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ln a discovery with vital impli-
cations for human health, vaccine
development and environmental
contamination, scientists at an
international research i nstitute have
isolated a new potent cholera toxin.

Though unlike known cholera
toxin in most respects, the newly-
found substance produces cholera-
like effects in laboratory tests and
infant rabbits-suggesting it may do
likewise in man.

The new toxin is manufactured
by marine-living mutant strains
of Vibrio cholerae bacteria,
strains that had been widely
considered incapable of causing
cholera, because they lack the
gene which produces previously
recognized cholera toxin. Conse-.
quently, in recent years, these
strains-as well as similar, gene-
tically engineered varieties-have
been considered prime candidates
for an oral cholera vaccine.

However, say scientists at the
lnternational Centre for Diarrhoeal
Disease Research, Bangladesh
(ICDDR,B) where the discovery
was made, such mutant, so-called"cholera-toxin gene-deficient"
varieties appear not to be useful
for a cholera vaccine-since they
may cause diarrhoea in humans.

Moreover, they add, the mutant
strains may be doubly dangerous.
For tests shqw that each time these
varieties pass through an animal
system, they produce a more potent
toxin, as well as more of it. Thus,

Mutant V. cholerae Strains
Found To Cause Disease

the mutants potentially could pose
an ever increasing hazard, were
they to become a widespread hu-
man affliction.

Unfortunately, this last point is
possible. the scientists maintain.
For over the past decade. perhaps
80 of these mutant strains have
been found in such diverse places

strains had not been recognized as
a cause of cholera--even though, for
almost a decade, numerous cholera
cases had been attributed to
unexplainable contamination of
the very types of marine environ-
ments where the mutant V.

cholerae varieties were known to
exist.

Mutant V. cholerae strains, so far believed to be
harmless to humans, not only produce disease,
but also gain virulence as they pass through
animal hosts.

as the U.S. Gulf Coast, Great
Britain, the U.S.S.R., Guam, Brazil,
Japan, lndia and Australia. The
strains have been isolated from
such marine sources as sewage,
oysters and brackish water, as well
as from intestinal and other human
infections.

"Unfortunatelv," says Dr. S.C.
Sanyal, an lndian microbiologist
who headed the ICDDB,B re-
search team, "until now such

"Especially in Western Europe
and the U.S., which have been free
of cholera epidemics for decades,
minor cholera outbreaks were
thought to have been caused by
bacteria that somehow had been
imported to the area. No one
believed the bacteria to be indi-
genous. This was the case with
minor outbreaks in Louisiana and
Texas that began in.1973, con-
tinued each year, and culminated



in a total of 31 cases in 1 981
alone.

"The first scientif ic report to the
contrary appeared in 1980, con-
cerning a mrni-outbreak in Louisi-
ana in 1978. There the disease was
traced to cooked crabs from local
marshes. lnvestigators concluded
that the responsible bacteria had
been indigenous to the area for at
least f ive years.

"Nevertheless," he continues,
"most scientists did not connect
this finding with the toxin gene-
deficient. mutant cholera strains
found in marine environments.
ln fact, based on certain standard
tests for known cholera toxin, it
was widely believed that such 7.
cholerae strains were non-toxi-
genic to man-and thus criticallY
different from the varieties long
knownto bea majorcauseof human
death and debility."

Ouestioning this premise were
Dr. Sanyal and other scientists at
the ICDDR,B-the only inter-
national facility devoted solely to
studying the causes, preventives,
treatments and cures for the manY
diarrhoeal d iseases which annually
claim an estimated five million
lives worldwide, mostly of young
children. Cholera is the most deadly
of the diarrhoeal diseases.

About a year ago, Dr. SanYal's
team discovered the newtoxin, and
subsequently their findings were
confirmed by scientists at Johns
Hopkins University. On June 11,
1983, the ICDDR,B team outlined
its findings in a letter to the editor
of the prestigious British medical
journal "Lancet." More details are
rn press.

"We discovered the mutant
strains toxigenicity or toxin-pro-
ducing capacity," says Dr. Sanyal.
"because we started with a con-
troversial hypothesis: that V.

cholerae strains found in marine
envrronments might not be harm-
less to humans. To understand our
work, some background is neces-
sary."

As Dr. Sanyal explains, before
the advent of genetic analYsis and
manipulation, different researchers
used diverse methods to measu re a
given bacterium's toxigenicity. For
various reasons there was no
international standard technique;
and, depending on diverse factors,
the results varied from laboratory
to laboratory. Hence, the results
were unreliable.

ln recent years genetic techni-
ques, widely considered more reli-

able, were developed as toxigeni-
city indicators. Thus, scientists
sought to discover the gene
responsible for a given toxin; and
then to determine toxigenicitY
based on the presence or absence of
such a gene.

'lThe gene responsible for the
toxin then known to cause cholera
in man thus was found," says Dr.
Sanyal. "The next step, many re-
searchers believed. was to dis-
cover, or engineer, V. cholerae
strains that lacked the culprit toxin
gene-but had another important
gene, one that would allow the
toxin to attach itself inside the
human gut, thus mimicking cholera
and stimulating an antibody res-
ponse capable of preventi ng the
disease."

A iew years ago, he continues,
it was discovered that diverse
mutant V. cholerae strains, found
in various marine environments, did
not contain the only recognized
cholera toxin gene; and, thus,
failed to producethe known cholera
toxin. However, these mutant
strains did have the gene necessary
for the toxin to colonize the human
intestines.

Therefore, it was concluded that
such toxin gene-de{icient, marine-
borne V. cholerae varieties were
ideal candidates for a cholera
vaccine. However, at that point,
says Dr. Sanyal, a crucial error was
made.

" Previous researchers began
with an erroneous assumption, and
therefore reached a wrong con-
clusion," he contends. "They
assumed the existence of only
one type of enterotoxin, produced
bv a specitic V. cholerae gene.

Thus. they tested for the known
toxigenic gene and the known
toxin-thereby missi ng the presence
of a different gene, producing a
different toxin.

"Given the mini-cholera out-
breaks in various parts of the
world, and extensive work with
oral cholera vaccines using mutant
varieties," Dr. Sanyal explains,"we decided to more closely
examine some of the toxin gene-
deficient strains."

The scientists tested 12 marine-
related mutants, using bacteria
from a variety of sources, including
from an apparently contaminated
seafood-related diarrhoea case in
Florida. They also tested one
laboratory-engineered mutant
variety, Texas Star-SR, considered
a possible vaccine candidate.

Using various animal, tissue
culture and immunological assays,
they sought to determine whether
the supposedly non-toxic strains
would produce cholera symptoms:
a secretory response in the small

Dr. S.C. Sanyal (right), an lndian microbiologist now working atthe lcDDR,B, found that
i *rtint str€iln dt V. 6holerae---*idely considered to be incapable of causing cholera and a

serious candidate for oral vaccine-produces toxin, and causes gholera in humans



intestine, leadingto f luid accumu la-
tion and/or diarrhoea.

All 13 strains caused fluid
accumulation in rabbit tissue tests,
indicating that the bacteria pro-
duce a toxin. Moreover, all strains
caused fluid accumulation in in-
fant rabbits' large intestines; and
most of thestrains caused diarrhoea
in rabbits, leading to dehydration-
the diarrhoea consequence that
often kills. Other tests for cholera.
including increased permeability
factor (PF) of rabbits' bare skin,
confirmed the presence of cholera.

The scientists also studied the
new toxin's nature:

"Io compare the old and new
toxins' antigenicity, a proven anti-
body against known chotera toxrn
was used with the new toxin.
Attempts were made to neutralize
fluid accumulation, and skin PF,
as well as to precipitate the toxin.
Both tests failed, showing the
new toxin to be antigenically
different.

"To test relative modes of action,
nrorphological changes in tissue
cultures were compared. The new
toxin did not cause the types of
cell changes associated with the
known toxin.

- Using an ELlSAtestfor receptor
site, the toxins were shown to bino
to different points on animal gut
cells..Culturefiltrates weretested in a
suckling mice assay, and found to
be heat-labile. This, combined wrth
an amonium sulfate precipitation
test, shows the new toxin to be a
heat-destroyable protein. Only in
thrs last way are the two toxins
similar.

Reviewing his team's findings.
Dr. Sanyal has the following to
say.

"Our results indicate that the
toxin gene- negative chotera strai ns
isolated from marine sources and
human infections do produce a
toxin. albeit a previously un-
known one. Therefore, while these
mutant strains lack the gene tor
known cholera toxin, they must
have a different toxin-governing
gene, located at an unknown point
on the bacterial chromosome.

"As to the effects of the mutant
bacteria on humans, we believe
that the Ftorida diarrhoea case
may have been caused by seafood
contaminated by the toxin gene-
deficient strain we tested. More-

over, we tound that the lone labora-
tory-tailored strain caused diar-
rhoea rn a number of human
volunteers fed the bacteria. Thts
would indicate that such man-
made strainsalso must be examined
more closely."

Finally, he exptains, the
ICDDR,B researchers tested for"enterotoxigenic actrvity" or viru-
tence. The result: the virutence of
toxins produced by 'all strains in-
creased greatly after the organisms
had been passed twice through the
animals guts-and the total toxin
produced each time also went up.

"This enhancement of entero-
toxigenicity may suggest," main-
tains Dr. Sanyal, "that if such an
organism is fed to humans in a
vaccine and is excreted in nature,it may be ingested by others-
resulting in f urther increases in
virulence.

"Overall," Dr. Sanyal concludes,"l think our findings are a warning
that the immunobiologic and gene-
tic aspects of gene'-deficieir V.
cholerae organisms must be stu-
died in much greater detail, in
order to develop a safe, effective
living vaccine."

With the development of oral
rehydration therapy, deaths due to
diarrhoea have been drastically
reduced. However, while ORT is
very effective in cases of watery,
dehydrating diarrhoea, additional
antibiotic therapy may be crucial
for dysentery-type "backlash', diar-
rhoeas, and a simple, reliable way
of identifying the responsible
pathogen is important.

The "Backlash" Diarrhoeas

o.rglhg past 10 years, the number of patients coming to the Dhaka Treatment centre of
the lcDDR,B, hasgone up f rom more than 10,000 to moie ttran-t oo,ooo p"iiiii. it now has
cecornealmost impossible to collect useful information on all these patiehts for surveillance.becornealmost impossible to collect useful information on all these patiehts for surveillance.

Oral rehydration therapy alone
r:,:, may not be successful in cases of

invasive diarrhoeas.

' '' I: i ,:i:,,, : ::,.

So conclude ICDDR,B resear-
chers in a study that not only
pinpoints at least some shigellosis
as a "backlash" diarrhoea, but
makes two other interesting con-
tributions.

The researchers note that
Shigella's importance as an enteric
pathogen in Bangladesh only has
been recog nized relatively recently,
as more emphasis has been given

lcDDR,B scientists examined a representative sample of all these patienti, [eftps tor tne
f irst-time in a hospital-based epidemiological study, to examine:
- d:"*l'!:1,-.1^,9t_911i911s with shigeilosis, by-gge, sex, and season of infection;
- -presenrlng slgns and symptoms, the course of illness and treatment during hospitilization;
--the patterns of antibiotic resistance of Sh4gel/a isolates.
Epidemiological -and -clinical Features of patients lnfected withshroerra whoAttended a _Diarrhoeal Disease Hospital in Bangladesh was publisheJin'iheJournal
ol lnlectious Drseases. Vol. 1 4O No. 2: ALgust 1 982. liwas authoreci by e..J -Stof f , tC Ob n, fi,
l!.9t:r:, on.assignmenr_tgIC_DqF,p from. C_enters for Disease Controt, USA; fU.t. Huq.ICDDR,B; M.U. Khan, ICDDR,B; H. Banu. tCDDR.B; and J. Hott, Mount Sill Sctroof?
Medicine, New York, USA.
The GLIMPSE version appearing in this issue has been adapted from the published paper.

to non-cholera diarrhoeas. Thus,
derailing the results of a study of3,550 hospitalized diarrhoea
patients from Dhaka city, the
scientists report finding Shigettathe second most comhon
pathogen in all patients over age
two and the fourth most common
overall.

- Moreover, their most important
finding was that:

Shigellosis may manifest intself
one of two ways: as a watery
diarrhoea characterized by much



vomitinq and severe dehYdration
for a re]ativelY short time before
hosoita lization; or as the dysentery-
typ6, "inuasive" diarrhoeal disease
it's classified as, causing severe
abdominal Pain, and blood and
,ucous in the stoolfor a relativelY
longer time before hospitalization'

Whether these are two distinct
disease mechanisms or two stages
in the same disease, the scientists
say, it's imPortant to note that
difierent treatments-and hence
i".t. accurate diagnosis-are
nee'ded. To facilitate such dia-
onosis the researchers describe
Iseful signs and symptoms.

Meanwhile, in an interesting
sidelight, the scientists found that
breasf feeding appears to reduce
irre- inciAenc-e bha severitY of
shioellosis in infants under age
oniltfrereby aPParently exPlain-
ino a considerablY lower Shigella
prEvalence found ih this age group'

Moreover, their research Proto-
cot mav be an imPortant first for
hospitai-based studies in a deve-
ioplhs country. For in what is

ptiir,alps a uni{ue exp.eriment, the
i'esearchers suicessfully used a 4
oercent svstematic sample of about
i OO,OOO i:ersons hosPitalized over
a vear's time, to assess the ePlde-
miolooic and clinical characteris-
tics oi Patients suffering from a

group of related ailments.

Three things thus were accom-
olished. Surveillance helped def ine
ir,e ranqe of diseases among
oatients;-an d ide ntif ied areas where
biiient care could. be imProved,
ihus generating new research ideas'
in aaiition, the studY showed that
successful hospital-based epide-
mioloqv is Possible, using a samp-
ling tethniiue that takes less time
ind money ihan trad itional hospital
experiments.

The investigators sought to
iOentitv the relitive importance of
viriou6 enteroPathogens in urban
Dhaka, and to determine the
seasonalitY and range of diseases
associated with these agents'

To do this, a surveillance system
was set up at'the ICDDR,B's
Dhaka Hospital; and for a-Year
beginning .December 1, 19!9t-9
reoresentative samPle of 3,550
dibrrhoea patients was studied. Of
these, 25 lercent were under age
one, 37 p6rcent between one and
five, and 38 Percent five or older.
Sixty percent were male.
. A recognized Pathogen .was
found in 66 Percirnt of Patients

screened for all Pathogens, one-
third of whom had a mixed infec-
tion of two or more agents. E' coli
*us most often detecled (20%),

f ollowed bY rotavirus (1 906) '
Campylobacter ieiuni (14-"/o) and

Shigella {12o/o)

Shigetta was found most fre-
quentl-y in PeoPle over age 60,

least in children under age one, and
equally frequently in all other age
orouDS. Also, both sexes were
iimilbrty affected. SeasonallY,
Shigella infections were higher in
the winter (October-JanuarY) and
summer (April-MaY), the two
driest periods.

The researchers examined the
widely-held theory that poor nutri.
tion bnd failure' to breast-feed
increase the risk of shigellosis in
children. TheY found that nutri-
tional status apparentlY is unre-
lated to shigelloiis i n children under
aoe eiqht-but that children under
trio wftfr Shigella were less often
breast-fed than children without
Shigetla (59-o/o versus 78Yo).

Moreover. in under-two children
with shiqellosis, those who were
breJst-fe."d were less ill: fewer
neeoio lV therapy (167.o versus
38%), fewer were hospitalizecl (57o

versus 19%), and fewer were signi-
f icantly 'malnourished (34Y.
versus 484/o).

Finally, addressing the issue of
"backlash" diarrhoeas, the scien-
tists noted that it's important for a

doctor to pinpoint a Precise etio-
logy for dysentery-type diarrhoeas,
sin-6e ora[ rehydration therapy will
not prevent the invasive dYsen-

lncaseof"invasive"diarrhoeas,itisimportanltopinpointthecausativeorganismandits
resrstance patrern, in oroer'io"ii"st,.-it#t-h" iigrrt aiug. rherefore, it is important to develop

;il;i;';;t'";;i" "iiorogi" 
dibgnoses of dvsenteries in field setttnss'

teric phase. Therefore, theY said,
modeis must be develoPed for
simple etiologic diagnoses.of dy-
senteries, in a field setting that can
be used by minimallY trained
health workers.

Working from their Preliminary
data the researchers highlighted
the most useful signs and sYmP-
toms for shigellosis diagnosis:
comolaints of sioolwith blood and
abddminal pain, and the absence
of watery ciiarrhoea and vomiting
in patients over one-Year-old.
Finally, they concluded, the Pre-
sence'of visible blood, an observa-
tion readily made, correctly identi-
fied in their study 47a/o of patients
with shigellosis. I
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pgg,,i:,,1r;l?pll .l-qlv,.l: of ctosety ogsayed samptes_was used. Out ot th6 viilase.s 365Tamilres, r6u were setected,for_the in-deprh study of about a year.s duration. village watersources constantly changed with seasonal variation, so that, eve[y month. up-to_da-te watersources were marked on a map, and their distances f rom the study f'amif iei af sE were updated.

. People will not necessarily use
better quality water for drinking,
cooking, etc., even if it's readily
available and they're educateil
about its health [spsfils-Lrnlssg
the users perceive the water to be
good.

So conclude ICDDR,B resear-
chers, as a result of a study with
major implications for changing
water use patterns, and hence im-
proving health in Bangladesh and
other developing countries.

The findings challenge the
widely-held belief that faiture of
ettorts to induce poor, mostly

'- illiterate rural populations to use
improved water supplies are due to
technical design def iciencies or
lack of health awareness. More-
over. the study resutts question
the wisdom of limiting water
suppty programs to instalration of
hano-pumped tubewells. which
peopte often find hard to use and
which may provide water con-
sid*red unsuitabte for cooking.
.. Finally, the results imply that the

distance of water souictis is not
as inrportant as is widely believed,
but the quarrels over water
ownership and access are more
rmportant to people's water use
choices.

The sotution, say the resear-
chers, ts not better engineering and
heatth education, as well as-nar-
rowly-based localized water im-
provement schemes-but a more
subtle understanding of existing
water use patterns and preferences.
Thrs would enable planners to
predict how a populace will

WHAT

DETERMINES

VI LLAG ER S'

CHOICE OF '\\r$,, :;iii:

WATER

SOURCES ?

respond to a particu lar watersource.
what they would use it for, and
how such use would affect health.

Starting with an unorthodox
premise, the researchers assumedthat rural villagers' water use
patterns do not stem from igno_
rance or a lack of safe water sup_
plies. lnste.ad, they say, villagers
nave well-tormed opinions aboutthe characteristrcs of available
water and, based on these percep_
trons, choose water for diverse
purposes. The study sought to
prnpoint these perceptions.

As the study results show, the
three ntatn variables affectrng
choice of water for diverse useiwere, in order of importance,"quallty (taste and odor). "dis-
tance' and 

- 
the possrbility of

"quarrets". The significanc'e of
these factors varied from rich to
poor, from season to season, and
depending on whether water was
to be used for drinking or other
purposes.

Drinking Water
Looking first at drinking water,

the researchers found that, for rich
and poor atike. the nlost powerful

determinant affectrng choice was
quality, not distance, as often is
assumed. For all peoples in all
seasons, "perceived quality" has a
greater effect on choice of water
for drinking than for any other
purpose.

As to distance, so important rs
quality that peopte often will
travet relativety far to obtain what
they .percerve to be good quatity
dflnktng water. Moreover, for
drinking water, during the rela-
tively dry pre-and post-monsoon
periods, the richer people are, the
more willing they dre to travel for
good quality water. On the other
hand, during such relatively water
scarce periods, the poor, but not the
rich. will travelto avoid quarrels in
their . search for gooO quaiity
onnKtng water.

..Thus, the researchers potnt out,
of interest is not distance ier se, buihow distance rnteracts witfr otf,"i
tactors.

Non-Drinking Water
Turning to water tor non-drink-

ing pu rposes. the researchers tound
that, the year-round, the rich are



prepared to travel turther to get
good quality water. For the poor,
however, quarrels and distance
are powerful determinants. For
example, the study found that tor
the poor, particutarly in the dry
season, people are likely to choose
relatively distant water sources. to
avord quarrets.

Astor distance and non-drinking
water, the poor tend to be tess
inclined to go afar in search of
water for such "women's tasks"
as cooking and washing of utensits
and ctothtng. However, distance
is tess of a factor when it comes to
water for men's and boy's bathing.

Conclusion
ln.summary, then, the study

found' that, for drinking water,
quatity, but not distince,is a
powerfut determrnant of the at-
tractiveness of a water source; and
confticts over access to water
supplies adversely affect the poor's
chorces.

The results, the researchers
maintain. have important im-
plications for improving drinking
water quality in rural Bangladesh.
For to date, a joint UNICEF/
Bangladesh Government water
supply program has assumed that
the most important factor govern-
ing drinking water use is distance
from the home.

The findings imply, the authors
maintain, that water supply pro-
grams should be somewhat less
concerned with the distance ot
improved sources, and mor6 con-
cerned with providing a qualtty
of water perceived to be good by
the users.

Furthermore, they say, since
ownership seriously affects use
of a water source by different
groups in a village, the UNICEF
example should be followed, in
emphasizing public and communal
ownership of water sources. This
conclusion is further strengthened,
the researchers add. by the finding
that, for poorer groups, quarrels
are the most important factor in
relatively dry seasons.

Turning to other studies done on
the effects of water use on cholera
and other diarrhoeal diseases in
rural Bangladesh, the authors of the
current research point out that if
people are induced only to drink
better quality water, there will be
little benefit to health..White the
reasons forthis findinq are unclear.they maintain that- two othei
changes appear necessary if water
gupply programs are to improve
health.:. people must use gi.eater
quantities of water for domestic
purposes, and better quality waterfor . non-drinking purposes,
especially for cooking 

' 
and

bathing**.

These findings, the researchers,
conclude, strongly argue against a
water supply program, such as the
one existing in rural Bangladesh-
programs exclusively devoted to
installatron of hand-pumped tube-
wells. Because study- area tu bewett
water is high in iron and turns rice
black when used for cooking, no
study family used tubewell water
for cooking. the researchers point
out, Moreover, because pumping a
tubewell rs hard work no one in the
study area (including the investi-
gators) used a tubewell, instead of
a surface water source, for bathing.

It is essential, the researchers
conclude, that the scope of water
supply programs be broadened, to
include technologies other than
hand-pumped tubewells. f
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Renewed attention has been
given to the infection-nutrition
relationship. Diarrhoeas affect
nutrition in various ways, one of
the important mechaniims being
the direct loss of nutrients in th6
gut.

This chapter describes a method
whereby alpha-1 antitrypsin is
used to measure the loss of pro-
tein in the gut, especially in the

ABSTRACTS

case of invasive diarrhoeas; and
attempts to explain the disease
process. Alpha-1 antitrypsin, an
inhibitor of proteolytic enzymes
found in measurable quantities in
the serum, is resistant to further
breakdown once.secreted into thegut; and the quantity can be
measured by the radial immunodif-
fusion -technique. By measuring
alpha-1 antitrypsin's concentra-
tion simultaneously in faeces and
serum, and calculating the ratio
between the two, quantitive loss of
protein in the gut can be estimated.

ln healthy subjects and in
sicknesses not involving protein
losing enteropathy. the ratio was
found to be < 1. This method offers

theoretical and practical advan-
tages over the time.honoured
ratio-isotope methods used to
diagnose both protein-losing en-
teropathy and to measure protein
loss during diarrhoea. The radio-
isotope method was complicated
and costly, and did not offer the
opportunity to observe day-to-day
changes in the loss of serum
protein. Above all, it was not found
to be very accurate.

The alpha-1 antitrypsin method
does not use any hazardous radio-
isotopes, and allows a more precise
estimation of serum protein loss
over a shorter period of time.
Other distinctive advantages are
its low cost, simplicity, and the
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chance to make day-to-day esti-
mations heretofore impossible.

The researchers found that in
Shigella, several factors may be
responsible for the loss of serum
protern. The two most important
are through ul6g16ted and colonic
muscosa; and dueto endotoxemia.
which is seen in severe shigellosis
and which may interfere with
hepatic functions of synthesizing
the bulk of plasma protein, mainly
albumin. Moreover. protein-losing
enteropathy was detected in rota-
virus, the main cause of diarrhoea
in children aged six-months-to-
two-years. Rotavrrus cause patchy
mucosal damage in the upper In-
testine, sometimes lasting weeks;
and protein is lost in the gut,
possibly through exudation and
shedding of the mucosat epither-
ium. Protein loss is manifest onry
when secretron exceeds absorp-
tive capacity, and partial destruc-
tion of the epithelial cells in
rotavirus was seen to contribute to
a great extent to protein loss.

Although the LT toxin of ETEC
behaves like cholera, where protein
loss in the stool is minimum, it was
found that two-thirds of patients
with ETEC demonstrated excessive
protein loss in the guI. Since most
ETEC infections in Bangladesh
produce ST or ST/LT toxins, the
loss of signif icantlv high quantities
of protein in ETEC diarrhoea may
indicate epithelial damage. as in
the case of rotavirus diarrhoea or
with ST toxin. The fact that, even
after two weeks of clinical re-
covery from ETEC diarrhoea, in-
testinal absorptive capacities are
not fully restored, supports this
speculation. Use of alpha-1 anti-
trypsin as a marker protein to
calculate the loss of protein in the
gut, combined with longitudinar
studies of intraluminal and cellutar
enzymes in the gut, correlated
with the histologic appearance ol
the gastrointestinal tract, should
reveal the pathogenesis of malnu-
trition in a large proportion of
patients with diarrhoeal disease.

Molla A, Molla AM, Sarker
SA, Khatoon M, Rahaman MM.
Effects of acute diarrhea on
absorption of macronutrients

during disease and after re-
covery. ln: Chen LC, Scrim-
shaw NS eds. Diarrhea and
malnutrition; interactions,
mechanisms, and interven-
tions. New York: Plenum,
1983:143-54

The aim of the present study was
to determine the effect of diarrhoea
caused by rotavirus, Shigella, and
enterotoxigenic Escherichia coli
(ETEC) on net absorption of fat,
calories, nitrogen a nd carbohydrate
during acute diarrhoea and 2 and 8
weeks after discharge. Twenty-
nine male children aged under 5
years, wrth a hrstory of acute,
watery diarrhoea and moderate to
severe dehydration without any
obvious complication admitted to
the hospital of the lnternational
Centre for Diarrhoeal Disease
Research, Bangtadesh, were
selected at random for the study.
Of the 29 patients, 13 had rotavirus
infection, 10 had E. coli, and 6 had
Shigella. The patients, after in-
travenous rehydration and an over-
night fast. were fed 5 g of D-xylose
in 100 ml of water. Four properly
weighed meals, with various com-
binations of rice, chicken. lentils.
oil, egg, milk, butter, sugar, banana
and bread, were offered daily
ad libitum to each patient at
regular ihtervals. Samples of all
types of foods, breast milk from
mothers, aliquots from stool speci-
mens of patients and vomitus were
analyzed for calories (with adiabe-
tic bomb calorimeter), fat (by Van
de Kamer procedure) and nitrogen
(bV micro-Kjeldahl procedure).
Serum xylose estimation was done
by method of Roe and Rice. Co-
efficients of absorption of nutrients
both in the acute stage and at the
recovery period were calculated
by using the expression: (lntake-
OutPut) x 1QQ/lntake. The results
indicated several differences with
regard to the absorption of nutrients
during acute and recovery stages
of diarrhoea, depending on
aetiology. ln the'acute stage of
rotavirus, absorption of all the
nutrients was significantly lower
compared to that in patients with
ETEC diarrhoea. Absorption of
nitrogen in rotavirus did not
improve, even after B weeks of
recovery, suggesting a period of
prolonged malabsorption. The
study demons{rated thal 74o/o ol

ingested carbohydrate was ab-
sorbed in the acute stage of rota-
virus infection, compared to g2o/o

absorption in ETEC and 77o/o in
Shigella diarrhoeas. During the
acute stages of ETEC diarrhoea,
absorption of all nutrients was
better than in diarrhoea of other
aetiologies, but failed to improve
atter 2 weeks of recovery. During
the acute stage of Shigella -
induced diarrhoea, absorption of
nitrogen was minimum (41o/o)
compared to the absorotion of
other nutrients (62 to 77o/o\. While
all these values became'signifi-
cantly higher after 2 weeks of
recovery, xylose absorption was
found to be much lower (below 20
mg% in rotavirus and ETEC diar-
rhoea, 37 mgo/o in Shigella) than
the absorption of carbohydrates,
which indicated that xylose ab-
sorption does not ref lect the
absorption of a natural carbo.
hydrate. The study concluded that,
despite reduced absgrption of
nutrients, feeding of children
should be encouraged, because
substantial absorption does take
place even in acute diarrhoeal
infection. This might help in the
prevention of more seriously
compromised nutritional status.

Molla AM, Molla A, Sarker
SA, Rahaman MM. Food intake
during and after recovery from
diarrhea in children. ln: Chen
LC, Scrimshaw NS eds. Diar-
rhea and malnutrition; inter-
actlons, mechanisms, and
interventions. New York:
PIenum, 1983:113-23

The chapter reviews available
data on intake of food during diar-
rhoea and the impact of diarrhoea
on the growth of children; and
presents the results of a study on
the quantitative ' estimation of
nutrient intake during acute diar-
rhoea due to various causes and
after recovery, the pattern of intake
of nutrients in the acute and con-
valescent stages of diarrhoea and
after recovery, and the effect of
food intake on stool volume during
diarrhoea. Sixty-three children
aged below 5 years were studied.
Vibrio cholerue was isolated in
29, rotavirus in 15. enterotoxigenic
Escherichia coli in 13 and
Shigella in 6. The intake was
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measured during acute diarrhoea,
and 2 and 8 weeks after recovery.
Based on information available
in the literature and on data from
the present study, it was concluded
that: (1) irrespective of aetiology
there is about a 3Oo/o reduction in
food intake during diarrhoea among
hospitalized patients; (2) feeding,
including breast feeding, should be
continued even during the acute
phase of diarrhoea; and (3) fooA
has no apparent deleterious effect
on the volume or duration of diar-
rhoea, but this requires further
study.

Hossain MM, Glass Rl, Khan
MU, Huq F, Hierholzer JC.
Outbreak of enterovirus 70
conjunctivitis in Bangladesh.
Trans R Soc Trop Med Hyg
1983;77(21:217-8.

An outbreak of acute haemor-
rhagic conjunctivitis (AHC) was
observed in Dacca (now Dhaka),
Bangladesh from April to July
1981. The high prevalence of this
illness led to investigation of the
epidemiological and cli nical featu -
res and the causative organism.
Parients with AHC visiting the
ICDDR,B's staff clinic, and the
Dhaka Medical College Hospital
eye clinic were reviewed. Twenty-
one percent of the ICDDR,B's
600 staff had eye symptoms clini-
cally diagnosed as AHC. ln 28
AHC patients clinical features were
redness of the eyes (10070),
discharge (96%), foreign body
sensation (93%), blurred vision
(11?1") and subconjunctival
haemorrhage (397o). Of the 135
family members of the 28 AHC
patients 637o were also affected,
with attack rates among different
ages ranging from 4O% to 72o/o.

Conjunctivalswabs from 19 patie-
nts aged 12-55 years were pro-
cessed. The virus was recovered
olly from a 12-year-old boy,
whose specimen had been taken
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