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ABSTRACT

BACKGROUND

Multidrug resistant organisms like methicillin resistant Staphylococcus aureus (MRSA), vancomycin resistant enterococci (VRE)
and extended spectrum beta lactamase (ESBL) producing organisms are being encountered as the causative agents of blood stream
infection. Tigecycline has been designed to overcome resistant mechanisms of these agents. Therefore, this study was carried out
to identify Methicillin resistant Staphylococcus aureus, vancomycin resistant enterococci and extended spectrum beta lactamase
producing organisms in blood culture isolates at Microbiology Laboratory and to determine the antimicrobial susceptibility of
tigecycline against them.

MATERIALS AND METHODS

A descriptive study was carried out in Microbiology Laboratory, BP Koirala Institute of Health Sciences, Dharan, Nepal. Altogether
125 Staphylococcus aureus, 60 Enterococci and 150 Gram Negative Bacteria (GNB) were obtained during 1 year period (July 2011 -
June 2012). Laboratory detection of MRSA, VRE and ESBL producers and antimicrobial testing of tigecycline were done following
standard protocol.

RESULTS
Overall analysis determined 24% were MRSA, 3% VRE and 47% of ESBL producing bacterial isolates respectively. Tigecycline
showed 100% sensitivity among MRSA and VRE, whereas 12.6% of ESBL producing GNB were resistant to tigecycline.

CONCLUSION

MRSA, VRE and ESBL producing bacteria are identified in blood culture isolates at BPKIHS. Tigecycline demonstrated the excellent
antimicrobial activity against MRSA and VRE, but the decreased performance on gram negative isolates including ESBL producers
which is indeed another alarming issue for further use of new drug.
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BACKGROUND

Blood Stream Infections (BSI) are responsible for
considerable morbidity and mortality worldwide.! Diverse
spectrum of organisms are encountered as causative agents
of blood stream infection. In the recent years, resistant
organisms are frequently encountered as aetiological agents
of BSI. Methicillin resistant Staphylococcus aureus (MRSA)
has now been recognised as a major hospital pathogen in
addition to the exponential spread of Vancomycin Resistant
Enterococci (VRE) and Extended Spectrum Beta Lactamase
(ESBL) producers.2 All these emerging threats inactivate the
most common antibiotics like penicillins, cephalosporins,
fluoroquinolones, aminoglycosides and tetracyclines.34
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Tigecycline seems to be promising in the treatment of
infections caused by multidrug resistant organisms. It is a
bacteriostatic agent and has a potent in-vitro activity against
gram positive and gram negative organisms. It has been
designed to overcome many existing mechanisms of
resistance among bacteria and provides broad antimicrobial
coverage against MRSA, VRE and ESBL producers too.5
Therefore, our study was undertaken with an aim to
determine the tigecycline activity on the clinical isolates
obtained from routine blood culture in a tertiary care centre
of Eastern Nepal.

MATERIALS AND METHODS

Ethical clearance was obtained from Institutional Review
Committee of B. P. Koirala Institute of Health Sciences,
Dharan, Nepal.

Study Site and Sampling

A descriptive study was carried out in the Department of
Microbiology, B. P. Koirala Institute of Health Sciences,
Dharan, which is a tertiary care Health Sciences University
located in Eastern part of Nepal. The sampling was done from
July 2011 to June 2012. Out of total 6262 blood culture
samples submitted, altogether 125 isolates of S. aureus, 60
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Enterococci and 150 gram negative bacilli were tested for in
vitro activity of tigecycline.

Microbiological Testing
Isolation and identification of isolates was done following
standard microbiological protocol with the help of colony
morphology, gram stain and conventional biochemical
tests.67

Antimicrobial susceptibility test was performed by
standard disk diffusion method recommended by Clinical
Laboratory Standard Institute (CLSI) guidelines for all
antibiotics disks [Hi Media] except tigecycline for which FDA
guidelines were taken.8?

Detection of MRSA

Was done using Oxacillin disk diffusion test following
standard protocol. A colony of S. aureus isolate was prepared
to a 0.5 McFarland standard and plated on Mueller Hinton
agar containing 4% NaCl. An oxacillin disk of 1 pg was placed
on the surface and incubated at 35° C for 24 hours. The zone
of inhibition was read with transmitted light. Zone diameter >
13 mm was considered as susceptible, whereas zone of
inhibition < 10 mm was considered resistant. Zone size of 11
- 12 mm was considered intermediate. ATCC 25923 S. aureus
was used as control.10

Detection of VRE

Was done as per standard protocol using vancomycin
screening agar. Isolated enterococci inoculum was taken and
inoculated onto Mueller Hinton agar with 5% of sheep blood
containing 6 ug/mkL of vancomycin. It was then incubated for
24 hours at 35°C and next day observed for any growth. Any
growth in the media was taken as indicative of vancomycin
resistance. Enterococcus faecalis ATCC 29212 was used in
each plate as control 8

Detection of ESBL

All the gram negative bacilli were tested for ESBL production
by a double disk diffusion synergy test method recommended
by CLSI. An enhanced zone of inhibition with a diffusion of
to 5 mm around the ceftazidime and clavulanic acid disk as
compared to the ceftazidime disk alone was interpreted as
the presence of ESBL. Klebsiella pneumoniae ATCC 700603 as
positive control and Escherichia coli ATCC 25922 as negative
control were inoculated in separate culture plate along with
test organisms.11

Determination of MIC

MIC of tigecycline was determined by agar dilution technique
as per CLSI guideline. The control strain ATCC 25923 S.
aureus, ATCC 29212 E. faecalis and ATCC 25922 Esch. coli
were used.12.13

RESULTS

One hundred and twenty five S. aureus isolates, 60
Enterococci and 150 gram negative isolates were evaluated.
Out of 335 isolates, 302 (90%) were obtained from patients
admitted in the wards and rest from the patients attending
the outpatient department. About 57% were obtained from
the male patients and remaining from the female patients.
Most of the gram positive isolates belonged to the age group
of 0-10 years (52% and 66.6% for S. aureus and Enterococci

J. Evolution Med. Dent. Sci./eISSN- 2278-4802, pISSN- 2278-4748/ Vol. 5/ Issue 88/ Nov. 03, 2016

Original Research Article

respectively), followed by 21 - 30 years. Most of the gram
negative isolates (100) obtained from the patients also
belonged to the age group below 10 years (68.6%).

Antimicrobial Susceptibility Testing

Antimicrobial susceptibility testing by Kirby-Bauer disk
diffusion method of S. aureus demonstrated the resistance of
all the 125 isolates to penicillin whereas all were sensitive to
vancomycin, linezolid and tigecycline. Additionally,
susceptibility to gentamicin, ciprofloxacin, cefotaxime,
azithromycin and cotrimoxazole was noted in 94.4%, 81.6%,
60.8%, 60.8% and 59.2% of S. aureus respectively.
Antimicrobial susceptibility pattern of 60 enterococcal
isolates showed that no isolates were found to be resistant to
linezolid and tigecycline, whereas 97%, 55% and 50% of
isolates were susceptible to vancomycin, gentamicin and
ciprofloxacin respectively. Among 150 gram negative isolates
resistance to ampicillin, cefotaxime, ceftriaxone and
gentamicin was observed in 97.3%, 86%, 82% and 53%
respectively and sensitivity to imipenem and tigecycline was
seen in 98.6% and 82.6% respectively.

Detection of MRSA, VRE and ESBL

Out of 125 S. aureus isolates, 24% were found to be MRSA.
Out of 60 enterococcal isolates 3.3% isolates were detected to
be vancomycin resistant. And among 150 gram negative
isolates, 47.3% were found to be ESBL producers. Among
those 71 ESBL producers, K. pneumoniae and Esch. coli were
the most frequent.

MIC of Tigecycline

Among the 125 S. aureus isolates, both MSSA and MRSA were
susceptible to tigecycline as inhibition of growth occurred at
< 0.5 mg/L of tigecycline as shown in Figure 1. Among the 60
Enterococci, all the isolates including VRE were susceptible to
tigecycline as MIC was < 0.25 mg/L as shown in Figure 2. MIC
of tigecycline for gram negative isolates showed that out of
150 gram negative isolates, 82.6% were susceptible to
tigecycline at MIC < 2 mg/L and 17.3% showed resistance as
those were inhibited at = 8 mg/L, which was similar to the
disk diffusion test for tigecycline. Among 26 tigecycline
resistant isolates Acinetobacter anitratus were 16,
Enterobacter species 3, Pseudomonas aeruginosa 2, Proteus
mirabilis 2 and Esch. coli 1, which showed MIC of tigecycline
> 8 mg/L as depicted in Table 1. Comparing the susceptibility
of tigecycline among ESBL producers and non-ESBL
producers, it was found that among 71 ESBL producers and
79 non-ESBL producers resistance to tigecycline was
observed in 12.6% and 22.7% respectively. So irrespective of
production of ESBL, resistance to tigecycline was observed in
gram negative bacilli.

Nurmberof isolates
B 8 &5 8 3 3 8 8

0 W
00312 00625 0125 025 05 1 2 4 8 16 E*] =] 128 26

MIC {mg/1)

Figure 1
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Figure 2
Number of Resistant Organism and MIC
Total
Total Number MIC 8 MIC MIC Number of
of Isolates 16 32 .
mg/L mg/L | mg/L Resistant
g & Isolates
A. anitratus 0
(n=54) 8 6 2 16 (29.6%)
P. aeruginosa 0
(n=3) 1 1 2 (66.6%)
P. mirabilis (n=2) 1 1 - 2 (100%)
Enterobacter
- 0,
spp. (n=13) 2 1 3 (23%)
Esch. coli (n=30) 1 - - 1(3.3%)
C. freundii (n=8) 2 - - 2 (25%)

Table 1. MIC of Resistant Gram Negative Bacilli

DISCUSSION

The present study documented 24% of MRSA, 3% VRE and
47% ESBL producers among the blood culture isolates.
Tigecycline resistance was documented about 12.6% in case
of ESBL producers, whereas MRSA and VRE isolates were
sensitive to tigecycline. The emergence rate of MRSA isolates
are similar to the two previous studies conducted in our
centre, i.e. 26.14% by Kumari et al in 2003 and 26% by Baral
et al in 2007 respectively.1415 However, this finding does not
corroborate the result of studies by Subedi et al in Western
Nepal and Malik et al in India in which prevalence of 15.4%
and 51.8% were reported.1617 Among the VRE findings were
similar to reports carried out previously in same institute in
2011, which showed 7% vancomycin resistance (Sharma M
unpublished - personal communication). However, in the
year 2010 (Nepal H unpublished - personal communication),
intermediate resistance was found. These results are in
concordance to other studies conducted in India (1.5%) and
Tehran (7%).1819 Likewise, among 150 gram negative BSI
isolates, 47.3% were found to be ESBL producers which was
almost 2.5 times higher than the previous study conducted by
Shrestha et al in same institution in year 2007 (18%).20 The
results regarding the prevalence of ESBL producers is similar
to data derived from Pakistan - 45% and India - 53%.21.22 In
our setting, however, status of ESBL is not regularly assessed
and such 2.5 fold increment during the last 5 years interval
highlights the need of the implementation of the regular
surveillance of ESBL producers.

We studied the activity of tigecycline against 335 gram
positive and gram negative isolates including MRSA, VRE and
ESBL producers. Among the S. aureus isolates both the MSSA
and MRSA were inhibited at MIC < 0.5 mg/L, i.e. susceptibility
to tigecycline according to the MIC breakpoint given by the
FDA.9 The study has been conducted in our setup for the first

J. Evolution Med. Dent. Sci./eISSN- 2278-4802, pISSN- 2278-4748/ Vol. 5/ Issue 88/ Nov. 03, 2016

Original Research Article

time, so we could not compare the results with others in our
area or country. However, it is comparable to the reports
available from many other studies, particularly from India.
Manoharan et al and Behera et al reported all the S. aureus in
their studies were inhibited at MIC of 0.25 mg/L and < 0.5
mg/L, though only MRSA were tested.2324 Concording results
were seen in a report from Pakistan, which showed
susceptibility of MRSA to tigecycline with MIC range from
0.047 - 0.32 mg/L.25 Reports from Tehran and the USA also
showed the MIC value for the S. aureus with MRSA isolates to
be 0.5 mg/L.13 Regarding enterococci, all isolates including
VRE showed susceptibility to tigecycline with MIC value <
0.25 mg/L, results similar to the study conducted by
Manoharan A and Behera B.2324 [t was also consistent with
studies conducted in other parts of the world. Seputiené et al
from Lithuania reported MIC value for both VSE and VRE was
in range of 0.12 - 0.25 mg/L and Sader HS from USA also
reported the MIC value for VSE and VRE to be 0.25 mg/L.126
So it appears that susceptibility to tigecycline among gram
positive isolates as detected in present study was almost
similar in any part of the world and the drug seems to be
effective against them.

Out of 150 gram negative isolates, 82.6% were
susceptible to tigecycline with MIC < 2 mg/L and 17.3% were
resistant with MIC = 8 mg/L. Among these isolates ESBL
producers showed 12.6% resistance, whereas 22.7% of the
ESBL non-producers were found to be resistant to tigecycline.
So, irrespective of being an ESBL producing organism, gram
negative isolates were found to be resistant to tigecycline.
Resistance was seen among 26 gram negative isolates. MIC of
these resistant organisms was seen ranging from 8 - 32 mg/L.
So, among A. anitratus, P. aeruginosa, P. mirabilis,
Enterobacter spp., Esch. coli and C. freundii, 29.6%, 66.6%,
100%, 23%, 3.3% and 25% were found to be resistant
respectively. A report from India showed that all the isolates
of Esch. Coli, K. pneumoniae and Enterobacter spp. were
inhibited at MIC 1 mg/L along with the ESBL production.23
Study in New Delhi reported all the gram negative MDR
isolates along with ESBL producers showing good
susceptibility to tigecycline with an exception to
Acinetobacter spp., among which 58% resistance to
tigecycline was noted.23 Tigecycline activity was tested in
26,474 BSI isolates from 6 continents. It was highly active
against gram negative organisms such as Esch. coli,
Enterobacter spp., K. pneumoniae (MIC 0.25 mg/L, 1 mg/L
and 2 mg/L respectively), but showed limited inhibition to P.
aeruginosa (MIC 16 mg/L) and Proteus spp. (4 - 8 mg/L).1
Resistance of P. aeruginosa as detected in our study with MIC
value up to 32 mg/L is higher, but the MIC values are similar
regarding the P. mirabilis isolates which got inhibited at 8 -
16 mg/L.

However, MIC value was high for some of
Enterobacteriaceae isolates in our study as compared to their
study. Results of all these studies imply that activity of
tigecycline towards certain gram negative bacilli is not as
good as it is towards gram positive cocci. It was not very
active against P. aeruginosa and P. mirabilis and some strains
of A. anitratus had less susceptibility. Perhaps, it is an
indication towards the development of impending resistance
in other gram negative organisms if preventive measures are
not instituted on time. Present study has made an attempt to
look into the activity of tigecycline against the isolates of BSI.
All the isolates of S. aureus including MRSA and enterococci
including VRE displayed susceptibility to tigecycline.
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However,

17% of gram negative organisms showed

resistance to this drug. It indicates an alarming scenario,
particularly in the context of a drug to which local isolates are
yet to be exposed. Nevertheless, considering its long half-life

and

large volume of distribution along with good

susceptibility against majority of gram positive and gram
negative bacteria as well as the multidrug resistant ones, it
can be regarded as a promising drug which should be
preferably held in reserve and used judiciously.527
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