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species were isolated from vaginal swabs of apparently healthy swamp buffaloes. Escherichia
coli was the most common bacteria isolated from 68% samples followed by Enterobacter
agglomerans (32%), Klebsiella pneumoniae (16%), Erwinia amylovora (16%), Aeromonas media (12%),
Alkaligenes denitrificans (12%) and Aeromonas hydrophila (8%). A total of 35.1 % isolates had MDR
and 14 isolates were phenotypically confirmed as producer of crabapenemase or ESBL.
Resistance to ampicillin was the most common (68.4%) followed by resistance to ceftazidime
(33.3%), nitrofurantoin (31.6%) and cotrimoxazole (21.1%). Resistance to imipenem,
aztreonam and ceftazidime + clavulanic acid was detected in 5, 5 and 9 isolates, respectively.
The study conclude that vagina of swamp buffaloes may carry several microbes having
multiple drug resistance without any apparent illness.
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Bubalus bubalus or sometimes named Bubalus arnee fulvus
(swamp buffalo) often found roaming under semi-
domesticated mode in villages of Nagaland and
neighbouring areas of North-East India, Myanmar and
Thailand (Groves, 1996). Though several studies have been
reported from other parts of the world on health and
production aspects of swamp buffaloes (Verin, 2011; Hill et
al., 1993; Tongyai, 1993; Tantivanich et al., 1988) information
is scant on diseases of Indian swamp buffalo (Singh et al,
2012). Several studies on bacterial flora of reproductive
tracts of different animals and humans have revealed role of
commensal microbes in innate immune response and health
of reproductive tract (Bara et al., 1993; Mshelia et al., 2001,
Nelson et al., 2008; StrOmbeck, 2008; Zhi et al., 2008; Singh,
2009a;  Chotimankul and  Sirivaidyapong,  2010).
Reproduction failure (infertility) and reproductive tract
infections are often the outcome of change in commensal
flora of vagina (Larsen and Galask, 1982; Larsen and Gilles,
2001, Singh, 2009a; Chotimankul and Sirivaidyapong, 2010).
Besides, bacterial microbiota of vaginal tract may also have
profound effect on health of newborns (Srinivasan and
Fredricks, 2008). Thus the knowledge of commensal
bacteria in vagina of healthy subjects is necessary to give a
therapeutically pertinent diagnosis when vaginal cultures
are recommended by the veterinarians. This study was
undertaken to determine aerobic bacteria in vagina of
swamp buffaloes.

Vaginal swab samples (VS) were collected from 25
apparently healthy non-pregnant (diestrus) swamp

buffaloes without any history of illness or antimicrobial
chemotherapy in Medziphema sub-district area of Dimapur
district of Nagaland state. Buffaloes were restrained in
cattle-crush and peri-vaginal area was swabbed with a
potent non-irritant antiseptic  (Triclogel, HiMedia,
Mumbai). Sterile swab sticks (Hi-Media) were inserted
deep (15 cm) into the vagina and gently rolled around the
vaginal walls and withdrawn carefully. Swabs were
transferred into Amies charcoal medium (Hi-Media) and
brought to the laboratory within 72 h of collection. In
laboratory, each swab was aseptically transferred to a tube
containing sterile 10 ml buffered peptone water (BBL BD,
USA) and incubated at 37°C for 6-8 h. Thereafter, broth
culture was inoculated onto 5% sheep blood agar (BA, BBL
BD) and Hektoen enteric agar (BBL BD), the plates were
incubated at 37°C for 24-48 h and then observed for
growth. Three to five of the well isolated colonies of each
morphologically distinct group were picked onto BA plates
for further purification. Isolated pure colonies were
identified on the basis of Gram staining, morphological,
growth and biochemical characteristics (Holt et al., 1994)
using standard methods (Singh, 2009b; Carter and Cole,
1990).

Antibiotic sensitivity of all the isolates was determined
using disc diffusion methods as per CLSI guidelines (CLSI,
2007) on Muller Hinton agar (BBL BD), using ampicillin 10
pg, tetracycline 30 pg, gentamicin 30 pg, nitrofurantoin 300
pg,  cotrimoxazole  25pg,  ciprofloxacin 10 pg,
chloramphenicol 25 pg, ceftazidime 30 pg,
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Table 1: Bacteria isolated from vaginal swabs of apparently healthy swamp buffaloes

1575501 Number of samples
bacteria . lp identi Bacteria identified (number of samples)
icolated positive (sample identity)
1 11 (1,4,10,11,12,15,19,22,  Enterobacter agglomerans (2), Escherichia coli (5), Aeromonas media (1), Escherichia fergusonii (1), Acinetobacter haemabachii (1), Acinetobacter boumanii
23,24, 25) (1)
5 10(2,3,7,8,13,14,16,17,18,  En.agglomerans + E. coli (2), En. agglomerans + Klebsiella pneumoniae (1), E. coli + Aeromonas schubertii (1), E. coli + Aeromonas hydrophila (1), E. coli +
21) Erwinia amylovora (1), A. media + Kluyvera ascorbata (1), Er. amylovora + Alkaligenes denitrificans (3)
3 2(6,20) En. agglomerans + E. coli + A. hydrophila (1), K. pneumonide + Pseudomonas Pseudoalkaligenes + Kluyvera cryocrescens (1)
1(9) En. agglomerans + E. coli + K. pneumonidae + Pseudomonas testosteronii + Alkaligenes faecalis (1)
6 1(5) En. agglomerans + E. coli + Citrobacter amalonaticus + K. pneumoniae + Aeromonas caviae + A. media (1)

Table 2: Antimicrobial drug resistance in bacterial isolates from vaginal swabs of swamp buffalo e in Nagaland

Bacteria (No. of isolates) Amp Tet Gent Nitro Cot Cipro Chlor Cefta CAC Imp Azm Aztm MDR
Acinetobacter boumanni (1) 0(0.0) 0(0.0) 0(00) 1(100)  0(0.0) 0(00) 0(00) 1(100)  0(0.0) 0(0.0) 0(0.0) 1(100)  1(100)
Acinetobacter haemolyticus (1) 1(100) 1(100) 1(100) 1(100)  0(0.0) 0(0.0) 0(0.0) 1(100)  1(100) 1(100) 0(0.0) 1(100)  1(100)
Aeromonas cavide (1) 2 (100) 0(0.0) 0(00) 0(00) 0(00) 0(00) 0(00) 0(00)  0(00) 0(00) 0(0.0) 0(0.0) 0(0.0)
Acromonas hydrophila (2) 2(100)  0(00) 0(00) 0(00) 0(00) 0(00) 0(0.0) 1(50) 1(50)  2(100) 0(0.0) 0(0.0) 1(50)
Aeromonas media (3) 2(667)  0(0.0) 0(0.0) 0(00) 0(00) 0(00) 0(00) 2(667) 1(333) 1(333) 0(00) 1(333) 1(333)
Acromonas schubertii (1) 1(100) 0(0.0) 0(00) 1(100)  0(0.0) 0(0.0) 0(0.0) 1(100)  1(100) 0(0.0) 0(0.0) 0(0.0)  1(100)
Alkaligenes denitrificans (3) 3 (100) 0(0.0) 0(00) 3(100) 1(333) 0(0.0) 0(00) 2(667) 2(667) 0(0.0) 0(0.0) 1(333) 2(667)
Alkaligenes faecalis (1) 0(0.0) 0(00) 0(00) 0(0) 0(0) 0(00) 0(00) 0(00) 0(00) 0(00) 0(00) 0(00) 0(00)
Citrobacter amalonaticus (1) 1(100) 0(0.0) 0(00) 0(00) 0(0.0) 0(00) 0(00) 0(00)  0(00) 0(00) 0(0.0) 0(0.0) 0(0.0)
Enterobacter agglomerans (13) 1(846) 1(77) 0(00) 09(692) 7(538) 0(0.0) 3(231) 5(3850 2(154) 1(77) 0(00) 1(77)  8(6L5)
Erwinia amylovora (4) 2(50) 125) 1(25) 1(25) 0(0.0) 0(00) 0(00) 0(00) 0(00) 0(00) 1(25) 0(00) 1(25)
Escherichia coli (17) 8 (47.1) 1(5.9) 0(0.0) 1(5.9) 2 (11.8) 0(0.0) 1(5.9) 3 (17.6) 1(5.9) 0(0.0) 1(59) 0(0.0) 2(18)
Escherichia fergusonii (1) 1(100) 0(000) 0(00) 0(00) 0(00) 0(00) 0(00) 0(00) 0(00) 0(00) 0(00) 0(00) 0(00)
Klebsiella pneumoniae (4) 4 (100) 2(50)  0(00) 0(00)  1(25) 0(00) 0(00) 1(25 0(0.0) 0(0.0) 2(50) 0(00) 1(25)
Kluyvera ascorbata (1) 0(0.0) 0(0.0) 0(00) 0(00) 0(00) 0(00) 0(00) 0(0.0) 0(00) 0(00) 0(0.0) 0(0.0) 0(0.0)
Kluyvera cryocrescens (1) 0 (0.0) 0(0.0) 0(0.0) 0(0.0) 0 (0.0) 0(0.0) 0(0.0) 0(0.0) 0 (0.0) 0(0.0) 0(.0) 0(0.0) 0(0.0)
Pseudomonas pseudoalcaligenes (1) 1(100) 1(100)  0(0.0) 1(100) 1(100) 0(0.0) 1(100) 1(100) 0(0.0) 0(0.0) 0(0.0) 0(00) 1(100)
Pscudomonas testosterone (1) 1(100) 0(0.0) 0(00) 0(00) 0(00) 0(00) 0(00) 1(100) 0(00) 0(00) 0(00) 0(00) 0(0.0)
Total (57) 39(684)  7(123) 2(35 18(3L6) 12(2L) 0(0)  5(88) 19(333) 9(158) 5(88) 4(70) 5(88) 20(35))

Amp, ampicillin 10 pg; Tet, tetracycline 30 pg; Gent, gentamicin 30 pg; Nitro, nitrofurantoin 300 pg; Cot, cotrimoxazole 25pg; Cipro, ciprofloxacin 10 pg; Chlor, chloramphenicol 25 pg; Cefta, ceftazidime 30 pg; CAC, ceftazidime clavulanic acid
30+10 pg; Imp, imipenem 10 pg; Azm, azithromycin 15 pg; Aztm, aztreonam 30 pg; MDR, resistance to 23 antimicrobials
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ceftazidime clavulanic acid 30+10 pg, imipenem 10 pg,
azithromycin 15 pg and aztreonam 30 pg discs (BBL BD).
Diameter of zone of growth inhibition around antimicrobial
disc was measured in mm and isolates were classified as
sensitive or resistant according to CLSI (2007) standards.
Multiple drug resistance (MDR) of a bacterial strain was
defined as resistance to three or more of the antimicrobials
tested. All the tests were done in triplicate and a reference E.
coli K12 strain (E-382), sensitive to all antibiotic was used as
control. From any one animal all the strains having similar
morphological, cultural and biochemical characteristics and
similar antimicrobial sensitivity pattern were counted as
one isolate. For concluding about MDR and for predicting
production of antimicrobial drug inactivating enzymes viz.,
extended spectrum B-lactamases (ESBL) EUCAST
guidelines (2013) were followed.

In the study vaginal swabs of all 25 swamp buffaloes
sampled were positive for one (11) or more (14) types of
bacteria (Table 1). A total of 57 isolates belonging to 18
different species of bacteria were identified in vaginal swabs
of apparently healthy swamp buffaloes. Seventeen isolates of
Escherichia coli were the most common bacteria isolated from
13 (68%) animals followed by Enterobacter agglomerans (32%),
Klebsiella  pneumoniae  (16%), Erwinia amylovora  (16%),
Aeromonas media (12%), Alkaligenes denitrificans (12%) and
Acromonas hydrophila (8%). Other bacteria (of 11 species)
were isolated from only one samples each (Table 2).

In our study E. coli was identified as the most common
bacteria isolated from vagina of swamp buffaloes similar to
earlier observations on healthy cows (Zhi et al., 2008), sows
(Bara et al., 1993), mares (Singh, 2009a, c¢) and bitches
(Chotimanukul ~and  Sirivaidyapong, 2010).  Similar
observations have been made on Mithuns in the same
regions (unpublished data), and E. coli could be detected in
about 43% vaginal swabs of Mithuns. In Swamp buffalo
vaginal swabs enterococci were not detected while in
Mithuns, enterococci (40%) were second to E. coli in
prevalence and Enterobacter were detected only in 10%
samples in contrast to 32% of swamp buffalo vaginal swabs.
This variation might be due to difference in micro-habitat of
or physiology of the vagina of both the animals. The
observations of common occurrence of Enterobacter and
Klebsiella in vaginal swabs of swamp buffaloes are in
concurrence to earlier observations on other healthy animals
(Bara et al., 1993; Zhi et al., 2008; Singh 2009 a, ¢). However,
detection of pseudomonads and acromonads has rarely been
reported in vagina of healthy animals except in Mithuns of
Nagaland. Similarities in prevalence of aeromonads and
pseudomonads in vagina of healthy Mithun and swamp
buffalo might be attributed to the same niche and some
interaction of both types of the animals; however, needs
further studies to confirm. Although En. agglomerans was
isolated from healthy buffaloes in the study, it may also be
an opportunistic pathogen and has been reported earlier in
association with conjunctivitis in swamp buffaloes (Singh et
al., 2012).

Antimicrobial drug resistance was common in bacteria
isolated from vaginal swabs (Table. 2). Although 20 (35.1%)
isolates had multiple drug resistance (resistance to three or
more antimicrobials), none of 57 isolates had resistance to
chloramphenicol. Although E. coli were the most commonly
isolated bacteria, only two of 17 strains had MDR. On the

other hand, MDR was the most common trait of En.
agglomerans (66.7%). The eight isolates of En. agglomerans
having MDR were isolated from six different animals and 2,
3 and 3 isolates had resistance to 3, 4 and 5 antimicrobials,
respectively. A total of 10 isolates were sensitive to all the
antimicrobials used in the study (Kluyvera 2, Erwinia 2, E. coli
5, Alk. faecalis 1) and 16 isolates were resistant to only one
antimicrobial while 11 isolates for two antimicrobials.
Among the most resistant isolates Acinetobacter haemolyticum
was sensitive to only 4 drugs out of the twelve tested, while
Pseudomonas  pseudoalcaligenes was resistant to 6 drugs.
Multiple drug resistance in Acinetobacter, pseudomonads and
Alkaligenes strains is often reported but most of such isolates
were of nosocomial origin (Singh and Singh, 2012) but rarely
from healthy subjects or animals as observed in the present
study. The study indicated that MDR strains are entering
into remote lands and healthy animals which might be a big
problem in future.

Resistance to ampicillin was the most common
(68.4%) followed by resistance to ceftazidime (33.3%),
nitrofurantoin (31.6%) and cotrimoxazole (21.1%). For other
antimicrobials resistance was detected in few isolates.
Resistance to imipenem, aztreonam and ceftazidime
clavulanic acid detected in 5, 5 and 9 strains, respectively is
of public health as well as animal health importance. On the
basis of antimicrobial drug resistance pattern (EUCAST,
2013), a total of 5 strains (A. hydrophila, A. media, En.
agglomerans, Ac. haemolyticum) were predicted to be producer
of carbapenemase, 6 as producer of Amp-C B-lactamase (En.
agglomerans, A. hydrophila, A. media, A. schubertii, Alk. denitrificans,
E. coli) and four as producer of extended spectrum B-
lactamase (ESBL, A. media, Ac. boumanni, Alk. denitrificans, En.
agglomerans). Detection of ESBL, Amp-C -lactamase and
carbapnemase producing strains in swamp buffaloes is of
public health concern because this type of resistance is
usually transferable and severely affect the outcome of the
treatment (CLSI, 2007; EUCAST, 2013).

Detection of MDR in 351% bacteria isolated from
vaginal swabs of swamp buffaloes is surprising as
antimicrobials might have rarely been used in swamp
buffaloes as these animals are seldom treated in Nagaland.
However, detection of antimicrobial drug resistant or MDR
strains from swamp buffaloes are in concurrence to earlier
observation on bacterial isolates from vaginal swabs of
mithuns, food, water and other environmental sources in
Nagaland (Singh et al, 2012; 2013, 2014a, b) indicating
circulation of drug resistant and MDR strains in areas
where antimicrobials are not in common use. Many bacteria
have been identified in association of vaginal tract through
conventional techniques for bacterial culture (DiGiulio et
al.,, 2008; Goldenberg et al., 2008; Nelson et al., 2008; Singh,
2009a) use of molecular methods (Lamont et al., 2011) may
further enhance our understanding about role of vaginal
micro-biome in health and reproduction. The study
conclude that vagina of swamp buffaloes may carry several
potentially pathogenic microbes either living as commensal
or in pre-infection/ subclinical infection stage having
multiple drug resistance without any clinical sign of illness.
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