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1. INTRODUCTION.

Dxarrhoeal diseases are on: of the 1ead1ng causes of: morblﬁltﬁ ahd mortallty in thé
developing world, In some coun:ries 407 of dedths i childre Fh‘” 05" years of age are
.related to d1arrhoea1 illnesses, Until!recently, the aetlology‘ce 1d be determined in

"“less - than one-thlrd of these illnedses, Pathogens recognlzed;in%t‘e léboratory included
Salmonellae, Shigellae, Vibric :holerae and enteropathogenic! Eseh&ﬂlchla ¢oli, Within
the past five yeats additional .letiologic agents have - been iderttified guch that under

optimal laboratory conditions a diagnosis can rnow be made 1n'85?go§ dlarrhoea cases.

In pproxlmately 157 multiple a‘txologles are prescnt

i

This paper will review the epidemiology of the preseptly rotognlfed diarrhoeal
disease agents. Emphasis will le placed on pathogens that areﬂthe;%ost lmportant te-
cognized causes of diarrhoea 'in the develop1ng world . rnclud1ng eﬁkﬁrotoxlgenlc E, coli
and rotaviruses whlch in areas where they have been stuﬁleﬂ arem espon51%1e for as-
many as 50% of diarrhoea cases., In summpary, it can be: s2aid fr m§ .epldemlologlc per=
spective that all the diarrhoea! diseasés are spread prlmarlly Ef he faecal-oral route,
This simple explanation setves, in large part, to-, explain the vast difference in the
incidence of dlarrhoeal diseass: between the developed countrles;WﬁEre -appropriate
sanitary fac111t1es are available to the majority. of the populateoi and the developing
countries where food and water tygiene are often 1nadequate andidafe : sewcge dlqposal
systems are frequently lacking, A summary of the lnformatlone:qed,uted is glven in

Table 1.

2,  AGENTS KNOWN TO BE IMPORTAMT CAUSES OF DIARRHOFA' IN DEVELOPTRE'COUNTRTES

2,1 Vibrio,cholerae

V.,cholerae has two recognized blotypes ‘classical and Eiﬁ be wand these biotypes
are each separated into Ogawa and Thaba serotypes., Its site o cthn is the small
1ntest1ne, primarily the JeJunum where' the organism elaborateslr _f enterotoxin, This’
enterotoxxn causes fluid Toss in thé bowel through activation! %’t”é lhtracellular T
enzyme adenyl cyclase, whlch res;lts in an isotonic: sodlum andqhkgeﬂ def1c1t. a hase

deficit ac1d051s, and potassxum lepletion,

il

From 1817- 1923 cholera spreid- vorldwide in' 31x pandemlcs. hl e|seventh pandewlc
it
|

"EH“"""I“

caused by the E1 Tor biotype, bezan in Thdonesia 1n 1961 /and by s has‘Spread to most |
of the South-Fast and and South sia, the Middle Fast' West’ aﬁA[Faq

Europe, the Far East and the Ves: -ern Pac1f1c

L
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Endemic and epldemlc cholera o6ften have a seasonal pattethill lch.varzes for unknovn
reasons. in dlfferent geographlc areas. For'exanpla, ‘thel: cﬁ&iﬁf'ﬁgeﬂson generally peaks
durxng the hot dry season in March, April and 'May in Calcutihd} _er the monsoon season-
in Bangladesh, and durlng the ralny season. in ;the Phlllpplnas iﬁiheﬁdem1c areas cholera
is predOmlnantly a disease of children; in rural’ Bangiadeshpm t | rates’are. ten times

_greatet in ¢hildren aged 1-4 than in adults, and twdrthirds of{q e ?afq in children
below. the ‘age .of ;ten .(Mosley, 1963). 'In contrast, when choleE | axédds to:a prev1ous1y

uninfected area, attack rates are usually equal in all. age*grdhpawexposed and are

usually hlghest in adult males, Cholera is rare in chlldrennuhﬁQT”oHeTyear of age,

I
B '

Coutamlnated water and Food, especially shellfish ard raw, ?eafy éegetables whlch
have been "freshened" with contaminated water, play a maJor,rdle nhftransmlssxon of the
disease. 1In Africa the disease has often spread at large gather1ngs of people (e.g.,
fairs, festivals, market places and especially funerals). Trap SmkGSlon through direct
person—to-person contact is rare because .of the Iarge 1nfectlecs-dose requlred to cause
-disease and the gastric acid barrier in the stomach that klllﬁ\ipgested vibrios,

V. cholerae is host-specific for man; animals play no role 'in t=nn§m1551on. Persons
with- asymptomatlc or mild infection play an 1mportant role in; ‘biead of the disease,
The ratio of asymptomat1c or mild infections to severé. dxseasail % Bout 5: 1 in classical
‘cholera and greater than 10:1 in El Tor cholera, Famlly cnntact af hospltalized

ol

B snd

patients are frequently infected, A prolonged gall bladder éh; iey state has been
documented in adults, Studies from Calcutta (Sinha et. al., 13 égy, luggest that the
dlsease is transmltted at’ low levels during 1nterep1dem1c pery ag$11n=endem1c areas
by persons who are asymptomatlc or ‘have mild disease.

Antzblotlc res1stance of V. cholerae occurs rarely. Isof qé51of V. cholerae
that are non—tox1gen1c under in vitro assay ¢onditions but pro umg kong_ﬁﬁﬁz?-TE v1vo
'condltxons such as in the rabbit 1leal loop have beén lsolabedhfr m.man "and envxron-
" mental sources' thelr role in the epldemlology ‘of cholera is® unkﬁbzb b Another recent
-microbiologic enlgma Has been the .isolation of 'V, cholerae- froﬁ‘H et water in
4 countries 1n the absence of recognized disease, deSplte 1nten51? \Surve111ance
“for cases, . SR |

2.2 Vibrio parahaemolyticus

V. parahaemolyticus was first recognlzed as an 1mportant_&ua¥rh®e£1 pathogen in
Japan in the 1960's as a result of surveillance for V., choleraé; prparahaemolytlcus
organisms have distinct 0 and K antigens but serologlcally gdéﬁticéﬂ H antlgens. Some -
strains produce a heat~-stable direct haemolysin which lyses human {ed blood cells
(the Kanagava phenomenon).- These strains are usually lsnlated f;omﬂgll persons but not
from envxronmental sources or contaminated foeds,

.
e

The organlsms cause .two distinct clinical syndromes. Thei
served is that of watery diarrhoea; recent evidence suggests thgh
be enterotoxin-mediated, The second syndrome, conSLStlng of blo -
‘severe abdominal cramps and fever, is p0551b1y due to ‘an 1nflémb 0
to the heat-stable direct haemolysin,

most commonly ob-
3 iis diarrhoea may
'“Jdlarrhoea with

y.leslon.related

Informat1on on the epldemlology of V. parahaemo}ytlcus dlaﬁiﬁgjh gs limited, The
organism is an important cause of diarrhoea in the.Far East, - §o ﬁ; nd. South-Fast Asia,
the Indian subcontinent, Panama, Togo, the United States of‘Amh %qijahﬂ Furope. Ir

i

these areas it has been isolated from sea-water and marire 11f§, ﬂbaqalv when water
Lempexatures are highest, The vehicle of human infection is uhﬁaliy shellfish that
is raw, inadequately cooked, or concapinated after cooking and sﬂoxcd at suitabhle

i
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temperatures’ for bacterial growth (15-45°¢) before consumptlbﬁ mhe generation time of
ibrios may be as short as 10-12 minutes. Secongary cases’ dohmotuoccur."

2.3 an-choléra vibrios.(NCV)

These organlsms, also referred to as non-agglutlnable V1H§ bé{ﬂﬂéG), possess
the same ‘biochemical properties as V. cholerae except that théy, Enot agglutinate
with group O antisérum., ‘The pathogenlc mechanism by whxch th% 1; ganrsms cause
diarrhoea is pnclear. A few ‘'strains have been shown to produ § %fh at -labile -entero-
toxin that has propertles similar to ‘those of cholera enterotiﬁ b Dlarrhoea caused
by these organxsms ‘resembles cholera except that it it .of. a‘ﬁLl éﬁgSeVer1ty, and is
more often assoclated with abdom1na1 pain and Iow-grade feverun

thtle data is available on the epidemiology of these ofgadlrms.ﬂ,Thev have been
isolated on a seasonal basis from diarrhoea patlents ‘and’ cod ﬁamvvaters in Afrlca,
Czechoslovakia, the Indian subcontinent and’ the Unxted-States“bf %merlca. They are also
frequently: found in stools of persons without dlarrhoea suggé#tx g’ bhat they are not
always pathogenic., Focd and water undoubtedly playfthe prlmaf;.role 1n transmission

of these organisms, Secondary cases have not been observed o

2.4 Enterotoxigenic Fscherichia coli (ETEC)

ETEC are E, coli that are capable of produc1ng,a heatwbabllé (LT) enterotoxln (LT
straxns), a heat—stable (ST) enterotoxin (ST stralns)or bothﬂof these ‘enterotoxins (LT=
ST strains).. LT activity is destroyed after treatment at 56?0 fé% 30 minutes, Tts
mechanism of action is similar to that of chdlera toxln (adeﬁyllayclase activation in
the small 1ntesténe) to which it'is antlgenlcally related.‘ Tpa$t1v1ty is present after
treatment at 100 C for 15 minutes. Its mechan1cm of . act1on'15*p obably through acti-
vation of guanyl cyclase in the small 'intestine and it is ndhlén 1gen1cally related
to cholera, LT production is detected by tissue cul'ture - asséyisﬁstems (Sack, 1975)
or by an ELISA assay (Yolken, 1977a), ST production 'is measu ed bnly, through. a re-
latively cumbersome infant mouse assay. Tox1n—product10n ;sjé%qgmld—medlated LT-ST
strains appear to be restricted to a limited number of serényébs?g “g., 06: K15:

(H16), 08: K40: H9, 078:iK=~:(H11)):with identical blotypes (?tékél. dnd Orskov, 1977).
Plasmid-mediated colonizing factors (CF). are esential for: e&h” ;1shmént.of ETFC strains
in the small intestine but -their characteristics are not wérlﬂhﬁ:erstood

\

ETEC are a frequent,.cause of diarthoea in'areas where' d} ﬂﬁoeal diseases are
common, Travellers to these areas are often infected by thes% rganisms, In persons
living on the Indian subcontinent infection with this ofganlsmlarehuently results in
an illness 1ndlst1ngu1shab1e from chelera; it is unknown whenﬁé uthls syndrome occurs;
in other endemic areas. The relative frequency of LT—ST Lf&an [ST ptoduc1ng strains 5
appears to vary with geographic location. In Bangladesh Fherejthe d1sease is
seasonal, occurring before and after ‘the monsoon season,” LT7 Htralus -are more commonly
isolated from hospitalized adult patients, while ST stralnsaane[mone frequently found!,
in chlldren less .than 2 years of .age who have milder dise4sé

ETEC diatrrhoea in ‘travellers is caused most commonly b?uc i, metlon of contamlnated
food (Merson’ et al., 1976). In endemic areas food éﬂdﬁ 5 @ thought to be veh1cles
of'lnfectlon. LT-ST and ST ETEC 'strains are also'f ent ¢ #ﬁs of dlarrhoea i young
calves but there:!is no evidence 'to date to.lndlcane|ﬁhat aniy f'stralns are pathogenlc
fot humans or that animals provxde a reservoir for hudbn édfé b;rOther ‘gram-negative:
organisms, including strains of- “Aeromonas; Kleb51e}1a ~Fnt€kp ; uer and’ Ciitrehacter,’
have been reported to produce one or. both of these or similar ibrlns but the Sig-
nificance of these findings is unclcdz
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2.5 Rotavirus;-

chlldren in Australla (Bishop, 1973). It has. been calledlhbm& reov&rus-llke agent
(HRVL), duov1rus, orbivirus and infantile gastroenterltlva} s 'Jbut most 1nvestlgators
now:accept the name rotavirus, The virus is-a 70nnlpart1c1@,i1l 'has'now been cultlvated
in tissue culture and has been detectéd in most: studles*&y eL ron~m1croscop1c exam:.na--i
tion-of diluted 2% diarrhoeal stool flltrates. A, reCEntly de Fd FLISA procedure has
simplified detection of the virus in stool and: measurementad ‘J”Q1body (Yolken, 1977'b),
The virus causes. a typical clinical syndrome of dlarrhoea prhceded or followed by
vomiting and' iever, the illness generally lasts from 37 day§ ilJn the most severe
cases results in total fluid.loss of about 250 cc/kg; body aé$gh .r In animals the virbs
'xnfects the small intestine causing shortening of v1111 wrth*dé ?datlon of tips and
distortion of epithelial cells. 3. ilfi_ £

f . 4
In most studies of rotavirus diarrhoea which to-date h. Ve'beén carried out in
hospitalized patxents in developed countries, the v1rus hasﬁﬁeenlfound responsible for
50~70% of diarrhoea cases in children between 6 and 24 monthsﬂd ‘ﬁ e, Most cases have
been observed during.the colder months, Disease is uncommon rn 11dren less than 6
months of age, although nursery outbreaks have been descrlbedf’p hhlch for unknown
reasons, asymptomatic infection is common;, stease 1n adulbsigsm&afe, this has been
confirmed by serologxc studies demonstratlng ithe” presence of‘s% uh antlbody to fota-
virus ‘in as many as 807 of persons over the age of .two (Kaplkr n? t al., 1876).
However, 40% of adult contacts of cases have serologic: convef' presumably from
subclinical infection, Carriage of rotavirus in- the stool 1m bea Lhy, persons is very

uncomon '

Thls virus was first detected in humans in 1973 xn duo %qi{ :ﬁiabsiés'froﬁ i1l .

Data from studies presently under way or completed ‘have' g§ho ;nthe ‘importance of
rotavirus as a diarrhoea pathogen in infants and young ch11drﬁg i dquloplng countries,
There is some evidence to suggest that the dlSEBSE -while. most: cb"oﬁ in the colder
months, may be frequent all year round. 1In Bangladesh “the peak érdence of the
disease is at the end of the first year of life and 95%,05 casesuare below the age of
two, The protective role of breast mllk in-the disease is undet, :udy

The mode of transmission of the disease has not' ‘been, corcli Sh%ely demonstrated but
the faecal-oral route §S most likely., Stools of diarrhoea patgbnds W}th rotavirus in-
fection can contain 10 - 10" particles per gram -of faeces, Regpiratory transmission
has also been proposed because of accompanying pulmonarytsymptomp,Talthough preliminary
observations from Bangladesh demonstrated rotaviris antlgen 1n‘nas%l wvashings or throat
swabs from only 17 of diarrhoea cases. Because rotavirus is aicommdn cause of neonatal’
diarrhoea in calves and lambs and human rotavirus strains can cgusaldlsease in animals,
the question has arisen whether animals can provxde a reservorfrio ‘human rotavirus
strains, Recent evidence 1nd1cate5 ‘that there are at'least tvio'} selLtypes of human
rotavirus stralns- this finding may have important epldemlologxgilﬁpflcatlons.

2.6 Shigellae

Four serotypes of Shlgellae are‘known' Shlgella “dﬁséhten
S. sorrei, and §. bozdll. All may produce a ‘watery diarrhoea s
but disease caused by 8. dysenteriae is generally more‘severe 2
mortality, “An antlgentlcally similar.enterotoxin 1s prodnoed ﬁiv
this enterotoxin may account for the small bowel watery dLarrhodﬂE

'$t%ga), S, flexneri,

*and dysentery

e cept S boydll'
;dﬁoée that often
precedes the dysentery symptoms which are’due to, invasion of. th £ b0wel Pezsons
with shigellosis are often thought to’have amoebiasis because ofl
presentations and the large number of leucocytes in their stool uh1c1 are nrstaken for

amoeba.,

1



. 18, flexgggg is the most common isolated serotype. in the developlng counere
¢, soénmei is most commonly isolated in deveIOped countrldq aqd-ls associated w1th
ETEEE?"TEhldence.of multlple antibiotic resistance.’ The'btw ty 'of S, sonnei strains
to produce inhibitory substances called colicins, hag beeﬁ‘ﬁeijfuy in. ep1dem1olog1c
studies of this organism. Although the incidence of :S. ;éenﬁgrlae has-declined in the
developing countries, outbreaks caused by S. dysenterlaegqub1 with plasmld—medlated
‘mulciple antlblotlc resistance patterns occurred recentlfﬂxn OenEral America (Mata et al.,
1970) and parts of Asia., Of interest was the’ rapid. termfﬁgtl h'of‘these outbreaks
. presumably related to improvement in food availability. an& ot ér economic con-
ditions.

Shigellae are host-specific for man. As few. as 10 orghnxﬂms can cause disease.
Thus the organisms can be readily spread by divect.per son—td“person contact, although
water and food-borne transmission also occurs Studies 1m developlng countries have
demonstrated that 5-107 of normal persons and 207 of contacts|hf dysentery cases are
asymptomatlg carriers. The disease is most common in; thlldren,lass than 5 years of age,
espec1ally in males, and in their siblings aged 5-9; aault f6mhles are often infected,
which is probably a reflection of close contact with' their: dhlldren. Studies have shown
that as the amount of water used in the home 1ucreases,'%he lhclouﬂce of shigellosis de-
creases illustrating the fact that it is a water-washed' dloeasn. Persons with recent
measles infection are at particularly high risk of abveloplﬂgl Shigellosis,

2.7 Salmonellae

The genus Salmonellae consiswts of about 2 000 se‘otypeq..,txcept for S, typhi which
is host-specific for man, these organisms are pathegens for} ‘afiimals and man.
§. typhimurium, one of the more common serotypes, can be;lysed by a number of recognlzed-
phages which has been helpful for epldemlaloglcal studles of thls organism, Salwonellae
can cause acute febrile gastroenterxtls, enteric fever, ‘bacteraemka or localized metas-
tatic infections, While the pathogenesis of salmonella gasqroenterltls is believed to be
intracellular invasion of small intestinal (primarily lleum) eplthellal cells, a sal-
monella enterotoxin has recently been described hhlch may pldy a role in the disease.

The incidence of salmonellosxs is highest in chlldren and in persons with certain
under1y1ng diseases (e.g., schis tosomiasis, chrOnlc 11ver dlsease bleod dyscrasias,
carcinoma, bartonellosis, etc. )} Cenvalescent carriage fre uently occurs; as many as
807 of infected persons may excrete the organism for weeks ‘to 2 months after symptoms
cease, Chronic carriage is rare; it is most common in thpse 'infected with tzphl
who have gallbladder disease. Salmorellae are frequentl? rQSlSLant to many anlelotlcs
through plasmld acqulsltlon. This is thought to be due im’ part to indiscriminate use of .
antibiotics in man and animal feed and has created s,gnlﬁlcant problems in the treatment '
of salmonella non-gastr01nteﬂtlnal illness.

The incidence of salmonellosis caused by dlfferent exétypes ‘waries ?reatlv among
countries, This may be related to the fact that® ‘the maln rederv01r of Salmonellae is
animals and the primary mode of transmission is CcﬂtahlnatE% foods, usually of animal
origin, which are consumed more frequently by some: popu}aélons than by others. Waters
borne and person=-to-person transmission, especmally in 1ns§1tpt10wal settings, also
occur « The infectious dose of Salmonellae in volunteers”Ls;FOS organlsme but disease

P
can occux after ingestion of food containing fewer orgaﬁlsmé i

II
|,4i. N \1

3. AGENTS WHOSE IMPORTANCE AS A CAUSE OF DIALRHDTA N DHV#DCPING COUNTRITFS IS
PRESENTLY UNRNOWN

3.1 Escherichia coli

‘3
- 4

3.1.1 Invasive Eschericl :u_'ull. erding of F, "“EJ chat dre capalle of tnvading the
IHTE.G ln‘- St]“(; may caus W “-J‘)" Jnr‘”"hhf‘rl Or l\”‘;l’r't"'; y' l)u{l s g T‘f’]g\,r.‘,u g,’_’r',;_‘_r.; dre
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.stricted to certain O serogroups (Groups 28, 112, 113, *1@?@4;“;:11‘36} 143, 144, 147 and
352). Recognition of these strains requires testing of E.?“Eﬂifhygthe'Sereuy test,

i.e.; for their ability to produce Kerato—conjunctivifis aﬂhéflﬂﬁécﬁTaﬁion of 109
organisms in the eye of a guinea-pig. Because of theiin 6f§gﬁ%é%5§ required for its
recognition, this organism has ‘been looked for in 6ﬁly;alféﬁhiejarfedLstudies.‘ One

large outbreak due to consumptioun of French cheese has bfeﬁﬁﬁé@é&ibé&h{ﬂarier; 1972).
) } ] z 1

=]

3.1.2 Enteropathogenic Escherichia coli. Beginnihg'ih‘iQﬁﬁﬁﬁE'pés.récognized,that
certain O serogroups of E. coli (O groups 26, 53, 86,-111,’1ﬁ§@;%2&~128) caused outhreaks
of diarrhoea in infants, especially in nurseries where pefshhﬁﬁdtperégn transmission pre-
sumably occurred. Evidence from tHuman volunteer studies wiFhﬂsﬂﬂaihaffrom two such out—
breaks has recently demonstrated that these organisms -are ﬁg&ﬁdﬁgniq'by an as yet un-.
recognized mechanism. It is not clear, however, whether .i&dlhtion of E. coli of one of
these serotypes from a sporadic. case of diarrhoea indicatesﬂfﬁ%dfﬁﬂiéio?ghnism is ré~
sponsible for disease since these organisms are often iéolétéa 110 normal persong
(Gangarosa and Merson, 1977). :

3,2 Other foodhorne pathogens

3,2,1 Clostridium perfringens. C. perfringens s a-éppre—fé}miﬁg'hacillus that is
widely distributed in the soil and frequently found in the iﬁtés#ihal tract of man and
animals. Anzerobic techniques are required for its isblqtiqﬁ;[FStréius of €. perfringens
are classified into 5 toxigenic types (i to E). Classic.C. perifritgens is caused by

type A organism; tyrpe C organisms have caused outhreaks of necrqtizing enteritis

(Pig bell) in Europe, South America, Africa and New Cuinea, ‘Illness caused by

¢, perfringens type A organisms 1is due to a heatwlabi1e~enteﬁ6$bxin that is synthesized
In the large intestine during sporulation of “ingested végetﬁﬁeﬁiéells~ahd released upon
lysis of sporangia., The precise mechanism of action of this, enterotoxin is unknown
though it is not through adenyl cyclase activation, * The réégoﬁéﬁhyiresident o
. perfringens strains do mot cause illness is not known. §f§é_§g.grbduced by

C. perfringens consists primarily of abdominal cramps anq'wgfé?yiﬁiafrhoea. Foods
transmitting the disease are primarily those of -animal originii(e.l., beef, poultry

and their gravies) which are usually contaminated with C. perfringéns prior to cooking.

© During cooking vegetative cells are usually destroyed but spozes isurvive, When this
cooked food is then stored at'suitable‘temperaturg'(15-45°C)E?g';HgSPfficient time

period (4-6 hours), the spores germinate into vegetative‘celiﬁﬂﬁﬁﬁﬁh“rapidly meltiply.

3

i ’ ’ 8 . ' . ’ i W A 1, } . B
Ingestion of approximately 10 organisms produces Symptoms. }ﬁlnce C., perfringens
is a common inhabitant of the intestinal tract, confirmation of Uy perfringens as a

> cyu . . . g "3 o -
cause of diarrhoea requires isolation of organisms of the sa?bfé%¥?tyg? from 111 persons
. . . . . » RIS {1
and epidemiologically implicated food. : '

3.2,2  Staphylococcus ayreus. S, aureus. foodborne illness igﬁééhgéd?by ingestion of

food containing enterotoxin produced by certain-coagu}agé*poéﬁ%ﬁﬁéysf;éins. This entero~
toxin induces vomiting and diarrhoea which are classical symisﬁﬁkuofqtﬁg disease, The
main reservoir of S. aureus . is man and the principle sburce{ﬁ%ﬁkﬂe'aﬁée. As many as

507 of normal persons have this organism in their nése,fﬁhroﬁ%ué§i agcéb or on their skin,
Disease occurs when foods such as meat products, p:‘as'_t'riias;'ari''e %glﬁs.(e;g.; potate,.
chicken, etc,) which are capable of supporting the growthof ‘these organisns are handled
and contaminated by such persons and stored at a'suitable temperature (15-45°C) for &,
sufficient time period (4 to 6 hours) to permif[mulqiﬁlicatiﬁﬁﬂh 4Ehé_organi5ms with
subsequent enterotoxin production-during their exporential a¥53? éﬂéitional phases of

‘

growth, Food contaminated with staphylococcal enterqtoxin tégég%?and-smells normal,
Since the enterotoxin is relatively heat stable, holding foods at-ﬁigh temperature
(70°C) does not prevent illness. Confirmation that illness has been caused by

5. aureus requires detection of enterotoxin in food, isolation' from the faeces of ill

. T X - 4 ‘ . .
persons of enterotoxin-producing §. aureus of the same pnagettyﬁé as 'S, aureus isolated
. e ‘ - 1 s e
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‘irom the 1ncr1m1nated food and food handler, or 1ess optgm ’demonstrat1on of more
jthan 10J coagulase~poslt1ve S. -dureus organlsms oerlgram oﬁT1 Llnmnated food.

3 2 3 Bacrllus cereus, B, cereus -is'an ublqultans okgan’”

g
b

i s read11y 1solated
i?ts (e g splceq, sauces,
anlsm causes two distinct

from’ soil and is a frequent contamlnant‘of 9011 grown [ od!
‘potatoes; vepetables,.cereal products) and: milk’ products

clrnlcalxsyndromes. One is eharacterxzed by dlarrhoea and! *nal cramps, the other is
characterrzed ‘by nausea and vomltrng srmulatlng staphyloco1}§m Pl o po1son1ng.. There 'is
some evxdence that enterotoxins are fesponsiblé for each’ o%ﬁé' kh syndromes (Melling,
1976). The diarrhoea syndrome has been descrlbed most commonly ﬁ outbreaks 1n Europe
after the ingestion of various soil-grown food products, [d; @

reported prlmarrly after ‘the consumption of. fried rice. B.
temperatures’, anludxng bolllng, and mulrlply raprdly in £
Confirmation’ of B. ‘cereus as a pathogen requires Lsoletmon et}
lmpllcated food

i},

Wil

3.3 Newly recognrzed bacterial pathogena

3.3.1 Yer31nla enterocolltlca. X, enterocolrtlca (prevrouslyfcalied1Pasteurella
pseudotuberculosis, Pasteurella X) is now ‘considered to be 4: membér of the family
Enterobacteriaceaé. Unlike other enterxc pathogens, the orgdnfsn' rowe opthally at
22-29° C and poorly at 37° C. Because of this unusual requlre"ehdﬁ thetreported rate
of 1solatlon of the organlsm is greatly 1nf1uenced by prqceddreslﬁge by laboratory

workers.

It has béen found_as an important' diarrhoea: pathogen,lnlnan ?uropéaﬁ countries,
Japan and North America. The symptoms caused by’ the organlsmsrari related to the age

- of the patlent +Infants characterrstrcally have febrlle drarrho{%,.older=chlldren have
acute mesenterit lymphadenitis, and adults may present with enterqt13=and fever;
arthritis and erythema nodosum are seen especially in’ older womennTThe pathogenic

mechanlsm of Y. enterocolitica diarrhoea is unknown.

The organlsm has been isolated from swine and dogs, from ﬁodh“'
and ice cream, -and from non-chlorinated well-water- (Morrxe &, ee ‘j3-1976) There is
limited information on how Y. enterocolitica spreads. Foodborn -ou'\'
well described but person-to-person or direct animal to human Eran 1551on may also
oceur., Serotyplng and phage typing systems have been develnped whécb are helpful for
epidemiologic studies. In some countries a few serotypes: predomlhatb; whlle in others
multlple serotypes have been found. Some Y. enterocolltaca fouﬁd 1n‘nhe ‘environment

* are not pathogenlc for man.

554 Campylobacter jejuni. C..jejuni has very recently been deSCIQhLd ‘as an enteric’
pathogen in humans. The organism has’ very SpElelc isolation’ redul'enents Workers.in
Belgium and England who have the most experience. in’ 1solat1on inoe ’te stools on sheep
blood agar contalnlng ‘multiple antrblotlcs and 1ncuhate the plaFéE 430 C for 48

hours in an atmosphere contalnlng oxygen, ‘carbon dlox1de and hy.dﬁ ‘ (Skrrrow, 1977).
Disease caused by the organism is characterized prlmarrly by wa §a rrhoea sometimes
of more than 2 weeks' ‘duration; fever: ‘and abdominal’ ‘pain are coffq hEd;gomltlng,
iysentery and bacteraemxa occur. The sites of infection: are=theﬁﬁtén!hand‘Jejunum

L

Few data are.available on' the epldemrology of this grganismy “Zecent 'studies 1n
didrthpea cases.

frica, England and Belgium C. jejuni was 1solated fIOMtGLll 7:,‘|
he organism has been found in contacts of confirméd’ cases fand 1h;,kaﬁth?’persons
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Nursery outbreaks have also been described. The mode: of traﬁsm@sﬂlon is' unknown; there
is ev1dence that poultry may be the reservoir of the organlsm ;

3.4 Parvovirus

These small viruses (approximately 27 nm) were first demongglated in faecal

filtrates by 1mmunoelectronm1croscopy The v1rus infects the-up_ﬂ'
and causes watery diarrhoea. Different serotypes (e.g., Norwalmlé
Montgomery agent) have been identified which have partial crqsh

small intestine
'ent Hawail agent,
xé ctivity (Wyatt &

i sarlly protect
agalnst infection with an antigenically different’ parvov1rus,.di‘; hopal disease from
this virus occurs at any age. Disease to date has been observed' j afmly in outbreaks
1nvolv1ng older children and adults. More readily appllcable qé‘ ﬁgques for detection
of the virus are being developed.

Kapikian, 1977), Since infection with one parvovirus does not‘n é

Other small viruses (e.g., coronavirus, astrQVIrus,,calc1v}%d‘
been reported as causes of diarrhoea but more’ research in requrrﬁd_w
definite diarrhoeal pathogens. -

wanLrotavlrus) have
.0 establlsh them as

4. Parasites

4.1 Entamoeba histolytica. E. histolytica invades the large bowei'h d produces a
dysenteric syndrome. Compllcatlons 1nc1ude amoebomas, intestinal per bratlon,_and
hepatic disease which may occur in the ‘absence of 1ntest1na1 symptom tology. The
presence of trophozoites containing ingested red blood’ cells in. tﬂelétool of a patient
sith dysentery suggests a diagnosis of amoebic dysentery Almost alL] uman, infections
ire from cysts passed by asymptomatlc human carriers. Encystmentvﬁneé not occur outside
he body so patients passing only trophozoites in their stools are{mo 1nfect10us Cyst
assage may continue for years. Man is the reservoir of E. hlstolytlc and.passes the
afection to other primates. Food, especially uncooked fruits, and\uegﬁtables and water
an be vehicles of 1nfect10n. Direct person—to person transmission‘algo occurs.

2 Giardia lamblia. G. lamblia may be associated with a variety" of dEarrhoeal

mptoms including explosive, watery diarrhoea, loose, foul~sme111ng!s=ocls, and

eatorrhea. Abdominal cramps, anorexia and bloating are common. Ther bataSLte inhabits
» duodenum and upper jejunum but does not invade intestinal cells.il&s‘pathogene51s
unknown. The majority of patients with giardiasis are asymptomatmi yst carriers.

vestic and wild animals can also be infected and excrete- cysts.‘Cystslhqve recently

n demonstrated in water, confirming the importance of water as a veh

nsmission. Foodborne transmission, especially from. raw frults andfét 1 : ]

son~-to-person spread partlcularly among siblings within: a family g a'p also occur.

DIRECTIONS FOR FUTURE EPIDEMIOLOGIC RESEARCH

There are great deficiencies in our knowledge of the 1ncxdence,aﬁﬂwfpxdemxologlc
acteristics of the diarrhoeal disease agents in the developing W .r The following
ies are considered to be of partlcular importance for 1mp1ementétxo#1‘lw

Studies to define the epldemlology of rotavirus and EﬂCEIOCOXLg@ﬂ#p vicoli ‘
‘hoea: These pathogens are two of the most common causes' of dlarr b"'td ‘infants
oung children. These studies should be community based so that the entlre spectrum
sease is observed. The relationship between these pathogens, Lnfant feodlng
‘ns and malnutrition requires intensive study. Through the use of ne&ly developed,
fied laboratory techniques, such as ELISA assays, these qtudles dahnbe pertformad
avaely unsophisticated laboratories.
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5.2 Studles to determine the: vehicles, of - spread of | cholef Q‘Q pec1ally in newly
infected areas: 'while it is recognlzed that inp a cholera, & ak|mult1p1e sources of
infection may he present, such studies may elucxﬂate véhiﬂi lﬁhihgabcodnt for a h1gh
proportion of cases,

5.3 Longitudinal studies in various geographic aréaa toE£§§EQminq“the relative
importance . of watery diarrhoea 'and dysentery as causes’ oﬁ Ehiidity, and mortality,
espec1ally in young children. These studies &hould includé hgiiatlons from dlfferént
socloeconomlc groups living undér different c11mat1c and e?d#!onmental (e.g., rural
urban) condxtlons‘ Whenever possible, these. studies should 1h&1ude lsolatlon of newly
recognlzed pathogens (e.g., Yersinia, Campylobacter, parvovlkqs); and a case-codtrol
assessment of the importance of enteropathogenic E. coll"asialcause of diarrhoea;

this may 1n1tlally require collaboration with laboratory wpﬁklr, ‘from other countries.
Such studies can provxde community-based rates on the 1nc1d£ﬂte of- watery diarrhoea
~and dysentery so that if intervention measures (e 2. 1mgro¢eh water. sources) are
applied, their impact can be readily measured.,

Information derived from the studies described abo) e“1éiimportan: for the -
development of national programmes for preventxon and c} rol of dlarrhoeal diseases.
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TABLE 1 - SUMMARY OF TMPORTANT CHARACTERISTICS

OF DIARRHOEAL PATHOGENS

. AGENTS KNOWN T0 BE INPORTANT CAUSES OF DIARRKOEA IN MEVELOPING COUNTRIFS

e -

: nera1demo ytlcus

| (1) invasive

and improperl
1andleg oodsyof

Agent Pathogenesis Reservoir | -Node of transmission |Distinpuishing characteristics.|.
Vibrio cholerae enterotoxin man water; foed Clinical manifestations can be
“ (especially shellfish | severe but this forn of dls—
and 'rav leafy veg- | ease i3 uncommon; Se&sona pat-_
etables); person- terty disease occurs prinarily
in children in endemic areas
~person transmission
Lo-person f and in adults in newly in~
rare ‘ fected areas o
Wikl enterotoxin S%@?ﬁztﬁife '1nadequate1y cooked * | Can produce watery d1arrhoea

or dysentery; only Kanagava~

™)

positive strains 1solated from

person -

| marine  origin h
(fish, shel%flsh) mans
| Son-cholere (7) enterotoxin sea-vater; marine | water; food Cholera~like i1lness of milder
| vibrios : life; severity .
. 1 (7) man
iﬂ%ﬂ%@ﬁ - heat~labile. (LT) m ‘| vater;~food %mmm”mMMmumm
Fscherlemda coll . "} 4od heat-stable ‘ ‘ | toxins; nay mimte cholera i .
. (81 enterotoxing | clinical’ presentatlon' disease
WAL S COEmON, m young ch11dren,
) | fprofablzi 8655
g ' L
ri*Q0taJl¥UiEi“f:: ig{ﬁgégivg%‘ oy i ti#““?rson-tnf 'E?Qmittng comon” WIth dlarrhoea,
: p W 1 peal 1aeidence dﬁrxng colder il
l .

nonths; alnost all cases_ in
ehlldren less than 2 yeats of
age; asymptomatlc 1nfect10n
frequent In adults and in
neonates,’ >

‘o1 =28ed
€/Aadov/o0ad -



Distinguishing characteristics

Shigellae S, flexneri
8, boydii

S, sonnel

A e

(1) enterotoxin

vater; food

Agent Pathogenesis Reservoir Hode of transmission ti
S, dysenteriae | invasive man | person=to=persod; - Dysentery symptons conmon but

vatery diarrhoea can occur,

S, flexneri most common in de-
untries; low in-

fectious dose: contacts of cases

of ten 1nfecteé vater-vashed

disease

Salmonellae
.m.-..-_-—-‘

) .lJi 2 OOO

~ seroetypes known)

'"1nvasive

| () enterotoxin

aninals; man;

'S, typhi only sero-
type host=specific
for man

food (especially
animal products);

vater; Eerson-to-
person transmission
in institutional

settings

Tebrile gastroenteritis; diar-
rhoea rare in typhold fever;
highest incidence in children;
serotypes vary from country to
country; multiple antibiotic
resistance comon; chronic
carriage rare

B, AGENTS WHOSE INPORTANCE 45 -4

-

fAUSF OF DIARRHOLA IN DFVFIOPIhG COUNTRIFS 15 PRESENTLY UNKhOHw

o

i
{
T

| Produces dysentery and watery

i

o L

Invasive invasive (7) food -
£, coll . S = diarrhoea; detected by ]
Tome— - Seren tgst 1
(specific " ; oyt LT
i serotype) ; - - i
e e e e e 1
o ,_..,.F..,.-. o AR "... : ; S N ':_."j"" G
: “tﬂfﬂpakﬁﬁﬁfﬁlt-v 444 (s T J‘ﬁersoq-Lo-- Tastitutional outbreaks -in iofants
] Escherielazeohi: = p? son - “I'iell ‘docunented; relationship
;SPEle*C_-#_ . ) to sporadic disease unknowm,
serctype)”

28ed

ra&Sv758a



Agent Pathogenesis Reservoir | Mode of transwission UlStlngUlshlng characterlst1C5 :
Clostridien -~ |enterotoxin  |humemend animel | food (especially.cooked Produceé,watery digrghdggféqd;:'.
pett ringens (Type b 1ntgst1na1 tracts | meat-and poultry and  [abdominal crampsy corion- inhabi-
organiens) ' their gravies) rant of large Intestine,}

_ 3 ) ; e
Staphylococeys aureus | enterotoxin human nese, skin, food (especially meat Produces vonztlng and diarrhoea; -
(Coagulase=positive ‘ faeces Prgdgnts, pastries,  |enterctoxin is heat-stable

straing) salads) :
Nacillus cereus | enterotoxing - soil food {especially Organisns cause two distinct
) | cereal products, clinical syndromes; ore prinarily .
sravies) of vewiting and one pr1nar11y of
: “idiarrhoea,
e 4 r
versinla © - | {7) imvasive manj zninals | food; water (1) (linical syndrome varies with age;
eatercolitica . " . (7) person-to=person; |high incidence reported in some
, | . ' countries; unusval 1solat10n I
f requlrements -
| y - ‘ ‘ oo e
CGW“?IObECLEf T dnvesive () poalery” 0 f(Bfeod” o Produces - fehrile-gastroeﬁteritis "
Tejunl " ) ) Tahich can be of long duration; -
Fr— o o - unuseal 1solatlon requlrewents
_'_f‘mi'-fi'ﬂﬁﬁ:: E‘Iﬂvaswe winaz ”) :3Ei"éjrsanf{'on§eq§hg§: 10006
¢-~:”“wﬁr w5 i = i éﬁﬂ%@@ﬁrﬂqf -
Pio- 4 wany serotywes._ Tes T
j: - . . . . o e it B




. PARASITES

-

i

Agents |~ Pathogenesis

- Al

Reservoir

Mode of transmission

Distinguishing characteristics| -

Entanoeba histolytica | invagion

| man

food (especially taw

vegetahles and fruits);

water; person-to~
person

Dysenteric symﬁtqms - may be
-confused with shigellosis

Giardia lamblia (N

Pt

man; animal

water; food (espe-
cially raw vegetables
and fruits); person-
to person -

Can produce persistent

diarrhoea and malabsorption

e

€1 =28=4

g/ Adov/Dad
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