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Abstract The environmental Escherichia albertii strain

DM104, which cross-reacts serologically with Shigella

dysenteriae was assessed for pathogenic properties, immu-

nogenicity, and protective efficacy in different animal

models to evaluate it as a vaccine candidate against S. dy-

senteriae, which causes the severe disease, shigellosis. The

DM104 isolate was found to be non-invasive and did not

produce any entero- or cyto-toxins. The strain also showed

negative results in the mouse lethal activity assay. The non-

pathogenic DM104 strain gave, however, a high protective

efficacy as an ocularly administered vaccine in the guinea pig

eye model against S. dysenteriae type 4 challenge. It also

induced a high titer of serum IgG against S. dysenteriae type

4 whole cell lysate and lipopolysaccharide. Taken together,

all these results indicate a good potential for the use of the

DM104 as a live vaccine candidate against shigellosis.

Introduction

Shigella organisms are responsible for the dreadful diar-

rheal disease, shigellosis, which is one of the major health

concerns in the developing countries, causing at least 80

million cases of bloody diarrhea and 700,000 deaths each

year globally [29]. An estimated 99 % of episodes due to

Shigella organisms occur in the developing world, which

involves children less than 5 years of age. Among the

Shigella species, Shigella dysenteriae produces most

severe disease, whereas S. flexneri and S. sonnei are the

most prevalent ones. A fourth species, S. boydii, is

responsible for scattered disease. The disease shigellosis is

characterized by bacterial invasion of colonic epithelial

cells, which ultimately leads to an intense inflammatory

response [14] and the disease symptoms include fever,

nausea, anorexia, dehydration, mucopurulent and bloody

diarrhea, and tenesmus. The enormous global burden of

shigellosis, especially in the developing countries, warrants

development of an effective vaccine production. Till now,

several vaccine candidates, like parenteral heat- or acetone-

killed whole cell vaccines or other subunit or conjugate

vaccines have been tested in animals or human volunteers

[3, 4, 6]. However, mucosal immunization is thought to be

one of the most effective routes for the pathogens like

Shigella that invade mucosal surfaces to initiate the disease

in the host [8]. And that is why live or attenuated Shigella

strains have been the dominant approach to shigellosis

vaccine development since the first attempt was reported

by Mel et al. [16].

Electronic supplementary material The online version of this
article (doi:10.1007/s00284-014-0522-y) contains supplementary
material, which is available to authorized users.

F. M. Chowdhury � M. Z. Rahman � S. I. Khan �
C. R. Ahsan (&)

Department of Microbiology, University of Dhaka, Dhaka,

Bangladesh

e-mail: crahsan@univdhaka.edu; crahsan@du.ac.bd

F. M. Chowdhury � M. Z. Rahman � N.-K. Birkeland

Department of Biology, University of Bergen, P.O. Box 7803,

5020 Bergen, Norway

Present Address:

F. M. Chowdhury

Department of Microbiology and Biotechnology, Jagannath

University, 9-10 Chittaranjan Road, Dhaka 1100, Bangladesh

Present Address:

M. Z. Rahman

The International Centre for Diarrheal Disease Research,

Bangladesh (ICDDR, B), GPO Box 128, Dhaka 1000,

Bangladesh

123

Curr Microbiol (2014) 68:642–647

DOI 10.1007/s00284-014-0522-y

http://dx.doi.org/10.1007/s00284-014-0522-y


In recent years, our group has isolated a number of

Shigella-like bacteria from fresh water environments that

cross-reacted serologically with different types of Shigella

spp. [1, 19, 21]. These strains include an environmental

isolate of Escherichia albertii (strain DM104), cross-

reacting with the S. dysenteriae type 4 [19]. Strain DM104

was isolated from the Buriganga river in Dhaka, Bangla-

desh using newly designed pre-enrichment and enrichment

procedure [20]. This strain was initially identified as Haf-

nia alvei as per Analytical Profile Index (API) 20E for

biochemical identification with only 56.3 % probably, but

it fell into the E. coli/Shigella cluster as per 16S rRNA

sequence analysis and identified as E. albertii using multi-

locus sequence analysis (MLSA) based on 7 house keeping

gene sequences [19]. The DM104 strain was found to lack

the 210–230 kb large Shigella-specific virulence plasmid,

as well as the ipaH and ipaBCD genes, which are charac-

teristics of Shigella pathogenesis. The authors also sug-

gested the possibility of using this naturally occurring

virulence gene-deficient strain as a Shigella vaccine can-

didate [19].

A similar finding was also reported previously from

China, where a naturally cholera toxin gene-negative Vib-

rio cholerae (O1, El Tor, Ogawa) strain, IEM 101, was

isolated and tested as a natural vaccine candidate strain

against cholera [15]. The human volunteer tests showed

that the vaccine strain was safe, able to colonize the

intestinal mucosa and also induced strong immune

response. Similarly, the virulence associated genes of

Shigella pathogens were not found in the DM104 strain,

and it also significantly cross-reacted with monovalent

S. dysenteriae type 4 antisera [19]. Beside this, the strain

DM104 showed a similar LPS gel banding profile to that of

S. dysenteriae type 4. All these results encouraged us to do

further characterization of DM104, and therefore, in the

present study, we investigated the pathogenicity, immu-

nogenicity and protective efficacy of the DM104 strain

against S. dysenteriae with the purpose of using it as a

vaccine candidate against shigellosis.

Materials and Methods

Bacterial Strains

The DM104 strain was originally isolated from river water

and the 16S rRNA gene sequence (GenBank accession

number, JQ996386) identified it as E. albertii [19]. The

DM104 isolate along with S. dysenteriae type 4, S. flexneri

type 2a, V. cholerae 569B, E. coli O157:H7, and E. coli

K-12 strains used in this study were all obtained from the

stock culture of the Department of Microbiology, Univer-

sity of Dhaka.

Animals

New Zealand white rabbits (2–2.5 kg body weight), male

Hartley guinea pigs (200–250 g body weight), and Swiss Albino

mice (6–8 weeks old) were all maintained in the Department of

Microbiology, University of Dhaka, and all experiments using

animals were undertaken following the ethical issues set by the

Faculty of Biological Sciences, University of Dhaka.

Congo Red Binding Ability

Trypticase soy agar (TSA) plates containing 100 mg of Cr

dye per liter were used to study the pigment binding ability

of the DM104 isolate according to the procedure of Sa-

sakawa et al. [24]. S. dysenteriae type 4 and E. coli K-12

were used as positive and negative controls, respectively.

Sereny Test

This test was performed according to the procedure descri-

bed by Sereny [25]. Among the three groups of guinea pigs

each having randomly selected six guinea pigs, one group

was inoculated with the DM104 and two were with S. dy-

senteriae type 4 and a positive control, S. flexneri type 2a,

respectively. Twenty microliters of the cell suspensions

(*5 9 108 cells/mL) grown in Brain Heart Infusion broth

(BHIB) was introduced into one of the eyes of the guinea

pigs, and the other eye served as negative control. All these

three groups of guinea pigs were observed daily up to 5 days,

and any inflammatory responses in the eyes were graded

[22]. Development of disease or inflammation was rated as

follows: 0, no sign and symptom of inflammation; 1, mild

keratoconjunctivitis; 2, keratoconjunctivitis without puru-

lence; 3, severe keratoconjunctivitis with purulence.

Enterotoxicity Test

Production of enterotoxin by the DM104 strain and S. dy-

senteriae type 4 was tested in the rabbit ileal loop (RIL) fol-

lowing the procedure of Sanyal et al. [23]. Briefly, samples

containing 1 mL each of a 6 h-grown BHIB culture or the

culture filtrate (CF) were inoculated into the loops. Each

sample was tested in three rabbits and live cells or CF of

V. cholerae 569B and the BHIB medium only were inoculated

as positive and negative controls, respectively. The inoculated

rabbits were killed after 18 h to measure the volume of fluid

accumulation per cm of gut in each rabbit. Fluid accumulation

of C0.5 mL/cm was considered as positive.

Cytotoxicity Assay

Cytotoxicity of the DM104 CF was tested on HeLa and

Medin-Derby canine kidney (MDCK) cells as described
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previously [12]. HeLa or MDCK cells were grown in

Dulbecco’s Modified Eagle’s Medium supplemented with

10 % heat-inactivated fetal bovine serum, and 0.1 mL

volume of the CF was added to the cell monolayers. The

plates were further incubated for 18–20 h and checked for

any change in cell morphology. Culture filtrate of E. coli

O157:H7 and BHIB medium was only used as positive and

negative controls, respectively. Each sample was checked

in duplicate wells.

Mouse Lethality Assay

A group of Swiss Albino mice, comprised of eight animals,

were injected intraperitoneally with 0.1 mL of DM104 CF

[26]. A positive control group of animals received the CF

of E. coli O157:H7 and the negative control group received

BHIB medium only. All the mice were observed for

10 days and the change in the behavior, sickness or death

was recorded.

Hemagglutination Assay

Hemagglutinating (HA) activity of lipopolysaccharide

(LPS), extracted by the method of Westphal and Jann [28]

was examined against rabbit erythrocytes [11]. The HA

activity unit was defined as the reciprocal of the highest

dilution of the sample causing visible agglutination of the

erythrocytes. The same procedure was followed for V.

cholerae 569B LPS and was used as a positive control and

wells containing Tris–HCl buffer was used as negative

control.

Immunization and Challenge Assay in Guinea Pig Eyes

A total of ten guinea pigs were immunized with the DM104

isolate using the guinea pig eye model [27]. For this,

overnight culture of DM104 in BHIB was harvested and

suspended in PBS at a concentration of *109 cells/mL by

comparing with McFarland standards. One of the guinea

pig eyes was administered with the bacterial suspension

(20 lL) followed by a 2nd dose after 2 weeks. In the same

way, another ten guinea pigs, one of the eyes of which were

administered with PBS only, were used as negative con-

trols. 4 weeks after the 2nd dose, two of the guinea pigs

from each group were sacrificed for blood sera collection

for the ELISA experiment and the remaining guinea pigs

were taken for challenge study. For challenge study, the

other eye of the guinea pigs was administered with live S.

dysenteriae type 4 (20 lL each, *5 9 108 cells/mL, cor-

responding to 5 times of the infective dose 50). All animals

were observed daily for 5 days and scored for the devel-

opment of disease or protection [22].

Measurement of Antibody Titers

Blood sera collected from the two ocularly immunized

guinea pigs were tested for IgG and IgA antibody titers by

ELISA [16]. Wells were pre-coated with S. dysenteriae

type 4 whole cell lysate (WCL) or LPS (1 lg/well) and

reacted with serially diluted guinea pig sera as the primary

antibody. End point titers were determined for each serum

by taking the reciprocal of the dilution at which the average

OD450 value was greater than the mean plus 10 standard

deviations of values from negative control sera samples or

0.1, whichever was greater [22].

Statistical Analysis

Mean ± SEM or mean ± SD was determined, and ELISA

OD titers were compared by Student’s t test. A statistical

comparison of protection data was determined using a

Fisher’s exact test. P values of B0.05 were considered

significant.

Results

Congo Red and Sereny Test for Invasiveness

The Cr? S. dysenteriae type 4 strain produced pigmented

colonies on Congo red agar after 18 h of incubation at

37 �C. These colonies were smooth and relatively small

with a dark red center and a lighter outer zone (Fig S1, a).

In contrast, the Cr- E. coli K-12 strain formed relatively

large colonies, which appeared white (Fig S1, b). On the

other hand, the DM104 colonies did not show any dark red

center like the typical Cr? strain but were all red (Fig. S1,

c). In the Sereny test, live cells of DM104 showed a sig-

nificant difference (P \ 0.005) when compared with the

S. dysenteriae type 4 or the positive control administered

animals. None of the DM104 administered guinea pigs

could produce keratoconjunctivitis in guinea pig eyes,

whereas the S. dysenteriae type 4 and the positive control,

S flexneri type 2a, showed different grades of keratocon-

junctivitis (Table 1).

Rabbit Ileal Loop, Cytotoxicity and Mouse Lethality

Assay

The live cells and CF of DM104 strain did not cause any

fluid accumulation in the RIL test, while live cells and CF

of the positive control, V. cholerae 569B, caused a sig-

nificant amount of mean fluid accumulation of 2.2 and

2.8 mL/cm, respectively. On the other hand, live cells and

CF of S. dysenteriae type 4 caused mean fluid accumula-

tion of 0.6 and 1.1 mL/cm, respectively (Fig. 1). In
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cytotoxicity assay, the CF of the DM104 strain did not

change the morphology of the HeLa or MDCK cells when

further incubated for 18–20 h, indicating that the DM104

strain did not produce any extracellular cytotoxin. How-

ever, the CF of the positive control, E. coli O157:H7,

changed the cell morphology of both cell lines.

In mouse lethality tests, mice that received CF of the

DM104 isolate were found to be healthy and survived,

whereas the positive control mice, which received E. coli

O157:H7 CF became sick in 2 days. Most of these mice were

unable to move, apparently due to paralysis of the hind legs

and all of them died within 4 days after the CF injection.

Hemagglutination Assay

Serially diluted LPS of S. dysenteriae type 4 and the

V. cholerae 569B positive controls showed HA activity up

to 1:64 and 1:32 dilutions, respectively, whereas LPS of the

DM104 isolate showed HA activity only at the undiluted

concentration.

Immunogenicity and Protective Efficacy of the Live

DM104 Strain in Guinea Pigs

Seven of the eight guinea pigs, which were immunized

ocularly two times with live DM104 suspension, showed

mild keratoconjunctivitis in guinea pig eyes after 3 days of

live S. dysenteriae type 4 challenge and the remaining one

guinea pig showed no sign or symptom of inflammation

(Table 2). On the other hand, all eight control guinea pigs,

eyes of which were administered with PBS only, developed

keratoconjunctivitis (with or without purulence) within

4 days after the live cell challenge. If we consider the number

of eyes with a 2 or 3 rating versus eyes with a 0 or 1 rating,

(Fig. S2) the results with only mild keratoconjunctivitis,

indicated high protective efficacy of the live DM104 as a

vaccine against the S. dysenteriae type 4, the values of which

were found to be significant (P \ 0.005). In line with the

protection experiment, the ELISA results also showed high

S. dysenteriae type 4 WCL-specific IgG titers in sera of

guinea pigs immunized with DM104 when compared to the

control guinea pigs administered with PBS only (Fig. 2a).

Similar results were also found with S. dysenteriae type 4

LPS-specific IgG titers (Fig. 2b) and not much difference

was observed in the serum geometric mean of these two titers

of WCL and LPS (P \ 0.05). However, these results were in

contrast with the results of the serum geometric mean titers of

S. dysenteriae type 4 WCL and LPS-specific IgA, where the

titers were found to be very low (data not shown).

Discussion

The Congo red binding test differentiates between invasive

and non-invasive strains of a variety of Gram-negative

bacteria [2, 10]. The DM104 colonies did not show any

Table 1 Sereny test of the DM104 strain and S. dysenteriae type 4 in

guinea pig eye model

Strain No. of eyes (6) with keratoconjunctivitis ratinga of

0 1 2 3

DM104 6 0 0 0

S. dysenteriae 4 0 1 2 3

S. flexneri 2a 0 0 2 4

Live cells of DM104 could not produce any keratoconjunctivitis,

whereas, the S. dysenteriae type 4 and the positive control (S. flexneri

type 2a) showed different grades of keratoconjunctivitis

0 no sign and symptom of inflammation, 1 mild keratoconjunctivitis,

2 keratoconjunctivitis without purulence, 3 severe keratoconjuncti-

vitis with purulence
a Keratoconjunctivitis rating (Guinea pigs were considered diseased

if they had a rating of 2 or 3)

Fig. 1 RIL assay. Bar graph (mean ± S.D.) showing fluid accumu-

lation (mL/cm) in RILs after inoculation of live cells and CF of

DM104, S. dysenteriae type 4 and the positive control V. cholerae

569B. BHIB medium was used as negative control

Table 2 Protective efficacy of the DM104 in guinea pig eyes

Immunizing strain No. of eyes (8) with

keratoconjunctivitis ratinga of

Disease/totalb

0 1 2 3

Control (with PBS) 0 0 1 7 8/8

DM104 1 7 0 0 0/8

Guinea pigs were immunized ocularly on day 0 and 14 and later

challenged with S. dysenteriae type 4. Seven of the eight guinea pigs,

which were administered with DM104 suspension, showed mild

keratoocnjunctivis and the remaining one showed no sign or symptom

of inflammation. On the other hand, all control guinea pig eyes, which

were administered with PBS only, developed keratoconjunctivitis

0 no sign and symptom of inflammation, 1 mild keratoconjunctivitis,

2 keratoconjunctivitis without purulence, 3 severe keratoconjuncti-

vitis with purulence
a Keratoconjunctivitis rating
b Guinea pigs were considered diseased if they had a rating of 2 or 3
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dark red center like the typical Cr? strains indicating the

possibility of the DM104 strains to be non-invasive. This

finding was supported by the Sereny’s keratoconjunctivitis

test, which has been used to assess the virulence of invasive

strains of Shigella and enteroinvasive E. coli [25]. The

ability of virulent strains of Shigella to invade the corneal

epithelial cells, spread to contiguous cells, and induce an

acute inflammatory reaction in guinea pig eye provides a

model that mimics the invasive process at the intestinal

epithelia of human [23]. The negative keratoconjunctivitis

results demonstrated by the live DM104 strains in this

study, indicated that the DM104 was non-invasive, even at

a 20 lL dose containing 5 9 108 cells/mL. Usually, all

Shigella and Entero Invasive E. coli (EIEC) strains possess

either ipaH gene or invasive plasmid that can be detected

by the presence of ipaBCD gene. Our initial study showed

that, along with other pathogenic genes, the DM104 strain

also lacks the 210–230 kb large invasive plasmid, pINV

[19]. A 30-kb region of Inv plasmids is responsible for

entry into epithelial cells [13]. Transcriptional activators

(virB and mxiEab), effectors (ipaADCB, ipgB1D, and

icsB), chaperones (ipgACE and spa15), components of the

needle complex (mxiGHIJMD), and inner membrane pro-

tein-encoding genes (mxiA, spa24, spa9, spa29, and spa40)

are included in this region [13, 18]. Therefore, the absence

of 210–230-kb large invasive plasmid and ipaBCD, as well

as the absence of the characteristic ipaH reveal that the

DM104 isolate is a non-invasive stain which is neither an

EIEC nor a Shigella. If we consider the enterotoxicity

assay result of the DM104 strain, we found that both live

cells and CF prepared from the DM104 strain did not cause

any fluid accumulation in the RIL, indicating that the

DM104 strain did not produce any enterotoxin. DM104 CF

was also found to be negative in the cell culture assay and

did not change the morphology of the cells, either HeLa or

MDCK, which clearly indicated that the DM104 strain was

also incapable of producing any cytotoxin.

In mouse lethality test, administration of E. coli

O157:H7 CF, which was used as a positive control, pro-

duced signs of toxic effect in mice including hind limb

paralysis, rapid breathing and finally leading to death.

Recently, Obata et al. [17] reported that the neuron is a

primary target of Shiga toxin Stx2, affecting neural func-

tion and causes paralysis. The clinical illness was domi-

nated by neurological involvement and frequently

culminated in limb paralysis and death. In this study, no

sign of toxic effect was found in mice receiving DM104

CF, indicating that the DM104 strain did not produce any

Shiga-like toxin.

Bacterial cell surface components including LPS of

enteropathogens interact directly with the host intestinal

mucosa, which results in induction of antibody production.

Here, the DM104 strain showed HA activity, although not

so strongly, suggesting that the DM104 strain is capable of

adhesion, the phenomenon that is a necessary prerequisite

of a live vaccine strain [5, 9].

The Sereny test in guinea pig model has been used to

test the immunogenicity and protective efficacy of Shigella

vaccines prior to evaluation in higher order species [7]. In

this study, ocular immunization with live DM104 cells

induced high protective activity in guinea pig eyes against

challenge with S. dysenteriae type 4. The control guinea

pigs without any DM104 immunization developed severe

keratoconjunctivitis (P \ 0.005). This protective efficacy

was supported by the serological results, where the ELISA

data showed high titer levels of S. dysenteriae type 4 WCL

and LPS-specific IgG antibodies in the immunized guinea

pigs. We could not check the mucosal IgA response in the

immunized guinea pigs in this study. However, a low level

of systemic S. dysenteriae type 4 WCL or LPS-specific IgA

was detected. This is probably because the ocular immu-

nization with the live DM104 strain was a poor inducer of

IgA antibodies in the serum. Although eight guinea pigs

were included in each group of experiments, the high

protective efficacy (100 %) induced by the DM104 strain

in the guinea pig eye model along with its non-pathogenic

properties strongly suggests that it is a promising vaccine

candidate against shigellosis. However, to understand the

Fig. 2 Immunogenicity of the DM104 strain in guinea pigs. Guinea

pigs were administered ocularly with live DM104 on day 0 and 14

and sera were collected 4 weeks after the last immunization. Serum

titers (mean ± SD) of S. dysenteriae type 4 WCL (a) and LPS

(b) specific IgG were measured
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mechanism of the immune response of DM104, different

routes of immunization, animal related virulence test, host

specific toxicity/virulence test, and its protective efficacy

against other S. dysenteriae serotypes and more extensive

animal studies are needed.

Acknowledgments This work was supported by The Norwegian

Program for Development, Research and Higher Education (NUFU)

(Grant Nos. PRO 52/03 and 2007/10063).

References

1. Azmuda N, Rahman MZ, Sultana M et al (2012) Evidence of

interspecies O antigen gene cluster transfer between Shigella

boydii 15 and Escherichia fergusonii. Apmis 120(12):959–966

2. Buchrieser C, Glaser P, Rusniok C et al (2000) The virulence

plasmid pWR100 and the repertoire of proteins secreted by the

type III secretion apparatus of Shigella flexneri. Mol Microbiol

38:760–771

3. Cohen D, Ashkenazi S, Green MS et al (1997) Double-blind

vaccine-controlled randomised efficacy trial of an investigational

Shigella sonnei conjugate vaccine in young adults. Lancet 349:

155–159

4. Formal SB, Hale TL, Kapfer C (1989) Shigella vaccines. Rev

Infect Dis 11(Suppl 3):S547–S551

5. Fujkuyama Y, Tokuhara D, Kataoka K (2012) Novel vaccine

development strategies for inducing mucosal immunity. Expert

Rev Vaccines 11(3):367–379

6. Hale TL, Keren DF (1992) Pathogenesis and immunology in

shigellosis: applications for vaccine development. Curr Top

Microbiol Immunol 180:117–137

7. Hartman AB, Powell CJ, Schultz CL et al (1991) Small animal

model to measure efficacy and immunogenicity of Shigella vac-

cine strains. Infect Immun 59:4075–4083

8. Hartman AB, Van De Verg LL, Venkatesan MM (1999) Native

and mutant forms of cholera toxin and heat-labile enterotoxin

effectively enhance protective efficacy of live attenuated and

heat-killed Shigella vaccines. Infect Immu 67:5841–5847

9. Holmgren J, Svennerholm AM, Ahren C (1981) Nonimmuno-

globulin fraction of human milk inhibits bacterial adhesion

(hemagglutination) and enterotoxin binding of Escherichia coli

and Vibrio cholerae. Infect Immun 33(1):136–141

10. Ishiguro EE, Ainsworth T, Trust TJ et al (1985) Congo red agar, a

differential medium for Aeromonas salmonicida, detects the

presence of the cell surface protein array involved in virulence.

J Bacteriol 164(3):1233–1237

11. Jones GW, Abrams GD, Freter R (1976) Adhesive properties of

Vibrio cholerae: adhesion to isolated rabbit brush border mem-

branes and haemagglutinating activity. Infect Immun 14:232–239

12. Konowalchuk J, Speirs JI, Stavric S (1977) Vero response to a

cytotoxin of Escherichia coli. Infect Immun 18(3):775–779

13. Le Gall T, Mavris M, Martino MC et al (2005) Analysis of vir-

ulence plasmid gene expression defines three classes of effectors

in the type III secretion system of Shigella flexneri. Microbiology

151:951–962

14. Levine MM (1982) Bacillary dysenteriae: mechanisms and

treatment. Med Clin North Am 66:623–638

15. Liu YQ, Qi GM, Wang SX et al (1995) A natural vaccine can-

didate strain against cholera. Biomed Environ Sci 8(4):350–358

16. Mel DM, Arsic BL, Nikolic BD et al (1968) Studies on vacci-

nation against bacillary dysentery. 4. Oral immunization with live

monotypic and combined vaccines. Bull World Health Org 39:

375–380

17. Obata F, Tohyama K, Bonev AD et al (2008) Shiga toxin 2

affects the central nervous system through receptor globotriao-

sylceramide localized to neurons. J Infect Dis 198(9):1398–1406

18. Payne SM, Finkelstein RA (1977) Detection and differentiation

of iron-responsive avirulent mutants on Congo red agar. Infect

Immun 18(1):94–98

19. Rahman MZ, Akter S, Azmuda N et al (2013) Serological cross-

reaction between O-antigens of Shigella dysenteriae type 4 and

an environmental Escherichia albertii isolate. Curr Microbiol

67(5):590–595

20. Rahman MZ, Azmuda N, Hossain MJ et al (2011) Recovery and

characterization of environmental variants of Shigella flexneri

from surface water in Bangladesh. Curr Microbiol 63:372–376

21. Rahman MZ, Sultana M, Khan SI et al (2007) Serological cross-

reactivity of environmental isolates of Enterobacter, Escherichia,

Stenotrophomonas, and Aerococcus with Shigella spp.-specific

antisera. Curr Microbiol 54(1):63–67

22. Ranallo RT, Thakkar S, Chen Q (2007) Immunogenicity and

characterization of WRSF2G11: a second generation live atten-

uated Shigella flexneri 2a vaccine strain. Vaccine 25(12):

2269–2278

23. Sanyal SC, Singh SJ, Sen PC (1975) Enteropathogenicity of

Aeromonas hydrophila and Plesiomonas shigelloides. J Med

Microbiol 8(1):195–198

24. Sasakawa C, Kamata K, Sakai T et al (1986) Molecular alteration

of the 140-megadalton plasmid associated with loss of virulence

and Congo red binding activity in Shigella flexneri. Infect Immun

51(2):470–475

25. Sereny B (1957) Experimental Keratoconjunctivitis shigellosa.

Acta microbiologica Academiae Scientiarum Hungaricae 4(4):

367–376

26. Tesh VL, Burris JA, Owens JW et al (1993) Comparison of the

relative toxicities of Shiga-like toxins type I and type II for mice.

Infect Immun 61(8):3392–3402

27. Venkatesan MM, Hartman AB, Newland JW et al (2002) Con-

struction, characterization, and animal testing of WRSd1, a

Shigella dysenteriae 1 vaccine. Infect Immun 70:2950–2958

28. Westphal O, Jann K (1965) Bacterial lipopolysaccharides:

extraction with phenol–water and further applications of the

procedure. Methods Carbohydr Chem 5:83–91

29. WHO (2005) Guidelines for the Control of Shigellosis, including

Epidemics due to Shigella dysenteriae 1. World Health Organi-

zation, Geneva

F. M. Chowdhury et al.: DM104 Induces Protective Immunity 647

123


	An Environmental Escherichia albertii Strain, DM104, Induces Protective Immunity to Shigella dysenteriae in Guinea Pig Eye Model
	Abstract
	Introduction
	Materials and Methods
	Bacterial Strains
	Animals
	Congo Red Binding Ability
	Sereny Test
	Enterotoxicity Test
	Cytotoxicity Assay
	Mouse Lethality Assay
	Hemagglutination Assay
	Immunization and Challenge Assay in Guinea Pig Eyes
	Measurement of Antibody Titers
	Statistical Analysis

	Results
	Congo Red and Sereny Test for Invasiveness
	Rabbit Ileal Loop, Cytotoxicity and Mouse Lethality Assay
	Hemagglutination Assay
	Immunogenicity and Protective Efficacy of the Live DM104 Strain in Guinea Pigs

	Discussion
	Acknowledgments
	References


