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SUNIMMARY
One hundred and twenty-five Shigella flexneri strains, isolated during

January-December 1984, at the Dhaka treatment centre of the International
Centre for Diarrhoeal Disease Research, Bangladesh, were serotyped using
absorbed rabbit antisera specific for all type- and group-factor antigens, as well as
a group of ten mouse and rat monoclonal antibodies. Electropherotypes of the
plasmid deoxyribonucleic acid (DNA) were also determined. S. fiexneri 2a was the
predominant serotype followed by 3b, la, and 2b. The recently described E1037
antigen was also found in three strains of S.flexneri serotype 6. Electropherotyping
of the plasmid DNA showed that three plasmids of approximately 140, 2-7, and
2 megadalton (MDa) were present, respectively, in 97, 97 and 94% of the 125
strains. Additional plasmids of various other sizes were also present in different
serotypes except in serotype 2a. The additional plasmids again appeared to be
specific for that particular serotype. For example, all 12 strains of S. fiexneri 2b
harboured an additional plasmid of approximately 1 MDa. Thus, electrophero-
typing of plasmid D)NA of different serotypes of S. flexneri might be useful to
differentiate S. flexneri from other species of Shigella and in identifying different
serotypes of S. flexneri. Therefore, the common plasmids. plus the additional
plasmids, could be used to identify epidemic, as well as sporadic, subelones of
S. ftexneri strains.

INTRODUCTION

Shigellosis is one of the major causes of diarrhoeal diseases, especially among
children in Bangladesh, as well as in other developing countries. Among the four
species of Shigella, Shigella flexneri is the most prevalent species in Bangladesh.
Serotyping and sub-serotyping of S. ftexneri depends upon determination of the
0-antigen and 0-antigen factors (Ewing & Lindberg, 1984). Little information
is, however, available on the epidemiology of the scrotypes and sub-scrotypes of
S. fiexneri in Bangladesh.

Surveys carried out in 1975 and 1979 in Bangladesh showed that serotypes 1
and 2 of S. fiexneri were predominant (Mutanda, Kibriya & Mansur, 1981). This
is in contrast to earlier studies in which serotypes 1-4 and 6 were present with
more or less similar frequency (Mutanda et al. 1980). A study carried out in East
Africa (Mutanda, Kaviti & Wamola, 1979) revealed a change in the predominance
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of serotypes. In Ketnva. S. flexneri 2 vvas the most p)redorninant in the 1960s but
changed(1 to type 6 ill about 1977. Type 2 was also the most frequently isolate(1 in
tTgailda arounld 1957, but had changed to type 3 by 1966.
Plasmids are considered to be potential strain-markers and have been showvn to

be a useful tool in epidemiological studies of variotus microorganisms (Farrer.
1983; O'Brien el al. 1982). No reports have so far been published on thelplasmnid
profile of S. flexneri and it,s association with differetnt serotypes. Recently Shigella
sonnei strains have been showiv to harbouir a 3*4 megadaltonl (AMDa) p)lasmiid
(Prado et al. 1987) along with the previously dlescribedi 120 AMDa plasmid
(Sansonetti, Kopecko & Formal, 1982) irrespective of their place of' isolationi.
Similarly.? we have observed that, three plasmids of molecular size 1 60. 6 and(
2 AIDa are consistently associate(1 with the strains of S. dyseiteriac tyl)e 1 isolate(d
from differenit geographical locations of the world (Hai(der et al. 1988). Thuhs. it hals
been suggested that, cautioni should be use(l in identifying ew strainls of 'S. .sou1ei
and/or S. dysenteriae type 1 by plasmid profile mnarker. Plasinids, other than the
serotype specific. should be sought ain(i use(d to identify a possible pandemic strain.
as well as individual epidemic strains. No such report oni the presence of commnion
plasmids, with the possible exception of thhe 140 AML)a plasmnid. is available for the
S. flexneri strain. This study was. therefore, un(lertaken to (leteirmiinle the
prevalence of different, serotypes and( sub-serotypes of S. ,flexn en` in Biangla(desh
and to compare their association with the plasmid L)NA of these strains.

MIATERIALS AND) METHOI)S
Bacterial strain.s

S. flexneri strains wNere isolated froIn either stool specimenivs or rectal sxwIabs fron
2915 diarrhoeal patients in the 4%'/-systematic surveillance systeim at the
Interniational CenItre for Diairhoeal I)isease Research, Banigla(lesil (1(11) L)R, B)
treatment centre from Janunary to December 1984. 1)etails of the surveillance
system have been (describe(d elsewhere (Stoll et al. 1982). Three huld(re(l ari(i
eighty-two Shigella strains were isolate(d. 166 (440/o) were further i(ientifie(d as
S. fiexneri. One hunidred an(l twentty-five strainis of S. flcrncri were st,udied. lure
cultures of all strainis were idenitifie(d biochemically andl serologi(ally by stan(lar(l
methods (Edwards & Ewing. 1972). A single colony of a confirmled S. fle.xncri
strain was growin in trypticase soy broth w\it,h 0 3 %Y, yeast extract. (ontaining 15 '0
glycerol and was stored at -70 OC for further studies. Reference S. ,flexteri strainis
of the National Shigella (Cetntre, Warsaw. lPoland. were usedl for producing
antisera. Absorption and evaluation of S. flexneri typing antisera were (lone in
collaboration with l'rofessor Hanna of the National Shigella Centre. 'rl'h E1t37
4X strain was obtained from the Central Public Health Laboratory, Colindale.
England. The Y-300/81 4a, without the E1037 antigen, and the ATCCI 12023 4a
strain with the E1037 antigen were kindly provide(d by Dr Nils Curlin, Department
of Bacteriology Laboratory. Stockhol n. Sweden. Eschecrichia coll strmailns tise(d ais
standards for molecular mass estimations of plasmids were obtaine(l fr-om the
Center for Disease (Control (Atlanta, GA).
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Serotoypiny of S. flexneri
rThi type-speeifie antisera an(d group-factor antisera of S. flexneri use(d in this

st(ldv were raised( by imtnmunization of adult albino rabbits (2-5 kg). The rabbits
wNere injecte(d with formalin-killed bacteria; subsequent injeetions were of whole
livec(lls. The antisera were absorbed with cross-reacting antigens and store(l at
-40 0(1 after determination of titre by dilution. Strains were eultured for 18 h on
try)ticase soy agar p)lates anid serologieal reactions were perforined, using the
above anitisera. by the siide agglutination test. All strains were also serotyped with
monoclonal antibo(ly reagents specific for all S. flexneri type- and group-factor
antigens (Carlin & Lindberg, 1983. 1986a, b) to compare the results obtained with
the rabbit mnonovalent -absorbed antisera.

A i(dysis of pl(a811/id DNA
1'lasimid t)NA from S. flexneri strains was extracted by the mnethod of Birniboirn

& l)olv (1979) an(d wras separate(d by vertical gel electrophoresis in 077% agarose
(Alevers et at. 1976). Tihe molecular size of the unknown plasmid DNAs was
dleterrmineld on the basis of its mobility through agarose gel and wNas compared w\ith
the mnobility of known molecular size plasmi(ds. Plasmids present in strains
I'l)k 9 (140 anid 105 Al)a). R1 (62 AlDa). RP4 (36 AI)a). and Sa (23 Mla) were
tiseol as iolcular size controls.

R ESULTS

Tlnhe )re(dolninant serotypes of the 125 kS. flexneri strains, isolated in the 4%-
systematic surveillance system were 2a (33 %Yo), 3b (19 %), la (10%), and 2b (8 %).
All known serotyp)es and sub-serotypes. except 4b and 3C, were isolated during
this p)eriod (Table( 1). Serotyping by the absorbed rabbit monovalent antisera
correlated wtell wNith the monoclonal antibody of S. flexneri (MIASF). Three strains
of S. fleXfler1 Serotype 6 were showNn to have the provisional E1037 antigen as

detected by mnonoclonal antibody of the AIASF S. ,flexneri IV-i antibody (Curlin
& Lindberg. 1986b).

Analysis of plasinid DNA by agarose gel electrophoresis showed that the
serotypes 1-3 of S. fiexneri strains isolated in Dhaka contained three plasmids in
common. A 140, 2 7, and 2'0 MDa plasmid was present respectively, in 97, 97 and
9400 of the 125 strains (Table 1). However, only scrotype 2a contained the three
common plasmids in all 63 strains studied. Serotypes la, lb, 2b, 3a and 3b of
S. fiexneri contained additional plasmids, in the range of 140-10 MDa, which
seemed to form a unique banding pattern in many of these serotypes (Table 1;
Fig. 1).
The three strains of S. fexneri serotype 6 wNith the E1037 antigen \%,ere found( to

have, a 4 A l)a )lasrni(l (Fig. 2: L,anes A. C1 and E) which was not seen' in serotyp)e
6 strains without the )rovisional antigen (Table 1; Fig. 2: Lane B). Interestinigly.
the formner strains all lacked a 65 AIDa plasinid which was consistently seen in the
latter group of S. flexnet-i strains. 1'lasmid profiles of the S. flexneri 4 strains are

showNn in rable 2. The E1037 4X strain (Fig. 2: Lane D) containing th(? E 1037
antigen had the 4 MDa plasmid whereas the ATCC 12023 4a strain (Fig. 2: Lane F)
althougih containing E1l037 antigen. did not contain the plasmnid. Other 4a strains
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Fig. 1. Plasmid profiles of seven representative strains of 8. fiexneri are shownN.
AS. ftexneri serotype la, lb. 2a. 2b, 3a, 3b. lb. an(l 4a are shown., respectiv,ely, in
lanes A through H. The control was a comp)osite of p)lasmidls obtainedi fryonm PD)k9 and
R, (lanie I). anid RP, anid Sa (lanie *J).

Table 2. Plasrmid profiles in strains of S. flexneri 4 with or without the
provisional antigen E1037

Presence of'

Strain no. Souree E1037 IPlasn4id( profile-s (MIDa)
E1037 4X I)r Nils, Curlin + 105,4-4.4 2-7.2-0
Y300/81 4a I)r Nils (Curlin - 80.4-4 2.7,.221 < I
AT(( 12023 4a D)r Nils Curlin + 4-4 2.7. 2.0 < I
Z-2118 4a ICDDR,B -4-44,3-4 27

isolated either in Bangladesh (Fig. 1: Lane H) or in Sw-eden (Fig. 2: Lane G) did
not show any association between the presence of the E1037 antigen and the
4 MDa plasmid.

DISCUTSSION
In our study, thc 'Most common serotype of S. fiexneri was 2a. Change~s in the

serotypes of Shigella with time 'in a partic-ular community have been reported by
various workers (Mutanda, Kibriya & Mansur, 1981; Mutanda, Kaviti & Wamola,
1979; Arya et al. 1977). In 1967. S. fiexneri serotypes 1-4 and 6 occurred almost
with the same frequency in Bangladesh, while during 1969 70. serotypes 2. 3, anld
6 were commonly encounte~red.-.In 1975, serotypes 3 and 6 had been surpassed in
predominance by serotype 1 (Mutanda, Kibriya & Mansur, 1981). These changes in
serotype prevalence havi~also been described in other countries (Arva et al. 1977).
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Fig. 2. Electropherotypes of representative strains of S. ftexneri with anid without
provisional antigen E1037 are shown. Plasmid profiles are shown as follows: S. flexneri
6 with E1037 (laiies A, C and E), without E1037 (lane B); S. flexneri E1037 4X and
ATCC 12023 4a with E1037 antigen (lanes 1) and F, respectively); and S. flexneri
Y300/81 4a without E1037 (lane G) with reference marker plasmids (lanie H).

Although there is little published data available on the association of the
plasmid profile of S. fiexneri and thier serotypes, previously published reports
have revealed a heterogeneous plasmid populations in strains of S. fiexneri, most
are smaller than 6 MDa (Tacket et al. 1984; Jamieson et al. 1979). This study
confirms that most plasmids in S. fiexneri strains are smaller than 6 MDa.

However, we describe an association between serotypes and plasmid profiles. This

may be explained by the occurrence of a single strain in the community for the

year of the study.
The presence of the 140, 2-7, and 2-0 MDa plasmids in serotypes la, lb, 2a, 2b,

3a, and 3b suggests that a significant association may exist between the presence
of these small plasmids and the ecology and/or pathogenicity of the isolates. The

presence of the additional plasmids in patterns related to particular serotypes
suggests that plasmid profiles may be useful in distinguishing between serotypes
of S. ftexneri. It may also be possible to document the appearance of any new

strains in a communuity by these patterns.
Sasakawa et al. (1986) reported that multiple plasmids of sizes 140, 7-2, and

2-0 MDa were present in virulent strains of S. ftexneri 2a isolated in Japan, which

agrees with our observations on strains from Bangladesh. Analysis of plasmid
profiles of different serotypes of S. fiexneri, isolated from different geographical
locations at different timie intervals is necessary, since it may help us in studying
the epidemiology of S. fiexneri strains and in understanding their epidemiological
patterns.
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The presence of the recently described E1037 antigen in S. flexneri serotype 6

might be due to form variation and have an important epi(lemiological value. The
presence of 4 0 MIDa plasmid in the strains of serot,,ype with its provisional aIntigeni
E1037 and its absence in serotvpe 6 without this antigeni indicate that the 4 AIDa
plasmid may have some role in the expression of E1037 antigen in serotype 6
which deserves further investigation. However, this association between the
additional E1037 antigen and the 4 MI)a plasmid has not been observed in strains
of serotype 4a, althouh a 4 AIDa plasmid is present in E1037 4X strain.

In our study no association was found between the presence of plasmids in the
range of 30-400 MDa and serotypes of S. fiexneri strains. However, these plasmids
may code for drug resistance as was observed previously (Haider et al. 1985).
Coonjugational transfer of these plasmids to an E. coli K-12 strain, followed by
curing of the plasmid, is necessary to demonstrate the role of these plasmids in the
antibiotic resistance or any unknown functions.
The presence of 140. 27. and 2 0 MI)a plasmids in different serotypes of

S. flexneri and the unique association of the additional plasmids in different
serotypes suggest that caution should be exercised when using plasmid profiles as,
an epidemiological marker for -interpretation of common-source outbreak
of S. flexneri. The presence of the common plasmids in different serotypes of
S. ,flexneri within a wide geographical distribution needs to be studied in order to
understand more carefully the epidemiological patterns of plasmids.
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