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ABSTRACT

Objective: The rise of deadly “superbugs” among the pathogenic bacterial community is becoming a serious threat and the most centered concern
in the field of clinical microbiology. The aim of this study was to investigate the epidemiological report on the current scenario of the multidrug-
resistance (MDR) and extensive drug-resistance (XDR) characteristics of the frequent clinical isolates in South India.

Methods: In this study, isolates were analyzed using standard microbiological techniques for a 3-month period (January 2013-March 2013).
Antimicrobial susceptibility test in accordance with Clinical Laboratory Standards Institute guidelines (MICRO S23) 2013 were conducted. Resistant
pattern analysis was done using penicillin, aminoglycosides, monobactam, cephalosporins, quinolones, carbapenems, tetracyclines, amphenicols,
sulfonamides, and nitrofurantoin classes.

Results: The highest frequency of MDR characters was owned equally by both the Escherichia coli and Klebsiella sp. with 29% resistance. However,
Acinetobacter sp., among the MDRs, though it contributed to only 6% prevalence, it exhibited 100% resistance toward carbapenems compared to all
other organisms. Our study revealed that the prevalence of carbapenem-resistant Gram-negative bacteria (GNB) in South India is 21.42%.

Conclusion: This study mainly underlines the increasing resistance in GNB to carbapenem with the data analysis over a 3-month period. This
epidemiological report also insists on the dissemination of MDR among GNB in the South India. Hence, our team is working on the data for the similar
period in the coming years also for having a strong hold on the status of MDR and XDR each year.

Keywords: Antibiotic resistance, Epidemiology, Extreme drug-resistant gram-negative bacteria, Multidrug-resistant gram-negative bacteria,

Resistance pattern.

INTRODUCTION

Gram-negative bacilli which include Enterobacteriaceae family
and the non-fermentors including Pseudomonas sp., Acinetobacter
sp., show multidrug-resistance (MDR) as they are fast in acquiring
the ability to resist the effects of more than one or two classes of
antibiotics to which they were previously sensitive. Recent studies
on antibiotic resistance have focused on extensive drug-resistance
(XDR), that is, resistance to all except one or two antibiotics [1].
Gram-negative bacteria (GNB) are the potent organisms responsible
for bloodstream infections, intra-abdominal infections, urinary tract
infections, hospital-acquired pneumonia, respiratory tract infections,
and also infections in the wound and central venous catheters [2-4].
Now-a-day, both the fermentative and non-fermentative GNB are
more rapidly acquiring MDR than Gram-positive bacteria. A recent
study has reported that multidrug-resistant GNB have become serious
threat with the mortality rate ranging from 30% to 70%, particularly
in hospitalized patients. In Enterobacteriaceae, extended-spectrum
B-lactamases enzymes of carbapenem-hydrolyzing carbapenemases
constitute an important growing public threat due to the widespread
usage of carbapenem drugs [5-7].In 2011, a survey report of the Indian
Situation Analysis by the Global Antibiotic Resistance Partnership
(GARP) clearly stated that resistance against certain antibiotics is
already at higher levels in India but the problem is hidden due to
limited surveillance, but the issue was highlighted after the New Delhi
metallo-f-lactamase-1 was reported, which conferred broad resistance
to all major antibiotics including highly stable carbapenem [8]. A very
recent review reported that the sporadic or endemic outbreaks of
carbapenemases in Enterobacteriaceae can be categorized under three
types of classes: A, B, or D [9,10]. Although MDR is the growing issue

for both the gram-positive and GNB, the greater attention is on GNB.
They are mainly associated with complicated, invasive medical devices
and surgical things and serve as a major source of nosocomial infection.
This scenario drew our attention toward the highly pathogenic
gram-negative bacilli during our clinical survey on the MDR and XDR
characteristics against carbapenem antibiotics in South India.

This is a strong epidemiological report based on large data gathered
from South India to explore the worsening scenario of carbapenem-
resistant GNB (CR-GNB) prevalence in routine clinical samples along
with the overview of emerging XDR organisms beyond the MDR
organisms.

The objective of this study was to perform an epidemiological work on
the current scenario of clinical infections in South India by focusing on
two major aspects. In the first phase, the steadily increasing bacterial
infections were observed by screening the routine clinical samples
including blood, urine, pus, and all kinds of swabs for microbiological
analysis from different places of south India. In the second phase, the
prevalence of MDR, XDR, and CR-GNB pattern was analyzed using
percentage analysis. This is the first moralistically done epidemiological
report from South India having vast sample study within a short period
of investigation since a global level attention is required from rural and
urban regions all over.

METHODS

This study was conducted in the Department of Clinical Microbiology,
Bioline Laboratory, Coimbatore, Tamil Nadu, India, during the period
from January 2013 to March 2013.
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Clinical sample collection
The prospective samples (blood, urine, pus, and all kinds of swabs) were
received from different places of the South India and were subjected to
microbiological testing [11].

Isolation and identification

Isolation and identification of pathogenic bacterial strains were
carried out as described by standard microbiological techniques [12].
Blood agar and MacConkey agar plates were used for the isolation
and differentiation of bacterial isolates. Furthermore, identification
and confirmation of strains were carried out using Vitek2 Compact
(Software version 6.01, bioMerieux, France).

Antibiotic sensitivity test

Antibiotic susceptibility test was performed on Muller-Hinton agar
plates by disk diffusion method according to National Committee for
Clinical Laboratory Standards guidelines, 2013 [12]. The diameter of
the zone of inhibition around the antibiotic disk was recorded and
interpreted as sensitive or intermediate resistant or resistant based
on the analysis of their inhibition zone, and thus the susceptibility was
determined according to an Automated Osiris system (Version 9, Bio-
Rad, USA) as per Clinical Laboratory Standards Institute guidelines,
2013. Criteria for resistance were evaluated in accordance with the
calculation of resistance in percentage for every antibiotic in a class.
The MDR was confirmed in bacteria if they were found to be resistant to
more than three classes of antibiotic agents among the total antibiotics
subjected [13], which included the following classes of antibiotics:
penicillin, amino glycosides, monobactam, quinolones, tetracyclines,
sulfonamides, nitrofurantoin, amphenicols, and carbapenem. The
antibiotic-resistant pattern was analyzed with their resistance
characters toward the above-mentioned antibiotics and the average
percentage for the resistance was calculated for the confirmation of
MDR-GNB. Organisms with intermediate levels of resistance toward
the antibiotics were excluded from the percentage analysis of antibiotic
resistance pattern. Finally, the most concerned CR MDR organisms
were targeted for the better understanding of resistance characters.

RESULTS

Current status of bacterial infection in the South India

The first phase of the epidemiological study on the bacterial infections
in the South India during January 2013 to March 2013 and distribution
of samples are clearly summarized in Table 1. Maximum numbers of
clinical samples were received from the highly populated geographical
regions such as Coimbatore and Madurai. It was observed that majority
of the route of infection is evidenced in urine samples of women aged
above 25, which coincides with the recent reports of urinary tract
infections [14].
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Epidemiology and prevalence of MDR organisms and XDR
organisms in the South India

Antimicrobial susceptibility test

Table 2a and b show the antibiogram and the basic epidemiological
characteristics of the MDR and XDR bacterial isolates tested. The second
phase of this epidemiological study was the surveillance of MDR from
the processed samples. Of 9152 processed samples, 15 Gram-negative
MDR showed extreme resistance, of which 2, MDR were from the same
sample (Table 1). Among them, 10 isolates were of Gram-negative MDR
from urine samples, and 5 isolates were confirmed Gram-negative MDR
from other samples (swab and pus). Our study reveals that the majority
of the MDR were isolated from patients aged 40 years and above,
whereas 3 samples were from patients in the age group 25-30 years.

Our study shows that 100% of the Escherichia coli and Klebsiella
species are resistant to second, third, and fourth generations of
cephalosporins. The resistance toward the penicillin class of antibiotics
such as ureidopenicillins and aminopenicillins with the combination
of tazobactam and sulfactam varies with E. coli (93.3%), Klebsiella sp.
(86.66%), Pseudomonas sp. (85.41%), and finally Acinetobacter sp.
(75%) [15]. The monobactam, one of the beta-lactam drugs that are
structurally related to the above-mentioned class of antibiotics penicillin
and cephalosporin, shows 100% resistance against E. coli, Klebsiellla
sp., and Acinetobacter sp. except Pseudomonas sp. (75%). These
organisms also showed MDR against protein synthesis inhibitors such
as aminoglycosides and tetracycline, which is as follows: E. coli, 100%;
Klebsiella sp., 88.83%; Pseudomonas sp., 81.21%; and Acinetobacter sp.,
75% and E. coli, 75%; Klebsiella sp. 60%; Pseudomonas sp., 62.5%; and
Acinetobacter sp., 100%. Acinetobacter sp., which causes DNA damage
and cell death, showed 100% resistance against the major generations
of quinolones, whereas the others showed resistance against E. coli
(82%) [4,16], Klebsiella sp. (96%), and Pseudomonas sp. (82.5%).
Toward the member of the folate pathway inhibitors sulfonamides, all
the MDR showed 100% resistance except E. coli (80%). In contrast, the
related drug nitrofurantoin was subjected to all the three MDR except
Acinetobacter sp., which showed 0% resistance by E. coli, whereas
Klebsiella sp. and Pseudomonas sp. showed 100% and 75% resistance,

Table 1: Distribution of bacterial isolates in clinical samples

Samples (January 2013 to March 2013) Number of samples

Urine samples 6708
Pus samples 868
Sputum samples 416
Swab samples 330
Blood samples 830
Total number of samples 9152

Table 2a: Antibiotic resistant attributes of occurred clinical isolates

Sample Age Sex Sample Antibiotic resistance attributes (%+SD)

no. Isolates P A M C Q
01-101322 * F Pus E. coli 100+0.5 100+0.7 100+0.5 100+0.4 100+0.5
01-101322 * F Pus Pseudomonas sp. 75+0.6 25+0.3 100+0.5 100+0.6 50+0.8
15-008937 44 M Swab Acinetobacter sp. 75+0.9 75+0.7 100+0.5 100+0.5 100+0.3
15-9421 44 M Sputum Klebsiella sp. 100+0.6 75+0.3 100£0.9 100+0.4 100+0.5
01-116632 * M Pus E. coli 100+0.5 100+0.3 100+0.8 100+0.5 50+0.3
05-21119 27 M Urine Klebsiella sp. 66.66+0.9 100+0.5 100+0.3 100+0.8 80+0.9
06-037257 30 M Urine E. coli 66.66+0.5 100+0.8 100+0.3 100+0.5 80+0.8
15-8630 65 F Urine Klebsiella sp. 100+0.5 66.66+0.9 100+0.5 100+0.8 100+0.5
01-104301 62 M Urine Pseudomonas sp. 66.66+0.9 100+0.5 0 100+0.8 100+0.3
01-107632 79 M Urine Pseudomonas sp. 100+0.5 100+0.3 100+0.5 100+0.5 100+0.2
01-109560 59 M Urine Klebsiella sp. 100+0.2 100+0.8 100£0.1 100+0.8 100+0.5
01-110423 46 F Urine E. coli 100+0.2 100+0.5 100+0.8 100+0.7 80+0.2
06-040256 49 M Urine Pseudomonas sp. 100+0.5 100+0.8 100+0.9 100+0.6 80+0.9
01-115018 70 F Urine E. coli 100+0.8 100+0.6 100+0.7 100+0.8 100+0.2
15-63 52 M Urine Klebsiella sp. 66.66+0.7 100+0.8 100+0.5 100+0.5 100+0.3

*100% carbapenem-resitant organisms. *Age missing SID: 01-101322, 01-116632. M: Male, F: Female, P: Penicillin, A: Aminoglycosides, M: Monobactam,

C: Cephalosporins, Q: Quinolones, E. coli: Escherichia coli, SD: Standard deviation
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Table 2b: Antibiotic resistant attributes of occurred clinical isolates

Sample Age Sex Sample Antibiotic resistance attributes (%+SD)

no- Isolates cA T AM s N
01-101322 * F Pus E. coli 66.66+0.9 50£0.9 0 100+0.4 -
01-101322 * F Pus Pseudomonas sp. 0 50£0.9 0 100+0.5 -
15-008937 44 M Swab Acinetobacter sp. 100%+0.5 100+0.4 0 100+0.3 -
15-9421 44 M Sputum Klebsiella sp. 66.66+0.8 0 100+0.8 100+0.4 -
01-116632 * M Pus E. coli 66.66+0.3 0 0 0 -
05-21119 27 M Urine Klebsiella sp. 33.33+£0.9 100+0.5 - 100+0.7 100+0.3
06-037257 30 M Urine E. coli 66.66+0.8 100+0.3 - 100+0.5 0
15-8630 65 F Urine Klebsiella sp. 66.66+0.2 100+0.4 - 100+0.4 100+0.7
01-104301 62 M Urine Pseudomonas sp. 33.33+0.8 0 - 100+0.4 100+0.5
01-107632 79 M Urine Pseudomonas sp. 66.66+0.8 100+0.5 - 100+0.1 100+0.3
01-109560 59 M Urine Klebsiella sp. 66.66+0.8 0 - 100+0.1 100+0.4
01-110423 46 F Urine E. coli 66.66+0.8 100+£0.5 - 100+0.4 0
06-040256 49 M Urine Pseudomonas sp. 100%+0.4 100+0.2 - 100+0.4 0
01-115018 70 F Urine E. coli 100%+0.4 100+0.4 - 100+0.5 0

15-63 52 M Urine Klebsiella sp. 33.33+£0.9 100+0.2 - 100+0.5 100+0.5

*100% carbapenem-resistant organisms. *Age missing SID: 01-101322, 01-116632. M: Male, F: Female, CA: Carbapenems, T: Tetracyclines, AM: Amphenicols,

S: Sulfonamides, N: Nitrofurantoin, E. coli: Escherichia coli, SD: Standard deviation

respectively. One of the significant protein synthesis inhibitors,
amphenicols (chloramphenicol), showed 0% resistance by all the three
MDR except Klebsiella sp. (100%) [13,16]. Significantly, toward the
most concerned carbapenem antibiotics, the Acinetobacter sp. showed
100%, and E. coli, Klebsiella sp. and Pseudomonas sp. showed 73.32%,
53.33%, and 49.99% resistance, respectively [15]. Tables 2 and 3
summarize the detailed distribution of MDR and XDR in the South India
with patient characteristics and antibiotic resistance pattern.

The frequency rate of 15 gram-negative MDR isolates is shown in Fig. 1.
Of these 15 isolates, 5 isolates are non-fermentative gram-negative
MDR. The percentage of the isolated MDRs prevalence is as follows: E.
coli (33.33%), Klebsiella sp. (33.3%), Pseudomonas sp. (26.66%), and
Acinetobacter sp. (6.66%). Our study shows that the frequent multiple
drug-resistant character was predominantly incurred with both E. coli
and Klebsiella sp. [11,14]. Similarly, 60% of the most predominant MDR
of E. coli were isolated from urine samples [17].

Fig. 2 depicts that of the 15 MDR-GNB observed, 11 were confirmed to
be XDR [1]. The percentage of emerging XDR among the MDR in South
India includes E. coli (80%), Klebsiella sp. (80%), Pseudomonas sp.
(50%), and finally Acinetobacter sp. (100%).

DISCUSSION

The first phase of our study clearly shows the epidemiology of
bacterial infections influenced by multiple factors. The samples of
blood, urine, pus, and swabs were the only targeted clinical samples in
this study, because bloodstream, urinary tract, and wound infections
are the significant route for many bacterial infections. In addition, we
selected the most frequently received samples for this study. With the
overall analysis of clinical samples from many places, the maximum
numbers of samples received were from the highly populated cities
such as Coimbatore and Madurai. This study shows that the number of
people affected with severe bacterial infections and taking treatment
to the level of microbiological analysis remains high in the Coimbatore
and Madurai region compared to other places included in this study:.
The reasons for inclusion of less number of samples from other
regions were a lack of hospital and diagnostic facilities. In addition,
due to the inadequate number of health care personnel, unexpected
nosocomial infections are also emerging as a broader way of MDR
transmission among patient community [18]. This epidemiological
report also highlights the steadily increasing rate of urinary infections
among women aged 20 and above. This was indicated by the highest
number of urine samples (6708) evaluated (73.29%), maximum
from females in premenopausal and menopausal periods, of a total of
9152 samples [4].

Table 3: Incidence of MDR and extensive drug-resistance
in clinical isolates

MDR isolates (January 2013 to March 2013) Number of isolates

E. coli 5
Klebsiella sp. 5
Pseudomonas sp. 4
Acinetobacter sp. 1
Total number of Gram-negative MDROs 15

Of these 15, MDR 11 organisms were found to be XDR. MDR: Multidrug-resistance,
XDR: Extensive drug-resistance, E. coli: Escherichia coli

m E.coli
W Klebsielllasp.,
w Pseudomonas sp.,

B Acinetobacter sp.,

Fig. 1: Prevalence of multidrug-resistance using percentage
analysis

The second phase of this epidemiological study was the investigation
of MDR prevalence in South India to find out the most threatening CR
Gram-negative MDR and XDR. The well-known reasons behind this
antibiotic pressure in bacteria are the improper use of antibiotics
and marketing strategies adopted by pharmaceutical companies
for promotion of their product. In our study, for every 538 samples,
1 sample was confirmed to be the case of MDR, with a ratio of 1:500.
On the basis of the 3-month MDR surveillance study, the percentage
of MDR in South India was found to be 0.2%. It was also estimated
that the nature of MDR attributes is likely to be more in GNB than in
Gram-positive bacteria. In our study, 15 MDR-GNB included E. coli,
Klebsiella sp., Pseudomonas sp., and Acinetobacter sp., as the major
resistant organisms. Importantly, the high frequency of MDR was
found in E. coli and Klebsiella sp. consistently with a similar ranking
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Fig. 2: Frequency of extensive drug-resistance organisms from
total multidrug-resistance organisms

percentage (33.3%). While comparing the percentage obtained for
these two nosocomial pathogens, Pseudomonas sp. ranked lower in
frequency (26.6%). At last, the frequency of Acinetobacter sp. was
very less, that is, 6.6%. However, this observation is more often
with intensive care unit (ICU) patients with severe health problems
leading to complications during treatment and this similar with
previous studies in last few decades [17]. In another way, this
study also clearly shows that maximum number of MDR prevalence
(41.17%) was observed at Coimbatore, a highly populated
geographical region. This may be because Coimbatore like other
highly populated city provides all kinds of advanced diagnostic
and hospital facilities by accompanying health care services
to all nearby districts and states. In this study, we restricted the
antibiotic resistance pattern analysis only to MDR GNB based on
two aspects. Second, GNB infections cause more complications in
treatment with higher mortality rate in early reports with the note
on Acinetobacter sp. and Pseudomonas sp. in particular [14,19-21].
This antibiotic-resistant pattern analysis includes all the first-line
and the second-line antibiotics, mainly following three antibiotics
in carbapenem class: Meropenem, imipenem, and ertapenem. [t
clearly identifies that the antibiotic-resistant pattern is succeeded
with 100% resistance in some of the major antibiotics in the
first line except the second-line carbapenems. It highlights the
default 100% resistances against cephalosporins, which was
followed by monobactam, sulfonamides, nitrofurantoin (excluding
Acinetobacter sp.), aminoglycosides, and quinolones with a slight
variation. Finally, it was found that penicillin and tetracycline
groups still show minimum sensitivity. Today’s worldwide concern
of CR in our study was observed with 21.42%. This study also
reveals the total number of XDR organisms among the total MDR
organisms observed, and it was found to be 11 XDR. It is notable
that Acinetobacter sp. shows 100% resistance to all the carbapenem
groups (meropenem, imipenem, and ertapenem) [4]. In contrast,
two strains (E. coli [115018] and Pseudomonas sp. [040256]) were
found to be resistant to all the antibiotics in the carbapenem class
exceptimipenem. Previous investigations reported that in the United
States, 60-70% E. coli strains showed resistance to fluoroquinolones,
whereas in our study resistance was seen in more than 80% strains
of E. coli in South India, which is increasing steadily [4,16,22]. In a
previous study, it was reported that lactose non-fermenting Gram-
negative pathogens such as Acinetobacter sp. and Pseudomonas sp.
differ from other MDR GNB by their impermeability of the outer
membrane structures, which made them to attain such defense
mechanism against multiple antibiotics [23,24]. These are the two
significant pathogens that frequently cause nosocomial infections
among patients admitted to ICU [4,16,20]. It is clear that GARP has
recommended two complementary types of surveillance including
surveillance for antibiotic resistance and surveillance for antibiotic
use for facilitating better prophylaxis [8,24].
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CONCLUSION

We conclude that CR-GNB is very often found in clinical settings. In
addition, XDR is also slowly stepping in along with the commonly
existing issue and ticking horror from all the populated ends. Antibiotic
susceptibility for the clinical pathogens may enhance the awareness
about the prevalence of MDR and XDR worldwide to uplift the treatment
(carbapenem) with better choices. Hence, we are working at molecular
level to understand the genetic features of deadly MDR and XDR for the
future development of novel drugs and preventive approaches.
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