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Abstract
Background: Multidrug resistant (MDR) enterobacteriaceae like extended spectrum beta lactamase (ESBL) and 
metallo-beta lactamase (MBL) are being encountered as the causative agents of blood stream infection. To overcome 
this, accurate diagnosis of MDR pattern with appropriate antibiotics is required. Tigecycline is a broad spectrum 
antibiotic which exhibit strong activity against MDR enterobacteriaceae. This study is aimed to find out resistance 
pattern like ESBL and MBL with invitro activity of tigecycline against enterobacteriaceae.

Methods: A descriptive cross-sectional study was conducted in the Department of Microbiology, B.P. Koirala Institute 
of Health Sciences, from 1st September 2014 to 31st August 2015. Confirmation for ESBL was done as recommended 
by Clinical and Laboratory Standard Institute (CLSI) and MBL production was detected by double disk synergy test. 
Antibiotic sensitivity test against tigecycline was done by Kirby-Bauer disk diffusion method. 

Results:  192 (1.70%) enterobacteriaceae were isolated throughout the study. Among them, 94 (49%) were ESBL, 51 
(26.5%) were carbapenemase and 22 (11.5%) were MBL producers. A total of 64 (33.4%) isolates were found to be 
MDR. None of the isolates was resistant against tigecycline.

Conclusion: Tigecycline is found to have excellent invitro activity against MDR enterobacteriaceae from BSI.
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Introduction
Blood stream infection (BSI) is potentially a life-threatening dis-
ease as it can cause serious secondary infections like – infective 
endocarditis, osteomyelitis and may result in severe sepsis. BSI 
due to multidrug-resistant (MDR) organisms has been associated 
with multiple poor outcomes like duration of hospital stay, health 
care cost and a high morbidity and mortality rate [1–3].

Over recent years, problem of multidrug resistant Enterobacte-
riaceae has increased dramatically and occupies the third most 
leading cause of BSI in most of the settings [4]. The escalating 
burden of multidrug resistance in Enterobacteriaceae is largely due 

to production of beta lactamase and subset of beta lactamase that 
are enzymes that bind, deactivate the different types of beta lactam 
antibiotics and confer broad  resistance against them [5].

Tigecycline is a broad-spectrum of antibiotic, which falls under 
glycylcycline group. It acts as a protein synthesis inhibitor. It binds 
30S ribosomal subunit of bacteria and thereby blocking the inter-
action of amino acyl tRNA with A site of the ribosome. It also 
overcomes the effect of efflux pumps thus remains unaffected by 
the typical mechanisms that render bacteria resistant to the tetra-
cycline class [6]. Tigecycline is also not associated with cross-re-
sistance to other antibiotics, conferring another advantage in its ac-
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tivity against several Extended Spectrum Beta-Lactamase (ESBL) 
and carbapenemase producing Enterobacteriaceae [6]. Tigecycline 
has become an alternative to face the challenges of many MDR 
organisms [7].

Use of tigecycline in bacteremia is controversy because of its low 
serum levels with standard dose [3]. A prospective study demon-
strates that tigecycline along with standard dose imipenem showed 
good clinical efficacy on patients with bacteremia [8]. Therefore, 
we aimed to study the invitro activity of tigecycline against mul-
tidrug-resistant enterobacteriaceae isolates from blood stream in-
fection.

Methods
A descriptive cross-sectional study was conducted in the Depart-
ment of Microbiology, B.P. Koirala Institute of Health Sciences, 
Dharan, from 1st September 2014 to 31st August 2015. Ethical ap-
proval was obtained from Institutional Review Committee (IRC), 
B.P. Koirala Institute of Health Sciences, Dharan, Nepal. All meth-
ods in this study was carried out in the hospital premises of BP-
KIHS in accordance with guidelines provided by “BPKIHS - code 
no IRC/424/014”.

A total of 11,264 blood samples were obtained in the Department 
of Microbiology for culture. Three ml blood was collected in Brain 
Heart Infusion (BHI) Broth in a dilution of 1:10. Blood cultures 
were processed in BD 9050 system (Becton and Dickinson, New 
York, USA). BHI Broths were aerobically incubated at 35°C for 5 
days and observed for growth of microorganisms. If there is any 
sign of growth, sub-culture was done on Chocolate agar, Blood 
agar and MacConkey’s agar (Hi Media, Mumbai, India). Culture 
plates were incubated aerobically for overnight at 35 °C except 
for chocolate and blood agar, as they were incubated in 5% CO2 
incubator [9]. Identification of isolates was performed following 
standard microbiological techniques which involved the morpho-
logical appearance of the colonies, Gram’s staining, motility test 
and a battery of biochemical tests which included oxidase test, 
sugar fermentation test, nitrate reduction test, decarboxylation test 
and other biochemical parameters [10].

Antibiotic susceptibility against enterobacteriaceae isolates was 
determined by Kirby–Bauer disk diffusion method. A suspension 
was made by inoculating 3-5 pure bacterial colonies in nutrient 
broth. Before inoculating the suspension on Muller Hinton Agar 
(MHA), turbidity was matched with 0.5 McFarland standards. 
MHA plate was allowed to come to room temperature before use. 
Antibiotics were placed on the surface of the inoculated 120 mm 
MH agar plate within 15 minutes of inoculation. Gentle pressure 
was applied on the disk to ensure complete contact with the agar 
surface. Edge to edge distance between two antimicrobial disks 
was not less than 15 mm. The plates were then covered with its 
lid, inverted and incubated overnight at 35oC aerobically in a non 
CO2 incubator [11].

Antibiotics used were several beta-lactam and tigecycline (TGC) 
(15µg). Beta-lactam antibiotics used were Cefotaxime (CTX) 
(30µg), Ceftazidime (CAZ) (30µg), Ceftriaxone (CTR) (30µg), 
Cefotaxime with clavulanic acid (CAC) (30/10µg), Ceftazidime 
with clavulanic acid (30/10µg), Ertapenem (ETP) (10µg), Ce-
foxitin (CX) (30µg), Cefepime (CPM) (30µg), Aztreonam (AO) 
(30µg), Imipenem (IPM) (10 µg). After 18-24 hours of incubation, 
each plate was examined for the zone of inhibition. Zone diameter 
of complete inhibition (as judged by unaided eye) was measured in 
a transmitted light with the help of scale or vernier caliper, held on 
the back of the petri plate. Interpretation of antibiotic susceptibility 
test results was made as per the guidelines provided by the Clini-
cal and Laboratory Standards Institute (CLSI) [12]. Isolates were 
further tested by performing sensitivity test against tigecycline by 
Kirby-Bauer disk diffusion method. As for interpretation of sus-
ceptibility pattern of tigecycline, isolates showing zone of inhi-
bition (ZOI) ≥ 18 mm were interpreted as sensitive, 15 to 17 mm 
interpreted as intermediate susceptible and ≤ 15 mm interpreted 
as resistant. Most of the studies have done E-test or agar dilution 
test for calculation of minimum inhibitory concentration (MIC) of 
tigecycline, but in this study Kirby-Bauer disk diffusion method 
is used as this method is cost effective for community perspec-
tive as compared to MIC [13, 14]. Escherichia coli ATCC 25922 
was used as the control organisms for the antibiotic sensitivity 
test. Isolates showing resistant to at least one antibiotic in three or 
more antimicrobial classes were confirmed as multidrug-resistant 
(MDR) phenotype [9, 15].

Detection of ESBL
Isolate showing zone of inhibition (ZOI) of ≤ 27 mm for cefotax-
ime (CTX) (30 µg) and ≤ 22 mm for ceftazidime (CAZ) (30 µg) 
was confirmed by combine disk method. For this, antimicrobial 
disks (HI Media, Mumbai, India) used were CTX (30 µg), CAZ 
(30 µg), cefotaxime-clavulanic acid (CEC) (30 µg/10 µg) and 
ceftazidime-clavulanic acid (CAC) (30 µg/10 µg). Each disk was 
placed at a distance of at least 20 mm (center to center). Isolates 
resistant to CTX and CAZ but sensitive to CEC and CAC with 
enhanced ZOI ≥ 5 mm was confirmed as ESBL producers [12]. 

Detection of Carbapenemase
Isolates that showed resistant to ertapenem (ETP) (10 µg) (ZOI 
≤ 22 mm) as well as other antibiotics but sensitive to imipenem 
(IPM) (10 µg) (ZOI ≥ 23 mm) were considered as carbapenemase 
producers [16].

Metallo β-lactamase (MBL)
All carbapenemase producers were tested for double disk synergy 
test and were confirmed by Modified Hodge Test (MHT).

Double Disk Synergy Test
Double disk synergy test was done by using anhydrous ethylene 
diamine tetra acetic acid (EDTA) disk of concentration 1.5 mg/
disk (0.5 mol.) and imipenem (IPM) (10 µg). EDTA-IPM disks 
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were kept at a distance of 10 mm apart (edge to edge). Enhanced 
ZOI showing synergistic effect between the two disks was consid-
ered as MBL producers [17, 18]. 

Modified Hodge Test (MHT)
For this, ATCC Escherichia coli was inoculated on MHA plate. 
With the help of sterile forcep, IPM disk was placed at the center 
of the plate. Isolated strain was inoculated perpendicular to IPM 
disk. After incubation for 18-24 hours at 35oC in an aerobic condi-
tion, appearance of a clover leaf at the streaking line of the isolated 
strain was confirmed as MBL producers [16]. 

Data and statistical analysis 
The data generated during the study period were analyzed by us-
ing SPSS version 16.0 and were analyzed according to frequency 
distribution and percentage.
Results
During the study period, a total of 11,264 blood samples were 
collected from the patients subjected to Blood Stream Infections. 
Of these isolates, 192 (1.70%) were Enterobacteriaceae compris-
ing of Escherichia coli 95 (49.48%), Klebsiella pneumoniae 45 
(23.44%), Enterobacter aerogenes 27 (14.06%), Citrobacter fre-
undii 6 (3.13%), Citrobacter koseri 6 (3.13%), Proteus vulgaris 
3 (1.56%), Salmonella Typhi 3 (1.56%), Enterobacter cloacae 
2 (1.04%), Proteus mirabilis 2 (1.04%), Klebsiella oxytoca 1 
(0.52%), Morganella morganii 1 (0.52%) and Salmonella Paraty-
phi A 1 (0.52%). (Figure 1).

Figure 1: Frequency of Enterobacteriaceae Isolates (n=192)

Sex Wise Distribution of Studied Patients (n=192):
Of the total Enterobacteriaceae isolates, 113 (59%) were obtained 
from male patients and 79 (41%) from female patients. Figure 2.

Figure 2: Sex Wise Distribution

Age Wise Distribution (n=192):
Enterobacteriaceae was isolated from blood in all aged groups. 
Among them, majority were from age group <10 years (71; 37%), 
followed by age groups 50-89 years (46; 24%) and age groups 
20-29 years (25; 13%). The number of Enterobacteriaceae in other 
age groups were almost similar, i.e.  30- 39 years (17; 9%), 40-49 
years (17; 9%) and 10-19 years (16; 8%). There were 15 neonates, 
19 infants and 30 children (<12 Years). Figure 3

Figure 3: Age wise distribution (n=192)

Frequency of β-lactamases Producers
Results of different types of β-lactamases produced by Entero-
bacteriaceae are given in figure 4. ESBL was the most common 
β-lactamase 94 (49%), followed by carbapenemase 51 (26.5%) 
and MBL 22 (11.5%). 

Figure 4: β-lactamase producers (n=192
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Antibiotic used Sensitive (%) Resistance (%) Intermediate (%)
Cefotaxime 25.50 73.40 1.10
Ceftazidime 23.96 72.40 3.64
Ceftriaxone 42.70 54.70 2.60
Cefotaxime-clavulanic acid 71.90 28.10 0.00
Ceftazidime-clavulanic acid 68.30 31.70 0.00
Cefoxitin 41.70 41.70 16.6
Cefepime 39.60 58.9 1.50
Aztreonam 40.10 56.25 3.65
Ertapenem 66.63 26.56 7.81
Imipenem 85.40 11.50 3.10
Tigecycline 98.96 0.00 1.04
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Antibiotic Sensitivity Pattern of Enterobacteriaceae
Most of the isolates were resistant to third generation cephalospo-
rins, cefotaxime (141; 73.40%), ceftazidime (139; 72.40%) and 
ceftriaxone (105; 54.70%). Similar sensitivity pattern for cefepime 
(113; 58.80%) was observed compared to third generation cepha-
losporins. Most of the isolates of E. aerogenes (17; 63%) and C. 
freundii (4; 67%) were sensitive to cefepime. All three isolates of 
S. Typhi were sensitive to cefepime. Regarding monobactam, 77 
(40%) isolates were found sensitive and the number of resistant 

isolates were equal to the sensitive isolates. Among carbapenems, 
22 (11.5%) isolates were resistant to imipenem and 51 (26.5%) 
isolates were found resistant to ertapenem. Most of the isolates 
(164; 85.4%) were sensitive to imipenem. Almost 99% of the iso-
lates were found sensitive to tigecycline (zone of inhibition ≥18 
mm). Only two of the isolates (K. pneumoniae) were found to have 
intermediate susceptibility (zone of inhibition ≤16 mm) to tigecy-
cline. (Table 1)

Table 1: Antibiotic Sensitivity Pattern of the Enterobacteriaceae

MDR Enterobacteriaceae

Figure 5: MDR Enterobacteriaceae (n=64)

Among 192 Enterobacteriaceae, 64 (33.3%) isolates were found 
to be multidrug resistant. Escherichia coli (26) was found to be 
the leading one among the MDR isolates, followed by Klebsiella 
pneumoniae (21), Enterobacter aerogenes (8), Citrobacter koseri 
(3), Citrobacter cloacae (2) and one each of Citrobacter freundii, 
Klebsiella oxytoca, Proteus vulgaris, and Salmonella Paratythi A. 
(Figure 5)

Discussion
In our study, the frequency of Enterobacteriaceae from BSI was 
found to be 1.7% (192) out of total blood culture positive 17.3% 
(1948). It is similar to the study conducted by Abdallah et al in 
2015 in Egyptian patients and in Nepal by where the number of 

Enterobacteriaceae isolated found to be 94 and 96 respectively, 
which was less as compared to our study [19, 20].

β-lactamase production remains the most important mediator of 
β-lactam resistance in enterobacteriaceae [21]. In the present study, 
among 49% ESBL producers, 64% were Escherichia coli followed 
by K. pneumoniae 20%. Similar type of study conducted by Shres-
tha et al at  BPKIHS  in the year 2007 where the prevalence of 
ESBL among the clinical isolates of pyogenic infections were - E. 
coli (53%), K. pneumoniae (14.8%),  P. mirabilis (12.9%), Entero-
bacter species (5.5%)  and Citrobacter species (5.5%) [22]. Emer-
gence of ESBL is probably due to widespread use of third-gener-
ation cephalosporins which is believed to be the major cause of 
mutations in TEM and SHV enzymes [21]. 

In this study, Carbapenemase producers was found to be 51 
(26.5%). In screening MBL, 22 (11.5%) isolates were imipenem 
resistant, whereas 51 (26.5%) were resistant to ertapenem. MBL 
producing Klebsiella species in the present study was found to be 
higher in number than that shown by [23]. In a study conducted by 
Vinod Kumar et al., 20% resistance to imipenem and 17% MBL 
production was reported. Similarly, reported 20% MBL produc-
tion in their study [24]. 

Antimicrobial susceptibility profile of Enterobacteriaceae showed 
a high degree of resistance to the antimicrobials. Resistance 
against cefotaxime and ceftazidime were highest (72–74%) as 
compared to the resistance pattern against antimicrobials. In BSIs, 
third-generation cephalosporins have been extensively used as a 
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first-line antibiotic, because of which they are rendered useless. 
Our isolates showed least resistance for imipenem (11.5%) and 
ertapenem (26.5%). The rate of resistance to the various drugs was 
in concordance with other studies [21, 24 and 25]. In our study, 64 
(33.3%) isolates were MDR. Various authors have reported high 
percentage of MDR in their study [21, 25 and 26]. 

Among the isolates, 190 (99%) were sensitive to tigecycline. Two 
K. pneumoniae were found to have intermediate susceptibility to 
tigecycline. In a study conducted by Mohanty and Mahapatra, 
6.7% of the isolates (all K. pneumoniae) and seven K. pneumoniae 
(14.5%) was found resistant to tigecycline, which is different from 
our study [6]. Present study showed good activity of tigecycline 
(99%) against the isolates. Only two isolates were found to have 
intermediate susceptibility to tigecycline. Similar results were 
documented by Sader et al [27]. Tigecycline was very active and 
appears to be an excellent option for treatment of infections caused 
by these multidrug-resistant Enterobacteriaceae [27, 28]. Clinical 
efficacy of tigecycline in BSI has not yet been established. In vitro, 
evaluation of its efficacy in ESBL and MBL producing isolates 
in septicemia have been reported by Roy et al. in two different 
studies [29, 30]. 

Conclusion
In conclusion, tigecycline has showed excellent effect against 
MDR Enterobacteriaceae. The limited availability of suitable al-
ternate therapeutic armamentarium necessitates the use of tigecy-
cline with a critical and urgent need to continuously monitor the 
emergence and spread of resistance. Present study has documented 
the increasing antimicrobial resistance among isolates from BSI 
which is a matter of concern for clinicians and microbiologists. 
This reflects the need for early detection and prevention of further 
spread of resistance to other bacteria.

Limitations
We are unable to perform minimum inhibitory concentration 
(MIC) for tigecycline as E-strip for tigecycline is expensive and 
fund was not available for this study. It would not be helpful for the 
community people for diagnostic purpose as it is not cost effective. 
Therefore, Kirby-Bauer disk diffusion test is done for determina-
tion of sensitivity pattern of tigecycline.
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