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Abstract. Shigellosis is endemic in many developing countries and an important
cause of bloody diarrhea worldwide. Our study was undertaken as a continua-
tion of our earlier study during 2001 - 2006.The aim of this study was to monitor
changes in Shigella serogroups and resistance patterns to antimicrobials among
Shigella isolates. Two thousand one hundred fecal samples were obtained from
patients with diarrhea during June 2006 - June 2011. Isolates were identified by
standard microbiological techniques as Shigella spp and the disk diffusion method
was used to determine antimicrobial susceptibility following CLSI guidelines. Of
the 2,100 fecal samples, 77 (3.7%) contained Shigella spp, of which 73 (94.8%) were
S. flexneri, 3 (3.9%) were S. sonnei and 1 (1.3%) was S. dysentriae type 1. S. boydii was
not identified. One hundred percent resistance was noted against nalidixic acid.
There were high levels of resistance to other antimicrobials: ampicillin (100%),
Co-trimoxazole (89.6%), tetracycline (84.4%), ciprofloxacin (87%) and norfloxacin
(83.1%). Most of the isolates were susceptible to ceftriaxone except for 2 isolates
of S. flexneri. Antibiotic treatment of shigellosis is needed to prevent mortality.
Increasing fluoroquinolone resistance leaves us dependent on third generation
cephalosporins for treating shigellosis. Emerging resistance to these cephalospo-

rins was seen in our study.
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INTRODUCTION

Shigellosis is responsible for morbid-
ity and mortality in high risk populations,
such as children under five years of age,
senior citizens, those affected by war and
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famine and patients with chronic diseases
such as HIV, especially in developing
countries (Bastos and Loureiro, 2011).
Shigella spp, are highly infectious, even at
low counts. Shigellosis is a major source
of gastroenteritis in the world and severe
infections may require antimicrobial
treatment (Folster et al, 2011). However,
emergence of multidrug resistance among
Shigella spp has made selection of empiric
antimicrobial therapy difficult (Pickering
et al, 2009). Shigella spp are known for
their multidrug resistance which may
result from selection of resistant mutants
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through widespread use of antimicrobials
(Mamatha et al, 2007). Fluoroquinolone
resistance has risen among Shigella spp,
especially in Asia (Pu et al, 2009; Folster
et al, 2011; Ghosh et al, 2011).

The present study is a continuation
of an earlier study (Mamatha et al, 2007).
Our objectives were to monitor changes
in serotypes and resistance pattern among
Shigella spp found in dysentery patients
during 2006-2011. These results will be
compared with our previous survey dur-
ing 2001-2006.

MATERIALS AND METHODS

Study population

From June 2006 to June 2011, 2,100
fecal samples were received from patients
with diarrhea seen at Kasturba Hospital,
Manipal, India, a 1,600 bed tertiary care
hospital and sent for culture and sensi-
tivity. The samples were obtained from
patients of all ages.

Sample collection and evaluation for en-
teric pathogens

Fresh fecal samples were received
in the laboratory within half an hour of
collection and processed using standard
microbiological methods (Winn et al,
2005). The samples were macroscopically
examined for blood and mucus. Micro-
scopic examination was performed to look
for white blood cells (WBCs), red blood
cells (RBCs), macrophages and ova and
cysts of parasites. The samples were di-
rectly plated onto MacConkey agar, xylose
lysine deoxycholate agar and inoculated
into selenite F broth for enrichment and
incubated overnight at 37°C. Colonies
morphologically resembling Shigella were
identified using a battery of standard
biochemical tests and further confirmed
through serotyping using polyvalent and
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monovalent type specific antisera (Remel
Europe Dartford, UK).

Determination of antimicrobial suscep-
tibility

Susceptibilities of Shigella isolates to
various antibiotics were determined by
the Kirby Bauer’s disk diffusion technique
following Clinical Laboratory Standards
Institute’(CLSI) guidelines. Antimicrobi-
als tested (concentration per disk in ug)
were: ampicillin (10), tetracycline (30),
nalidixic acid (30), ciprofloxacin (5), nor-
floxacin (10), gentamicin (10), amikacin
(10), Co-trimoxazole (25) and ceftriaxone
(30). Zones of inhibition were measured
in millimeters and compared to those for
Escherichia coli ATCC 25922 (Colindale,
London, UK) which served as the control
strain in our study.

The clinical details of the patients
were noted wherever applicable and in-
cluded age, sex, type of ward, presenting
clinical features and underlying illnesses.

Ethical considerations
Our study was approved by the eth-
ics committee of Kasturba Hospital.

RESULTS

Of the 2,100 fecal samples, 77 (3.7%)
were positive for Shigella species: S.
flexneri (73, 94.8%), S. sonnei (3, 3.9%) and
S. dysenteriae type 1 (1, 1.3%). No S. boydii
isolates were found during the study. The
S. sonnei and S. dysenteriae type 1 isolates
were found during June 2006 and June
2007, respectively. S. flexneri with the most
common serogroup and 2a was the most
prevalent subtype. Shigella was isolated
from patients aged 4 to 75 years. Of the
77 Shigellae positive cultures, 6 (7.8%)
were from children aged 4-6 years and
the rest were isolated from adults. Males
outnumbered females in all age groups.
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Table 1
Comparison of antimicrobial resistance patterns of Shigella flexneri between the
present study and a previous study

Antibiotics April 2001-April 2003 May 2003-May 2006  June 2006-June 2011
n=30 n=38 n=77

Ampicillin 19 (63.3%) 24 (63.1%) 7 (100%)
Tetracycline 20 (66.7%) 28 (73.7%) 5 (84.4%)
Co-trimoxazole 20 (66.7%) 30 (78.9%) 9 (89.6%)
Nalidixic acid 17 (56.7%) 30 (78.9%) 7 (100%)
Ciprofloxacin 9 (30.0%) 11 (28.9%) 67 (87.0%)
Norfloxacin 0 (0.0%) 7 (18.4%) 4 (83.1%)
Gentamicin 12 (40.0%) 27 (71.0%) 1 (40.2%)
Amikacin 13 (43.3%) 17 (44.7%) 4 (5.2%)
Ceftriaxone 0 (0.0%) 0 (0.0%) 2 (2.6%)

Table 1 shows a comparison of the
resistance patterns in this study with our
previous study (Mamatha et al, 2007). All
the isolates were resistant to two or more
drugs. One hundred percent resistance
was seen against ampicillin and nalidixic
acid. Resistance was also seen against
Co-trimoxazole (89.6%), ciprofloxacin
(87%), norfloxacin (83.1%), tetracycline
(84.4%) and gentamicin (40.2%). The least
resistance was seen against amikacin
(5.2%). Ninety-seven point seven percent
of strains were susceptible to ceftriaxone;
resistance was observed in 2 isolates.

The S. sonnei and S. dysenteriae type
1 isolates were susceptible to nearly all
antimicrobials tested except nalidixic acid.

DISCUSSION

In this study, we determined the sero-
type switch and antimicrobial resistance
patterns among Shigella spp isolated from
patients attending Kasturba Hospital,
Manipal, south India from June 2006 to
June 2011. Shigella spp were found in
3.7% of isolates, which was fewer than
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our previous study (5.7%) (Mamatha
et al, 2007) as well as studies from other
parts of India which isolation rates of 5%
(Taneja et al, 2006) and 5.4% (Srinivasa
et al, 2009), respectively. S. flexneri was
the most common serogroup isolated
(94.8%) and 2a was the most prevalent
subtype. This is similar to our previous
study (Mamatha et al, 2007) and other
studies from India (Srinivasa et al, 2009;
Ghosh et al, 2011). The isolation rate of S.
sonnei decreased by 27.2% from our pre-
vious study. S. dysenteriae type 1 isolates
decreased by 6.7% and S. flexneri isolates
increased by 49.8% compared to our pre-
vious study during 2001-2006 (Mamatha
et al, 2007).

In India antimicrobial resistance
among the genus Shigella is more common
than among any other enteric bacteria
(Taneja et al, 2004; Ghosh et al, 2011). Due
to the emergence of nalidixic acid resis-
tant isolates throughout the world during
the 1990s, fluoroquinolones, especially
ciprofloxacin, have been used to treat
shigellosis. Fluoroquinolone resistance
among Shigella spp was first reported
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in Shigella dysenteriae type 1; since then
fluoroquinolone resistance has increased
in developing countries and also among
other serogroups of Shigella (Ghosh et al,
2011).

All Shigella isolates were resistant to
nalidixic acid. The other isolates had a
marked increase in resistance compared
to our previous study (Mamatha et al,
2007): resistance to ciprofloxacin increased
from 30.0% to 87.0%, norfloxacin from
20.0% to 83.1%, ampicillin from 63.3% to
100%, tetracycline from 73.7% to 84.4%
and Co-trimoxazole from 78.9% to 89.6%.
However, gentamicin and amikacin had a
decrease in resistance from 71.0% to 40.2%
and 44.7% to 5.2%, respectively. Shigellae
may be susceptible to the aminoglycosides
in vitro, but have poor penetration of
the intestinal mucosa when given orally
(WHO, 2005). Most of our isolates contin-
ued to be susceptible to third generation
cephalosporins, similar to our previous
study (Mamatha et al, 2007); two isolates
were found to be resistant. This may
represent an emergence of cephalosporin
resistance by Shigella. Similar findings
were reported from Bangalore (Srinivasa
et al, 2009), Puducherry (Mandal et al,
2010) and Chandigarh (Taneja et al, 2012).

Apart from some fluoroquinolones,
pivmecillinam (amdinocillin pivoxil)
and ceftriaxone are currently the only
antimicrobials effective in the treatment
of multidrug-resistant Shigella in all age
groups. Azithromycin is considered an al-
ternative treatment among adults. Use of
these alternative drugs is limited by high
cost (pivmecillinam, azithromycin), rapid
development of resistance (azithromycin),
their formulation (injectable for ceftria-
xone, four times a day for pivmecillinam),
and limited data on efficacy (ceftriaxone,
azithromycin). They should only be used
when local strains of Shigella are known to
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be resistant to ciprofloxacin (WHO, 2005).

S. flexneri was the most common
Shigella serotype in our study. The per-
cent of multidrug resistant strains of S.
flexneri has increased. Only a few Shigella
isolates were resistant to the third gen-
eration cephalosporin, ceftriaxone. More
data from other parts of the country is
required to further evaluate these find-
ings. Surveillance is needed in order to
implement timely interventions, and limit
the spread of multidrug resistant clones.
Strict infection control practices, a judi-
cious use of antibiotics by clinicians may
help minimize the selection pressure of
antibiotic resistance among bacteria.
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