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A B S T R A C T   

The vaginal microbiota of the queen (i.e., female cat) has never been described using culture independent 
methods. The objectives of the present research were to describe the vaginal microbiota of healthy domestic 
shorthair queens using both 16S rRNA sequencing and culture, and to assess the effects of age, living environ
ment, and reproductive season on its composition. Thirty queens undergoing elective ovariectomy were included 
in the study. The vaginal samples were collected just before surgery, from animals under general anaesthesia. 
Two consecutive mini-swabs were introduced in the queens’ vaginal tract. A preliminary study with 10 healthy 
queens aimed to negate sampling order’s effect. Two consecutive samples for sequencing (5 queens, 10 swabs) 
and culture (5 queens, 10 swabs) were collected, confirming a match (100 % in culture, Bray-Curtis P = 0.96 in 
sequencing). The experiment included 20 queens that were prospectively grouped based on age (prepubertal N 
= 10, adult N = 10), living environment (indoor N = 10, outdoor N = 10), and time of the year, whether during 
the reproductive season (N = 10) or during seasonal anoestrous (N = 10). Bacteria were identified through 
metataxonomic analysis, amplifying the V1–V2 regions of 16S rRNA gene, and through standard culture followed 
by MALDI-TOF MS. 

The feline vaginal microbiota is dominated by Proteobacteria, Firmicutes, Bacteroidota, and Actinobacteria. 
Escherichia-Shigella, Streptococcus, and Pasteurella were the most abundant genera. Although culture under
estimated bacterial richness and diversity compared to sequencing, Escherichia and Streptococcus were the most 
isolated bacteria. No bacterial growth was observed in 15 % of samples (N = 3/20), whereas growth of one or 
two bacterial species was observed in 64.7 % (N = 11/17) and 35.3 % (N = 6/17) of cases, respectively. No 
differences in terms of alpha (Kruskal-Wallis rank sum test P = 0.65) and beta diversity (Bray-Curtis, Unweighted 
and Weighted UniFrac analyses P > 0.5) were observed. Although a difference in alpha diversity based on 
phylogenetic tree (P = 0.02) was detected between indoor and outdoor queens. In conclusion, mixed and 
monoculture of Escherichia coli, Streptococcus canis, Staphylococcus felis, and Enterococcus spp. are normal findings 
within the cat vagina. Age and reproductive season do not influence the feline vaginal microbiota, whereas 
further research is needed to elucidate the role of the living environment.   

1. Introduction 

Bacterial communities inhabit the different parts of the animal body 
and play a key role in health and metabolism. Additionally, the vagina 
has a distinct microbiota, as evidenced by studies in both humans [1,2] 
and animals [3–7]. The vaginal microbiota is essential for maintaining 
reproductive health [8], influences fertility [9], and affects pregnancy 

outcomes [10,11]. Research on the feline species is limited to some 
studies investigating vaginal bacterial flora using culture techniques 
[12,13]. While culture remains the gold standard for diagnosing infec
tious agents, it is not the optimal method for investigating bacterial 
population, since it misses more than 90 % of bacteria [14,15]. 
Sequencing techniques offer higher sensitivity, allowing the description 
of the full microbiome of a specific environment [16], and have 
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therefore become widespread in human and animal research over the 
past two decades [17,18]. 

Domestic cats are popular companion animals, yet comprehensive 
studies exploring the composition and dynamics of their vaginal 
microbiota are missing, creating a gap with significant implications for 
feline reproductive management, reproductive diseases, and fertility 
issues, given that the vagina is the site of sperm deposition. Knowledge 
of the healthy vaginal microbiota could also orient the use of antimi
crobials, which are often wrongly adopted as shortcut to improve 
fertility [19]. Conversely, the balance of bacterial populations could be 
preserved or restored using probiotics, as demonstrated in humans and 
other mammals [20–24]. 

The objective of the present research is to describe the feline vaginal 
flora using both culture and 16S rRNA bacterial gene sequencing, and to 
assess the effects of age, reproductive season, and the living environ
ment on the vaginal microbiota of the queen. 

2. Materials and methods 

2.1. Animals 

Thirty clinically healthy queens undergoing elective ovariectomy 
either at the Veterinary Teaching Hospital of the University of Turin 
(Italy) or at a private practice in Turin (Italy) were enrolled in this 
research (Fig. 1). The study was carried out between October 2022 and 
May 2023. The queens were either indoor pets (I) or stray cats living in 
outdoor colonies (O). No restrictions were placed on breed, age, or body 
weight of the animals. However, all the queens were domestic short- 
haired cats, either privately owned in-house cats or stray/colony cats. 

A preliminary study aimed to assess the soundness of the sampling 
procedures. This included ten queens, while the experiment was con
ducted on twenty animals. The age of some stray queens was unknown 
and merely estimated. The animals were classified as prepubertal (P) or 
adult (A, i.e., after puberty), based to history or, when missing, based on 
body weight, secondary sexual traits, the aspect of the ovaries following 
ovariectomy, and the season of the year. 

This observational study was structured and reported in agreement 
with adapted ARRIVE guidelines (Animal Research: Reporting In Vivo 
Experiments) [25]. Approval was obtained by the Ethical Committee of 

the Department of Veterinary Sciences of the University of Turin (Italy) 
(n. 0000284–01/02/2023). All the owners and cat colony managers 
provided informed written consent, and the procedures were carried out 
in accordance with the EU Directive 86/609/CEE and with the guide
lines of the Italian Ministry of Health for the care and use of animals (D. 
L. 4 March 2014 n. 26 and D.L. 27 January 1992 n. 116). 

2.2. Sample collection 

All the queens were clinically healthy; when they did not allow 
manipulation, a preliminary visual inspection was followed by proper 
clinical assessment at preparation for surgery. Ovariectomy followed 
standard anaesthesiological and surgical procedures [26]. Vaginal 
swabs were collected immediately after the induction of general 
anaesthesia: the procedure took between two and 3 min, without 
significantly extending the duration of anaesthesia. Briefly, the peri
vulvar region was disinfected with 2 % chlorhexidine, the vulvar labia 
were slightly separated, and a sterile 1 mL syringe without the plunger 
was gently introduced in the vulva to serve as a guide and protection for 
the sterile nylon ‘mini’ swab (ESwab 484CE, Copan Italia Spa, Brescia, 
Italy) passed through for vaginal sampling. The ‘mini’ swab was intro
duced at about 1 cm depth, and the vaginal walls were delicately rub
bed. Two consecutive samples were collected from each animal. 

The preliminary technical study aimed to check for the possible ef
fect of the order of swab collection. To this end, both swabs collected 
from five queens were placed into a 5 mL tube containing 1 mL of 
modified Liquid Amies Medium (ESwab® Copan Italia Spa, Brescia, 
Italy) for bacterial culture, and both swabs from five different queens 
were placed into a sterile 1.5 mL Eppendorf tube (Eppendorf Tubes® 
3810X, Eppendorf s.r.l., Hamburg, Germany) for molecular analyses. 

In the experiment, the first swab was placed into a sterile 1.5 mL 
Eppendorf tube (Eppendorf Tubes® 3810X, Eppendorf s.r.l., Hamburg, 
Germany) for molecular analyses, and the second swab was placed into a 
5 mL tube containing 1 mL of modified Liquid Amies Medium (ESwab® 
Copan Italia Spa, Brescia, Italy) for bacterial culture. As positive and 
negative controls for molecular analyses, three more swabs were 
collected and immediately placed into a sterile 1.5 mL Eppendorf tube, 
one from the rectum and one from the mouth of a cat, the third just after 
extraction from its sterile envelope. 

Fig. 1. Diagram representing the animals included in the present study. A total number of 30 healthy queens was included either in the preliminary part (N = 10) or 
in the experiment (N = 20). 
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The samples intended for culture were immediately sent to the Isti
tuto Zooprofilattico Sperimentale delle Venezie (Legnaro, Italy) and 
processed within 48 h, whereas those intended for 16S rRNA sequencing 
were frozen at – 80 ◦C and then processed all together once sampling 
was concluded. 

2.3. Bacterial culture 

Culture was performed according to standard laboratory procedures 
on 30 vaginal swabs (two swabs from five queens in the preliminary part 
and 20 swabs from the cats in the experiment). Briefly, each swab was 
diluted in 1 ml of nutrient broth (Heart Infusion Broth). Then, 10 μL 
aliquots were inoculated into solid nutrient medium (three plates of 5 % 
blood agar), and a selective medium for Enterbacteriaceae (MacConkey 
agar). All media were provided by Biolife, Milan, Italy. Blood agar plates 
were incubated at 37 ◦C ± 1 ◦C under aerobic, anaerobic, and micro
aerophilic conditions (5–10 % CO2), while the selective medium and the 
nutrient broth were incubated at 37 ◦C ± 1 ◦C under aerobic conditions. 
Culture media were checked after 24 and 48 h, in case of absence of 
bacterial growth on plates and turbidity in the nutrient broth, broth 
seeding was performed as described. Non-inoculated MacConkey agar 
plates were incubated in parallel in the same conditions as negative 
controls for culture. 

All the bacterial colonies grown on the solid nutrient media were 
counted and identified. Species identification was performed by MALDI- 
TOF MS: Microflex LT instrument (MALDI Biotyper, Bruker Daltonics) 
equipped with FlexControl software (version 3.3, Bruker Daltonics). 

2.4. 16S rRNA gene sequencing 

Sequencing of the bacterial 16S rRNA gene was performed on 30 
vaginal swabs (two swabs from five queens in the preliminary part and 
20 swabs from the cats in the experiment). A clean sterile ‘mini’ swab 
served as negative control to check for possible contamination from the 
swabs, whereas a rectal swab and an oral swab were processed to verify 
that the applied methods would lead to DNA extraction. DNA extraction 
from the frozen and thawed swabs was performed using the E.Z.N.A ® 
Soil DNA Kit (Omega Bio-Tech). Laboratory reagents were used as 
negative controls to assess possible contamination from the extraction 
kit. DNA was quantified using the NanoDrop 2000 spectrophotometer 
(Thermo Fisher Scientific). 16S V1–V2 were used because they signifi
cantly reduce off-target amplification of host mitochondrial DNA at low 
microbial biomass, since they have lower similarity with mammalian 
mitochondrial genome [27], such as in vaginal swabs from cats and 
horses (manuscript in preparation). V1–V2 primers were tailed with i5 
and i7 Nextera adapters allowing barcoding with a second amplification 
step. 

PCR was performed in a 25 μL volume reaction containing 12.5 μL 
Accustart II PCR ToughMix 2X (Quanta Bio), 1.25 μL EvaGreen™ 20X 
(Biotium), 1 μL 16S-i5-XT-27F primer (5′- TCG TCG GCA GCG TCA GAT 
GTG TAT AAG AGA CAG AGV GTT YGA TYM TGG CTC AG, 10 μM), 1 μL 
16S-i7-XT-338R primer (5′- GTC TCG TGG GCT CGG AGA TGT GTA TAA 
GAG ACA GTG CTG CCT CCC GTA GGA GT, 10 μM) and 2 μL (50 ng) 
DNA template. PCR was performed in a CFX 96™ PCR System (Bio-Rad) 
with a real-time limited number of cycles of 94 ◦C for 30 s, 55 ◦C for 20 s, 
72 ◦C for 30 s and a final extension of 72 ◦C for 5 min. All amplicons were 
checked for quality and size by running 2 μL on 2 % agarose gel elec
trophoresis and visualizing a ≈350 bp band. Except for negative con
trols, which yielded insufficient DNA, samples were then sent to an 
external laboratory (BMR Genomics, Padua, Italy) for barcoding and 
sequencing using the Illumina MiSeq platform (Illumina, San Diego, 
CA). 

2.5. Data analysis 

Sequencing data were initially processed and analyzed using CLC 

Microbial Genomics Module version 23.0.3. Raw reads were quality 
filtered to remove adapters and low-quality sequences with a quality 
score threshold of 0.03. Paired-end reads were merged, and primers 
were trimmed. Paired-end reads were denoised into Amplicon Sequence 
Variants (ASVs) using the DADA2 algorithm [28] implemented in the 
CLC Microbial Genomics software. The resulting ASVs were taxonomi
cally classified using the SILVA database version 138.1 with a confi
dence threshold of 97 %. All sequences that were not assigned to the 
Bacteria kingdom were removed. 

Data analyses were further conducted using R ver. 4.2.2 (Vienna, 
Austria) using the packages phyloseq, vegan, ggplot2, and microbiome. 
Data were normalized by performing subsampling based on the lowest 
number of sequences for a sample and by drawing a taxonomy rare
faction curve (Fig. 2). Alpha diversity (i.e., intra-sample diversity) was 
assessed by observed ASV richness, Shannon, Simpson indexes, and by a 
phylogenetic tree using Kruskal–Wallis tests and pairwise Wilcoxon 
tests. Beta diversity (i.e., between-samples diversity) was estimated 
using Bray-Curtis, Unweighted and Weighted UniFrac. Permutational 
multivariate analyses of variance (PERMANOVA) were run to assess 
differences based on age (P and A), living environment (I and O), 
reproductive season (S and NS). 

Significance was considered for P < 0.05. 

3. Results 

In the preliminary study, bacteria were isolated from all the vaginal 
swabs processes by culture (N = 10), and the results of the first and 
second sampling matched in 100 % of cases (N = 5), both for bacteria 
species and growth (Table 1). 

Bacterial genetic material was detected in all the samples processed 
by 16S rRNA sequencing (N = 10). The DNA concentration was similar 
between sample A and B, regardless of the order of collection, and 
ranged between 5 and 50 ng/μL. 

No differences were found in alpha-diversity calculated by Shannon 
and Simpson indexes (Wilcoxon rank sum exact test P = 0.55 for both 
indexes). Beta-diversity by Bray-Curtis analysis showed no statistically 
significant difference (PERMANOVA P = 0.96). 

The characteristics and group assignment of the 20 queens included 
in the experiment (i.e., age, reproductive season, living environment) 
are summarized in Table 2. 

3.1. Bacterial culture 

Bacteria were isolated from 85 % of the vaginal swabs (N = 17 out of 
20). Culture was mixed in 64.7 % (11 out of 17 positive plates) and pure 
in 35.3 % of cases. Seven different bacterial species were isolated in 
culture. The most prevalent species was haemolytic Escherichia coli (75 
%; N = 15 out of 20 queens), which was isolated in pure culture from 
five out of twenty animals (25 %). Streptococcus canis was the second 
most isolated bacterial species (30 %, N = 6 out of 20 queens), followed 
by bacteria belonging to the genus Enterococcus (20 %, N = 4 out of 20 
queens). Finally, Pasteurella spp., Staphylococcus felis, and Clostridium 
perfringens were isolated one time each (5 %, N = 1 out of 20 queens). 
Culture results are reported in Table 3. 

3.2. 16S rRNA bacterial gene sequencing 

Bacteria DNA was extracted from all samples, except for negative 
controls, that were not sequenced. The mean number of ASVs per sample 
was 136.47 (standard deviation SD 59.38, minimum 39, maximum 257). 
The most abundant bacteria phyla in feline vaginal samples were Pro
teobacteria, Firmicutes, Bacteroidota, and Actinobacteria. Sequences 
belonging to 359 bacterial genera were detected and the most abundant 
genera were Escherichia-Shigella (mean relative abundance per sample 
40.84 % ± standard deviation SD 37.68; 80 %, N = 16 out of 20 sam
ples), Streptococcus (mean relative abundance per sample 7.64 % ± SD 
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13.69; 90 %, N = 18 out of 20 samples), Pasteurella (mean relative 
abundance per sample 5.68 % ± SD 16.20; 30 %, N = 6 out of 20 
samples), Bacteroides (mean relative abundance per sample 4.49 % ± SD 
17.02; 35 %, N = 7 out of 20 samples), and Staphylococcus (mean relative 
abundance per sample 3.47 % ± SD 4.62; 70 %, N = 14 out of 20 
samples). 

Relative abundances based on bacterial genera are reported in Fig. 3. 
No differences were found in observed ASV richness and in alpha- 

diversity calculated by Shannon and Simpson indexes based on the 
group (PO, AO, PI, AI; Kruskal-Wallis rank sum test: observed ASV 
richness P = 0.62, Shannon index P = 0.62, Simpson index P = 0.82). 

Furthermore, when analyzed separately, no differences in alpha- 
diversity were found based on the living environment (Kruskal-Wallis 
rank sum test: observed ASV richness P = 0.28, Shannon index P = 0.87, 
Simpson index P = 0.65; Fig. 4), age (Kruskal-Wallis rank sum test: 
observed ASV richness P = 0.82, Shannon index P = 0.76, Simpson index 

P = 0.70), and reproductive season (Kruskal-Wallis rank sum test: 
observed ASV richness P = 0.76, Shannon index P = 0.70, Simpson index 
P = 0.88). Analyses based on the phylogenetic tree showed a significant 
difference in the vaginal microbiota between indoor and outdoor queens 
(P = 0.02; Fig. 4), although no differences were detected based on the 
age and reproductive season (P = 0.3 and P = 0.5, respectively). Dif
ferential abundance analyses are reported as a supplementary material 
(S1). Beta diversity using Bray-Curtis statistics (Fig. 5), Unweighted, and 
Weighted UniFrac did not reveal any significant difference either among 
groups (PO, AO, PI, AI; P > 0.5) or based on all the considered factors 
(Table 4). 

Fig. 2. Taxonomy rarefaction curves for the feline vaginal samples included in the present study showing that the selected sequencing depth was sufficient to 
saturate species richness. 

Table 1 
Bacteria species and number of Colony Forming Units (CFU) in two repeated 
vaginal swabs (A and B), from the same cat.  

Cat Swab 
(A or 
B) 

Bacterium 1 
species 

Bacterium 
1 CFU 

Bacterium 2 
species 

Bacterium 
2 CFU 

1.1 A Escherichia coli 
(haemolytic 
strain) 

50 / / 

1.1 B Escherichia coli 
(haemolytic 
strain) 

50 / / 

2.1 A Escherichia coli 
(haemolytic 
strain) 

50 Enterococcus 
fecalis 

50 

2.1 B Escherichia coli 
(haemolytic 
strain) 

50 Enterococcus 
fecalis 

50 

3.1 A Escherichia coli 
(haemolytic 
strain) 

100 / / 

3.1 B Escherichia coli 
(haemolytic 
strain) 

100 / / 

4.1 A Pasteurella 
dagmatis 

>300 Streptococcus 
suis 

>300 

4.1 B Pasteurella 
dagmatis 

>300 Streptococcus 
suis 

>300 

5.1 A Escherichia coli 
(haemolytic 
strain) 

>300 Klebsiella 
oxytoca 

>300 

5.1 B Escherichia coli 
(haemolytic 
strain) 

>300 Klebsiella 
oxytoca 

>300  

Table 2 
List of the included queens. The age (prepubertal or adult), the living environ
ment (indoor or outdoor), and the reproductive season (in season or not in 
season) are reported, together with the four groups that were created (PO =
prepubertal outdoor; PI = prepubertal indoor; AO = adult outdoor; AI = Adult 
indoor).  

Animal Age (Pa 

or Ab) 
Living environment 
(Ic or Od) 

Reproductive season 
(Se or NSf) 

Group 

1.2 P O NS PO 
2.2 A I NS AI 
3.2 P O NS PO 
4.2 P O NS PO 
5.2 A I NS AI 
6.2 P O NS PO 
7.2 A I NS AI 
8.2 P I NS PI 
9.2 P I NS PI 
10.2 A I NS AI 
11.2 P I S PI 
12.2 P O S PO 
13.2 A O S AO 
14.2 P I S PI 
15.2 P I S PI 
16.2 A O S AO 
17.2 A O S AO 
18.2 A I S AI 
19.2 A O S AO 
20.2 A O S AO  

a Prepubertal. 
b Adult. 
c Indoor. 
d Outdoor. 
e Reproductive season. 
f Out of the reproductive season. 
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3.3. Comparison between 16S rRNA bacterial gene sequencing and 
culture 

At genus level, culture underestimated bacterial richness. The mean 
number of bacterial genera detected by sequencing was 39.1 (standard 
deviation SD ± 16.75), ranging from a minimum of eight and a 
maximum of 75. The mean number of bacterial genera isolated in cul
ture was 1.4 (standard deviation SD ± 0.75), ranging from none to a 
maximum of two. 

Results for culture and 16S rRNA sequencing yielded matching re
sults in terms of detected bacterial genera in 45 % of cases (N = 9 out of 
20), meaning that sequences belonging to the genera of the bacteria that 
were isolated in culture were also detected by sequencing. In 35 % of 
samples sequencing failed to detect one of the two cultured bacterial 
genera. Finally, in 20 % of cases the two techniques yielded completely 
unmatching results. These results are reported in Table 3, together with 
culture results. Overall, both techniques detected the bacterial genus 
Escherichia as the most common in the queens included in the present 
study. Nevertheless, the taxonomic depth of sequencing reached genus 
level, whereas culture led to the identification at species and strain level. 

4. Discussion 

The present study describes, for the first time, the vaginal microbiota 
of healthy queens by 16S rRNA sequencing and culture techniques. Since 
bacterial culture and sequencing were performed simultaneously, two 
consecutive swabs from the same site were collected. A previous study 
reported high, though not complete, similarity in repeated feline vaginal 
swabs for culture [13], but no information regarding sequencing was 
available. Therefore, a preliminary technical study was necessary: since 
the consecutive samplings led to similar results for both culture and 
sequencing, the validity of the design of the experiment was confirmed. 

Culture led to the isolation of bacteria from most of the samples: the 
percentage of negative cultures was eight points lower than what re
ported in a previous study on adult cats [13]. It is possible that our 
mini-swabs are more efficient than those used in the previous experi
ment, which were moistened with sterile physiological saline solution 
(Venturi Transystem, Copan Italia, Brescia, Italy) [13]. However, the 
same bacteria were isolated, with haemolytic E. coli being the prevailing 
species. In accordance with Ström Holst et al. (2003) [13], we can affirm 
that pure culture, particularly of haemolytic or non-haemolytic E. coli, 
represents a common finding in healthy cats, even in case of high growth 
and monoculture. Furthermore, Streptococcus canis and staphylococci 
were among the most isolated vaginal bacteria, as in the study by Ström 
Holst et al. (2003) and Clemetson and Ward (1990) [13,29]. From a 
practical perspective, vaginal culture is commonly performed in cases of 
fertility problems, including conception failure and abortion. However, 
careful interpretation of culture results is necessary to diagnose infec
tion, since the presence of bacteria in the vaginal tract is normal, and 
antimicrobial treatment should be considered based on the history of the 
animal and clinical symptoms. Molecular analysis and assessment of 
bacterial population structure can be helpful because imbalances can be 
related to pathological conditions. Disruption of vaginal bacteria com
munities may indicate infection, but it can also be due to unwarranted 
antibiotics administration. Our results from 16S rRNA sequencing 
showed that a distinct microbiota inhabits the vagina of healthy queens, 
suggesting that negative vaginal culture does not indicate that the 
vaginal environment is free from bacteria. 

The vaginal microbiota of healthy queens resulted primarily 
composed by Proteobacteria, Firmicutes, Bacteroidota, and Actino
bacteria, as analyzed by 16S sequencing at the phylum level. Analyses at 
the genus level revealed that the most abundant bacterial genera are 
Escherichia-Shigella, Streptococcus, Pasteurella, Bacteroides, and Staphylo
coccus. The feline vaginal microbiota obviously differs from the vaginal 
microbiota of humans, which is typically rich in Lactobacilli [30], and 
from that of dogs, in which Fusobacterium, Pasteurellaceae, Mycoplasma. 
were the most reported bacteria [4,6,7]. Species-specific anatomical and 
physiological characteristics are the plausible reason of the differences, 
as the bacterial populations colonizing the healthy vaginal mucosa are 
shaped by local pH and humidity, and contain members belonging to the 
typical skin, faecal, oral microbiota of the species, as confirmed by 
culture [31] and sequencing [32–36]. In the present study, we included 
a rectal and an oral swab as positive controls for bacterial DNA extrac
tion and detection by sequencing. However, further research, including 
paired vaginal, oral, and rectal swabs from the same animals, is needed 
to assess possible associations between the microbiota of these three 
niches. 

As expected, sequencing results did not always match those obtained 
by bacterial culture, as the latter underestimated bacterial richness and 
diversity, with a maximum of two isolated bacterial species per sample. 
This is not surprising, as culture is based on the use of media that 
inevitably tend to select some bacterial species [37]. More than 90 % of 
bacterial species are ‘unculturable’, as they do not grow in laboratory 
conditions [15], and others are classified as ‘fastidious’, because they 
have very specific needs and slow growth in culture [38]. Yet, this 
category includes species implicated in reproductive health and fertility 
conditions in animals and humans (e.g., Mycoplasma spp., Brucella spp., 

Table 3 
Bacteria isolation results from twenty queens included in the experiment. Swabs 
for culture were collected from the vagina of each animal.  

Cat Bacterium 1 
Species 

Bacterium 1 
CFUa 

Bacterium 2 
species 

Bacterium 2 
CFUa 

1.2 Escherichia coli 
(haemolytic strain)c 

50 / / 

2.2 Escherichia coli 
(haemolytic strain)d 

50 / / 

3.2 Escherichia coli 
(haemolytic strain)c 

50 / / 

4.2 Escherichia coli 
(haemolytic strain)c 

>300 Enterococcus 
faeciumd 

>300 

5.2 Negative for bacterial 
growth 

/ / / 

6.2 Escherichia coli 
(haemolytic strain)c 

70 Enterococcus 
fecalisd 

41 

7.2 Escherichia coli 
(haemolytic strain)c 

14 Streptococcus 
canisc 

2 

8.2 Escherichia coli 
(haemolytic strain)c 

1 / / 

9.2 Negative for bacterial 
growth 

/ / / 

10.2 Escherichia coli 
(haemolytic strain)c 

100 / / 

11.2 Escherichia coli 
(haemolytic strain)c 

4 Streptococcus 
canisd 

3 

12.2 Escherichia coli 
(haemolytic strain)c 

100 Clostridium 
perfringensd 

1 

13.2 Escherichia coli 
(haemolytic strain)c 

>300 Enterococcus 
spp.d 

42 

14.2 Escherichia coli 
(haemolytic strain)c 

>300 Streptococcus 
canisc 

1b 

15.2 Staphylococcus felisc 1b Streptococcus 
canisc 

1b 

16.2 Negative for bacterial 
growth 

/ / / 

17.2 Escherichia coli 
(haemolytic strain)c 

>300 Streptococcus 
canisc 

4 

18.2 Escherichia coli 
(haemolytic strain)c 

23 Streptococcus 
canisc 

7 

19.2 Escherichia coli 
(haemolytic strain)c 

>300 Enterococcus 
fecalisd 

50 

20.2 Pasteurella spp.d 1b / /  

a Colony Forming Units. 
b isolation following enrichment in culture broth. 
c Sequences belonging to the same bacterial genera were detected by 16S 

rRNA sequencing in samples collected from the same animal. 
d sequences belonging to these bacterial genera were not detected by 16S 

rRNA sequencing in samples collected from the same animal. 
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Lactobacillus spp.). Molecular techniques, including 16S rRNA 
sequencing, detect the presence of bacterial genetic material within an 
environment, although nothing is known about bacterial viability [39, 

40]. In the present study, DNA sequences belonging to 359 different 
bacterial genera were detected by 16S rRNA sequencing, whereas only 
six were isolated in culture. Unexpectedly, some bacterial genera that 

Fig. 3. Relative abundance at genus level of the 15 most prevalent bacteria detected by 16S rRNA bacterial gene sequencing from twenty healthy queens are 
presented. Less relatively abundant bacteria are grouped as ‘Others’. 

Fig. 4. Variation in vaginal microbial diversity based on the living environment (indoor – I, outdoor – O) assessed by observed richness, Shannon, Simpson, and 
phylogenetic indexes in twenty healthy queens. The two groups of animals showed statistically significant (*) different phylogenetic indexes based on Kruskall-Wallis 
test (P = 0.02). 
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were isolated in culture were not sequenced in the matching sample, 
including Clostridium spp., Enterococcus spp., Streptococcus spp., and 
Pasteurella spp. Although surprising, similar results have already been 
reported [41–43] and may be explained by the multitude of 
pre-analytical, analytical, and post-analytical factors influencing the 
outcome of 16S rRNA sequencing, including the extraction kit, the hy
pervariable region that is targeted by PCR, and the bioinformatic ana
lyses [41]. 

In the present study differences based of some characteristics on the 
queens’ vaginal microbiota were assessed, including age (prepubertal 
and adult animals), reproductive season (in season and in seasonal 
anoestrous), and living environment (indoor privately owned and out
door colony cats). 

Prepubertal and post-pubertal/adult queens had similar vaginal 
microbiota. This is in contrast with findings in bitches [7] and humans 
[44], but similar results were obtained in minipigs [45]. Domestic short 
hair queens can reach puberty as early as 4 months if the reproductive 

season begins [46]. Therefore, post-pubertal ‘adult’ queens referred for 
spaying in our investigation could be very young. Our results may more 
precisely suggest that puberty does not affect the vaginal microbiota of 
queens. 

The second factor that we investigated is season, without finding 
significant differences between queens during the reproductive season 
and those in seasonal anoestrus, not only by culture but also when 
analyzing sequencing results, involving all bacterial population DNA. 
Queens are seasonally polyoestrous induced ovulators, having repeated 
oestrus periods during the reproductive season [47]: oestrogen stimu
lation causes fast changes in the vaginal epithelium that could imply also 
changes in microbial populations. Ström Holst et al. (2003) reported a 
higher prevalence of Pasteurellaceae in oestrous queens compared to 
anoestrous ones by culture, although this was the only statistically sig
nificant difference, and the two groups of animals were unbalanced, 
with only 10 oestrous queens versus 56 anoestrous ones. The role of 
oestrogens on vaginal bacterial growth and bacterial flora composition 
has been reported in women [48] but not in the vaginal microbiota of 
heifers [49] or bitches [7]. The canine species can represent a sound 
comparison for the effects of estrogens because, even if not a seasonal 
species, it has a long oestrous period with prolonged oestrogen stimu
lation of the vaginal mucosa, and a long anoestrus [50]. The analogous 
results in the feline and canine species suggest that the vaginal micro
biota is not sensitive to the modifications occurring in the vaginal 
epithelium because of oestrogen stimulation in these species. Further
more, hormonal deprivation following ovariectomy did not significantly 
affect the vaginal microbiota in bitches, although the vaginal epithelium 
of spayed bitches can show signs of dystrophy compared to intact ani
mals [6], as occurs in women with postmenopausal vaginal atrophy 
[51]. Progesterone was reported to influence vaginal microbiota 
modelling in humans [52], as does pregnancy [52,53], and its compo
sition can represent a biomarker for gestational disease as cho
rioamnionitis, pre-term labour, and miscarriage [54]. Further research 

Fig. 5. Two dimensions scaling plot by Bray-Curtis based on animal groups considering the age and the living environment of the included queens: adult indoor (AI), 
adult outdoor (AO), prepubertal indoor (PI), and prepubertal outdoor (AO). The majority of queens clustered together, showing no significant difference in beta- 
diversity (in-between sample diversity) based on the group. 

Table 4 
Results for permutational multivariate analysis of variance (PERMANOVA) 
based on Bray-Curtis, Unweighted, and Weighted UniFrac distances between 
living environment (indoor and outdoor), age (prepubertal and adult), and 
reproductive season (in season and seasonal anestrous) groups.  

Groups Bray- 
Curtis P- 
value 

Unweighted 
UniFrac P-value 

Weighted 
UniFrac P- 
value 

Living environment (indoor 
– outdoor) 

0.96 0.32 0.35 

Age (prepubertal – adult) 0.46 0.55 0.60 
Reproductive season (in 

season – seasonal 
anestrous) 

0.58 0.72 0.75 

aSignificance for P < 0.05. 
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is needed to elucidate whether progesterone and pregnancy may influ
ence the reproductive microbiota in queens, as it is well known that 
progesterone is involved in the development of some reproductive in
fections [55]. 

Finally, the living environment of the queens may have an effect 
their vaginal microbiota, as we detected differences in terms of within- 
groups diversity (i.e., alpha diversity) based on the phylogenetic tree of 
vaginal bacterial populations of privately-owned in-house queens and 
stray cats living in feline colonies. The difference in phylogenetic di
versity but not in other alpha-diversity indexes suggests a shift in 
ecological niches in indoor compared to outdoor animals, as differences 
are driven by the presence of phylogenetically distinct species rather 
than changes in bacterial richness or evenness. Furthermore, between- 
groups comparisons (i.e., beta diversity) did not show any difference 
based on the living environment based on both phylogenetic and non- 
phylogenetic metrics. Hence, further research is warranted to draw 
definitive conclusions on the effect of the living environment on the 
feline vaginal microbiota. In women the environment does not signifi
cantly influence the vaginal microbiota [56,57], although mild differ
ences in vaginal microbial composition were found based on ethnicity 
[57]. In queens, breed would be a factor worth investigating, although 
this was not possible in the present study, as we enrolled only domestic 
shorthaired cats to avoid a confounding difference between 
privately-owned and stray cats, as the latter are obviously not pure-bred 
animals. The body condition score was not assessed in the present study, 
as we included only healthy queens, and none of the included animals 
was emaciated (i.e., BCS below 2/9) or obese (i.e., BCS above 8), 
although this would be worth investigating as obesity has been shown to 
influence the vaginal microbiome in women [58]. Moreover, in the 
present study, we investigated differences in the vaginal microbiota of 
queens based on age, season, and living environment as independent 
factors, although it is possible that they exert combined effects. There
fore, studies using multivariate models on larger populations are needed 
to draw definitive conclusions on the effect of multiple factors. 

In conclusion, the vaginal microbiota of healthy queens includes 
Escherichia-Shigella, Streptococcus, Pasteurella, Bacteroides, and Staphylo
coccus as the most abundant bacterial genera. Mixed or monoculture of 
bacteria such as haemolytic E. coli, S. canis, S. felis, and Enterococcus spp. 
are normal findings in healthy animals. A distinct microbiota inhabits 
the vagina of healthy queens, and the absence of bacteria following 
vaginal culture does not indicate that the vaginal environment is free 
from bacteria. Antimicrobial treatments may unbalance these bacterial 
populations, possibly being more damaging than beneficial, although 
studies assessing the effect of antibiotics on the vaginal microbiome are 
needed. Age and reproductive season do not influence the vaginal mi
crobial flora, whereas the living environment is a factor worth consid
ering, according to these preliminary results. As research on larger 
populations is needed, future investigation should unveil the role of 
breed or pregnancy and, primarily, should describe possible changes 
within the vaginal microbiota in case of reproductive diseases. 
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