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PREFACE

The International Centre for Diarrhoeal Disease Research,
Bangladesh (ICDDR,B} is an autonomous, international, philan~
thropic and non-preofit centre for research, education and
training as well as clinical service. The Centre is derived
from the Cholera Research Laboratory (CRL). The activities of
the institution are to undertake and promote study, research
and dissemination of knowledge in diarrhoeal diseases and
dirsctly related subjects of nutrition and fertility with a
view to develop improved methods of health care and for the
prevention and control ¢f diarrhoeal diseases and improvement
of public health programmes with special relevance to develop®
ing countries. ICDDR,B issues two types of papers: sclentific
reports and working papers which demonstrate the type of -
research activity currently in progress at ICDDR,B, The views
expressed in these papers are those of authors and do not
necessarily represent views of International Centre for
biarrhoeal Disease Research, Bangladesh. They should not be
quoted without the permission of the authors.



ABSTRACYT

To assess the mode of transmission of Shigella infection in
rural Bangladesh, gueationnaire and culture surveys were conducted
in baris (neighbourhoods) where persons with diarrhoea associated
with Shigella infection and index controls with non~8higella
dlarrhoea lived. Nineteen percent of pexsons in Shigella baris and
1 percent of persons in control baris were infected during the
survey periods (p<.001).  The prevalence of Shigella infection was.
highest for children 1-9 years of age and for females older than
39 years and was not related to sociceconomic status, family size
or household crowding., Use of surface water for drinking was not a
risk factor for Shigella infection; in fact, use of river water was
nore frequent in control baris.

Both household and bari contacts of Shigella index cases
frequently excreted different serotypes from that excreted by the
person with the index case. In shigella baris, families with
infection were significantly more likely than uninfected families
to have a history of an overnight stay away from home by a family
member during the previous week. These observatione suggest there
were multiple introductions of Skigella into some families and that
the epidemiology of Shigella infection for families in rural
Bangladesh differs from that obsedved for families living in wmore
industralized countries.



INTRODUCTION

In wost developing countries, diarrhoeal diseases cause consid-
erable morbidity and mortality, especially in infants and children
(1,2).. In many countries, much of the diarrhoesal illness of known
etlology results from Shigella infection in children 1living in
crog?ed areas with limited water avallability and poor sanitation
{35} ..

Shigellosia cnerged as a major diarrhosal disease problem in

~ Bangladesh following the 1371 war of independence (6). 1In 1972 and

1373, Surveillance at the International Centre for Diarrhoeal
; Diseasg Research, Bangladesh (ICDDR,B, formerly the Cholera Research
‘Laboratory) in Dacca revealed that 15% to 30% of cases of diarrhoea
- in .the Pacca urban area in the non-cholera season were assoclated
with Shigella infection., Subsequent studies in rural Bangladesh
1dentifiad 3higella as the third most fregquent etiologic agent in -
stools of children 2-9 years of age seen at a treatwment centre (7)
and as.the second most frequent etiologic agent in children with
diarrhéka in the same age group studied longitudinally in their
village for 1 year (B). Becsuse little information is available
on the epidemioclogy of Skigella infection in rural areas of
Bangladesh, an investigation was conducted in villages in Matlab
Thana, approximately 30 miles southeast of Dacca. The epidemioclogy
of Shigelia infection affecting families in rural Bangladesh
differed in several respects from the pattern of Shigella infection
in familiea living in more industrialized countries.

MATERIALS AND METHODS

The study waes conducted in the ICDOR,B vaccine trial survey
(VTS) area; the 234 villages in the area were servad by a central
diarrhoea hospital in Matlab Bazar (9}).

, Outpatients or hosgpitalized persons whb had a stool culture
positive for Shigella during a 6+week pericd in PFebruary or
March 1974 served aa Shigella index patients. If more than
1 patient met these criteria on 1 day, a random number table was
used to select 1 index patient. Outpatients or hospitalized
persons who had a rectal swab culture negative for shigellaa,
salmonellae, and vibrios were selected as index controls using a
random number tahle. Surveys were initiated with 48 hours of
arrival of the 8higella patients and index -controls at the
hospital.
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A pretested questionnalre administered by Bangali-speaking
field workers was used to record family census data, type of water
sources, and thelr uvse for drinking and bathing by all families in
Shigella and control baris (clusters of homes of patrilineally
related families). Houmrehold crowding wag expregssed both as the
number of persons per sleeping room and as the number of square
feot of dwelling pey person. A sociczconomic tcore was calculated
for each family using housing construction, availability of
adeguate kitchen facilities and food supplies, farm equipment,
boat ownerahlp, number of livestock and percentage of eligible _
children entolled in school. A separate sociceconomic score, based
on eriteria defined for the VTS area 1974 census (10), wasg also
calculated, The number of overnight trips taken by family members
in the week preceding the questionnaire survey was recorded.

Each person in a study-bari vas questioned for 10 consecutive
days about the occurrence of dysentery, diarvhoea ox loose stools during the
previous 24 hours. An adult family member responded for young
children. Respondents were included in the questionnaire survey
tabulations 1if they answered questions ot 5 or more days.

Rectal swabs obtained from all available bari members on each
of the 10 survey days were streaked dirsctly on MacConkey and
Salmonella-Shigella (3S) agare in the bari. Plates were trans-
ported to the laboratory and incubated overnight at 37°C. One or
2 non~lactose-fermenting colonies per plate were identified and
serotyped using standard techniaques (11}, Persons were included in
the culture survey tabulations if 5 or more cultures were obtained
or at least one culture was positive for Sktpe?ta

Resultq ware analyzed.uqinq the chi-square, Fisher's exact,
median, and unpaired Student's t tests,

PESULTS

Seven Shigella index patients and 8 fndex controle were
selected. The median ages of Shigello patiente and index controls -
{5 yeara and 1,5 years, respectively] were not significantly
different. One hundred ninety-two (75%] of the 257 persons in ‘the
39 familiem in Shigella baris and 213 (80%) of the 267 persons in
the 43 families in control barie were inclunded in the guestionnaire
aurvey; 170 (66%) pérsons in Shigelle bharis and 184 (69%) in control

haris were included in the culturse survey. ,



Thirty~three {(19%) persons in Shi{geily baris and 13 (7%)
persons in control baris bad 1 or nore positive cultures for
Shigella {(p<.Q01l). For Shigslla and contrcl baris combined, the
infection rate was 13%. Of the 46 personz with Shigella infection
'identified In the field studles, 15 (32%) had normal bowel habite.
Agewapecific prevalence rates were highest for persons l—-4 years
old (22%), 5-9 yéarsg old (15%), and those older than 39 years {15%)
{Table I). Only 1} (4%) of 27 children less than 1 year old was
infected. Pemales 40 years of age and older were more likely than
males to be infected; however, the age- and sex-specific prevalence
rates for males and females were not significantly different.

The prevalence of Shigella infection for members of Shigella
index families (6 of 36 or 17%) was similar to the rate for control
index families (5 of 40 or 13%). Though the number of index cases
. was small, the age of the index patient had no effect on the
infection rate for household contacts.

FPour (57%) of the Shigella index families had 2 or more
infected members. In 3 of these 4 Shigella index families,
infected household contacts excreted a different Shigella serotype
from that excreted hy the index patient (Table 2).

The pravalence of Shzgella infection among Shigetla bari
contacts (27/134 or. 20%) was significantly higher than that among
control bhari contacts (8/144 or 5%) (p<,001). Sixteen (50%) of the
32 Shigella bari contact families and 9 (26%] of the 35 control baxi
- coptact families had one ox more infected members (p<.05), In both
Shigella and control haris, infected bari contacts often excreted
different Shigella serotypes from those excreted by the index
patient and index family membera (Table II)

The age distribution was similar for families of different
sizesg and different socloeconomic status in both Shigelia and
.control baris. There was no asscclation batween family size orx
sociceconomic status and prevalence of Skhigeila infection. When the
average number of persons per sleeping room was used as an index of
household c¢rowding, there was an inverse correlation betwesn infec~-
tion and crowding (r=-0.83). However, when crowding was expressed
as the number of square feet of dwelling space per person, there was
no significant association between infection and crowding.

Analysia of water source utilization by Shigeila and contrcl
bari families revealed that the availability of water sources
- {drilled wells with pumps (tube wells), manmade ponds (tanks),
ditches, canals, and rivers] wasg similar for Shigella and control
baris with one exception; rivers were more often present in or near
control baris. Tha only significant difference in water-source«
utilization patterns in Shigella and control baris was that rivers



TABLE I--SHIGELLA INFECTIONS* BY AGE aND SEX, SHIGELLA AND CONTROL BARLS COMBINED, BANGLADESH

Males . ' Fenales o Total

No. No. 5 Ho. No. 3 No. No. 3
Age (yrs) Cultured Posgitive Positive Cultured Positive DPositive Cultured Poaitive Positive

<1 12 1 8 is o 0 27 1 a

v 1-4 36 3 17 23 7 30 59 13 22
Sed 41 3 20 a2 3 9 73 11 15
10~19 24 4 17 33 3 6 77 7 9
20-39 13 4 31 33 2 4 66 8 9
>40 8 0 o 44 8 18 52 | 8 15
Total 134 23 17 220 23 10 354 46 13

“

* Index cases excluded,



TRBLE IL-~SHIGELLA SEROTYPES RECOVERED FROM INDEX PRTIENTS, HCUSEHOLD
CORTACTS, AND BARI CONTACTS IN SRIGELLA D CONTROL BARIS

Baxl

Serotype from
Index Patient

Sexotype{s) frowm
Household Members
{No. of Persons)

Serotype(s) fxom
other Baxi uamberp
(No. of Pegsons)

gnigella

Shigellia

Shigella

Shigella

Shigella

b
Shigells

Shigella

8. boydir 11

3. flegnert 2

S.dysenterias 9

8. boydit S

S.sonnet and
3. flexneri 3

_S.fiexner{ 3

S. flexnert 2

* N.A, = Not agplicehle. Only single family oultured.

S.flegnerd 1 (1)

S.flexneri 1 {1)
S.flexmert 3 (1)
S.boydit 12 and

S.flexmeri 1 (1)

S.boydii 8 (1}

- 8. flexnari 2 {1}

S.fZa;neri i
- 8.flexneri 6

8. sonnet

5. fleamer? L
8. flexneri 2
S.boydii 4

 S.boydii 15

8. flexnert 1
8. boydit s
S, sornedi

8. fireaneri 1
3. gonneti

~ S.dyeenteriae 2

N.h. t

8. flexneri 2

8. fleanert 4 and
8. dyeenteriae 2
S.boydii 1

S, boydit 11
S.boydi{i 1%

i

contd,

{3

(1}
(1)

{4}
(2)
(1)
(1)

(1)
{2)
{1)

{1}
{2}
(1}

(1)
(2)

(L)
(1}
{1}



- -

TABLE TT (contd.l .

Snrotype (a). from

Serotypels) from

Serotype from fiousehald Mesbdra other Bari Members
Rart ~ Index Patfent (o, of Pexgenel . . (No, of Peresns)

control 1 S, sommet Qr S.sommet 2}

: S.flexnent S (1)

Contrel 2 ' S.flezmert 3° Q1) 8.flexnert 1 o

S.flexnent 3 n

8. aonnet ' 1)

8,dyaenterias 2 (0
Control 3 S.boydit 12 (1
Contyol 4 : - S.flexneri 2 (1)

control 5 S'.flemeri 4%
oontrol 6
control ?

Control 8

5. ﬂmém: 2

N_.,A.* ~

{1)

1 Recovared from a stool cultura obtained 10 dayes after raturn to ba.ii:

9 praceding daily recotal swab cultures were negative,
*N.A. = Not applitcable, Omly single Ffamily cultured,
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were used as a gsource of drinking water more freguently by families
in control baris. The freguency of use of tube-well water for
drinking was similar for infected and noninfected fawmilies in both
Shigella and control baris. There was no significant difference in
the infection rate for individuals using ouly tube-wall water for
drinking and individuals using surface water sources for drinking
(16% and 12%, respectiveély).

For persons with or without a recent ovarnight trip, the
prevalence of Shigelia infection was the same (22%8) in Shigelia
baris and similar -(4% and 5%, respectively} in control baris aftex
exclusion of index families. However, in Shigella baris, 94% of
infacted families but only 628 of uninfected families (p=.04) had
& history of overnight travel by 1 or mere family members during
the previous week,.

DISCUSSION

This study was conducted duxring a 6-~week period in the dry
winter season In Matlab. Two-thirde of Skfgella and control bari
regidents participated in the ld-day culture surveys. When intexp-
reting the data from control barls, it must be acknowledged that
some of the control index cases may have had Shigella infection at
the time of initiation of the study since only 1 rectal swab was
collected at the hospital. In spite of these limitations, the data
suggest that the epidemliology of shigellosts in thiz enviroament is
more complex than in the United States,

. The prevalence of Shigella infection for persons residing in
villages in rural Bangladesh (13%] was appreciably higher than rates
found in field studies of shigellosis in Central America (12) and
the -United States (13). The age distribution of persons with
Shigella infection in our study is similar to that observed in
field studies of S.dysenteriae type 1 infection 1in Dacca {14) and.
in Central America (15} with children 1-8 years old at highest risk
.and similar to cbservations of Shigella species infection in Dacea,
where the infection was the most prevalent for children less than
S years old (16}. Only 1 child less than )} year of age was infected,
a finding that may be related to a protective effect of breast
feeding or limfted exposure to contaminated foods and watex
sources (17). In contrast, studies of Shigelia infection in am
urban area of Bangladesh (16) and ia the United States (18) have
shown higher infection rates for children less than i year old. .
Further epidemioclogic studies are required to determine the factors -
respongible for the rarity of infection in infante in rural
Bangladash,



As expected, the prevalence of shigellosis was significantly
areaster in Shigella baris than in control baris. Since Shigella
infection was not more common for Shigella index families than for
fnnrro1 index families, the increased prevalence of Infection in

ngeila baris can be attributed to the higher prevalence in bari
r-ntact families. The factors responsible for these higher rates
were not identified., However, since baril contacts often excreted
different serotypes from those excreted by the index patient or
indox family, it is unlikely that direct spread from index families
t5 other bari residents accounted for most of the infections.

In 3 of 4 Shigella index families with multiple infected
members, infected contacts excreted a different Shigelia serotype
than that excreted by the index patient. This characteristic of
endemic Shigella infection in rural Raugladesh is in contrast with
the gituation in the United States, where Shigella infection is '
often characterized by the perqonﬂto~pnrsoh spread of a single
serotype among family members that leads to high attack rates for
household contacts of Shigella index patients (19-21), and suggests
that person-to-person spread was not the most important mode of
transmission in Matlab

In the United States, secondary attack rates are often higher
fay family members exposed to Index patlents less than % years old
(19). In Dacca, secondary infection rates were highest in

dyeentertiae and 5, flezneri index families when the index case was
a Emm6ln >10 years of age (22). 1In our study the number of index
cases was small, but the age of Shigelia index patients had no effect
an the frequency with which household contacts had Shigella hﬁkwtkn.

" In this study, the prevalence of shigellosis seemed unrelated
to family size or household crowding expressed as number of square
feef of dwelling per perso Sitmilarly, in famlily studies of
: c1tertae and 8. f?ernnr1 infection in Dac~r, #he Attnck rate was
nof higher in more crowded households (22). Mosley et al. reported

that Shigella infection in the United States correlated with house-
hold crowding (21), but two more recent studles of shigellosis in
urban areas in the United States did not demonstrate this correla-
“tion (19,20).

Infection rates were highest for bari contact -families with
hiigh socioeconomic status: in contrast, attack rates were highest
in families with the lowest income in the study of S.dysenteriae

snd 8, f?rrnerﬂ infection in Dacca (22). In studies of endemic and
~u1dnmio shigellosis in the United States, attack rates were
nighest for families with low socioeconomic status (13,18,20,21}),
rossibly because of poor personal hyaiene or sanitation, pourquahuw
a1 limited availability of water, or household crowding.



) The higher frequency of overnight travel gutside the bari among
“meitbers of infected families in Shidgelia baris suggests that individ-
vals may frequently acquire infection away from home. Multiple
introductions into the bari apparently occur. The manner in which
some. of these organisms then spread to other bari members was not
defined, but waterborne and foodborne transmission may both be
igportant,

' Rural Bangladeshils frequently defecate on the banks of tanka,
canalg, and rivers (10). Since no water-treatment facilities are
avqiiable, surface water 1s frequently contaminated with feces. Water-
borne transmission of Shigella may have occurred in this study; how-
ever, in contrast with -results of the study of S.dyseniarice type 1
infections in Dacca, which showed that attack rates were highest for
contacts of index patients who used water from unprotected sources
for drinking (14), there was no association between infection and
use of surface water foxr drinking. In fact, river water was used
for drinking meore freguently by families in control than in Shigella
baris; in contrast, observations in rural Bangladesh indicate that
use of river and canal water is a risk factor for V.cholerue infec~
tion (23,24)., Rivers may be less likely than other surface water to
be contaminated by Shigella. Use of tube-well water for drinking
did not protect individuals from infection. ' '

Shigellosis has been classified as a watex-washed jinfection,
that is, one that is common in areas where water availability for
use for personal hygiene is limited (25). We did not assess watex
utilization quantitatively, but the multiplicity of serotypes
suggdsts that Shigella infection may not be transmitted primarily
from person-to-person by the fecal-oral route in the bari.

In industrallzed countries, foodborne shigelloslis is
characterized by common source cutbreaks with high attack rates for
individuals who have ingested contaminated foods that have not been
properly handled (26). In rural Bangladesh, where personal hygiene
is frequently not optimal and there are no facilities for refri-
gerating food, foodbourne transmission of Shigella may also ocour.
Further studies of the relative ilmportance of contaminated foad,
water, and person~to-person transmission of Shigella infection in
Bangladesh are warranted in order that wmeasures to interrupt trans-
mission can be taken.
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