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SECTION I1 - RESEARCH PLAN

INTRODUCTTON

1. Objective
The objective of this study is to utilize plasmid analysis to jdentify
invasive factors of different clinical isolates of Shigella spp and
serotypes in Bangladesh.

2. Background

Bacteria of the genus Shigella produce, via the processes of penetration,
multiplication and intercellular dissemination, an infection that is
nermally limited to the epithelial cells of the colen and results in
bloody, mucous diarrhoea. Many studies have been performed since
Conradi in 1903 reported an §Eigg££3 toxin. More recently, interest
has been focused on the role of plasmids in the biologlcal properties
of Shigella. It has become increasingly evident that plasmids often
play an important role in the pathogenic potential of a variety of
organisms. The various technical advances that have accrued from the
study of the molecular biology of R plasmids can now be directed
towards the investigation of plasmid mediated virulence factors

(Elwell et al, 1980).

Sansonetti et al, (1981) demonstrated that a large plasmid of
approximately 120 Mdal is necessary for invasion in $. sonnei and
reported that the virulent form I of S. sonnei strains contain a 120 Hdal
plasmid absent from form Il derivatives which are always avirulent and
devoid of the O side chain. Indirect evidence is available showing

that plasmids are involved in the invasion process of §. flexneri and



also has been provided for. 5. sonnei (Kopecko et al., 1980; Sansonetti et al.
1980). Kopecko et al. (1980) analyzed the plasmid DNA of form I and II
ceils of four different S. EEEEEi isolates, obtained from different areas

of the world and found a large plasmid ( 120 Mdal in 3 of the strains)
present in form [ cells to be absent from form 11 derivatives. They found
that the spontaneous transition from the virulent form I serotype to the
avirulent form II in §. sonnel is associated with the loss of a large,
unstable plasmid. Reintroduction of this non-self-transferable plasmid by
conjugal mobilizatien into form II recipilents reestablished complete

form I lipopolysaccharide synthesis. Sansonetti et al (1982) also reported
the involvement of a plasmid in the invasive ability of §. flexneri. All
invasive 5. flexneri strains irrespective of serotype, were found to harbour
a large plasmid of 140 Mdal in size. Spontaneous variants that had lost
this 140 Mdal plasmid could neither invade HeLa cell monolayers nor produce
Keratoconjunctivitis in guinea pigs. These avirulent strains regained
virulence after plasmid transfer. Sansonetti's data directly demonstrated
that the large plasmid encodes or regulates some functions (s) required

for epithelial cell penetration.

A 140-megadaiton plasmid (pWR 110}, which has previously been associated

with virulence in Shigella flexneri, was transferred to E. coli K-1Z2.

Segments of S. flexneri chromosomal materials were then transferred to the
plasmid-bearing K-12 strains. The virulence of these transconjugant hvbrids
was assessed in the Hela cell model, in ligated rabbit ileal loops, ox in

the Sgreny test. A K-12 strain which harbored onlv nWR110 invaded Hela

cells, produced minimal lesionsg in the rabbit ileal mucosa, and was negative
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in the Sereny test. Plasmid containing K-12 hybrids which had incorporated

various Shigella chromosomal regions gave differential reactions in the

rabbit ileal loops and in the Sereny test. Analysis of these transconjugants

indicated that three regions were linked with virulent phenctypes. These
included the histidine (his) region (when the genes responsible for
D-antigen synthesis were cotransferred) and the (kcp) keratoconjunctivitis
proﬁocatiOn locus {linked to the lac-gal-region). Either of these
chromosomal region; was sufficient to azllow invasion of the rabbit ileal
mucosa. In addition to both of these regions, another Shigella
chromosomal segment linked to the arginine {arg) mannitol (mtl} loci was
necessary for fluid production in the rabbit ileal loop and for a positive
Sereny reaction. Thus, derivatives of an E. ¢oli K-12 strain, constructed
by the stepwise conjugal transfer of a large plasmid and three chromosomal
segments from S. flexneri, appears to contain the necessary determinants

for full pathogenicity in a variety of laboratory models (13).

The presence of a 4i-Mdal plasmid was found to be correlated with tissue

invasiveness (positive Sereny test) in strains of Yersinia enterocolitica

invelved in an outbreak of human enteric disease. Many strains produced ST
but ST synthesis was not associated with any particular plasmid. A
35-megadalton plasmid was harbored by many strains but, unlike the 41-Mdal
species, the smaller plasmid was not associated with any invasive property

of Y. enterocolitica (Zink et al, 1980). This may be correlated with

Sansonetti's observation that a large plasmid is necessary for or involved

in invasion.



Though this protecol an atte&pt will be made to explore whether the invasive
capability of all strains of different species of Shigeila is plasmid
mediated. Plasmid analysis of strains isolated from asymptomatic excretors
would also help to provide evidence on this aspect. Asymptomatic excretors
were detected in familv contacts of Shigella-infected cases in Bangladesh
(Khan et al, 1980}. Symptomless infection (34.7%) in all age groups has also
heen reperted (Khan et al, 1979).

Epidemiological and clinical aspects of shigellosis have been studied at ICDDR,B
but little werk has been done on the pathogenicity of these organisms to date
except for the reports of Aziz (1975, 1979) concerning enterotoxigenicity of

S. flexneri. Studies of the haemolytic uremic syndrome and Shigella sepsis

are in progress. This study aims at exploring the invasive capability of

Shigellae, notably the association of plasmids with invasiveness.

Rationale :

Shigellosis is one of the main causes of morbidity and mortality in our population,
Except epidemiological and c¢linical studies no such research has been carried out
on the pathogenicity of Shigella organisms at ICDDR,B or any other Medical
Research Institutions of Bangladesh. Through this research protocel we expect to
achieve a better understanding on the mechanism of pathogenesis of Shigella sp.
which provides a good raticnale for carrying out this study. Because Shigella
infection is a cause of major health problem, this has been identified as one

of the priority research areas by ICDDR,B research programs. The study is also

justifiable being on the pricrity area.

ECIFIC AIMS

To determine plasmid profiles of Shigella isolates from different clinical

sources (patients, asymptomatic excretors),

To correlate the presence of large plasmid DNA (120, 140 Mdal) with the

invasive properties of the organisms.



3. To correlate clinical manifestation and/or symptomatology with plasmid-

mediated invasion.

4. To establish plasmid transfer technique in ICDDR,B.

METHODS OF PROCEDURE

The study will he performed using two groups of Shigella isolates

First Group : This will comprise of routine clinical isolates. Eight to ten

isolates of each serotvpe of the individual species will be included in the
study. As all serotypes of the invididual species may not be available, as
many serotvpes as possible to allow examination of the species variation be
included. Two isolates of Shigella will be colliected daily from hospital

specimens for the studv. Prior to selection of Shigella strains from the

Microblology Laboratory, a clinical form {(Form I) will be filled in by the
clinician (Co-Investigator) responsible for all patients suspected to have

shigellosis.

Second Group : The second group will consist of a group of Shigella strains

isolated from patients and asvinptomatic excretors from Nandipara (From

Protocol No. 82-044 (B.C. No. 01-43-00). Those isclates will be obtained as

blind samples. The symptomatic and asymptomatic status of these strains will

not be disclosed until the end of the study. Clinical and demographic
information will be obtained for symptomatic _ excretors by

the field workers (Form No. 2). This group of strains will consist of

200-300 isolates, depending on the availability of strains both from symptomatic

and asymptomatic sources.

o by



Asymptomatic excretor selection

Diarrhoea patients where only Shigella but not other diarrheoea causing
hacterium has becn isoclated will be taken as the index case (from Protocol
Vo. 82-044 : B.C. No. 01-43-00). Because the field workers collect stocl/RS
of all contacts of cvery diarrhoca patient on the same day, asymptomatic
Shigella excretors can, thus, he identified. Any contact of a Shigella-
infected index case will be interviewed and observed for signs and symptoms
of diarrhoea/dysenteriae each day until the 10th day from identification

of the index case, in order to cover the incubation pericd. If any
asymptomatic excretors that were identified on the lst day develop diarrhoea
during the 10 day period of interviewing, the case would not be recorded as
that of én'asymptomatic excretor, but will be included in the symptomatic

group.

Plasmid Analysis

The method of Birnboim and Doly will be used to isolate plasmid DNA from

all of the test strains {Table 1}. TIsolated plasmid DNA will be
electrophoresed to obtain plasmid profiles, using the agarose gel
electrophoretic method for identification and characterization 'of plasmid
DNA, as described by Meyers et al. (1976). Samples will be electrophoresed

in 0.7% agarose gel. Samples will be freshly prepared or, if stored, kept at
4. Repeated freezing and thawing of the DNA samples can convert DNA to

both open circular and linear form. Ethidium bromide (1 ug/ml) 1

s used to

stain the gels. Plasmid DNA bands are visualized by UV tramsillumination.



Transfer experiments @

Transfer experiments to demonstrate transfer of invasive factors will be
performed. E. coli K, strain with a marker (nalidixic acid resistance)

will be used as the recipient strain.

P]asmid Transfer

Purified donor and recipient cells will be grown at 37°C in Penassay broth
until mid-exponential phase; 0.2 ml each of the donor and recipient cultures
will then bhe mixed in 10 ml of Penassay broth. After covernight incubation,
the mating mixture will be centrifuged and washed in saline. Appropriate
dilutions will be piated on selective medium. The transfer frequency is

expressed as the ratio of he number of transconjugants per input donor cell.

Tt transfer is not detected by broth mating, donor and recipient bacteria
will be grown together on the surface of a Trvpticase soy agar (TSA : BBL
Microbiclogy System} plate. After 24 and 48 hours incubation, mating
mixtures will be harvested, and appropriate dilutions plated onto the
selective medium. Transconjugants will alwavs be purified twice by single
colony isolation onto selective medium and will then be tested for invasive
characteristics by the Sereny Test. To ensure optimal conjugal transmission,
separate matings of each donor and recipient combination will be conducted
both in liquid medium and on solid medium at one of four different

temperatures (20, 32, 37 and 420C).

Culturing the mating mixture on nalldixic acid (SO/Jg/ml) incorporated in

MacConkeys agar will allow only the recipient E. coli K to grow. Twenty

12
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colonies from 10°% dilutions will be screcned for plasmids, to detect
transfer of the 120 ‘Mdal plasmid DNA potentially associated with invasive
properties. All test samples will be subjected to the Sercny Test to assess

invasive properties.

All recipient strains, after the transfer experiment has been completed,
will be subjected to the Sereny Test to confirm transfer of plasmid DNA
encoding invasion from doner cells (test samples - Shigells isolates).
Plasmid transfer 1s a new and rather sophisticated technique. Close
collaboration with a laboratory routinelv emploving these methods will he
valuable. It will be very useful for microbiologist tc go to such s

laboratory tc learn the methods and standardize the procedures.

Correlation of clinical data with Plasmid profile:

Clinical data sheet will be maintained for individual patients both from
cases reported to our Dhaka hospital and from cases identified at field.
An attempt to correlate significant clinical menifestations with the plasmid
profile of individual Shigella species, if not with the overall shigella
organisms will be made after a reasonable amountof data is available. The
patients would be graded according to the severity of infectien into 3 groups:
a) Patients with mild or no constitutional symptoms.
;) Patients with moderate constitutional symptoms eg. high fever/
headache/malaise.
c) Patlients having severe constitutional symptoms or complications

eg. convulsions/hemolytic uremic syndroms etc.

Plasmid profiles of Shigella isolates will also be correlated with degree



of severity. Data sheets will be maintained in such a way so that

computer can be used for data analvsis if necessary.

SIGNIGICANCE

Being a cuase of major health problem, Shigella necd he studied more
extensively ferm different aspects, more intensivelv on each aspects.
This study would cover microbiological and genetic aspect intensively.

Significant results may be obtained from this type of basic studies.

FACTLITIES REQUIRED

i. Office space: Already provided

2. Laboratory Space: Already provided.

3. Hospital Resources: Shigella infected patients.
4. Animal Resources: Guinea-pig.

5. Legistic Suppeort: Yes

6. FEquipment: Gel tank, and film for plasmid work.

7. Other Requirements; None

COLLABORATIVE ARRAXGEHESI§

Dr. K. Wachsmuth, Molecular Biology Laboratory, Bictechnology Branch
Division of Bacterial Diseases, {entre for Infectious Diseases.

Centre for Disease Control, Atlanta, Georgia, U.S.A. and Dr. C. Tacket
Centre for Disease Control. Atlanta, Georgia, U.S.A. have agreed to
coliaborate. Dr. Rita R, Colweil, Prof. of Microbicleogy. University of
Marviand has also communicated that she is willing to this collaboration

and will avrange facilities for the PI to work on plasmid transfer

11
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technique in her laboratory. She has &lso informed that Dr. Y. Kopecko,
who is currently working specifically on the involvement of large plasmid
in the invasive ability of Shigelila sp., will be working in her laboratory
for sometime. Dr. Kopecko's adivse and help will he available 1f

collaborative arrangements are made.



Table 1. 13

Modifed Birnboim Procedure: Isolation of Plasmid DNA

Cells grown overnightin L broth or BHIB (on rcller at 37OC)
0.5 ml into 1.5 ml microcentrifuge tube
Spin for 15 seconds.

Aspirate supernatant and resuspend pellet in IOO/ul Soin. 1
Hold at 0.C 30 minutes.

Add 200 pl Soln. II, vertex gently. The solution should clear after
5 minutes at 0.C

Add 150 pi Soln. III, invert gently.Chromosomal DNA
wiil clump and precipitate

Hold at 0.C for 60 minutes (minimum)
Spin 5 minutes

Transfer supernatant (approx. 400 ml) to fresh tube

Add 1 ml cold ethancl (~200C}, mix well
Hold at -70°C for 30 minutes

Spin 5 minutes.

Aspirate supernatant and resuspend pellet in 100 ul 0.1M NaAc,
0.05 M tris, HCI, pH 8.0 : ’

Add 200 ul cold ethanol, mix, well
Hold at -70°C 20 minutes or -20°C cvernight.

Spin 2 minutes
Aspirate supernatant, air dry

Dissolve DNA 1n 25/u1 TE, add 6 Pl stop mix

Solution I - 4 mg/ml lysozyme, 50 mM glucose, 10 mM EDTA,
25 mM Tris HC1, pH 8.0
Prepare fresh daily, hold at 0.C

Solution IT - 0.2 N NaQOH, 1% SDS
Store at room temperature (stable approx. 1 week)

Spolution IIT - 3 M NaAc (pH 4.8)
Dissolve anhydrous NaAc in minimal volume water
Titrate to pH 4.8 with glacial acetic acid
Bring to full volume



FORM 1

Studies on the pathogenicity of different Shigella species '

Clinical data sheet for hospitalized cases

t

i
]
H

Identification No. / / / / / / 1-5

Date: / / / / / / /6-11
Age: i A A Y B B ; VRt
Sex: Male = 1, Female 2 /__ /18

History: é
Duration of diarrhoea (hrs) / / / /1921
Frequency of motion /o, 22-50 é

(in last 24 hrs)

Character of steool:

Watery = 1, Mucold = 2 / /24
Mucoid bloody = 3

Vomiting:

No.l, yes = 2 IR E é
\bdominal pain; ?
No = 1, ves = 2. s 26 é
fever: %
No = 1, yes = 2 /)27 E

lectal prolapse g

No = 1, ves = 2 /] 28 i

Zonvulsion g

No = 1, ves = 2 / / 29

“‘ |

Urine: 5

Normai =1, scanty = 2, Not urinated [/ 30 §

within iast 12 hours = 3 !

General Examination: E

Nutrition: Neommal = 1, Marasmas = 2, é

Kwashiorkor =3, Marasmic Kwashaki =4 / / 31 ;

Temp: /oF / /32 §
Jandice: No.=l,yes = 2 s / 33

Pehydrational status:

'

No.=1,mild=2, Moderate=3, Scvevrc=4 ~ " ' /- / 34 !

. ;

Stock: '
No=1,Hypovolaemic=2,Scptic=3 /o 35

Rashes: No=1,pitacheal=2 . 36 ?

Chest Infection: !
No=1,Brouchitis=2,Br . neunonia=3 / / 37 i
Lobar pneumonia=4 :

Abdomen: ) |

Distansion: \\\

Absent=1,Mild=8, Marked=3 / / 38

Tenderness: Ne=1,ves=1 /)3 E



Liver:

Not palp = 1, palp=2 / /40
Spleen;

Not palp=1,palp=2 / / 41
Bowel sound

Normai=1, slugplish=2,6Absct=3 / /472
Consciousncss:

A}ert:1,Hrowsy=2,Scmi»congciousncss=3,

Coma=4. J
Convulsion:

Absent=1,present=2 / /44
INVESTIGATION:

R/S
Stool M/L

pH: / 145

Acid=1,Alkaline=2,
Pus cell/H.P.F / / / / 46-43
R.B.C./H.PLF fo /. / 48-5]
Macrophage /II.P.T. L [/ 52-53
C.B.C:

Het % L { _/ 54-55%

T/C [’ ] g} ]56-0)

n/C / / / /7 / /62-67
P('J‘.) / / / 68"{“)9
Platelet/cum l ./ / 70-71
RB( fragmantation % [ ] 7273
Band % / [/ T74-75
Chemistry:
Nat (mmoi/ 1) ;. /4 76-78
K+ (m mol/1) / / / T79-80
Cl {m mol/1) / o4/ 81-83
TCO, Ty ] Ba-85
Glucose (m mol/1) / | [ 86-87
Urea (m mol/1) A 4 /  88-89
Creatinine { w mol/1) / / / /  90-92
Mrotein {G/1) / / / 93-94

LN
B/,



culture (Blood]):

Sh. dysenteriac =1 /] 95

Sh. dysenterinc 2 = 2

e

Sh. E[gxneri (1-6,xGy)=4

Sh. sonnei (phase 162)=5

$h.boydii (1-6) = 6

Sh. hoydii (7-11) =7

Sh. boydii (12-15)= 8
Hospital stay:
. Dutcome
Cured/Disch =1, DNeath=2 / / / 96-97
Culture(stool;R/S}:‘

Sh. dysenticrae 1=1

Sh. dysenteriacl=2

$h. dysenteriac {3-10)=3

gh. flexneri {1-0,x&y}=4

Sh.sonnei (phase 1§2) = 5

Sh.boydiifl-6) = 6

Sh.boydii (7-11}) =7

Sh. boydii (12-15)= 8 /_Jo8
N
\\\\\



CLINICAL DATA SHEET FOR SYMPTOMATIC CASES OF FIELD STunY EQB@_E
Identification No. FR Y R A S e S
Date: VY Y R Y A Y A i 5
Age A N A a2 Y
Sex: Male t; Fomale = 2 /)18

History:

Duration of Diarrhoea(hws) / / /- / 19-21

Consistency of stool: Wiatcry=!: Mucoid=2, Bloody Mucoid=3. f+#_/ 22
Frequency of motions (last 24 howirs ) /! 25-24
Vomiting: No.=1; VYes = 2. / /25
Abdominal pain: Ne.=l; Yes = 2. VA 20
Abdominal discomfort: No.=1; Yes=Z. I
Tenesmus: No.=l; Yes=2, /o428
Abdominal distention: No.=1l; Yes=2, / /29

Rectal Prolapse: No.=l; Yes=Z, / /30

Fever:

Chill/Ra

Rashes:

.Cough:

t

“Urine: Normal=l; Scanty=2;

Present 1;

gor: HNo.=l

Present=1l;

Present=1;

Conviusion: No.,=1;

Dehydration: None=l: Mild=Z:; Moderate=3;
Hospitalization: No.=1;

Y
.
Specimen: St001:Wg

)
.,

(N

Absent=2,

. v
poYes=wL,

Absent#2.

Absent=2.

Yos=2,

Not Urinated within last 12 hrs.=3.

Severe=d

AN
/] 32
/ /33
AL
L3
[/ 36
iﬂ,h#/ 57
/38
/39
Cont'd /2. ..
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I
[

Shigella dysenteviae 1

5. dysenteriae 2 = 2

5. dysenteriae (3-10% = 3
5. £lexmeri (1-6, x & y) = 4

$. sonnei (phase 1 § 2) = 5
S. boydii (1-6) =6
S. boydii (7-31) =7

S. boydii (12-1%) =8
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Abstract Summary

The presence of large molecular weight plasmids (120, 140 megadalton)

has been demonstrated in Shigella flexneri and S. sonnei. Tnvolvement of

the plasmids in the invasive ability of these organisms has been
experimentally shown. Therefore, we intent to study the plasmid profiles

of Shigella strains belonging to different species and serotypes isolated in
Bangladesh from different clinical sources (patients, asymptomatic excretors).
The invasive capability of those isolates will be screened by the Sereny
test. An attempt will be made to transfer the plasmid (s) to a nenvirulent
recipient E. coli Klz’ which in turn will be tested in experimental models
(Sereny test) to determine whether the characteristic has been acquired.
Plasmid preparations from recipient strains in transfer experiment will be
electrophoresed to detect plasmid DNA incoded invasive properties. Plasmid
transfer methods will established within ICDDR,B Laboratory through this

protocol. Clinical data sheets will be maintained to correlate clinical

manifestations with invasive capability of the organisms.

\lethods of research do not create potential risk.

Consent from the subject is not needed because the study 1s mainly a

laboratory based study.
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SECTION II1 - BUDGET

A. DETAILED BUDGET

PERSONNEL SERVICES

% or No. Annual Project Requirements

Name Position of Days Salary Taka
Dr. 5.0Q. ARkhtar p. Investigator 50% - 36,000
Dr. M.I. Hug Co-Investigator 5% - -
Dr. A.R. Samadi Co-Investigator 5% - -
Mr. K.,h. Talukdar Lab. Technician 50% - 20,000
Dr. Al-mMahmood Assoc. Scientist 103 - 10,000
Dr. M.A. Salam Med. Officer 10% - 7,000
To be named Field Worker 100% - 33,000

Sub-Total: 106,000

SUPPLIES AND MATERIALS

Culture (2000 x 15)
cel Tank and other excesscries
Chemicals

Guinea nigs (35 x 800)

Stationery, Office Supplies

Sub-Total
EQUIPMENT - None
DATIENT HQSPITALIZATION - None
CUTPATIENT CARE - None
JCDDR,B TRANSPORT -
TRAVEL AND TRANSPORTATION OF PERSCONS
air-Ticket for collaborative Scientists - (ATL/DAC/ATL)
- (DAC/ATL/DAC)
zxchange visit for establishment of
nlasmié transfer technigue.
Sub-Total:
TRANSPORTATION OF THINGS -
RENT, COMMUNICATION AND UTILITIES
Sub-Total-

PRINTING AND REPRODUCTION -

OTHER CONTRACTUAL SERVICES - None

CONSTRUCTION, RENOVATION AND ALTERATIONS - None

30,000

28,000
15,000

. 73,000

5,000

Dollar

2,250
2,900

1,000

1,710
1,260

2,970



B. BUDGET SUMMARY

TAKA DOLLAR

Personnel Services 106,000.00 5,150.00
Suuplies and Materials 73,000.00 4,000.00
Eguipment - -
Patient Hospitalization - -
Cutpatient Care - -
ICDDR,B Transport 5,000.00 -
Trave and Transportation of Persons - 5,300.C0
Transportation of Things - 1,000.00
Rent, Communication and Utilities - 2,270.00
printing and Reproduction 7,000.00 -
Cther Contractual Services - -
Construction, Benovation and Alteration - -

Total: Total: 191,000.00 18,420.00

Grand Total: 27,102.00

Conversion Rate USS 1.00=Tk.

22/-




