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Abstract: For understanding the culturome of vagina of pre-parturient sows, 74 swab samples were analysed for aerobic
o
mesophilic bacteria through pre-enrichment in buffered peptone water at 37 C for 6 h then streaking on blood agar,
trypticase soy agar (TSA) and Hektoen enteric agar (Hi-Media) plates and incubation at 37ºC for 24-48 h. Gram negative
bacteria (GNB) were detected in 56 samples while Gram positive bacteria (GPB) in 28 samples. Of the 115 isolates
identified belonging to 30 species of 16 different genera, 33 were GPB and 82 were GNB. Aeromonas (39.2%) were the
most common isolates followed by Enterococcus (37.8%), Klebsiella (18.9%), Escherichia (10.8%), Citrobacter (8.1%),
Pragia (6.8%) and Proteus (6.8%). Only eight were sensitive to all 8 antimicrobials tested using disc diffusion assay on
Mueller Hinton agar in the study while rest 107 could be classified into 25 antibiogram types (ATs). All GPB and 51.2% of
GNB isolates were resistant to nalidixic acid, 75.6% to ampicillin. Ciprofloxacin inhibiting 99.2% isolates was most
effective antimicrobial followed by gentamicin (96.5%) and ceftriaxone (95.7%). Resistance against herbal antimicrobials
was detected in 87.8%, 87%, 78.3%, 76.5% and 35.7% of isolates against Artemisis vulgaris essential oil, sandal wood
oil, eucalyptus gum, patchouli essential oil and lemon grass oil (LGO), respectively. Except for LGO, resistance to herbal
antimicrobials was more common in isolates of aerobic bacteria of sow vagina than the least effective antimicrobial drugs
nalidixic acid (65.2%) and ampicillin (60.9%). Multiple herbal antimicrobial resistance (MHAR) was detected in 89.6%
strains tested, while multiple antibiotic resistance in 28.7% strains. Enterococci had higher probability (P, 0.02) of MHAR
among GPBs while among GNBs members of Enterobacteriaceae (92 %) were more frequent carriers (P, 0.07) of
MHAR than aeromonads (78.1%). The study indicated that aerobically culturable microbiome which is constituted
exclusively by facultative anaerobe might be important due to their ability as opportunistic pathogens and ability to grow
and compete with anaerobic flora of healthy vagina. The study revealed that in pre-parturient sow vagina the aerobically
culturable microbiome is diverse and many potentially pathogenic bacteria present may harbour multiple drug resistant
bacteria necessitating the proper inference from microbial analysis tests.

Keywords: Vaginal-microbiome, Edwardsiella tarda, Aeromonas, Klebsiella pneumoniae, antimicrobial-drug
resistance, MDR, herbal antimicrobial resistance, MHAR.
1. INTRODUCTION
Vaginal bacterial flora in mammals play an
important role in maintenance of functionality of
reproductive tract [1], local mucosal immunity [2] and
transfer of microbiota to progeny (during birth) required
for peri-natal protection from infections [3-6]. Vaginal
bacterial flora is dynamic, complex and ill understood
[7, 8], but vital. Normal functionality of vagina and
reproduction failure has often been associated with
change in normal microbiota in the vagina [7, 9, 10].
The role of commensal bacteria in vagina in the
maintenance of a healthy reproductive tract and also in
precipitation of some vaginal pathology is quite
understood [7-9, 11]. Recent observations have shown
that transfer of bacteria to progeny during natural birth
takes place in birth canal (vagina) and ensure good
health to neonates [3-5, 12]. Studies have been
conducted on commensal / normal microbiological flora
of reproductive tract in women [1], mares [9, 10],
bitches [11, 13], sows [14], swamp buffaloes [15],
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mithuns (Bos frontalis) [16], guinea pigs [17], cows [18]
and even in lizards [6] at different stages of
reproduction.
The lower reproductive tract consisting vagina and
cervix are the important source of microbiome acquired
by piglets and other newborns during their travel
through birth canal [19]. The acquision of healthy
microbiome by infant leads to good health, and healthy
microbiome in reproductive tract is the key of lifelong
reproductive efficiency [20]. However, bacterial flora of
vagina is always in dynamic state due to its opening to
the environment (affected by animal husbandry
practices, climate and geography), hormonal variation
of reproductive cycle and vicinity to urethra and anus;
the two most potent sources of bacteria in reproductive
tract [21-23]. Besides, antimicrobial therapy is another
important determinant of microbial flora in vagina and
other body parts leading to major microbial shift [21,
24]. Therefore, study of vaginal microflora at different
farms is quiet important to understand economic animal
husbandry. Understanding of commensal bacteria in
vagina of sows in late pregnancy may be important to
© 2016 Synchro Publisher
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understand the reproductive efficiency and for
improving peri-natal management of piggeries.
However, there appears to be scanty information about
commensally occurring bacteria in vagina of healthy
animals in late pregnancy. Large black pig is well
adapted and frequently preferred breed of pigs reared
in Nagaland [25]. To meet the need of piglets for
farmers rearing pigs, a Large Black (LB) breeding seed
farm is established in Jharnapani near Dimapur in
Nagaland. Occurrence of aerobically growing bacteria
in vagina of apparently healthy LB sows was studied in
their late pregnancy to reveal aerobic microbiota of
apparently healthy pig vagina. Although anaerobes are
quite important as inhabitants of deep vagina, and they
outnumber aerobes, the importance of facultative
anaerobes growing aerobically cannot be ignored due
to their opportunistic pathogenic potential and greater
ability to modulate healthy vaginal flora [7, 8]. The
facultative anaerobes are important due to their ability
to compete with strict anaerobic bacteria (often
considered normal inhabitants) in vagina of pregnant
animals. In animals and specifically in sows anaerobic
bacteria have less commonly been reported to cause
infection in post-natal life in infants and also in sows
[14, 22-24], therefore, the study is targeted to study
aerobically growing bacteria in sow vagina.
2. MATERIALS AND METHODS
2.1. Vaginal Swabs
Vaginal swab (VS) samples were collected from 74
apparently healthy Large Black (LB) pregnant sows
(90-100 days of gestation) maintained for breeding at
Pig Seed Breeding Farm at Jharnapani in Nagaland
state. The study was undertaken from over a period of
3 months (March to May). Animals were adequately
restrained and peri-vaginal area was scrubbed to clean
with warm water and then with a strong non-irritant
antiseptic (Triclogel, HiMedia, Mumbai). Sterile swab
sticks (Hi-Media) were inserted deep (10-12 cm) into
the vagina with the vaginal labia gently parted apart
and avoiding contact with clitoral region and urethral
orifice. All possible steps were taken to avoid any
environmental and peri-vaginal contact of swabs to
prohibit detection of contaminants. The swabs were
transferred to sterile screw capped test tubes and
labelled. The samples were brought to the laboratory
within one hour of collection.
2.2. Isolation and Identification of Bacteria
Each swab was inoculated into 10 ml buffered
peptone water (BBL BD, USA) as soon as it reached
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the laboratory and incubated at 37 C for 6 h. Then a
loopful broth from the tube was inoculated onto 5%
sheep blood agar (BA), trypticase soy agar (TSA) and
Hektoen enteric agar (Hi-Media) plates and then
incubated at 37ºC for 24-48 h. From plates positive for
growth, 3-10 well isolated colonies were picked up and
re-streaked onto BA plates for purification. Pure
cultures were identified on the basis of Gram staining,
morphological, growth and biochemical characteristics
using standard procedures [26, 27].
2.3. Antimicrobial Drug Sensitivity Assay
All the isolates were tested for their sensitivity using
disc diffusion methods as per CLSI [28] guidelines on
Mueller Hinton agar (Hi-Media), using ampicillin 25µg
(A), ceftazidime 30µg (Ca), chloramphenicol 30µg (C),
ciprofloxacin 10µg (Cf), cotrimoxazole 25µg (Co),
gentamicin 30µg (G), nalidixic acid 30µg (Na) and
tetracycline 30µg (T) discs (Hi-media). Diameter of
zone of growth inhibition around disc was measured in
mm and isolates were classified as sensitive or
resistant according to CLSI [28] standards. Multiple
drug resistance (MDR) was noted if the test strain was
resistant to three or more of the eight antimicrobials
tested. A reference E. coli K12 strain (E-382), sensitive
to all antibiotic was used as control. Besides, all the
gram positive isolates were also tested for their
sensitivity to clindamycin 2µg, erythromycin 15µg,
oxacillin 1µg and vancomycin 30µg using disk diffusion
assay [28].
2.4. Herbal Antimicrobial Sensitivity Assay
All the isolates were also tested for sensitivity for
herbal antimicrobials using disc diffusion methods [29].
The herbal antimicrobial discs (containing 1 mg of
herbal antimicrobial per disc) of sandalwood oil (SWO),
patchouli essential oil (PEO), Artemesia vulgaris
essential oil (AVEO), lemongrass oil (LGO), and
eucalyptus gum (EG), all procured from Shubh
Flavours and Fragrance P. Ltd (New Delhi) were used
in the study. Bacteria were classified sensitive if any
measurable zone of inhibition around discs of herbal
ingredient was observed.
2.5. Statistical Analysis
For finding difference in prevalence and or cooccurrence of different bacteria in vaginal swabs, and
for comparing the results of sensitivity patterns of
bacteria isolated from VS of pregnant sows Chi-square
2
(χ ) test was used.
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3. RESULTS
3.1. Bacteria Isolated from Vaginal Swabs
Of the 74 VS samples, one or more type of bacteria
could be detected from 56 (75.7%) samples. From 18
(24.3%) samples no aerobically growing mesophilic
bacteria could be detected (Table 1). All the bacteria
isolated from pig vagina in the study were also able to
grow anaerobically and belonged to facultative
anaerobic genera. In most of the VS samples either
only one (27%) or two (35.1%) types of bacteria were
detected but in some of the samples (13.6%) more
than two and up to eight types of bacteria could be
detected (Table 1).
Of the 115 isolates identified from 56 samples, 33
were Gram positive (GPB) and 82 were Gram negative
bacteria (GNB). On further characterization, bacteria
isolated from vagina of sows were classified into 30
species of 16 different genera (Table 2). The GPBs
were detected in only 28 samples while GNBs could be
isolated from all 56 samples positive for bacteria. The

GPBs were always detected along with GNBs in the
samples positive for bacteria. On the other hand in 28
(37.8%) samples only GNBs were detected. Probability
of detection of aeromonads (39.2%) in VS was the
maximum followed by Enterococcus (37.8%), Klebsiella
(18.9%), Escherichia (10.8%), Citrobacter (8.1%),
Pragia (6.8%) and Proteus (6.8%). Strains of other
bacteria could be detected only in one or two samples
(Table 1) only.
From each of the two samples two different strains
of the same bacterial species (Aeromonas veronii)
could be identified using antimicrobial sensitivity
pattern (Table 3). In three of the samples strains of two
different species of Aeromonas (A. schubertii+ A.
sobria, A. eucranophila + A. salmonicida, A. caviae +A.
veronii) were detected simultaneously. In other three
samples strains of two species of Enterococcus (Ec.
faecalis and Ec. faecium) were present while in one
sample both Ec. faecalis and Ec. casseliflavus (Table
1) were detected simultaneously.

Table. 1. Bacteria Isolated from Vaginal Swabs of Pre-Parturient Sows in Nagaland
Number of
Bacteria
isolated

Total
samples (%)

Sample numbers

Types of bacteria isolated

0

18 (24.3)

45, 46, 48, 49, 50,
52, 55, 56, 57, 58,
59, 62, 63, 64, 65,
66, 67, 73

No aerobic or facultative aerobic bacteria could be cultured

1

20 (27.0)

7, 8, 14, 16, 18,
19, 23, 24, 37, 39,
43, 44, 47, 53, 54,
68, 69, 71, 72, 74

A. caviae (2), A. eucranophila (2), A. veronii (2), C. freundii (1), E. fergusonii (1),
Erwinia ananas (1), K. pneumoniae (6), Kluyvera crocrescens (1), Pragia fontium (1),
P. vulgaris (1), Pseudomonas fluorescens (2)
A. caviae + Ec. faecalis (1), A. caviae + E. ferfusonii (1), A. eucranophila + R.
planticola (1), A. eucranophila + P. mirabilis (1), A. eucranophila + A. salmonicida
(1), A. eucranophila + Ec. faecalis (1), A. hydrophila + Ec. faecium (1), A.
salmonicida + K. pneumoniae (1), A. schubertii + K. oxytoca (1), A. sobria + Ec.
faecium (1), A. veronii + Ec. faecium (4), A. veronii + Ec. faecalis (1), C. diversus +
Ec. faecalis (1), C. freundii + Ec. faecalis (1), C. freundii + K. pneumoniae (1), E. coli
+ Ec. faecium (1), E. coli + Ec. faecalis (1), E. fergusonii + Ec. faecalis (2), Ec.
faecalis + K. pneumoniae (1), Ec. faecalis + Leminorella ghrimontii (1), Ec. faecium +
P. mirabilis (1), K. pneumoniae + R. terrigena (1)

2

26 (35.1)

1, 2, 3, 4, 5, 6, 7,
10, 11, 12, 13, 15,
17, 20, 21, 24, 31,
35, 36, 40, 41, 42,
51, 60, 61, 70

3

5 (6.8)

22, 28, 30, 32, 33

A. salmonicida+ Ec. faecium+ Streptococcus suis (1), A. schubertii+ Ec. faecium+
Pragia fontium (1), A. veronii+ Ec. faecium+ K. pneumoniae (1), Ec. faecalis+ Ec.
faecium+ P. vulgaris (1), E. coli+ Ec. faecium+ Edwardsiella tarda (1)

4

2 (2.7)

27, 29

A. caviae +A. veronii+ Ec. faecium+ Providencia heimbachae (1), A. schubertii+ A.
sobria+ Budvicia acquatica+ Ec. faecium (1)

5

1 (1.4)

34

A. sobria+ Ec. faecalis+ Ec. faecium+ K. pneumoniae+ Pragia fontium (1)

6

1 (1.4)

26

A. hydrophila+ Budvicia aquatica+ C. freundii+ Ec. faecalis+ Ec. faecium+ P. penneri
(1)

8

1 (1.4)

38

A. veronii+ Ec. faecalis+ Ec. casseliflavus+ C. freundii+ E. fergusonii+ Pragia
fontium+ Erwinia ananas+ K. pneumoniae (1)
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Table. 2. Antimicrobial Resistance in Bacteria Isolated from Vaginal Swabs of Pregnant Sows for different
Antimicrobials and Herbal Drugs
Bacteria

N

Ca

Cf

Na

C

A

T

G

Co

SWO

AVEO

LGO

PEO

EG

MDR

Aeromonas
caviae

5

0

0

3

1

5

2

0

3

5

3

0

3

2

3

MHDR
3

A. eucranophila

6

0

0

5

2

6

2

0

5

3

6

3

4

4

5

4

A. hydrophila

2

0

0

0

0

2

0

0

1

2

1

1

2

2

0

2

A. salmonicida

3

0

0

1

0

3

0

0

0

3

3

2

2

2

0

2

A. schubertii

3

0

0

2

0

3

0

0

0

1

1

0

1

2

0

1

A. sobria

3

0

0

3

1

3

0

0

0

3

1

0

3

3

1

3

A. veronii

10

0

0

6

0

10

1

0

2

10

7

2

10

7

2

10

Budvicia
aquatica

2

0

1

2

0

2

0

0

0

2

0

0

2

2

1

2

Citrobacter
diversus

1

0

0

0

0

1

0

0

0

1

1

1

1

0

0

1

C. freundii

5

1

0

1

0

2

1

0

1

5

5

2

5

3

0

5

Escherichia coli

3

0

0

0

0

1

1

0

1

3

3

0

3

1

0

3

E. fergusonii

5

0

0

2

1

2

1

0

1

4

5

1

5

3

1

5

Enterococcus
casseliflavus

1

0

0

1

0

1

0

0

1

1

1

1

0

1

1

1

Ec. faecalis

15

3

0

15

3

3

2

4

14

15

15

6

9

15

7

15

Ec. faecium

16

1

0

16

0

2

0

0

15

16

16

8

13

16

2

16

Edwardsiella
tarda

1

0

0

0

0

0

0

0

1

1

1

0

1

0

0

1

Erwinia ananas

2

0

0

1

0

0

0

0

0

2

2

2

2

2

0

2

Klebsiella
oxytoca

1

0

0

1

0

1

0

0

1

0

1

0

0

1

1

0

K. pneumoniae

13

0

0

8

0

13

1

0

3

9

13

6

8

11

2

12

Kluyvera
cryocrescens

1

0

0

1

0

0

0

0

0

0

1

0

0

1

0

0

Leminorella
ghrimontii

1

0

0

0

0

0

0

0

0

0

0

0

0

1

0

0

Pragia fontium

5

0

0

2

1

3

1

0

2

5

5

2

5

4

1

5

Proteus
mirabilis

2

0

0

1

1

1

1

0

1

2

2

1

2

1

1

2

Proteus penneri

1

0

0

1

1

1

1

0

1

1

1

0

1

1

1

1

Proteus
vulgaris

2

0

0

0

2

0

2

0

2

2

2

1

2

1

2

2

Providencia
heimbachae

1

0

0

0

1

1

1

0

0

1

1

0

1

0

1

1

Pseudomonas
fluorescence

2

0

0

1

1

2

0

0

1

2

2

2

1

1

1

2

Raoultella
planticola

1

0

0

1

0

1

0

0

0

0

1

0

1

1

0

1

Raoultella
terrigena

1

0

0

0

0

1

0

0

0

1

1

0

1

1

0

1

Streptococcus
suis

1

0

0

1

0

0

0

0

1

0

0

0

0

1

0

0

Total resistant
(%)

115

5*
(4.3)

1
(0.9)

75*
(65.2)

15
(13.0)

70*
(60.9)

17
(14.8)

4*
(3.5)

57*
(49.6)

100**
(87.0)

101***
(87.8)

41
(35.7)

88***
(76.5)

90*
(78.3)

33
(28.7)

103**
(89.6)

Gram + (%)

33

Gram -ve (%)

82

4

0

33

3

6

22

33

10

32

(9.1)

(18.2)

(93.9)

(97.0)

32
(97.0)

15

(100)

4
(12.1)

32

(0.0)

2
(6.1)

31

(12.1)

(45.5)

(66.7)

(100)

(30.3)

(97.0)

1
(1.2)

1
(1.2)

42
(51.2)

12
(14.6)

64
(78.0)

15
(18.3)

0
(0.0)

26
(31.7)

68
(82.9)

69
(84.1)

26
(31.7)

66
(80.5)

57
(69.5)

23
(28.0)

71
(86.6)

Abbreviations: A, Aeromonas; C, Citrobacter; E, Escherichia; Ec, Enterococcus; K, Klebsiella; N, numbers tested; Ca, ceftazidime; Cf, ciprofloxacin; Na, nalidixic acid; C,
chloramphenicol; A, ampicillin; T, tetracycline; G, gentamicin; Co, cotrimoxazole; SWO, sandalwood oil; AVEO, Artemesia vulgaris essential oil; LGO, lemongrass oil; PEO,
patchouli essential oil; EG, eucalyptus gum; MDR, multiple drug resistance; MHDR, multiple-herbal-drug-resistance; resistance differed significantly between G+e and G-ve
bacteria *(p ≤0.01), **(p 0.01 to 0.05), ***(p >0.05 to 0.1).
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Antimicrobial Resistance Patterns of Bacteria Isolated from Vaginal Swabs of Pre-Parturient Sows

Antibiogram
type

Resistance
pattern

No. of
strains (%)

Bacteria

AT-1

Sensitive to all
antibiotics

8 (7.0)

E. fergusonii (2), Erwinia ananas (1), C. freundii (2), Leminorella ghrimontii (1), E. coli (1),
Proteus mirabilis (1)

AT-2

A

18 (15.7)

A caviae (1), A. eucranophila (1), A hydrophila (1), A. salmonicida (2), A. schubertii (1), A.
veronii (4), C. diversus (1), E. fergusonii (1), K. pneumoniae (4), Pragia fontium (1),
Raoultella terrigena (1)

AT-3

C

1 (0.9)

Pragia fontium (1)

AT-4

Co

2 (1.7)

Edwardsiella tarda (1), Pragia fontium (1)

AT-5

Na

3 (2.6)

Erwinia ananas (1), E. fergusonii (1), Kluyvera cryocrescens (1)

AT-6

T

1 (0.9)

E. coli (1)

AT-7

A, Co

5 (4.3)

E. coli (1), C. freundii (1), A. hydrophila (1), K. pneumoniae (1), Pseudomonas fluorescens (1)

AT-8

A, Na

20 (17.4)

A. caviae (1), A. salmonicida (1), A. schubertii (2), A. sobria (2), A. veronii (4), Budvicia
aquatica (1), Ec. faecalis (1), K. pneumoniae (6), Pragia fontium (1), Raoultella terrigena (1)

AT-9

A, T

1 (0.9)

C. frendii (1)

AT-10

A. C, T

1 (0.9)

Providencia heimbachae (1)

AT-11

A, C, Na

2 (1.7)

A. sobria (1), Pseudomonas fluorescens (1)

AT-12

A, Ca, Na

1 (0.9)

Ec. faecium (1)

AT-13

A, Cf, Na

1 (0.9)

Budvicia aquatica (1)

AT-14

A, Co, Na

8 (7.0)

A. eucranophila (2), A. veronii (1), Ec. casseliflavus (1), Ec. faecalis (1), Ec. faecium (1), K.
oxytoca (1), K. pneumoniae (1)

AT-15

A, co, T

1 (0.9)

A. caviae (1)

AT-16

A,C, Co, Na

2 (1.7)

A. caviae (1), A. eucranophila (1)

AT-17

A, Co, Na, T

5 (4.3)

A. caviae (1), A. eucranophila (1), A. veronii (1), K. pneumoniae (1), Pragia fontium (1)

AT-18

A, C, Co, Na, T

4 (3.5)

A. eucranophila (1), E. fergusonii (1), Proteus mirabilis (1), Proteus penneri (1)

AT-19

A, Ca, Co, G, Na

1 (0.9)

Ec. faecalis (1)

AT-20

Ca, Na

1 (0.9)

C. freundii (1)

AT-21

Ca, Co, Na

1 (0.9)

Ec. faecalis (1)

AT-22

Ca, Co, G, Na

1 (0.9)

Ec. faecalis (1)

AT-23

C, Co, Na

1 (0.9)

Ec. faecalis (1)

AT-24

C, Co, G, Na, T

2 (1.7)

Ec. faecalis (2)

AT-25

C, Co, T

2 (1.7)

Proteus vulgaris (2)

AT-26

Co, Na

22 (19.1)

Ec. faecalis (7), Ec. faecium (14), Streptococcus suis (1)

Abbreviations: A, Aeromonas; C, Citrobacter; E, Escherichia; Ec, Enterococcus; K, Klebsiella

Of the 8 samples positive for Escherichia (E. coli 3,
E. fergusonii 5), 6 contained enterococci also.
Association (p, 0.022) of Escherichia was more
common with Ec. faecalis (p, 0.027) than with Ec.
faecium (p, 0.155). However, two samples positive for
E. fergusonii had no enterococci. Probability of isolation
of Klebseiella pneumoniae with other bacteria was
slightly higher (p, 0.092) than occurrence of the
pathogen alone. Though 5 samples each were positive
for Pragia fontium and C. freundii, in pure culture P.
fontium or C. freundii were detected only in one sample

each. Samples positive for Pseudomonas fluorescens
(2) had no other bacteria detectable in vaginal swabs.
However, from all the samples positive for Raoultella
strains other bacteria (K. neumoniae or A.
eucranophila) were also isolated. Co-occurrence of A.
veronii and Ec. faecalis was rare (p, 0.454), but cooccurrence of A. veronii and Ec. faecium was
significantly (p, 0.002) common. Although cooccurrence of most of the aeromonads with enterococci
was significantly (p, 0.003) common, A. eucranophila
was never detected with enterococci.

Aerobic Microbiome of Vagina

3.2. Antimicrobial Drug Resistance of Bacterial
Isolates
Of the 115 bacteria isolated in the study only eight
isolates were sensitive to all the 8 antimicrobials tested
(Table 3). On the basis of antimicrobial drug sensitivity,
115 isolates could be classified into 26 antibiogram
types (ATs). Of the 26 ATs, 12 had only one strain
each, 5 had two strains each and rest had multiple
strains belonging to same or different species (Table
3). The most common AT was AT-26 (resistant to
cotrimoxazole and nalidixic acid, had 22 strains (all
belonging to either Enterococcus or Streptococcus
genus), followed by AT-8 (20 strains) and AT-2 (18
strains). A total of 33 bacterial isolates had resistance
to three or more drugs and classified as multiple-drugresistant (MDR). Of the 26 AT types MDR strains were
included in 15ATs (AT-10 to AT-19 and AT-21 to AT25). More than 83% A. eucranophila and 60% A.
caviae were MDR type with much higher probability
than other aeromonads and isolates of other genera in
the study (P, 0.001). Of the five isolates of Proteus spp.
four had MDR with comparatively higher probability (P,
0.01) than other bacteria in pig vagina.
All GPBs and 51.2% of GNBs were resistant to
nalidixic acid (p, <0.01). Next commonly resisted drug
was ampicillin for that most of the GNBs were resistant
(75.6%) but only few GPBs (18.2%) had resistance to
it. The next less effective antimicrobial drug was cotrimoxazole (50%), almost all GPBs (93.9%) and 31.7%
GNBs were resistant to it. Ciprofloxacin was the most
effective antibiotic inhibiting 99.2% isolates; only one
isolate (Budvicia aquatica) was resistant to
ciprofloxacin. Next in effectiveness were gentamicin
(96.5%) and ceftriaxone (95.7%), for both the
antibiotics GPBs were significantly more resistant (p,
<0.01) than GNBs. In contrast, most of the isolates
resistant to tetracycline (p, 0.01) belonged to GNBs (15
of the 17 resistant).
All 32 aeromonads and 14 klebsiellae were resistant
to ampicillin but had more probability of being sensitive
to co-trimoxazole (p, 0.04) than other microbes in the
study (Table 2). In contrast, enterococci were more
often sensitive to ampicillin (p, 0.001) and resistant to
co-trimoxazole (p, 0.001). Besides, enterococci were
more commonly resistant to ceftazidime (p, 0.008),
nalidixic acid acid (p, 0.0001) and gentamicin (p, 0.001)
than other bacteria (Table 2).
Sensitivity assay to GPB specific antibiotics
indicated that resistance was observed only in
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enterococci but not in S. suis isolate. None of the
enterococci isolate was resistant to vancomycin.
However, more than two third (68.8%) isolates were
resistant to oxacillin, and 56.3% to erythromycin and
clindamycin each.
3.3. Herbal Antimicrobial
Bacterial Isolates

Drug

Resistance

in

Resistance against herbal antimicrobials was very
common and detected in 87.8%, 87%, 78.3%, 76.5%
and 35.7% isolates against AVEO, SWO, EG, PEO and
LGO, respectively. Except for LGO, resistance to other
herbal antimicrobials was more common in sow vaginal
isolates of aerobic bacteria than nalidixic acid (65.2%)
and ampicillin (60.9%), the least effective antibiotics.
Though sensitivity of GPBs (enterococci) was less
frequent than GNBs for SWO (p, 0.04), AVEO (P, 0.06)
and EG (P, 0.003), no difference was evident towards
sensitivity to LGO and PEO. Among GNBs,
aeromonads had fewer chances to be resistant to
AVEO (P, 0.001) but no significant difference was
evident for other herbal drugs.
Multiple herbal antimicrobial resistance (MHAR)
was detected in 89.6% strains tested. The MHAR was
almost three times more common than MDR (28.7%)
with high probability (P, 0.02) in enterococci (GPBs).
Among GNBs, members of Enterobacteriaceae (92 %)
were the more frequent carriers (P, 0.07) of MHAR
than aeromonads (78.1%).
4. DISCUSSION
Although in most of the studies anaerobic bacteria
are found to outnumber aerobic bacteria in vagina but
aerobically growing microbes have been shown to be
some times more important because of their ability
anaerobically (facultative anaerobes) and ability to
cause infections [8]. Moreover in sows and other
animals facultative anaerobes (able to grow both
aerobically and anaerobically) have been reported to
cause major shift in reproductive health of mothers and
postnatal health of infants [14, 24]. Thus the study of
aerobic microbiome of vagina is as important as
anaerobic microbiome. However, for complete
understanding all microbes including non-culturable
ones should be analysed but due to limited
microbiological facilities more important aspect was
taken into consideration.
The study on mesophilic aerobic microbiome of 74
pre-parturient sow vaginal swabs, no bacteria could be
isolated from 18 (24.3%) vaginal swabs of sows. In 20

14
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(27%) sample only one type while in 36 (48.7%)
sample more than one type of bacteria were detected
(Table 1). Bacteria identified from sow vaginal swabs
belonged to 30 different species (Table 2). Absence of
any aerobically growing bacteria in vagina of sows may
not be surprising because vaginal flora is mainly
constituted by anaerobes [7, 8]. Detection of
aerobically growing bacteria from vaginal swabs of
>75% sows indicated importance of aerobes in
constitution of microbiome of sow vagina.
The isolates belonged to as many as 26
antibiogram types (Table 3). Similar type of microbial
diversity has been reported earlier in vagina of healthy
as well as with reproductive tract infections in sows [14,
22-24] and in vagina of other animals [9-11, 13, 15-18]
too. Understanding presence of potentially pathogenic
facultative anaerobic bacteria in vagina of preparturient sows may be significant in planning
management strategies to enhance the production in
light of facts that vaginal secretions were the most
likely source of infection for piglets [30].
Bacterial isolates from sow vagina belonged to
three major groups of facultatively anaerobic bacteria
including members of Enterobacteriaceae (50),
Aeromonas spp. (32) and Enterococcus spp. (32) and
none of the isolate was strict aerobe. In earlier studies
on sows and feral sows in different parts of world
enterococci and enterobacteria have been reported as
the most common urogenital commensal as well as
opportunistic pathogens associated with uro-genital
infections [22, 23, 31]. Although, aeromonads have
rarely been reported from sow vagina [23], in the same
region (Jharnapani, Nagaland) strains belonging to
similar species of aeromonads have commonly been
reported from rectum of diarrhoeic pigs [32] and vagina
of swamp buffaloes [15] and mithuns [16]. In the earlier
study on same farm [32] many of the bacteria isolated
from vagina of sows were identified as cause of
diarrhoea in piglets indicating dynamism in movement
pathogens.
Though enterobacteria were detected in 50% of sow
vagina, E. coli was isolated only from three sows. In
earlier studies on microflora of sow reproductive tract
E. coli have been reported to constitute a major group
[22, 23, 33]. On the same farm in earlier studies on
diarrhoeic piglets, E. coli was identified as the most
prominent (26 of 36) cause of disease [32]. The less
frequency of occurrence of E. coli in pre-parturient
sows might be due to prevalence of mucosal immunity
in the farm as observed in case of application of
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streptococci vaccine [30]. The other reason might be
an alternate source of diarrhoeagenic E. coli in
piggeries as suspected in earlier report [32].
Besides enterococci, S. suis could be detected in a
sow vagina. Streptococcus suis is an important
pathogen of swine and reported in their reproductive
tracts [22]. Birth canal (cervix and vagina) has been
found to be the most common source of the infection in
piglets [19].
Some of the potentially pathogenic bacteria isolated
from sow vaginal swabs including Edwardsiella tarda,
Raoultella spp. and Klebsiella oxytoca, have been
rarely reported earlier from reproductive tract of pigs
[14, 21-23]. However, these microbes may cause
serious illness in pigs and E. tarda has been often
associated with diarrhoea in piglets [32, 34, 35]. On the
other hand, K. pneumoniae isolated from 13 vaginal
swabs of sows has been commonly reported pathogen
of pigs present in reproductive tract, respiratory as well
as in genital tract [20, 23, 36, 37].
Several bacteria often isolated from environment
including strains of Pseudomonas, Citrobacter, Erwinia,
Proteus, Kluyvera, Pragia and Leminorella species
were also isolated from sow vaginal swabs. Many of
them have also been reported to be present in
reproductive tract of sows and other animals [9, 10, 17,
18, 23, 33, 38] and a few of them have also been
associated with reproductive tract infection in sows too
[20, 22, 23].
Extensive antimicrobial resistance and MDR is now
common everywhere irrespective of source of microbes
[39]. Therefore isolation of large number of MDR
bacteria from vagina of sow is neither novel nor
unexpected, similar antimicrobial drug ressitance has
been reported earlier in bacteria isolated from the same
piggery [32], from feral pigs in Brazil [23] and even from
vaginal swabs of other animals [15, 16] and
environmental sources in the same region Jharnapani
[40] and also in other parts of India [9].
On the basis of antibiogram isolates could be
classified into 26 types. The isolates of the same
species could easily be differentiated from one other to
identify them into different strains (Table 3).
Observations revealed the diversity of microflora in
vagina even on the same farm indicating that there is
some individuality in microbiome of vagina of sows of
the same species at the same farm under similar
husbandry conditions as observed in human beings
and other life forms [41].

Aerobic Microbiome of Vagina

Resistance of all aeromonads and klebsiellae to
ampicillin observed the study is not alarming because
these potential pathogens are usually resistant to
ampicillin [23, 42].
Enterococci isolates from sow vagina were mostly
sensitive to ampicillin and resistant to co-trimoxazole.
In earlier studies on antimicrobial sensitivity of vaginal
microbiome of feral pigs [23] and of other animals [9,
10, 15, 16, 43] enterococci have been reported to be
sensitive to ampicillin and amoxicillin but resistance to
cotrimoxazole. In earlier studies vancomycin resistant
isolates of enterococci has been reported from vagina
of pigs [23] and mares [9, 10, 43] but in the present
study none of enterococci isolates had resistance to
vancomycin. It might be due non-use of the drug in
Jharnapani and nearby and similar observations were
made earlier on enterococci isolates from mithun [16]
and swamp-buffalo [15] vagina in Nagaland and also
from diarrhoeic piglets of the same farm (32). However,
68.8% and 56.3% isolates were resistant to oxacillin,
and erythromycin (56.3%). Oxacillin and erthryomycin
resistance though more important for staphylococci [28]
has commonly been reported earlier in enterococci of
Jharnapani region from different sources [15, 16, 32]
and indicated that it might have spread to different
microbiomes irrespective of animal and their systems.
Although defining herbal drug resistance is always
been a controversial issue due to use of different
concentrations of herbs in discs used, one has to set
some cut off limit [29], in our study we uniformly used 1
mg of herbal preparation (either pure oil or dried
extract). The bacteria inhibited to grow around disc
were classified resistant as reported in several earlier
studies [29, 40]. Resistance to AVEO, SWO, EG, PEO
was observed in more isolates than resistance to any
of the least effective antimicrobials. It is not much
different from herbal drug resistance reported in semidomestic animals of the same locality (Swamp
buffaloes, Mithuns) or in domiciled birds and lizards
[15, 16, 29, 32, 44]. In semidomestic and feral animals
herbal drug resistance in Nagaland might expected due
to continuous exposure of those animals to many of the
herbs growing wild in Nagaland. However presence of
herbal drug resistance in farmed animals indicated that
microflora in different microbiomes is under dynamic
state and similar to antibiotic resistance [28, 39] herbal
drug resistance is also spreadable. Lemmon grass oil
inhibited growth of almost two third (64.3%) of strains
and might be promising natural antimicrobial in control
of infections and feed additives. The observations on
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affectivity of LGO on microbes are in concurrence to
earlier studies in the same region on microbes of
environmental and other animal origin [44].
5. SUMMARY
The study indicated that aerobically culturable
microbiome which is constituted exclusively by
facultative anaerobe might be important due to their
ability as opportunistic pathogens and ability to grow
and compete with anaerobic flora of healthy vagina.
The study revealed that in pre-parturient sow vagina
the aerobically culturable microbiome is diverse and
many potentially pathogenic bacteria may be its
constituents. The information may be vital in planning
for better management of piggery and can also be an
indicator of health. Besides, understanding normal
microbiome of sow vagina, it may help in
understanding the reality of alarms and can be
interpreted to avoid the un-necessary worries
associated with detection of potentially pathogenic
bacteria during routine screening. The study also
indicated individuality in microbiome as well as spread
of antimicrobial resistance in bacteria.
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