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ICDDR.B, or "The Centre’, was established in 1978 as successor to the Cholera Research Laboratory created
in 1960 to study the epidemiology, treatment, and prevention of cholera. The Centre is an independent,
international, non-profit organization for research, education, training, clinical services, and information
dissemination. Located in Dhaka, the capital city of Bangladesh, the Centre is the only truly international
health research institution based in a developing country. The results of research conducted over the years
at the Centre provide guidelines for policy makers, implementing agencies, and health professionals in
Bangladesh and around the globe. Researchers at the Centre have made major scientific achievements in
diarrhoeal disease control, maternal and child health, nutrition, and population sciences, These significant
contributions have bean recognized worldwide,

How is the Centre Organized?

The Centre is governed by a distinguished multinational Board of Trustees comprising researchers, educators,
public health administrators, and representatives of the Government of Bangladesh. The Board appoints a
Director and four Division Directors who head the Centre's four scientific divisions. The Centre currently
has over 240 scientists and medical staff from more than ten countries conducting research and providing
expertise in multiple disciplines relating to the Centre’s areas of research. In total, over 1,200 personnel
work in the Centre.

The Clinical Sciences Division (CSI) is composed of physicians and scientists trained in paediarrics,
general medicine, gastroenterology, infectious discases, nutrition, and epidemiology. The focus of the
Division is on: (i) hospital- and community-based clinical research in the fields of infections discases and
nutrition; (i) hospital care to more than 120,000 patients annually at the Clinical Research and Service
Centre in Dhaka; (iii) preventive health care to mothers and children; and (iv) training in case management
and research methodology. Research activities are along the themes of case management (nutritional, fluid,
and pharmacologic therapies), pathophysiology, and preventive/maternal and child health.

The Health and Population Extension Division (HPED), with staff comprising public health professionals,
economists, demographers, statisticians, and social scientists, undertakes operations research and
interventions in family planning, reproductive and child health, epidemics control, and environmental health,
The Division provides technical assistance, training, and environmental laboratory services 1o the
Government of Bangladesh and non-governmental organizations in these fields. The Division COMmprises
the Operations Research Project (ORP), the Epidemic Control Preparedness Programme (ECPP), and the
Environmental Health Programme (EHP). The objective of ORP is to strengthen the national health and
population programime by improving the efforts of the government, NGO, and private sector.

The Laboratory Sciences Division (LSD) has scientists with expertise in enteric and respiratory
microbiology, molecular genetics, environmental microbiology, immunology, parasitology, reproductive
tract infections, sexually transmitled diseases, and nutritional biochernistry, The Division undertakes research
on a thematic basis on emerging and re-emerging infectious diseases, vaccine evaluation, control of diarrhocal
diseases, nutrition, and reproductive tract infections. The Division also provides laboratory services to
scientists of the Centre and to patients who are referred,
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Announcement

The Editorial Board announces that Professor David A. Sack, MD, has assumed
the responsibility of the Editor-in-Chief of the Journal of Diarrhoeal Diseases
Research (JDDR). Prof. Sack is also the current Director of the ICDDE,B:
Centre for Health and Population Research. Before joining the Centre, he was
a Professor of International Health at the Johns Hopkins University, USA. Prof.
Sack was born in November 1943 in Alabama, USA, obtained his MD from
the University of Oregon Medical School in 1968, and started his professional
career in 1969, Previously he also served the Centre from 1977 to 1987 as the
Head of Laboratory Sciences Division. The Editorial Board sincerely hopes
that under his able and dynamic leadership, the Centre and the JDDR will
continue to flourish and excell in its scopes and objectives. '

At the same time the Editorial Board also recalls the excellent services provided
by Professor Roger Eeckels, the previous Editor-in-Chief of the Journal in
improving the quality of the JDDR since 1995, Prof. Eeckels has put in
tremendous efforts to enrich the scientific quality and reliability of the Journal.

We all wish wonderful health and joyful life for both of them in the future,
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REVIEW ARTICLE

Food as a Vehicle of Transmission of Cholera

GH Rabbani! and WB Greenough 1112

IClinical Sciences Division, ICDDR,B: Centre for Health and Population Research, Mohakhali,
Dhaka 1212, Bangladesh; and 2Division of Geriatric Medicine and Gerontology, Johns Hopkins
Geriatrics Center, Baltimore, MD 21224, U.SA.

ABSTRACT

Cholera has been recognized as a killer disease since earliest time. Since 1817, six pandemics
have swept over theworld, and theseventh oneisin progress. Thediseaseis caused by infection
of the small intestine by Vibrio cholerae O1 and 0139 and is characterized by massive acute
diarrhoea, vomiting, and dehydration: death occursin severe, untreated cases. Cholera isa
highly contagious disease, and istransmitted primarily by ingestion of faecally-contaminated
water by susceptible persons. Besides water, foods have also been recognized as an important
vehicle for transmission of cholera. Foods are likely to be faecally contaminated during
preparation, particularly by infected food handler sin an unhygienic environment. The physico-
chemical characteristics of foodsthat support survival and growth of V. cholerae O1 and 0139
include high-moisture content, neutral or an alkalinepH, low temper atur e, high-or ganic content,
and absence of other competing bacteria. Seafoods, including fish, shellfish, crabs, oystersand
clams, haveall been incriminated in choleraoutbreaksin many countries, including the United
Statesand Australia. Contaminated rice, millet gruel, and vegetableshave also been implicated
in sever al outbreaks. Other foods, including fruits (except sour fruits), poultry, meat, and dairy
products, have the potential of transmitting cholera. To reduce the risk of food-borne
transmission of cholera, it isrecommended that foods should be prepared, served, and eaten in
an hygienicenvironment, freefrom faecal contamination. Proper cooking, storing, and re-heating
of foods before eating, and hand-washing with safe water before eating and after defaecation
areimportant safety measuresfor preventing food-bornetransmission of cholera.

Key words: Cholera; Vibrio cholerae; Food; Disease transmission; Review literature

INTRODUCTION

© 1999 ICDDR,B: Centre for Health and Population Research

Although cholera had been prevalent in many parts of
theworld for centuries, itisonly during thelast 50 years
that we have learnt important aspects of the disease,
including its pathogenic mechanism, treatment, and

Correspondence and reprint requests should be addressed
to: Dr. G.H. Rabbani

Scientist, Clinical Sciences Division

ICDDR,B: Centre for Health and Population Research
(GPO Box 128, Dhaka 1000)

Mohakhali, Dhaka 1212, Bangladesh

E-mail: rabbani @icddrb.org

prevention. Robert Koch, during work in Alexandriaand
Calcutta, isolated Vibrio cholerae, and, in 1883, wasthe
first to conclusively show that it wasthe cause of cholera.
In 1953, SN De, abacteriologist in Calcutta, discovered
the crude choleratoxin, responsiblefor stimulating fluid
secretion from the small intestine (1). Since then, rapid
advances in research have illuminated the pathogenic
mechanisms of fluid secretion and its regulation, the
modalities of treatment, immune mechanisms, and have
stimulated vaccine development.

V. cholerae O1, the causative organism of cholera, is
aGram-negative bacterium which infects and colonizes
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the small intestine, stimulating massive outpouring of
fluid and electrolytes and leading to severe watery
diarrhoea, dehydration, vomiting, electrolyte
abnormalities, and metabolic acidosis. Although the
majority of infectionswith V. choleraelead to inapparant
infection or mild disease, death occursin 50 to 70% of
the severe cases if they are not adequately rehydrated
(2), either by intravenous infusion or, more simply, by
oral rehydration solutions (ORS) (3). Antimicrobial
agents, including tetracycline, are effective in reducing
the volume of fluid loss and the duration of diarrhoeal
illness (4). Although choleraoccursinindividuals of al
ages, children aged 2 to 9 years have the highest
incidence of the disease in endemic areas, such as
Bangladesh (5). Short-lived, protective immunity
developsin adultsin the endemic areas due to repeated
exposures to infection, but long-term protectionisrare.

Choleraisadisease of great epidemic potential. It is
endemic aong the Gangesvalley, particularly in eastern
Indiaand Bangladesh. Since 1817, six cholerapandemics
have swept over the world, exacting a heavy toll of
human lives. The seventh pandemic started in Sulawesi,
Indonesiain the early 1960s, and has now spread to most
partsof theworld. Thislast pandemic wasthefirst caused
by the El Tor biotype of V. cholerae.

Epidemiological evidence indicates that cholera is
primarily a water-borne disease (6). Its faecal-oral
transmission usually occurs by theingestion of faecally
contaminated water by susceptible individuals. Besides
drinking water, food has a so been recognized to be an
important vehicle of transmission of cholera. In
developing countries, where both poverty and poor
sanitation arecommon, faecal contamination of domestic
and commercial food is likely to occur, and in many
outbreaks the infection has been traced to consumption
of faecally-contaminated foods. In the developed
countries, food-borne outbreaks of cholerahave on many
occasions occurred dueto consumption of contaminated
seafoods.

FOOD ASA MEDIUM FOR SURVIVAL
OF V.CHOLERAE

The survival and growth of V. choleraein foods depend
on the physico-chemical properties of the particular
foodstuff that has been contaminated. Food
characteristics, which enhance the growth of V. cholerae,
are low temperature, high-organic content, neutral or
alkaline pH, high-moisture content, and absence of other
competing micro-organisms in the food (7-10). V.
choleraearevery sensitiveto heat, and arerapidly killed
when exposed to temperature of 100 °C. Drying and
exposureto sunlight isalso an effective meansof killing

V. cholerae (8,11). Domestic freezing is usually
ineffective in sterilizing foods, and the organisms can
survive for along period in afrozen state.

Fruits and vegetables: In many countries, the practice
of fertilizing gardens with untreated night soil and the
habit of consuming uncooked vegetables have often
resulted in cholera outbreaks. Vegetables may be
contaminated during washing with polluted water. This
can also occur when contaminated water isinjected into
fruits, such as water melons, to preserve their weight
and taste (12). The pH of aspecific fruit isan important
factor that influences contamination by V. cholerae. Sour
fruits, such aslemonsand oranges, with lower pH (below
4.5) do not support the growth of V. cholerae, and, thus,
do not pose risk of choleratransmission. Fruit pulp and
concentrate preserved in cans are also less likely to be
contaminated if they have an acidic pH. Spices, including
raw onions and garlic, can support the survival of V.
cholerae for 2 to 3 days at ambient temperature (8,13).

Seafoods: The importance of fish and shellfish as a
vehicle of transmission of cholera has been recognized
by early observers. Fishesare likely to be contaminated
by V. cholerae when the surrounding water is
contaminated by sewage or other environmental sources
of V. cholerae O1. It has been shown that V. cholerae
can survivein seawater in association with zooplankton
(copepods). Zooplankton secrete a self-protective coat
of chitin that can be dissolved by chitinase, an enzyme
produced by V. cholerae O1. Seafoods, including
molluscs, crustaceans, crabs, and oysters, feed on
plankton and can becomeinfected with V. cholerae (14).
Onceinfected, particularly clamsand oysters can harbour
V. choleraefor weeks, even if refrigerated (7). In crabs,
the organisms can rapidly multiply at ambient
temperature, and boiling for less than 10 minutes or
steaming for less than 30 minutes does not completely
kill V. cholerae (7).

Dairy products: V. cholerae O1 can survive for more
than two weeks in different dairy products, including
milk, milk products, soft deserts, and cakes. Addition of
sugar and eggs enhances bacterial survival. Although V.
cholerae is killed by pasteurization of milk, the
organismscan persistin raw milk aslong asfour weeks,
even if refrigerated (13).

Poultry and meat: Contamination of meat of animal
origin occurs exogenously during processing, cooking,
storage, or consumption. It has been shown that V.
cholerae can live and grow on cooked chicken, an
increasein numbersof V. cholerae from 10%to 10°within
16 hours has been demonstrated (15). An early
observation by Seligmann indicates that consumption
of improperly cooked horsemeat was incriminated in a
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small outbreak of cholerain Berlin in 1918 (16). The
meat had been prepared by an infected butcher who
succumbed to cholera the next day.

There are many other types of food that may be
contaminated with V. cholerae. V. cholerae can survive
on cooked rice, potatoes, eggs, and pasta for up to 5
days, and can also survive in spices, including pepper
and cinnamon, for up to several days (8).

LABORATORY CHARACTERIZATION
OF V.CHOLERAEO1

The mere presence of V. cholerae in food does not
implicate food as the vehicle of cholera transmission.
The organism must betested in thelaboratory to identify
itshiological characteristicswith regard to pathogenicity,
toxin production, antigenic type, and genetic structure.
Application of modern molecular techniques to detect
V. cholerae in food samples should be considered.

procedures should be employed for the isolation and
characterization of V. cholerae. Specific guidelines for
laboratory examination of contaminated foodstuff,
developed by the U.S. Food and Drug Administration,
Department of Public Health, may be useful for proper
identification of the suspected pathogens.

EPIDEMIOLOGY OF FOOD-BORNE
TRANSMISSION OF CHOLERA

Theepidemiological evidencereviewed by Politzer (20)
suggests drinking water as the primary vehicle of
transmission of cholera. However, early observationsas
well asthose made during the last 30 yearsindicate that
many outbreaks of cholera have been traced to
consumption of contaminated foods throughout the
world (21,22). The role of food as a vehicle of cholera
transmission depends on several factors, including the
likelihood of contamination of aspecific food item, and
the gastric acid-neutralizing capacity of aparticular food.

Table 1. Food-borne outbreaks of choleramostly in countrie other than USA”

Country Year Infected food References
Philippines 1961 Raw shrimps 26
Malaysia 1963 Seafood/shellfish 36
Israel 1970 Raw vegetables 44
Bahrain/Sydney 1972 Hors d’ oeuvres 46
Italy 1973 Mussels 37
Portugal 1974 Raw cockles/bottled water 39/59
Guam 1974 Salted fish 60
Gilbert Island 1977 Raw shellfish/salted fish 61/62
Louisiana, USA 1980 Inadequately steamed crabs 63
Sardinia 1980 Shellfish 35
Singapore 1982 Seafood 33
Gulf of Mexico 1983 Water-contaminated rice 42
Micronesia 1984 Food 64
*Reproduced with permission

Molecular probesof natural DNA fragments (17,18) and
synthetic oligonucl eotides have been devel oped to detect
V. choleraetoxin genes (19). Polymerase chain reaction
(PCR), avery sensitivetool, can detect trace amounts of
DNA fragments, even from dead or lysed organisms.
This assay may be very useful in investigating food-
borne cholera outbreaks. Epidemiologic and medical
implications should be considered to establish the cause-
and-effect relation between the suspected source of
infection and the outbreak of the disease. In thisregard,
the laboratory plays an important role with respect to
characterization of the organism. When a specific food
is suspected for contamination, a sufficient amount (25
0) of thefood should be sampled, and specific |aboratory

Seafood and shellfish: Seafoods, particularly fish and
shellfish, have been incriminated in many cholera
outbreaks since the nineteenth century (Table 1). Fish
becomesinfected with V. cholerae either due to sewage
contamination of water or by ingestion of aquatic
vegetation and zooplankton infested with V. cholerae
(23). Inafood survey in Taiwan, 1,088 vibrios, including
V. cholerae and other species, were isolated from
seafoods and aguacultured foods (24). In many countries,
fish is eaten raw or undercooked (25,26). Outbreaks of
cholera due to consumption of raw fish have been
reported from Japan as early as 1886 (27) and from the
Philippinesin 1908 (28). Fish may serve asanimportant
vehicle of transmission of cholerain the endemic areas
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of Asia, whereitisamajor food item and islikely to be
contaminated by V. cholerae due to both poor
environmental sanitation and poverty prevailing in this
region. Pandit and Hora (29) observed that, in India, the
transmission of endemic cholerais maintained through
infection of hilsa fish, which breeds abundantly in the
Hoogly river that runs through Calcutta.

During the course of the seventh cholera pandemic,
contaminated seafoods have been identified asthe source
of infection in several outbreaks. Seafoods and seafood
products most frequently incriminated are raw shrimps,
crabs, oysters, clams, shellfish, and mussels. Thesefoods
have been identified as a source of repeated outbreaks
in the Unites States and elsewhere (30-32). In 1978,
Singapore experienced another choleraoutbreak, which
was traced to consumption of prawns and squid, which
werelikely to be contaminated by infected food handlers
(34). Againin Singapore, afood-borne choleraoutbreak
occurred in 1982 among 37 construction workers after

was isolated from 42% of shellfish tested, and
consumption of raw or poorly cooked cockles were
significantly associated with cholera cases.

Reports of cholera outbreaks from the U.S. Gulf
Coast during the last two decades provide
epidemiological evidence of a definitive role of fishin
the transmission of cholera (Table 2). In the United
States, the first case of cholera after 1911 occurred in a
shrimp fishermanin Texasin 1973 (40). Theisolatewas
identified as V. cholerae O1, biotype El Tor. In spite of
extensiveinvestigations, the source of infection remained
unidentified. Later, in 1978, 11 persons were attacked
with V. cholerae El Tor in Louisianaafter eating cooked
crabs in different sites of the coastal marshes. In 1984
in Maryland, one person who had consumed infected
crabs collected along the Texas coast devel oped cholera
(41). InFlorida(25) and Georgia(26), twoisolated cases
of cholera occurred in 1978 due to consumption of
contaminated raw oysters. Inthe 1986 L ouisianacholera
outbreak, 18 persons were attacked in 12 different

Table 2. Choleracasesin the Unites States associated with consumption of seafoods from Gulf Coast waters (1973-
1992)

State Year No. of cases Implicated food References

Texas 1973 1 Raw oysters 40

Louisiana 1978 11 Cooked crabs 63

Texas 1981 2 Fish/shrimps 65

Texas 1981 16 Cooked rice 53

Maryland 1984 1 Crabs 41

Florida 1986 1 Raw oysters 25

Louisiana 1986 18 Crabs/shrimps 63

Georgia 1986 18 Raw oysters 26

Louisiana 1987 2 Crabs 31

Colorado 1988 1 Raw oysters 66

Total 1973-1992 71

*Reproduced with permission

they ate contaminated seafoods at alocal cafeteria, where
two food handlers were found to be infected with V.
cholerae O1 (33). In 1979, an outbreak of cholera
occurred in Sardinia; the source of infection was traced
to eating of bivalves from which V. choleare O1 were
isolated (35). In 1974 in the Pacific island of Guam,
eating of small, salted fish was thought to be the vehicle
of transmission of cholera (60).

The importance of shellfish as a vehicle of cholera
transmission has been conclusively shown by a
statistically significant association of cholera with
shellfish consumptionin ltaly in 1973 (37,38). Oneyear
|ater, asevere choleraepidemic occurred in Portugal with
2,467 reported cases and 48 deaths (39). V. cholerae O1

clusters; al were infected by eating crabs and shrimps
collected from different sites along the L ouisiana coast
(32). In the fall of 1991, a single cholera case was
identified in an oil rig barge in Texas, which was
followed by 13 secondary cases of cholera and one
asymptomatic infection (42). The source of infectionin
the index case was traced to consumption of infected
seafoods from local water. The secondary cases were
infected by consuming rice prepared with water
contaminated by the faeces of the index case through
cross-connection between asewer drain and thedrinking
water supply. Since 1973, a total of 65 cholera cases
have been associated with the Gulf Coast reservoir in
theUnited States. Inal cases, the'V. cholerae Olisolated
were of El Tor biotype and Inaba serotype; all strains
produced cholera toxin and haemolysin on blood agar,
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and possessed a characteristic bacteriophage, VCA3 (19).
Genetically, al strains had the samerestriction digestion
pattern and ribotype pattern. All these data support the
hypothesis that V. cholerae O1 strains have been
persisting asafree-living organism along the Gulf Coast
water for the last 20 years, independent of exogenous
introduction during the pandemics.

Other foods. The African continent had been free of
cholerafor 70 years, but in 1971 cholera reappeared in
Africa, and 30 of the 46 countries started reporting
cholera. During a cholera outbreak in Mdi in 1984, a

epidemic could not establish a source of infection for
theinitial cases. However, thelater caseswere shown to
be infected by secondary spread of V. cholerae through
consumption of vegetabl es contaminated by faecesfrom
the initial cases. In Jerusalem, vegetables are supplied
from the surrounding villages, where sewage and night
soil are used asfertilizer.

In the United States, an outbreak of cholera occurredin
Maryland in 1991, in which four persons were infected,
three of them having diarrhoea (45). Consumption of
Thai-stylerice topped with coconut milk was the source

Table3. U.S. cases of cholera in persons returning from Latin America or eating food from
Latin America”

State Year Nos. of cases  Suspected food Country of food origin References

Georgia 1991 1 Cooked crab meat Peru 67

New Jersey 1991 8 Cooked crab/salad Ecuador 68

Florida 1991 1 Raw oysters Ecuador 68

New York 1991 4 Cooked crab/salad Ecuador 69

New Jersey 1991 1 Crabs Ecuador CDC, Unpub.

Cdifornia 1992 2 Seafood at stand El Salvador CDC, Unpub.

Cdlifornia 1992 76 Shrimp/fishin salad Peru 53

California 1992 1 Raw seafood El Salvador CDC, Unpub.

Total 1991-1992 94

*Reproduced with permission

case-control study showed that eating leftover millet
gruel by villagersin an arid region was associated with
cholera (43). In this community, millet is a major food
item, which is prepared once a day and stored at room
temperature for many hours and is often consumed
without proper cleanliness by people in groups. In
another outbreak in Guinea, consumption of |eftover rice
with peanut sauce has been incriminated as the vehicle
of transmission of cholera. In contrast, |eftover rice eaten
with tomato sauce, having an acidic pH, unfavourable
for V. cholerae, was not associated with cholera cases
(43). There were also two reports of cholera outbreaks
due to contamination of rice during preparation of a
funeral feast by women who had cleaned the bodies of
patients who died of cholera

The importance of contaminated vegetables as a
vehicle of cholera transmission is indicated by an
outbresk in Jerusalem (44). In August 1970, an epidemic
of cholera broke out in Jerusalem with 256 cases, the
initial cases appearing simultaneously in three different
places. However, the later cases appeared sporadically
without specific primary cases; and the cases were
limited to the Jerusalem region, despite considerable
movement of people. Careful investigation of the

of infection. Laboratory examination of the same brand
of coconut milk revealed its contamination by V.
choleare, which differed in molecular characteristics
from those strains causing the seventh pandemicin Asian
and Latin American countries, and in the Gulf Coast of
the U.S.A. These findings suggest that the coconut milk
was contaminated during its preparation in the country
of origin.

An outbreak of cholera was reported in 47 of the
331 passengersof an airlineflight en route from London
to Sydney in 1972. The source of theinfection wastraced
to consumption of contaminated hors d’ ceuvre served
on the aircraft and obtained from a caterer in Bahrain,
where an epidemic of cholerawas going on (47).

Recent cholera outbreaks in Latin America: For the
first time in the 20" century, cholera appeared in Latin
America in 1991. Peru was the first country to report
cholera during the epidemic (48). The disease spread
quickly to other countries. By August 26, 1992, 640,000
cholera cases and 5,600 deaths were reported by 19
countries (48-50); these numbers were more than those
reported for the entireworld during the former fiveyears
(51,52). In the same wave of the epidemic, cholera



6 JDIARRHOEAL DISRES Mar 1999

Rabbani and Greenough I11

entered into the United States with travellers returning
from Latin America (Table 3). Food has been
incriminated as the vehicle of transmission of cholera
from Latin America to the United States in several
instances.

Anindex case of cholerawasidentifiedin New York
in 1991. Thiscasewasfollowed by three secondary cases
of symptomatic infection with V. cholerae O1 (69). The
index case had travelled to Ecuador and brought with
him boiled crabs which were found to be contaminated
by the V. choleraestrain prevailing in Latin America, as
detected by sensitive assays, including PCR and DNA
ribotyping (42). The molecular characteristics of this
strain of V. cholerae O1 were completely different from
those isolated from the coastal areas of Texas and
Louisiana. In another instance in 1991, 76 airline
passengers returning from Argentina to Los Angeles
were infected with V. cholerae O1 by eating
contaminated shrimp and fish salads prepared in Lima,
Peru (53). Although no secondary spread occurred, 37
passengers becameill, and of them one died. A total of
41 imported cases of cholera have been documented in
the United States during 1961-1990. M ost of these cases
were associated with travel to Latin American countries
or with eating of seafoods brought from there.

These observationsindicatethat thereisapossibility
of cholera transmission through eating contaminated
food in another country. However, the risk of
transmission of cholera through imported commercial
foods seems to be small. There have been no cases of
cholera in the United States as a result of importing
commercia foodstuffs from Latin American countries.

FOOD-BORNE CHOLERA
IN ENDEMIC REGIONS

In cholera endemic regions of Asia, including
Bangl adesh, contamination of food may be animportant
factor inthetransmission of cholera. Case-control studies
have shown that, in Bangladesh, the rate of
contamination of household water with V. cholerae O1
issignificantly higher in water used for cooking thanin
water used for drinking (54). It islikely that water may
serve as a source of secondary contamination of food
during its preparation. A household survey carried out
in Bangladesh indicates that only 0.13% of the food
samples cultured were contaminated with V. cholerae
O1. This indicates that the risk of food-borne
transmission of cholera during the non-epidemic season
in the endemic areas may be small. Although fish and
shellfish have been shown to be an important vehicle of
cholera transmission in non-endemic areas (U.S. Gulf

Coast, Africa, Latin America), in the endemic areas of
Indiaand Bangladesh, fish-borne transmission seemsto
be rare. In these communities, most people eat fresh
water fish rather than salt water fish and other marine
species, such as shellfish, clams, and oysters.
Nevertheless, V. cholerae O1 has been isolated from
aquatic flora and fauna in this region (55). It has also
been found that blue-green algae can act as a reservoir
of V. cholerare O1 in the aguatic environment of
Bangladesh (55). These algae are eaten by fish. Since
fish is usually well-cooked before eating and never
consumed raw, fish-borne infections must be rare.
However, cross contamination of foods through handling
of infected fish remains a possible risk of transmission.

In endemic areas, transmission of cholera through
contaminated foods served by street vendors and
restaurants should be considered. In Dhaka, the capital
city of Bangladesh, there were two outbreaks of cholera
in 1974 and 1975 (56). Theresults of acase-control study
indicated that the attack rates of cholera were
significantly associated with eating in restaurants.
Moreover, the free food distribution centres established
inthecity to feed the famine-affected people a so played
a significant role in the transmission of the disease. In
the Hong Kong outbreak of cholerain 1990, the source
of infection has been traced to consumption of a special
rice dish called “moonsalus’ (57).

CONCLUSIONSAND RECOMMENDATIONS

Cholerais a disease of great public health importance.
The mainstay of treatment of choleraisthe replacement
of fluid and electrolytes lost in the stools. Rehydration
can be easily achieved either by intravenous infusions
or moresimply by oral rehydration solutions. Treatment
with an effective antimicrobial agent reduces fluid loss
and the duration of diarrhoea, but thisform of treatment
is not considered a substitute for rehydration therapy.
Since untreated diarrhoeal stools from cholera patients
arethe primary source of environmental contamination,
including water sources and foods, proper treatment of
cholera cases and safe disposal of faeces would reduce
secondary spread and faecal contamination of the
environment. Transmission of cholera occurs by the
faecal-oral route, and water has been recognized as the
primary vehicle of cholera transmission. Thus, to
interrupt thetransmission cycle, effective public health
measures should be undertaken to prevent faecal
contamination of drinking water supplies, aswell asto
establish sanitary disposal and sewagetreatment systems.
This is not an easy task in most situations, and, thus,
callsfor aconsiderable investment and commitment by
the government and the community leaders.
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Beside water, foods constitute an important vehicle for
transmission of cholera in the environment.
Consumption of V. cholerae-contaminated foods,
particularly seafoods and fish, has been implicated in a
large number of choleraoutbreaksthroughout theworld.
Seafoods can be infected if the surrounding water is
faecally contaminated or during its processing by the
infected food handlers. After cooking, food can be
infected during storage and consumption in an unclean
environment.

To prevent food-borne transmission of cholera, the
foods must be safe and free from V. cholerae before
consumption. The World Health Organization
recommends the following food safety measures to
prevent the spread of cholera (58):

¢ avoid raw food (exception: undamaged fruits and
vegetables from which the peel can be removed are
safe if hygienically handled);

¢ cook food until it is hot throughout;

* eatfoodwhileitisstill hot, or reheat food thoroughly
before eating;

¢ wash and thoroughly dry al cooking and serving
utensils after use;

* handle and prepare food in a way that reduces the
risk of contamination (e.g. cooked food and eating
utensils should be kept separate from uncooked foods
and potentially contaminated utensils); and

¢ wash hands thoroughly with soap (or ash) after
defaecating, or after contact with faecal matter, and
before preparing or eating food, or feeding children.

With regard to the risk of cholera transmission through
food trade, the WHO recommends: “... although there
is atheoretical risk of cholera transmission associated
with international food trade, the weight of evidence
suggeststhat thisrisk issmall and can normally be dealt
with by means other than an embargo on importation.”
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ABSTRACT

A hospital-based unmatched case-control study (387 casesand 387 controls) wascarried out at
the Gover nment M edical College Hospital, Nagpur, India, to deviseand validatearisk-scoring
system for predicting the development of moderateor severedehydration in children, aged less
than fiveyears, with acute watery diarrhoea. On unconditional multiplelogistic regression, 12
risk factors-—-infancy, minority religion, undernutrition, not washing hands by mother before
prepar ation of food, frequency of stools>8/day, frequency of vomiting >2/day, meadesin previous
6 months, withdrawal of breast-feeding/other feedings, withdrawal of fluidsduring diarrhoea,
not giving oral rehydration solutions (ORS), home availablefluidsand both during diarrhoea-
-weresignificant. Based on regression coefficients, thesefactor swereascribed statistical weights
of 5,5,4,4,22,9, 11, 13,5, 5, 5, and 7 respectively. Thereceiver-operating characteristic curve
suggested atotal score of 48 to be the best cut-off for predicting the development of moderate
or severedehydration. At thiscut-off, the senditivity, specificity, positive predictivevalue, Cohen's
kappa, and overall predictive accuracy were 0.81, 0.81, 0.81, 0.61, and 0.86 respectively. If
substantiated by further validation, this system can be used for predicting the development of
dehydration at theearlier stage, thereby reducing the mortality associated with life-threatening
dehydration.

Key words: Diarrhoea, Infantile; Diarrhoea, Acute; Dehydration; Case-control studies; Risk
factors; Epidemiology
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INTRODUCTION

Diarrhoeal diseases are till one of the leading causes of
morbidity and mortality in children in developing
countries (1), and are responsiblefor approximately one-
third of the 15 million deaths, each year, of children aged
lessthan fiveyears(2). Although the mgjority of episodes
are self-limited, a small proportion quickly lead to
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Dr. Sanjay P. Zodpey

Plot 305, Hanuman Nagar

Nagpur 440009, Maharashtra State, India

dehydration and death (3,4). Most deaths due to
diarrhoea are attributed to development of moderate or
severedehydration (5,6). Littleisrelatively known about
what puts a child at risk of developing life-threatening
dehydration (7). A number of hypothesized risk factors
have been shown to be associated with the devel opment
of moderate or severe dehydration (2,7). Their relative
contribution to the development of moderate or severe
dehydration reportedly varies from study to study and
from population to population. Moreover, the combined
effect of these risk factors can help in better prediction
of development of moderate or severe dehydration in
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children, aged less than five years, with acute watery
diarrhoeacompared to theindividual effect. The present
study was, thus, undertaken (a) to identify theimportant
risk factors contributing to the devel opment of moderate
or severe dehydration in children, aged less than five
years, with acute watery diarrhoea, (b) to develop a
simplerisk-scoring system for prediction of development
of moderate or severe dehydration, and (c) to validate
the risk-scoring system so devised.

METHODSAND MATERIALS

A hospital-based unmatched case-control study,
comprising children aged less than five years suffering
from acute watery diarrhoea and admitted to the
Diarrhoea Treatment Unit (DTU), Government Medical
College Hospital, Nagpur, India, was carried out during
a 15-month period from October 1996 to December
1997.

Samplesize

To calculate the sample size required for the study, an
information from an earlier study (7) was considered. It
was observed in the earlier study that the prevalence of
“not giving ORS [ora rehydration solutions] during
diarrhoea episode” in controls was 0.47, and the odds
ratio was 2.1 for development of moderate or severe
dehydration. With an a error of 0.05 and 90% power,
the sample size was calculated to be 387 cases and an
equal number of controls. The study subjects were
selected sequentially.

Cases

Cases comprised 387 children, aged lessthan fiveyears,
admitted to the DTU with diarrhoea, who were assessed
as having severe or moderate dehydration. Moderate or
severe dehydration was diagnosed when a child had
definite signs of reduced skin elasticity and, in addition,
had one or more of the following: sunken eyes, rapid
and weak pulse, sunken anterior fontanelle (provided
open), and no urine output for at least 6 hours (8). Due
care was given for evaluating reduced skin elasticity in
the mal nourished (marasmic) child on admission which
was re-checked after the child was fully hydrated. The
reduced skin elasticity was corroborated with relevant
history from a responsible family member, mostly the
mother. At the time of discharge, the mothers were
further asked regarding skin elasticity, and if theresponse
wasdefiniteand positive, thereduced skin elasticity was
attributed to malnutrition.

Controls

Controls comprised 387 children, aged less than five
years, attending the DTU with diarrhoea, who were

assessed as having no or mild dehydration, when there
were no clear signs of dehydration with or without thirst
(8).

Risk factors

A trained investigator interviewed the mothers using a
close-ended questionnaire contai ning information on risk
factorsincluded in the study. The current study included
17 hypothesized risk factors (7) for development of
moderate or severe dehydration in children, aged less
than fiveyears, with acute watery diarrhoea, i.e. infancy,
femalesex, religion, residingin urban dumsor rural area,
undernutrition, cessation of breast-feeding/other feeding
during diarrhoeal episode, fluid intake decreased/stopped
during diarrhoeal episode, ORS not received, home
availablefluids (HAF) not received, both ORSand HAF
not received, not washing hands by the mothers before
preparation of food, after defaecation and after disposal
of faeces, history of measles in previous 6 months,
frequency of stools >8 per day, frequency of vomiting
more than 2 per day and temperature more than 37.2 °C.
The scheme of categorization and measurement of these
risk factorsis shownin Table 1.

Statistical analysis

Univariate analysisincluded Pearson’ s chi-square, crude
oddsratios, and Cornfield estimatesfor 95% confidence
intervals for the odds ratios (9). Unconditional multiple
logistic regression (MLR) analysiswas carried out. The
full model of MLR included all risk factorsincorporated
in the current study. However, the final model included
the risk factors which were significant in the full model
at alevel of 0.1. The level of significance was fixed at
a=0. 05 for judging the significance in the final model.

Therisk factorsin the final model were then given a
statistical weight. Theweight for afactor was cal culated
by using thefollowing linear transform on theregression
coefficient of the variable in the final unconditional
logistic regression model: Statistical weight=Round
(bx10). Thistransform was necessary to make the scoring
system easy to use.

All the 774 study subjects were then scored
individually using the developed risk-scoring system.
The predictive accuracies, sensitivities, specificities, and
Cohen’s kappas of the risk-scoring system at various
cut-offs of the total score were calculated (10). The
overall predictive accuracy was calculated as an
equivalent of the Wilcoxon statistic as described by
Hanley and McNeil (11). The best cut-off for the total
score was obtained graphically by plotting receiver-
operating characteristic (ROC) curve (10). Statistical
analysis was carried out by using CHISQ (1987 PC
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Table 1. Univariate analysis of risk factors for development of moderate or severe dehydration in children, aged less

than five years, with acute watery diarrhoea

Risk factors Cases (n=387) Controls (n=387) Oddsratio 95% CI

Chi-square p value

Demographic factors
Age group (months)

0-12 145

>12 242
Sex

Female 212

Male 175
Religion

Muslim 76

Hindu 311
Area of residence

Rural 126

Urban slum 149

Urban 112
Nutritional status (IAP? classification)

<60 120

61-70 122

71-80 80

>80 65

Hygiene practices
Washing hands by mothers before preparation of food
No

236
Yes 151
after defaecation
No 248
Yes 139
after disposal of faeces
No
Yes
Clinical features on admission
Frequency of stool/day
>8 309
[ 8 78
Frequency of vomiting/day
>2 260
[ 2 127
Temperature
>37.2°C 36
[37.2°C 351
History of measles in previous 6 months
Yes 49
No 338
Management of diarrhoea
Breast-feeding/other feedings during diarrhoea
Stopped 104
Increased/continuing 283
Fluid
Stopped 79
Increased inadequate 270
Increased adequate 38
ORS®
Not received 263
Received 124
HAFe
Not received 259
Received 128
ORS® and HAF®
Not received 205
Received 182

120
267

199
188

59
328

95
103
189

51

99

78
159

206
181

200
187

106
281

162
225

29
358

26
361

27
360

33
309
45

190
197

210
177

110
277

1.33

114

1.35

2.23
2.44
1.0

5.76

3.01

2.50
1.0

1.37

1.67

1.53

10.5

2.84

1.23

2.01

4.89

2.83
1.03
1.0

219

171

2.84

0.98-1.79

0.86-1.51

0.93-1.96

1.56-3.18
1.73-3.44

3.72-8.91
1.69-5.37
1.63-3.82

1.03-1.82

1.25-2.23

1.18-1.98

7.52-14.67

2.12-3.81

0.73-2.05

1.20-3.37

3.11-7.68

1.56-5.12
0.64-1.63

1.64-2.93

1.28-2.29

2.11-3.82

3.58

0.88

2.59

20.15
26.44

65.97
31.30
18.38

4.74

12.21

8.45

214.08

50.04

0.82

7.81

54.48

12.17
0.02

28.36

12.99

48.31

0.0582

0.0349

0.1073

<0.0001
<0.0001

<0.0001
<0.0001
<0.0001

0.0293

0.0004

0.0036

<0.0001

<0.0001

0.3643

0.0052

<0.0001

0.0004
0.8846

<0.0001

0.0003

<0.0001

aIndian Academy of Paediatrics; ® Oral rehydration solution; © Home available fluids
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Table 2. Multivariate analysis (unconditional multiple logistic
regression) of risk factors for development of moderate or
severe dehydration in children, aged less than five years,
with acute watery diarrhoea (full model)

Risk factors Oddsratio 95% ClI pvalue

Age [ 12 months 1.53 1.02-2.28 0.038

Female sex 118 0.80-1.73  0.389

Muslim religion 1.64 1.01-2.70 0.048

Areaof residence in rural/urban slums 0.98 0.77-1.24  0.884

Undernutrition 1.56 1.31-1.86 <0.001

Not washing hands by mothers

before preparation of food 1.45 0.97-2.16  0.064

Not washing hands by mothers

after defaecation 133 0.90-1.97 0.144

Not washing hands by mothers

after disposal of faeces 144 0.97-212  0.063

Frequency of stool >8/day 8.76 5.88-13.04 <0.001

Frequency of vomiting >2/day 257 1.74-3.78 <0.001

Temperature >37.2 °C 0.91 0.47-1.76  0.797

History of measlesin previous 6 months  2.87 1.47-556 0.001

Withdrawal of breast-feeding/other

feedings during diarrhoea 3.61 2.11-6.16 <0.001

Withdrawal of fluids during diarrhoea 161 1.09-2.37 0.016

Not giving ORS? during diarrhoea 159 1.08-2.34 0.018

Not giving HAP® during diarrhoea 1.62 1.09-240 0.015

Not giving both ORS and

HAF during diarrhoea 1.98 1.34-291 <0.001

30ral rehydration solution; "Home available fluids

version), EPIINFO (CDC, Atlanta and WHO, Geneva,
version 6.04b, 1997), MULTLR (Ludwig Institute for
Cancer Research, Release 5/89 and SCREEN (an
indigenously developed) software packages.

RESULTS

Univariateanalysisresulted in theidentification of thesig-
nificance of residence areain rural/urban ums, undernu-
trition, poor hygienic practices, frequency of stool >8/day,
more than 2 vomiting per day, previous history of mea-
des, withdrawal of breast-feeding/other feedings, with-
drawal of fluids and not giving ORS, HAF and both dur-
ing diarrhoes, in the outcome of moderate or severe dehy-
dration (Table 1). Of the total 17 risk factors included in
thefull model, except female sex, residence areaiin rural/
urban slums, not washing hands by the mothers after
defaecation and temperature above 37.2 °C, all other risk
factors were significant at alevel of 0.1 (Table 2). Inthe
find modd (Table 3), which included 13 significant risk
factors from the full model, except not washing hands by
the mothers after disposal of faeces, theremaining 12 risk
factorswere significantly associated with the devel opment
of moderate or severe dehydration at the 0.05 significance
level. Table 4 describes the regression coefficients for the
significant factors and their respective statistical weights

Sensitivity

Fig.

cd culated by using afore-mentioned linear trans-
form. Because of the multiple categoriesin the
classification of some variables (undernutrition
and withdrawal of fluids during diarrhoeq), the
possiblerange of thetota scorefor anindividua
by this risk-scoring system was 0 to 108. Table
5 shows the classification of cases and controls
by the total risk score categories using a total
score of 12 as the class interval. It is apparent
that most controlswere clustered inlessthan 48
total score category, whilethe oppositewastrue
of cases. This finding was also highlighted by
the ROC curve (figure below). Table 6 shows
the validity characteristics of the risk-scoring
system at various cut-offs. It can be seen that
the Cohen’s kappa was maximum (0.6150) at
thetotal score of 48. The overall predictive ac-
curacy of the risk-scoring system as calculated
by Wilcoxon statistic was 0.8633 (95%
C1=0.8370-0.8895).

DISCUSSION

L ooking at the demographic characteristics of
the study subjects, it is not surprising to see
thesignificant role of 12 identified risk factors
in the ultimate outcome of moderate or severe
dehydration. Among the demographic
characterigtics, infants and muslims were at
risk of development of dehydration. Infancy
as arisk factor was also recognized by other
investigators (7,12). Several workers have

| 1 L I { !
0

0.2 0.4 0.6 0.8

1 - Specificity

Receiver-operating characteristic curve for
the risk-scoring system
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Table 3. Multivariate analysis (unconditional multiple
logistic regression) of risk factors for
development of moderate or severe dehydration
inchildren, aged lessthan five years, with acute
watery diarrhoea (final model)

Risk factors Oddsratio  95% CI _ p value
Age [ 12 months 157 105235 0.025
Muslim religion 164 1.01-2.69 0.048
Undernutrition 156 1.31-1.86 <0.001
Not washing hands by mothers

before preparation of food 154 1.04-228 0.027

Not washing hands by mothers

after disposal of faeces 146 0.99-215 0.054
Frequency of stool >8/day 8.73 5.90-12.93 <0.001
Frequency of vomiting >2/day 256  1.74-3.76 <0.001
History of measles in previous

6 months 2.95 1.52-5.74 0.001
Withdrawal of breast-feeding/other

feedings during diarrhoea 358 211-6.08 <0.001
Withdrawal of fluids

during diarrhoea 164 1.12-242 0.010
Not giving ORS*

during diarrhoea 157 1.07-230 0.020
Not giving HAF®

during diarrhoea 167 1.13-247 0.009
Not giving both ORS and

HAF during diarrhoea 200 1.36-2.94 <0.001

a0ral rehydration solution; "Home available fluids

Table4. The scoring system

Risk factors Regresson Weight Maximum
coefficient score

Age [ 12 months 0.4560 5 5
Muslim religion 0.4964 5 5
Undernutrition 0.4475 4 12
Not washing hands by mothers

before preparation of food 0.4372 4 4
Frequency of stool >8/day 2.1675 22 22
Frequency of vomiting >2/day ~ 0.9409 9 9

Measles in previous 6 months 1.0847 11 11

Withdrawal of breast-feeding/

other feedings during diarrhoea 1.2764 13 13
Withdrawal of fluids during
diarrhoea 0.5004 5 10

Not giving ORS?

during diarrhoea 0.4540 5 5
Not giving HAP®

during diarrhoea 0.5149 5 5
Not giving both ORS and

HAF during diarrhoea 0.6957 7 7

20ral rehydration solution; "Home available fluids

shown that malnutrition is strongly associated with fatal
diarrhoea (13,14). The present study also endorsed the
roleof undernutritionin moderate or severe dehydration.

Table 5. Classification of study subjectsby thetotal risk

score

Score Cases Controls

(n=387) (n=387)
0-12 0 14
13-24 10 109
25-36 27 115
37-48 38 75
49-60 122 52
61-72 130 20
73-84 52 2
85-96 8 0
97-108 0 0

Table6. Validity characteristics of therisk-scoring system

Cut-off for Sensitivity  Specificity Positive  Cohen's
total score predictivity kappa
>12 1.0000 0.0362 0.5092 0.0362
>24 0.9742 0.3178 0.5881 0.3440
>36 0.9044 0.6149 0.7014 0.5194
>48 0.8062 0.8088 0.8083 0.6150
>60 0.4910 0.9432 0.8962 0.4342
>72 0.1550 0.9948 0.9677 0.1498
>84 0.0207 1.0000 1.0000 0.0208

The risk-scoring system ascribed a statistical weight of
12 to severeundernutrition which isnext to the statistical
weights attributed to frequency of stool >8/day and
withdrawal of breast-feeding during diarrhoea. It is not
surprising to find only not washing hands by mothers
before preparation of food was a marginally significant
factor among the three personal hygienic factorsincluded
inthe study. Thiscould be dueto the fact that the role of
these practices is more relevant in the outcome of
diarrhoea (15) than development of dehydration.

Except temperature more than 37.2 °C, other two
clinical features on admission, i.e. frequency of stool
more than 8 per day and frequency of vomiting more
than 2 per day, were significantly associated with
moderate or severe dehydration. The significance of
these two factors was also highlighted by the statistical
weights of 22 and 9 ascribed to them respectively.
According to Victoriaet al. (2), among others, frequent
passage of stools and vomiting had the highest
sensitivities for development of life-threatening
dehydration. A child with history of meadesin preceding
six months and currently suffering from diarrhoeais 3
times at morerisk than a child suffering from diarrhoea
without history of measles. This factor was attributed a
statistical weight of 11. This study also emphasized the
importance of continued breast-feeding, an increased
fluid intake, use of ORS, HAF and both from the
beginning of diarrhoea to prevent the development of
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life-threatening dehydration. Withdrawal of breast-
feeding/other feedings during diarrhoeal episode was
given a statistical weight of 13, which is the second
highest of all theweights. Earlier studiesal so emphasized
the importance of continued breast-feeding and use of
oral rehydration therapy from the beginning of diarrhoea
to prevent the development of life-threatening
dehydration and death (7,12).

It appears quite logical, therefore, that these 12
factors represent the main substance of contributory
factorsleading to or associated with the devel opment of
moderate or severe dehydration. Thiswasalso confirmed
by the overall predictive accuracy of the risk-scoring
system, which can predict anindividual to be at ahigher
risk of developing moderate or severe dehydration by
taking into account only three (frequency of stool >8/
day, withdrawal of breast-feeding/other feedingsduring
diarrhoeaand history of measlesin previous six months)
of the 12 risk factors and any one of the remaining nine
factors, with a probability of 86%. The fact that a total
score of >48 wasthe point from which therewasahigher
risk of developing moderate or severe dehydration
emphasized theimportance of above-stated threefactors
in predicting the child at a higher risk.

This risk-scoring system can obviously be used for
an early identification of episodes at the highest risk of
developing moderate or severe dehydration, which is
important basically for two reasons. Firstly, knowledge
of early warning signs would be useful to target health-
education messages to mothers of at-risk children aged
less than five years, encouraging them to seek an early
treatment. Secondly, it would enable health workersto
recognize the potential severe cases, treat them
appropriately, and keep them under aclose surveillance.
An early identification of at-risk children and timely
effective intervention can, therefore, help reduce
mortality associated with severe dehydration. Further
studies are, however, needed to verify whether the same
risk factorsapply to other countries, where the agtiology
and clinical presentation of diarrhoea may vary
considerably.

Although the present study devel oped arisk-scoring
system, the predictive accuracy of which was about 86%,
this method of validation as described by Herman et al.
(16) is known as back validation. This means that the
same data from which the risk-scoring system was
developed have been used for validation. It may
obviously lead to an optimistic overestimate of the
predictive accuracy. Still, the high-predictive accuracy
encountered in this study may also have been dueto the
use of arobust unconditional multiplelogistic regression
model.

To develop a simple risk-scoring system, a statistical
weight, based on the estimate of regression coefficient
using alinear transform, wasused. Thelogistic regression
linearly predictsthelog of the oddsratio. Hence, whether
logistic regression coefficients should be used in a
straight linear way is a questionable issue. But by
assessing the predictive accuracy of thissystem, it seems
that it worked well by using even alinear transform in
developing the model.

The risk-scoring system that we developed issimple
and has high-predictive accuracy; these are its obvious
advantages. Moreover, it is based on 12 important
hypothesized risk factors. But whether these results can
be readily generalized depends, however, on the
demographic characteristics of the population under
consideration. Further studies are, thus, needed to be
undertaken to validate the risk-scoring system by using
longitudinal, population-based, heterogenous
epidemiological studies. The inherent quality of such a
risk-scoring system is that it may help in an early
prevention of development of moderate or severe
dehydration. Of particular interest is the point that the
majority of the factors included in this risk-scoring
system arethemodifiablerisk factors, and theimplication
of the risk-scoring system is, therefore, underscored.
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Outcome of Children Rehydrated in a Hospital
ORT Corner in Bangladesh: A Follow-up Study
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ABSTRACT

Thisprospectivefollow-up study wascarried out during 1996 to identify the outcome of children
rehydrated in the ORT Corner of the Chittagong M edical CollegeHospital. I n total, 269 children,
aged less than five years, who attended the ORT Corner, accompanied by their mothers, for
treatment of uncomplicated acute watery diarrhoea with 'no signs of dehydration' and 'some
dehydration," wereselected for thestudy. M other sof the children wereinterviewed at the ORT
Corner, and children were followed-up at home on the 5th post-ORT Corner visit day. The
follow-up was completed for 260 cases (96.7%). At follow-up, 227 cases (87.3% ) werefound to
be cured, and 33 cases (12.7%) <till had diarrhoea. Of the cured, the mean duration of the
episode was 5.84+2.34 days (95% CI1.5.55-6.13 days). All the cases received oral rehydration
therapy (ORT) after attendingthe ORT Cor ner. Eighty-one cases(31.2%), however, reconsulted
the private doctors. Of those who reconsulted, only 3 (3.7%) received WHO-recommended
treatment of acute watery diarrhoea, and the rest 78 (96.3%) received medication. The
medication prolonged the episode of diarrhoea significantly (6.22 days vs 5.48 days, p<0.001).
None of the cases, whoreconsulted the privatedoctors, revisited the ORT Corner. Treatment by
‘ORS only' was mentioned by 64% of the mothers as the reason for non-revisit of the ORT
Corner, and 20% of themother sdenied thereceipt of any advice about when torevisit the ORT
Corner which callsfor further strengthening of communication activities of the ORT Corner.

© 1999 ICDDR,B: Centre for Health and Population Research

Keyword: Diarrhoes, Infantile; Diarrhoea, Acute; Dehydration; Oral rehydration therapy;
Rehydration; Prospective studies; Follow-up studies

INTRODUCTION

Diarrhoeal disease haslong been recognized asaleading
cause of morbidity and mortality of children aged less
than five years, specially in developing countries (1,2).
A child hasamedian number of 2.6 episodes of diarrhoea
per year which is equivalent globally to an estimated
one hillion episodes each year resulting in 3.3 million
deaths (2). In Bangladesh, a child aged less than five
years has 3.5 to 4.0 diarrhoeal episodes per year, and
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to: Dr. Farid Uddin Ahmed

Associate Professor (Pediatrics)

Chittagong Medical College

Chittagong, Bangladesh

more than a quarter of deaths are diarrhoea-related, i.e.
about 260,000 children die due to diarrhoea each year
in Bangladesh (3,4), and most of them die due to
dehydration (5). Numerous studies show that oral
rehydration therapy (ORT) cures dehydration and
prevents death (6-9). It is simple, highly effective,
inexpensive, and technologically appropriate (10).

A ORT Corner was organized at the Chittagong
Medical College Hospital in Bangladesh as a cost-
effective strategy for the promotion of case management
of diarrhoeal diseases (11). Experiencesfrom the Dhaka
Medical College Hospital showed that almost all cases
of ‘no signs of dehydration' and more than 90% cases of
‘some dehydration' were managed at the ORT Corner,
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using diarrhoea case management-related guidelines of
WHO, and were sent back to their homes educating their
mothers (12). It is not known what happened to these
cases after getting back home after visiting the ORT
Corner. This study, therefore, aims to identify the
outcome of the diarrhoea patients after rehydration at
the ORT Corner.

MATERIALSAND METHODS

This prospective follow-up study was carried out in the
ORT Caorner of the Chittagong Medical College Hospital
during 1996. In total, 269 children aged less than five
years were selected for the study. These were the cases
who attended the ORT Corner of Chittagong
metropolitan area, accompanied by their mothers, for
the treatment of uncomplicated acute watery diarrhoea
with 'no signs of dehydration' and 'some dehydration.’
The caseswere sel ected consecutively but not morethan
five cases a day. The mothers of the children were
interviewed by an appointed staff nurse for information
about the present diarrhoeal episode using a pretested
guestionnaire. The patients were examined and managed
according to the WHO diarrhoea case management
protocol. Theinstruction about home management was
given to the mothers. All the cases were followed-up at
home on the 5th post-ORT Corner visit day. A separate
questionnaire was used for collecting follow-up
information by a different interviewer.

The recommended fluids, such as oral rehydration
salts (ORS) solution, labon-gur solution, sugar-salt
solution, rice water, and coconut water when used for
ORT, were taken as correct fluids. Correct amount of
ORT fluid was assessed by the response of 10-20 tsp
and 20-40 tsp of fluid given to a child aged less than
two years and aged over two years respectively after
each loose stool, and the feeding of ORT fluid by aspoon
to a child aged less than two years and by cup/glass to
an older child was taken as the correct method (13).

The follow-up at home was completed for 260 cases
(96.7%), and therest 9 cases (3.3%) could not betraced,
and were, therefore, excluded from follow-up analysis.

RESULTS
Characteristics of patients

The characteristics of the mother-child pairs are
presentedin Table 1. Themajority of the cases belonged
to the illiterate mothers (55.4%), poor socioeconomic
background (64.2%), age group of 6-23 months (63.5%),
and malnutritional status (81.2%). The duration of
diarrhoea and the state of dehydration on the day of
attendance at the ORT Corner areshownin Table2. The

Ahmed et al.
Tablel. Characteristics of children with acute watery
diarrhoea
Characteristics No. %
Mother's age (years)
<20 05 19
20-29 199 78.5
30-39 55 21.2
40 and above 01 0.4
Mother's education
Iliterate 144 55.4
Primary 64 24.6
Secondary 44 17.0
College 04 15
University 04 15
Socioeconomic status
Poor 167 64.2
Lower middle 68 26.2
Upper middle 21 8.1
Rich 04 15
Age of children (months)
0-5 23 8.8
6-11 78 30.0
12-23 87 335
24-59 72 27.7
Sex of children
Made 150 57.7
Femae 110 42.3
Nutrition status (Gomez)
Normal 49 18.8
Mild malnutrition 44 18.9
Moderate malnutrition 94 36.2
Severe malnutrition 71 27.3
Overweight 02 0.8

mean duration of the diarrhoeal episode at presentation
was 2.9611.19 days, 248 cases (92.2%) had 'no signs of
dehydration," and 21 cases (7.8%) had 'some
dehydration.' Cough and fever were associated in 18.0%
and 14.2% of the cases respectively.

Outcome at follow-up

The outcome of cases recorded on the day of follow-up
at homeisshownin Table 3. It isevident from the table
that, at follow-up, 227 cases (87.3%) were found to be
cured, and 33 cases (12.7%) <till had diarrhoea. Themean
duration of the diarrhoeal episode of those who were
cured was 5.84+2.34 days (95% CI.5.55-6.13 days).
None had devel oped any blood dysentery. Only 3 cases
(1.2%) required hospital admission, but were found to
be cured. All the cases received ORT, but 251 (97.0%),
187 (72.0%) and 199 (79.0%) casesreceived correct type
and amount of ORT fluid by correct method respectively.

Eighty-one cases (31.2%) reconsulted the private
doctors after attending the ORT Corner asthey were not
getting well (87.0%) and for the associated condition
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Table 2. Duration of diarrhoea and state of dehydration at the ORT Corner | Who werefound to be cured at follow-
- - up, werereviewed to know the effects
Duration of  Total no. State of dehydration of medication on the duration of
diarrhoea of No sign of dehydration ~ Somedehydration | diarrhoeal episode. It was found that
(days) patients No. % No. % _| the duration (mean+SD) of the
01 34 31 91.2 3 8.8 | diarrhoeal episodewas6.22+1.55 days
02 61 52 85.2 9 14.8 | when medication was received in
03 86 83 96.5 3 3.5 | contrast to 5.48+1.42 days when
04 56 52 92.8 4 7.2 | medication was not received, and the
05 32 30 93.8 2 6.2 | difference is statistically significant
Total 269 248 92.2 21 7.8 | (z=4.88, p<0.001).
MeantSD 2.96+1.19 days

The effect of nutritiona status of

(13.0%) developed during the episode. Of the cases
reconsulted the private doctors, only 3 cases (3.7%)
received WHO-recommended treatment of acute watery
diarrhoea, 53 cases (65.4%) received one drug, 18 cases
(22.2%) received two drugs, 6 cases (7.4%) received

the children on the outcome of the diarrhoeal episodeis
shown in Table 5. It is evident from the table that 39
(79.6%) children with normal nutritional statusand 188
(89.1%) children with malnutrition were found to be
cured at follow-up. The difference is not statistically

Table 3. Outcome of diarrhoea cases at follow-up
Duration Cured Not cured Total
(days) No. % No. % No. %
03 11 42 - - 11 4.2
04 39 150 - - 39 15.0
05 46 177 - - 46 17.7
06 55 21.2 03 12 58 22.4
07 40 154 02 08 42 16.2
08 26 10.0 06 23 32 12.3
09 10 3.8 16 6.1 26 9.9
10 - - 06 2.3 6 2.3
Total 227 873 33 12.7 260 100.0

Table 4. Medication and the outcome of diarrhoea cases

at follow-up
Medication Outcome Total
Cured Not cured
No. (%) No. (%) (%)
Yes 110 (833) 23 (16.7) 133(100.0)
No 117 (914) 10 (8.6) 127 (100.0)
Tota 227 (87.3) 33 (12.7) 260 (100.0)

X2=5.201, df - 1, p< 0.05

three to four drugs, and one case received five drugs.
The commonly-prescribed drugs were metronidazole
(51.0%), cotrimoxazole (10.0%), nalidixic acid (14.0%),
furazolidine (11.0%), antiemetics (10.0%), and
rifampicin (4.0%).

One hundred thirty-three cases (51.2%) received
medication during the episode either before or after
attending the ORT Corner. Table 4 shows the effects of
medication on the outcome of diarrhoea cases, and it is
evident from the table that significantly (p<0.05) more
children were found to be cured at follow-up when
medication was not received (91.4%) than those who
received medication (83.3%). The records of children,

Table 5. Nutritional statusand outcome of diarrhoeal cases
at follow-up

Nutritional Qutcome Total
status Cured (%) Not cured (%) (%)
Normal 39 (79.6) 10 (20.4) 49 (100.0)
Malnutrition 188 (89.1) 23(10.9) 211 (100.0)
Total 227 (87.3) 33(12.7) 260 (100.0)
X2=2.70, df - 1, p-NS. NS=Not significant

significant. The mean duration of the diarrhoeal episode
of those who were found to be cured at follow-up was
5.86+1.77 days with normal nutritional status and
5.85+1.48 days with malnutrition (Z=0.0326, p value
not significant). Interestingly, it was also found that
63.2% of the children with normal nutritional status
received medication compared to 40.7% of the children
with malnutrition (Z=2.551, p<0.05).

None of the mothers, who reconsulted, revisited the
ORT Corner. Treatment by 'ORS only' was mentioned
by 64% of the mothers as the reason of non-revisit to
the ORS Corner, and 20% of the mothers denied the
receipt of any advice about when to revisit the ORT
Corner.

DISCUSSION

The children were followed-up at home on the 5th day
after attendance at the ORT Corner. Intotal, 227 (87.3%)
caseswere found to be cured, and 33 (12.7%) cases still
had diarrhoea. The mean duration of the episode among
the cured was 5.84+2.34 days which is about the same
as seen in children of acommunity-based study by Bari
et al. (14). The duration of diarrhoea and the proportion
of children found to be cured at follow-up were also in
agreement with the findings of Riyad et al. of Egypt
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(15). In their study, one child had died, and 15%
remained at risk of dehydration; in contrast, in our series
none had died, and only 1.2% required hospital
admission after attendance at the ORT Corner. The good
outcome in our series might be due to the fact that all
mothers practized ORT at home, and this reflects the
effectiveness of educating the mothers on home
management of diarrhoeacarried out at the ORT Corner.

Eighty-one cases (31.2%) reconsulted the private
doctors after attending the ORT Corner, only 3 (3.7%)
cases received WHO-recommended treatment of acute
watery diarrhoea, and the rest received treatment which
was not recommended by WHO. Thistype of deviation
is widespread (16-19) which calls for appropriate
intervention to improve prescribing. Such intervention
must, however, address the factors responsible for the
observation, and a model of learning process and
behaviour should be kept in mind (20). The prescription
pattern found was similar to two other community-based
studies carried out in Bangladesh (16,17), except
prescription of rifampicin, and isamatter of concern. It
was also found that medication prolonged the duration
of acute watery diarrhoeal episode significantly.
Contrary to the usua findings of an association between
diarrhoea and malnutrition, no significant association
wasfoundin our study population. Thesefindings might
be explained partially by the fact that, in this study
sample, significantly more children with normal
nutritional status received medication, and medication
prolonged the diarrhoeal episode of the children of
normal nutritional status with bad outcome.

None of the cases, who reconsulted the private
doctors, revisited the ORT Corner, and 64% of the
mothers mentioned treatment by ‘ORS only' as the
reason for non-revisit of the ORT Corner, and 20% of
the mothers denied the receipt of any advice about when
torevisit the ORT Corner. Thisevidenceisindicative of
communication gap. Further strengthening of
communication activities of the ORT Corner is,
therefore, recommended.
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ABSTRACT

Distribution of human rotavirus G serotypewasinvestigated by enzyme-linked immunosor bent
assay (ELISA) and polymerase chain reaction (PCR) with faecal specimens obtained from
children with diarrhoeain Bangladesh. By EL1SA, subgroup and G serotype wer e deter mined
for 59.5% and 28.6% of group A rotavirus-positive specimens respectively. However, of the
120 specimens, the G serotype of which was not determined by ELISA, serotype of the 112
specimenswastyped by PCR. Intotal, G serotypewasassigned for 95.2% of all the specimens,
showing the highest rate of G4 (41.7%), followed by G1 (23.2%) and G2 (14.9%). Twenty-four
specimens showed mixed types, such as G2 with G1, G8 or G9, or G1 with G4. These results
indicate that PCR combined with ELISA ishighly effectivefor G serotyping of rotavirus.

Key words: Rotavirus, Diarrhea, Infantile; Enzyme-linked immunosorbent assay; Polymerase

chain reaction; Serotyping

INTRODUCTION

Human rotavirus (HRV) isthe major agtiol ogic agent of
severe diarrhoea in infants and young children
worldwide (1,2). Although detection of rotavirus from
clinical specimens has become a routine diagnostic
procedure, characterization of these strainsfor serotype
or specific gene products has remained difficult despite
the need for such information before the introduction of
a human rotavirus vaccine.
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Therotavirus particle consists of outer and inner capsid,
containing 11 segments of double-stranded RNA. The
outer capsid is composed of a major glycoprotein VP7
and minor trypsin-sensitive protein designated V P4. Both
proteins appear to be involved in virus neutralization
and define different antigenic specificities. VP7 defines
aG serotype of rotavirus, and four G serotypes (Gl, G2,
G3, and G4) are most frequently detected in wild strains
of human rotavirus. The antigenic specificity of VP4,
whichisindependent of G serotype specificity, hasbeen
designated as P serotype (1,3-7). VP6, the sole
component of the inner capsid, carries group-specific
and subgroup-specific antigens. In group A rotaviruses,
two subgroup specificities, | and 11, are recognized (8).

Dueto high morbidity and mortality of children due
to rotavirus infection, global effort to develop and
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evaluate rotavirus vaccines is in progress; the
development of a new tetravalent reassortant vaccineis
now close to licensure in the USA (9,10). To design a
vaccine strategy and to evaluate success of candidate
vaccines, it is essential to know the G serotypes of
prevailing rotavirus strains before and after its
introduction.

An enzyme-linked immunaosorbent assay (ELISA),
using serotype-specific monoclona antibodies directed
against VP7, hasrecently been developed asarapid and
simple method for serotyping rotavirus strainsin faecal
samples(10,11). In epidemiologica studies, rotavirusG
serotypein faecal specimens hasbeen determined mostly
by ELISA, using G serotype-specific monoclonal
antibodies (Mabs) directed to VP7 (12,13). However, as
reported previously and observed also in this study, G
serotypes of a considerable proportion of specimens
could not be determined by EL1SA probably dueto lack
of asufficient amount of double-shelled particlestherein.

Comparative analysis of the amino-acid sequences
of VP7 proteins of various rotavirus serotypes has
revealed that VP7 protein has six variable regions (A to
F) in which amino-acid sequences are highly divergent
among strains of different serotypes, but are highly
conserved among strains of the same serotypes (16,17).

To compensate the afore-mentioned defect in ELISA,
PCR, using serotype-specific primers set appropriately
in these variable regions, was applied for G serotyping,
and high sensitivity and specificity of the method have
been demonstrated (14,15). Although in Bangladesh,
distribution and frequency of HRV G serotype have been
examined until 1990 (13,19,20), it is necessary to
understand the long-term trend of G serotype distribution,
since it often changes from year to year (21-23).

In the present study, rotavirus specimens of
Bangladesh wereanayzed by PCR, inadditionto ELISA,
to obtain more complete information of G serotype
distribution during 1992-1994.

MATERIALSAND METHODS

Stool specimens and screening of group A rotavirus

In total, 1,260 stool specimens were collected from
children, aged lessthan fiveyears, with watery diarrhoea
and/or vomition. The patients came mostly from rural
areas around Mymensingh town, and the distribution of
age is typical for rotavirus. There has been no marked
seasonal variation in the occurrence of diarrhoea. These
patients were admitted into the Mymensingh Medical
College hospital and infectious disease ward of SK.
hospital in Mymensingh during 1992-1994. Group A

rotavirus was first screened by latex agglutination
commercial test kit (Rotalex, Orion Diagnostics, Finland)
and was further confirmed by ELISA with Mab YO-
156 which is reactive with antigenic epitope on VP6 of
group A rotavirus (24).

ELISA

ELISA for subgrouping and serotyping of HRV was
carried out according to the procedure described
previously, employing subgroup |- and |1-specific and
G serotype 1-, 2-, 3- and 4-specific monoclonal
antibodies (10,12,24). Briefly, the EL1SA employed anti-
VP7 serotype-specific monoclona antibodies, hamely
KU-4, S2-2G10, YO-1E2 and ST-2G7, as capture
antibodies, rabbit antiserum (a pool of hyperimmune
antisera to serotype 1-4 HRV strains) as detector
antibody, and peroxidase-conjugated goat anti-rabbit
19G.

Extraction of double-stranded RNA (dsRNA)

Rotavirus dsRNA was extracted by the method of
Gentsch et al. (17) with some modifications. Three
hundred pL of 10% stool suspension were mixed well
with an equal volume of fluorocarbon and centrifuged
at 8000 g for 5 minutes. The 250 pL of the agueous
phase, 320 pL of 6 M guanidine thiocyanate and 10 uL
of RNA matrix in RNAID kit (BIO 101, Inc., Lalolla)
were added and mixed on a mixer for 10 minutes. The
mixture was centrifuged at 900 g for 1 minute, and the
pellets were washed three times with 400 pL of wash
buffer supplied in the RNAID kit by sequential
centrifugation at 2000 g, 3500 g, and 8000 g. The final
pellet was dried under vacuum, suspended in 50 pL of
distilled water, and incubated at 65 °C for 10 minutes.
The suspension was centrifuged at 8000 g for 1 minute,
and the supernatant was stored at -20 °C until use.

PCR typing

Rotavirus dsRNA was extracted from stool suspension
or virus-infected tissue culture fluid in the same way
commonly used for RNA electropherotyping in
polyacrylamide gels (25). Virusin 200 pL of 10% stool
suspension or virus-infected culture fluid was disrupted
by incubating at 55 °C for 30 minutes with 50 uL of
disrupting solution, containing 50 mM Tris HC1 (pH
8.0), 5 mM EDTA, 5 percent Nonidet P-50, and 500
mg/mL proteinase K. Proteinase K wasthen inactivated
by heating at 95 °C for 10 minutes. After phenol and
chloroform extraction and ethanol precipitation,
rotavirus dsRNA was suspended in 100 pL of distilled
water. Stool specimens, negativefor rotavirus, wereaso
processed as described above for negative control.
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The procedurefor PCR typing was similar to the method
developed by Gouvea et al. (15). To increase the
sensitivity and specificity, amplification was carried out
intwo stages. Amplification of thefull-length VP7 gene
inthefirst stage wasfollowed by asecond amplification
of the DNA fragments using serotype-specific primers
and the copy of the full-length VP7 gene as template.
Serotype-specific primers were set in variable regions,
so that the PCR products of different sizesare amplified
depending on different G serotypes (16).

RESULTS

Subgrouping and serotyping by ELISA

Subgrouping and serotyping of group A rotavirusesin
stools collected from children hospitalized with watery
diarrhoea and/or vomition were carried out with an
EL I SA with subgroup and serotype-specific monoclonal
antibodies. Of the 1,260 specimens, 168 (13.3%) were
positive for group A rotavirus. Of the 168 rotavirus-
positive specimens, subgroup was determined for 100
specimens (59.5%) with 48 specimens (28.6%) each
being subgroup | and subgroup 11 specificity, and 4
specimens (2.4%) showed dual subgroup specificity. As
to the G serotype specificity, 48 (28.6%) rotavirus-
positive specimens were determined in ELISA. The
results are shown in the table.

Of the 48 specimens, the serotype of which was
determined, 6 were assigned to serotype G1, 12 to
serotype G2, 2 to serotype G3, and 27 to serotype G4.
One specimen reacted with G2+G4. The remaining 120
specimens remained undetermined.

PCR typing

G serotyping by PCR employing G1, G2, G3, G4, G8 or
G9-specific primers was carried out for 120 specimens
which were untypeable in ELISA.

The PCR products from strains with different
serotype specificity exhibited different migration which
corresponded to the expected size of DNA fragments.

1 2 3 4 5 6 7

bp

926 ~
658 —
489 —
267

Fig. Agarose gel eectrophoresis of PCR product derived
from specimens with representative G serotype. Lane 1,
molecular weight marker; lane 2 and 3, G serotype 1 specimens
(749 bp); lane 4 and 5 G serotype 2 specimens (657 bp); lane
6 and 7, G serotype 4 specimens (394 bp)

Thefigure showsthe PCR productsamplified from HRV
specimenswith representative G serotypes. Intotal, 112
(93.3%) of the 120 rotavirus-positive specimens, whose
G serotype was not detained by ELISA, were typed by
PCR (Table). Of these, 33 were serotype G1, 13 serotype
G2, 43 serotype G4, 2 serotype G1+G2, 17 serotype
G1+G4, 3 serotype G2+G4, and 1 reacted with G2+G9.
Eight specimens could not be serotyped by PCR (Table).

DISCUSSION

To understand the epidemiologic features of individual
rotavirus serotypes prevailing worldwide, especialy in
developing countries, and to make use of the results for
vaccination programme, worldwide surveys on the

Table. Freguency of HRV G serotype as determined by ELISA and PCR

Method for  No. of specimens G serotype (%)

serotyping examined Gl G2 G3 G4 G1+G2 Gl1+G4 G2+G4 G2+G9 NDf

ELISA 168 6 12 2 27 1 120
36) (1) (12 (163 (0.6) (71.4)

PCR 120 33 13 43 2 17 3 1 8
(275) (10.8) (358) (1.7 (14.2) (2.5 (8.3 (6.7)

ELISA or PCR 168 39 25 2 70 2 17 4 1 8
(232) (149) (120 (417 (1.2 (10.2) (2.4 (0.6) (4.8)

* G serotype of these specimens was not determined by ELISA; T Not detected
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distribution of rotavirus serotypes are essential. A large
number of surveillance of rotavirus serotypes, per-
formed globally by ELISA with serotype-specific
monoclonal antibodies against four important rotavirus
serotypes, have provided useful information on the
rotavirus-associated epidemiology (12,13,16,27). At
present in human rotaviruses, four major G serotypes
have been identified among the 14 human and animal
rotaviruses (1,28). Serotype is, by definition, a
classification based on neutralization of viral infectivity.
Rotavirus G serotyping has been performed recently by
ELISA (4,10,11), using G serotype-specific monoclonal
antibodies which are not yet availablefor all serotypes.

However, in most studies, serotype of about 20-30
percent (in some cases over 50%) of rotavirusstrainsin
stool specimen was left untyped. There may be severa
possiblereasonsfor the reduced rate of serotyping, using
serotype-specific monoclonal antibodiesby ELISA. One
major reason is that the serotype-specific monoclonal
antibodies may not detect strainswithin agiven serotype
which have antigenic variation on VP7 protein
(11,29,30), because monaoclonal antibody is directed
against a single epitope. The other reason is that the
virion outer capsides, consisting of VP7 and VP4, are
not stablein faeces, and the VP7 molecul e rel eased from
the virion is considered to be a poor antigen, because
the serotype-specific epitopes on V P7 were found to be
conformational (29).

To compensate this defect in ELISA, PCR was
applied for G serotyping, and high sensitivity and
specificity of the method have been demonstrated
(14,15). Although in Bangladesh, distribution and
frequency of HRV G serotypeshave been examined until
1993 (13,19,20,31), it is necessary to understand the
long-term trend of G serotype distribution sinceit often
changes from year to year (21-23), Gouvea et al. (15)
first applied the PCR method for rotavirus serotyping
by adding DM SO to the reaction buffer to prevent
reannealing of viral dsRNA. In our study, we applied
the Gouvea's method modified by Taniguchi et al. (16)
where sensitivity of the reaction was increased. The
concentration of DM SO was decreased to 3.5 percent,
RNase inhibitor was added to the reaction buffer, second
PCR was routinely employed, and serotype G2, G3 and
GA4-specific new primers were prepared (16). In the
present study, rotavirus specimens in Bangladesh were
analyzed by PCR, in addition to ELISA, to obtain more
complete information on distribution of G serotype.

G serotyping by PCR employing G1-, G2-, G3-,
G4-, G8- or G9-specific primerswas carried out for 120
specimens which were untypeable in ELISA according
to the procedure described previously (15). Asaresult,
G serotype was assigned for 112 of the 120 specimens

(Table). In total, 160 of the 168 rotavirus-positive
specimens were typed by ELISA and PCR (Table),
indicating the highest detection rate of G4 (41.7%),
followed by G1 (23.2%), and G2 (14.9%). In the
previous studies on HRV serotypes prevailing in
Bangladesh, G1 or G2 was generally the predominant
serotype, and an occasional increase of G4 was observed
(13,19,20,31). G3 wasawaystherarest serotype as seen
in our present study, suggesting that HRV with G3 is
not endemic in Bangladesh. However, unlike previous
findings, G4 was the commonest strain in the present
study. Further investigation is needed to assess whether
it was an occasional event. Although ELISA has been
widely employed for G serotyping sincethe devel opment
of G serotype-specific Mabs (24), the rate of typeable
specimens varies considerably depending on the study,
e.g. approximately 70% in a Japanese study (12), in
contrast to about 40% in the previous study in
Bangladesh (20). These inconsistent results seem to be
caused by difference in the amount of double-shelled
particlesin the stool samples, which may be influenced
by condition of sample preservation, since a sufficient
amount of virion is required for ELISA.

However, this deficiency of ELISA may be
compensated by PCR G serotyping which requiresonly
alittle amount of viral genome, not virion itself. In this
study, G serotype of 93.3% of the specimenswhich were
untypeable in ELISA was indeed determined by PCR,
and a similar increase in the typing rate by PCR,
compared to ELISA, wasreported (15). Hence, it should
be emphasized that PCR is effective for G serotyping of
rotavirus in combination with ELISA.

It was noted that mixed serotypes were found in
19.2% of the samplesexamined in PCR and that aminor
serotype, G9, wasfound in asingle specimen asamixed
type (G2+G9). The G9 serotype was aso found in the
stool specimens of Bangladesh in our previous study
(unpublished data). Some genetic variation of G9-VP7
gene has been reported, and G9 virusis suggested to be
prevalent much morethan our previousestimation. Thus,
it is probable that most undetermined G serotype of
rotavirus may belong to G9. However, itispreferableto
use some different set of primers to detect G9 by PCR
because of its genetic variation. We have no data on
electropherotype of the G9 rotavirus. In our previous
report on HRV infectionsin Bangladesh, mixed patterns
of RNA profiles were frequently observed, especially
after flood (20). Mixed infecfion with different rotavirus
strains may reflect frequent contamination of water with
viruses and may facilitate generation of novel rotavirus
strains through reassortment (32). Therefore, the
frequency of mixed infection of rotaviruses and its
influence against efficacy of rotavirus vaccine should
be further investigated.
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ABSTRACT

The study examines the age-related differencesin the density of Escherichia coli heat-stable
enterotoxin (STa) receptorsin the small intestine of rabbits. The number of STareceptorswas
found to be 1.7x10% in 14-day old rabbits compared to 2.4x10° in 14-week old rabbits per
milligram brush-border membrane protein. The STa-induced guanylyl cyclase activity in the
intestinal brush-border membranes was found to be stimulated by 6.2 folds over the basal
enzymeactivity in 14-day old r abbits, whereasin the 14-week old rabbits, it was4 foldsover the
basal activity. M oreover, the enzyme activity remained lower in the adult rabbits compared to
the younger ones. Autoradiographic analysis of sodium dodecyl sulphate polyacrylamide gel
electrophoresis showed two STa-binding proteins of apparent molecular weights of 140 and 38
kDain theintestinal brush-border membranes of rabbits.

Key words: Escherichia coli; Enterotoxins; Epithelial cells; Membranes; Membrane proteins;

Cyclic AMP; Guanylate cyclase

INTRODUCTION

Heat-stable enterotoxin (STa), produced by
enterotoxigenic Escherichia coli, is a small peptide of
18-19 amino-acid residues[1,2] which causes secretory
diarrhoeain animals and human [3,4]. After binding to
its receptor on the intestinal mucosa, STa leads to the
rise of intracellular levels of cyclic GMP, subsequently
resulting in intestinal hypersecretion [5,6]. STa also
causes inositol triphosphate-mediated calcium
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mobilization in theintestinal epithelial cells of rat [7,8]
and in the human colonic cell line [9]. Most studies on
STa-receptor interactions have been carried out with
the rat intestine, which reveal the structural and
functional heterogeneity of STareceptors [10].

Several groups of workers have been studying the
density and distribution of STa receptors in different
animal models. Beside rats[11], the distribution of STa
receptors has been shown in North American opossum
[12], porcine [13], and chicken [14]. Recently, the
distribution of STareceptorswasal so studied on different
avian [15] and reptilian species [16]. Moreover, it has
been reported that the density of STareceptors remains
high in immature rats [11] and pigs [13] compared to
adults.

Although STacausesdiarrhoeain laboratory animals
[3,17], no studies were done to find out the species-
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specific variation of distribution of STa receptors in
laboratory animals.

The effect of STa on guanylyl cyclase activity was
shown in the small intestine of rabbits [5,18], but no
reports are available on the association and density of
STareceptorsin the intestine of rabbits.

The present study was undertaken to examine the
association and density of STareceptors, and to evaluate
the STarinduced guanylyl cyclase activity in the small
intestinal epithelial cells of rabbits.

MATERIALSAND METHODS
Purification and radiolabelling of STa

STa was purified from E. coli SK1 strain (kindly
provided by Dr. T. Takeda, National Children’'sMedical
Center, Tokyo 154, Japan) to homogeneity and was
radiolabelled with Na'?® (Bhabha Atomic Research
Centre, Mumbal, India) to a specific activity of 1000-
1200 Ci/mmol as described earlier [19].

Selection of animals

Immature 14-day and 14-week old rabbits (Newzealand
white), obtained from the Animal Facility Division of
the National Institute of Cholera and Enteric Diseases,
were taken for the present study.

Preparation of enterocytes

The enterocytes were isolated from the small intestine
of rabbits by the method of Weiser [20]. All operations
weredoneat 4 °C. Thejgunumsof rabbitswere excised
and taken into beakers containing 20 mL of 0.9% NaCl.
After removing the debris with 20 mL of 0.9% NaCl,
the jgunums were rinsed with 20 mL of 0.9% NaCl
containing 1 mM DTT. Each jejunum was then filled
with 5 mL of isolation buffer (pH 7.3) containing 0.23
mM PMSF and 1 mM DTT and incubated at 37 °C for
15 minutes in the same buffer which did not contain
DTT and PMSF. Subsequently, the jejunums were
emptied and filled with 5 mL of EDTA buffer (pH 7.6)
containing 0.5 mM DTT and 0.23 mM PMSF, making
sure that both the ends of the intestines were well tied
and devoid of any leak. Each jejunum was then tapped
very gently with fingers, and the cells were emptied.
Each jgjunum further received 5 mL of EDTA buffer
plus0.5mM DTT and 0.23mM PM SF, and was tapped
similarly to obtain a higher number of enterocytes. The
cells were spun down at 300xg (Sorvall RC5C) for 5
minutes, washed twice with 20 mL of balanced salt
solution (BSS), and finally suspended in 2 mL of BSS.
The cells were examined under a phase contrast
microscope (Leitz, Laborlus S, Germany), and the

viabilities were checked by the trypan blue exclusion
technique.

Preparation of intestinal brush-border membranes

The brush-border membranes were prepared essentially
by the procedure of Hauser et al. [21] with slight
modifications. The enterocytes were washed in BSS
containing 10 mM HEPES buffer (pH 7.4), 135 mM
NaCl, 45 mM KCl, 0.5 mM MgCl,, 1 mM CaCl,, 1%
D-glucose and resuspended in abuffer, consisting of 300
mM mannitol, 10 mM HEPES (pH 7.4), 1 mM EDTA
and 5 mM EGTA. The cellswere then disrupted by four
to six bursts of sonication in a sonicator (MSE) at 4 °C
and subsequently diluted six-fold by ice-cold deionized
water. Solid MgCl, was gradually added to the mixture
to afinal concentration of 10 mM and after 15 minutes,
the preparations were centrifuged at 2000xg for 15
minutes at 4 °C in asorvall RC5C SWTi rotor to get rid
of the nuclear materials. The supernatants were finaly
centrifuged at 1,00,000xg for 1 hour at 4°C. The pellets,
comprising purified brush-border membranes, were
homogenized with 10-15 strokesin ahomogenizer, kept
inBSS(pH 7.4) containing1mM DTT, 0.23mM PMSF
and soybean trypsin inhibitor (5 pg/mL) to a
concentration of 5-10 mg/mL and stored at -70 °C. The
relative purity of the brush-border membrane was
determined by measuring brush-border marker enzyme
sucrase [22]. The levels of sucrase activity in the
membranes prepared from 14-day and 14-week old
rabbits were comparable (6.54"0.82 pmoles.h't.mg?
protein vs. 6.80"0.97 pmoles.h.mg? protein.

Receptor-binding assay

Binding of %|-STato the brush-border membraneswas
done with 50-100 pg proteins in a reaction mixture
comprising 50 mM HEPES buffer (pH 7.4), 3 mM
MgCl,, 1 mM EDTA, 0.1% BSA and a cocktail of
protease inhibitors consisting of 1 pg/mL leupeptin, 1
pg/mL aprotinin and 1 mM PMSF [19]. The binding
reaction (total binding) wasinitiated by adding '®I-STa
at 37°Cinatotal of 200 L reaction mixture. Reaction
was terminated by adding ice-cold HEPES buffer (pH
7.4), followed by filtration through Millipore EAWP
membrane filters with the help of Manifold vacuum
system (Millipore, Bedford, USA). In parallel
incubations, in addition to **°1-STa, 1,000-fold molar
excess of unlabelled STa was added to get the non-
specific bindings. It was noted that about 95% of |-
STa were displaced by 1000-fold molar excess of
unlabelled STain the competition of receptor occupancy
by unlabelled and labelled (#1)-STa; non-specific
binding was less than 5%. Specific bindings were
obtained by subtracting non-specific binding data from
the total binding data. The reactions were done in
triplicate.
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Guanylyl cyclase assay

Thereaction mixturefor guanylyl cyclase determination
comprised 25-50 pg membrane proteinsin 50 mM Tris-
HCI (pH 7.6), 10 mM theophylline, a GTP-regenerating
system containing 15 mM creatine phosphate and 2.5
unitsof creatine phosphokinase. Reactionswereinitiated
by adding various concentrations of STa, 1 mM GTP
and 5 mM MgCl, to afinal volume of 150 L. Reactions
werecarried out at 37 °C for 10 minutes and subsequently
terminated by adding 100 pL of cold sodium acetate (pH
4.5). Thiswas rapidly followed by boiling the samples
at 95 °C for 3 minutes. The supernatants were then
carefully collected to the volume of 100 pL and
immediately used as the source of cyclic GMP
produced by the guanylyl cyclase-induced
cataysisof 1 mM GTP Thecyclic GMP generated
by this procedure was quantified by
radioimmunoassay using the [3-H]cGMP
radioimmunoassay kit (Amersham, UK).

Receptor cross-linking and autoradiography X

Binding of ®|-STato the intestinal brush-border g_
membranes was carried out in presence and i
absence of unlabelled STa with 150 ug of &
membrane proteinsin 1 mL binding buffer at 37
°Cfor 40 minutes. Thereaction mixtureswerethen
centrifuged at 1,00,000xg for 60 minutes at 4 °C,
and the pellets were then resuspended in HEPES
buffer (pH 7.4). Dissucinimidyl suberate (DSS;
Pierce, USA), ahomobifunctional cross-linker (10
mM in DM SO), wasadded to afinal concentration
to the mixtures of 1.0-2.0 mM, and the reactions
werecarried out at 25 °C for 30 minutes, followed
by centrifugation at 1,00,000xg for 60 minutes at
4 °C. The resulting pellets were dissolved in
electrophoresis buffer [23], boiled for 10 minutes, and
were subjected to 5-20% gradient sodium dodecyl
sulphate polyacrylamide gel electrophoresis (SDS-
PAGE). After electrophoresis, the gel wasdried, exposed
to Kodak X-ray filmsat -70 °C and developed.

Protein determination

The concentrations of proteinswere measured according
to the protocol of Bradford [24], using bovine serum
albumin as standard.

RESULTS

Equilibrium binding of »-STa to theintestinal
brush-border membranes

STawas found to bind to the brush-border membranes
in a specific, time and temperature-dependent manner.
Maximum binding occurred at 37 °C over a 60-minute
period (data not shown). To determine whether there

Fig 1.

were any differences in association of the binding of
1%5]-STato theintestinal brush-border membranesin 14-
day and 14-week old rabbits, equilibrium bindingswere
donewith 50-100 pig of membrane proteinswith different
concentrations of %[-STa at 37 °C for 60 minutes.
Scatchard analysis of the stoichiometric data yielded
linear plot, defining a single class of receptors and STa
bound with association constants of 0.85x10%'M-? (Fig.
1) and 0.40x10%M-* (Fig. 2) in 14-day and 14-week old
animals respectively. The receptor densities per
milligram brush-border membrane protein at equilibrium
were found to be 1.7x10* and 2.4x10° in 14-day and
14-week old animals respectively.
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Correlation of STa receptor-binding and guanylyl
cyclase activation

To determine the effect of STa on guanylyl cyclase
activity, the intestinal guanylyl cyclase activities in
response to graded doses of STa (1-100 ng/mL) were
measured. The guanylyl cyclase activity was found to
be higher in 14-day old rabbits compared to 14-week
old rabbits. It was observed that, compared to the basal
guanylyl cyclase activity of the intestinal brush-border
membranes of 14-day old rabbits (4.8"1.10 pmol cGMP
mgtprotein.min?), the enzyme activity wasraised by 3
and 6.2 folds at toxin concentration of 10 and 100 ng
STa/mL respectively (14.40"3 vs. 29.76"4 pmol cGMP
mgprotein.min?). In case of 14-week old rabbits, the
guanylyl cyclase activity was increased over basal
(3.2"0.63 pmol cGMP mg*protein.min?) by 2.12 and 4
folds at toxin concentration of 10 and 100 ng STa/mL
respectively (6.8"0.95 vs. 12.80"1.67 pmol cGMP mg
Yprotein.min?) (Fig.3).



Binding of Escherichia coli heat-stable toxin

31

10

12 151, Bound (p Mo piote

-4
5 115
HE
E-g- 10 '15:_‘1,:-' 2T
e ] P

05

[ 1
02 04 0B [T
125 57, Bound | p molelmg BEM protein]

Fig.2: Scatchardanalysis of *°|-STato the brush-border membranes
of 14-week old rabbit. Inset shows equilibrium binding.

rats concomitantly increased the guanylyl cyclase
activity. To know the molecular mass(s) of STa
binding protein(s), SDS-PAGE analysis of the 1%-
STa-cross-linked intestinal brush-border
membranes was done. Interestingly, two STa-
binding proteins of apparent molecular weights
of 140 and 38 kDa were found which were in
contrast to one 160 kDa as found in the rat
intestinal brush-border membranes. The 160-kDa
STa-binding protein in the rat intestinal
membranes was also demonstrated by other
investigators[10, 25]. These data clearly showed
the heterogeneity of STa-binding proteins. The
observation of heterogenicity of STa-binding
proteins can be explained in support of the
following facts. It has been suggested [26] that
theremight be differencesin the binding affinities
of various receptor populations which are not
apparent by classic Scatchard analysis because
of relative abundance or paucity of each type of
receptor. A similar picture has been observed with
the receptors for atrial natriuretic peptide where
thereceptorswerefound to shareasimilar affinity
for the native peptide [27,28], but the ligand has
been found to interact with at |east three different

I dentification of STa-binding proteinsby SDS-PAGE

The molecular masses of the STareceptors on theintestinal brush-
border membranes of the rabbit were compared with those of the
rat by SDS-PAGE analyses, followed by autoradiography. As
shown in Fig. 4, *»I-STa bound to two different masses of the
intestinal brush-border membranes with apparent molecular
weights of 140 and 35 kDain therabbit whichisin contrast to 160
kDafound in the rat.

DISCUSSION

The present study examined the age-related differences in the
density of receptorsfor E.coli STainthe small intestine of rabbits.
Theexperimental analysisdemonstrated that STaboundtoasingle
classof receptorsin both 14-day old rabbitsand 14-week old rabbits
in a specific, time, temperature and dose-dependent manner.
However, the density of STa receptors was found to be higher in
the 14-day old rabbits compared to the 14-week old rabbitsasfound
by our experimental analysis. This observation corroborates with
theearlier reportson rats[11] and pigs[13]. Sincethe higher density
of STareceptors was found in younger animals, we compared the
STa-induced signal transduction in these animal swith that of adult
ones. In response to graded doses of STa, the guanylyl cyclase
activity was found to be optimum at toxin concentration of 100
ng/mL. The guanylyl cyclase activity remained higher in 14-day
old rabbits compared to 14-week old rabbits. That the receptor
density would be directly correlated with the enzyme activation
has been further supported by the observation of Cohenetal. [11],
wherethey showed that an increased receptor density inimmature
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Fig.3: Activation of guanylyl cyclase following

application of STain 14-day old (A) and 14-
week old (B) rabbits. Purified STa at
concentrations of 10 ng/mL ([]) and 100
ng/mL (7)) were applied to intestinal brush-
border membranes of rabbit, and the
intracellular cGMP concentrations
accumul ated were expressed in terms of fold
activation of G-cyclase over basal. Each
point represents mean of three separate
experiments.



32 JDIARRHOEAL DISRES Mar 1999 Bhattacharya and Chakrabarti
REFERENCES
A 8 1. Aimoto S, Takao T, Shimonishi Y, Hara S, Takeda T,
- - TakedaY, Miyatani Y. Amino acid sequence of aheat-
200 — stable enterotoxin produced by human enterotoxigenic
Escherichia coli. Eur J Biochem 1982;129:257-63.
‘ 2. Yashimura S, Ikemura H, Aimoto S, Shimonishi Y,
T - Hara S, Takeda T, Takeda Y. Essential structure for
full enterotoxigenic Escherichia coli. FEBS Lett
1985;181:138-42.
94 — 3. BurgessMM, Bywater RJ, Cowley CM, Mullan NA,
6T — Newsome PM. Biological evaluation of a methanol
soluble, heat-stable Escherichia coli enterotoxin in
43— infant mice, pigs, rabbits and calves. Infect Immun
1978;21:526-31.
4. Levine MM. Escherichia coli that causes diarrhoea:
enterotoxigenic, enteropathogenic, enteroinvasive and
30 - enterohaemmorhagic. J Infect Dis 1987;155:377-89.
5. Field M, Graf LH, Laird WJ, Smith PL. Heat-stable
enterotoxin of Escherichia coli: in vitro effects on
guanylate cyclase activity, cyclic GMP concentration
and ion transport in small intestine. Proc Natl Acad
20-.1— Sci USA 1978;75:2800-4.
188 — 6. DeJonge HR. The mechanism of action of Escherichia
& coli heat-stable toxin. Biochem Soc Trans
1984;12:180-4.
7. Knoop FC, Owens M, Marcus JN, Murphy B.
Elevation of calciuminrat enterocytesby Escherichia
Fig.4: Autoradiographic demonstration of STa-binding coli heat-stable enterotoxin. Curr Microbiol
proteins after SDS-PAGE. Brush-border membranes of 1991;23:291-6.
rat (Lane A) and rabbit (Lane B) after cross-linking . . . . .
with ™=|-STa were run in 5-20% gradient SOSPAGE, 8 Chaudhuri AG, Ganguli U. Evidence for stimulation
and the 25|-STa-binding proteins were detected as of the inositol triphosphate-Ca™ signalling system in
described in the text. In the control lane (not shown), rat enterocytes by heat-stable enterotoxin of
125]-STa was reacted with brush-border membranes in Escherichia coli. Biochim Biophys Acta
presence of 1000-fold molar excess of unlabelled STa. 1995;1267:131-3.

) L ) ~ 9. Bhattacharya J, Chakrabarti MK. Rise of intracellular
receptorswhich were distinguishable on the basis of their free calcium levels with activation of inositol
molecular masses [29]. Moreover, Ivans et al. [26] triphosphate in a human colonic carcinoma cell line
suggested that the STareceptor might represent different (COLO 205) by heat-stable enterotoxin of Escherichia
gene products with a convergent function or might be coli. Biochim Biophys Acta 1998;1403:1-4.
the product of a single gene that undergoes divergent 10. Sears CL, Kaper JB. Enteric bacterial toxins:
post-transcriptional and post-transational modifications mechanism of action and linkage to intestinal
which resulted in the heterogeneity of subunit secretion. Microbial Rev 1996;60:167-215.
organization of STa receptors. 11. Cohen MB, Moyer MS, Luttrel M, GianellaRA. The

In conclusion, this study showed a higher number of Qnrg?f\lf@ ;ﬁt ’ f’;ggn'ser]tt&:tégghgmﬁgi j‘;ﬁgrm
STareceptors and guanylyl cyclase activity in younger - : 90 BEE.. i
rabbits compared to adults. In contrast to the rat, two enterotoxin. Pediatr Res 1386;20:555-60. o )
Sta-binding proteins were found to incorporate in the 12: Eg;e$;|§r${§ \ci\t/gk'i:r:ereergggt?r_is" Elgtér;lei“zgt]il gﬁ?‘r']
intestinal brush-border membranes of the rabbits. opossum Kidney, intestine and t etis A J Physiol

1989;257:F874-81.
ACKNOWLEDGEMENT . :
13. Jaso-Friedman L, Drefus LA, Whipp SC, Robertson

The authors wish to thank Dr. S.K. Bhattacharya, Director,
NICED, for support.

DC. Effect of age on activation of porcine guanylate
cyclase and binding of Escherichia coli heat-stable



Binding of Escherichia coli heat-stable toxin

33

14.

15.

16.

17.

18.

19.

20.

21.

enterotoxin (STa) to porcineintestinal cellsand brush
border membranes. Am J Vet Res 1992;53:2251-8.

Katwa LC, White AA. Presence of functional
receptorsfor Escherichia coli heat-stable enterotoxin
in the gastrointestinal tract of chicken. Infect Immun
1992;60:3546-51.

Krause WJ, Cullingford GL, Freeman RH, Eber SL,
Richardson KC, Fok KF, Currie MG, Forte LR.
Disrtibution of heat-stable enterotoxin/guanylin
receptors in the intestinal tract of man and other
mammals. J Anat 1994;184:407-17.

Krause WJ, Freeman RH, Eber SL, HamraFK, Currie
MG, Forte LR. Guanylyl cyclase receptors and
guanylin like peptides in reptilian intestine. Gen
Comp Endocrinol 1997;107:229-39.

Gianella RA. Pathogenesis of acute bacterial
disorders. Ann Rev Med 1981;32:341-57.

Guandalini S, Rao MC, Smith PL, Field M. cGMP
modulation of ileal ion transport: in vitro effects of
Escherichiacoli heat-stable enterotoxin. AmJ Physiol
1982;243:G36-G41.

Bhattacharya J, Chaudhuri AG, Sinha AK, Samanta
AK, Chakrabarti MK. Binding of Escherichia coli
heat-stable enterotoxin and rise of cyclic GMP in
COLO 205 human colonic carcinoma cells. FEMS
Microbiol Lett 1997;156:79-83.

Weiser MM. Intestinal epithelial cell surface
membrane glycoprotein synthesis: an indicator of
cellular differentiation. J Biol Chem 1973;248:2536-
41.

Hauser HK, Howell K, Dawson RMC, Boyer DE.
Rabbit small intestine brush border membrane

22.

23.

24,

25.

26.

27.

28.

29.

preparation and lipid composition. Biochim Biophys
Acta 1980;602:567-77.

Messer M, Dahlgvist A. One step ultramicro method
for the assay of intestinal disacchridases. Anal Biochem
1996;14:376-92.

Laemmli UK. Cleavage of structural proteins during
the assembly of head of the bacteriophage T,. Nature
(London) 1970;227:680-5.

Bradford MM. A rapid and sensitive method for the
quantitation of microgram quantities of protein
utilizing the principle of protein dye binding. Anal
Biochem 1976;72:248-54.

Sato T, Ozaki H, Hata Y, Kitagawa Y, Katsube Y,
Shimonishi Y. Structural characteristics for biological
activity of heat-stable enterotoxin produced by
enterotoxigenic Escherichia coli: X-ray
crystallography of weakly toxin and non toxic analogs.
Biochemistry 1994;33:8641-50.

Ivens K, Gazzano H, O'Hanley P, Waldman SA.
Heterogenity of intestinal receptorsfor Escherichia coli
heat stable enterotoxin. Infect Immun 1990;58:1817-
20.

Leitman DC, Murad F. Atrial natriuretic factor receptor
heterogeneity and stimulation of particulate guanylate
cyclase and cyclic GMP accumulation. Endocrinol
Metabol Clin North Am 1987;16:79-105.

Waldman SA, Murad F. Cyclic GMP synthesis and
function. Pharmacol Rev 1987;39:163-96.

Waldman SA, Murad F. Biochemical mechanisms
underlying vascular smooth muscle relaxation, the
guanylyl cyclase-cyclic GMP system. J Cardiovasc
Pharmacol 1988;12:S115-8.



JDIARRHOEAL DISRES 1999 Mar;17(1):34-36
0253-8768/99 $ 1.00+0.10

© 1999 ICDDR, B: Centre for Health and Population Research

SHORT REPORT

Combined I nfection of Norwalk-like Virus and
Verotoxin-producing Bacteria Associated with
a Gastroenteritis Outbreak

Karl A Bettelhem?, D Scott Bowden?, Jennifer C Doultreet,
Michael G Catton?, Doris Chibo!, Norbert JP Ryan?, Peter J Wright?,
Ishara C Gunesekere?, JuliaM Griffith3, Diane Lightfoot?,
Geoffrey G Hogg **, Vicki Bennett-Wood*, and John A Mar shall*

Mictorian Infectious Diseases Reference Laboratory, Locked Bag 815, Carlton South, Victoria
3053; 2Department of Microbiology, Monash University, Clayton, Victoria 3168; Microbiological
Diagnostic Unit, Department of Microbiology and Immunology, University of Melbourne,
Parkville, Victoria 3052; and *Microbiology Research Unit, Department of Microbiology, Royal
Children’s Hospital, Parkville, Victoria 3052, Australia.

ABSTRACT

Detection of multiple pathogens, particularly a combination of viruses and bacteria, is
infrequently documented in outbreaks of gastroenteritis. This paper reports the presence of
Norwalk-likevirus(NLV) and enterohaemorr hagic verotoxin-producing Escherichia coli in one
individual, and NLV and verotoxin-producing Aeromonas sobria in another individual, both
part of alargegastroenteritisoutbreak. The causesof gastroenteritisin such outbreaksmay be

mor e complex than previously thought.
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INTRODUCTION

Outbreaks of gastroenteritis due to the Norwalk-like
group of viruses (NLV) are regularly reported around
theworld, and NLV s are accepted as causative agents of
gastroenteritis (1).

In recent years, verotoxin (VT)-producing bacteria,
notably Escherichia coli and Aeromonas spp., have also
emerged asimportant or potentially important causes of
gastroenteritis (2,3). In this report, we describe an
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outbreak of gastroenteritisin which NLV was the chief
infectious agent detected, but in which VT-producing
organisms were also found in some individuals. The
results emphasize the need to test for all possible causes
of gastroenteritisin an outbreak.

MATERIALSAND METHODS
The outbreak

In October 1997, approximately 600 adults attended a
dinner dance at a major function centre in Melbourne,
Victoria, Australia. About 48 hourslater, approximately
60 individuals (10%) became ill with symptoms of
vomiting, diarrhoea, aches, and pains. In general, the
illnesses lasted for 24 to 48 hours. Specimens were
collected from 8 individuals with these general
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symptoms. Faecesfor thisstudy weretypically collected
within 4 days of the onset of symptoms.

Two of the eight specimens were positive for both
NLV and VT-producing bacteria as discussed in the
results section. Patient PR had vomiting and diarrhoea
for 48 hours, then crampsfor nine days. Patient WA had
vomiting and diarrhoea for 24 hours, then cramps for a
few days. Neither PR nor WA had bloody diarrhoea.

Virology

Virological studieswere carried out on the eight faecal
specimens (including those from PR and WA) by
negative staining electron microscopy (EM) and
polymerase chain reaction (PCR) methodologies (4).

Bacteriology

The same eight faeces were examined for bacterial
pathogens by standard microbiological procedures for
Aeromonas spp., Bacillus cereus, Campylobacter spp.,
E. coli, Listeria monocytogenes, Plesiomonas spp.,
Salmonella spp., Shigella spp., Yersinia spp.,
Saphylococcus aureus, and Vibrio spp. Colonies from
MacConkey agar, which resembled E. coli, were
examined further by checking for agglutination with
polyvalent antisera against commonly-recognized
enteropathogenic E. coli serovars, aswell as specific E.
coli 0157 antisera. The presence of VT-producing
strains (also called Shiga-like toxin-producing strains)
was determined by placing a filtrate of an overnight
shake-culture onto VT-sensitive HeLa cells. Any
possible verotoxigenic strains were further examined,
being subjected to full biochemical analysis and
serotyping, aswell astesting for VT production by both
Vero cell assay and enzyme-linked immunosorbent
assay. The VT-producing E. coli strain was fully
serotyped for O and H antigens.

RESULTS
Virology

By EM NLVs were detected in two cases (individuals
PR and CB); other viruses, including rotavirus,
adenovirus, astrovirus, and classic cdicivirus, could not
be detected in any individual. For PCR, RNA was
extracted from partially-purified faecal material (4) and
subjected to a reverse transcription-hemi-nested PCR
specific for NLV genogroup 2 (1). All eight faecal
samples were positive.

Faecal specimens from the two individuals PR and
WA, which were positive for the presence of
enterohaemorrhagic (V T-producing) E.coli (EHEC) and
Aeromonas sobria respectively (see below), were
subjected to further study. Sequence analysisof the ORF

1 cDNA fragment of NLV PCR product, performed using
the method of Cauchi et al. (4), indicated that the NLV's
detected were Camberwell/Lordsdale-like members of
the NLV genogroup 2 (1). Similarly, sequence analysis
of PCR products from the faecal specimen of individual
CB (positive for NLV by EM; negative for E. coli or A.
sobria) also showed the presence of a Camberwell/
Lordsdale-like NLV.

Bacteriology

No B. cereus, Campylobacter spp., L. monocytogenes,
Plesiomonas spp., Salmonella spp., Shigella spp., Vibrio
Spp. Saphylococcusaureus, or Yersinia spp. werefound.

EHEC wereisolated from thefaeces of afemale (PR)
aged over 60 years who yielded a strain of E. coli
0128:H2-producing V T1 and enterohaemolysin (EHIy).
Another female (WA), aged 50 years, yielded astrain of
A. sobria-producing VT but not EHly.

DISCUSSION

Detection of multiple pathogens, particularly a
combination of both viruses and bacteria in a given
individual, is infrequently documented in outbreaks of
gastroenteritis. In a study of rotavirus-associated
gastroenteritis, Unicomb et al. (5) concluded that the
severity of mixed infections of rotavirusand E. coli was
the same as that of infections with rotavirus aone.
However, in contrast to this study, none of the E. coli
described by Unicomb et al. (5) were EHEC. With one
exception--areport linking B. cereusand Norwalk agent
inan outbreak of gastroenteritis (6)--thereare no detailed
reports in the mainstream literature linking EHEC and/
or toxigenic Aeromonas with NLVs in outbreaks of
gastroenteritis.

Inthis paper, we report the presence of both EHEC (VT-
producing) and NLV in samples from one individud (PR)
asociated with alarge outbregk of gastroenteritis. A second
individua (WA) who was excreting NLV dso carried aVT-
producing bacterium, atrain of A. sobria. Testing of NLVs
from this outbreak indicated that they were Camberwell/
Lordsdde-like members of genogroup 2.

Both NLVs and these VT-producing bacteria are
individually likely causes of gastroenteritisin humans.

NLVs, a group of highly infectious viruses within
thefamily Caliciviridae, are commonly associated with
gastroenteritis in humans and generally cause mild and
self-limiting illness (1,7). NLVs have been responsible
for outbreaks of gastroenteritis aswell as sporadic cases
(1,4,7). Camberwell/Lordsdale-like NLV's appear to be
commonly associated with outbreaks of gastroenteritis
in Victoria (1).
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EHEC belonging to serotype 0128:H2 have been
isolated from human patients with diarrhoea in many
parts of the world (8,9,10,11) although they have also
been isolated from healthy humansin Germany (12) and
healthy sheep (10). Strainsof Aeromonas producing VT-
liketoxins have been reported (3), but their significance
as causes of gastroenteritis is unclear. The strain of A.
sobria isolated from patient WA closely resembled E.
coli onall primary isolation mediaand wastreated asan
E. cali until the full biochemical analysis was done.

The typical clinical illness associated with this
outbreak, and the detection of NLV in all the specimens
examined, support acausativerolefor NLV. Theclinical
significance of the bacterial enteropathogensislessclear,
but the fact that both E.coli 0128:H2 and A. sobria can
produce VT-like toxins implies that they must be
considered as potential pathogens (10), and they would
have been considered potentially causative had they been
detected in isolation.

The unusual results of this study were only obtained
because of the close collaborative work of severa public
health reference laboratories and because of the
availability of more sensitive techniques for detection
of NLV and of procedures for examination for VT-
producing organisms. It is possible that the phenomenon
described in this study is more common, and further
studies are needed to determine whether the linkage
between verotoxin detection and NLV is more
widespread. Theresults of our study emphasize the need
for testing for a range of organisms when determining
the cause of an outbreak of gastroenteritis.
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ABSTRACT

Six isolates of Aeromonas eucrenophila—2 from water and 4 from superficial skin ulcer of cat
fish—were examined for haemagglutination, serum sensitivity, chitinase production and
enterotoxicity, and correlation, if any, between them; only onestrain showed haemagglutination
and wasinhibited by both D-mannoseand L -fucose. All the strainsshowed resistanceto normal
human serum, but produced chitinase; one of them elaborated inducible chitinase. All these
strains caused fluid accumulation only after 1-4 serial passages through rabbit ileal loops, of
which one strain that elaborated inducible chitinase caused significantly more (p<0.005) fluid
accumulation. These observationsindicate that thereisno correlation between enterotoxicity
and haemagglutination and/or serum resistance, and these propertiesdid not changeafter animal
passage. However, a correlation could be observed between elaboration of inducible chitinase

and enterotoxin production.
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INTRODUCTION

All the currently recognized 13 hybridization groups
(HGs) of Aeromonas, except Aeromonas eucrenophila
and A. sobria (HG 7) (1), have been described as a
pathogen of fish (2-5) and human (6-9). These organisms
have also been implicated in extra-intestinal infection
and diarrhoea in man (10,11)--the strains often
originating from water. Several of these genospecies,
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such as A. hydrophila (HG 1), A. veronii bv sobria (HG
8), but rarely A. caviae (HG 4), produced enterotoxin
and haemolysin (12-17) and also showed resistance to
normal human serum (NHS) (18-20). Moreover,
enterotoxigenic diarrhoeal isolates of A. hydrophila
showed haemaggl utination (HA) which wasnot sensitive
to D-mannose and L-fucose. But Aeromonas strains
showing HA sensitive to D-mannose and L-fucose or no
haemaggl utination (NHA) were non-toxigenic strains of
A. caviae, commonly from non-diarrhoeal infection or
environment (21). Although the production of
haemolysin and enterotoxin by A. eucrenophila hasbeen
demonstrated in thislaboratory (22), the link between
fish and water isolates of A. eucrenophila and human
illnesshasnot yet been established. Therefore, this study
examined the possible virulence factors, such as
haemagglutination, serum resistance and chitinase
production, associated with A. eucrenophila and their
correlation with enterotoxicity.
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MATERIALSAND METHODS
Bacterial strains

Strains of Aeromonaswereisolated from water and from
superficial skin ulcers of cat fish. Samples were plated
on nutrient agar plate and incubated at 37 °C for
overnight. Suspected coloniesweretested for oxidase
reaction. The oxidase-positive colonies were further
tested with biochemical substrates for identification
following the criteria of Popoff (23). These strainswere
identified as A. eucrenophila as per Schubert and Hegazi
(24) and Abbott et al. (25), according to their ability to
hydrolyze aesculin, ferment salicin, glycerol and
mannose and to produce gas (weak) and H_S (weak),
and to use citrate. Reference strain of A. eucrenophila
NCMB 74, provided by JM Janda, USA, was used in
this study for comparison. A toxigenic strain 569B of
\Vibrio cholerae O1 and a non-toxigenic strain 265 of
Escherichia coli, respectively, served as positive and
negative controls. Strains were maintained in peptone
agar stab cultures at room temperature and did not
undergo more than three subcultures prior to the
experiments.

Haemagglutination and inhibition of
haemagglutination by sugars

Themethod of Atkinson and Trust (26) wasused. Human
‘O’ group erythrocytes were collected by venipuncture
and storedin Alsever’ ssolution at 4 °C. Before use, they
werewashed three timeswith phosphate-buffered saline
(PBS, 0.004 M, pH 7.4) and then a 3% suspension was
prepared in PBS.

Coloniesof overnight-grown cultures of Aeromonas
strains on nutrient agar plates were inoculated in brain
heart infusion broth (BHIB, Difco) andincubatedat 37
°C for 18 hours to yield Ca 10° bacteria mL*. These
cultures were centrifuged and washed twicein PBS and
re-suspended the bacteriain PBS.

HA test was performed at room temperature by
mixing 20 pL suspension of erythrocytes with 20 pL of
bacterial suspension on a slide alongside a control
suspension of erythrocytesand PBS, and gently rocking
by hand. Strains were considered HA-negative, if
agglutination did not occur within 5 minutes.

Sensitivity of HA to sugar was studied in a similar
three-volumetest with 20 pL suspension of erythrocytes
(3%v/v), 20 pL of sugar (1% wi/v), and 20 pL of bacterial
suspension. Reaction in the presence of D-mannose (M),
L-fucose (F), and D-galactose (G) was compared with
positive control (20 uL each of erythrocytes, bacteria,
and PBS) and negative control (20 pL each of

erythrocytes and 40 pL of PBS). The reaction was
recorded as sensitive (S), if previoudly positive strain
became negative in the presence of sugar, and resistant
(R) if it remained positive.

Susceptibility to normal human serum

Group ‘O’ blood was obtained by venipuncture from
healthy individuals with no history of infection with
aeromonads; pooled sera were separated and used
immediately or stored at —70 °C. Fresh or thawed NHS
was used unaltered. Serum-sensitive E. coli K12 strain
served as control for each experiment.

Aeromonas strains were challenged against 65% NHS
inamicrocolorimetric assay (27). Thestrainstested were
transferred to microdilution well containing 100 pL of
peptone (1% v/v) and glucose (1% w/v) broth (PGB).
After overnight incubation at 37 °C, 20 pL of each PGB
culture was transferred to 200 yL fresh PGB and
incubated at 37 °C for 2-3 hours. Log phase bacteria
were then inoculated (20 pL, Ca 107 bacteria) into 100
pL PGB containing 65% NHS and 0.5% of 1.5% stock
solution of bromothymol blue (final concentration
0.0075%). Serum resistance was assayed by measuring
a colorimeter change from green (inhibition) to yellow
(growth) of the PGB containing NHS. Control, consisting
of PGB with 65% heat-inactivated serum (HIS, 56 °C
for 30 minutes) and bacteria. Incubation was done at 37
°C for 4-5 hours.

In addition to the microcolorimetric assay, the
representative strainsof A. eucrenophila were challenged
against 65% NHS in the tube assay according to the
procedure described by Carruthers and Kabat (28), with
plate counts determined after 30, 60, and 120 minutes.
Strainsexhibiting aten-fold (onelog) decreasein viable
count after 120 minutes (when compared with t=0) were
considered serum-sensitive.

Preparation of culture supernatant and estimation
of chitinase activity

Culture supernatant (CS) of each strain was prepared
according to the method described by Dastidar and
Narayanaswami (29), and was tested for chitinase
activity, following the method of Jeuniaux (30). In brief,
each CSin 0.5 mL amountsin two tubes mixed with 0.1
mL of 0.8 M potassium tetraborate (Sigma) was boiled
in awater bath for (exactly) 3 minutes and brought to
room temperature. One percent dimethyl amino
benzaldehyde (p-DMAB, Sigma, prepared in glacial
acetic acid containing 1.25% 10 N HCI) in 3.0 mL
amount was added to each tube, mixed well and allowed
to stand for 20 minutes at 37 °C. The samples were
brought to room temperature, and absorbance was noted
at 540 nm in a colorimeter within 10 minutes. A
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calibration curve was established with 10, 20, 40, 80
and 160 mg pL* concentration of N-acetyl glucosamine
(Sigma). Enzyme activity was expressed interms of mg
of N-acetyl glucosamine (N-AG) mL ™.

Enterotoxicity test

The culture filtrates (CFs), prepared with each strain
following the method of Annapurna and Sanya (31),
were passaged through millipore membrane (0.22 pm
pore size) and stored at 4 °C until use. These CFs
were tested for accumulation of fluid in rabbit ileal
loop (RIL), following the method of De and Chatterje
(32). CF was prepared only when the live cells of a
particular strain gave positive ileal loop reaction,
whether at the initial test or after passage through the
gut of a susceptible host. (33).

RESULTS

Of the 6 strains of A. eucrenophila, only one was HA-
positive and showed sensitivity to both D-mannose and
L-fucose (MFS-HA) (Table).

Intheinitial testsinRILSs, livecellsof all thesestrains
caused no accumulation of fluid. These non-toxigenic
strainswhether showing NHA or MFS-HA becametoxic
without change in their HA properties after serial
passages through RILs (Table). CFs also caused
accumulation of fluid in the range similar to those of
livecells

All the strains of A. eucrenophila were resistant to
bactericidal action of NHS. Accumulation of fluid was
not caused by these strains when tested initially, but
became positive after 1-4 serial passages through the
gut of rabbit (Table).

Strains of A. eucrenophila elaborated chitinase in their
CS. Enhancement of chitinase activity in CS was also
observed on prolongation of the incubation period
(Table). One of the 6 strains showed significant increased
production of enzyme chitinasein CS containing chitin.
This strain caused significantly more (p<0.005; student
‘" test) accumulation of fluid than those elaborated by
constitutive chitinase (Table).

DISCUSSION

The finding of the present study that A. eucrenophila
strains showed NHA or MFS-HA indicating HA pattern
may be correlated with the source of isolation. These
observations corroborate with the finding of Burke et
al. (21) who reported that the majority of diarrhoeal
isolates of A. hydrophila showed HA pattern other than
MFS-HA and those of A. caviae mostly from non-
diarrhoesal or water sources showed either NHA or MFS-
HA.

It was reported that strains of Aeromonas showing
NHA or MFS-HA were non-toxic (21). However, the
observation that strains of A. eucrenophila were non-
toxic in the initial tests but became toxic after serial
passages through RILs suggests a repression-de-
repression phenomenon influencing the toxin gene.
Moreover, none of the non-haemagglutinating strains
showed HA after RIL passage although they became
enterotoxic; this suggests that repression-de-repression
may not apply to the haemagglutinin gene. This
observation clearly indicatesthat thereis no correlation
between HA pattern and enterotoxicity, and that they
are not probably genetically linked.

Table. Correlation between haemagglutination, serum sensitivity, chitinase production and enterotoxicity in Aeromonas
eucrenophila strains
Strain no. HA pattern Serum Chitinase activity (ug of N-AG mL-1) Mean (SD) volume of
susceptibility Brain Heart Infuson Brain Heart Infuson  fluid accumulation after
Broth without chitin Broth with chitin animal passage*
Day 3 Day 9 Day3 Day9 (mLem™ of RIL)
W-2 NHA R 12 14 14 18 0.31 (0.05)
+W-30 NHA R 16 24 36 44 0.72 (0.05)
CF13 NHA R 32 36 4 40 0.27 (0.05)
CF-35 NHA R 20 24 24 28 0.36 (0.06)
CF-67 MFSHA R 24 28 28 32 042 (0.04)
CF-68 NHA R 18 20 24 28 0.37 (0.02)
NCMB 74 NHA ND 8 10 6 8 ND
$V, cholerae 5698 135 (0.30)
#E. coli 265 0.00 (0.00)
"Each test was done in two rabbits; *Srain produced inducible chitinase; *Positive control; *Negative control; HA:
haemagglutination; NHA: no haemagglutination; M: D-mannose; F: L-fucose; R: serum resistant; ND: not determined
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Several workers (10,11,34,35) have reported that A.
hydrophila and A. sobria are more virulent and are
serum-resistant than A. caviaein their potential to cause
intestinal and extrarintestinal infections. However, A.
caviae strains have been increasingly implicated in
intestinal (11,36) and extra-intestinal infections,
including septicaemia and bacteraemia (37) inimmuno-
compromised hosts. The observation that isolates of A.
eucrenophila from water and infected fish were serum-
resistant compared to other species of Aeromonas (20)
may account for even higher pathogenic potential in
extrarintestinal infectionsand also versatility intherole
of this speciesin various diseases.

It was observed that al strains of A. eucrenophila
produce constitutive chitinase, like those of other species
(38,39). However, onestrain that elaborated significantly
higher amount of chitinase in the presence of chitin
indicates the inducible nature of this enzyme. This
phenomenon may probably be explained by an earlier
observation in relation to V. cholerae and V.
parahaemol yticus which adsorb to chitin particles and
copepod (40-42). It has been suggested that a primary
role of vibrios could be colonization and initiation of
degradation of chitinous material in the aquatic
ecosystem (43). Such a role was postulated by Hood
and Mayers (44) who demonstrated the role of Vibrio
species in chitin turnover and metabolism in marine
crustacean. The observation of the present study that
the strain of only water origin, but not of fish produced
inducible chitinase may suggest that thisisolate may use
the chitin in aquatic life, such as crustaceans and
arthropods, may adhere to them with the help of this
enzyme, as vibrios and aeromonads do (45, 46). The
dataof thisstudy that A. eucrenophila strain W30 which
elaborated inducible chitinase caused significantly more
(p<0.005) fluid accumulation suggest a correlation
between production of inducible chitinase and
enterotoxin. This observation further strengthens our
earlier finding with Aeromonas spp. that there is a
correlation between production of inducible chitinase
and enterotoxin (39). Chitinase production is probably
an important prerequisite for survival of Aeromonas on
chitinous fauna in the environment, but may not be so
while in gut. Similar phenomenon of association of
enterotoxicity with virulencefactors, such ashaemolysin
(16,17), serum resistance, and haemaggl utination (20)
in Aeromonas spp., has been reported earlier from this
laboratory.

ACKNOWLEDGEMENT

The study was, in part, supported by the Council of Scientific
and Industrial Research, New Delhi in the form of Senior
Research Associateship to D.V. Singh.

10.

12.

13.

REFERENCES

Altwegg M, Steigerwalt AG, Altwegg-Bissig R, Luthy-
Hottenstein J, Brenner DJ. Biochemica identification
of Aeromonasgenospeciesisolated from humans. JClin
Microbiol 1990;28:258-64.

Boulanger Y, Lalier R, Cousineau G. Isolation of
enterotoxigenic Aeromonas from fish. Canadian J
Microbiol 1977;27:1161-4.

Oliver GR, Ldllier R, Lariviere S. A toxigenic profile of
Aeromonas hydrophila and Aeromonas sobria isolated
from fish. Can J Microbiol 1980;27:330-3.

Rahim Z, Sanya SC, Aziz KMS, Hug MI, Choudhary
AA. Isolation of enterotoxigenic, hemolytic and
antibiotic resistant Aeromonas hydrophila strains from
infected fish in Bangladesh. Appl Environ Microbiol
1984;48:865-7.

Santos Y, Toranzo AE, Barja JL, Nieto TR, Vill GT.
Virulence properties and enterotoxin production of
Aeromonas strains isolated from fish. Infect Immun
1988;56:3285-93.

van Graevenitz A, Mensch AH. The genus Aeromonas
in human bacteriology: report of 30 casesand review of
the literature. New Engl J Med 1968;278:245-9.

Davis WA, Kane JG, Garagus VF. Human Aeromonas
infection: a review of the literature and case report of
endocarditis. Medicine 1978;57:267-77.

Carnahan AM, Marii MA, Fanning GR, Pass MA,
Joseph SW. Characterisation of Aeromonas schubertii
strainsrecently isolated from traumatic wound infection.
J Clin Microbiol 1989;27:1826-30.

Joseph SW, Carnahan AM, Bryton PR, Fanning GR,
Almazan R, Drabick C, Trudo EW, Jr., Colwdl RR.
Aeromonas jandaei and Aeromonas veronii dual
infection of ahuman wound following aquatic exposure.
J Clin Microbiol 1991;29:565-9.

JandaJM, Duffey PS. Mesophilic aeromonadsin human
diseases: current taxonomy, laboratory identification and
infectious disease spectrum. Rev Infect Dis
1988;110:980-7.

Altwegg M, GeissHK. Aeromonas asahuman pathogen.
Crit Rev Microbiol 1989;16:253-86.

Annapurna E, Sanyal SC. Enterotoxigenicity of
Aeromonas hydrophila. J Med Microbiol 1977;10:317-
23.

Burke V, Robinson J, Atkinson HM, Gracy M.
Biochemical characters of enterotoxigenic Aeromonas
species. J Med Microbiol 1982;15:48-52.



Virulence of A. eucrenophila

41

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Barer MR, Millership SE, Tabagchali S. Relationship of
toxin production to species in the genus Aeromonas. J
Med Microbiol 1986;22:303-9.

Kuijper EJ, Steigerwalt AG, Schoenmakers BSCIM,
Peeters MF, Zanen HC, Brenner DJ. Phenotypic
characterisation and DNA relatedness in human faecal
isolates of Aeromonas spp. J Clin Microbiol
1989;27:132-8.

Singh DV, Sanyal SC. Haemolysin and enterotoxin
production by Aeromonascaviaeisolated from diarrhoedl
patients, fish and environment. J Diarrhoeal Dis Res
1992;10:16-20.

Singh DV, Sanyal SC. Production of haemolysisand its
correlation with enterotoxicity in Aeromonas spp. JMed
Microbiol 1992;37:262-7.

Janda JM, Brenden R, Bottone EJ. Differential
susceptibility to human serum by Aeromonas spp. Curr
Microbiol 1984;11:325-8.

Rolston KV, Human extra-intestinal infections caused
by Aeromonas spp. J Diarrhoeal Dis Res 1988;2:99-
102.

Singh DV, Sanya SC. Haemaggl utinating activity, serum
sensitivity and enterotoxicity of Aeromonas spp. J Med
Microbiol 1993;38:49-53.

BurkeV, Cooper M, Robinson J, Gracy M, LesmanaM,
Echeverria B, Janda JM. Haemagglutination pattern of
Aeromonas spp in relation to biotype and source. J Clin
Microbiol 1984;19:39-43.

Singh DV, Sanyal SC. Enterotoxicity, haemolytic activity
and antibiotic susceptibility of Aeromonaseucrenophila
strains isolated from water and fish. Ind J Exp Biol
1997;35:144-7.

Popoff M. Genus Ill. Aeromonas. In: Kreig NR, Holt
JG, editors. Bergey’sManual of systemeatic bacteriol ogy,
v. 1. 9th ed. Batimore: Williamsand Wilkins, 1984:545-
8.

Schubert RHW, Hegazi H. Aeromonas eucrenophila
gpeciesnova Aeromonascaviae; aillegitimate synonym
of Aeromonas punctata. Zentralbl Bakteriol Mikrobiol
Hyg A 1988;268:34-9.

Abbott SL, Cheung WK, Kroske-Bystrom S,
Melekzadeh T, Janda JM. Identification of Aeromonas
strainsto the genospecieslevel intheclinicd laboratory.
J Clin Microbiol 1992;30:1262-6.

Atkinson HM, Trust TJ. Haemagglutinating properties
and adherence ability of Aeromonas hydrophila. Infect
Immun 1980;27:938-46.

27.

28.

29.

30.

3L

32.

33.

35.

36.

37.

38.

39.

Moll A, Cabello F, Timmis KN. Rapid assay for
determination of bacterial resistancetothelethd activity
of serum. FEMSMicrobiol Lett 1979;6:273-6.

Carruthers MM, Kabat WJ. Vibrio wulnificus (lactose-
positive vibrio) and Mibrio parahaemolyticus differ in
their susceptibility to human serum. Infect Immun
1981;32:964-6.

Dastidar SG, Narayanaswami A. The occurrence of
chitinase in vibrios. Ind J Med Res 1968;56:654-8.

Jeuniaux C. Chitinase. In: Neufield EF, Ginsberg V,
editors. Methods in enzymology. London:; Academic
Press, 1966:644-50.

AnnapurnaE, Sanyal SC. Studieson enterotoxigenicity
of Aeromonas hydrophila in an experimental model.
Indian J Prev Soc Med 1975;6:234-7.

De SN, Chatterje DN. An experimenta study of the
mechanism of action of Vibrio choleraeontheintestina
mucous membrane. J Pathol Bacteriol 1953;66:559-62.

Sanya SC, Neogi PKB, Alam K, Hug MI, Al-Mahmud
A. A new enterotoxin produced by Vibrio cholerae O1.
J Diarrhoeal Dis Res 1984;2:3-12.

Brenden R, Janda JM. The interaction of complement
with Aeromonas spp. Can J Microbiol 1986;32:1-3.

Palumbo SA, Becivengo MM, Corra FD, WilliamsAC,
Buchanan AL. Characterisation of Aeromonas
hydrophila group isolated from retail foods of animal
origin. J Clin Microbiol 1989;27:854-9.

Singh DV, Sanyal SC. Enterotoxicity of clinical and
environmental isolates of Aeromonas spp. J Med
Microbiol 1992;36:269-72.

JandaJM, Brenden R. Importance of Aeromonassobria
in Aeromonas bacteremia. J Infect Dis 1987;155:589-
91.

Sanyal SC, Shukla BN, Singh DV. Ecological
relationship between enterotoxigenic Aeromonas
hydrophila/sobria and crustacean copepods (abstract
wcp 4-15). In: Kager PA, Polderman AM, editors.
Proceedings of the XII International Congress of
Tropical Medicine and Malaria, Amsterdam,The
Netherlands, 18-23 February 1988:215.

Singh DV, Sanyal SC. Production of chitinase by
enterotoxigenic Aeromonas peciesisolated fromclinica
and environmental sources. J Diarrhoeal Dis Res
1992;10:213-6

Kaneko T, Colwell RR. Adsorption of Vibrio
parahaemolyticus onto chitin and copepods. Appl
Environ Microbiol 1975;29:269-74.



42

JDIARRHOEAL DISRES Mar 1999

Singh and Sanyal

41.

42.

43.

Nalin DR. Cholera, copepod and chitinase. Lancet
1976;2:958.

NalinDR, DayaV, LevineMM, CisnersL. Adsorption
and growth of Mbrio cholerae on chitin. Infect Immun
1979;25:768-70.

Huqg A, Small EB, West PA, Hug MI, Rahman A,
Colwell RR. Ecological relationship between Vibrio
cholerae and planktonic crustacean copepods. Appl
Environ Microbiol 1986;45:275-83.

44,

45,

46.

Hood MA, Mayers SP. Microbiological and chitinoclastic
activities associated with Penaeus satisferus. J Oceangr
Jpn 1977;33:235-41.

Shukla BN, Singh DV, Sanya SC. Attachment of non-
culturabletoxigenic Vibrio cholerae O1 and non-O1 and
Aeromonas spp to the aquatic arthropod Gerris spinolae
and plantsinthe River Ganga, Varanas . FEMSImmunol
Med Microbiol 1994;12:113-20.

Cholera research: what next? (editorial) Lancet
1976;2:1283-4.



JDIARRHOEAL DISRES 1999 Mar;17(1):43-45 © 1999 ICDDR,B: Centre for Health and Population Research
0253-8768/99 $ 1.00+0.10

CASE REPORT

Pigmented nails and Strongyloides stercoralis
Infestation causing clinical worsening in a
patient treated for immunoprolifer ative small
intestinal disease: two unusual observations
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ABSTRACT

Immunoproliferative small intestinal disease (IPSID) is commonly reported from developing
countrieswith poor socioeconomic conditions, hygiene, and high frequency of gastrointestinal
infectionsand infestations. Thediseaserequiresanti-malignant chemotherapy in lymphomatous
stage. Reported here is a 20-year old man with 1PSID lymphoma who responded to anti-
malignant chemotherapy initially, but later deteriorated due to Strongyloides stercoralis
infestation, which wastreated successfully with mebendazole. Importance of an early recognition
and adequate treatment for gastrointestinal infections and infestations before anti-malignant
chemotherapy for this disease is highlighted considering the occurrence of this disease in the
developing world. The patient developed alternate brown black and white linesin the finger
nailsafter combination chemotherapy, which has not been reported earlier in thisdisease; the
nail changesdisappeared 6 monthsafter thewithdrawal of doxor ubicin suggesting thisdrug as
the cause for such nail changes during anti-malignant combination chemother apy.

Keywords: Immunoproliferative small intestinal disease; Strongyloides stercoralis; Nails

INTRODUCTION of finger and toes, and require anti-cancer chemotherapy

: I . . . . inmost cases (1). Wereport here apatient with the IPSID
Patients with immunoproliferative small intestinal  \yhose clinical condition worsened due to Strongyloides
disease (IPSID) usually present with chronic diarrhoeal  gtercoralis infestation. He developed alternate brown-

mal absorption, abdominal pain, cachexiaand clubbing  plack and white linesin the nails following anti-cancer

Correspondence and reprint requests should be addressed to: chemotherapy; both the observations are unusual in this
Dr. UC Ghoshal disease.
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Burdwan 713102 CASE REPORT

West Bengal, India . . o

Fax: 0091-033-4751799 A 20-year old man presented in April 1995 with history

Email: shanti@cal2.vsnl.net.in of severe diarrhoea, anorexia, nausea, occasional
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vomiting, weakness and wasting of three years. On
examination, he was grossly emaciated (body weight
29 kg) and pale, and had clubbed fingers and toes.
Investigations revealed: haemoglobin (Hb)-95 g/L,
dimorphic erythrocytes on peripheral smear, total
leucocyte count (TLC)—7.5x10%L , polymorphonuclear
leucocytes 72%, eosinophils 1%, lymphocytes 25%,
monocytes 2%, platel ets adequate; liver function tests:
serum bilirubin—-20.5 pmol/L (normal 2-18), serum
albumin—25 g/L (normal 40-60), aspartate and aanine
aminotransferases44 and 52 U/L (normal 0-35), akaline
phosphatases—730 U/L (normal 70-110), creatinine-97.2
pmol/L (normal 50-110), calcium-1.1 umol/L (normal
2.2-2.6), and postprandial blood sugar normal. Stool
microscopy revealed larvae of S stercoralis. Hisfaecal
fat excretionwas6 gin 24 hours (normal 6 g), and urinary
D-xylose excretion following oral ingestion of 5g of D-
xylose was 0.8 g (normal >1 g).

Chest radiograph and abdominal ultrasonogram were
normal. Barium follow through series revealed mucosal
nodularity and irregular thickening of mucosal foldsin
the small bowel showing “postage stamp” appearance;
the changes were more marked in the proxima small
bowel. An endoscopic examination showed nodularity
of duodenal mucosa. Biopsy from theselesionsrevealed
diffuse poorly differentiated small cell lymphocytic

Fig. Photograph of the hands showing aternate brown-black and white lines in the
nails which devel oped following combination chemotherapy.

lymphoma. Immunoelectrophoresis, using polyclonal
affinity-purified mono-specific antisera against kappa,
lambda, gamma, mu and alpha chains, revealed normal
patterns with kappa, lambda, gamma and mu antisera.
The pattern for alpha chain showed an anodic extension
which was not seen with normal control serum,
suggesting the presence of abnormal alpha chains. A
diagnosis of IPSID lymphoma was made.

Following a course of mebendazole 200 mg/day for
three days to treat strongyloidosis, anti-cancer
combination chemotherapy with cyclophosphamide,
doxorubicin, vincristine, and prednisolone every third
week was stated; symptoms subsided, he gained body
weight (55 kg after the third session of chemotherapy),
and Hb rose from 95 g/L to 110 g/L; he remained well
till the fifth chemotherapy cycle after which the
symptoms, including diarrhoea, recurred, and body
weight fell to 38 kg. Stools were passing in a large
volume without blood and mucus. Investigations
revealed: Hb-120 g/L, TLC-20x10%L, polymorpho-
nuclear leucocytes 30%, eosinophils 28%, lymphocytes
41%, and monocytes 1%. Stool microscopy revealed
larvae of S stercoralis and ova of Trichuris trichiura.
Endoscopic duodena and gastric biopsies repeated at
this stage revealed dense eosinophilic infiltrate in
mucosa. A bone-marrow examination reveal ed
hypercellularity with a
marked increase in cells of
eosinophilic series. The
patient was treated with two
courses of mebendazole (200
mg/day) for two weeks each
with an interval of one week
between the courses. Stool
microscopy repeated two
months later did not show
any ovaor parasite; Hb—105
g/L, TLC-5.2x10%L, poly-
morphonuclear leucocytes
46%, eosinophils 4%, and
lymphocytes 50%. The
original regime of anti-cancer
chemotherapy was reinsti-
tuted. After instituting three
more courses of the drugs,
alternate brown-black and
white lines were noted in the
nails (Fig.). Since nail
changes have been reported
earlier following combi-
nation chemotherapy (2,3),
and doxorubicin has been
thought to bethelikely agent
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in children (4), this drug was omitted from the regime
and three more cycles given without this drug. The nail
changes gradually disappeared beginning from the base
of the nail. Six months later the nails were found to be
normal .

The patient remained well for two years after
presentation, passing formed stool once daily, weight
55 kg, Hb-130 g/L, D-xylose excretion after oral intake
of 5 g of D-xylose-1.6 g (normal <1 g). However, in
July 1997, he came with recurrence of diarrhoea and
generalized lymphadenopathy; biopsy from theselymph
nodes revealed non-Hodgkin's lymphoma. Repeated
stool microscopy did not reveal any ova or cyst. The
patient died before the second chemotherapy cycle could
be compl eted.

DISCUSSION

Immunoproliferative small intestinal disease is
commonly reported from less-developed countries,
including India. Our patient, however, had two unusual
features which made this case interesting. The first
unusual featureistheunusual nail changefollowing eight
sessions of anti-cancer chemotherapy. Since such nail
changes have been related earlier to combination
chemotherapy for nodal lymphoma (2,3) and
doxorubicin was thought to be the most likely agent
causing it (4), we omitted doxorubicin from our
chemotherapy regime. The nail changes disappeared in
six months beginning from the base of thenail; normally,
nails grow at arate of 0.1 mm a day, and takes about 5
months to grow from the base to the tip (5). Therefore,
our case confirms the role of doxorubicin as a single
agent in causing such nail changes.

Although the reoccurrence of the nail changes
following rechallenge with the drug would have made
our point stronger, we could not do it, because the patient
remained in remission initially, and as such, further
administration of anti-malignant chemotherapy was not
justified, and during later recurrence, he died before
receiving adequate chemotherapy. However, the nail
toxicity of anti-malignant chemotherapy might not be
of much clinical significance asthis did not lead to any
morbidity; further studies need to be doneto see whether
nail changes predict the devel opment of major toxicities
of doxorubicin therapy.

The second unusual feature is the deterioration of
clinical coursedueto infestation by S. stercoraliswhile
the patient was improving following anti-cancer
chemotherapy. The majority of the patients with the

IPSID have been reported from various countries (1.6)
with low socioeconomic conditions, poor hygiene, and
high frequency of intestinal infection and infestation.

Importance of an early recognition of infectionsand
infestations, particularly before and during anti-
malignant chemotherapy in a patient with the IPSID, is
enormous, since these can cause sudden worsening of
the clinical condition of the patient (as in our case)
following anti-cancer chemotherapy associated
depression of immune system and serious morbidity and
mortality (6).

Temporal correlation with administration of anti-
malignant chemotherapy, demonstration of the larvae
and cysts of the worms in the stool, development of
marked eosinophilia, and response to anthelmintic
therapy suggest the possibility of the parasites being
responsible for the worsening of the condition of our
patient. S. stercoralis was the likely agent causing it,
since T. trichiura infestation is often asymptomatic or
associated with dysentery syndrome due to invol vement
of colon which was lacking in our patient. Although
mebendazole is not very effective in strongyloidiasis,
we used this drug to treat our patient as he had mixed
infection, and an extended course of mebendazole has
been found effective in patients with strongyloidiasis

(7).
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since ancient times. In order to test clinical antidiarrhoea
effects of carob bean juice (CBJ), 80 children, aged 4-48



Bibliography

49

months, who were admitted to SSK Tepecik Teaching
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from the stools of 37 of 42 volunteers. V. cholerae 638, at
doses ranging from 4 x 107 to 2 x 10° vibrios, elicited
significant serum vibriocidal antibody and anti-Ogawa
immunoglobulin A antibody secreting cell responses.”



50

Bibliography

015 Berner R, Schumacher RF, Hameister S, Forster
J. Occurrenceand impact of community-acquired and
nosocomial rotavirus infections—a hospital-based
study over 10 y. Acta Paediatr 1999 Jan;(Suppl
426):48-52. 20 ref, Eng. University Children’s Hospital,
Mathildenstr, 1, D-79106 Freiburg, Germany

“The need for arotavirus vaccine in any particular country
depends primarily on the number of hospitalized cases. Since
only limited data are available for Germany, we undertook a
retrospective hospital -based analysisin order to gather further
information. From 1987 through 1996, a total of 3618
inpatientswere hospitalized with adiagnosis of gastroenteritis
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mutant was similar to that observed in vitro, expression of
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both toxR and htpG was comparable to that by the parental
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vaccines has prompted a reassessment of the disease burden
of rotavirusdiarrhoeain devel oping countriesand the possible
impact of these vaccines in reducing diarrhoea morbidity
and mortality among infants and young children. We
examined the epidemiology and disease burden of rotavirus
diarrhoea among hospitalized and clinic patients in African
countries through a review of 43 published studies of the
etiology of diarrhoea. The studieswerecarried out from 1975
through 1992, and only those in which a sample of more
than 100 patients with diarrhoea were specifically screened
for rotavirus by using an established diagnostic test were
included. Rotavirus was detected in a median of 24% of
children hospitalized for diarrhoea and in 23% who were
treated as outpatients; 38% of the hospitalized patients with
rotavirus were <6 months and 81% were <1 year of age.
Rotavirus was detected year-round in nearly every country
and generdly exhibited distinct seasona peaks during the
dry months. In 5 countries where rotavirus strains had been
G-typed, 74% of strains were of one of the four common
serotypes (G1to G4), G1 wasthe predominant serotype, and
26% were non-typeable. This cumulative experience from
15 African countries suggests that rotavirus is the most
important cause of severe diarrhoeain African children and
that most strains in circulation today belong to common G
typesthat areincluded inreassortant vaccines. Wherever large
numbersof casesof rotavirusdiarrhoeaoccur early ininfancy,
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“Thenumber of choleracasesand the mortdlity ratesreported
from different regions of Vietnam varied considerably in the
period from 1979 to 1996, with between 2,500 and 6,000
casesreported annually from 1992 to 1995. Annua mortality
ratesranged from 2.0 to 9.6% from 1979 to 1983 to less than
1.8% after 1983. Mgjor choleraoutbreakswerereported from
the High Plateau region for the first time in 1994 and 1995;

thisisan areawith limited access to health services and safe
drinking-water supplies. All caseswereassociated with Vibrio
cholerae O1. Using ribotyping, cholera toxin (CT)
genotyping, and characterization of antibiotic susceptibility
patterns and antibiotic resistance genes by PCR, we show
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were examined. Pulsed-field gel electrophoresis analysis of
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in the genomes of O139R strains, compared to 9 in the
genomes of O139B strains. Therecent isolates of V. cholerae
0139 have thus gained one rrn operon. Thisvariationin the
number of rrn operons within a serogroup has not been
reported for any other organism. Theresults presented inthis
report suggest that like the pathogenic El Tor O1 strains, the
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concludethat rotavirusisaleading aetiological agent of severe
gastroenteritisinyoung children in Poland and that the burden
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(DALY) averted (one DALY is defined as the loss of one
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nonbreastfed: 4.69 ecy L-GG, 5.86 ecy placebo, P=.005).
The duration of diarrhea episodes and the causes of diarrhea
were similar in both groups, except adenovirus was more
common in the placebo group. Conclusion: L-GG
supplementation may be useful asa prophylactic measureto
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