke 
et al., 2014). Researchers in USA have 
recently identified symbiotic bacteria li-
ving on amphibians’ skins that protect 
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them from the deadly fungal diseases 
(Muletz-Wolz et al., 2017). The cutane-
ous microbiota of amphibians can be de-
fined as a biological component of protec-
tion, since it can be composed of bacteria 
that produce antimicrobial compounds (de 
Assis et al., 2017). The rich microbial 
community harboured on amphibian skin, 
thus, represents a complex ecosystem 
which constantly interacts with the envi-
ronment and host factors that influence 
colonisation (Rollins-Smith et al., 2011). 

Here, we investigated, by bacterial 
growth on selective and differential media 
agar plates, the skin microbiota of pool 
frogs correlated to their aquatic environ-
ments located in Calabria Region, Italy.  

The pool frog (Pelophylax lessonae) is 
a European frog protected by the Biodi-
versity Action Plan (BAP) which is an 
internationally recognised programme 
addressing threatened species and habi-
tats, and it is designed to protect and re-
store biological systems (Glowka et al., 
1994). Typically, the pool frog resides 
in small water pools and prefers places 
surrounded by woodlands. This research 
aims to build a basic ecological founda-
tion to better understand the role of cul-
turable microbial communities in frog and 
their specific habitats. Frog specimens, 
precisely swabs were collected from back, 
abdomen, gullet and throat in April 2015 
from frogs living in two different habitats, 
a natural bath and a pool, near the Angi-
tola lake in the Regional Natural Park of 
Serre (Vibo Valentia, Calabria, Italy). The 
capture was carried out during the project 
Angitola FISH2O (EFF Calabria Cod. 
02/BA/12 – authorised June 28, 2013 
prot. n. 756). All procedures were carried 
out before the actual Italian law (DgLs 4 
marzo 2014, n. 26) but in total accordance 
with the guidelines of the current Euro-
pean Directive (2010/63/EU) related to 

care of animals used for scientific pur-
poses. For sampling, the capture and han-
dling of Pelophylax lessonae were con-
ducted by hand using fresh latex gloves 
for each frog. Additionally, all animals 
were in good health at clinical examina-
tions. Sterile cotton-tipped swabs were 
drawn across the selected anatomical sites 
of each frog and immediately transferred 
to Amies transport medium (Oxoid Ltd, 
UK), then maintained at 4 °C (not longer 
than 24 h) until processing. 

A total of 60 samples (56 frog cutane-
ous swabs and 4 water samples) were 
processed at the Microbiology Laboratory 
of the Department of Veterinary Medicine 
and Animal Production, University of 
Naples Federico II (Italy). All samples 
were plated on blood agar base supple-
mented with 5% sheep blood,  a selective 
medium used for the isolation of Gram-
positive microorganisms, on mannitol-salt 
agar, a selective medium to identify 
staphylococci, and on MacConkey agar, a 
selective and differential medium for the 
growth of Gram-negative bacteria, which 
were all incubated aerobically at 37 °C for 
24–48 h. Furthermore, the presence of 
yeasts on skin was also investigated by 
incubation in the dark at 30 °C for 3 days. 
The used agar plates were all produced by 
Oxoid Ltd, UK.  

Bacteria were identified by macro-
scopic observation of the colonies, Gram 
staining, standard laboratory methodolo-
gies (catalase, staphylocoagulase tube test, 
aesculin), and miniaturised biochemical 
tests API system (bioMérieux SA, Marcy 
L'Etoile, France). The species identifica-
tion by miniaturised biochemical tests was 
accepted when probability was > 88%. 

The isolates were tested for suscepti-
bility to 16 antibiotics by the Kirby-Bauer 
disc diffusion method on Mueller-Hinton 
agar incubated at 37 °C, as recommended 
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by the principles described in the Clinical 
and Laboratory Standards Institute stan-
dard method for veterinary pathogens 
(CLSI, 2015). Discs of amoxicil-
lin/clavulanic acid (AUG 30 µg), ampicil-
lin (AMP 10 µg), cefoxitin (FOX 30 µg), 
ceftiofur (EFT 30 µg), ceftriaxone (CRO 
30 µg), ceftazidime (CAZ 30 µg), doxy-
cycline (DO 30 µg), erythromycin (E 15 
µg), gentamicin (CN 10 µg), kanamycin 
(K 30 µg), tetracycline (TE 30 µg), peni-
cillin G (P 10 UI), enrofloxacin (ENR 5 
µg), streptomycin (S 10 µg), trimetho-
prim/sulfamethoxazole (SXT 25 µg) and 
vancomycin (VA 30 µg) were tested.  

By means of the culturing methods, 
the skin frog microbiota from tub frogs 
was the same independently from the dif-
ferent sampling sites such as back, abdo-
men, gullet and throat; precisely, few 
colonies of Pantoea spp., Acinetobacter 
baumannii, Aeromonas hydrophila and 
Enterococcus durans were isolated and 
identified from the different skin districts 
with no important change in the concen-
tration of each bacterial population. In-
stead, Aeromonas hydrophila, Enterococ-
cus durans and Citrobacter freudii were 
detected from the different sampling skin 
sites of frogs living in pool. The half of 
skin frog swabs was positive for Penicil-
lium spp. yeasts with a higher and signifi-
cant presence in the tub frogs than the 
pool frogs. 

The different aquatic habitat influ-
enced the composition of the cutaneous 
microbiota of the frogs, in fact dominant 
bacterial population on tub frog skin in-
cluding, Aeromonas hydrophila and En-
terococcus durans, were detected in all 
the collected samples including tub water 
samples. The most frequent bacterial iso-
lates from water tub samples, in duplicates 
of 4 samples, were Aeromonas hydrophila 
(51%; 95% confidence interval [CI]: 

40.86–61.06%) and Acinetobacter bau-
mannii (26%; 95% CI: 17.97–35.90%). 
No bacterial and fungal growth was re-
vealed from pool water. 

Only from an aquatic environment, 
both from skin and water samples, the 
opportunistic pathogen A. baumannii was 
isolated. This last bacterial isolate de-
serves special attention, since this bacte-
rium has been often isolated from human 
clinical samples. This bacterial species is 
generally responsible of nosocomial infec-
tions, that are difficult to treat for its 
documented increased resistance to anti-
biotics (Howard et al., 2012). Indeed, 
recent reports indicate that A. baumannii 
has also evolved into a veterinary noso-
comial pathogen and, however, it cannot 
be excluded that animals may occasionally 
play a role as reservoir for A. baumannii 
(van der Kolk et al., 2019). 

A. hydrophila, present in all the sam-
ples examined, is an aquatic microorgan-
ism that is able to produce cytotoxins and 
enterotoxins associated with acute gastro-
enteritis and wound infections in human, 
and haemorrhagic septicaemia in fish, 
reptiles and amphibians (Fernández et al., 
2000). Experiments on pathogenicity of A. 
hydrophila demonstrated that frogs ex-
posed to these bacteria showed no mor-
bidity or mortality (Schadich & Cole, 
2010). 

Furthermore, both A. hydrophila and 
A. baumannii were present in skin sam-
ples of frogs from tub, as well as E. du-
rans, a commensal member of the normal 
intestinal flora of humans and animals 
used also as indicator of hygienic quality 
of water (Ashbolt et al., 2001), and re-
vealed in low percentage, herein, also in 
tub water samples. 

Additionally, A. viridans, was only 
isolated from the tub water samples, while 
it was not found in the skin samples of 
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frogs living in the tub. A. viridans has 
been associated with different human in-
fections and different animal clinical 
specimens, such as crustaceans, sea tur-
tles, pigs and cow’s milk (Martin et al., 
2007). 

Penicillium spp., the only yeast identi-
fied in our samples, represents the most 
common fungus observed worldwide that 
only occasionally is agent of human and 
animal mycoses (Guevara-Suarez et al., 
2016). 

It was also noticed that the resident 
bacteria on frogs’ skin were the same pre-
sent in their own aquatic environment, 
except for the pool water sample contai-
ning chlorine able to inhibit the bacterial 
growth. Chlorine is by far the most com-
monly used antimicrobial agent and it is 
known that, even in very low levels, can 
show high antimicrobial activity. 

The present work revealed that a large 
proportion (80–100%) of the isolates from 
skin of the tub and pool frogs was resis-
tant to amoxicillin/clavulanic acid, am-
picillin, gentamicin and tetracycline, while 
all the isolates showed high susceptibility 
(100%) against trimethoprim/sulfametho-
xazole and vancomycin. The isolates from 
tub water showed higher percentages of 
resistance to amoxicillin/clavulanic acid, 
ampicillin, cefoxitin, doxycycline and 
gentamicin. 

Our results about microbial resistance, 
that is of crucial significance to public 
health, have important implications and 
deserve considerable attention for the park 
environment where samplings were made. 
It is important to continuously monitor 
antibiotic-resistant bacteria because resis-
tance may be spread among bacteria pre-
senting on aquatic animals and in the wa-
ter that hosts them. 

Taken together, these results suggest 
that frog skin microbiota is susceptible to 

the belonging environment, the adopted 
chlorine treatment works well to sanitise 
water pool and several isolated bacterial 
strains resulted to be of interest in animal 
and public health. The percentage of mul-
tidrug resistant strains was high, and more 
studies are needed to understand this dis-
semination. However, in order to better 
characterise the interaction between ani-
mal and habitat, future research is requi-
red. The implications of this research are 
stimulating and they suggest that monito-
ring the skin-associated bacteria may pro-
vide a useful way to define the health of 
these animals and inferences with their 
habitat, also in relation to health of hu-
mans as visitors and insiders. 
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