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ABSTRACT
BACKGROUND
Reproductive tract infection (RTI) is a common problem among women and represents a threat to their health. RTI including
sexually transmitted disease (STD) and HIV/ AIDS are increasingly being recognised as a serious public health problem. The most
common long-term sequelae are pelvic inflammatory disease (PID), cervical cancer, infertility, spontaneous abortion and ectopic
pregnancy, which may lead to maternal death. The common infective agents are Gardnerella vaginalis, Trichomonas vaginalis,
Candida species and Neisseria gonorrhoeae. Agents such as toxoplasma, rubella, CMV and HSV are important causes of infections
during pregnancy. Most of the TORCH infections cause mild maternal morbidity, but have serious foetal consequences.
2Postgraduate

MATERIALS AND METHODS
Study Design- This prospective observational study was conducted in the Department of Microbiology, in a tertiary care medical
college hospital in eastern Bihar. A total of 200 high vaginal swabs were collected in duplicate from an equal number of patients
attending Obstetrics and Gynaecology Department with symptoms suggestive of RTI. In the laboratory one swab was used for
culture and identification of the organism, the other was used for direct microscopic examination (Gram stain and wet mount) and
other tests like amine test and measurement of pH.
RESULTS
Maximum patients were seen in the age group of 21 - 30 years, 43.5% (87/200). Least number of cases were seen in the age group
of < 20 years 2.5% (5/200). Out of the 200 samples processed in the laboratory, 88 were found to show no growth. The most
common isolate was Candida species, 25.5% (51/200). Neisseria gonorrhoeae 0.5% (1/200) was the least common organism
isolated. Moreover, the overall rate of isolation of organisms was higher in patients with bad obstetric history.
CONCLUSION
Vulvovaginal candidiasis was the most common RTI followed by trichomoniasis and bacterial vaginosis. A single case of
gonorrhoea was detected. Interestingly, the incidence of RTI was higher in patients with bad obstetric history.
KEYWORDS
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BACKGROUND
RTI including sexually transmitted disease (STD) and
Reproductive tract infection (RTI) is a common problem
RTI including sexually transmitted disease (STD) and HIV/
among women and represents a threat to their health.
AIDS are increasingly being recognised as a serious public
Various socio-economic factors are responsible for the
health problem. The poor health of Indian women is a
development of this disease entity, especially in a country like
concern at both national and individual level. Women are not
ours. Infection in the vulva, vagina or cervix represents lower
only more susceptible than men to these infections, but also
reproductive tract infection and infection in uterus, fallopian
are more prone to develop complications because infection in
tubes and ovaries are considered as upper reproductive tract
women is difficult to diagnose and therefore more likely to go
infection.1
untreated.2
RTIs often cause discomfort and lost economic
productivity. The most common long-term sequelae are
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gonorrhoeae. Agents such as Toxoplasma, rubella, CMV and
HSV are important causes of infections during pregnancy.
Most of the TORCH infections cause mild maternal
morbidity, but have serious foetal consequences.4
It is well realised that at least 12% - 15% of all recognised
conceptions end in miscarriage and pre-clinical pregnancy
loss rate is still higher (22% - 30%). At present, there is no
implicating evidence that bacterial and fungal infections can
cause recurrent abortions.5 Studies have shown that these
infections predispose the patients to acquisition of viral
infections like HSV-2 and HIV, which in turn can lead to
premature birth and spontaneous abortions.6
Reproductive tract infection is the commonest cause of
morbidity in the reproductive age group, but the actual
magnitude of the problem is grossly underestimated due to
serious problems like social stigma. It is therefore imperative
that proper initiation must be taken by health care providers
to facilitate the diagnosis and treatment of such cases.
The present study was taken up with a view to
determining the spectrum of microorganisms responsible for
causing reproductive tract infection in our hospital setting
and to find a possible correlation between their isolation
pattern and obstetric history of the patient.
MATERIALS AND METHODS
This prospective observational study was carried out in a
tertiary care medical college hospital in eastern Bihar.
Institutional Ethical Committee clearance was taken before
conducting the study. A total of 200 high vaginal swabs were
collected in duplicate from an equal number of patients
attending Obstetrics and Gynaecology Department with
symptoms suggestive of RTI. A brief clinical history regarding
occupation, personal hygiene etc. was noted. Obstetric history
and history of any antibiotic uptake either topically or
systemically was also noted down. Swabs collected were
immediately sent to the laboratory for further processing.
In the laboratory one swab was used for culture and
identification of the organism, the other was used for direct
microscopic examination (Gram stain and wet mount) and
other tests like Whiff test (amine test) and measurement of
pH.7
Gram stained smears were further scored as per scoring
system of Nugent et al. A score of ≥ 7 was indicative of
bacterial vaginosis, score of 4 - 6 was taken as intermediate
and score of 0 - 3 was considered as normal.8
Identification of the organisms isolated was done by
study of colony morphology, Gram’s staining and motility
followed by a battery of biochemical tests.7,9
Neisseria gonorrhoeae was identified by colony
morphology on chocolate agar, Gram’s stain morphology,
catalase, oxidase and rapid carbohydrate utilisation tests.7
Gardnerella vaginalis was identified on the basis of
presence of β-haemolytic colonies on human blood Tween 80
bi-layer medium, presence of Gram variable bacilli on Gram
staining, starch and raffinose fermentation and hippurate
hydrolysis tests.8
Candida species was identified by germ tube test,
chlamydospore formation on cornmeal agar, sugar
fermentation and sugar assimilation test.7
Statistical analysis of results was done using the chisquare test. P-value ≤ 0.05 was considered to be significant
and p-value ≤ 0.001 was considered to be highly significant.
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All statistical analysis was carried out using online statistical
software athttp://www.physics.csbju.edu/stats/contingency_NROW_NC
OLUMN_form.html; accessed on 14.02.2018. All media and
reagents were procured from HiMedia Laboratories, Mumbai.
RESULTS
A total of 200 females were inducted into the study, out of
which maximum number of patients were seen in the age
group of 21 - 30 years, 43.5% (87/200) followed by age
group 31 - 40 years, 39.0% (78/200). Least number of cases
were seen in the age group of < 20 years 2.5% (5/200) [Table
1].
Out of 200 women, 84.5% (169/200) were multiparous,
only 15.5% (31/200) were nulliparous. Among the
multiparous women 157 had a good obstetric history (GOH),
while 12 had a bad obstetric history (BOH) [Table 2].
On microscopic examination of vaginal swabs 3% (6/200)
patients showed presence of clue cells, 10% (20/200)
showed presence of Trichomonas sp. and yeast-like cells were
seen in 31% (62/200) of samples [Table 3].
Overall, RTI was seen in 48.5% (97/200) of patients in
the study group, whereas 44.0% (88/200) showed no
growth. The most common isolate was Candida species
25.5% (51/200) followed by non-albicans candida species
5.5% (11/200) and Gardnerella vaginalis 3% (6/200).
Neisseria gonorrhoeae 0.5% (1/200) was the least common
organism isolated. Trichomonas vaginalis could be detected
by wet mount examination in 10% (20/200) of patients. The
overall rate of isolation of organisms was higher in patients
with BOH. The differences in rate of isolation of various
organisms in patients with GOH, BOH and nullipara was
found to be highly significant (p= 0.000) [Table 4].
As per Nugent criteria, 7% (14/200) of patients were
found to have bacterial vaginosis. Out of these 14 patients,
both Whiff test and vaginal pH ≥ 6 was found to be positive in
85.7% (12/14) and Gardnerella vaginalis could be grown in
only 42.9% (6/14) of cases [Table 5].
No. of Married No. of Unmarried
Total
Patients (%)
Patients (%)
≤ 20
2 (1.0)
3 (100.0)
5 (2.5)
21-30
87 (44.2)
0
87 (43.5)
31-40
78 (39.6)
0
78 (39.0)
41-50
30 (15.2)
0
30 (15.0)
Total
197
3
200
Table 1. Age-Wise Distribution of Married
and Unmarried Patients
Age

Parity
No. of Patients
Percentage
Multiparous with good
157
78.5
obstetric history
Multiparous with bad
12
6.0
obstetric history
Nulliparous
31*
15.5
Total
200
100.0
Table 2. Obstetric History of Patients with RTI
*All married and unmarried women who never conceived
were included in nullipara.
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Diagnostic
Procedure
Wet-mount (n= 200)
Gram stain (n= 200)
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Clue
Trophozoites of
Yeast-Like
Cells (%)
Trichomonas (%)
Organisms (%)
6 (3.0)
20 (10.0)
62 (31.0)
10 (5.0)
NA
62 (31.0)
Table 3. Microscopic Findings in Patients with RTI

No. Relevant
Findings (%)
112 (56.0)
128 (64.0)

Multiparous with Good
Multiparous with
Nulliparous
Obstetric
Bad Obstetric
(%)*
History (%)*
History (%)*
Candida albicans
44 (28.0)
4 (33.3)
3 (9.7)
Non-albicans Candida species
8 (5.1)
2 (16.7)
1 (3.2)
Gardnerella vaginalisǁ
5 (3.2)
1 (8.3)
0 (0.0)
Trichomonas vaginalis**
17 (10.8)
3 (25.0)
0 (0.0)
Neisseria gonorrhoea
0 (0.0)
1 (8.3)
0 (0.0)
Growth of normal flora
17 (10.8)
1 (8.3)
5 (16.1)
Sterile
66 (42.0)
0 (0.0)
22 (71.0)
Total*
157
12
31
Table 4. Isolation Pattern of Different Organisms in Patients with RTI

Total No.
(%)

Organisms Isolated/Detected




51 (25.5)
11 (5.5)
6 (3.0)
20 (10.0)
1 (8.3)
23 (11.5)
88 (44.0)
200

ǁisolated

in only 6 of the 14 cases of bacterial vaginosis **detected by microscopy only.
*p value= 0.000.

Patients with Bacterial Whiff Test
Vaginosis (n= 14)

Vaginal pH
pH ≤ 4

pH 4-6

Nugent Scoring
pH ≥ 6

0-3

4-6

≥7

No. of Positive Cases (%) 12 (85.7)
00
02 (14.3) 12 (85.7)
00
00
14 (100.0)
No. of Negative Cases
02 (14.3) 14 (100.0) 12 (85.7) 02 (14.3) 14 (100.0) 14 (100.0)
00
Table 5. Positivity of Various Tests in Patients with Bacterial Vaginosis
DISCUSSION
Majority of the patients (43.5%) were in the age group of 2130 years, followed by the age group of 31 - 40 years (39%).
Least number of patients (2.5%) belonged to the age group of
≤ 20 years. This is probably due to the fact that RTIs are more
common in the sexually active reproductive age group. Most
of the patients, 197/200 were married. Other authors have
also reported a higher rate of RTI in married patients as
compared to unmarried patients.10
Majority of the patients were multiparous 84.5%
(169/200), only 15.5% (31/200) were nulliparous which
included three unmarried females. Of the multiparous
women, 12/200 had BOH. Another author also reported that
incidence of RTI increases with parity. RTI was least common
in nulliparous (6%) and highest (76%) in multiparous
women.11
Candida species were the most common isolate with an
isolation rate of 25.5% (51/200) for Candida albicans and
5.5% (11/200) for non-albicans candida species. Neisseria
gonorrhoeae of 0.5% (1/200) was the least common isolate.
11.5% (23/200) samples showed mixed bacterial growth,
while 44% (88/200) samples were sterile. The high
percentage samples showing no growth in culture were
probably due to use of self-medication or use of ointments or
lotions by the patient. Bacterial vaginosis was seen in 7%
(14/200).
Patnaik and Sahu (2008) has reported Candidiasis in
33.9% of cases, Bacterial vaginosis in 14.3%, Trichomoniasis
in 12.5% and N. gonorrhoeae in 1.8%.12 Similarly,
Madhivanan and Bartman (2009) have reported the
prevalence of T. vaginalis as 8.5% as compared to 10% in our
present study.13 In another study the incidence of bacterial
vaginosis was reported as 20%, Candidiasis as 12.5%, N.

Growth of
Gardnerella
Vaginalis
06 (42.9)
08 (57.1)

gonorrhoeae as 1.2% and T. vaginalis as 4.1%. These findings
are quite different from those of the present study.14
The rate of isolation of various organisms from patients
with BOH was higher as compared to those with GOH.
Candida albicans was seen in 33.33% of patients with BOH as
compared to 28.03% in GOH, non-albicans Candida species in
16.67% of patients with BOH versus 5.09% in GOH.
Gardnerella vaginalis 8.33% in BOH versus 3.18% in GOH.
Trichomonas vaginalis was seen in 25% of patients with BOH
as compared to 10.83% of patients with GOH.
The differences in isolation rates of organisms in the
three groups of patients with RTI viz. multiparous with GOH,
multiparous with BOH and nulliparous was found to be highly
significant (p value < 0.001). The higher rate of isolation from
patients with BOH is probably due to the fact that although
these organisms alone are not very important causes of PID,
their presence predisposes carriers to acquire other STIs
such as HIV and HSV2 virus that have been implicated in
causation of endometritis (PID), resultant BOH and infertility.
CONCLUSION
The institution where this study was conducted is located in a
small town in eastern Bihar and mainly caters to the rural
population of the adjoining areas. This area is part of the Kosi
belt, a region known for its poor developmental activities.
Consequently, the general population residing here,
especially the females are illiterate with poor personal
hygiene and occurrence of RTI is a common ailment. In the
present study, RTI was seen in 48.5% (97/200) of patients.
Vulvovaginal candidiasis was the most common RTI, followed
by trichomoniasis and bacterial vaginosis. A single case of
gonorrhoea was detected.
Studies have shown that common bacterial and fungal
agents responsible for RTI do not directly lead to premature
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births or recurrent abortions, but their presence predisposes
the patients to acquisition of sexually transmitted infections
like HSV-2 and HIV, both of which can lead to complications
during pregnancy. In our study, the incidence of RTI was
higher in the patients with BOH which corroborates the
above theory.
Hence, efforts should be made for early diagnosis and
treatment of RTIs, as it not only leads to morbidity and
distress in patients but it may result in complications during
pregnancy, PID and sometimes infertility.
Awareness and sensitisation towards the problem, so that
women take proper and complete course of medications
rather than reverting to traditional methods of disease
control is the need of the hour. New methodologies and
interventions should be set up both at service provider level
as well as beneficiary end to bring down prevalence rates of
RTI.

[6]
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ABSTRACT: BACKGROUND: Extended Spectrum P-Iactamases (ESBL) are enzymes that have
the ability to hydrolyze 13-lactam antibiotics containing oxyimino group and are inhibited by plactainase inhibitors. These enzymes are responsible for resistance to penicillins, monobactams,
third generation and in some instances fourth generation cephalosporins. ESBLs are encoded by
transferable conjugative plasmids that often code for resistance to other antibiotics as well.
OBJECTIVE: This prospective study aimed to determine ESBL production in Gram negative
bacteria in patients attending a tertiary care hospital in eastern Bihar. METHOD: A total of 556
samples from patients attending inpatient and outpatient departments from May 2009 to April
2010 were included in the study. Samples were processed as per standard protocol and
antibiotic susceptibility testing was done by modified Kirby-Bauer method. Isolates showing
resistance to any third generation cephalosporin were subjected to Double Disc Synergy Test
(DDST), Phenotypic Confirmatory Disc Diffusion Test (PCDDT) and MIC reduction test for ESBL
production. RESULTS: 42.62% of Gram negative bacilli were ESBL producers. 56.3% of
Klebsiella pneumoniae strains were found to be ESBL producers whereas only 40.5% of
Escherichia call produced ESBL. PCDDT and MIC reduction test showed 100% correlation
whereas the DDST failed to detect 13.5% of ESBL producers. All ESBL producers were sensitive
to Imipenem and Cefoperazone/ Sulbactam. CONCLUSION: The present study gives us an
indication regarding the occurrence of ESBL producing Gram negative bacilli in Eastern Bihar.
The number of ESBL producers in this region is alarmingly large. It is therefore recommended
that PCDDT be incorporated in all laboratories as a part of routine antibiotic susceptibility
testing procedures as it is simple, reliable and reproducible test for detection of ESBLs.
KEYWORDS: Extended Spectrum p-lactamases, ESBL, DDST, PCDDT.
INTRODUCTION: Extended Spectrum f3-lactamases (ESBL) are enzymes that have the ability to
hydrolyze P-lactam antibiotics containing an oxyitnino group (third generation cephalosporin
and Aztreonam) and are inhibited by p-lactamase inhibitors like Clavulanic acid, Sulbactam and
tazobactaml. Production of ESBLs lead to resistance to penicillins, monobactams, third
generation cephalosporins like Cefotaxime, Ceftriaxone, Ceftazidime and in some instances
fourth generation cephalosporins also2.
Journal of Evolution of Medical and Dental Sciences/Volumel/ Issue4/October - 2012 Page 430
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Emergence of resistance to P-lactam antibiotics began even before the first 13-lactam
antibiotic penicillin was developed3. The first plasmid mediated p-lactamase, TEM-1 was
reported in 1965 from an Escherichia coil isolate belonging to a patient in Athens, Greece
named Temoniera [hence designated TEMP. Over the years, many new 13-lactam antibiotics
have been developed; however, with each new class of antibiotic, a new p-lactamase emerged
that caused resistance to that class of drug. Presumably, the selective pressure imposed by the
use and overuse of new antibiotics results in the emergence of new variants of P-lactamasess.
The first report of plasmid-encoded P-lactamase capable of hydrolyzing the extended spectrum
cephalosporins was published in 1983 from Germany6. Hence these new p-lactamases were
coined as extended spectrum 13-lactamases7. Over the past few decades, a number of new Plactamases in clinical isolates of members of the family Enterobacteriaceae have emerged. The
total number of ESBLs characterized exceeds 200 today8. ESBLs are encoded by transferable
conjugative plasmids which often code for resistance to other antibiotics as weir. Being plasmid
mediated, they are easily transmitted among the members of Enterobacteriaceae family, -thus
facilitating the dissemination of resistance not only to 3- lactams but also to other commonly
used antibiotics such as quinolones and aminoglycosides8. Major risk factors for colonization or
infection with ESBL producing organisms are prolonged exposure to antibiotics, prolonged ICU
stay, nursing home residency, severe illness, catheterization, instrumental intervention and
residence in an institution with high rate of use of third generation cephalosporins.5
This prospective study aimed at determining ESBL production in Gram negative bacilli
in a tertiary care hospital in eastern Bihar. Detection of ESBL production is important because it
ultimately determines the clinical outcome in patients infected with such strains. Studies on
ESBL producing Gram negative bacilli have been reported from all parts of India however, to the
best of our knowledge; no such studies till date have been reported from Bihar andlharkhand.
MATERIAL AND METHODS: Clearance from Institutional Ethics Committee was obtained
prior to carrying out this study. A total of five hundred and fifty six (556) samples viz, urine, pus,
stool and pleural fluid from patients attending different inpatient and outpatient departments
were included in the study. A brief clinical history of the patients regarding antibiotic intake,
instrumentation and duration of hospital stay was taken. Specimens collected were inoculated
on 5% sheep blood agar and MacConkey's agar. They were identified by standard biochemical
tests.18 Antibiotic Susceptibility Testing (AST) was done on Mueller-Hinton agar (MHA) plates
by modified Kirby-Bauer disc diffusion technique using commercially available antibiotic discs
(HiMedia, Mumbai). When the zone of inhibition of an isolate for any one or more of the third
generation cephalosporin (Cefotaxime, Ceftriaxone, Ceftazidime & Cefoperazone) was less than
or equal to the zone diameter recommended by CLSI (Clinical and Laboratory Standards
Institute), the isolate was further tested by the PCDDT, MIC reduction test and DDST for ESBL
production.13
DDST: Bacterial suspension to be tested was prepared in Mueller-Hinton Broth (MHB). After
matching the turbidity to 0.5 McFarland's standard, the organism was inoculated on MHA as per
guidelines for disc diffusion technique. Amoxycillin/Clavulanic acid disc was placed in the
centre of the plate. Four antibiotic discs i.e. Cefotaxime, Ceftazidime, Ceftriaxone and
Cefoperazone were placed at a distance of 20 mm (centre to centre) from
Amoxycillin/Clavulanic acid disc and at 90° from each other. The plates were examined after
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overnight incubation. Enhancement of inhibition zone for any of the four antibiotic discs
towards Amoxycillin/ Clavulanic acid disc indicated the production of ESBL by the strain.
PCDDT: MHA plates were inoculated in the same manner as DDST. Four antibiotic discs viz.
Cefotaxime, Cefotaxime/ Clavulanic acid, Ceftazidime and Ceftazidime/ Clavulanic acid were
placed at a distance of 30 mm (centre to centre) from each other. Plates were examined after
overnight incubation at 37°C. ESBL production was confirmed when there was an increase in
the zone diameter by 5 mm or more when Clavulanic acid was added to the respective
antibiotic. [Fig. 11
MIC reduction test: Bacterial suspension to be tested was prepared in MHB and matched to 0.5
McFarland's standard. As a final concentration of 5 X 10 5 CFU/ml was required, bacterial
suspension equivalent to 0.5 McFarland's standard was further diluted 1:100 in MHB.12
Antibiotics in powder form were obtained from Sigma-Aldrich Chemicals Pvt. Ltd,
Bangalore. Dilutions were prepared in the following range:
: 0.25 - 256 ug/m1
- Ceftazidime
: 0.25/4 - 256/4 ug/m1
- Ceftazidime/Clavulanic acid
: 0.25 - 256 µg/m1
- Cefotaxime
- Cefotaxime/Clavulanic acid: 0.25/4 - 256/4 ug/m1
Antibiotic ranges were prepared one step higher than the final dilution range required to
compensate for the addition of equal volume of inoculum. 100 ul of each antibiotic dilution was
dispensed in their respective labelled wells. 100 ul of diluted bacterial suspension was added to
each well. 200 ul of uninoculated and inoculated broth were also dispensed in wells in each row
as sterility and growth control. After overnight incubation, the microtitre wells were examined.
The lowest concentration of the antibiotic that showed no visible growth represented the MIC
value of the organism. An isolate was confirmed as ESBL producer if there was 3 two folds
(eight times) reduction in MIC of third generation cephalosporin on addition of Clavulanic acid
as compared to third generation cephalosporin when used alone12. [Fig. 21
RESULTS: A total of five hundred and fifty six (556) samples were received in the laboratory
during the study period out of which one hundred and twenty two strains of Gram negative
bacilli were isolated (21.9%). 62 strains were from indoor while 60 were from outdoor patients.
Overall 52 (42.6%) of these isolates were found to be ESBL producers; 56.3% of Klebsiella
pneumoniae were ESBL producers, followed by 50.0% of Klebsiella oxytoca and 40:5% of
Escherichia coli. ESBL production was also seen in Pseudomonas aeruginosa (35.7%) and
Proteus mirabilis (33.3%). [Table 11
Most of the ESBL strains were isolated from the department of Surgery (38.5%)
followed by department of Obstetrics & Gynaecology (28.9%) and department of Medicine
(23.1%). Comparison of DDST and PCDDT with MIC reduction test showed that the PCDDT was
superior to the DDST for detection of ESBL producers. PCDDT showed 100% correlation with
MIC reduction test whereas DDST failed to detect 13.5% of ESBL producers.
ESBL producers were isolated more frequently in patients hospitalized for more than 14
days (44.8%) when compared with 5 7 days of hospitalization (20.7%). [Table 2]
All ESBL producers were resistant to Cefuroxime and Piperacillin. 90.0% of strains were
resistant to Cefoperazone, 82.7% to Ceftriaxone, 76.9% to cefotaxime and 75.0% to Ceftazidime.
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All the strains were sensitive to Imipenem and Cefoperazone/ Sulbactam combination. [Table
3]
DISCUSSION: The present study gives us an indication regarding the occurrence of ESBL
producing Gram negative bacilli in Eastern Bihar. Unfortunately the number of ESBLs isolated in
this region is alarmingly large (42.6% of all Gram negative bacilli). It was observed that majority
of these ESBL producers were from indoor patients especially in those with prolonged hospital
stay. Various studies have reported ESBL production to be as high as 61.7% and as low as
11.0%.13,14,15
Majority of ESBL producers were Klebsiella pneumoniae, this was followed by Klebsiella
oxytoca and Escherichia coli. Many other studies have also reported that majority of ESBL
producers were either Escherichia coli or Klebsiella pneumoniae.13 14,15 As was seen in this
study, other authors have also reported ESBL production in Klebsiella oxytoca, Pseudomonas
aeruginosa, Proteus mirabilis and Citrobacter freundii. 13,14,16,17
The PCDDT was found to give good results as far as detection of ESBL was concerned,
showing 100% concordance with the MIC reduction test. Similar findings were also reported by
other workers.7
Presence of these organisms in the hospital environment is a man-made phenomenon
due to over-use and misuse of 3rd generation cephalosporins and other broad spectrum
antibiotics. Proper infection control practices and formulation of a hospital antibiotic usage
policy is clearly indicated. The other main issue that needs to be addressed is the incorporation
of tests for detection of ESBL as a routine in all Microbiology laboratories. The PCDDT was
found to be a simple, reliable and reproducible test that showed 100% conformity with the M1C
reduction test which is time taking, difficult to interpret and needs a high degree of precision.
The PCDDT therefore has the potential to be incorporated in all laboratories, especially smaller
ones that do not have the resources to avail automated systems, as a part of routine antibiotic
susceptibility testing procedures.

Fig.1 : Phenotypic Confirmatory Disc Diffusion Test showing enhancement of inhibition zone
with corresponding disc containing clavulanic acid.
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Fig,2 : Determination of Mil11111U111 Inhibitory Concentration by tnicroditution method.
CA: Caftazidime
CE: Cc tbtaxime

GC: Growth control

CAC: Cettazidimeiclavulanic acid
Ceibtaximeclavulanic acid

[arrows indicating NI1CJ

SC: Sterility control

Table 1: Rate of isolation of ESBL producers among Gram negative isolates.

ESBL (%)

Non-ESBL (%)

Total

Escherichia coli

30 (40.54)

44 (59.46)

74

Klebsiella pneumonia

09 (56.25)

07 (43.75)

16

Isolate

,
Klebsiella oxytoca

04 (50.00)

04 (50.00)

08

Pseudomonas aeruginosa

OS (35.71)

09 (64.29)

14

Proteus mirabilis

02 (33.33)

04 (66.67)

06

Citrobacter freundii

02 (50.00)

02 (50.00)

04

52 (42.62)

70 (57.38)

122

Total

Journal of Evolution of Medical and Dental Sciences/Volume1/ Issue4/October - 2012 Page 434

ORIGINAL ARTICLE
Table 2: Duration of hospital stay in relation with ESBL infection.
Duration of stay (days)

ESBL

Percentage

Non-ESBL

Percentage

5.7

06

20.69

22

66.67

8- 14

10

34.48

06

18.18

>14

13

44.83

OS

15.15

Total

29

100.00

33

100.00

Table 3: Antibiotic susceptibility pattern of ESBL and non-ESBL producing isolates.

Antibiotics

Cefuroxime

Ceftazidime

Cefotaxime

Ceftriaxone

Cefoperazone

Amikacin

Levofloxacin

ESBL
production

Resistant
(0/0)

Intermediate
(0/0)

Sensitive

Total

0 (0.00)

(%)
0 (0.0)

ESBL

52 (100.0)

52

Non ESBL

58 (82.9)

11 (15.71)

01 (1.4)

70

ESBL

39 (75.0)

13 (25.00)

0 (0.0)

52

Non ESBL

18 (25.7)

10 (14.29)

42 (60.0)

70

ESBL

40 (76.9)

10 (19.23)

02 (3.8)

52

Non ESBL

22 (31.4)

09 (12.86)

39 (55.7)

70

ESBL

43 (82.7)

09 (17.31)

0 (0.0)

52

Non ESBL

22 (31.4)

0 (0.00)

48 (68.6)

70

ESBL

47 (90.4)

04 (7.70)

01 (1.9)

52

Non ESBL

20 (28.6)

10 (14.29)

40 (57.1)

70

ESBL

06 (11.5)

04 (7.70)

42 (80.8)

52

Non ESBL

25 (35.7)

05 (7.15)

40 (57.1)

70

ESBL

14 (26.9)

07 (13.46)

31 (59.6)

52

Non ESBL

27 (38.6)

11 (15.72)

32 (45.7)

70
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Gentamicin

Piperacillin

ESBL

36 (69.2)

01 (1.92)

15 (28.9)

52

Non ESBL

41 (58.6)

09 (12.86)

20 (28.6)

70

ESBL

52 (100.0)

0 (0.00)

0 (0.0)

52

Non ESBL

24 (34.3)

21 (30.00)

25 (35.7)

70

0 (0.0)

0 (0.00)

52 (100.0)

52

16 (22.9)

06 (8.57)

48 (68.6)

70

03 (5.8)

01 (1.92)

48 (92.3)

52

18 (25.7)

23 (32.86)

29 (41.4)

70

Cefoperazone/

ESBL

Sulbactam

Non ESBL

Piperacillin/

ESBL

Tazobactam

Non ESBL

Imipenem

ESBL

0 (0.00)

0 (0.00)

52 (100.0)

52

Non ESBL

0 (0.00)

0 (0.00)

100 (100.0)

70
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ABSTRACT: BACKGROUND: Dermatophytes are closely related keratinophilic fungi that cause

dermatophytosis. Dermatophytosis is caused by three genera of fungi imperfectii viz. Microsporum,
Trichophyton and Epidermophyton and where the perfect state of the species has been identified to
the genus Arthroderma in the class Ascomycetes. Their keratinophilic nature allows them to degrade
keratin and thus invade skin, hair and nails. AIMS: This study aimed to establish the identity of fungal
isolates from clinically suspected cases of dermatophytosis and to correlate the occurrence of
dermatophytosis with clinico-epidemiological profile of patient. MATERIALS AND METHODS: A total
of 372 samples from patients attending outpatient department from March 2010 to May, 2.011 were
included in the study. A brief clinical history was obtained from the patients and samples were
collected and processed as per standard protocol. Fungal growth was identified by gross colony
morphology, lactophenol cotton blue mount, and color change on dermatophyte test medium (DTM)
and microslide culture. RESULTS: The most common dermatophyte was Trichophyton rubrum
(12.1%) whereas Aspergillus niger (5.6%) was the commonest isolate among non-dermatophyte.
Among clinical forms, majority of the patients had tinea corporis (55.3%). CONCLUSIONS:
Dermatophytosis was found to be more prevalent in young adults (21-30 years). Culturing specimen
on Sabouraud Dextrose Agar (SDA) with antibiotics was found to be the best method for diagnosis
and this medium proved to be better than DTM. The most common dermatophyte was Trichophyton
rubrum and the most common clinical form of dermatophytosis was tinea corporis. Fungal infection
of the skin tends to be chronic and lead to disfigurement, which may be a source of embarrassment to
the person concerned. Diagnosis of these fungal infections in the laboratory must be encouraged, as
they are easy to perform and require minimum infrastructure.
KEYWORDS: Dermatophytes, Epidermophyton, Microsporum, Trichophyton.
INTRODUCTION: By broad definition, the term dermatophyte might be taken as all fungi causing
disease in man and animals by invasion of the skin, but usage has tended to restrict the label of fungi
capable of causing skin changes of the type known as ringworm. Thus defined the ringworm species
are all moulds belonging to three genera of the fungi imperfectii viz. Microsporum, Trichophyton and
Epidermophyton and where the perfect state of the species has been identified to the genus
Arthroderma in the class Ascomycetes.1
The dermatophytes are closely related keratinophilic fungi that cause dermatophytosis
(ringworm/tinea). Their keratinophilic nature allows them to degrade keratin and thus invade skin,
hair and nails. The dermatophytes capable of reproducing sexually belong to the genus Arthroderma
in the family Arthrodermataceae. Physiologically, dermatophytes are distinct because of their ability
to tolerate high concentrations of cycloheximide and by their ability to utilize proteins as the sole
source of carbon.2
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The prevalence of dermatophytes depends on environmental conditions, personal hygiene
and individual's susceptibility from place to place. Dermatophytosis is prevalent throughout the
world. Some species are endemic in certain parts of the world and have limited geographic
distribution. Trichophyton soudanense, Trichophyton gourvilli and Trichophyton yaoundei are found
in Central and West Africa. Microsporum ferrugineum is seen in Japan and surrounding areas.
Trichophyton concentricum is confined to South Pacific, Central and South America. However, in
recent time due to mass migration of people from one part of the world to another, these barriers
.•
have broken down.3
Dermatophytosis and other cutaneous fungal infections, tends to be a chronic, are disfiguring
and is associated with social stigma. Moreover an epidemiological data regarding the prevalence and
incidence of dermatophyte species actually causing these infections is not known because patients
are by and large treated based on clinical diagnosis. The present study was therefore undertaken to
establish the identity of fungal isolates from clinically suspected cases of dermatophytosis and to
correlate the occurrence of dermatophyte infection with clinico-epidemiological profile of the patient.
MATERIALS AND METHODS: This prospective study was conducted during March 2010 to May
2011 after approval from Institutional Ethics Committee. Patients attending Dermatology, Medicine
and Pediatrics. Out Patient Department (OPD) with suspected dermatophyte lesion of skin, hair or
nail were included in the study. Clinical profile of the patients were recorded by taking a brief clinical
history from the patient regarding occupation, history of living in institutions e.g. hostels, old age
homes, children attending crèches etc., personal history regarding standard of hygiene, owning pets
like cats or dogs, family history whether other family members were affected and past history
regarding suffering from diabetes mellitus, eczema, tuberculosis, psoriasis, leprosy and also history of
any form of treatment in the past
The anatomical site (skin, hair and nail) in which the organism may be present was carefully
selected. Specimens were collected aseptically in sufficient amount into sterile collection device or
container before institution of antifungal agents and properly labeled. Specimen of skin was obtained
by scraping at the active margin of lesion with a scalpel blade after cleaning the surface with 70%
isopropyl alcohol. Infected nails were clipped by sterile nail trimmer. A portion of infected nail was
scraped from the nail bed. Infected hair was epilated from the scalp with a sterile forceps.
Precautions were taken so that hair for culture was free from topical medications,
conditioners and dressings.
10% or 20% KOH mount: A drop of 10% KOH was placed on a slide. The specimen was mixed
with the drop and a cover slip was placed on it. The preparation was then passed over a flame for 2-3
times and examined under the microscope with 10x and 40x magnification to look for fungal
elements. For nail scrapings and clippings 20% KOH was used.4
Culture: Each sample was inoculated on Dermatophyte Test Media (DTM) and Sabouraud
Dextrose Agar (SDA) with and without antibiotics (cycloheximide and chloramphenicol) and
incubated as per standard protocol. Both media were obtained from HiMedia Laboratories Pvt Ltd,
Mumbai. The cultures were examined twice during the 1st week and weekly thereafter, for 4 weeks.
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Identification: Fungal growth was identified by gross colony morphology on SDA media,
Lactophenol Cotton Blue (LPCB) mount, color change on DTM and microslide culture.
Clinical outcome of the patient could not be followed as all the subjects included in this study
belonged to outpatient department and revisit by such patients is highly irregular.
STATISTICAL ANALYSIS: Statistical analysis was performed using Chi-square test. P <0.05 was
considered significant.
RESULTS: A total of 372 samples were collected during the study period of which 141 samples
showed growth of dermatophytes, 57 of Non dermatophyte, 36 contaminants while 138 samples
showed no growth.
Among patients with skin, hair and nail infections majority of patients belonged to the age
group 21-30 years and the overall male to female ratio was 2.6:1. Muslims were more frequently
affected as compared to Hindus and the Muslim to Hindu ratio was 1.4:1. Maximum number of cases
was seen in the month of June to September. In patients with dermatophytosis males were more
commonly affected than females 102/141 (72.3%) vs. 39/141 (27.7%).
This finding was statistically significant (p= 0.000). Maximum numbers of dermatophytes
were isolated from male patients in the age group of 21-30 years (35.3%) whereas in females
maximum isolations were in the age group of 31-40 years (46.6%). The Muslim to Hindu ratio in
cases of dermatophyte infection was 1.9:1, which was statistically significant (p=0.000) - [Table 1].
SDA with antibiotics supported the growth of 123/141 (87.2%) strains as compared to DTM,
which showed growth of 114/141 (80.8%) strains. Direct microscopy with 10% or 20% KOH was
less sensitive (46.8%) than culture on SDA with antibiotics (87.2%).
The most common dermatophyte isolated was Trichophyton rubrum 45/372 (12.1%)
followed by Trichophyton tonsurans 36/372 (9.7%), Trichophyton mentagrophytes 30/372 (8.1%),
Microsporum gypseum 18/372 (4.8%), Epidermophyton floccosum and Microsporum canis 6/372
(1.6%) each. Among non-dermatophyte species Aspergillus niger 21/372 (5.6%) was the 'commonest
isolate followed by Aspergillus flavus and Rhizopus sp. 9/372 (2.4%) each. Aspergillus fumigatus,
Penicillium sp., Fusarium sp., and Sepedonium sp. were isolated from 3/372 (0.8%) each. Candida sp.
were isolated from 6/372 (1.6%) cases only - [Table 2].
Among clinical forms of dermatophytosis, majority of the patients had tinea corporis 78/141
(55.3%) followed by tinea cruris 18/141 (12.8%), tinea unguium and tinea pedis was seen in 15/141
(10.6%) each. In patients with tinea corporis Trichophyton rubrum was the most common organism
24/78 (30.8%) followed by Trichophyton tonsurans 21/78 (26.9%), Trichophyton mentagrophytes
12 / 78 (15.4%), Microsporum gypseum 9/78 (11.5%), Epidermophyton floccosum and Microsporum
canis 6/78 (7.7%) each. In patients with tinea cruris, Trichophyton mentagrophytes was the
commonest isolate 9/18 (50.0%) followed by Trichophyton tonsurans 6/18 (33.3%) and
Trichophyton rubrum 3/18 (16.7%).
In tinea unguium Trichophyton rubrum and Trichophyton tonsurans were the commonest
isolates 6/15 (40.0%) each whereas for tinea pedis Trichophyton mentagrophytes was the
commonest 6/15 (40.0%). In tinea faciae and tinea capitis Trichophyton rubrum and Microsporum
gypseum were isolated in 3/6 (50.0%) of cases. In all the 3 cases of tinea mannum only Trichophyton
rubrum was isolated - [Table 3].
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DISCUSSION: On the basis of present study, the age distribution and sex distribution of
dermatophytosis could be correlated with the studies conducted by other authors 5-9. The Muslim to
Hindu ratio of patient with dermatophytic infection was 1.9:1 which was statistically highly
significant. The exact reason for this could not be ascertained as demographically speaking majority
of patients from both groups' belonged to rural areas, were involved in agricultural work and also
belonged to low socio-economic strata.
SDA with antibiotics was found to be much superior to DTM for culture of dermatophyte
species. Culture also provide to be a better diagnostic tool when compared with microscopic
examination with 10% or 20% KOH. The difference in the isolation of Trichophyton species as
compared to others viz. Microsporum and Epidermophyton was found to be statistically significant
(p= 0.000). Among non-dermatophyte species isolated Aspergillus species was the commonest, the
other isolates being Rhizopus, Candida, Fusarium and Penicillium. Similar isolation patterns were
also seen in other parts of India.10, 11, 12
The incidence of tinea corporis and the involvement of Trichophyton rubrum, which is the
commonest isolate in this region, confirms the earlier findings regarding dermatopytosis in
India.5,13.14
CONCLUSION: Dermatophytosis was found to. be more prevalent in young adults (21-30 years).
Culturing specimen on SDA with antibiotics was found to be the best method for diagnosis and this
medium proved to be better than DTM. The most common dermatophyte was Trichophyton rubrum
and the most common clinical form of dermatophytosis was tinea corporis. Fungal infections of the
skin are not serious but their propensity to persist and lead to chronicity and disfigurement may have
personal and social implications.
Though clinical diagnosis of these cases is easy enough for an experienced clinician or
dermatologist, there is a lot of room for misdiagnosis as many of these skin lesions may mimic other
skin disorders. This may in turn lead to unwarranted use of anti-fungal agents or use of steroids
which may lead to flaring up of dermatophytic or non-dermatophytic fungal skin infections.
Diagnosis of these fungal infections in the laboratory needs to be encouraged not because of
the fact that treating the patient requires so but because of the ease with which these organisms can
be identified even in a laboratory with minimum basic infrastructure before initiating use of antifungal drugs. Microscopic examination also needs to be encouraged as reports can be generated very
rapidly and may be helpful in preventing misuse of drugs. Culture on the other hand will help in
ascertaining the changing scenario of the causative agents in a particular area.

Age (in years)
<10
11-20
21-30
31-40
41-50
51-60

Male*
Muslim
Hindu
2
1
11
7
25
11
16
8
4
5
5
1

Female*
Muslim
Hindu
0
0
1
2
9
3
11
7
4
2
0
0
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>60
2
4
0
0
14
25
Total
35
67
Table 1: Age and sex distribution of patients with dermatophytosis
(* p= 0.000)
Number of
Percentage
isolations
12.1
45
*Trichophyton rubrum
36
09.7
*Trichophyton tonsurans
08.1
30
*Trichophyton mentagrophytes
18
4.8
*Microsporum gypseum
6
1.6
*Epidermophyton floccosum
1.6
*Microsporum canis
6
5.6
21
Aspergillus niger
2.4
Aspergillus flavus
9
2.4
9
Rhizopus sp.
0.8
Aspergillus fumigates
3
3
0.8
Penicillium sp.
0.8
3
Fusarium sp.
0.8
3
Sepedonium sp.
6
1.6
Candida sp.
9.7
36
Contamination
37.2
138
No growth
100.0
372
Total
Table 2: Overall distribution of organisms isolated from
patients with skin, hair and nail infection
(* p= 0.000)
Organism

Dermatophyte
isolated
Trichophyton
rubrum
Trichophyton
tonsurans
Trichophyton
mentagrophytes
Microsporum
gypseum
Epidermophyton
floccosum
Microsporum canis
Total

Clinical forms
Tinea
pedis
(0/0)

Tinea
faciae
(0/0)

Tinea
capitis
um

Tinea
mannum
(0/0)

3 (20.0)

3 (50.0)

3 (50.0)

3 (100.0)

6 (40.0)

3 (20.0)

0

0

0

9 (50.0)

3 (20.0)

6 (40.0)

0

0

0

9 (11.5)

0

0

3 (20.0)

3 (50.0)

3 (50.0)

0

6(7.7)

0

0

0

0

0

0

6 (7.7)
78 (100.0)

0
18 (100.0)

0
15 (100.0)

0
15 (100.0)

0
6 (100.0)

0
6 (100.0)

0
3 (100.0)

Tinea
corporis
(%)

Tinea
cruris (%)

Tinea
unguium
(%)

24 (30.8)

3 (16.7)

6 (40.0)

21 (26.9)

6 (33.3)

12 (15.4)

Table 3: Distribution of clinical forms of dermatophytosis
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ABSTRACT
BACKGROUND
Staphylococcus aureus is notorious for its ability to become resistant to antibiotics. MRSA emerged as nosocomial pathogen in the
early 1960s. Methicillin Resistant Staphylococcus aureus (MRSA) are implicated in serious infections and nosocomial infection
outbreaks. These strains show resistance to a wide range of antibiotics, thus limiting the treating options to very few agent s such
as vancomycin and teicoplanin. Vancomycin has been regarded as the first-line drug for treatment of MRSA. At the same time, there
has been an increase in the use of this antibiotic for other infections as well. This has further lead to an increase in the number of
both Vancomycin Intermediate Staphylococcus aureus (VISA) and Vancomycin Resistant Staphylococcus aureus (VRSA).
Aims- To determine the presence of MRSA and VRSA among staphylococcal isolates in Eastern Bihar.
MATERIALS AND METHODS
A total of 10806 samples from patients attending inpatient and outpatient departments from January 2011 to April 2013 were
included in the study. Samples were processed as per standard protocol and antibiotic susceptibility testing was done by modified
Kirby–Bauer method. Isolates were tested by disc diffusion using oxacillin disc 1 µg, cefoxitin disc 30 µg and by agar dilution for
MRSA. VRSA isolates were tested using 30 µg vancomycin disc. MIC of vancomycin to Staphylococcus aureus was determined by
agar dilution method.
RESULTS
Out of a total of 633 Staphylococcus aureus isolates, 22.4% were found to be methicillin resistant, 9.95% were VISA and 3.79%
were VRSA. Results of oxacillin agar dilution method were in concordance with the cefoxitin disc diffusion method in detecting
MRSA strains. All VISA strains were sensitive to linezolid and all VRSA were sensitive to imipenem. 88.7% and 87.3% of all MRSA
isolates were sensitive to imipenem and linezolid respectively.
CONCLUSION
The present shows that antibiotic resistance is steadily on the rise. It is also quite clear that MRSA is acquiring resistance to drugs
like rifampicin, teicoplanin, amikacin, netilmicin and imipenem which were at one time used as an alternative to vancomycin. It is
therefore imperative for the medical community to work together to fight against this man-made phenomenon called antibiotic
resistance.
KEYWORDS
MRSA, VISA, VRSA.
HOW TO CITE THIS ARTICLE: Kumar R, Nandan K, Dey S, et al. Methicillin and vancomycin resistance among staphylococcus
aureus strains isolated from patients attending tertiary care hospital in Eastern Bihar. J. Evolution Med. Dent. Sci. 2017;6(12): 914917, DOI: 10.14260/Jemds/2017/195
BACKGROUND
Methicillin Resistant Staphylococcus aureus (MRSA) are
implicated in serious infections and nosocomial infection
outbreaks. These strains show resistance to a wide range of
antibiotics (multi-resistance), thus limiting the treating
options to very few agents such as vancomycin and
teicoplanin. Therefore, it is clinically crucial to determine
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rapidly whether Staphylococcus aureus isolates are
methicillin resistant or not and this is of utmost importance
for both treatment and control as it requires extensive
hygienic precautions to limit the spread of such strains. 1
Staphylococcus aureus is notorious for its ability to
become resistant to antibiotics. Infections that are caused by
antibiotic-resistant strains often occur in endemic waves that
are initiated by one or a few successful clones. MRSA features
prominently in these epidemics. Historically associated with
hospital and other health care settings, MRSA has now
emerged as a widespread cause of community infections as
well. Community-associated MRSA (CA-MRSA) can spread
rapidly among healthy individuals. Outbreaks of CA-MRSA
infection has been reported worldwide.2
The frequency of MRSA infections continues to grow in
hospital-associated settings, and more recently in community
setting globally. The increase in the incidence of infections
due to Staphylococcus aureus is partially a consequence of
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advances in patients care and also of the pathogen’s ability to
adapt to a changing environment. Infection due to
Staphylococcus aureus imposes a high and increasing burden
on health care resources. A growing concern is the emergence
of MRSA infection in patients with no apparent risk factors. In
India MRSA prevalence has increased from 12% in 1992 to
80.83% in 1999.2
MRSA emerged as nosocomial pathogen in the early 1960s.
Most occurrences were isolated occurring in sporadic
outbreaks but in 1970s, an increasing number of large
hospital outbreaks were reported in many countries
including USA, Europe, Japan, and Australia. Staphylococcus
aureus is the predominant organism isolated from surgical
wound infections with a prevalence rate ranging from 4.6%54.4% of all Staphylococcus aureus isolations.3
Most of these nosocomial infections include bacteraemia,
surgical wound infections and pneumonia as well. The
problem of MRSA infection is exacerbated by the propensity
of the organism to cause cross-infection and its ability to
colonize individuals for months or years. Selection pressure
for this organism is seen in hospital settings due to intensive
use of many antibiotics especially cephalosporins, to which it
is resistant.4
Vancomycin has been regarded as the first-line drug for
treatment of MRSA. At the same time, there has been an
increase in the use of this antibiotic for other infections as
well such as pseudomembranous colitis due to Clostridium
difficile and coagulase negative staphylococcal infections in
hospitalized patients. When the drug was introduced, it was
believed that there would be no resistance to this drug as
resistance was difficult to induce. In 1997 however, the first
strain of Staphylococcus aureus with reduced susceptibility
to vancomycin was reported from Japan. Since then there has
been an increase in the number of both vancomycin
intermediate Staphylococcus aureus (VISA) and vancomycin
resistant Staphylococcus aureus (VRSA). This has led to life
threatening infections in both hospitalized and nonhospitalized patients.4
Taking into consideration the menace that is MRSA both
in hospital and more recently in community settings and also
the emergence of VISA and VRSA the study was undertaken to
determine the presence of MRSA and VRSA among
staphylococcal isolates in Eastern Bihar.

Screening for MRSA by Disc Diffusion
The test was performed on Muller-Hinton agar with 4% NaCl
for oxacillin and without 4% NaCl for cefoxitin. Using the
same procedure as for AST oxacillin disc 1 µg and cefoxitin
disc 30 µg were used and plates were incubated at 35°C for 24
hrs. Results were interpreted as per manufacturer
interpretation chart. ATCC 25923 was used as sensitive
control.6

MATERIALS AND METHODS
This prospective study was conducted from January 2011 to
April 2013 with approval from Institutional Ethics
Committee. Patients attending various in-patient and outpatient departments of the hospital were inducted into the
study. A brief clinical history was obtained from the patient
regarding occupation, history of living in institutions e.g.
hostels, old age homes etc., personal history regarding
standard of hygiene, family history whether other family
members were affected and past history.
Urine, pus, blood and vaginal specimens were collected as
per standard protocol. Samples were processed and
identified as per standard protocol. 5 Antibiotic sensitivity
testing was done by modified Kirby-Bauer’s disc diffusion test
as per the Clinical and Laboratory Standards Institute (CLSI)
guidelines (CLSI, 2008). Commercially available antibiotic
discs (hi-Media) were used. Screening for MRSA was done by
disc diffusion and agar dilution method.

MIC of VRSA by Agar Dilution
Vancomycin powder was obtained in pure form from HiMedia
laboratories,
Mumbai.
Minimum
Inhibitory
Concentration (MIC) of vancomycin to Staphylococcus aureus
was determined by agar dilution method. The gradient plates
of Mueller-Hinton agar were prepared with different
concentrations of vancomycin (i.e. 1, 2, 4, 8, 16, 32 and 64
µg/ml). The test organisms were suspended in sterile normal
saline and the turbidity was matched to 0.5 McFarland’s
standard. The bacterial strains were spot inoculated on the
surface of Mueller-Hinton agar using 10 µl of bacterial culture
suspension. When the inoculum dried up the plates were
incubated at 35°C for 24 hrs.

Screening of MRSA by Agar Dilution
Oxacillin powder was obtained in pure form from Hi-Media
laboratories, Mumbai. Commercially available dehydrated
Muller-Hinton agar from the same company was used to
prepare Muller-Hinton agar to which NaCl was added to a
final concentration of 4%. Amount of antibiotic powder to be
added to this medium to make a final concentration of 6
µgm/ml oxacillin was calculated by the following formula:
1000 x V x C =W
P
Where
P= potency of preparation in relation to base.
V= volume (ml) required.
C= final concentration of solution in multiples of 1000.
W= weight in mg of antibiotic to be dissolved in V (volume).7
Colonies of the test organism were suspended in 4 ml of
sterile normal saline to adjust the turbidity to 0.5 McFarland’s
standard. The bacterial strains were spot inoculated on the
surface of Mueller-Hinton agar containing 4% NaCl and 6
µgm/ml oxacillin using 10 µl of bacterial culture suspension.
When the inoculum dried up the plates were incubated at
35°C for 24 hrs.
Interpretation: No Growth - Oxacillin susceptible.
Growth - Oxacillin resistant.6
Screening for VRSA by Disc Diffusion
The test was performed on plain Mueller-Hinton agar using
30 µg vancomycin disc using the modified Kirby-Bauer’s
diffusion method. Results were interpreted as per
manufacturer interpretation chart. ATCC 25923 was used as
sensitive control.6 (CLSI, 2008).

Interpretation: MIC ≤ 2 µg/ml- Susceptible.
MIC 4-8 µg/ml- Intermediate Susceptible.
MIC ≥16 µg/ml- Resistant.6
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RESULTS
A total of ten thousand eight hundred and six (10806)
samples were collected during the study period of which
4482 samples showed growth of various microorganisms.
Staphylococcus species grew in 873 samples out of which 240
were Coagulase Negative Staphylococcus (CONS) and 633
were Staphylococcus aureus. These 633 strains of
Staphylococcus aureus were taken up for further study. Out of
a total of 633 Staphylococcus aureus isolates, 142 (22.4%)
were found to be methicillin resistant, 63 (9.95%) were VISA
and 24 (3.79%) were VRSA. Majority of MRSA and VRSA
strains were isolated from the age group 21-30 years, 47/142
(33.1%) and 13/24 (54.2%) respectively. MRSA and VRSA
infections were seen predominantly in males 79/142 (55.6%)
and 15/24 (62.5%) respectively. The male to female ratio for
MRSA infection was 1.25:1 and for VRSA 1.66:1. MRSA was
isolated more frequently from patients of the Hindu
community, 87/142 (61.3%) whereas VRSA were isolated
more frequently from the Muslim community 14/24 (58.5%).
The Hindu to Muslim ratio for MRSA infection was 1.58:1 and
for VRSA was 1:1.66.
Most of the MRSA and VRSA were isolated from pus
samples followed by urine Table 1. Overall 33.1% (47/142)
of MRSA and 42.8% (27/63) of VISA were isolated from
Surgery Department whereas 41.7% (10/24) of VRSA was
isolated from Orthopaedics Department. Majority of MRSA
(88.7%), VISA (74.6%) and all VRSA were isolated from inpatients department.
Method
Vancomycin DD
Vancomycin MIC

Antibiotics
(Potency)
Amikacin (30 µgm)
Ampicillin (10 µgm)
Cefotaxime (30 µgm)
Cefuroxime (30 µgm)
Clindamycin (2 µgm)
Gentamicin (10 µgm)
Imipenem (10 µgm)
Linezolid (30 µgm)
Teicoplanin (30 µgm)
Tobramycin (10 µgm)

Results of oxacillin agar dilution method were in
concordance with the cefoxitin disc diffusion method
detecting 22.4% (142/633) of strains as MRSA. The oxacillin
disc diffusion method however, detected sixteen additional
strains thereby increasing the number of MRSA detected by
this method to 25.0% (158/633). Vancomycin DD test
detected only 14 strains of VRSA out of a total of 633 strains.
The Vancomycin agar dilution test however showed that 24
strains had MIC ≥ 16 µg/ml indicating resistance (VRSA) and
63 strains had MIC ranging from 4-8 µg/ml indicating
intermediate resistance (VISA). Table 2.
As with MRSA, VISA and VRSA strain, it showed 100%
resistance to ampicillin, cefuroxime and cefotaxime. 73% and
75% of VISA and VRSA were resistant to gentamicin. All VISA
strains were sensitive to linezolid and all VRSA were sensitive
to imipenem. 88.7% and 87.3% of all MRSA isolates were
sensitive to imipenem and linezolid respectively. Table 3.
Specimen
MRSA (%)
VISA (%)
VRSA (%)
Pus
79 (55.7)
34 (54.0)
14 (58.3)
Urine
47 (33.1)
18 (28.6)
07 (29.2)
Blood
08 (5.6)
07 (11.1)
02 (8.3)
Vaginal Swab
08 (5.6)
04 (6.3)
01 (4.2)
Total
142 (100)
63 (100)
24 (100)
Table 1. Isolation of MRSA, VISA and VRSA
from Different Clinical Samples

Resistant (%)
Intermediate (%)
Sensitive (%)
14 (2.2)
0 (0.0)
619 (97.8)
24 (3.7)
63 (10.0)
546 (86.3)
Table 2. Correlation between different methods for detection of VRSA

Total
633
633

MRSA
VISA
VRSA
(%) n=142
(%) n=63
(%) n=24
Sensitive
Resistant
Sensitive
Resistant
Sensitive
Resistant
110 (77.5)
32 (22.5)
57 (90.5)
06 (9.5)
18 (75.0)
06 (25.0)
00(0.0)
142 (100.0)
00 (0.0)
63 (100.0)
00 (0.0)
24 (100.0)
00 (0.0)
142 (100.0)
00 (0.0)
63 (100.0)
00 (0.0)
24 (100.0)
00 (0.0)
142 (100.0)
00 (0.0)
63 (100.0)
00 (0.0)
24 (100.0)
87 (61.3)
55 (38.7)
46(73.0)
17 (27.0)
18 (75.0)
06 (25.0)
63 (44.4)
79 (55.6)
17 (27.0)
46 (73.0)
06 (25.0)
18 (75.0)
126 (88.7)
16 (11.3)
57 (90.5)
06 (9.5)
24 (100.0)
00 (0.0)
124 (87.3)
18 (12.7)
63 (100.0)
00 (0.0)
12 (50.0)
12 (50.0)
71 (50.0)
71 (50.0)
11 (17.5)
52 (82.5)
00 (0.0)
24 (100.0)
89(62.7)
53 (37.3)
46 (73.0)
17 (27.0)
12 (50.0)
12 (50.0)
Table 3. Antibiotic Susceptibility Pattern for MRSA, VISA and VRSA

DISCUSSION
The present study gives us an indication regarding the
occurrence of MRSA, VISA and VRSA in this region. As far as
MRSA is concerned different studies have reported different
findings. Authors have reported 79.6% of MRSA from
Hyderabad,8 34.2% from South India.9 The MRSA isolation in
our region was found to be relatively low (22.50% of all
Staphylococcus aureus isolates) as compared to the isolation
rates in some other part of India, which is probably because
the Medical College is situated in rural area where the
organisms are not exposed to as much antibiotic pressure as
in the urban areas. For VISA and VRSA Thati et al8 2011

reported 4.47% isolation of VISA and 1.96 which is lower
than ours.
Majority of the MRSA, VISA and VRSA strains were
isolated from Surgery department followed by Obstetrics &
Gynaecology and orthopaedics. Tyagi A et al3 in 2008
however, reported maximum isolations from Neurosurgery
ward followed by Orthopaedics, Paediatric Surgery, and
Cardiothoracic Surgery etc.3 This discrepancy may be due to
the fact that their study was carried out in a super-specialty
hospital and also in a different geographic location.
Isolation rate of MRSA, VISA and VRSA in the present
study were much higher in indoor patients, as hospital strains
are subjected to more antibiotic pressure leading to
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emergence of resistant strains. Majority of MRSA, VISA and
VRSA were also isolated from pus samples followed by urine
samples and blood and vaginal swabs as reported by other
authors also10,11 The oxacillin disc diffusion method however,
detected sixteen additional strains. This is probably due to
the fact that oxacillin DD test may sometime produce smaller
zone of inhibition for those strains of Staphylococcus aureus
that are hyperproducers of penicillinase enzymes.12 These
sixteen strains were therefore not considered as MRSA.
Kour R et al in 2012 have also reported a similar finding
in their study on MRSA13. They found the oxacillin DD to be
inferior to the cefoxitin DD for detection of MRSA. It is quite
apparent from all the studies conducted so far and from the
present study that antibiotic resistance is steadily on the rise.
It is also quite clear that MRSA is acquiring resistance to
drugs like rifampicin, teicoplanin, amikacin, netilmicin and
imipenem which were at one time used as an alternative to
vancomycin, which is more toxic and has to be delivered
parenterally, for treating MRSA infection. 2,3,10,14 It is very
clear from the present study that resistance to antibiotics is
high even in Methicillin Sensitive Staphylococcus aureus
(MSSA) though lesser to a certain extent than MRSA.
Antibiotic resistance remains a problem even in this rural
area where majority of the population are employed in
agricultural work. It is therefore imperative for the medical
community to work together to fight against this man-made
phenomenon called antibiotic resistance.
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ABSTRACT
Background: Neonatal sepsis is a clinical syndrome of bacteraemia characterized by systemic signs and symptoms inthe rst month of life. It is the
leading causes of neonatal mortality and morbidity. Early diagnosis and treatment with appropriate antibiotics is important to improve the
prognosis of neonatal sepsis. Our objectives were to study the organisms causing neonatal septicaemia, associated risk factors, to correlate CRP
with blood culture and to study mortality rate in neonatal septicaemia. Methods: The study of one year included clinically suspected cases of
neonatal septicaemia admitted in NICU (KMCH, Katihar, Bihar). 566blood samples were collected, processed and isolates were identied.
Maternal and neonatal risk factors were studied. CRP test was done by slide agglutination test. Results: Blood culture was positive in 205 (36.22%)
cases. Among the culture positive cases, 128 (62.44%) weremales and 77 (37.56%) females with male to female ratio of 1.66:1. Early onset sepsis
was present in 137 (66.83%) and late onset sepsis in 68 (33.17%) cases. 107 (52.20%) were low birth weight babies. The most common neonatal
risk factor was prematurity 75 (36.58%) and maternal risk factor was prolonged rupture of membrane 65 (31.71%). gram negative bacilli 144
(70.24%) were found to be common cause of sepsis than gram positive cocci 61 (29.76%), Klebsiellapneumoniae54 (26.34%) being most common
pathogen. Out of 566, CRP test was positive in 244(43.10%) cases. Mortality rate was 23.41%. Conclusions: Neonatal septicaemia is a lifethreatening emergency. The study of etiological prole and CRP testplays a signicant role.

KEYWORDS
INTRODUCTION
Neonatal sepsis is a clinical syndrome of systemic illness accompanied
by bacteremia occurring in the rst month of life. The immaturity of
immune system in the neonates makes them especially susceptible to
infections during the neonatal and perinatal period. Neonatal
septicaemia is by far the most important and often fatal sequelae of
such infection. In India it is commonest cause of neonatal mortality
contributing to 38% of the neonatal deaths. For epidemiological and
therapeutic purposes, neonatal septicaemia is categorised into early
onset neonatal septicaemia (EONS), which presents within the rst 72
hours of life and late onset neonatal septicaemia (LONS) presenting
after 72 hours of life.1 This distinction has clinical relevance, as early
onset neonatal sepsis is generally acquired from pathogens of maternal
genital tract, whereas late onset sepsis has its origin either from the
community or from hospital.
In neonatal sepsis numerous neonatal, maternal and environmental
risk factors contribute to the high morbidity and mortality. The various
risk factors which are associated with EONS are low birth weight
(<2500gms), preterm baby, febrile illness in the mother, foul smelling
and/or meconium stained liquor amnii, prolonged rupture of
membrane (>24 hours), more than 3 vaginal examinations during
labor, prolonged and difcult delivery with instrumentation, perinatal
asphyxia or difcult resuscitation. Whereas the risk factors for
development of LONS include prolonged NICU admission, poor
hygiene, low birth weight (LBW), poor cord care, prematurity, bottle
feeding, invasive procedure, supercial infection (pyoderma,
umbilical sepsis), prelacteal feeding, ventilation, aspiration of feeds
etc.

is life threatening emergency, early diagnosis and treatment with
appropriate antibiotics is necessary. Study objective was to study the
organisms causing neonatal septicaemia in our region, risk factors
associated with neonatal septicaemia, to correlate CRP with blood
culture and to study the mortality rate in neonatal septicaemia.
METHODS
The observational study of one year was carried out from May 2018 to
April 2019, in the Department of Microbiology, Katihar Medical
College, Katihar, Bihar. Clinically suspected cases of neonatal
septicaemia admitted in neonatal intensive care unit (NICU) were
included in the study. Prior to collection of blood sample, consent from
mother was taken and detailed history of each neonate along with
history of maternal risk factors, neonatal risk factors and mode of
delivery etc., was recorded.
Blood culture
The skin of venepuncture site was disinfected with 70% alcohol and
1% iodine for at least 1 minute and allowed to dry. With precaution to
avoid touching and contaminating venepuncture site, 2 ml of blood
was withdrawn with disposable needle and syringe and inoculated into
blood culture bottle containing 20 ml of trypticase soy broth. The blood
and broth were mixed gently; the bottles were transported immediately
to laboratory and incubated at 37°C aerobically. First subculture was
done after 6-17 hours on 5% sheep blood agar and Mac Conkey agar
plates. Thereafter daily subculture was done for 7 days. The isolates
were identied by Gram staining, colony characteristics and
biochemical properties. Cultures were labelled negative if there was no
growth after 1 week of incubation. Antimicrobial susceptibility of all
bacterial isolates was done by Kirby-Bauer disk diffusion technique as
per CLSI 2014 guidelines.

Early diagnosis is a key to reduce morbidity and mortality of neonatal
septicaemia. The gold standard for diagnosis of septicaemia is the
isolation of bacterial agents from the blood culture. But denitive
culture results take at least 48-72 hours resulting in treatment delays.
Hence two-pronged approach is used for the evaluation of neonates
with possible sepsis. Nonspecic sepsis screen tests like C-reactive
protein (CRP), erythrocyte sedimentation rate, total white blood cell
count and absolute neutrophil count are used to evaluate the likelihood
of infection, and specic diagnostic tests are performed to conrm the
presence of a specic pathogen in body uids.

Statistical analysis
Statistical analysis was done by chi square test and Mc-Nemar Chisquare test. p value <0.05 was considered as statistically signicant.

Both gram negative and gram-positive bacteria have been isolated
from blood. Organisms causing sepsis and their susceptibility to
different antibiotics vary from place to place. As neonatal septicaemia

RESULTS
Out of total 566 blood samples subjected for culture, 205 (36.22%)
were culture positive and 361 (63.78%) were culture negative. The

C-Reactive protein (CRP) test
For CRP testing, 2 ml Blood samples was collected and serum was
separated. Testing was done by slide agglutination test according to
manufacturer's instructions (Tulip diagnostics (P) Ltd).
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culture positivity rate was 36.22%. Out of total 205 culture positive
cases 137 (66.83%) were of age less than 3 days belonging to early
onset septicaemia, while 68 (33.17%) cases were between the age of 3
days to 28 days belonging to late onset septicaemia (Table 1). Among
them 128 (62.44%) were males and 77 (37.56%) were females with
male to female ratio of 1.66:1.
Table 1: Age wise distribution of culture positive cases (n=205).
Age (days)
0-3
4-6
7-9
10-12
13-15
16-18
19-21
22-24
25-28
0-28

No. of cases
137
8
4
12
5
12
8
10
9
205

Total (%)
137 (66.83) EONS
68 (33.17) LONS

205 (100)

Table 2 shows birth weight wise distribution of the cases. Out of the
total 205 culture positive neonates, maximum neonates 107 (52.20%)
were low birth weight babies. The most common neonatal risk factor
responsible for the infection was prematurity in 75 (36.58%) neonates,
followed by respiratory distress in 70 (34.15%) neonates (Table 3).
Table 2: Birth weight wise distribution of culture positive cases
(n=205).
Neonatal Birth Weight
No. of culture positive (%)
Normal birth weight (≥2500g)
53 (25.85)
Low birth weight (<2500g)
107 (52.20)
Very low birth weight (<1500g)
45 (21.95)
Extremely low birth weight (<1000g)
0
Total
205 (100)
Table 3: Neonatal risk factors among culture positive cases
(n=205).
Risk Factors
Culturepositive cases (%)
Prematurity
75 (36.58)
Respiratory Distress
70 (34.15)
Parenteral Nutrition
57 (27.80)
Mechanical Ventilation
52 (25.36)
Birth Asphyxia
07 (03.36)
Table 4 shows maternal risk factors. Mothers of 65 (31.71%) neonates
had history of prolonged rupture of membrane (PROM) and maternal
fever was seen in 23 (11.22%). Of the total 205 culture positive
neonates, total 105 (51.22%) were delivered in hospital while 15
(07.31%) were delivered at home by normal vaginal delivery. Lower
segment caesarean section (LSCS) was the mode of delivery in 65
(31.71%) cases and instrumentation was used in mothers of 20
(09.76%) neonates (Table 5).
Table 4: Maternal risk factors among culture positive cases
(n=205).
Risk Factors
Culturepositive cases (%)
Prolonged Rupture of Membrane
65 (31.71)
Maternal Fever
23 (11.22)

pneumoniae 44 (32.12%) was the commonest isolate. In LONS cases
(68), gram negative bacilli 41 (60.29%) predominated as compared to
gram positive cocci 27 (39.71%) and the most common pathogen was
S. aureus 22 (32.35%).
Table 6: Distribution of organisms as per the onset of septicaemia.
Organisms Isolated
EONS (%) LONS (%)
Total
Gram negative organisms 103 (75.18) 41 (60.29) 144 (70.24)
Klebsiella pneumonia
44 (32.12) 10 (14.71) 54 (26.34)
Pseudomonas aeruginosa
11 (08.03) 16 (23.53) 27 (13.17)
Escherichia coli
20 (14.59) 03 (04.41) 23 (11.22)
Acinetobacterbaumannii
04 (02.92) 10 (14.71) 14 (06.83)
Enterobacterspp
08 (05.84)
00(0)
08 (03.90)
Citrobacterspp
08 (05.84)
00 (0)
08 (03.90)
Klebsiellaoxytoca
06 (04.38)
00 (0)
06 (02.93)
Acinetobacterlwofi
02 (01.46) 02 (02.94) 04 (01.95)
Gram positive organisms
34 (24.82) 27 (39.71) 61 (29.76)
Staphylococcus aureus
14 (10.22) 22 (32.35) 36 (17.56)
CONS
14 (10.22) 04 (05.88) 18 (08.78)
Enterococcus faecalis
04 (02.92) 01 (01.47) 05 (02.44)
Streptococcus pneumonia 02 (01.46)
00 (0)
02 (00.98)
Total
137 (100)
68 (100) 205 (100)
Selection of antibiotics and study of sensitivity pattern of the isolates
was done as per CLSI guidelines.9 The most predominant isolate
Klebsiella pneumoniae was 54 (100%) resistant to Ampicillin and
Cefazolin, while they were sensitive to Imipenem 52 (96.30%) and
Amikacin 45 (83.34%). All 27 (100%) isolates of P. aeruginosa were
sensitive to Polymyxin B and Colistin. Acinetobacter spp (n=18)
showed least resistance to Imipenem (27.78%) and Amikacin
(33.33%).
Amongst gram positive organisms, S. aureus showed resistance to
Penicillin, Cefoxitin, Erythromycin, Gentamycin and Amikacin
(94.44%, 52.78%, 41.67%, 33.33% and 16.67% respectively). 52.78%
of the Staphylococcus aureus were methicillin-resistant S. aureus
(MRSA). All the 36 isolates of S. aureus and 18 isolates of CONS were
100% sensitive to Vancomycin and Linezolid. Among Enterococcus
faecalis (n=05), maximum resistance of 60% was seen to Penicillin
and Ampicillin and were 100% sensitive to high level Gentamycin,
Vancomycin and Linezolid.
CRP test was performed in all 566 clinically suspected cases of
septicaemia and its correlation with blood culture was studied. Out of
566 cases, CRP was positive in 244 (43.10%) and negative in 322
(56.90%) cases. Table 7 shows, out of 205 culture positive cases,
198(96.59%) were CRP positive and 07 (3.41%) were CRP negative
while out of 361 culture negative cases, 46 (12.74%) were CRP
positive and 315 (87.26%) were CRP negative, with a signicant p
value. Sensitivity and specicity of the CRP test was 96.59% and
87.26% respectively.
Table 7: Correlation of CRP with blood culture positivity (n=566).
CRP Test
Blood Culture
Total
Culture Positive Culture Negative
Positive
198 (96.59%)
46 (12.74%)
244
Negative
07 (3.41%)
315 (87.26%)
322
Total
205 (100%)
361 (100%)
566
Mc-Nemar Chi square test used, p=8.46×10-8 (p=0.000).

Table 5: Distribution of culture positive cases as per mode of
delivery (n=205).
Culturepositive cases (%)
Mode and place of delivery
Normal vaginal delivery at hospital
105 (51.22)
Normal vaginal delivery at home
15 (07.31)
Lower segment caesarian section (LSCS)
65 (31.71)
Instrumentation
20 (09.76)
Total
205 (100)
Table 6 shows the isolates from blood culture of neonatal septicaemia
cases. Gram negative bacilli 144 (70.24%) were common etiological
agents as compared to gram positive cocci 61 (29.76%). The most
common gram-negative organism causing sepsis was Klebsiella
pneumoniae 54 (26.34%) and gram-positive organism was S. aureus
36 (17.56%).

Table 8: Mortality of culture positive cases as per the onset.
Onset
Culture Positive Mortality (%)
Cases
Early onset neonatal septicemia
137
35 (25.54)
Late onset neonatal septicemia
68
13 (19.11)
Total
205
48 (23.41)

Out of total 137 EONS cases, gram negative bacilli were 103 (75.18%)
and gram-positive cocci were 34 (24.82%). Of them, Klebsiella

CONCLUSION
Gram negative bacilli were found to be commonest cause of neonatal
septicaemia in our setup. Male neonates were more prone to infection.
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Table 8 shows the mortality of neonates with respect to onset of
septicaemia. Out of 137 EONS cases 35 (25.54%) and 68 LONS cases
13 (19.11%) were died of septicaemia. Overall mortality rate was
23.41%. The statistical difference in the mortality rates between two
types of septicaemia was not signicant.
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Incidence of EONS was common as compared to LONS. Various
neonatal and maternal risk factors were found to be associated with
neonatal septicaemia. The prematurity and low birth weight neonates
were at an increased risk of developing sepsis. Blood culture should be
done in all suspected cases. The most common pathogen isolated in
EONS cases was K. pneumoniae and in LONS cases was S. aureus. A
good correlation between blood culture positivity and CRP was found
in the present study. So, CRP testing may prove helpful marker to
improve diagnostic accuracy in resource limited situations. Neonatal
septicaemia is important cause of morbidity and mortality among the
neonates. Early diagnosis, specic treatment and strict infection
control practices in neonatal units can reduce neonatal mortality and
morbidity.
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A BS T R A C T

BACKGROUND
This study was an attempt to find the association of physical parameters, risk
factors, common signs & symptoms of septicaemia, analyse the distribution of
microorganisms isolated from clinically suspected cases of septicaemia, and collect
their antibiogram. We also wanted to evaluate the haematological findings in
conventional culture, correlate them to the sensitivity and specificity, and
quantitatively identify the relevance of these haematological tests through their
positive and negative predictive values.
METHODS
A total of 350 blood samples were received from patients with clinically suspected
cases of blood stream infections (BSI) at the Department of Microbiology for
routine culture & sensitivity and were processed using standard microbiological
techniques to determine the percentage distribution of bacterial pathogens
causing BSI and their antibiotic susceptibility patterns. Mueller-Hinton agar (MHA)
with 4 % NaCl was used to detect methicillin resistance.
RESULTS
Of the 350 septicaemic cases, 58.8 % were from neonatal ICU and 41.2 % were
from paediatric wards. Maximum culture positivity (45.3 %) was seen in < 28 days
age group. Bacterial growth was seen in 62.0 % preterm babies. Probability of
sepsis was more with leukopenia (85.4 %) as compared to leucocytosis (68.9 %);
positive C-reactive protein (CRP) findings (63.8 %) were more likely to be
associated with sepsis as compared to negative CRP findings (2.1 %). Leukopenia
(97.5 %) and leucocytosis (96.3 %) had the highest specificity values.
CONCLUSIONS
Low birth weight (LBW) neonates, preterm birth and Caesarean section deliveries
are risk factors that predispose neonates to septicaemia. Meropenem can be used
in septaemia, but it should be reserved for critical cases, particularly those with
multidrug resistant (MDR) bacteria, rather than on routine basis to prevent
inadvertent promotion of bacterial resistance. This study showed that leukopenia
and CRP are good indicators of sepsis, when used in combination.
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BACKGROUND

Risk factors predisposing to neonatal septicemia in
developing countries include prolonged rupture of
membranes, prematurity, birth asphyxia, length of hospital
stay, invasive procedures, delivery location, material used in
cutting & dressing cord and maternal infections during
pregnancy.1,2
The present study was conducted to find out the
association of physical parameters & risk factors to clinically
suspected septicemia cases; and to see the distribution of
microorganisms isolated from cases of sepsis among
preadolescent children including newborns, and to collect
their antibiogram.
The study also reports the haematological findings in
conventional culture and tries to correlate them to the level
of accuracy (sensitivity and specificity) with which they were
seen to be associated with sepsis.

METHODS
This cross-sectional study was carried out in the Department
of Microbiology of a tertiary care centre in Eastern Bihar, in
India from May 2019 to November 2020. All patients
admitted to the Pediatrics Department of the tertiary centre,
with signs of sepsis were included in the study. Clearance
was obtained before conducting the study vide IEC / Dept.
Res. / 005 / 2019 - 2022 (Microbiology) dated 20.04.2019.

Study Population
Study population was calculated based on a total number of
840 samples received during the study period and calculated
on the basis of confidence level of 95 %, and a confidence
interval of 4.0. Based on the calculations, a total of 350 blood
samples from clinically suspected cases of blood stream
infection (BSI) were chosen by simple random sampling and
processed for routine blood culture and antibiotic sensitivity,
preferably during fever spikes before beginning empirical
antibiotic therapy. The study population included all
neonates, with age < 28 days to children up to 10 years of
age.

Isolation & Identification
The blood culture bottles containing specimens were
transported within half an hour to the bacteriology
laboratory, incubated at 350 C for 7 days and examined
macroscopically for appearance of turbidity as evidence of
growth during the first 12 - 18 hours after collection.
Subcultures were examined for growth on next day. If there
was any growth, the isolates were identified as per standard
protocol based on standard protocol. If there was no growth,
further subculture was done on the 2nd, 4th and the 6th day.
Cultures were reported negative, if subcultures showed no
growth by then.3

A n t i m i c r o bi a l S u s c e p t i bi l i t y T e s t i n g
Antibiotic susceptibility testing was done by Kirby-Bauer disc
diffusion method on Muller-Hinton agar, using antibiotic
discs obtained from HiMedia Laboratories, Mumbai, India.
Blood agar was used for Streptococcus pneumoniae.4

Data Analysis
Performance indices were calculated for haematological
parameters like (leukopenia, leukocytosis and CRP).
Variables measured were the number of true positives (TP),
true negatives (TN), false positives (FP) and false negatives
(FN). Sensitivity was calculated as TP / (TP + FN), specificity
was calculated as TN / (TN + FP), the PPV was calculated as
TP / (TP + FP) and NPV was calculated as TN / (TN + FN).

Statistical Analysis
Statistical analysis of data was done using the online
application
available
at
the
website
link
http://www.physics.csbsju.edu/stats/contingency_NROW_
NCOLUMN_form.html.

RE S UL T S
A total of 350 blood cultures were performed during the
study period, out of which, 206 (58.8 %) were from neonatal
ICU and the remaining 144 (41.2 %) were from the pediatric
ward. Majority (145 / 350; 41.4 %) of the children belonged
to the age group < 28 days (Table 1). Of the clinically
suspected septicaemic cases of neonates, 58.5 % (205 /
350) were males and 41.4 % (145 / 350) were females. The
overall male to female ratio was 1: 0.71 (Table 1).
Out of all the culture positive septicaemic cases,
maximum culture positivity was seen in low birth weight
(LBW) neonates (49.1 %; 53 / 108). Culture positivity in
normal birth weight (NBW) neonates was lower (26.8 %; 29
/ 108). Maximum bacterial growth was seen in preterm
babies (62.0 %; 67 / 108) as compared to the term babies
(37.9 %; 41 / 108) (Table 2).
Place of delivery seemed to be the major risk factor and
majority of cases (50.9 %; 55 / 108) suffered from sepsis
among children whose records showed that they were born
in other institutions. It was much lesser when the delivery
was in our hospital (31.5 %; 34 / 108), and the least during
planned and attended home deliveries (17.5 %; 19 / 108)
(Table 2).
Children born of Caesarian sections appeared to be more
at risk of BSI (78.7 %; 85 / 108), as compared to those born
through normal deliveries (21.3 %; 23 / 108) (Table 2).
The observed values in relation to birth weight (P <
0.001), gestational age (P < 0.001) and place of delivery (P
< 0.001) were all statistically significant, while the P-value
for the mode of delivery (P > 0.05) was statistically
insignificant (Table 2).
Of the total 350 blood samples cultured, 184 (52.6 %)
were sterile, 108 (30.9 %) showed growth of various
bacteria, 20 (5.7 %) were candida species positive and 38
(10.9 %) showed growth of contaminants. Among positive
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blood culture isolates, the gram-positive bacterial isolates
(47.2 %; 51 / 108) marginally exceeded the gram-negative
isolates (45.3 %; 49 / 108).
Isolation of gram-positive cocci (GPC) (64.4 %; 38 / 59)
and fungi (8.4 %; 5 / 59) were more (26.5 %; 13 / 49) from
late onset septicaemia cases (LOS) and lower (67.3 %; 33 /
49) in early onset septicemia (EOS) (Table 3).
The predominant signs and symptoms were poor activity
/ poor feeding (53.1 %; 186 / 350), followed by fever (21.7
%; 76 / 350), vomiting (8.2 %; 29 / 350) and convulsions
(6.5 %; 23 / 350).
Gram negative bacilli (GNB) showed maximum resistance
to cefuroxime, cotrimoxazole & piperacillin-tazobactam,
being 76.3 % (29 / 38) each. Most of the GNB were found
to be sensitive to colistin (65.7 %; 25 / 38), followed by
meropenem (42.1 %; 16 / 38), amikacin (39.4 %; 15 / 38)
and netilmicin (34.2 %; 13 / 38); (Table 4).
Pseudomonas aeruginosa showed maximum resistance
to cefotaxime (100.0 %; 11 / 11) followed by netilmicin,
nalidixic acid & piperacillin-tazobactam (90.9 %; 10 / 11,
each) and aztreonam & gentamicin (81.8 %; 9 / 11, each)
(Table 4).
GPC showed maximum resistance to aztreonam (68.6 %;
35 / 51), followed by meropenem & cotrimoxazole (64.7 %;
33 / 51, each), and erythromycin (58.8 %; 30 / 51).
Resistance to vancomycin was shown by 33.3 % (17 / 51)
isolates. Only 39.2 % (20 / 51) isolates showed resistance
to cefoxitin (Table 4).
Routine haematological investigation profile was
recorded and analysed as shown in (Table 5), which depicts
that probability of sepsis is more with leukopenia (85.4 %;
35 / 41), as compared to leucocytosis (68.9 %; 20 / 29).
Also, positive C-reactive protein (CRP) finding (63.8 %; 104
/ 163) was more likely to be associated with sepsis as
compared to negative CRP finding (2.1 %; 4 / 187).
Comparison of sensitivity, specificity, positive predictive
value (PPV) and negative predictive value (NPV) of various
haematological parameters showed, CRP had the highest
sensitivity (96.3 %) and negative predictive value (NPV)

Antimicrobial
Amikacin
Amoxycillin
Aztreonam
Cefazolin
Cefotaxime
Cefoxitin
Ceftazidime
Cefuroxime
Ciprofloxacin
Clindamycin
Colistin
Cotrimoxazole
Erythromycin
Gentamicin
Imipenem
Levofloxacin
Linezolid
Meropenem
Nalidixic acid
Netilmicin
Piperacillin-tazobactam
Vancomycin

GNB (N = 38)

GNB (N = 38)

Resistant (%)

Sensitive (%)

15 (39.4)
26 (68.4)
28 (73.6)
23 (60.5)
29 (76.3)
24 (63.1)
13 (34.2)
29 (76.3)
20 (52.6)
22 (57.8)
20 (52.6)
19 (50.0)
28 (73.6)
25 (65.7)
29 (76.3)
-

15 (39.4)
12 (31.5)
10 (26.3)
7 (18.4)
6 (15.7)
9 (23.6)
25 (65.7)
16 (42.1)
8 (21.0)
11 (28.9)
11 (28.9)
16 (42.1)
10 (26.3)
13 (34.2)
9 (23.6)
-

(97.9 %), leucopenia (97.5 %) and leucocytosis (96.3 %)
had the highest specificity values (Table 5).

Physical
Parameters
Gender

Age

Sepsis
Culture
Total
Chi‘P’
Negative Cases Square Value
2
N
% N %
X

Culture
Positive
N
%

Male
63
58.3
Female
45
41.6
Total
108 100
< 28 days
49
45.3
28 days to 1 yr. 27
25.0
1 yr. to 5 yrs.
19
17.5
5 yrs. to 10 yrs. 13
12.1
Total
108 100.0
Age
1.583 +
(Mean + SE)
0.235

142 58.6
100 41.6
242 100.0
96
39.6
56
23.1
77
31.8
13
5.3
242 100.0
1.498 +
0.124

205
145
350
145
83
96
26
350
--

58.5
41.4 0.365
100.0
41.4
23.7
27.4 10.7
7.4
100
--

0.952

0.014

--

--

Table 1. Association between Physical Parameters and Sepsis
Sepsis
Risk
Culture Culture
Factors Parameters Positive Negative

Birth
weight
Gestation
Place of
delivery
Mode of
delivery

VLBW#
LBW##
Normal
Total
Term
Pre term
Total
Other institution
Own institution
Home delivery
Total
CS###
ND####
Total

No. %
26
53
29
108
41
67
108
55
34
19
108
85
23
108

24.1
49.1
26.8
30.8
37.9
62.0
30.8
50.9
31.5
17.5
30.8
78.7
21.3
30.8

Chi‘P’
Square Value
X2

Total
Cases

No. % No. %
5
78
159
242
202
40
242
74
146
22
242
176
66
242

2.1
32.2
65.7
69.1
83.5
16.5
69.1
30.5
60.3
9.1
69.1
72.7
27.3
69.1

31
131
188
350
244
107
350
129
180
41
350
261
89
350

8.9
37.4
53.7
100.0
69.7
30.5
100.0
36.8
51.4
11.7
100.0
74.5
25.4
100.0

67.5

0.000*

73.3

0.000*

25.1

0.000*

1.41

0.236

Table 2. Association of Clinically Suspected Cases
by Risk Factor
VLBW = Very Low Birth Weight, ## LBW = Low Birth Weight, ###CS = Caesarian
Section, ####ND = Normal Delivery, *indicates significant statistical association at
P < 0.05
#

Organism Type

EOS*
N (%)

Gram positive
Gram negative
Fungi
Total
Chi-square ‘P’ value

13 (26.5)
33 (67.3)
3 (6.2)
49

Onset of Septicemia
LOS**
N (%)
38 (64.4)
16 (27.1)
5 (8.4)
59
2
X =17.88, P = < 0.0001*

Total
N (%)
51 (47.2)
49 (45.3)
8 (7.4)
108

Table 3. Organism Type vs. Onset of Septicaemia
*EOS = Early Onset Septicemia, ** LO = Late Onset Septicemia, *indicates
significant statistical association at P < 0.05

Pseudomonas
aeruginosa (N = 11)

Pseudomonas
aeruginosa (N = 11)

7 (63.6)
9 (81.8)
11 (100.0)
8 (72.7)
8 (72.7)
5 (45.4)
5 (45.4)
9 (81.8)
7 (63.6)
5 (45.4)
7 (63.6)
10 (90.9)
10 (90.9)
10 (90.9)
-

6 (54.5)
6 (54.5)
2 (18.2)
5 (45.4)

Resistant (%)

Sensitive (%)

7 (63.6)
10 (90.9)
5 (45.4)
2 (18.2)
5 (45.4)
10 (90.9)
8 (72.7)
5 (45.4)
5 (45.4)
5 (45.4)
-

GPC (N = 51)

GPC (N = 51)

Resistant (%)

Sensitive (%)

11
23
35
15

(21.5)
(45.0)
(68.6)
(29.4)
20 (39.2)
29 (56.8)
15 (29.4)
33 (64.7)
30 (58.8)
16 (31.3)
9 (17.6)
33 (64.7)
16 (31.3)
25 (49.0)
17 (33.3)

Table 4. Antimicrobial Susceptibility Pattern of Organisms Isolated from Septicaemic Cases
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31
19
16
31
31
19
23
12
20
24
20
34
18
35
20
26

(28.7)
(37.3)
(31.3)
(60.7)
(60.7)
(37.2)
(45.0)
(23.5)
(39.2)
(47.0)
(39.2)
(66.6)
(35.3)
(68.6)
(39.2)
(50.9)
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Parameter
Haematological
Present (P) /
Parameter Variants
Absent (A)
Abnormal leukocyte count
Leucopenia
(< 5000 / mm3)
Leucocytosis
(> 20,000 / mm3)
Platelet count
(< 100000 / dl)
C-reactive protein
(positive, > 6 mg / dl)
C-reactive protein
(negative, < 6 mg / dl)

P
A
P
A
P
A
P
A
P
A
P
A

Positive
(N = 108)
43 (TP)
65 (FN)
35 (TP)
73 (FN)
20 (TP)
88 (FN)
49 (TP)
59 (FN)
104 (TP)
4 (FN)
4 (TP)
104 (FN)

Conventional Culture
Negative
Total
(N = 242)
N = 350
27 (FP)
215 (TN)
6 (FP)
236 (TN)
9 (FP)
233 (TN)
110 (FP)
132 (TN)
59 (FP)
183 (TN)
183 (FP)
59 (TN)

Positivity
(%)

Sensitivity

Specificity

PPV

NPV

70

61.4

74.1 %

88.8 %

61.4 %

93.5 %

41

85.4

32.4 %

97.5 %

85.4 %

32.4 %

29

68.9

18.5 %

96.3 %

68.9 %

72.6 %

159

30.8

45.4 %

54.6 %

30.8 %

69.1 %

163

63.8

96.3 %

75.6 %

63.8 %

97.9 %

187

2.1

3.7 %

24.4 %

2.1 %

36.2 %

Table 5. Evaluation of Haematological Parameters with Conventional Culture Positivity

DISCUSSION
The present study was an attempt to find out the association
of physical parameters & risk factors to clinically suspected
cases of septicaemia; the common signs & symptoms
associated with clinical suspicion of septicaemia; and to
analyse distribution of microorganisms isolated from cases
of neonatal sepsis and collect their antibiogram. The study
also reports the haematological findings in conventional
culture and to correlate them to the level of accuracy
(sensitivity and specificity) with which they were seen to be
associated with sepsis and to quantitatively identify the
relevance of these haematological tests through their PPV
and NPV.
Out of the total clinically suspected cases of neonates,
58.5 % (205 / 350) were males and 41.4 % (145 / 350)
were females. Among the males, culture positivity was 58.3
% (63 / 108) and for females it was 41.6 % (45 / 108). This
was comparable to the other studies.5 The reason for male
preponderance is unknown, but could be due to genderdependent factors.
In the present study, the total number of LBW babies
were 37.4 % (131 / 350) clinically suspected neonates,
amongst which culture positivity was seen in 49.1 % (53 /
131) cases. This finding was close to the outcome of the
study conducted by other workers, where clinical sepsis was
more commonly associated with LBW newborns (60 %).6
Our study shows that out of the total of 350 blood
samples that were cultured, around half the samples (52.6
%; 184 / 350) were sterile. 30.9 % (108 / 350) samples
showed growth of various pathogenic bacteria, while 5.7 %
(20 / 350) were candida species positive. Other studies have
reported similar findings earlier, where the growth of
pathogenic bacteria was seen in 29.5 % samples, while 63.8
% showed no growth after 7 days of incubation. 7
Contrasting findings of both bacteraemia (88.9 %) and
fungemia (11.1 %) in higher percentages of infected
individuals have also been reported.8 Low blood culture
isolation rate in the current study might be due to prior
treatment through antibiotics before blood collection either
to the mother or to the baby ; or the possible infection of
neonates with viruses, other fungi or anaerobes, which
cannot be ruled out, but were not detected in the present
study.9,10,11
The present study results showed 9.7 % (34 / 350)
growth of contaminants in the cultures. The common
contaminants were bacillus species, micrococcus species,

and diphtheroids. In contrast, other studies have reported
bacillus species and micrococcus species (37.0 % each),
Staphylococcus epidermidis (14.8 %) and diphtheroids (11.1
%) as contaminants.12
Findings of other studies reported predominance of
gram-negative isolates like acinetobacter species,
enterobacter species and salmonella species In BSI.13
Among the gram positive pathogens, coagulase-negative
staphylococci (CoNS) and Staphylococcus aureus were the
most common isolates in our study. A higher prevalence rate
of septicaemia was recorded by other workers, due to GNB
(67.5 %), than due to gram-positive bacteria (32.5 %).
It was found in our study that, while gram positive
bacterial pathogens contributed more to LOS (64.4 %),
gram negative pathogens contributed more to EOS (67.3
%). This finding was close to findings of some other studies
where LOS was most common, with CoNS as the
predominant gram-positive pathogen (67.6 %), while gram
negative isolates were predominant in EOS.14
Regarding the physical status of neonates at the time of
presentation, our study showed that slightly more than half
the neonates (53.1 %; 186 / 350) presented with poor
activity / poor feeding, fever (21.7 %; 76 / 350), vomiting
(8.3 %; 29 / 350) and convulsions (6.6 %; 23 / 350). A study
in South India reported 72 % cases with poor activity / poor
cry, followed by 10.67 % with respiratory distress and 8 %
with convulsions in their study.15
In our study, gram negative isolates showed maximum
sensitivity to colistin (65.7 %), followed by meropenem
(42.1 %), amikacin (39.4 %) and netilmicin (34.2 %). On
the other hand, Pseudomonas aeruginosa, though a gramnegative bacteria, showed maximum sensitivity to
levofloxacin and colistin (90.9 %, each), followed by
meropenem (72.7 %) and ciprofloxacin (63.6 %). In a
different study, all the gram-positive pathogenic isolates
were sensitive to linezolid, tigecycline and vancomycin.
Isolates were also sensitive to cotrimoxazole (78.8 %),
ceftriaxone (77 %), azithromycin (76.9 %), cefepime (60
%), erythromycin (59.6 %) & clindamycin (53.9 %).16
Sensitivity to isolates appears to vary greatly from one
place to another and is likely to be a result of local antibiotic
pressure which, in turn, is influenced by local prescription
practices. An Italian study reported varied isolate specific
drugs to treat neonatal BSI, wherein Escherichia coli was
highly sensitive (100 %) to amikacin, klebsiella to
ciprofloxacin (100 %), enterobacter to cotrimoxazole (90 %)
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& ciprofloxacin (88.9 %) and group B streptococci to
ampicillin.
In our study leukopenia was associated with a greater
probability of sepsis (85.4 %). This is in concordance with
studies which showed a 42 % blood culture positivity rate
with leukopenia and only a 29 % culture positivity rate in
cases with total leucocyte count (TLC) > 5000 / cu mm.17
Abnormal TLC was seen in 61.4 % cases, while
thrombocytopenia was seen in 69.1 % cases in the present
study. These findings were not concordant with reports of
some authors, who showed a higher percentage of abnormal
TLC, and much lower percentage of thrombocytopenia.18
This wide difference in the haematological findings can be
attributed to the methodologies while performing the tests.
In our study, leucocytosis had a high specificity (96.3 %)
and low sensitivity (18.5 %) which means that it is more
accurate in excluding sepsis. Its PPV was high (68.9 %)
indicating that the probability of sepsis in subjects with
leucocytosis was high. CRP also had the highest sensitivity
(96.3 %) amongst all tests, meaning that in comparison to
leucocytosis and leukopenia, CRP can identify those with
sepsis more accurately.
Our study showed that WBC count < 5000 / cu mm was
found to have a specificity of 97.5 %, but sensitivity of 32.4
%. Other findings showed that leucocytosis had an NPV of
72.6 %. CRP had a high NPV (97.9 %) and the lowest PPV
(63.8 %). In a different study, a WBC count < 5000 / cu mm
was found to have a specificity of 94 % but a sensitivity of
only 50 %.19 In yet another study, sensitivity, specificity,
NPV and PPV for leucopoenia were 22 %, 68 %, 29 % and
59 % respectively.20

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]
CONCLUSIONS
LBW neonates, preterm birth, and Cesarean section
deliveries are risk factors that predispose neonates to
septicaemia. Meropenem can be used in septicaemia, but it
should best be reserved for critical cases when patient does
not respond to other antibiotics particularly in case of MDR
bacteria, rather than on routine basis to prevent inadvertent
promotion of bacterial resistance. This study showed that
leukopenia and CRP are good indicators of sepsis, when
used in combination.

[11]

[12]

[13]
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ABSTRACT: BACKGROUND: Identification of enterococci to species level in order to determine
the species prevalent in this geographic region and also to determine the species-specific
antimicrobial susceptibility pattern. OBJECTIVE: To detect and determine glycopeptide
resistance by screening for vancomycin resistant enterococci (VRE) in both colonized and
infected patients. METHODS: A total of 123 isolates of enterococcus species were recovered
from various clinical and faecal samples of hospitalized patients, from September 2010 to June
2011. Various species of enterococci were identified by standard methods. Vancomycin
susceptibility in enterococci was detected by disc diffusion method (DDM), vancomycin screen
agar method (VSAM) and agar dilution method to determine minimum inhibitory concentration
(MIC). RESULTS: E. faecalis was the predominant isolate from the clinical and faecal samples.
Multidrug resistance was more in E. faecium than E. faecalis. MIC method could detect 7 VRE
and 27 strains with reduced susceptibility to vancomycin. Disk diffusion test and vancomycin
screen agar failed to detect 50 c/o and 29.4% of resistant strains respectively. CONCLUSION:
Vancomycin resistance was also detected in less virulent strains of enterococcus like E.
gallinarum and E. dispar. In laboratories where performance of MIC studies is not feasible,
VSAM method should be preferred over the DDM for detection of vancomycin resistance in
enterococci.
KEY WORDS: Enterococcus species, vancomycin resistant enterococci (VRE), multi drug
resistant enterococci (MDRE)
INTRODUCTION: Although considered benign and opportunistic pathogens, Enterococci have
long been known to cause endocarditis in hospitalized patients. Their resistance to several
antimicrobial agents, whether intrinsic (low level resistance to penicillin, cephalosporins and
aminoglycosides) or acquired ((high level aminoglycoside resistance) is of great concern. (1) This
increasing prevalence has been paralleled by the occurrence of vancomycin-resistant strains,
which were first reported in 1988. (2) Recently VRE and MDRE have emerged as a leading cause
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of nosocomial infections in patients who are either debilitated or as superadded infection
especially in surgical and tertiary care units, particularly after organ transplants. These strains
are emerging as causes of meningitis and other infections of the central nervous system in
neonates and as osteomyelitis, lung infection, urinary tract and pelvic infections in adults. (1)
Antibiotics that achieve high gastrointestinal concentration but are inactive against
enterococci favour colonization of the gastro intestinal tract with VRE. Colonization with VRE
can lead to serious diseases like urinary tract infections, bacteremia and VRE sepsis which can
be fatal. (3)
To the best of our knowledge no study on enterococcus has been carried out in Bihar and
Eastern parts of India regarding its characterization to species level and the burden of VRE in
this region. The main objectives of the present study were to identify the species of
enterococcus isolated from both clinical and faecal samples, which indicated colonization,
determine their antimicrobial susceptibility pattern and look for the presence of VRE,in the
strains isolated.
MATERIAL AND METHODS:
STUDY POPULATION: A total of 123 isolates of enterococcus species were recovered from
various clinical and stool samples of hospitalized patients, from September 2010 to June 2011.
60 strains of enterococcus species were isolated from various samples like urine, catheter tip,
pus, drainage fluid, tracheal aspirate and blood. An additional 63 strains of enterococcus were
also isolated from fecal samples of hospitalized patients who were otherwise not suffering from
any other infection, to look for colonization with enterococcus species. The criteria for VRE
infection or colonization were: hospitalization for 5 days or more, use of antimicrobials
(cephalosporins, aminoglycosides and fluroquinolones).
ISOLATION & IDENTIFICATION: Enterococci were identified using standard methods based
on Gram staining, catalase reaction, hydrolysis of bile esculin, growth in 65% NaC1, growth at
10°C and 40°C, growth at pH 9.6, heat test, hydrolysis of leucine-beta-napthalamide (LAP) and
L-pyrrolidonyl-f3-napthalamide (PYR). Further identification to species level were based on
carbohydrate fermentation using 1% solution of following sugars: glucose, lactose, mannitol,
sucrose, arabinose, sorbose, sorbitol, raffinose, ribose, trehalose, xylose, melibiose, glycerol; by
pigment production, motility test, pyruvate utilization in 1% pyruvate broth, acidification of
methyhalpha-D-glucopyranoside, Voges-Proskeuer test, arginine decarboxylation, hippurate
hydrolysis, reduction of potassium tellurite and tetrazolium chloride.(4• 5• 6)
ANTIMICROBIAL SUSCEPTIBILITY TESTING: Antibiotic susceptibility test was done by Kirby
Bauer disc diffusion method on Muller Hinton agar. Inoculum was prepared and adjusted to 0.5
Mc Farland's turbidity standard. Antibiotic disc were obtained from the Hi Media Laboratories
(Mumbai) viz ampicillin (10 µgm), ampicillin/sulbactam (10/10 ugm), penicillin (10 units),
piperacillin (100µgm), tetracycline (30 µgm), ciprofloxacin (5 µgm), erythromycin (15 µgm),
vancomycin (30µgm), teicoplanin (30 µgm), linezolid (30 µgm) & imipenem (30 µgm). The test
was quality controlled using E. faecalis ATCC 51299 and E. faecalis ATCC 29212. (7)
Detection of vancomycin resistance in enterococci by vancomycin screen agar method:
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For the agar screen method brain heart infusion agar (Hi Media, Mumbai) was
supplemented with 6 mm/m1 of vancomycin. The test organisms were grown in peptone water
and the turbidity was matched with 0.5 Mc Farland's standard. The bacterial strains were spot
inoculated on the agar medium using 10µ1 of bacterial culture. The plates were incubated at
372 C for 24 hours. Presence of more than one colony or a haze of growth after 24-hour
incubation was read as resistance. (7,8)
Determination of MIC by agar dilution method: Agar dilution was used to determine MIC of
vancomycin to enterococci. Brain-heart infusion agar (Hi Media, Mumbai) was supplemented
with different concentrations of vancomycin. The test organism was grown in broth and the
turbidity matched with Mc Farland's 0.5 standard. The bacterial strains were spot inoculated on
the surface of agar medium using 10 ill of bacterial culture. The plates were incubated at 372C
for 24 hours. The minimum concentration of vancomycin, which inhibited bacterial growth, was
considered MIC. Enterococci which had MIC 32[Igm/mlwere considered resistant; MIC of 8-16
pgm/m1 as intermediately resistant; and MIC of 5 4 vigm/m1 as susceptible to vancomycin. (8)
RESULTS: Out of the 60 enterococcal strains isolated from clinical samples, 27(46%) were
identified as E. faecalis, 26 (43%) as E. faecium, 3 (5%) as E. solitarius and 2 (3.3%) each as E.
raffinosus and E. gallinarum. The majority of the isolates from the fecal samples were E. faecalis
28 (44.4%) followed by E. gallinarum 22 (34.9%), E. faecium 11 (17.7%) and 1(1.5%) each of E.
raffinosus and E. dispar.
Enterococcal strains, both clinical isolates and isolates from faeces of colonized patients
showed resistance to various antibiotics. Antibiotics to which maximum resistance was seen
were piperacillin, ciprofloxacin, penicillin, ampicillin and imipenem. Clinical isolates showed
least resistance to vancomycin, teicoplanin and linezolid whereas faecal isolates showed least
resistance to linezolid, teicoplanin and vancomycin. However vancomycin resistance was seen
in 14.2% of faecal isolates as compared to 1.6% of clinical isolates.(Table 1) Amongst the faecal
isolates, 27.2% of E. faecium were found to be VRE and 10.7% of E. faecalis. Multidrug
resistance amongst clinical isolates was more in E. faecium; 73% of these strains showing
complete resistance to imipenem.(Table 1) Out of the total of 123 clinical and faecal isolates, 17
and 24 isolates were resistant to vancomycin by disc diffusion method(DDM) & vancomycin
agar screen method(VASM).(Table2) The highest resistance was observed among E.faecalis
followed by E. faecium and E. gallinarum by agar screen method.
MIC test of various clinical strains of enterococcus to vancomycin showed 8 strains to
have reduced susceptibility to vancomycin i.e. MIC ranging from 8 to 16 µgm/ml. Only one
strain of E. faecium had MIC 32mm/m1 and was considered as VRE. (Table 3)Faecal isolates
on the other hand were found to be more resistant to vancomycin with 19 strains showing
reduced susceptibility and six showing resistance i.e. MIC 32µgm/mI.(Table 4)
Amongst the 9 clinical VRE and or VIE, 4 (44.4%) strains were isolated from urinary
tract infections (UT!), 3 (33.3%) from wound infection and 2 (22.2%) from blood stream
infection (BSI). On the other hand 25 faecal isolates were found to be VRE/VIE. The
predominant clinical presentations in the VRE positive cases were appendicitis, hernia, burn,
granuloma, swelling of body and hepatosplenomegaly.
DISCUSSION: Combination of colonizing abilities and drug resistance both inherent and
acquired, has made Enterococci attain greater significance as human pathogens. In the present
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study, E. faecalis was the predominant species isolated from both clinical & fecal spec,imens.
Other studies done on Enterococci also support the same finding. This is probably due to
predominance of E. faecalis in the endogenous flora of human body. (910)
The major sources of VRE are from the clinical environment. (11, 12) In our study, VRE
strains were isolated from faecal samples of colonized patients. The VRE species isolated from
these samples were E. faecium followed by E. faecalis, E. gallinarum and E. dispar. Patients
infected or colonized with VRE did not show any clear correlation between the use of
antimicrobials or gastrointestinal tract surgery.
The incidence of infection with strains of enterococcus with glycopeptides resistance
has increased dramatically. In the present study DDM and VASM test failed to detect 50% and
29.4% strains respectively. The DDM failed to recognize as resistant those strains that have
reduced susceptibility to vancomycin. The MIC test not only detected 7 VRE but also another 27
enterococcal strains with reduced susceptibility to vancomycin. The MIC test may therefore be
considered as the gold standard. This observation is consistent with that made in a previous
report. (8)The treatment of vancomycin resistant enterococci is a major problem. Vancomycin
resistance eliminates the synergistic activity usually achieved by aminoglycoside combination,
thus leaving beta-lactams as the only choice to combine with aminoglycoside. Moreover many of
the vancomycin resistant enterococci are multidrug resistant. The antibiotic of choice for such
multidrug resistant enterococci is currently not known. (8)
Out of the 63 stool isolates, 9 strains were resistant to 9 antibiotics out of the 10
antibiotics used. The outcome of infections with such multidrug resistant Enterococcus strains
might be fatal. In most of the earlier reports, such high MDR rates were rarely observed in
enterococci. High resistance of the clinical strains of E. faecalis to penicillin could be due to low
affinity of penicillin binding proteins or production of beta lactamases. (9)
We conclude that enterococcal strains with high rate of resistance to multiple drugs are
not only prevalent in the clinical environment but also in the gastrointestinal tract of the
colonized patients. However patients with VRE infections and those showing resistance to
multiple drugs could not be followed up, so the actual outcome of the infections with these
strains could not be found out
The prevalence of VRE was quite high amongst the colonized patients. This situation
makes it mandatory for the clinical microbiologists to try to identify the most useful active
antibiotic for treatment. The time has come for proper control measures to be taken to prevent
the spread of such infections. MIC for vancomycin should be performed, in laboratories
equipped to perform these tests to keep record of increasing resistance of enterococci to
vancomycin.
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Table 1: Resistance pattern of different enterococcus species
Antibiotics

Penicillin
Ampicillin
Ampicillin/sulba
ctam
Tetracycline
Piperacillin
Ciprofloxacin
Linezolid
Imipenem
Vancomycin
Teicoplanin

Clinical Isolates (n=60)
No. of r1 sistant strains
E.solitar
E.faeca E.faeci
urn
ius
lis
12
0
22
(81.41 146.11
12
0
7
125.91 146.11
10
10
0
1371
138.41
10
10
1 (33.3)
138.41
1371
20
25
1 (33.3)
192.51 176.91
2 (66.6)
24
12
(88.81 146.11
2 (7.4) 3
0
111.51
10
19
0
1371
1731
0
1
0
13.841
1 (3.7) 0
0

E.raffino
sus
0

E.gallinar
urn
0

0

0

0

0

1 (50)

1 (50)

1(50)

1(50)

1 (50)

0

0

0

0

0

0

0

0

0

Fecal Isolates (n=63)
No. of r sistant strains
E.gallinar
E.faeca E.faeci
urn
us
urn
0
20
3
171.41 127.21
4
9 (40.9)
13
146.41 154.51
11 (50)
16
7
157.11 163.61
20
6
7 (31.8)
171.41 154S1
28
10
19 (86.3)
11001
190.91
27
9
15 (68.1)
196.41 181.81
1 (3.5) 2
1(4.54)
118.11
20
7
19 (86.3)
171.41 163.61
3
2 (9.1)
3
110.71 127.21
0
2
3
110.71 118.11

E.disp
ar
0

E.raffino
sus
0

1
11001
1
11001
0

0

1
11001
0

1 (100)

0

o

0

o

1
(.1001
0

0

0
0

1 (100)

0

Figures in parenthesis indicate percentages
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Table 2: Distribution of resistant strains of enterococcus species detected by both DDM &
VSAM:
Clinical Isolates (n=60)
No. of resistant strains

Methods
used to

Faecal Isolates (n=63)
No. of resistant strains

detect
vancomycin
resistance

Disc-

E.faecalin

E.faecium

E.solitarius

E.raffinosus

E.gallinarum

Efaecalis

Elaecium

E.gallinarm

Ed/spar

E.raffinosus

(27)

n (26)

n (3)

n (2)

n (2)

n (28)

n (11)

n (22)

n (1)

n (1)

2

3

0

0

0

5

4

2

0

1

3

4

0

0

0

7

5

0

1

diffusion
method
(strains
showing
intermediateresistance &
completee
resistant

12

5

TOTAL
Vancomycin

4

gar screen
method

TOTAL

7

S

17

,

Table-3: MIC range for vancomycin (tigm/m1) in different clinical isolates
MIC Values (p.gm /mm)
Clinical isolates
5O.5 1 2 4 8 16 ?..3 2
E. faecalis (N=27)
0
0 16 9 3 0 0
E. faecium (N=26)
0
2 16 5 4 0 1
E. raffinosus (N= 2) 0
0 2
0 0 0 0
E. solitarius (N= 3)
0
0 3 0 0 0 0
E. gallinarum (N= 2) 0
0 1 0 1 0 0
Table-4: MIC range for vancomycin (p.gm/m1) in different faecal isolates
MIC Values (pgm /mm)
Stool Isolates
50.5 1 2 4 8 16
32
E. faecalis (N=28)
0
1 9 9 2 6
1
E. faecium (N=11)
0
1 4 3 2 4
2
E. gallinarum (N=22)
0
7 7 0 0 4
2
E. raffinosus (N=1)
0
0 1 0 0 0
0
E. dispar (N=1)
0
0 0 0 1 0
1
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ABSTRACT
Background: The aim of this study was to find out the clinical correlation
between the presence of vancomycin-resistant genes (van A and van 8) and
their expression as detected by phenotypic tests in colonized patients and in
clinical isolates. Materials and Methods: Enterococciwere isolated from various
clinical samples and also from fecal specimens of colonized patients at the time
of admission, after 48 h and after 5 days of admission. Identification to species
level was done using standard methods. Vancomycin susceptibility in Enterococci
was detected by disc diffusion test. Minimum inhibitory concentration was
determined by agar dilution method. Multiplex polymerase chain reaction (PCR)
was used to detect the presence of van genes. Results: Out of all the clinical
and fecal samples processed, 12.0% isolates were either vancomycin resistant
or vancomycin intermediate. Further, these isolates carried van A or van B
genes as confirmed by PCR methods. Expression of van A gene was found
to be more in Enterococcus faecalis (28.3%) as compared to Enterococcus
faecium (25.0%) in both clinical and fecal isolates. 16.6% strains of E. faecium
and 15.0% strains each of E. faecalis and Enterococcus gallinarum were
found to carry van 8 genes. The overall prevalence of vancomycin resistant
Enterococci (VRE) in colonized patients was about 9.6%. Prior administration
on VRE carriage. Urinary tract
=
of antibiotics had significant effect (P 0.001)
infection was the most common infection caused by vancomycin susceptible
Enterococci (VSE), 105/214 (49.0%) and VRE, 13/36 (36.1%). There was no
0.112) in the distribution of VRE and VSE in different
significant difference (P=
infection types. Both clinical and fecal VRE showed maximum resistance to
penicillin, ampicillin, and piperacillin. Resistance to linezolid was 2.8% in clinically
isolated VRE. Conclusion: VRE in our study were found to be resistant to a
number of commonly used antibiotics. The frequency of isolation of vancomycin
resistant E. faecalis (VR E. fs), which is highly virulent, and the number of strains
harboring van A gene in our hospital setup is high and needs to be addressed.
KEY WORDS: Van A, van B, vancomycin resistant Enterococci

INTRODUCTION
Vancomycin resistant Enterococci (VRE) have caused hospital outbreaks worldwide,
which has been dramatically amplified in recent years, because of widespread abuse
and misuse of antibiotics, leading to increase in infections caused by these strains.ill

Promotion of vancomycin-resistant enterococcal colonization is due to rampant use of
vancomycin, and also third generation cephalosporins, imipenem, metronidazole, and
clindamycin with potent activity against anaerobes, which lead to VRE colonization of
gastrointestinal tract (GIT) by competitive eradication of sensitive species. VRE colonization
188
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leads to cross-infection, dissemination, and
endogenous infection. Hence, it has been
proposed by many workers that attempts
must be made to detect the rate of VRE
isolation in diseased as well as colonized
patients. Therefore, screening for the presence
of VRE, in diseased persons' only does not
provide the total picture of this problem.m
The errors associated with the
phenotypic disc diffusion method leads
to unwarranted use or elimination of
this drug from a treatment regimen.
Use of multiplex polymerase chain
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reaction (PCR) limits the errors arising out of phenotypic
methods.
It is not always easy to assess the clinical significance of VRE
isolation in routine culture or to differentiate colonization from
infection. Therefore, the present study was undertaken to look
for vancomycin resistance in Enterococci obtained in significant
numbers from various clinical samples as well as fecal samples of
colonized patients. The isolation of VRE is found to vary in different
geographical regions, and this study was undertaken to determine
the vancomycin resistant genotypes prevalent in Eastern Bihar, India.
MATERIALS AND METHODS
Study population
The study population included patients of both sexes and all
age groups attending the outpatient and inpatient departments
of a tertiary care hospital in Eastern Bihar, India. A total of 500
strains of Enterococci were collected from samples submitted
to the Microbiology Laboratory for culture and sensitivity. 250
enterococcal strains were collected from clinical samples of the
patients, attending the hospital with infections of different types.
The second group included another 300 patients (otherwise not
suffering from any infections), who were admitted to the hospital
and screened for gastrointestinal carriage of VRE. Another 250
enterococcal strains were isolated from this group. Clearance from
Institutional Ethics Committee was obtained to carry out this study.
Isolation and identification
Two-hundred and fifty Enterococci were isolated from various
clinical samples (urine, pus, blood, catheter tip, and tracheal
aspirate). 300 fecal samples were collected from other patients, (as
mentioned above) on three occasions, that is, at the time of admission,
after 48 h, and after 5 days of admission to screen for VRE. The
isolates were identified to species level using standard procedures.P.n

DNA extraction method
Genomic DNA used as template for PCR amplification was
prepared using conventional phenol-chloroform DNA extraction
method.110I
The following oligonucleotide primers were used
for amplification of 1030 bp of the van A gene:
F14-CATGAATAGAATAAAAGTTGCAATA and
R14-CCCCTTTAACGCTAATACGATCAA and 433-bp of
the van B gene: F15-GTGACAAACCGGAGGCGAGGA and
R15-CCGCCATCCTCCTGCAAAAAA. Primers were obtained
from Merck's, Lucknow, India. The total volume of PCR mix was
25 µ.1 including: 2 µI dNTPs mix, 0.3 pl 5U Taq polymerase, 2.5
µI 10X buffer, 4 gl van A and 4 µI van B primer, and 12.17 µI
double distilled water.
Polymerase chain reaction assay for van A and van B
genes
The PCR amplification of the van genes were carried out as
per standard protocol.["' Both positive control (positive VRE
culture with known inherited vancomycin positive genes) and
negative control, consisting solely of the PCR reaction mixture
without DNA template, were included to check the validity of the
technique. The amplified products were electrophoresed using
1.5% agarose gel. A 100 bp DNA ladder marker was included
as the standard molecular weight marker. The electrophoresed
gel was later subjected to ethidium bromide staining and
photographed under ultraviolet transilluminationm [Figure 11.
PCR was performed in PCR system, model number Ti
Thermoblock.
Statistical analysis
Statistical analysis was done using Chi-square test. P < 0.05
was considered significant and P < 0.001 was considered highly
significant.

Antimicrobial susceptibility testing
Antibiotic susceptibility test was done by Kirby-Bauer disc
diffusion method on Muller-Hinton agar. Inoculum was prepared
and adjusted to 0.5 McFarland's turbidity standard. Antibiotic
disc was obtained from the Hi Media Laboratories (Mumbai).[BI
Determination of minimum inhibitory concentration by
agar dilution method
Agar dilution was used to determine minimum inhibitory
concentration (MIC) of vancomycin. Brain-heart infusion agar (Hi
Media, Mumbai) was supplemented with different concentrations
of vancomycin. The test organism was grown in broth and the
turbidity matched with McFarland's 0.5 standard. The bacterial
strains were spot inoculated on the surface of agar medium using 10
bacterial culture. The plates were incubated at 37°C for 24 h. The
minimum concentration of vancomycin, which inhibited bacterial
growth, was considered MIC. Enterococci which had MIC 232 µg/
mL were considered resistant; MIC of 8-16 µg/mL as intermediately
resistant; and MIC of <4 µg/InL as susceptible to vancomycin.18 •91

Figure 1: Bands corresponding to 1030 bp (van A) and 433 bp (van 13)
in polymerase chain reaction assay. Polymerase chain reaction was
performed in polymerase chain reaction system, model number

Ti

Thermoblock

INDIAN JOURNAL OF PATHOLOGY AND MICROBIOLOGY - 59(2), APRIL-JUNE

2016

189

[Downloaded free from http://www.ijpmonline.org on Monday, November 13, 2017, IP: 117.211.72.2]

Biswas, etal.: Vancomycin resistance enterococci; detection by phenotypic and genotypic methods

RESULTS

Table 1: MIC range for vancomycin (µg/mL) in different clinical isolates

A total of 500 Enterococci (250 from clinical samples and 250
from fecal samples of colonized patients) were processed, out of
which 37 (7.4%) isolates were vancomycin resistant and 23 (4.6%)
showed reduced susceptibility to vancomycin by phenotypic agar
dilution method. However, by disc diffusion test (DDT), 34 (6.8%)
strains were found to be resistant to vancomycin and 20 (4.0%)
strains were found to show reduced susceptibility.

MIC values (pg/m1)
.50.125 0.5 1 2
Enterococcus faecalis (n=64)
Enterococcus faecium (n=60)
Enterococcus mundtii (n=33)
Enterococcus raffinosus (n=28)
Enterococcus solitarius (n=9)
Enterococcus malodoratus (n=20)

MIC of various clinical strains of enterococcus to vancomycin
showed 11 strains to have reduced susceptibility to vancomycin,
that is, MIC ranging from 8 to 16 ig/ml. Another 11 strains of E.
faecalis, 9 strains of E. faecium, and 5 strains of E. gallinarum
had MIC >64 µg/ml, and were considered as VRE. On the other
hand, 12 fecal isolates showed reduced susceptibility and another
12 strains (6 strains each of E. faecalis and E. faecium showed
resistance, that is, MIC ?64 pg/ml [Table 1].
Thus, a total of 60 strains (36 clinical and 24 fecal) which were
VRE/vancomycin intermediate Enterococci (VIE) by MIC tests
were also confirmed to carry van A or van B genes by PCR
methods. 17 strains of E. faecalis and 15 strains of E. faecium
were found to carry van A gene and 10 strains of E. faecium
and 9 strains each of E faecalis and E gallinarum were found to
carry van B genes. The prevalence of van A gene was found to be
significantly higher (P = 0.027) in the clinical strains [Table 2].
Out .of 300 fecal samples collected, 50 (16.7%) samples were
culture negative for enterococcus and 250 (83.3%) samples
showed growth of enterococcus species. 70 strains each were
isolated from gynecology, medicine, and surgery department
and 20 strains each from Medical Intensive Care Unit (MICU)
and pediatrics departments, respectively. 12 (50.0%), 7 (29.2%),
and 1 (4.1%) VRE carriers were from surgery, medicine, and
gynecology departments, respectively. On the other hand,
4 (16.6%) VRE carriers were from patients admitted in M1CU.
The VRE carriage rate was maximum in surgery followed by
medicine department.

4 8 16 32

64

Clinical isolates

Enterococcus gallinarum (n=19)
Enterococcus durans (n=17)

Total=250
Feacal isolates
Enterococcus

ecalis (n=82)

Enterococcus faecium (n=58)
Enterococcus gallinarum (n=76)
Enterococcus raffinosus (n=7)
Enterococcus hirae (n=17)
Enterococcus dispar (n=10)

Total=250

0
0
0
0
0
0
0
0
0

8
11
4
4
1
3
3
2
36

15
16
7
14
2
4
3
3
64

20
6
10
4
3
7
6
7
63

70
10 3
12 0
60
30
60
20
50
51 3

3
5
0
0
0
0
0
0
8

0 11
0 9
0 0
0 0
0 0
0 0
0 5
0 0
0 25

0
0
0
0
0
0
0

9
6
23
0
9
3
50

20
15
15
1
0
2
53

20
10
19
2
3
1
55

21 1
19 0
15 0
40
5 0
40
68 1

S
2
4
0
0
0
11

0 6
0 6
0 0
0 0
0 0
0 0
0 12

MIC: Minimum inhibitory concentration

Table 2: Species specific distribution of van A and van B genes
Total number of VRE (n=60)
Enterococcus faecalis (n=14)
Enterococcus faecium (n=17)

Clinical VRE
van A*

van B

11
9

3
8

Enterococcus gallinarum (n=5)

Iota 1=36

20

16
Fecal VRE

Enterococcus faecalis (n=12)
Enterococcus faecium (n=8)
Enterococcus gallinarum (n=4)

Total=24

6
6
0
12

6
2
4
12

•P=0.027. VRE: Vancomycin resistant Enterococci

Table 3: Age and sex-wise distribution of the patients harboring VRE
in the GIT
Age group

Number of VRE isolated
Male (90*

Female (%)*

o
o

o
o

0
2 (12.5)
7 (43.8)
7 (43.8)
0
16 (100)

0
1 (12.5)
4(50.0)
3 (37.5)

Total

Out of a total of 250 fecal isolates, VRE were detected in 24 (9.6%)
patients, out of which 16 (6.4%) were males and 8 (3.2%) were
females. The male to female ratio of patients colonized with VRE
was 2:1. The difference in the colonization rate of VRE in both
sexes was insignificant (P = 0.09) [Table 3]. VRE carriage was
maximum in middle age group 41-50 years, 11 (45.8%) followed
by 10 (41.7%) in 51-60 years, and 3 (12.5%) in 31-40 years of
the 24 VRE patients, rate of colonization was 87.5% (21/24) after
5 days as compared to 12.5% (3/24) after 48 h.

1-10 (n=20)
11-20 (n=8)
21-30 (n=55)
31-40 (n=72)
41-50 (n=54)
51-60 (n=32)
61-70 (n=9)
Total=250

Eighteen out of the 24 patients with VRE colonization had
received various antibiotics viz., 41.7% received cephalosporins,
12.5% each received fluroquinolones and metronidazole, and
8.3% received gentamicin. Prior administration of antibiotics
had significant effect (P = 0.001) on VRE carriage [Table 4].
None of the patients with VRE colonization had preceding

Gram-positive bacteremia or had undergone GIT surgery or
received vancomycin.

190

3 (12.5)
11 (45.8)
10 (41.7)

o
8 (100)

24(100)

•5'=0.09. VRE: Vancomycin resistant Enterococci; GM Gastrointestinal tract

VRE from clinical samples were isolated from patients in the age
group 51-60 years, 9(25.0%); 31-40 years, 8(22.2%); 41-50 years,
and 7 (19.4%); 6 (16.6%) each in 61-70 years and 21-30 years.
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Out of the 36 clinical VRE, 13 strains were from the cases of
urinary tract infection (UTI) among which the predominant
isolate was E. faecium 7 (53.8%); 10 strains were from wound
infection of which E. gallinarum 4 (40.0%) was the major isolate.
5 out of the 9 VRE that caused blood stream infection (BSI) were
faecium (55.5%). Another 4 (50.0%) strains were found to
cause catheter induced infection (CII), of which two each were
faecalis and E. faecium [Table 5]. Out of the 214 vancomycin
sensitive isolates, 105 isolates were from UTI, 69 from wound
infection, 25 from BSI, and 15 from catheter related infection.
Most of the nonfaecalis, nonfaecium strains were isolated from
urine followed by wound infection [Table 5]. No significant
difference (P= 0.112) in the distribution of VRE and vancomycin
susceptible Enterococci (VSE) in different infection types was
seen.

Table 4: Administration of antibiotics in patients colonized with VRE
and VSE

Antibiotics

Patients
colonized with
VRE (n=24)* (%)

Patients from whom
VSE isolates were
obtained (n=226) (96)

6 (25.0)

137 (60.6)

10 (41.7)

40 (17.7)

2(8.3)

19 (8.4)

Patients who received no
antibiotic therapy
Cephalosporins (V, 2"d and
3'd generation)
Aminoglycosides (gentamicin)
Fluroquinolones

3 (12.5)

18(8.0)

Metronidazole/clindamycin

3 (12.5)

12 (5.3)

None

None

Vancomycin

.
P=0.001. VRE: Vancomycin resistant Enterococci; VSE: Vancomycin susceptible Enterococci

Table 5: Distribution of VSE and VRE (clinical) in different infection types

Infection type (96)

Table 6 shows the antibiotic resistance pattern of VSE and
VRE (clinical) by disk diffusion test. For VSE, maximum
resistance was seen with penicillin 84.1%, followed by ampicillin
70.0%, and piperacillin 67.8%. For VRE, maximum resistance was
seen with the same antibiotics viz.: penicillin 100%, ampicillin
91.7%, and piperacillin 75.0%. Least resistance was seen with
linezolid for both VSE and VRE being 0% and 2.8%, respectively.
For fecal VSE, maximum resistance was seen with penicillin
88.5%, followed by piperacillin 66.4%, and ampicillin 64.2%. All
strains were sensitive to linezolid. VRE also showed maximum
resistance to these 3 antibiotics being 100% for penicillin, 87.5%
for ampicillin, and 79.2% for piperacillin. None of the strains was
resistant to linezolid.
DISCUSSION
VRE has become an important nosocomial pathogen because of
its rapid spread, high mortality rates associated with infections,
limited option for treatment, and the possibility of transferring
vancomycin resistance genes to other more virulent and more
prevalent pathogens such as Staphylococcus aureus. We
investigated the prevalence of vancomycin resistance in both
clinical and fecal isolates (250 each) by phenotypic and genotypic
methods. Our study showed correlation between the presence of
van genes and their expression as detected by MIC tests by agar
dilution method. However, the DDT failed to detect 6 strains of
VRE/VIE. Overall, 12.0% of the 500 strains isolated were found
to be VRE/VIE. Other authors reported the VRE positivity rate to
be low as 6.9%.[111 This differences in the prevalence of VRE in
different regions are governed by various factors including the
use of glycopeptides in humans and animals (growth promoters).
In the present study, 54 (10.8%) isolates were vancomycin
intermediate or resistant by DDT. However, by agar dilution
method 23 (4.6%), isolates showed reduced susceptibility to
vancomycin, that is, MIC ranging from 8 to 16 pg/m1 and another
37 (7.4%) isolates showed resistance, that is, MIC > 64118,/ml, that
is, total 60 (12.0%). This observation clearly indicates that DDT
may fail to recognize as resistant those enterococcal strains that
have reduced susceptibility to vancomycin. Similar observation

UTI

Wound
infection

BSI

Total (%)
Catheter
induced
infection

VSE

Enterococcus faecalis

26 (24.8) 11 (16.0) 9 (36.0) 4 (26.7) 50 (23.4)

Enterococcus faecium

18 (17.1) 12 (17.4) 9 (36.0) 4 (26.7) 43 (20.1)

Enterococcus mundtii

19 (18.1) 12 (17.4) 1 (4.0)

Enterococcus raffinosus
Enterococcus solitarius

5 (4.8)

4 (5.8)

0

Enterococcus malodoratus 11 (10.5) 8(11.6) 1(4.0)
Enterococcus durans
Enterococcus gallinarum

13 (12.4) 3 (4.3)

0

3 (2.9) 10 (14.5)
105

Total*

1 (6.7) 33 (15.4)

10 (9.5) 9 (13.0) 5 (20.0) 4 (26.7) 28 (13.1)

69

0

9 (4.2)

0

20(9.3)

2 (13.3) 18 (8.4)

0

0

13 (6.1)

25

15

214

VRE

Enterococcus faecalis

5 (38.5) 3 (30.0) 4(44.4) 2 (50.0) 14 (38.9)

Enterococcus faecium

7 (53.8) 3 (30.0) 5 (55.5) 2 (50.0) 17 (47.2)

Enterococcus gallinarum

1 (7.7)

4 (40.0)

0

0

5 (13.9)

13

10

9

4

36

Total*

•P=0.112. VRE: Vancomycin resistant Enterococci; VSE: Vancomycin susceptible Enterococci;
UTI: Urinary tract infection; BSI: Blood stream infection

Table 6: Antibiotic resistance pattern of VSE and VRE (clinical and fecal)
by DDT

Antibiotics

Clinical VSE (n=214) (%)

Clinical VRE (n=36) (%)

Ampicillin

150 (70.0)

33 (91.7)

Penicillin

180 (84.1)

36 (100)

Piperacillin

145 (67.8)

27 (75.0)
24 (66.7)

Tetracycline

130 (60.7)

Erythromycin

122 (57.0)

22 (61.1)

Ciprofloxacin

97 (45.3)

19 (52.8)

Imipenem

44 (20.6)

13 (36.1)

Linezolid

0

1(2.8)

Fecal VSE (n=226) (96)

Fecal VRE (n=24) (96)
21 (87.5)

Ampicillin

145 (64.2)

Penicillin

200 (88.5)

24 (100)

Piperacillin

150 (66.4)

19 (79.2)
18 (75.0)

Tetracycline

143 (63.3)

Erythromycin

140 (61.9)

15 (62.5)

Ciprofloxacin

99 (43.8)

11 (45.8)

Imipenem

50 (22.1)

7(29.2)

0

0

Linezolid

VRE: Vancomycin resistant Enterococci; VSE: Vancomycin susceptible Enterococci; DOT: Disc diffusion test
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was made in another study, where all the enterococcal strains
were susceptible to vancomycin by DDT but showed intermediate
resistance to vancomycin (MIC, 8 tig/m1).1121
Many species of Enterococci may be vancomycin resistant but
majority are E. faecium. In this study, multiplex PCR proved
helpful in detecting the van genotypes present in this geographic
region. In this study, expression of van A gene was seen with E.
faecalis (28.3%) isolates followed by Enterococus faecium (25.0%)
in both clinical and fecal isolates. Few E. gallinarum (15.0%)
strains were found to carry van B gene. In clinical isolates,
prevalence of van A was more than van B, a finding that was
found to be statistically significant (P = 0.027). PCR test result
of other studies showed that 13 strains of E. faecium carried van
A gene and 1 strain of E. gallinarum carried van Cl gene.0 This
finding is quite different from the findings of this study in which
E. faecalis, which is a more virulent strain, was predominantly
found to carry van A gene. As compared with van B, the van
A gene is known to have increased transferability, which may
explain the rapid increase in the number of van A isolates. Strains
of E. gallinarum carrying van B gene also has important role in
the dissemination of antibiotic resistant genes as compared to E.
gallinarum carrying van C genes which is nontransferable and
an inherent characteristic.
Majority of the VRE isolated from the colonized patients were
from surgery department 50.0% (12/24) followed by medicine
29.2% (7/24), MICU 16.6% (4/20), and gynecology 1.4% (1/70)
departments. No VRE was isolated from pediatrics department.
Other authors have reported that 30.5% (39/128) patients were
colonized with VRE strains: 7.8% (10/39) in the ICU, 10.9% (14/39)
in surgery, and 11.7% (15/39) in medicine wards.1141 No VRE strain
was isolated from pediatric ward, a finding similar to our study.
The authors explain this finding may be due to physical isolation,
intrinsic differences in bowel mileu, and lack of exposure to food
or other environmental sources.
Majority of the colonized patients with VRE infections were
males 16 (6.4%) and 8 (3.2%) were females. The reason for the
predominance of male patients colonized with VRE infections
could be due to the fact that, especially in rural settings, it is
generally the males who seek medical attention as compared to
females who tend to ignore their sufferings.
The rate of colonization with VRE was 12.5% (3/24) after
48 h which increased to 87.5% (21/24) after 5 days. Thus, our
study reveals that the rate of colonization with VRE increased
proportionately with increase in length of stay in the hospital,
which is probably due to longer exposure to the hospital mileu
which harbor these organisms.
Eighteen out of the 24 VRE colonized patients were found to receive
various antibiotics, which had significant effect (P = 0.001) on
VRE carriage. In another study, significant relation between
previous administration of antibiotics and VRE carriage was
reported (P = 0.02).[151
192

Majority of the VRE positive isolates from clinical samples were
from the age group 51-60 years, 9 (25.0%), which is expected
as most VRE infections are found in immunosuppressed and
debilitated patients. Some authors reported 12.7% VRE positive
cases from the middle age group 46-60 years and 5.2% cases in
the age group 61-75 years.flo In yet another study, the minimum
age of the patients with highly resistant Enterococci was 18 years
and the maximum age was 71 years.mi No significant relation
between age and VRE colonization was noted by the authors.
These differences may be due to different sample size.
Majority of the clinical isolates (both VRE and VSE) were
recovered from urine 47.2% (118/250), followed by wound
infection 31.6% (79/250), blood 13.6% (34/250), and catheter
samples 7.6% (19/250), which is consistent with reports that
Enterococci have become the leading cause of UTI, surgical
wound infection, bacteramia, and catheter induced infection.m
The bladder, prostate, and kidney are commonly infected by
Enterococci, especially in patients with structural abnormalities
of the urinary tract, indwelling catheters, or following
instrumentation.
Our results were concordant with many Indian studies showing
a gradual increase in resistance to penicillins and ampicillin
over the years. For clinical VSE, maximum resistance was
seen with penicillin 84.1% (180/214), followed by ampicillin
70.0% (150/214), and piperacillin 67.8% (145/214). For clinical
VRE. maximum resistance was also seen with the same antibiotics
viz.: Penicillin 100% (36/36), ampicillin 91.6% (33/36), and
piperacillin 75.0% (27/36). Least resistance was seen with
linezolid for both VSE and VRE, being 0%. Other authors
have reported that clinical isolates of Enterococci showed
maximum resistance to gentamicin (58.0%), followed by
tetracycline (47.1%), and ampicillin (43.0%), with 0% resistance
to vancomycin and linezolid.1171 In another study from Bangalore,
maximum resistance was seen with erythromycin and least with
teicoplanin and linezolid.1181
CONCLUSION
This study reveals the emergence of vancomycin resistant E.
faecalis isolates carrying van A gene and vancomycin resistant
E. gallinarum with van B gene from this geographic region. This
finding is alarming since it suggests the possibility of transfer of
these plasmid borne van A and van Bgenes to other Gram-positive
bacteria as well as to other plasmid free Enterococci both in the
GIT and in hospital environment. It is, therefore, imperative to
maintain a strict vigil on the spread of these organisms in the
hospital and also from the hospital to the community.
The use of molecular methods reduces the errors associated with
phenotypic disc diffusion methods. Standardization of the PCR
results with phenotypic tests will enable a laboratory to choose an
array of tests that needs to be performed in a particular laboratory
in a particular area based on the requirement and infrastructure
of the laboratory concerned.
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Virulence Markers of Vancomycin Resistant Enterococci Isolated
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ABSTRACT
Background: The aim of study was to find out the potential pathogenic role of virulence factors elaborated by strains of vancomycin
resistant enterococci (VRE) isolated from clinical samples and VRE colonizing the gastrointestinal tract of hospitalized patients.
Materials and Methods: Enterococci were isolated from various clinical samples and also from fecal specimens of colonized
patients at the time of admission, after 48 h and after 5 days of admission. Various virulence determinants were detected by
phenotypic tests. Vancomycin susceptibility in enterococci was detected by disc diffusion and agar screen method. Minimum
inhibitory concentration was determined by agar dilution method. Results: Out of all the clinical and fecal samples processed,
12.0% isolates were either vancomycin resistant or vancomycin intermediate. Hemagglutinating activity against rabbit red blood
cells was seen with 27.8% and 25.0% of clinical and fecal strains, respectively. Slime layer formation was seen with fecal VRE
strains (37.5%) when compared to clinical VRE (27.8%). Among the clinical VRE strains the most prolific biofilm producers were
Enterococcus. fecalis (92.9%) when compared to Enterococcus. faecium (52.9%). Biofilm formation/(presence of adhesions) was
also seen in (29.2%) of the fecal VREs. In wound infection production of gelatinase, deoxyribonuclease (DNase), and caseinase
(70.0% each) were the major virulence factors. The predominant virulence factors seen in the blood stream infection were adhesin,
and hemolysin (44.4% each) and in catheter induced infection were DNase and adhesins (75.0% each). Adhesin (29.2%), slime
layer (37.6%), DNAse (33.3%), gelatinase (25.0%), lipase (20.8%) and caseinase (16.6%) and hemolysin (8.3%) were produced
the fecal isolates. Conclusion: An association between adhesin (as detected by biofilm formation) and urinary tract infection,
adhesion and hemolysin with BSI, as also between DNase gelatinase & caseinase with wound infection was noted.
Key words: Blood stream infection, Catheter induced infection, Urinary tract infection, Vancomycin intermediate enterococci,
Vancomycin resistant enterococci

INTRODUCTION
nterococci are implicated in blood stream infections

E (BSI), endocarditis, urinary tract infections (UTI),

pyogenic infections, intra-abdominal and pelvic
infections.01 Enterococci can infect humans because of its
many virulence factors associated with biofilm formation
including gelatinase, aggregation substance, capsule
formation and enterococcal surface protein. Biofilms
on medical devices favors disease sustenance because of
restricted penetration of antimicrobials. 21
Invasion is usually facilitated by damage to the host tissues
and presence of bacterial virulence factors, which along
Access this article online
Quick Response Code:
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DOI:
10.4103/0974-777X.145242

157

with antibiotic resistance assist in advancement and further
survival in newly infected places. Studies on adhesive
properties of hemagglutinins produced by enterococci may
contribute toward understanding the interaction of these
organisms and the host cell surface and the mechanism
of attachment.151
In recent years, an increase in the prevalence of Enterococcus.
been seen which can be explained in part by the
emergence of vancomycin resistant enterococci (VRE) and
Enterococcus. faecium being the dominant detectable species
among them.161

faecium has

There is a paucity of information on the virulence factors
distributed amongst enterococcal species.r1 The putative
virulence markers in enterococcal strains isolated from
various clinical sources and colonized patients and also the
possible link between the presence of virulence factors and
human infections was therefore investigated.
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appeared mucoicial, runn \ or slim \
()t- po1vsaccharide.1 ' I Figure 21

I IR (-111(iiic

I )t ,

lciixvribonuclease test
'I

i..traitis were inoculated on deoxvribonuclease (DNAsej
(1 I iMedia, Mumbai, India). Clearing of the medium
he colonies indicated a positive test.111

Pliosphatase test
Tt.st strains were inoculated on phenolphlathelein
III( ,sphatase agar (HiMedia, Mumbai, India). The colonies
turning pink on addition of ammonia solution were
msidered
Iliofilm detection assa
'I 'lie test strains were grown overnight at 37°C in Brain Heart
In fusion broth (HiMedia, Mumbai,India) plus 0.25% glucose.
:ulture was diluted 1:20 in the same media. 2004 of this
suspension was used to inoculate sterile 96 well polystyrene
microtitre plates. After 24 h at 37°C of static incubation, wells
were washed with PBS, dried in inverted position and stained
with 1% crystal violet for 15 min. The cells were rinsed
once more and solubilized in 200111 ethanol/acetone (80:20
v/v). The A630 was determined using microtitre plate reader.
Riofilm formation was scored as non biofilm forming (—),
weak- (+), moderate- (++), strong- (+++) corresponding
to the A63() values <1, 1-<2, 2-< 3 and > 3 respectively.1141
Antimicrobial susceptibility & minimum inhibitory
concentration tests
Antibiotic susceptibility test was done by Kirby-Bauer
disc diffusion method on Muller-Hinton agar. Minimum
inhibitoru concentration of VRE was determined by

concentration
o vancomvcin 1).5 1,1g/rill. to 64 gtnl.. The test was
qualitv controlled using Ligo'ococars. ficalis ATCC 51299
and /:nterocoay/s.,jecalis ATcc 292 I 2.11 '''''1
agar dilution method cr'.iti

Statistical

159

1

ig

analysis

Statistical analysis was performed using chi-square test.
P < 0.005 was considered significant in the results.
RESULTS
A total of 500 samples (250 each clinical and fecal) were
processed out of which 60 (36 from clinical and 24
from fecal samples) were either vancomycin resistant or
vancomycin intermediate enterococci (VIE). 25 (69.4%)
VRE and 11(30.5%) VIE were isolated from clinical
samples and 12 (50.0%) VRE and VIE each were isolated
from fecal samples.
Amongst the 36 clinical VRE/ VIE, 13 (36.1%) strains
were isolated from cases of UTI. 10 (27.7%) strains were
isolated from wound infection, 9 (25.0%) strains were
isolated from BSI and 4 (11.1%) cases from catheter
induced infection (CII). Most of these clinical VRE were
found to be multidrug resistant.
A total of 9 (25.0%) clinical VRE/VIE were hemolytic
to sheep red blood cells (RBC) as compared to 2
(8.3%) fecal VRE/VIE. This finding was found to be
statistically insignificant (P = 0.102)-[Table 1]. The
Table 1: Comparative evaluation of the virulence
factors in clinical and faecal VRENIE
Phenotypic
virulence markers

Clinical
VRE/VIE n =36 (%)

Faecal
VRE/VIE n = 24 (%)

P value

Hemolysis of
sheep RBC

9 (25.0)

2 (8.3)

0.102

Hemolysis of
human RBC

9 (25.0)

2 (8.3)

0.102

Hemagglutination
of rabbit RBC

10 (27.8)

6(25.0)

0.812

Hemagglutination
of human "0" RBC

9(25.0)

5(20.8)

0.709

Hemagglutination
of human "B' RBC

9 ( 25.0)

5(20.8)

0.709

Production of
deoxyribonuclease

14 (38.9)

8(33.3)

0.662

Slime layer

10 (27.8)

9 (37.6)

0 428

4 (22• 2)

9(37.6)

0.015

Gelatinase

24 (38.9)

6(25.0)

0.284

Caseinase

11 (30.8)

4(16.6)

0.224

Adhesins
(responsible for
biofilm formation)

22 (81.1)

7(29.2)

0.015

Lipase

Figure 2: Slime layer formation

II

Statistically significant (P value <0.005); VRE: Vancomycin resistant enterococci;
VIE: Vancomycin intermediate enterococci; RBC: Red blood cells
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\ 111-,111 molecules (84.6%) xvere the predominant virulence
111.11 Li among LI. 1 isolates. None of the UTI isolates were
Ii lii io produce lipase or caesinase. Gelatinase, DNase
And cacsinase 70.0% each were produced by the isolates
1 1 , )in wound infection. DNase and adhesions (75.0% each)
wcre• elaborated by VRE causing CIL In BSI adhesions
hemolysins were the predominant virulence factors
(.1.11)( )rated (44.4%) - [Tab le 5j.
DISCUSSION
:orrelation between the presence of virulence markers in
lie clinical and fecal VRE and VIE were evaluated. The
presence of these virulence determinants in Enterococcus.
Ow/is, Enterococcus. faecium followed by Enterococcus. gallinarum
is necessary for adhesion, tissue invasion and causing
disease.
Iii this study, only 25.0% of clinical VRE and VIE isolates
and 8.3% of fecal VRE and VIE isolates produced
I icmolysis around colonies on BHI sheep and human blood
;tgar plates. Some authors have reported that 75.0% of
clinical E. faecalis were hemolytic to sheep RBCs.PAnother
study found higher number of hemolysin producers in
clinical isolates (60.0%) when compared to fecal isolates
( I 7.0%).071 These findings suggest a role of hemolysin in
the causation of human disease.
Among the clinical VRE/VIE strains production of
hemolysin was higher in Enterococcus. fecalis (28.5%) than
n EnterOcoccus. faecium (23.5%). In another study only
16% Enterococcus. fecalis isolates were hemolysin producers

and none of. the Lilicovo,.7(.,-.
strains were found
U> produce hemolysin. 1 leinolvsin producing strains of
Ellterocoaw.c.fica/is arc virulent in animal models and human
infections with these strains arc associated with increased
severity of illness.
Elaboration of virulence markers like hemolysin was most
common in the isolates from BSI (44.4%) followed by
CII (25.00/n), wound infection (20.0%), UTI (15.4%) and
colonized patients (8.3%). In contrast, in yet another study
of Enterococcus. fecalis, only 16% of endocarditis isolates,
32% of blood culture isolates and 20% of community
acquired fecal isolates were found to be hemolytic leading
to the conclusion that hemolysin is not an essential factor in
the pathogenicity of enterococci causing these infections.1181
However, findings of this study shows that a Much higher
number of VRE/VIE strains causing BSI were hemolysin
producers when compared to VRE strains causing other
infections. Hemolysin production has been associated
with the better ability of enterococci to reach bloodstream
to induce septicemia and with fivefold increased risk of
adverse terminal outcome in patients with enterococcal
bacteremia.1191
HA activity against rabbit RBC was more (26.7%) than
against human RBC (23.3%) in both clinical and fecal
strains. Contrasting results were shown in another study
in which 12.7% of enterococci isolated from humans
agglutinated human RBC as compared to 4.8% of
rabbit RBCs.1111 Another study reported that 97.0% of
Enterococcusjecalis strains isolated from human blood were
hemagglutination-positive, while all of 24 Enterococcus.

Table 4: Biofilm formation in the VRENIE isolated from infected patients
Biofilm formation in VRE/VIE isolated from clinical samples
E. faecalis, n 1
=4
Biofilm
forming
capacity
Weak

4

0

0

Moderate

2

2

2

6

2

Strong
Total

E. faecium, n = 17

UTI Wound Catheter Blood
infection induced infection
infection
1

5

3

Total UTI Wound Catheter Blood
infection
induced
infection
infection

1

7

0

E. gallinarum, n 5=

Total UTI Wound Catheter Blood
infection
induced
infection
infection

2

4
2

4

0

1

0

1

0

a

2

23

5

2

2

9

VRE: Vancomycin resistant enterococci; VIE: Vancomycin intermediate enterococci; UTI: Urinary tract infection; E. faecalis: Enterococcus faecalis; E. faecium: Enterococcus
faecium; E. gallinarum: Enterococcus gallinarum

Table 5: Distribution of virulence markers in the VRENIE isolated from different types of infection
Type of infection/colonization

Adhesins (%)

Slime layer (%)

Hemolysin (%)

Gelatinase (%)

DNAse (%)

Lipase (%)

11 (84.6)

5 (38-5)

2 (15.4)

2 (15.4)

2(15.4)

0

0

Wound infection n=in

4 (40.0)

3(30.0)

2(20.0)

7(70.0)

7(70.0)

3(30.0)

BSI n=9

7 (70.0)

4(44.4)

1 (22.2)

4(44.4)

3(33.3)

2(22.2)

1(11.1)

2(22.2)

CII n=4

3 (7s.0)

1 (25.o)

1 (25.0)

2 (50)

3(75.0)

o

2 (50.0)

10(27.8)

9(25.0)

14 (38.9)

14 (38-8)

4 (11.1)

11 (30.6)

Ti n=i3

Total no of infections n=36

22 (61.1)*

Caesinase (%)

Percentages calculated horizontally; *p 0.015;
= VRE: Vancomycin resistant enterococci; VIE: Vancomycin intermediate enterococci; DNase: Deoxyribonuclease
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irtynie treatment ot bacterial suspensions,
hi. h led to partial loss of HA activity, suggests that-

1, -;:, 0];],1 1,11111• K100110111 K. •\ 11.1.1;01,

iruienc,

II, n !agglutinins are protein in nature. On the other
bett ing method did not have any effect on bacteria-

.ii h0 pcyte- interactions. These observations lead, us
I, conclude that the hemagglutinins are thermostable.
.ibundance of slime layer among the fecal isolates
part icularly important in the acquisition of resistance
it po)inoting cell- cell contact and the conjugal transfer
plasmids harbouring resistance and virulence genes.
Snell strains appear to represent the entry gateway to
no
resistance genes into enterococcal species in the
rointestinal tract and may contribute to spreading of
Nile!) bacteria in the hospital settings. Adhesin molecules
(responsible for biofilm formation) were the main
- virulence factor of the UTI causing isolates. This strongly
reflects the affinity of enterococcal isolates towards the
it ri nary tract epithelial cells, and explains the prevalence of
en erococci as a causative agent of nosocomially acquired
I jTls. Gelatinase, DNAse and caseinase Were the main
virulence factors isolated from wound infection. Thus our
I i tidings suggest that these virulence factors collectively,
may promote the spread of VRE in wound infections.
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[gel E], enterococcal
Background: The aim of this study was to find out the correlation between presence of virulence and
(gelatinase
vancomycin-resistant genes
[asall)
and
aggregation
substance
[hyfj,
surface protein [esp),
cytolysin A [cyl
Aj,their
hyaluronidase
in enterococci,
with
phenotypic expression. Materials and Methods: A total of 500 isolates (250 each
van B)were processed. Enterococci were isolated from various clinical samples and from fecal specimens of colonized
and fecal)
(van
A and
clinical
were detected by phenotypic methods. Minimum
asal, esp, hyl, gel E, and cyl
patients. Various virulence determinants namely
inhibitory concentration (MIC) of vancomycin was determined by agar dilution method. Multiplex polymerase chain reaction (PCR)
was used to detect the presence of virulence and van genes. Results: Out of all the samples processed, 12.0% (60/500) isolates
genes as confirmed by MIC test and PCR methods. Genes responsible for virulence were detected by
van B
van
A or
carried
multiplex
PCR
and at least one of the five was detected in all the clinical vancomycin-resistant enterococci (VRE) and vancomycinand hyl genes were found to be significantly higher in clinical VRE. Of the fecal isolates,
esp,
hyl gene in the clinical
sensitive enterococci (VSE). gel lE,
was significantly higher in VRE as compared to VSE. The presence of
asa
and
gel
E,
esp,
=
0.043)
as
against
the
fecal
VRE.
Correlation
between
the
presence of virulence
presence of
VRE was found to be statistically significant (P
genes and their expression as detected by phenotypic tests showed that while biofilm production was seen in 61.1% (22/36)
and esp were detected in 30.5% (11/36) and 27.8% (10/36) of strains only.
of clinical VRE, the corresponding genes, i.e., asal
gene, a phenomenon that has been described previously
isolates
were
found
to carry esp
Conclusion: Enterococcus faecium
but we were unable to correlate the presence of esp with their capacity to form biofilms.
only for Enterococcus faecalis,
Key words: Aggregation substance, cytolysin A, enterococcal surface protein, gelatinase, hyaluronidase

INTRODUCTION
nterococcus species are now recognized as important
causes of urinary tract infections, postsurgical wound
infections, bacteremia, endocarditis, meningitis, neonatal
sepsis, and infections in transplant patients with Enteroakrais
for the majority
faecalis and Enterococcusfaecium responsible
of these infections.w Nevertheless, the incidence of other
species of enterococci from clinical sources shows an
alarming increase. This is attributable to their acquisition
of various putative virulence determinants and inultidrug
resistance.14
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A number of genes encoding for virulence factors
including aggregation substance (asal), enterococcal
gelatinase (gel E),
surface protein (eip), hyalutonidase
have been
E.
jileciunt
and
and cytolysin (9,. in E. faecalis
described and their effects have been shown in human and
animal studies.131 asal, a surface protein adhesin encoded
by the gene asal has a contribution to virulence together
with cyl. It facilitates the Aggregation of the donor and
recipient bacteria for efficient transfer of transmissible
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medium and incubated at 37°C for 21 18h Positive test result
was read as formation of thin iridescent ciearly layer overlying
the colonies and a confined opalescence in the medium, which
was seen when the colonies were scraped off."
Slime layer formation

method. PCR was performed in PCR system, model
number Ti Thermoblock. The oligonudeotide primer
pairs used to amplify the virulence genes asal , tyl A, gel
E, rip, and ly1 as well as the vancornycin-resistant genes
and the expected arnplicon sizes are as
van A, van B,
follows Fable

The amplification of virulence genes was carried out
Brain heart infusion agar (Hi-Media, Mumbai, India)
as follows: Initial denaturation at 95°C for 15 min
supplemented with 5% sucrose was used to determine
°C for 1 min, annealing
species to produce extracellular •followed by denaturation at 94
the ability of Enterococcus
at 56°C for 1 min, and extension at 72°C for 1 min. The
polysaccharide on the agar. Test strains grown in ToddPCR amplification of the van genes were carried out as
Hewitt broth (FE-Media, Mumbai, India) were used as the
follows: Predenaturation at 95°C for 4 min followed by
inoculum. The colonies appeared mucoidal, runny, or slimy
denaturation at 95°C for 30 cycles of 30 s each; 1 min for
due to the production of polysaccharide
annealing at 52°C and elongation at 72°C for 1 min. Both
positive control and negative control, consistin . solely of
Deoxyribonuclease test
the PCR reaction mixture without DNA template were
included to check the validity of the technique utili7ed
Test strains were inoculated on deoxyribonudease agar
in the study.P-r-'
(Hi-Media, Mumbai, India). Clearing of the medium
around the colonies indicated a positive test."
Anafrsis of DNA by agarose gel electrophoresis
Twenty-five microliters of respective amplified products
Biofilm detection assay
were loaded into the wells and electrophoresed
at a constant current of 50V for about 45 rain
" The test strains were grown overnight at 37°C in Brain
using 1.5% agarose gel. A 100. bp DNA ladder
Heart Infusion broth (Hi-Media, Mumbai, India) plus
marker was included as the standard molecular weight
0.25% glucose. Culture was diluted 1:20 in the same
marker. The electrophoresed gel was later subjected to
of
this
suspension
was
used
to
inoculate
pi,
media. 200
ethidium bromide staining and photographed under LTV
sterile 96 well polystyrene microtiter plates. After 24 h at
c
of
static
incubation,
wells
were
washed
with
PBS,
transillumination [Figures 1-3].
37dried in inverted position, and stained with 1% crystal
Statistical analysis
violet for 15 min. The cells were rinsed once more and
solubilized in 200 1.11 ethanol/acetone (80:20 v/v). The
Statistical analysis was performed by Chi-square test.
A __was determined using mierotiter plate reader_ Biofilm
P 5_ 0.05 was considered to be significant and P 5. 0.001 was
formation was scored as nonbiofilm forming (—), weak considered to be highly significant. All statistical analyses
(+), moderate - (++), and strong - (+++) corresponding
(thi
5_1,
1-52,
2-5_3,
and
>3,
respectively.
to the A 630 values
Table 1: Folymerase chain reaction primers
Antimicrobial susceptibility and minimum Inhibitory
and products for the detection of virulent genes
and vancomycin-resistant genes
concentration tests
Antibiotic susceptibility test was done by Kirby-Bauer
disc diffusion method on Mueller-Hinton agar. Minimum
inhibitory concentration (MX) of VRE was determined by
agar dilution method using the following concentration of
vancomycin 0.5-64 pg/mL. The test was quality controlled
A
using E.faetaksATCC 51299 and E.faecakrATCC 29212Y9
Protocol for multiplex polymerase chain reaction
DNA extraction method
Genomic DNA used as template for polymerase
chain reaction (PCR) amplification was prepared using
conventional phenol-chloroform DNA extraction
18

as=

Ast,-.1-GCACGCTATTACGAACIATGA
ASA32-TAAGAAAGAACATCACCACGA

375

Soo
100

GCACCCGAAATAATATA
570

esp

700

hyt
5s4-CATGAATAGAATAAAAGTTGCAATA
Ray-CCCCTITAACGCTAATACGATCAAA
F3.5-GTGACAAACC0GAGGCGAGGA
Ras-CCGCCATCCTCCTGCAAAAAA
cyl A: Cytolysin A; gel E:
auk Aggregation substance;
hyt: Hyabironidase

Enterococcal surface protein;
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Table 2: Comparative evaluation of the virulence factors in clinical and fecal isolates of vancomycin
sensitive enterococci and vancornyan-resistant enterocacci
isolates

0.096

fi
0.05 or 0.001 was considered statistically significant VSE: Vancomycin-sensitive enterococci; VRE: Vancomrin-resistant enterococci; RBC: Red blood cell
P5

vancomycin-resistant
Table 3: Presence of virulence genes in vancomycin-sensitive enterococci and
enterococci (clinical and fecal)
markers

esp
by!

gel E: Gelatinase;

(1501

0.05 or 1c0.001 was considered statistically significant VSE: Vancomycin-sensitive enterococci; VRE: Varicomycin-resistant enterococci;
cyr A: Cytolysin A
P5
esp: Enterococcal surface protein;
asal: Aggregation substance;

Table 4: Distribution of virulence genes
in clinical vancomycin-resistant enterococci
and vancomycin-sensitive enterococci

11,faedion was
each, and y/21.4%. The predominant gene in
!VA, and
by/gene (53.0%) followed bylie/E, tsp 35.3% each,
showed the presence
awl 23.5% each. EttieroaucusgallinaromW20.0% each.
and
of lie/ E 40.0% followed by gl A
all the strains produced one
Out of the 14 VR Elf/a-alit,
°A) strains of b. faecalis
or two virulence genes. Twelve (85.7
produced two virulence genes: 35.7% (5/14) strains showed
ant, another 21.4%
the concomitant presence of gel E and
genes; and 28.6%
(3/14) strains expressed gel -A and 41
genes.
Of the 17 VR
(4/14) strains presented cyl A and e*,
12 (70.6%) strains were faind to produce two
E. faecium,
ombination of two virulence genes
genes. The various c
were
35.3% (6/17) expressed gel A with
seen in E./act:am
gl A with tip and am!
19i4 17.6% (3/17), each, expressed
•
with esp.

• ffi
n=20

esp: Enterococcal surface
asal: Aggregation substance;
gel E: Gelatinase;Cytolysin
A; VSE: Vancomycin-sensitive enterococci;
protein: ty/ A:
VRE: Vancomycin-resistant enterococci

only the presence of by/gene was found to be significantly
0.043) [Table 31.
higher in clinical VRE than fecal'VRE (P =
Table 4 shows the presence of various virulence genes in
were .gel
VRE species. The predominant genes in Efaecafis
being
28.6%
and op
E 57.1%; followed by usal 50.0%, glA

E..jaecalis
Of the clinical VSE, the predominant genes in
E
(26.0%),
op
and afa1
gel
were W (28.0%); followed by
(46.5%) was the main
(22.0%) each, and gl A (16.0%). W
(20.9%), tip (18.6%),
awl
gene in E. faesirem followed by
(13.9%).
Apart
from the eip gene,
gelE (16.3%), and gl A
the remaining four virulence genes were detected in all the
Eniermecui durum was
nonfaecalis and nonfaecium strains.
the least virulent among VSEs as it showed the expression
(5.9%) each [Table 4].
of only gl A and ly1
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by phenotypic tests was more than-the number of strains
showing the presence of the corresponding genes by PCR
namely coal and np.
DISCUSSION
Very few reports regarding the distribution of virulence
genes in various species of enterococci from clinical
samples are available) i This study was designed to identify
various virulence genes in VRE and VSE as well as to
evaluate the correlation between virulence markers and
virulence genes both phenotypically and genotypically.
OnlygelE, esi,, and 4/genes were found to be significantly
higher in clinical VRE than VSE. As for fecal isolates,
presence of ,gel E, op, and asal was significantly higher in
VRE than VSE. Other studies show that prevalence of
0.04) genes were significantly
top (P = 0.001) and by! (P =
higher among VRE isolates (44.4% and 27.7%) than among
VSE isolates (16.4% and 8.80/0).1241
Authors reported esp of 80.0% (32/40) to be the
predominant virulence factor followed by gel E of 50.0%
(20/40) among VRE. Consideing vancomycin resistance as
variable, the authors did not find any significant difference
in the presence of activity of virulence factors between
resistant and susceptible enterococci.1231
It has been reported that the rip gene has been restricted
to vancornycin-resistant stranisP4 In contrast, our result
showed the presence of rap gene in both VSE and VRE
strains. The presence of rip in isolates susceptible and
resistant to different antibiotics indicate that this trait
probably emerged prior to the acquisition of resistance
not only to vancomycin but also to other antibiotics used
in hospital settings.
Of the clinical VRE, all the five virulence genes were
detected in E. faced! and E. faecium. However, virulence
genes namely awl and e4, were absent in E. plat:rum. Until
recently, a majority of the infection derived isolates were
E. firecalis strains and was regarded as the most pathogenic
species. It is known that Etthrocaccus possess highly efficient
gene transfer mechanism. The virulent genes are associated
with highly transmissible plasmids which might have led
to the dissemination of virulent genes in less virulent
Eft/aim and E. gallinancm.
Of the VSE, all the five different virulence genes were
detected in vancomycin-sensitive E. faecalis and E. fiecium.
The predominant genes in E. muntliii, E.. raffinonts.
E. seficanes, and E. galunanan were asal being 18.1%, 15.3%,
22

33.3%, and 28.6% (6/33, 4/28, 3/9, and 4/14), respectively.
E..kcium
The. higher prevalence of by/gene in E.fiJeqz/is and
gene
in
nonfaecalis
and
nonfaecium
strains
from
and ascii
our setup depicts that this virulence marker may have
permeated more deeply into the species by horizontal
transfer and would have acquired it comparatively earlier,
thereby enhancing the ability of the organism to cause
disease beyond that intrinsic to the species. We observed
lyl
a considerable number of E. faedum strains expressed
genes.
gl .4
and asal genes as compared to rip, gel E, and
At present, we cannot say with certainty whether, and to
and under what
what extent, E. fledum actually makes 1y1,
conditions this protein may be synthesized or exported.
Northern hybridization experiments indicate that the
byl open reading frame is tranicribed under nonselective
growth conditions in sibs. Therefore, we have compelling
reasons to believe that the protein is synthesized at
least under some environmental conditions. asa too has
an important effect on biofilm formation because this
substance promotes the adherence of microorganisms to
a surface."
In another study, the distribution of virulence genes
in various species was viz: E. fizeca/ii 53.0% (35/66),
Enlerficoccus casseliflavus 50.0% (2/4), E. falciam 40.6%
(13/32), and E. nruncltii 25.0% (1/4). Enterococcus
damns showed the total absence of all virulene genes.
showed the presence
E. casseglacms and E. mundtii
and
tip
25.0% (1/4).P81 The
of only two genes - asal
permeation of these virulence genetic characteristics into
different species differs according to the setup, patient
demographics, and other extrinsic factors. Thus, the
nonfaecalis and nonfaecium strains isolated from our
study were more virulent as compared to the strains seen
in the above study which may be due to the presence of
asal in nonfaecalis and nonfaecium strains that promote
celko-cell contact and help in the transfer of other
virulence genes through plasinids.
produced
Of the cIiniral VRE, 85.7% (12/14) E. /weak
two virulence genes: 35.7% (5/14) strains showed the
concomitant presence of gel E and asal. Another 21.4%
(3/14) strains expressed gel E and lyl genes and 28.6%
(4/14) strains presented g/A and rip genes. Of the 17 VR
E. faedum, 12 (70.5%) strains were found to produce two
genes. The various combination of two virulence genes
seen in E. ficecnan were: 35.3% (6/17)sel E with 44 17.6%
(3/17), each expressing cyl A with esp. and asal with esp.
Contrasting reports were seen in another study, where the
most common combination of genes was between oral
and gel E from infections of hospitalized patients. This
suggests that these traits entered the species earlier than did
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ABSTRACT
BACKGROUND
Reproductive tract infection (RTI) is a common problem among women and represents a threat to their health. RTI including
sexually transmitted disease (STD) and HIV/ AIDS are increasingly being recognised as a serious public health problem. The most
common long-term sequelae are pelvic inflammatory disease (PID), cervical cancer, infertility, spontaneous abortion and ectopic
pregnancy, which may lead to maternal death. The common infective agents are Gardnerella vaginalis, Trichomonas vaginalis,
Candida species and Neisseria gonorrhoeae. Agents such as toxoplasma, rubella, CMV and HSV are important causes of infections
during pregnancy. Most of the TORCH infections cause mild maternal morbidity, but have serious foetal consequences.
2Postgraduate

MATERIALS AND METHODS
Study Design- This prospective observational study was conducted in the Department of Microbiology, in a tertiary care medical
college hospital in eastern Bihar. A total of 200 high vaginal swabs were collected in duplicate from an equal number of patients
attending Obstetrics and Gynaecology Department with symptoms suggestive of RTI. In the laboratory one swab was used for
culture and identification of the organism, the other was used for direct microscopic examination (Gram stain and wet mount) and
other tests like amine test and measurement of pH.
RESULTS
Maximum patients were seen in the age group of 21 - 30 years, 43.5% (87/200). Least number of cases were seen in the age group
of < 20 years 2.5% (5/200). Out of the 200 samples processed in the laboratory, 88 were found to show no growth. The most
common isolate was Candida species, 25.5% (51/200). Neisseria gonorrhoeae 0.5% (1/200) was the least common organism
isolated. Moreover, the overall rate of isolation of organisms was higher in patients with bad obstetric history.
CONCLUSION
Vulvovaginal candidiasis was the most common RTI followed by trichomoniasis and bacterial vaginosis. A single case of
gonorrhoea was detected. Interestingly, the incidence of RTI was higher in patients with bad obstetric history.
KEYWORDS
Reproductive Tract Infection, Pelvic Inflammatory Disease, Bad Obstetric History.
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BACKGROUND
RTI including sexually transmitted disease (STD) and
Reproductive tract infection (RTI) is a common problem
RTI including sexually transmitted disease (STD) and HIV/
among women and represents a threat to their health.
AIDS are increasingly being recognised as a serious public
Various socio-economic factors are responsible for the
health problem. The poor health of Indian women is a
development of this disease entity, especially in a country like
concern at both national and individual level. Women are not
ours. Infection in the vulva, vagina or cervix represents lower
only more susceptible than men to these infections, but also
reproductive tract infection and infection in uterus, fallopian
are more prone to develop complications because infection in
tubes and ovaries are considered as upper reproductive tract
women is difficult to diagnose and therefore more likely to go
infection.1
untreated.2
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gonorrhoeae. Agents such as Toxoplasma, rubella, CMV and
HSV are important causes of infections during pregnancy.
Most of the TORCH infections cause mild maternal
morbidity, but have serious foetal consequences.4
It is well realised that at least 12% - 15% of all recognised
conceptions end in miscarriage and pre-clinical pregnancy
loss rate is still higher (22% - 30%). At present, there is no
implicating evidence that bacterial and fungal infections can
cause recurrent abortions.5 Studies have shown that these
infections predispose the patients to acquisition of viral
infections like HSV-2 and HIV, which in turn can lead to
premature birth and spontaneous abortions.6
Reproductive tract infection is the commonest cause of
morbidity in the reproductive age group, but the actual
magnitude of the problem is grossly underestimated due to
serious problems like social stigma. It is therefore imperative
that proper initiation must be taken by health care providers
to facilitate the diagnosis and treatment of such cases.
The present study was taken up with a view to
determining the spectrum of microorganisms responsible for
causing reproductive tract infection in our hospital setting
and to find a possible correlation between their isolation
pattern and obstetric history of the patient.
MATERIALS AND METHODS
This prospective observational study was carried out in a
tertiary care medical college hospital in eastern Bihar.
Institutional Ethical Committee clearance was taken before
conducting the study. A total of 200 high vaginal swabs were
collected in duplicate from an equal number of patients
attending Obstetrics and Gynaecology Department with
symptoms suggestive of RTI. A brief clinical history regarding
occupation, personal hygiene etc. was noted. Obstetric history
and history of any antibiotic uptake either topically or
systemically was also noted down. Swabs collected were
immediately sent to the laboratory for further processing.
In the laboratory one swab was used for culture and
identification of the organism, the other was used for direct
microscopic examination (Gram stain and wet mount) and
other tests like Whiff test (amine test) and measurement of
pH.7
Gram stained smears were further scored as per scoring
system of Nugent et al. A score of ≥ 7 was indicative of
bacterial vaginosis, score of 4 - 6 was taken as intermediate
and score of 0 - 3 was considered as normal.8
Identification of the organisms isolated was done by
study of colony morphology, Gram’s staining and motility
followed by a battery of biochemical tests.7,9
Neisseria gonorrhoeae was identified by colony
morphology on chocolate agar, Gram’s stain morphology,
catalase, oxidase and rapid carbohydrate utilisation tests.7
Gardnerella vaginalis was identified on the basis of
presence of β-haemolytic colonies on human blood Tween 80
bi-layer medium, presence of Gram variable bacilli on Gram
staining, starch and raffinose fermentation and hippurate
hydrolysis tests.8
Candida species was identified by germ tube test,
chlamydospore formation on cornmeal agar, sugar
fermentation and sugar assimilation test.7
Statistical analysis of results was done using the chisquare test. P-value ≤ 0.05 was considered to be significant
and p-value ≤ 0.001 was considered to be highly significant.
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All statistical analysis was carried out using online statistical
software athttp://www.physics.csbju.edu/stats/contingency_NROW_NC
OLUMN_form.html; accessed on 14.02.2018. All media and
reagents were procured from HiMedia Laboratories, Mumbai.
RESULTS
A total of 200 females were inducted into the study, out of
which maximum number of patients were seen in the age
group of 21 - 30 years, 43.5% (87/200) followed by age
group 31 - 40 years, 39.0% (78/200). Least number of cases
were seen in the age group of < 20 years 2.5% (5/200) [Table
1].
Out of 200 women, 84.5% (169/200) were multiparous,
only 15.5% (31/200) were nulliparous. Among the
multiparous women 157 had a good obstetric history (GOH),
while 12 had a bad obstetric history (BOH) [Table 2].
On microscopic examination of vaginal swabs 3% (6/200)
patients showed presence of clue cells, 10% (20/200)
showed presence of Trichomonas sp. and yeast-like cells were
seen in 31% (62/200) of samples [Table 3].
Overall, RTI was seen in 48.5% (97/200) of patients in
the study group, whereas 44.0% (88/200) showed no
growth. The most common isolate was Candida species
25.5% (51/200) followed by non-albicans candida species
5.5% (11/200) and Gardnerella vaginalis 3% (6/200).
Neisseria gonorrhoeae 0.5% (1/200) was the least common
organism isolated. Trichomonas vaginalis could be detected
by wet mount examination in 10% (20/200) of patients. The
overall rate of isolation of organisms was higher in patients
with BOH. The differences in rate of isolation of various
organisms in patients with GOH, BOH and nullipara was
found to be highly significant (p= 0.000) [Table 4].
As per Nugent criteria, 7% (14/200) of patients were
found to have bacterial vaginosis. Out of these 14 patients,
both Whiff test and vaginal pH ≥ 6 was found to be positive in
85.7% (12/14) and Gardnerella vaginalis could be grown in
only 42.9% (6/14) of cases [Table 5].
No. of Married No. of Unmarried
Total
Patients (%)
Patients (%)
≤ 20
2 (1.0)
3 (100.0)
5 (2.5)
21-30
87 (44.2)
0
87 (43.5)
31-40
78 (39.6)
0
78 (39.0)
41-50
30 (15.2)
0
30 (15.0)
Total
197
3
200
Table 1. Age-Wise Distribution of Married
and Unmarried Patients
Age

Parity
No. of Patients
Percentage
Multiparous with good
157
78.5
obstetric history
Multiparous with bad
12
6.0
obstetric history
Nulliparous
31*
15.5
Total
200
100.0
Table 2. Obstetric History of Patients with RTI
*All married and unmarried women who never conceived
were included in nullipara.
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Wet-mount (n= 200)
Gram stain (n= 200)
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Clue
Trophozoites of
Yeast-Like
Cells (%)
Trichomonas (%)
Organisms (%)
6 (3.0)
20 (10.0)
62 (31.0)
10 (5.0)
NA
62 (31.0)
Table 3. Microscopic Findings in Patients with RTI

No. Relevant
Findings (%)
112 (56.0)
128 (64.0)

Multiparous with Good
Multiparous with
Nulliparous
Obstetric
Bad Obstetric
(%)*
History (%)*
History (%)*
Candida albicans
44 (28.0)
4 (33.3)
3 (9.7)
Non-albicans Candida species
8 (5.1)
2 (16.7)
1 (3.2)
Gardnerella vaginalisǁ
5 (3.2)
1 (8.3)
0 (0.0)
Trichomonas vaginalis**
17 (10.8)
3 (25.0)
0 (0.0)
Neisseria gonorrhoea
0 (0.0)
1 (8.3)
0 (0.0)
Growth of normal flora
17 (10.8)
1 (8.3)
5 (16.1)
Sterile
66 (42.0)
0 (0.0)
22 (71.0)
Total*
157
12
31
Table 4. Isolation Pattern of Different Organisms in Patients with RTI

Total No.
(%)

Organisms Isolated/Detected




51 (25.5)
11 (5.5)
6 (3.0)
20 (10.0)
1 (8.3)
23 (11.5)
88 (44.0)
200

ǁisolated

in only 6 of the 14 cases of bacterial vaginosis **detected by microscopy only.
*p value= 0.000.

Patients with Bacterial Whiff Test
Vaginosis (n= 14)

Vaginal pH
pH ≤ 4

pH 4-6

Nugent Scoring
pH ≥ 6

0-3

4-6

≥7

No. of Positive Cases (%) 12 (85.7)
00
02 (14.3) 12 (85.7)
00
00
14 (100.0)
No. of Negative Cases
02 (14.3) 14 (100.0) 12 (85.7) 02 (14.3) 14 (100.0) 14 (100.0)
00
Table 5. Positivity of Various Tests in Patients with Bacterial Vaginosis
DISCUSSION
Majority of the patients (43.5%) were in the age group of 2130 years, followed by the age group of 31 - 40 years (39%).
Least number of patients (2.5%) belonged to the age group of
≤ 20 years. This is probably due to the fact that RTIs are more
common in the sexually active reproductive age group. Most
of the patients, 197/200 were married. Other authors have
also reported a higher rate of RTI in married patients as
compared to unmarried patients.10
Majority of the patients were multiparous 84.5%
(169/200), only 15.5% (31/200) were nulliparous which
included three unmarried females. Of the multiparous
women, 12/200 had BOH. Another author also reported that
incidence of RTI increases with parity. RTI was least common
in nulliparous (6%) and highest (76%) in multiparous
women.11
Candida species were the most common isolate with an
isolation rate of 25.5% (51/200) for Candida albicans and
5.5% (11/200) for non-albicans candida species. Neisseria
gonorrhoeae of 0.5% (1/200) was the least common isolate.
11.5% (23/200) samples showed mixed bacterial growth,
while 44% (88/200) samples were sterile. The high
percentage samples showing no growth in culture were
probably due to use of self-medication or use of ointments or
lotions by the patient. Bacterial vaginosis was seen in 7%
(14/200).
Patnaik and Sahu (2008) has reported Candidiasis in
33.9% of cases, Bacterial vaginosis in 14.3%, Trichomoniasis
in 12.5% and N. gonorrhoeae in 1.8%.12 Similarly,
Madhivanan and Bartman (2009) have reported the
prevalence of T. vaginalis as 8.5% as compared to 10% in our
present study.13 In another study the incidence of bacterial
vaginosis was reported as 20%, Candidiasis as 12.5%, N.

Growth of
Gardnerella
Vaginalis
06 (42.9)
08 (57.1)

gonorrhoeae as 1.2% and T. vaginalis as 4.1%. These findings
are quite different from those of the present study.14
The rate of isolation of various organisms from patients
with BOH was higher as compared to those with GOH.
Candida albicans was seen in 33.33% of patients with BOH as
compared to 28.03% in GOH, non-albicans Candida species in
16.67% of patients with BOH versus 5.09% in GOH.
Gardnerella vaginalis 8.33% in BOH versus 3.18% in GOH.
Trichomonas vaginalis was seen in 25% of patients with BOH
as compared to 10.83% of patients with GOH.
The differences in isolation rates of organisms in the
three groups of patients with RTI viz. multiparous with GOH,
multiparous with BOH and nulliparous was found to be highly
significant (p value < 0.001). The higher rate of isolation from
patients with BOH is probably due to the fact that although
these organisms alone are not very important causes of PID,
their presence predisposes carriers to acquire other STIs
such as HIV and HSV2 virus that have been implicated in
causation of endometritis (PID), resultant BOH and infertility.
CONCLUSION
The institution where this study was conducted is located in a
small town in eastern Bihar and mainly caters to the rural
population of the adjoining areas. This area is part of the Kosi
belt, a region known for its poor developmental activities.
Consequently, the general population residing here,
especially the females are illiterate with poor personal
hygiene and occurrence of RTI is a common ailment. In the
present study, RTI was seen in 48.5% (97/200) of patients.
Vulvovaginal candidiasis was the most common RTI, followed
by trichomoniasis and bacterial vaginosis. A single case of
gonorrhoea was detected.
Studies have shown that common bacterial and fungal
agents responsible for RTI do not directly lead to premature
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births or recurrent abortions, but their presence predisposes
the patients to acquisition of sexually transmitted infections
like HSV-2 and HIV, both of which can lead to complications
during pregnancy. In our study, the incidence of RTI was
higher in the patients with BOH which corroborates the
above theory.
Hence, efforts should be made for early diagnosis and
treatment of RTIs, as it not only leads to morbidity and
distress in patients but it may result in complications during
pregnancy, PID and sometimes infertility.
Awareness and sensitisation towards the problem, so that
women take proper and complete course of medications
rather than reverting to traditional methods of disease
control is the need of the hour. New methodologies and
interventions should be set up both at service provider level
as well as beneficiary end to bring down prevalence rates of
RTI.

[6]
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ABSTRACT
BACKGROUND
Injuries secondary to severe burns rank among the most serious forms of trauma resulting in anatomic, physiologic, endocrinologic
and immunologic stress, especially when burns involve more than 20% of Total Body Surface Area (TBSA). In patients surviving
the initial burn and resuscitative phase, infections are a leading cause of mortality. The burnt surface is sterile immediately
following thermal injury but after 48 hours the wound is colonised with skin pathogens that typically reside in sweat glands and
hair follicles before the burn. After 5 to 7 days, wounds become colonised with yeast and/or Gram-positive and Gram-negative
organisms from the host’s intestinal and upper respiratory tracts, or from the hospital environment and health care workers’
hands.
MATERIALS AND METHODS
Surface swabs were collected from 200 patients with burn wound infection of both sexes and all age groups. The microorganisms
were identified as per standard protocol based on colony morphology; Gram’s staining findings and biochemical tests. ESBL
(Extended Spectrum Beta-lactamases) detection was done using PCDDT (Phenotypic Confirmatory Disc Diffusion Test).
RESULTS
A total of 268 organisms were isolated from 200 samples. Out of the 268 isolates, 213 (79.48%) were Gram-negative bacilli, 42
(15.67%) were Gram-positive cocci and 13 (4.85%) were fungi. Among the Gram-negative bacilli, Pseudomonas aeruginosa was the
most common bacteria isolated at 45.15% (121/268). The isolates exhibited maximum resistance to 3rd generation cephalosporins
with good response to piperacillin/tazobactam and carbapenems. Among all the Gram-negative bacilli, 30.99% (66/147) were
ESBL producers.
CONCLUSION
The study showed that burn wound infection was more common in females than males. Majority of cases had a burn sustained
from an open flame, mostly in winters. Gram-negative bacilli were the predominant isolates (80%) from patients with burn wound
infection. Fungi were isolated in about 5% of cases. Pseudomonas aeruginosa was the commonest isolate (45%). Amongst the
Gram-positive cocci, staphylococci and enterococci were isolated consistently from patients.
KEYWORDS
Burns, Infections, Gram-Negative Bacilli, Gram-Positive Cocci.
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BACKGROUND
Burn wound infection develops in patients after admission to
the hospital. Injuries secondary to severe burns rank among
the most serious forms of trauma resulting in anatomic,
physiologic, endocrinologic and immunologic stress,
especially when burns involve more than 20% of Total Body
Surface Area (TBSA).1
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After the initial burn and resuscitative phase, infections
are a leading cause of mortality. It has been estimated that
75% of all deaths following injuries are due to infections.2
The infecting pathogens differ from one hospital to
another. The burnt surface is sterile immediately following
thermal injury but after 48 hours the wound is colonised with
skin pathogens that typically reside in sweat glands and hair
follicles before the burn. After 5 to 7 days, wounds become
colonised with yeast and/or Gram-positive and Gramnegative organisms from the host’s normal intestinal and
upper respiratory tracts, or from the hospital environment
and health care workers’ hands. Fungal infections typically
involve the skin or lungs and occur in elderly patients with
greater percentage of TBSA and hospital stays longer than 2
to 4 weeks.1
Burns are a global public health problem, accounting for
an estimated 2,65,000 deaths annually. Non-fatal burns are a
leading cause of morbidity, including prolonged
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hospitalisation, disfigurement and disability, often with
resulting stigma and rejection.
Diagnosis of burn wound infection based on clinical signs
and symptoms alone is difficult. Regular sampling of the burn
wound either by surface swab or tissue biopsy for culture is
done to monitor the presence of infection. Superficial swabs
provide an adequate sampling of the microbial flora present
on the wound surface and are the most convenient and least
invasive approach currently available for excised burn areas.3
The present study was taken up with a view to
determining the spectrum of microorganisms responsible for
causing burn wound infection in our hospital setting and gain
knowledge about their antimicrobial susceptibility pattern to
help the clinician in deciding on empirical treatment options
in cases of severe burn wound infection and imminent septic
episodes without having to wait for culture results.
MATERIALS AND METHODS
This prospective study was carried out in the Department of
Microbiology, Katihar Medical College, Katihar, Bihar. All
patients admitted to the Department of Surgery with burn
wound infection were inducted into the study. Institutional
ethical committee clearance was obtained before conducting
the study. Surface swabs were collected from 200 patients
with burn wound infection of both sexes and all age groups.
As far as possible, three swabs were collected for microscopy,
bacterial and fungal culture. Culture was done on routine
bacteriological and fungal culture media.
The microorganisms were identified as per standard
protocol based on colony morphology, Gram’s staining
findings and biochemical tests.4,5
All bacterial and yeast isolates were tested against
different antimicrobial agents on Mueller-Hinton agar plates
by modified Kirby-Bauer disc diffusion technique.6
Extended Spectrum Beta-lactamase (ESBL) detection was
done using PCDDT (Phenotypic Confirmatory Disc Diffusion
Test) with Cefotaxime, Cefotaxime/Clavulanic Acid and
Ceftazidime, Ceftazidime/Clavulanic Acid.6
Statistical analysis of results was done using the chi
square test. P-value ≤ 0.05 was considered to be significant
and p- value ≤ 0.001 was considered to be highly significant.
All statistical analysis was carried out using online statistical
software
(http://www.physics.csbju.edu/stats/contingency_NROW_N
COLUMN_form.html; accessed on 18.02.2017).
All media, reagents and antibiotic discs were procured
from HiMedia Laboratories, Mumbai.
RESULTS
Out of the total of 200 samples processed in the laboratory,
132 samples showed pure growth of a single organism and 68
showed growths of two organisms.
Table 1 shows the age and sex wise distribution of burn
cases. Maximum number of burn cases (69/200) were seen in
the age group 21-30 years; out of which 58 (84.06%) were
female and 11 (15.94%) were male. Least number of cases
(8/200) were seen in the age groups 41 – 50 years; out of
which 6 (75%) were female and 2 (25%) were male. The
difference in the number of females (58) as compared to the
males (11) in the age group 21-30 yrs. was found to be
statistically highly significant (p value=0.000).
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Table 2 depicts the mechanism of burns. In most of the
cases i.e. 88% (176/200), an open flame was responsible for
the burns, chemical burns accounted for 1.5% (3/200) of
cases. The difference in the number of cases caused by an
open flame as compared to other three mechanisms viz. hot
liquid, electrical and chemical was found to be statistically
highly significant (p value=0.000).
Figure 1 shows the season wise distribution of
microorganisms isolated from burn wound cases. Maximum
number of cases 40.5% (81/200) was seen in the winter
followed by 25% (50/200) of cases seen in the spring season.
Table 3 shows the distribution of microorganisms
isolated from burn wound infections. Out of the 268 isolates,
213 (79.48%) were Gram-negative bacilli, 42 (15.67%) were
Gram-positive cocci and 13 (4.85%) were fungi. Among the
Gram-negative bacilli, Pseudomonas aeruginosa was the most
common bacteria isolated 45.15% (121/268) and Citrobacter
freundii was least common 1.49% (4/268). Among the Grampositive cocci, Staphylococcus aureus was the most common
isolate 8.21% (22/268) and Enterococcus faecium was least
common 1.12% (3/268). Among the fungi, Candida albicans
2.98% (8/268) was the most common isolate.
Table 4 denotes antimicrobial susceptibility pattern of
isolates. Isolates were found to be universally resistant to
amoxicillin with significant resistance to 3rd generation
cephalosporins [ceftriaxone-100% (92/92), cefuroxime97.83% (90/92) and cefotaxime-92.86% (198/213) were
resistant]. Response to imipenem [84.51% (180/213) were
sensitive] and piperacillin/tazobactam [74.65% (159/213)
were sensitive] was good among the Gram-negative bacilli.
The Gram-positive cocci were found to be universally
resistant to cephalexin, significantly resistant to
erythromycin 88.10% (37/42). A good number of Grampositive isolates were found to be sensitive to linezolid
80.95% (34/42) and vancomycin 73.81% (31/42). The
enterococci were universally resistant to penicillin,
sensitivity to high content gentamicin was 57.14% (4/7) and
streptomycin was 42.86% (3/7) respectively whereas
sensitivity to teicoplanin was 100% (7/7).
Figure 2 shows the ESBL production among Gramnegative isolates including Pseudomonas species. Maximum
ESBL production was noted in Citrobacter freundii 50% (2/4)
and least in Pseudomonas aeruginosa 25.62% (31/121).
Age
Female (%)
Male (%)
0-10
20 (74.07)
07 (25.92)
11-20
21 (55.26)
17 (44.74)
21-30
58 (84.06)*
11 (15.94)*
31-40
15 (45.45)
18 (54.55)
41-50
06 (75.00)
02 (25.00)
51-60
05 (33.33)
10 (66.67)
>60
03 (30.00)
07 (70.00)
Total
128
72
Table 1. Age and Sex wise Distribution of Burn Cases
*p= 0.000.
Mechanism
No. of Cases
Percentage (%)
Flame*
176
88
Hot liquid
08
04
Electrical
13
6.5
Chemical
03
1.5
Total
200
100
Table 2. Mechanism of Burns
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*p= 0.000.
Isolate
No.
Percentage (%)
Pseudomonas aeruginosa
121
45.15
Escherichia coli
28
10.45
Proteus mirabilis
25
9.33
Klebsiella pneumoniae
22
8.21
Staphylococcus aureus
22
8.21
Staphylococcus
13
4.85
epidermidis
Klebsiella oxytoca
07
2.61
Acinetobacter baumannii
06
2.24
Citrobacter freundii
04
1.49
Enterococcus faecalis
04
1.49
Enterococcus faecium
03
1.12
Candida albicans
08
2.98
Candida tropicalis
05
1.86
Table 3. Microorganisms Isolated
from Burn Wound Infections

22 (88)
2 (8)
22 (88)
2 (8)
0 (0)

9 (40.9)
1 (4.5)
9 (40.9)
0 (0)
0 (0)

14 (63.6%) 5 (23.07)
8 (36.4)
0 (0)

2 (28.6)
0 (0)
0 (0)
2 (28.6)
5 (71.4)
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)

5 (71.4)
5 (71.4)
7 (100)
0 (0)
0 (0)

0 (0)
0 (0)
5 (83.3)
0 (0)
0 (0)

2 (50)
0 (0)
2 (50)
0 (0)
0 (0)

0 (0)
0 (0)
3 (13.6)
0 (0)
21 (95.4%) 11 (84.6)
19 (86.4%) 7 (31.8)
19 (86.4%) 11 (84.6)
7 (31.8)
5 (38.4)

Entero. faecium
n=03
(%)

3 (23.1)

Entero. faecalis
n=04
(%)

10 (45.4%)

Citrobacter freundii
n=04
(%)

Staph. epidermidis
n=13 (%)

10 (45.5)
0 (0)
0 (0)
1 (4.5)
2 (9.1)
5 (22.7)

Acineto. baumannii
n=06
(%)

Staph. aureus
n=22 (%)

10 (40)
1 (4)
0 (0)
4 (16)
7 (28)
2 (8)

Kleb. oxytoca
n=07 (%)

Kleb.
pneumoniae
n=22 (%)

Esche. coli
n=28 (%)

28 (23.1)
39 (32.2)
24 (19.8)
7 (25.0)
15 (12.4)
1 (3.6)
15 (12.4)
0 (0)
14 (11.6)
0 (0)
49 (40.5) 12 (42.9%)
21 (17.3)
6 (21.4)
29 (24.0)
100 (82.6%) 21 (75.0)
18 (14.9)
2 (7.1)
118 (97.5%) 17 (60.7%)
0 (0)
0 (0)

Proteus mirabilis
N=25 (%)

CAZ
PI
CIP
CPZ
CTX
CPM
AK
GEN
TOB
PIT
CFS
IPM
CXM
CTR
CN
E
NET
VA
LZ
CD
TEI
TE
HLG

Pseudo.
aeruginosa
n=121 (%)

Antibiotic

Figure 1. Seasonal Distribution of Burn Cases

2 (50)%

0 (0)

1 (25%)

1 (33.3%)

2 (50%)
2 (50)%

3 (100%)
2 (66.6%)

4 (100%)
2 (50%)
3 (75%)

3 (100%)
1 (33.3%)
1 (33.3%)

Table 4. Antibiotic Susceptibility Pattern of Isolates
CAZ- Ceftazidime; PI- Piperacillin; CIP- Ciprofloxacin; CPZ- Cefoperazone; CTX- Cefotaxime; CPM- Cefepime; AK- Amikacin; GENGentamicin; TOB- Tobramycin; PIT- Piperacillin/Tazobactam; CFS- Cefoperazone/ Sulbactam; IPM- Imipenem; CXM- Cefuroxime; CTRCeftriaxone; CN- Cephalexin; E- Erythromycin; NET- Netilmicin; VA- Vancomycin; LZ- Linezolid; CD- Clindamycin; TEI- Teicoplanin; TETetracycline; HLG- High level Gentamicin.
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Figure 2. ESBL Production among Gram-negative Isolates
DISCUSSION
Majority of patients (69/200) in this study were in the age
group 21-30 yrs, out of which 84.06% were female. This was
followed by the age group 11-20 yrs. (38/200) among which
55.26% were female and 44.74% were male. Similar findings
have been reported by other authors.7,8,9 A few authors on
the other hand have reported more number of males.10,11,12
The preponderance of female patients may be due to the
fact that they tend to spend more time in the kitchen cooking
over open flames.
In most cases, the cause of burn production was an open
flame - 88%. The electric burns accounted for 6.5% followed
by scalding (in hot liquid) 4% and chemical burns 1.5%.
Other authors have also reported maximum number of burns
due to flame injury (66.0%) followed by scalding (16%).10
Likewise another group of authors have reported 87.81% of
flame burns, followed by scalds 10.08% and electrical burn
2.11%.7 The findings of these studies are more or less similar
to the findings of the present study except that in our study,
the number of electrical burns was more than the number of
burns caused by scalding.
Majority of burn cases were seen in winter (40.50%). The
cases correspondingly reduced to 25% in spring, 18% in
summer and 16.50% in autumn. The greater number of cases
in winter can be explained by the fact that people, especially
in rural areas have a habit of sitting around open flames for
warmth.
Pseudomonas aeruginosa was the most common isolate in
cases of burn wound infection 45.15%, followed by
Escherichia coli 10.45%, Proteus mirabilis 9.33% and
Staphylococcus aureus and Klebsiella pneumonia 8.21% each.
Candida albicans accounted for 2.98% and Candida tropicalis
for 1.86% of isolation. (Table 3)
Similar reports were made by other authors with
Pseudomonas aeruginosa (30%) being the most common
isolate followed by Staphylococcus aureus (28%) and
Klebsiella species (16%).13 A few others have, however,
reported Staphylococcus epidermidis (56.63%) as the most
common isolate followed by Pseudomonas aeruginosa
(18.18%) and Staphylococcus aureus (13.63%).14 A
retrospective study of isolations from burn wound infection
from 1997 to 2002 and from 2002 to 2005, however,
reported that the number of Pseudomonas infections reduced
from 58.95% in the 1st study to 51.5% in the 2nd study. There
was increase in the number of Acinetobacter infections from
7.22% to 14.23%.2 The incidence of Acinetobacter baumannii
infection in our study was found to be 2.24%.
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In another study, Staphylococcus was the most common
isolate 47.8%, followed by Pseudomonas aeruginosa 23.0%
and Candida albicans and Escherichia coli 5.3% each.11 The
variations seen in the isolation pattern of different organisms
in all these studies could be due to the geographical locations
in which these studies were conducted and the differences in
hospital microenvironment in different hospitals. However,
Pseudomonas aeruginosa appears to be a major pathogen in
all these studies as seen in the present study.
Gram-negative bacilli showed maximum resistance to
amoxicillin and 3rd generation cephalosporins. Least
resistance
was
seen
with
imipenem
and
piperacillin/tazobactam. (Table 4).
The high degree of resistance exhibited by these isolates
was probably due the fact that they were hospital-acquired
strains. Another reason could be the gross misuse of
antibiotics in hospital settings especially cephalosporin group
of antibiotics.
Other authors have also reported 100% resistance to
ampicillin in Escherichia coli and Proteus species which is
quite similar to the findings of present study where all Gramnegative isolates including Escherichia coli and Proteus
species showed 100% resistance to amoxicillin.13 Few
authors have reported 100% sensitivity to imipenem which is
bit different from the findings of present study where 15.49%
of the strains were found to be resistant to imipenem.2
Another study reported that 93.34% strains of Klebsiella
species were resistant to ceftriaxone which is again similar to
the findings of the present study where 100% resistance was
seen with ceftriaxone, 97.83% with cefuroxime and 92.86%
with cefotaxime.8
42.86% of Staphylococci were methicillin resistant and
23.81% were vancomycin resistant as detected by disc
diffusion test. Maximum resistance was seen with Amoxicillin
and Cephalexin (100%). Least resistance was seen with
Netilmicin (8.57%) and Linezolid (19.05%).
Some authors have reported 35.6% of MRSA strains and
others 40.0% methicillin-resistant strains in Staphylococci
which is similar to the findings of the present study.
Vancomycin resistance was, however, not encountered in
these studies.9,8
Among all the Gram-negative bacilli, 30.99% were ESBL
producers. Maximum ESBL production was seen in
Citrobacter freundii in which 50% of the strains were ESBL
producers. However, as the number of Citrobacter isolated
were very few (only 4 isolates), this finding is probably not a
true representation of ESBL production in this species. ESBL
production was seen in 46.43% of Escherichia coli, 40.00% of
Proteus mirabilis and 31.82% of Klebsiella pneumoniae,
28.57% of Klebsiella oxytoca, 25.62% of Pseudomonas
aeruginosa (Figure 2).
Others have found 42.9% of Klebsiella spp. to be ESBL
producers, followed by Escherichia coli 25.0% and Proteus
spp. 21.4%. Overall 21.4% of their isolates were ESBL
producers.15 The findings of this study are different from
those of the present study.
Another group of authors found ESBL production in
39.8% of Gram-negative bacilli as compared to 30.99% in our
study. In their study, however, Pseudomonas aeruginosa was
the predominant ESBL producer 20.5% followed by Klebsiella
pneumoniae 7.2%.16
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CONCLUSION
In the present study, it was seen that burn wound infection
was more common in females than males. Majority of cases
had burn sustained from an open flame with most cases
occurring in winter. As seen in all types of health care
associated infections, Gram-negative bacilli were the
predominant isolates from patients with burn wound
infection accounting for 80% of cases. This is because Gramnegative bacilli are hardier and adapt better to hospital
environment than Gram-positive cocci, with a few exceptions
like staphylococci and enterococci. Fungi were isolated in
about 5% of cases indicating that they may play a greater role
in burn wound infection especially in this era of widespread
use of antibiotics. As expected Pseudomonas aeruginosa was
the commonest isolate accounting for 45% of total isolations.
Amongst the Gram-positive cocci, it was seen that the hardier
ones like Staphylococci and Enterococci were isolated
consistently from patients with burn wound infection.
Infection control measures like strictly enforced hand
washing and universal use of personal protective equipment
like gowns, gloves and mask needs to be strictly adhered to.
Practices like early excision therapy can be performed as a
bedside procedure to prevent cross-infection. Role of
infection control practices, regular surveillance cultures
especially for detection of MRSA, VRE, ESBL producing Gramnegative bacilli also need to be highlighted. Routine cultures
from burn wounds and other sources like blood, respiratory
and urine samples should be monitored to identify epidemic
pathogens and antibiotic resistant strains so that infection
control measures can be immediately implemented.
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