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Abstract 
Shigellosis is an acute gastroenteritis caused by Shigella species. The purpose of this study was to determine plasmid pro-
file, antibiotic resistance and phenotypic virulent by Congo red between S. flexneri strains. The isolated bacteria were iden-
tified by standard bacterial and biochemical methods. Plasmids were isolated by alkaline lysis method. Antibiotic suscepti-
bility test was performed according to”kirby-Bauer” method. Serological reactions were carried by slide agglutination tests 
with both polyclonal and monoclonal antiserum kits. Virulent strains were isolated on a TSA plate contained Congo red dye 
concentration. From 350 isolated Shigella species, 142 (40.57%) were S. flexneri. Eleven distinct plasmid profile patterns 
were identified. Of S. flexneri isolates, 95% were resistant to tetracycline, 85.6% to SXT and 75.3% to ampicillin. All the 
isolates were sensitive to ciprofloxacin. Our results showed that 39% were serotype II. 45.56% of S.  flexneri were Congo 
red positive. Antibiotic resistant determination in each case may prevent drug resistance increase. Since Congo red binding 
test is cheap and simple it can be used to determine virulence properties of S. flexneri. 
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Introduction 
Shigellosis is an acute gastroenteritis caused by 
Shigella species, including S. dysenteriae, S. 
flexneri, S. boydi & S. sonnei (1-5). Volunteer 
challenge studies showed that shigellosis can be 
evoked by an extremely small inoculum (10-100 
organisms) and the time of onset of symptoms 
is influenced by the size of the challenge (1, 2). 
In healthy adults, dysentery is a self-limited dis-
ease but it can be fatal to infants & young chil-
dren (6). There are approximately 164.7 million 
cases of which 163.2 million in developing coun-
tries and 1.5 million in industry countries (7). 
Each year 1.1 million people are estimated to die 
from Shigella infection and 61% of all deaths 
attributable to shigellosis involve children less 
than 5 yr old (7). Epidemics usually occur in 
areas with crowding & poor sanitary condition, 
where transmission from person to person is 
common, or when food or water is contaminated 
by the organism (1, 6-10). S. sonnei is classically 

predominant in Thailand (71%) (7). S. flexneri 
type 2a is predominant in developing countries 
(60%) and in Iran (1, 7, 11). S. dysenteriea type 
1 (Sd1) is the only cause of epidemic dysentery 
(7). It is known that S. dysenteriea and S. flex-
neri are the predominant species in the tropic 
countries (1, 6, 7).  
Many of the bacterial virulence determinants 
that mediate the complex interactions are en-
coded by large plasmids (6). Determination of 
plasmid profile has been shown to be a power-
ful tool in epidemiological studies when used as 
a fingerprint for a strain (6, 12). The plasmid 
profile may aid in differentiation of strains, iden-
tifying a source of infection or evaluating the 
efficiency control measures (12, 13). Resistance 
in Shigella to multiple antibiotics such as sul-
fonamides, streptomycin, ampicillin, chloram-
phenicol and tetracycline was first reported in 
Japan shortly after their introduction as thera-
peutic agents for the treatment of shigellosis 
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(5). Resistance to tetracycline has increased dra-
matically since the first appearance of resis-
tance in 1953 in S. dysenteriea (4, 14). Agar me-
dium containing Congo red differentiates virulent 
and virulent colonies of Shigella strains.  
The aim of this study was to determine plasmid 
profile, antibiotic resistance, and phenotypic 
virulent strains by Congo red binding and pro-
duction of haemolysin of S. flexneri strains in 
Tehran.  
 
Materials and Methods 
Bacterial strains     Shigella flexneri strains 
were isolated from fecal specimens of children 
attending to the 3 children hospitals (Markaz-e 
tebbi Kudakan, Ali Asgar Hospital and Mofid 
Hospital) from January 2001 to December 2003. 
After identification of strains by standard micro-
biological and biochemical tests, such as growth 
on SS agar, MacConkey agar or XLD agar, TSI 
agar for detection of K/A, gas(-) and H2S(-) 
production were done. Lysin decarboxylase test 
and ONPG were checked. The S. flexneri strains 
were stored at -70 ºC in peptone and glycerol. 
S. flexneri strains were routinely grown at 37 ºC 
in Mac Conkey agar.  
References strains of S. flexneri 2a obtained 
from Bahar Afshan Company and S. flexneri 
2a, 1, 6 Newcastle, from Iran Reference Labo-
ratory, Mast assureTM Shigella antisera (3). 
Plasmid isolation      Plasmids were isolated by 
alkaline lysis method (2, 3, 15, 16). Briefly, in 
this method, a single colony was picked up and 
grown in 5 ml BHI broth for overnight. Then 
cells were lysed by the addition of SDS and 
NaOH. Then, proteins were precipitated by 
phenol/ chloroform solution (1: 1). The precipi-
tated DNA was washed with 70% ethanol and 
suspended in TE buffer. Plasmid bands were 
separated by electrophoresis through agarose gel 
(0.8%) in TAE buffer. DNA fragments visual-
ized by ethidium bromide (0.5% µg/ ml) stain-
ing and photographed under UV light illumination. 
Antibiotic susceptibility     Antibiotic suscepti-
bility (antibiogram) testing was performed accord-

ing to “Kirby- Bauer” method on Muller- Hinton 
agar and used 0.5 MacFarland standard based 
on NCCLS (17). Following antibiotics, disks of 
nalidixic acid, ampicillin, gentamicin, trimethoprim/ 
sulfamethoxazole, cephalotin, tetracycline, 
kanamycin, amikacin, chephalexin, ciproflox-
acin were used. 
Serological typing     Serotyping of S. flexneri 
isolates type 2 was confirmed by a slide agglu-
tination test using 2 following commercial se-
rotype kits: 
1- A commercially available antiserum kit (Ba-

har afshan) specific for all types 
2- Monoclonal antibody reagent (Mast co Ltd) 

specific for S. flexneri 2(a,b)  
In this method, isolated strains were subcul-
tured on MacConkey agar plates. After 18 h, 
serological reactions were carried out by slide 
agglutination tests (3, 6, 18). Two drops of ster-
ile 0.85% saline solution were placed on to a 
cleaned slide. A loop of organisms from a fresh 
culture was emulsified to each drop of saline to 
produce a distinct turbidity. A drop of a monova-
lent or polyvalent antiserum was added on it. 
Saline solution was added on control drop. Af-
ter mixing the suspension by tilting the slide 
back and forth for 60", the agglutination reac-
tion was detected under indirect light. 
Determination of Congo red binding ability and 
haemolysin production     Phenotyping analysis 
for screening virulent of strains of S. flexneri 
was done by Congo red dye. A colony of fresh 
culture of isolated bacteria were cultured on a 
plate containing TSA (Tryptic Soy agar) and 
Congo red solution at final concentration of  
0.003% to detect red pigmentation colony ( 19, 20). 
 
Results 
From 350 isolates of Shigella species, 142 
(40.57%) were S. flexneri, of which, 100 ran-
domly were enrolled in this study. 40.7% of 
patients were female, with the age distribution 
from 6 months to 7 yr old. 
Plasmid profile analysis     Analysis of plasmid 
DNA, revealed that all of the isolated strains 
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contained multiple plasmids (1-5 plasmid bands) 
which ranged from 0.564 kb to 21.226 kb, and 
forming a number of unique banding patterns. 
Plasmids of the same size were present in multi-
ple strains, for example, most of strains (78.8%) 
harbored the 21.226 kb plasmid. Eleven distinct 
plasmid profiles were identified. Only bright and 
sharp bands were concerned, fait bands were in-
terpreted as relaxed forms of the brighter bands. 
The plasmid profiles of some strains are shown 
in Table 1, Fig.1. From 10 isolates (17.3%), no 
plasmid bands were detected. 
Antibiotic resistance     Antibiotic resistance 
and sensitivity of S. flexneri strains is shown in 
Table 2. Multiple resistance of strains to am-

picillin, tetracycline, trimethoprim- sulfometh-
oxazole and cephalexin were 56.7%. 
Serological typing     Our biochemical results 
confirmed with serological slide agglutination. 
There were different serotypes of S. flexneri, 
but strain 2 was the most prevalent serotype, 
because 38.9% of them were agglutinated with 
monoclonal antibody 2 (a, b). 
Determination of Congo red binding ability 
and haemolysin production     In this study, 
45.56% of S. flexneri were Congo red positive 
colonies (red colony) on TSA contained 0.003% 
Congo red dye. All the Congo red positive colo-
nies (100%) produced ß haemolysin on blood 
agar.  

 
 

 
 
Fig. 1: Plasmid profiles detected in some S. flexneri strains. 1, 2, 4, 5: samples, 3: Lambda DNA/EcoRI+HindIII Marker, 

Fermentas. 



J Nowroozi, M Hakemi vala: Plasmid Profile, Antibiotic… 
 

46 

Table 1: Plasmid profiles detected between isolates of S.flexneri strains. 
 

Plasmid bands( kb)  

Plasmid groups 0.56% 0.83% 0.94% 1/375 2/027 3/530 5/148 21/226 % 

I - - + + + + - + 3.5 
II - - - + - - + + 1.75 
III - - - - - - + + 1.75 
IV - - - + + + + + 3.5 
V - - - + + - + + 1.75 
VI - - + - + - - + 3.5 
VII + - - - + + - + 1.75 
VIII - - - + + + - + 1.75 
IX + - - - - - - + 1.75 
X - - - - - - - + 61.40 

XI - - - - - - - - 17.6 
 

Table 2: The results (%) of antibiogram between isolates of S. flexneri strains. 
 

 
CP5 

 
NA30 

 
GM10 

 
SXT 

 
CF30 

 
Te30 

 
AM10 

 
AN30 

 
CN30 

 
Antibiotics 

 
- 1.2% 16.6% 85.6% 27.3% 95% 91.3% 29.6% 70.3% Resistance (R) 

- 1.2% 5% 2.1% 5% 1.2% - 25.3% 28.7% Intermediate (I) 

100% 97.6% 78.4% 12.3% 67.7% 3.8% 8.7% 45.1% 1% Sensitive (S) 

  
Discussion 
Of 350 isolated Shigella, 142 (40.57%) were S. 
flexneri. In a study, of 734 stool samples col-
lected from patients with acute diarrhea, 123 
(16.8%) yielded Shigella species, 7.5% S. flex-
neri, 5.2% S. sonnei, 2.6% S. dysenteriae, and 
1.5% S. boydii (20).This result besides other 
studies showed that S. flexneri was the most 
prevalent species in developing countries in-
cluding Iran (1, 21, 22). Our results confirmed 
these findings. Stool samples of 810 patients 
with diarrhea dysentery showed that S. flexneri 
(48%) was the most common sero-group (23), 
which agreed with our results.  
In this study, the male to female ratio was (1.4/ 
1) which was similar to another study (24).  
Of 33 S. flexneri isolated with the exception of 
one strain isolated in 1998 which were sensitive 
to all of antimicrobials, all the other isolates 

were resistant to at least 6 drugs and supposed 
to be multiply drug resistance (6). Our results 
similarly showed that 56.7% of isolated S. flex-
neri strains had multi drug resistance to am-
picillin, tetracycline, and SXT. Besides, in both 
studies, 100% of strains were sensitive to cipro-
floxacin.  In the study of Turner et al., 100% of 
isolated S. flexneri strains were resistant to car-
benicillin, streptomycin, chloramphenicol, tet-
racycline, ampicillin, ticarcillin. However, 13 
isolates were resistant to SXT (39.3%) and 
nalidixic acid (6%). All the strains were sus-
ceptible to cephalotin, colistin, kanamycin, ami-
kacin, ciprofloxacin, cefoxitin & cefotaxime 
(5). Results of this study showed more resis-
tance to tetracycline, ampicillin, and SXT, which 
maight be due to geographic differences or in-
discriminate use of these drugs. Kaisar et al. 
study, showed that 42% of isolates were resis-
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tant to three commonly used antibiotics, am-
picillin, tetracycline and thrimethoprime- sul-
fomethoxazole (3) which was close to our result.  
Eleven distinct plasmid patterns were identical 
and plasmid size ranged from 0.564 kb to 
21.226 kb.  Plasmids of the same size were pre-
sent in multiple strains, for example, most of 
strains (78.8%) harbored the 21.226 kb plas-
mid. Besides, the type strain of S. flexneri 2a 
from Reference Lab. of Iran, harbored 2 plas-
mid bands, 21.226 kb and 5.148 kb. 
Of 33 S. flexneri isolates, 11 distinct profiles 
were detected (6). The type strain of S. flexneri 
ATCC 9403 harbored four plasmids with 2 
same size of bands (18kb, 1.7kb) (5). Similarly, 
in both studies not only 11 plasmid profiles were 
detected but also, from type strains of S. flex-
neri 2a, 2 distinct plasmid bands were isolated. 
However, due to different type strains between 
two studies, different plasmid sizes were detected.  
The ability of Shigella spp. to bind to Congo 
red of agar medium is generally correlated with 
their virulence properties. In this study, 45.56% 
of S. flexneri isolates were Congo red positive 
colonies on TSA contained 0.003% Congo red 
dye. Maurelli showed the relationship between 
the virulence of S. flexneri 2a and their ability 
to absorb Congo red (19). The Congo red posi-
tive (CR+) isolates of the various Shigella 
strains all produced distinctly red colonies by 
24 h of incubation; whereas the E. coli, V. chol-
era, N. meningitides strains required at least 48 
h of incubation to absorb sufficient dye to eas-
ily distinguish CR+ and CR- colonies (20). This 
property is correlated to invasiveness property 
of S. flexneri in cell culture (25). Our unpub-
lished results confirm these data too. In another 
study, all Congo red positive strains of Shigella 
dysenteriae type 1, Shigella flexneri, Shigella 
boydii and Shigella sonnei were haemolysine 
positive (26). Similarly, in our study all 45.56% 
Congo red positive S. flexneri strains were 
haemolysin positive on Blood agar. 
It is concluded that S. flexneri isolation is im-
portant, because it is the dominant strain in de-
veloping countries and may cause death in acute 

cases. To determine virulence properties of S. 
flexneri, using Congo red binding test is very 
cheap, rapid, and simple.  
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