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SUMMARY

Pulsed-field gel electrophoresis (PFGE) is commonly used in molecular epidemiology. However,
this technique has never been used in studying intra-family spread of enteric diseases in
Bangladesh. Our objective was to evaluate the intra-familial transmission of shigella infection
using PFGE. Children of either sex, less than 10 years old, who were family contacts of shigella-
infected index cases were the study population. PFGE was applied if the same serotypes/
sub-serotypes of shigella were isolated from both the index case and the family contact children.
In total, 227 index cases were studied. Shigella was isolated from 61 (27 %) contact children on
day 1 of enrolment, among which Shigella flexneri (41 %) and S. boydii (41 %) were dominant,
followed by S. dysenteriae (10 %), S. sonnei (3 %), and shigella-like organisms (5%). Seventeen
(28 %) of the asymptomatic infections in contact children were caused by the same serotype of
shigella as that found in the index case. The intra-familial shigella transmission rate was 8 %
(17/227). Of the 227 contact children, eight (4 %) developed diarrhoea during a 10-day follow-up
and shigella was isolated from five (2 %) of these children, and three of them (S. flexneri 3a, 1b,
and 3a) were identical to the strains from their respective index cases. Compared to children
without asymptomatic carriage of shigella (2/166), the risk (odds ratio) of developing diarrhoea
for the children with asymptomatic carriage of shigella identical to their cases (3/17) was 9-0
(95% CI 1-5-49-0, P=0-01). The attributable risk for symptomatic shigella infection by
intra-familial transmission was 50 %. Results of this study demonstrated that intra-familial
transmission of shigella carries a higher risk for diarrhoea.

INTRODUCTION cause an infection, particularly in ‘toddlers’ who are
not fully toilet-trained [6]. Infections are more severe
in malnourished children who are also at higher risk
of death [7]. Family members and playmates of such
children are at an increased risk for acquiring the
disease [4].

Strain discrimination is important in epidemi-
ological studies. Analyses of plasmid profiles and anti-

microbial susceptibility patterns have been used in the

Shigellosis is common among children in developing
countries with poor hygiene and unsafe water supplies
[1-3]. Transmission usually occurs through contami-
nated food and water, or through person-to-person
contact [4, 5]. Ingestion of as few as 10 organisms can
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past to discriminate strains of Shigella spp. However,
these methods have limitations as plasmids are
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unstable and the antimicrobial resistance profile,
sometimes encoded on mobile elements, changes over
a short period of time [8]. A variety of different typing
methods have been used for strain discrimination,
including pulsed-field gel electrophoresis (PFGE),
ribotyping, rapid amplification of polymorphic DNA
(RAPD), plasmid profiling, and PCR. PFGE has
been successfully employed for strain discrimination
of a variety of bacteria including Shigella spp. [9-12],
and has become a useful tool in the study of molecular
epidemiology. Several investigators have shown that
strain discrimination by PFGE is superior to other
methods [9]. The aim of this study was to determine
the extent of intra-familial transmission of shigella in
an endemic setting, using the powerful technique of
PFGE and to compare this with conventional sero-
typing methods.

MATERIALS AND METHODS
Study design

The study was conducted at the Dhaka Hospital
of ICDDR,B: Centre for Health and Population
Research from January 2000 to September 2001.
Initially patients of all age groups and of both sexes
attending the hospital with a history of mucoid/
bloody diarrhoea of less than 96 h duration, with a
child aged <10 years in the family, were identified.
Those patients with more than 10 leukocytes and at
least one erythrocyte per high power field in stool
microscopy of their freshly passed stool were desig-
nated as presumptive cases of shigellosis and stool
was sent for culture. Patients whose stool culture
yielded a shigella isolate were then enrolled as an
index case.

After obtaining written informed consent from the
patient or their legal guardian, the homes of the index
cases were visited by a trained research assistant
within 12-24 h of the patient reporting to hospital,
and data was collected from a reliable family member
using standard forms. Children of the same family,
aged 12-120 months, and of either sex were, with
parental consent, enrolled as contacts. If a family had
more than one eligible contact then only the youngest
child, being more vulnerable to disease, was enrolled.
The contact children were enrolled if they were pres-
ent in the household on the first day of the study and
were free from diarrhoea. A rectal specimen was
collected from these contacts on the day of enrolment,
and subsequently if and when diarrhoea developed;
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research assistants visited study households on each
of the next 10 days. A secondary case was defined as a
family contact child who subsequently developed
diarrhoea and yielded the same serotype and genotype
of shigella as the index case.

Children with diarrhoea on the day that the sus-
pected index case was identified, those with features of
systemic infections or conditions requiring antibiotic
therapy, severe malnutrition requiring immediate
hospitalization, congenital anomalies, not residents of
the community, and whose parents/guardians did not
agree to participation were excluded. The study was
approved by the Research Review Committee and the
Ethical Review Committee of ICDDR,B.

Anthropometric measurements (weight, and length/
height) of study children were recorded to determine
their nutrition status. Weights were calculated to the
nearest 100 g using an electric digital scale (Seca model
770; Seca, Hamburg, Germany) calibrated using a
1-kg standard weight on each day. Length/height
was determined with a locally constructed length
board on which a model, non-expandable tape was
fixed between the footplate and head bar, on one side
of the board. The mean of two consecutive measure-
ments to the nearest 0-1cm was recorded and
considered as the actual value. All measurements were
subsequently compared to the standards according to
the National Centre for Health Statistics data and the
nutritional status was assessed by Z scores.

Laboratory diagnosis

Freshly collected stool specimens were inoculated
onto MacConkey and Salmonella—Shigella agar
plates (Difco, Becton Dickinson & Company, Sparks,
MD, USA). Shigella were isolated and identified
using standard microbiological and biochemical
methods [13]. Serotyping was performed using com-
mercial antisera kits (Denka Seiken, Tokyo, Japan)
specific for polyvalent and monovalent antigens for
all serovars of shigella [14]. For serotyping of S. flex-
neri, a panel of monoclonal antibodies specific for all
S. flexneri type and group-factor antigens (Reagensia
AB, Stockholm, Sweden) was used. Strains were
subcultured on MacConkey agar plates, incubated
for ~18 h, and serotyping was performed by slide
agglutination test as previously described [15].

PFGE of genomic DNA from clinical isolates of
shigella was performed as previously described [11,
16, 17], but with different pulse times: 3-28 s for 8 h,
5-50 s for 8 h, 2080 s for 11 h, and 60-120 s for 11 h.
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Table 1. Age distribution of index cases and contact
children
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Table 2. Distribution of Shigella spp. and their
serotypes and sub-serotypes

Index case Contact children

Characteristics (n=227) n (%) (n=227) n (%)
Age

0—12 months 39 (17) 0

13-24 months 54 (24) 1(<1)

25-36 months 32 (14) 1(<1)

37-48 months 13 (6) 2(<1)

49—60 months 8(4) 5(2)

61-72 months 3(D) 23 (10)

73-84 months 3(D) 44 (19)

85-96 months 0 56 (25)

97-108 months 1(<1) 44 (19)

109-120 months 1(<1) 51 (22)

11-15 years 10 (4) —

1645 years 50 (22) —

>45 years 13 (6) —
Range (months) 2-1020 15-120
Mean +s.D. 1424204 94+19
Median 30 96
Male (%) 59 53

Genomic DNA was digested with the NotI restriction
enzyme (Gibco-BRL, Gaithersburg, MD, USA), and
the restriction fragments were separated using CHEF-
DRII system in 1% pulsed-field certified agarose in
0-5x TBE buffer. The gel was stained, de-stained,
and photographed on a gel documentation system
according to procedures previously described [14].
The DNA size standards used were: the bacterio-
phage lambda ladder ranging from 48-5 to 1000 kb
(Bio-Rad), and Saccharomyces cerevisiae chromo-
somal DNA ranging from 225 to 2200 kb (Bio-Rad).
Band patterns were established as previously de-
scribed [9].

Bacteria isolated both from the index cases and
study children were confirmed as Shigella spp. at the
serotype and sub-serotype level using conventional
methods and further PFGE analysis was applied if the
same types were isolated from the index case and
contact.

Statistical methods

Data were entered and statistical analyses were per-
formed using SPSS PC+ for Windows (SPSS Inc.,
Chicago, IL, USA) and Epi-Info (CDC, Atlanta, GA,
USA, and WHO). The significance of difference in
proportions was evaluated by x? test and Fisher’s
exact test was applied when appropriate. A probability
of <0-05 was considered statistically significant.
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Organism n (%)
Shigella dysenteriae 45 (20)
S. dysenteriae 1 8 (18)
S. dysenteriae 2-7 27 (60)
S. dysenteriae 8—12 10 (22)
Shigella flexneri 122 (54)
S. flexneri type 1 21 (17)
S. flexneri 2a 29 (24)
S. flexneri 2b 23 (19)
S. flexneri 3a 16 (13)
S. flexneri 4X 13(11)
S. flexneri type 6 9(7)
S. flexneri X 1(<1)
S. flexneri rough 2(2)
S. flexneri serotype not done 8 (6)
Shigella boydii 38 (16)
S. boydii (1-7) 9 (24)
S. boydii (8-11) 15 (39)
S. boydii (12-15) 12 (32)
S. boydii (16-18) 2(5)
Shigella sonnei 22 (10)
Total 227
RESULTS

Stool specimens of a total of 561 individuals were
screened, of whom 389 patients with a presumptive
diagnosis of shigellosis were initially enrolled into the
study and 172 were excluded, as microscopic exam-
ination of 171 patients did not suggest a presumptive
diagnosis of shigellosis, and the other patient declined
to participate. Of the remaining 389 patients, 162 were
excluded due to failure to isolate shigella from their
stool. Finally, 227 (58 %) patients with culture-proven
shigella infections were retained as index cases of
whom 133 (59 %) were males. Seventeen per cent of
the index cases were 0—12 months old, and the highest
prevalence (24%) was among children aged 13-24
months (Table 1). Distribution of the shigella types is
shown in Table 2. S. flexneri was the most common
(n=122, 54%), followed by S. dysenteriae (n=45,
20%), S. boydii (n=38, 16%), and S. sonnei (n=22,
10%).

Family contact/study children

The mean +5s.D. age of the study children was 94 + 19
months, with 53% male, and only nine (4%) <5
years old. Stunting and underweight were the most
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Table 3. Distribution of serotypes and sub-serotypes
of Shigella spp. During asymptomatic infection of
contact children on day 1 of enrolment

Organism n (%)
Shigella dysenteriae 6 (10)
S. dysenteriae 1 1(2)
S. dysenteriae 2-7 5(@8)

S. dysenteriae 8-12 0
Shigella flexneri 25 (41)
S. flexneri type 1 7(11)
S. flexneri 2a 4 (6)
S. flexneri 2b 3(5)
S. flexneri 3a 2(3)
S. flexneri 4x 1(2)
S. flexneri type 6 1(2)
S. flexneri X 1(2)
S. flexneri subtype not done 6 (10)
Shigella boydii 25 (41)
S. boydii (1-7) 6 (10)
S. boydii (8-11) 6 (10)
S. boydii (12-15) 13 (21)
S. boydii (16—18) 0
Shigella sonnei 2(3)
S. sonnei phase 1 2(3)
S. sonnei phase 2 0
Shigella-like organisms 3(5
Overall 61

common types of malnutrition of the contact
children, 8% were severely stunted and 4% were
severely underweight. Over 83% of children had
completed immunizations according to Expanded
Programme on Immunization (EPI) schedules. The
mean +s.D. age of mothers of the study children was
3146 years (data not shown).

Asymptomatic infections in the study children

Rectal swab cultures of 61 (27%) children yielded
shigella of different serotypes and sub-serotypes on
day 1 of enrolment, which comprised of S. flexneri
(41%), S. boydii (41%), S. dysenteriae (10%),
S. sonnei (3%), and 5% shigella-like organisms
(strains which had characteristics typical of shigella
but could not be identified and were, therefore, des-
ignated as shigella-like organisms) (Table 3). Of the
25 isolates of S. flexneri, S. flexneri type 1 was most
common (n=7), followed by S. flexneri 2a (n=4),
S. flexneri 2b (n=3), and S. flexneri 3a (n=2)
(Table 3). Children with or without shigella isolated
from their rectal swab did not significantly differ in
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Fig. PFGE patterns of Norl-digested chromosomal DNA
from representative strains of Shigella spp. isolated from
index cases (IC) and study children (SC). Lanes: A,
Saccharomyces cerevisiae (marker); B, 4085, Shigella flex-
neri 2b (IC); C, 4093, S. flexneri 2b (SC); D, 5061, S. flexneri
2a (IC); E, 5082, S. flexneri 2a (SC); F, 25953, S. flexneri
type 6 (IC), G, 26028, S. flexneri type 6 (SC); H, 24744,
S. dysenteriae 2 (1C); 1, 24797, S. dysenteriae 2 (SC); J,
13096, S. boydii 8 (IC); K, 13110, S. boydii 8 (SC); L, 8172,
S. boydii 11 (IC); M, 8173, S. boydii 11 (SC); N, 6668,
S. sonnei (1C); O, 6740, S. sonnei (SC).

their socio-economic-demographic characteristics
(data not shown). The same serotypes of Shigella spp.
were isolated from 28 % (17/61) of the asymptomatic
infections among contact children of the index cases
(Table 4). This finding was based on the identical
banding patterns observed in PFGE analysis (Fig.).
The intra-familial transmission rate of asymptomatic
shigella infection in the study population was 8% on
day 1 (17/227).

Carriage of identical shigella has a greater risk
of diarrhoea

Of the 227 contact children, eight (4 %) developed
diarrhoeal disease during the 10-day follow-up
period, most of these episodes developed during the
later part of follow-up, and shigella was isolated from
rectal swab of only five (2%) of them (Table 5). Of
these five Shigella spp., identical serotypes of shigella
(S. flexneri 3a, 1b, and 3a) were identified from three
children. These three contact children who developed
diarrhoea and had identical isolates were in the 17 out
of 61 contacts of index cases. PFGE analysis of NotI-
digested chromosomal DNA of the shigella isolated
from index cases and contact children yielded 20-23
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Table 4. Age and sex distribution of identical shigella among index cases

and contact children

Serial ~ Study  Identical

Index case Contact case

no. ID shigella Age (mo.)  Sex Age (mo.)  Sex
1 4 S. flexneri 3a 17 M 71 M
2 53 S. flexneri 3a 27 M 120 F
3 62 S. sonnei phase 1 26 M 96 M
4 110 S. boydii 8 42 M 96 F
5 112 S. flexneri 2a 6 F 84 M
6 152 S. dysenteriae 1 360 M 96 M
7 175 S. flexneri 2a 54 F 66 M
8 185 S. dysenteriae 2 300 M 96 F
9 198 S. flexneri 1b 12 M 96 F
10 227 S. flexneri 3a 48 M 93 M
11 261 S. flexneri 2b 420 F 95 F
12 278 S. flexneri 2b 24 M 90 M
13 284 S. flexneri 2a 39 F 108 F
14 298 S. sonnei phase 1 6 M 108 F
15 305 S. boydii 11 21 M 88 M
16 382 S. flexneri 2b 336 M 112 F
17 386 S. flexneri type 6 10 F 113 F
Table 5. Shigella serotypes isolated from the contact children during
follow-up
Infection type of study child
Asymptomatic Symptomatic
Study ID Index case (day 1) (during follow-up)
4% S. flexneri 3a S. flexneri 3a S. flexneri 3a
21 S. dysenteriae 4 S. boydii 15 S. boydii 15
177 S. flexneri 2a S. boydii (1-7) No growth
178 S. dysenteriae 2 No growth No growth
198* S. flexneri 1b S. flexneri 1b S. flexneri 1b
227% S. flexneri 3a S. flexneri 3a S. flexneri 3a
297 S. flexneri type 6 No growth No growth
325 S. dysenteriae 1 S. flexneri 1b S. flexneri 1b

* The PFGE patterns of the shigella serotypes of the index cases and contact

children were identical.

reproducible DNA fragments ranging in size from
approximately 15 to 750 kb. The banding pattern of
the shigella isolated from index cases was identical to
the banding pattern of the same strain isolated from a
study child (Fig.). Two out of five study children de-
veloped diarrhoea during their follow-up and shigella
were isolated from their rectal specimen, which were
different from their index cases. One child with
asymptomatic infection on the first day developed
diarrhoea during follow-up, however, no pathogen
(Vibrio cholerae, salmonella, shigella) could be
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isolated from his stool. Two out of 166 (1%) with
negative rectal swab culture for shigella on the first
day also developed diarrhoea, but none had a rectal
swab culture positive for any of the above pathogens.
Compared to children without asymptomatic carriage
of shigella (2/166), the risk (odds ratio) of developing
diarrhoea for the children with asymptomatic car-
riage of shigella identical to their cases (3/17) was 9-0
(95% CI 1-5-49:0, P=0-01). The attributable risk for
shigella-associated diarrhoea due to intra-familial
transmission was 50 %.
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DISCUSSION

Personal contact has been documented as being
responsible not only for small-scale transmission
among household contacts and communities, but also
for the spread over a much wider geographical area
[18]. PFGE has been found to be a very useful tool
for laboratory-based surveillance for public health
purposes. Wider application of this method may add
to a better understanding of molecular epidemiology
of community-acquired infections, outbreak investi-
gations, and mode of transmission. Therefore, PFGE
allows application of better control and preventive
measures.

The present study, the first in Bangladesh, applied
two epidemiological typing methods (conventional
and molecular techniques) to confirm and delineate
the patterns of transmission of the shigella infections
in an urban setting. Similar studies need to be con-
ducted in rural areas of Bangladesh [19, 20]. The same
serotypes of Shigella spp. were isolated from 28 %
(17/61) of the asymptomatic infections among contact
children of the index cases. The intra-familial trans-
mission rate of asymptomatic shigella infection in
the study population was 8% on day 1 (17/227). The
overall rate of asymptomatic infections was higher
than reported earlier from rural Bangladesh, which
could be related to the more densely living conditions
in urban areas. Some limitations of the study warrant
attention. The definition of asymptomatic carriage of
shigella was based on only one stool specimen, rather
than specimens of 10 consecutive days. Therefore, a
contact who became infected but remained asymp-
tomatic during the entire follow-up period was not
detected by the study. Infants were less affected,
similar observations indicating this have been re-
ported earlier [21, 22]. Lower asymptomatic carriage
in this age group may be related to breast-feeding
since most of the children in Bangladesh are breast-
fed during infancy [23, 24]. Similar distribution of
S. boydii and S. flexneri among asymptomatic carriers
indicates their equal importance, contrary to the
common belief that S. flexneri is the most important.

The basic premise for the typing of isolates for
epidemiological investigation is to understand and
track the mode of transmission of infectious agents
in order to define control measures, and different
epidemiological tools are used for this purpose. In our
study, we applied conventional serotyping and sub-
serotyping methods for typing Shigella spp. isolated
from index cases and their family contact children [25]
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and also applied the molecular method of PFGE for
comparison when the same serotypes/sub-serotypes
were isolated from both index cases and their family
contact children. The PFGE patterns of the same
serotype/sub-serotype isolated from index cases and
study children were identical. The findings suggested
that the sources of the infection of both the index
cases and study children were the same.

Results of our study demonstrated that intra-
familial transmission of shigella carries a risk of
diarrhoea, nine-fold higher among children with
intra-familial transmission than among children of
households without intra-familial transmission. We
estimate that prevention of intra-familial trans-
mission of this organism could help reduce shigella-
associated diarrhoeal morbidity by 50 %.
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