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sudy the epidemiology of endemic Shigeila infections in children residing in a low socioeconomic
level community in Santiago; 3) to develop, modify, standardize, and transfer to Chile practical
DNA probe methods that would allow the processing of large numbers of clinical specimens to
detect the various categories of E. coli associated with diarrheal disease; and 4) to study the
epidemiology of ciarrheal disease due to the various categories of diarrheagenic E. coli.
Results of three years of surveillance of the direct comparison of formulations of Ty21a
unequivocally demonstrate that the liquid formulation is significantly superior.Over three years
of surveillance, this formulation conferred 77% protection against confirmed typhoid fever.
Shigella infections were studied in an age cross-sectional cohort of children in a low
socioeconomic level community in Area Oriente, Santiago. Shigella accounted for 10% of all
episodes of diarrhea in the prospectively-followed cohort. In the first five years of life a child
had a 67% chance of experiencing shigellosis. Three serotypes, S. sonnei, S. flexneri 2A, and
S. flexneri 6, accounted for 79% of the episodes of shigellosis. An initial episode of Shigeila
diarrhea did not diminish overall the risk of subsequent shigellosis but did diminish by an
impressive 72% (p=0.05) the risk of subsequent illness due to the homologous serotype.
Enterotoxigenic £. coli (ETEC) is the single most important cause of travelers’ diarrhea
and is a major cause of pediatric diarrhea in less-developed countries. Other categories of E. coli
also cause diarthea. Testing E. coli isolates from clinical specimens to determine if they are
representative of ore of the categories of diarrheagenic E. coli is a daunting task if large numbers
of specimens must be processed. The advent of DNA probes to detect some categories of
diarrheagenic E. coli by using hybridization techniques to identify virulence genes offered the
theoretical possibility that this approach could expand to develop a general method that could be
applied to identify all categories of diarrheagenic E. coli. We developed a practical and
economical method that uses non-radioactive DNA proves to identify diarrhea-causing E. coli.
This methodology was transferred to and standardized in our field laboratory in Santiago, Chile.
Two cohorts of children were prospectively followed to detect episodes of diarrheal iliness
and to identify diarrheagenic E. coli in the ill children and in specimens from age-matched
controls. Of particular interest are the data on ETEC infections in Santa Julia. Isolates
expressing only LT were the most common toxin type encountered. However, the relative risk
of isolation of LT/ST and ST-only strains was notably higher than the LT-only strains, sugge:ting
greater pathogenicity for LT/ST and ST-only strains. [t is also of interest that a known fi.nbrial
colonization factor was found to be expressed by almost all LT/ST strains and by the great
majority of ST-oniy strains but by few LT-only strains.
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FOREWORD

For the protection of human subjects the investigators have adhered to policies of

applicable Federal Law 45CFR46.
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BODY OF THE REPORT

BACKGROUND

Enteric infections, including diarrheal diseases, dysenteries, and typhoid fever, have
historically constituted major causes of morbidity among military personnel deployed under figld
conditions. These infectious disease threats have persisted during recent conflicts in less-
developed areas of the world where United States military personnel were involved. For example,
in Viet Nam, diarrheal diseases were a significant source of morbidity (1). Shigellosis was an
important clinical problem faced by U.S. Marines during their deployment in Lebanon in the early
1980s. Finally, during the Desert Shield and Desert Storm campaigns in the Arabian Peninsula,
diarrheal disease was the most important cause of morbidity among U.S. soldiers (2.3).

Typhold Fever

The use of parenteral inactivated whole cell typhoid vaccines has virtually eliminated
typhoid fever as a military threat. For exampie, during the conflict in Viet Nam, typhoid fever due
to antibiotic-resistant Salmonella typhi was a prominent clinical problem in the unvaccinated
civilian population, whereas U.S. military personnel (4) (who were vaccinated) were virtually
unaffected. However, while the killed whole cell parenteral typhoid vaccine is capable of
conferring significant protection, it is one of the most reactogenic of all licensed vaccines, causing
febrile reactions in approximately 25% ot recipients and local adverse reactions in 50% (5-7).
Thus, if troops are inoculated with this vaccine shortly before being deployed, a proportion may
bacome temporarily incapacitated because of systemic adverse reactions caused by the vaccine.
In the 1970s, resuits of studies in volunteers (8) and of a preliminary field trial in Egypt (9) that
utilized attenuated 5. typhi strain Ty21a as a live oral vaccine gave notice that significant
protection against typhoid fever could be achieved without causing adverse reactions. Daspite

the promising results obtained in these early trials, it was clear that considerable further field



research would have to be carried out with Ty21a to resoive critical issues that included the
choice of fermulation and the immunization schedule necesscary to optimize the efficacy of Ty21a.

Shigella

Diarrheal infections due to Shigella are usually second in frequency to enterotoxigenic E.
coli infections among travelers from industrialized areas to less-developed areas of the world,
including U.S. military travelers (2,3). However, the clinical presentation of Shigella infections is
often markedly more severe than other etiologic agents that cause travelers’ diarrhea. Full-blown
Shigella dysentery often begins with high fever, toxemia, severe abdomnial cramps, and a short
course of watery diarrhea that is then followed by overt dysentery (scanty stools of gross blood
and mucus) accomparied by tenesmus. Individuals who suffer the more severe forms of Shigella
dysentery are incapacitated for several days, despite the prompt initiation of appropriate
antibiotics. Certain antibiotics can significantly shorten the course of clinical illness if the
causative Shigella organisms are sensitive. Regrettably, the history of therapy of this infectious
disease since the 1940s shows that, within a few months or years, Shigella organisms develop
resistance to each new antibiotic that initially demonstrates clinical efficacy.

For the reasons cited above, the development of safe and effective vaccines to prevent
shigellosis is a high priority. Progress in the development of such vaccines has been slow. In
practical terms, little progress has been made since the streptomycin-dependent and T,, live oral
Shigella vaccines were deveioped and widely employed in Eastern Europe in the 1960s (10-14).
Information on infection-derived immunity can help direct the development of Shigella vaccines.
Some information of this nature is available from re-challenge studies in volunteers but is limited
to serogroup-homologous re-challenge (15,16). An ideal, albeit ditficult, way to ottain data on
the existence of serogroup-homologous and serogroup-heterologous immunity to Shigella is to

carry out observational field studies of endemic shigellosis among children living in high incidence




areas in less-developed countries. Such studies would also resuilt in identification of a site where
field trials of efficacy of Shigela vaccines could be carried out under conditions: of natural
challenge.

Diarrheal Disease due to Enterotoxigenic E. coll and Other Categories of

Diarrheagenlic E. coll

Enterotoxigenic Escherichia coliis the most prominent cause of travelers’ diarrhea, often
accounting for up to 50% of cases (17,18). Enterotoxigenic Escherichia coliis also an important
cause of diarrheal illness in younq children living in developing countries. When one examines
the toxin type and antigenic make-up of enterotoxigenic E. coli isolates from large studies of
travelers diarrhea or of encemic diarrhea, one is impressed with the considerable heterogeneity
seen (19,20). At first glance, such antigenic diversity might lead to pessimism over the likelihood
of being able to achieve broad-spectrum immunity with vaccines to prevent diarrhea due to
enterotoxigenic £. coli. On the other hand, epidemiclogic studies in less-developed areas of the
world show children appear to acquire broad immunity to enterotoxigenic E. coli as a
consequence of suffering several clinical (or sub-clinical) infections. Natural immunity to
enterotoxigenic E. coli can be based on natitoxin that neutralizes the effect of heat-labile
neterotoxin (heat-stable entertoxin does not elicit neutralizing antitoxin) or anti-colonization
immunity based on the appearance of antibodies to fimbrial colonization factors. Thus, a careful
analysis of the toxin type and the expression of fimbrial colonization factor antigens among a
large sample of enterotoxigenic E. coli isolates from an endemic area can provide important
insights to direct vacine development. [n particular, such information would identify the most
important antigens that should be included in candidate vaccines and of the likelihood of

achieving hroad protection.



Santlago, Chile as a Site for Field Studies of Enteric infections

Because they typically lack background immunity to enteric pathogens such as Shigslia
and enterotoxigenic Escherichia coli, when U.S. soldiers are deployed to less-developed areas
of the world they often experience high rates of enteric disease morbidity. By studying the
epidemiology and prevention of enteric infections in cohorts of children in a less-developed area,
one can gain insights that are directly applicable to the prevention of enteric infections in adult
military travelers.

Santiago, Chile was deemed a particularly attractive site to carry out studies of the
epidemiology of enteric infections because a wide array of diarrheal pathogens werse known to
be prevalent, including shigellosis. Moreover, typhoid fever was highly endemic, offering the
possibility of evaluating new candidate typhoid vaccines in the same geographic area. Finally,
there exists in Santiago, Chile an excellent heaith care infrastructure, as well as motivated and
well-trained microbiologists and epidemiclogists. For these reasons, the studies to be described
below were carried out in that geographic site, in collaboration with the Ministry of Health and the
University of Chile.

BROAD OBJECTIVES OF THE PROJECT

The enteric diseases field project in Santiago, Chile had four broad objectives:

1) To directly compare, in a larga-scale, randomized, placebo-controlled field trial, the

efficacy of live oral typhoid vaccine, Ty21a, when administered in a liquid suspension or

in enteric-coated capsules.

2) To intensively study the epidemiology of endemic Shigslla infections in children

residing in a low socioeconomic level community in Santiago. This community might

thereafter serve as the site for field trials of efficacy of candidate Shigeila vaccines or




other interventions against shigellosis (e.g., milk immunaoglobulin concentrates containing
Shigelia antibodies).

3) To develop, modify, standardize and transter to Chile practical DNA probe methods
that would allow the processing of large numbers of clinical specimens to detect the
various categories of E. coli associated with diarrheal disease.

4) To study the epidemiology of diarrheal disease due to the various categories of

diarrheagenic E. coli.

In the ensuing paragraphs we will summarize the resuits of the studies that pursued these

four broad objectives.

COMPARISON OF THE EFFICACY OF LIQUID SUSPENSION VERSUS ENTERIC-COATED
CAPSULE FORMULATION OF Ty21a, LIVE ORAL TYPHOID VACCINE

Ty2ta is an attenuated strain of S. fyphi that was prepared in the 1970s by chemizal
mutagenasis of a wild type strain (21). As of the mid 1980s, Ty21a had varied success when
used as a live oral vaccine to prevent typhoid fever. In the first field trial in Alexandria, Egypt,
three doses of vaccine (every other day interval) administered as a liquid suspension after
admiristration of buffer gave 36% protection over three years of follow-up (9). In a much larger
field trial in Area Occidente, Santiago, Chile, three doses of vaccine in anteric-coated capsule
formulation conferred 67% protection during three years of follow-up (22) and 63% protection over
seven years of follow-up (23). Several possible explanations could account for the apparent
diffzrence in level of efficacy observed in the Alexandria versus the Area Occidente field trials.
Thege include differences in the immune response to Ty21a based on the distinct genetic

backgrounds of the populations studied; differences in the antigenic structure of the endemic S.




typhi strains in Egypt versus Chile; differences in modes of transmission (which might affect
inoculum size); statistical considerations; lastly, a liquid formulation of vaccine such as used in
Eygypt might be superior to enteric-coated capsules. Since formulation was the one variable that
could be directly compared in a randomized, placebo-controlled, double-blind field trial, such a
trial was carried out in Area Sur Orienta and Area Norte, Santiago.

Results of three years of surveillance of the direct comparison of formulations of Ty21a
unequivocally demonstrate that the liquid formulation is significantlv superior. Over three years
of surveillance this formulation of Ty21a conferred 77% protection against confirmed typhoid
fever. The description of this field trial and the resuits of the first three years of surveillance wers
published in a lead article in The Lancet; a copy of this publication is attached as APPENDIX A.

We maintained surveillance for two additional years in this field trial to give a total of five
years of surveillance. The results of this additicnal follow-up are summarized in Table 1. There
was no fall-off in protective efficacy during the founh and fifth ysars of surveillance.

It shouid be noted that, largely based on results of the four U.S. Army Meadical Research
and Development Command-supported field trials of efficacy of Ty21a that were carried out in
Santiago, Chile (22,24-26), this oral typhoid vaccine was licensed by the U.S. Food and Drug
Administraticn for prevention of typhoid fever in travelers. The Armed Forces Epidemiological
Board has recommended that Ty21a be used for immunizing U.S. troops who would be deployed
to less-developed areas of the world where sanitation is compromised and risk of transmission

S. typhi poses a real threat.

THE EPIDEMIOLOGY OF ENDEMIC SHIGELLA INFECTIONS
Shigellosis constitutes one of the most disruptive infectious disease threats faced by U.S.

troops who are deployed in 'ess-developed areas of the world under field conditions. During




Desert Shield and Desert Storm, Shigel/la was second to enterotoxigenic E. coli as a recognized
etiologic agent of diarrheal infections in U.S. troops. Shigellosis, particularty when it occurs as
full blown bacillary dysentery, is a clinically severe enteric infection that is especially disabling.

The development of successful immunizing agents against shigellosis is a high prionity.
There exist four species (also referred to as groups) of Shigseila, S. dysenteriae, S. flexneri, S.
boydiiand S. sonnei. Multiple serotypes and subtypes exist in all but the S. sonnei group. Little
has bYeen published about infection-cerived immunity in shigetlosis or about its serogroup-
spegcificity if it exists.

Shigella infections ware studied in an age cross-sectional cohort of cnildren iti a low
socioeconomic level community in Area Oriente, Santiago. The community of Santa Julia is
notable becausa the generally poor and disadvantaged population there which lives in ramshackle
heusing under very crowded conditions, neverthsless, has access to bacteriologically-monitored
water.

A cohort of approximately 340 children iess than 60 months of ags was followed for 30
months with twice weekly household visits to detect diarrheal illness. When an episode of
c.arrhea was detected, coprocuitures were obtained from the child on two consecutive days as
well as from a matched control child without diarrhea. Children from Santa Julia who visited the
neighborhood health center (consultorio) with diarrheal iliness or who were admitted with diarrhea
to the Calvo MacKenna Children's Hospital that serves Area Oriente, were aiso cultured for
Shigella.

The ohservations on the epidemiology of Shigella infections in Santc Julia are contained
in a publication (APPENDIX B) that appeared in the American Journal of Epidemiology. Shigella

accounted for 10% of all episodes of diarrtea in the prospectively-followed cohort. In the first five
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@ars of liie a child had a 67% chance of experiencing shigellosis. Three serotypes, S. sonnei,

S. flexneri 2a and S. flexneri 6, accounted for 79% of the episodes of shigellosis.

For the first time in an epidemiclogic study, quantitative data were available to investigats
infection-derived immurity. An initial episode of Shigella diarrhea did not diminish overall the risk
of subseruent shigel'asis but cid diminiuh by an impressive 72% (p = 0.05) the risk of subsequent
ilness due to the homologous serotypa. These field data on infection-derived Immunity
cemplement results of studies carried out in the 1960s and earty 1970s in Yugoslavia with live
oral Shigella vaccines where streptomycin-dependent Shige/la strains were found to confer

serotype-specific protection (10-12).

A PRACTICAL ONA PROBE METHOD TO IDENTIFY THE DIFFERENT CATEGORIES OR
DIARRHEAGUNIC E. COLI

Entsrotoxiganic £. coll (ETEC) is the single most important cause or vayalers’ diarrhea
and is @ major cause of pediatric diarrhea in less-deve --3ed countries (20). Other categories of
E. coli also cause diarrhea, including entercpathogenic E. colf (EPEC), entercinvasive E. colf
(EIEC), enterohemcrrhagic E. coll (EHEC), enteroaggreqative E. coli (EAGQEC) and diffuse
acherence E. coli (DAEC) (20.27.28). Testing E. coli isolates from clinical specimens to
determine it they are representative of one of the categories of dlarrheagenic E. colf Is a daunting
task if large numbers of specimens must be processed. Wera this to ba attempted by detecting
phanotypic exprassion of virulence traits, the number of different tests for distinct enterotoxing,
invasion, adherence factors, etc., would make such an undertaking logistically cumbarsome,
impractical, time-consuming, labor-intensive and tamibly expensive. The advant of DNA probes
to detect some categories of diarrheagenic E. colf by using hybridization techniques to identify

virulance genes olfered the thaoretical possibility that this approach could expanded to devalop
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a general method that could be applied to identiy all categories of diarrheagenic E. coll. Lacking
at the time the project started were sensitive and specific DNA probes for all the distinct
categories of diarrheagenic £. coli (some were available) and a non-radioactive signal technique
that could be transferred to a laboratory in a 'ess-developed country for routine processing of
large numbers of clinical specimens.

APPENDIX C, a publication in the Journal of Clinical Microbiology, decribes a practical and
economical mathod that uses non-radioactive DNA probes to identify diarrhea-causing E. coll.

This methodology was transferred to and standardized in our field laboratory in Santiago, Chile.

INTENSIVE STUDIES OF THE EPIDEMIOLOGY OF ENTERIC ILLNESS DUE TO THE
DIFFERENT CATEGORIES OF DIARRHEAGENIC E. COL!

Two cohorts of children wure prospactively followed o datect egisodes of diarrheal liiness
and to idertify diarrheagenic E. coli in the ill children and in specimyns from age-matched
controls. In addition to the aqe cross-sectional cohort that was followed for 30 months, a newtom
cohort was followed prospectively until aif the infants reached at least 24 months of age.
Moreovaer, childran lass than 60 months of age who visited tha local Santa Julia heaith canter or
who ware admitted to the Calvo MacKenna Children’'s Mospital with dlarrheal il'lness were aiso
cultured to detect diarrheagenic E, col.

A draft manuscript summanzing e extensive studies on dlarmheagenic £. collls attached
as APPENDIX D. Of particular interest are the data on ETEC infactions in Santa Ju'ia. Isclztes
expressing unly LT were the most common toxin typa encountered. Mowever, the ralative rigk
of isolation of LT/ST and St-only straing was notably higher than the LT-only strains, suggesting
greater patnogsnicity for LT/ST and ST-only strains. It is also ¢t interast that a known fimbrial

colonization factor was found to be expressed by almaost ail LT/ST straing and by tha great
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maijority of ST-only strains but by few LT-only strains. Taken together, these resuits bode weil
for the expectation that a future ETEC vaccine based on stimulating and anti-colonization factor

and anti-LT immunity will have the potential to provide broad-spectrum protection,
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Table 1. Comparison of the efflcacy of three doses of Ty21a live oral typhold vaccine
administered to Chllean schoolchildren In enteric-coated capsules or as a

.- liquld suspension. Results of flve years of survelliance

Enteric Liquid

Capsules Suspension Placebo

(34,696) (36,623) {10.302)
YEAR 1 (11/86 - 10/87)
Cases 20 7 9
Incidence/10° 57.6 19.1 87.4
Efficacy 34% 78% -
YEAR 2 (11/87 - 10/88)
Cases 19 6 11
Incidence/10° 54.8 16.4 106.8
Efficacy 49% 85% -
YEAR 3 (11/88 - 10/89)
Cases 24 10 8
Incidence/10° 69.2 27.3 77.7
Efficacy 1% 59% -
YEAR 4 (11/89 - 10/90)
Cases 20 5 8
incidence/10° 57.6 13.7 77.7
Efficacy 26% 82% -
YEAR 5 (11/90 - 10/91)
Cases 18 6 7
Incidence/10° 51.9 16.4 67.9
Efficacy 24% 76% -
YEARS 1 -5 (11/86 - 10/91)
Cases 101 34 43
Incidence/10° 291.1 92.8 417.4
Efficacy 30% 78% -

95% confidence interval
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Comparison of enteric-coated capsules and liquid
formulation of Ty21a typhoid vaccine in randomised
controlled field trial

MYRON M. LEVINE CATTERINE FERRECCIO STANLEY CRYZ
EDITH ORTIZ

in a randomised. double-blind, controlled field trial
in Santizgo, Chile, 81 621 schooichildren aged 5-19
years recsived three doses, within a week, of
attenuated Sa/monei/a typhi oral vaccine Ty2la in
enteric-coated capsules or in a new liquid
suspension, or placebo. Over 38 months of
surveillance, the liquid formulation (76-3% vaccine
efficacy) was significantly superior to the - nteric-
coated capsules (33-2% vaccine efficacy). The
liquid formuiation protected young childven (5-9
years) (efficacy 82:3%) as well as older children
(efficacy 69-3%), whareas the capsules
significantly protected only older children. The
liquid suspension was easy t0 prepare by mixing
lyophilised vaccine with buffar in watsr and was
easily adminstered, even to the youngest chiidren.
Thus, the liquid formulation of Ty21a is preferable
to enteric-coated capsules.

Lancet 1990; 338: 891-84.

Introduction

About 33 million cases of typhoid fever occur annually
world wide.! School-age children in less-developed
countries,’’ travellers to such regions from industrialised
countries,* and clinical microbiology technictans’ are at
parucular nisk. Ty2la, an artenuated stamn of Salmonella
ryph that lacke the Vi polysaccharide.* used as a live oral
vacane, is an advance in unrmunoprophylaxis against
typhoid fever because it protects sigruficandy without
causing adverse reactions.>!'* However, in field trials of
Ty2!la the formulation of vaccine used and the number of
doses given greatly affected the level of efficacy achieved, ¢

In the first controlled field mal of Ty21a, in Alexandria,
Egypt, three doses (10? viable vaccine organisms per dose)
given on alternate days gave 96% protection against
culture~confirmed typhoid fever during 3 years of
surveillance in 6-7-year-oid children.i®!3 They were given

1-0 g sodium bicarbonate to neutralise gastric acid followed
1-3 min later by a liquid suspension of Ty2!a or placebo
(prepared by reconstituting lyophilised vaccine ot
placebo with a diluent just before administration).!™?
Unfortunately, the formulation used was impractical for
mass production.

We tested a formulation that does not require buffer,
because it consists of enteric-coated capsules that open only
in a surrounding pH of 6-0 or more, in schoolchildren in a
large-scale field trial in Area Occidente, Santiago, Chile.**
Three doses of Tv2!a in enteric-coated capsules given
within a week provided 67% protection for the first 3 years
of follow-up and 66% protection for 5 years.'*+? In another
field tial in two other administrative areas of Sandago an
immunisation schedule of four doses of Ty2!a given within
8 days was significantly more protective than 3 doses.?
On the basis of these dam, the Food and Drug
Administradon in the USA licensed the enteric-coated
capsule formulaton of Ty2la with a recommended
immunisation schedule of four doses to be givenon days 1, 3,
5,and 7.

Although the enteric-coated capsule formulstion of
Ty21ais practcai and moderately effective, epidemiologists
and public health officials remain intrigued by the higher
3-year efficacy (96%) with the liquid formulation.'® Possible
explanatons of the difference include:* differences in the
immune response w Ty21a caused by genetic variations in
the two study populadons; differences in the antgenic

ADDRESSES: Canter for Vactine Development and Division of
Geographic Medicine. Department of Medicine, Univeruity of
Marviand School of Medicine, Baitimore. USA {Prof M. M,
Levine, MD, C. Ferreccro, MO} Typhoid Fever and Entsric
Infections Controt Program, Ministry of Hesith, Santisgo,
Chile (C. Ferrecco, E. Ontiz, AN). and Swiss Se um and Vaccine
institute. Berne, Switzeriand (S. Cryz, Ph0O). Correspondence 10
Prot M. M. Levine, Canter for Vaccine Development, Universsty of
Marviand School of Medicine, 10 South Pine Strest, Baitmore,
Marytand 21201, USA.
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make-up of endemic S (yphi strans; differences in the
modes of transmission of S typ/ resulting in ingesdon of
higher inocula in Sanoago (mawnly food-bome) than in
Alexandria (mainly water-borne}; stanstcal consideranons;
and inherent superiority of a liquid suspension over an
enteric-coated capsule formulation.

Formulation is the one variable amenable to evajuaton in
a prospective field trial and the development of a new liquid
formulation made such a comparaave mial feasible. We have
carried out a randorrused, double-blind, contmlled field mal
in two administracve areas of Sanuago, Chile, to compare
directly the efficacy of Ty21a in enteric-coated capsules and
in a liquid suspension.

Subjects and methods

Advanmages of carrying out field tials of typhoid vaccines in
Sanrisgo, Chile, include a tugh inadence of typhoid fever in
schooichildren, 3!+ an excellent healith care infrastructure,!1433¢
and prior Zxperience 1n organuung large-acale typhoid vacaine field
trials. 4347 The mial design and consent procedures were approved
by ethicaj review comrmuttees of the University of Marytand School
of Medicine, the World Health Orgarusation, Geneva, and the US
Deparunent of Defense, Washington, DC.

The Ministries of Health and of Educatnon n Chile ensured that
parents were mnformed of the mal by distnbuong an informanoca
brochure. Perrrussion to enrol each chud was then requested by
mesns of corisent forms and the parenul response was recorded.

The need 10 measure the absolute etficacy of each formuladon, as
well as their relauve efficacy, made 1t necessary to include a control
group; the size of this group was kept o the muumum number
required for stadsocal siguficance. On the basis of estimates of
vaccine exficacy for each formulation and predicoons of incidence
rates in the control and vaccine groups, we caiculsted that we
nesded | placebo child for every 7 vaccine reciprents. When this orial
started, Ty21a was not 2 routine mmmmunregtion for scheoichildren in
Sentiago or elsewhere in Chile. Thus, children in the control group
were not deprived of a routine vaccine that they would otherwise
recetve. The placebo prepanation given o the controls contained
viable Lactobdaciiius acidophaius.

Hydroxypropyimethyicellulosephthatate was the enteric coatng
used to make the capsuies aad resismnt. Such capsules resist gasic
acid (pH 15) for at least 2 h but dissotve within 10 mmn in arnficial
intestinal fluid of pH 60 or more.*

The liquid formulanon of vacane (or placebo) consisted of two
aluminium foil packets; one contaned yophulised viable organians
(1-3 x 10" and 25 mg aspartame and the other a powdered butfer
(265 g sodium bicarbonate and 165 g ascurbic aad). To prepare s
dose, the contenrs of the rwo packers were muxed in a cup with
100 mi weter.

During the 2 years before the trai, the annual incdence of
typhoid fever in chuldren aged 5~19 yesrs m Ares Sur Oriente wes
103 cases per 10*. The maximum popuiaton of schooichildren
available for this field mal was 174 589 (137 767 5~19-year-oids m
Area Sur Oriente and 36 822 5-O-year-okds m Ares Norre). Based
on experience in our three previows field trials in Santuego, a
parentsl consent rate of 50-96% could be expected. Thus, a3 few as
104 153 or as many a3 166 822 schoolchildren might be available for
randomisapon.

Assumpnons in the calculaton of sample sizes included 3 years of
survailance, a stansucal power of 80%, p < 0-025 for detecnon of
absotute efficacy compared with the control group (single-tail
hypothenis), p <0-05 (two-tailed) for detecnon of relative efficacy
berween the two formulivons of vacane, with enteric-coated
capnule Ty212 esnmated o provide 60% efficacy for at Jexst 3 years.
Based on these assumpnions, with an estirnated incidence of 90 cases
of typhosd per 10# in the Lactobaailus control group, nciunion of
10 743 children in the controi group and 24 174 children n each of
the two vaccine groups would allow detection of an absolute vacane
cfficacy of st lesst 50% snd of 3 agneficext difference berween the
formuistions if the iquid formulation were 25 %% more effective than
the capsules.

TABLE I—-COMPARISON OF EFFICACY

! | Entenc
- I Lqud | capsules Placebo

No of culdren i 36 623 34 696 10 302
Cases | 23 63 28
Incidence: 10* | e 182 m
Efficacy (95%CT® 1769 (60-8N1%{ 33:2(C TN%
No of classes | 2369 ! 2367 687
Classes with typhosd | 3 61 n
Classes with tvphost per

100 classes 097 257 393
Efficacy (95% CI* 733 (56-8%)% 34-6 (0-59)% .
Vacoing sthescy =

10CKISNCE Wt DIICIDO QIOUN—~4NCITENCE IN vACCING qmuo 100%
NCIGINCS 1N PIACDO Group

In Santisgo, pesk tranumission of ryphoid fever and the vast
majority of cases occur during the summer season from mid-
December o mid-March when schools are not in session. -4
Vaccinanon was therefore carried out in September and October,
several months before onset of the typhoid season. To simplify the
logistics of the xchool-based vacaination, randomisation was done
by clascroom—all children of consenung parents within a class
received the same vaccine or placebo regimen,

The packers and the entenc-coated capsules conmuning placebo
appeared indenticat 1o those containing vaccine. Trial organusers,
those carTyung out vaccinatons, the children and their parents, and
health care providers were unaware wvhich preparation (ie, vaccine
ot placebo) had been given to any child. Since the aumber of control
children was much smaller (an eighth) than the number who were to
receive vaccing, o mantun double blindness each formulaton was
evenly divided oo eight separate letter codes; one letzer
represented the controd preparation and the other seven vaccine.
The code was kepe by the Diarrhoeal Disexses Control Programme
of WHO unul 36 months of surveirlance had been completed.
Results were anaiysed by the chi-square test for smtsucal
significence.

The vaccination was carried out by trained health workers n the
classrooms during September and October, 1986; computerised
daca files were generated from the compieted class lists. Surverllance
began in November, 1986. Approxumarety 90% of heslth care visits
in Ares Sur Oniente and Area Norte are in facilities of the Nationai
Health Service where intensive surveilsnce could be maintained;
the rematnmg visits are to private pracugocers. Physicians and
nurses were kept xware of the importince of obtaining autures from
suspected cases of typhoid fever by means of clinical conferences,
letters from the Ministry, and weekly visits by surveillance nurses
from the Typhoid Fever Control Program. Only confirmed
cases—those from which S typ/n was isclated from blood, bone
marrow, or bile-sained duodenai fluid culturest! 4% —were used to
clculate vaccine efficacy. Considerable resources were therefore
expended to ensure bacteniological confirmacion of suspected cases.
From children it hospital rhree 4 mi blood cultures were obuained,
sometirmes accomparved by 2 bone-marrow cuirure.'* Two 6 mi
blood culnures were mken 30 min apart from outpatients presenting
© heaith centres with suspected typhoid fever,’? Suspect colonies
were oamined by standard biochemical and  serological
techriques. #

Results

Parents of 64% of the eligible schoolchildren gave consent
for their children to participate; 95.910 of these children
received at lezst one dose of vaccine or the Lacrobaciilus
plac:bo (64 413 in Area Sur Oriente and 31 497 in Area
Norte). The children in Area Sur Oriente ranged in age
from 5 to 19 yesrs. In contrast, since 2 previous field wrial had
been carried out in Area Norte in 1982, participation
there was limited to children who started school after the
1982 vaccine trisl (59 year olds). 81 621 children received
the full three scheduled doses of vaccine or placebo. During
the vaccination period there was no increase in absenteeism
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/ TABLE I—ANALYSIS OF EFFICACY BY AGE
; This study [ Alexanana. Egypt* ,T Ares Occidents. Santiago'
! Entenc ‘ i Entenc
- ! Liquid capsules Placebo | Lquid Placabo capsules Placebo
Age 5-9yr ; |
Noof culdren ! 2586 21128 5089 16 486 15902 7034 7193
Cases | 10 | “ 15 1 2 10 b~}
Incidence: 10* 3 ) 08 251 (234 138 142¢ 48
Efficacy (%5% CD I 82:3(61-92)% 16:9(0-53)% . 95-6 (77-9)% N 591 (16-80Y% .
Age 3 10yr !
No of duidren 14037 13 568 4313 15134 47N
Cazes 13 19 13 i3 “
{nadence! 10* L7 X34 140t o1 859t 308
Efficacy (95% CI) | 69-3(35-86)% $38(7-T% .. 19 (48-55)% ..
Oats from ai theee Heid Nais reoresent results from 36 months of su of who d twee doses of VACC:Ng OF DIECSDO within 1 week. In the Alsxandng

et onty 8 and 7- year- oits were veccinated

For cCompansons with 00roonsts Hlacebo groupe. *p < 0-00001. tp<0-0001; tp<0-02%.

or any significant rise in febrile or gastrointesdnal illnesses,
and no cases of typhoid fever were recorded among the
partdcipanng childrea.

The results of 36 months of surveillance are summarised
in table 1. The two placebo groups were combined for the
calculaton of vacrine efficacy since the incdence of typhoid
fever was similar in the individual groups (liquid placebo
14/5450 [257/107]; enteric placebo 14,4852 [289/10%]). Both
formuladons of Ty2la provided significant protection
against confirmed typhoid fever compared with the placebo
(p<107 for liquid formuladon; p=0-048 for enteric
capsules), but the overall level of protection was significandy
higher with the liguid than with the enteric~coated capsule
formulation (p = 0-0000077; two-tailed chi-square test).

Since we carried out randomisation by class it was
imporrant to verifv that no clustering of cases occurred.
Cases of typhoid fever were observed in 374 of the 5423
classes in Sur Oriente and Norte, including cases in
non-pardcipants. Only 18 of these 374 classes (4-8%) had
more than 1 case of typhoid fever (17 classes had 2, and |
class had 3); these cases occurred more than 60 days apart in
all but three instances, which occurred during the school
summer holiday. The distribution of cases per class did not
differ from the expectatons of a Poisson distribution
(p=0-165). To verify further the appropriateness of the
randomisation, the incidence of typhoid fever was calculated
as classes with typhoid cases per 100 ~lasses vaccinated with
each formulation of vaccine or with the control preparation.
Again, both vacmes provided significant protection
compared with the placebo (p < 10”7 for liquid formulation,
p=004] for enteric capsules), but the liquid was
significantly more effective (p = 0-00045).

The level of protection afforded by raccine in enterie-
coated capsules fell in the 3rd year of surveillance © 1%
from 34% and 49% vaccine efficacy recorded in years | and
2 of follow-up. In conmrast the efficcy of the liquid
formulation remamed above 60% (78% year 1, 85% year 2,
65% year 3.

The efficacy of each formulation of Ty212 in relation to
age is shown in table (1. The degree of protection provided
by the liquid formulacon was similar in both the young
(5-0-year-old) and older (10 years and older) children. In
contrast, the entericcoated capsules conferred 53-5%
protection in older children {p=0-06) but there was no
significant protection in the young children. The filure of
enteric-coated  vaccine 1 protect  young children
significantly occurred in both Sur Oriente (vaccine efficacy
16-5%) and Norte (vaccine efficacy 18:4%). In older
children (table 11), the vaccine efficacy afforded by the liquid

formulaton (69-3%) was better than that by enteric-coated
capsules (51-1%) but the difference was not significant
(p=02).
Discussion

The safety record of Ty21a live oral typhoid vaccine in more
than 600 000 recipients, mostly children, of more than -4
million doses in prospective clinical trials’? is a substantial
improvement over the highly reactogenic, parenteral killed
whole cell typhoid vaccines.!~*3# Qur mal shows that
Ty2la in a liquid suspension is superior to enteric-coated
capsules of the vaccine, particularly in young children.
There are several possible explanatons for this finding.
Vaccine organisms may be hardier when reconstituted n
vigo before ingestion than if they must recover fiom the
lyophilised state immexdiately after release from a degraded
capsule in the intestine, where they are exposed to bile acids,
digestive enzymes, and partially digested food. Moreover, 2
liquid suspension affords the vaccine organisms contact
with the tonsils, an immune system organ; this potentially
important contact does not occur with vaccine in enteric-
coated

In mble 11 the data from this trial are compared with those
from the two other randomised, placebo-controlled field
ials of Ty21a in which similar formulations were given in
the same immunisanon schedule. In young children the
efficacy of the liquid formulation used in Sur Oriente/Norte
(82:3%) approached that (96%) seen with the liquid
formulation used in Alexandria (table 11); furthermore, the
95% confidence intervals surrounding these two levels of

The !evel of protection given by entericcoated Ty212 in
the older children in Sur Oriente/Norte was lower than that
recorded in the same age group in the earlier Occidense trial
(table 11), However, the overlap in the confidence intervals
suggests that the different results are only variztions of the
sort expected when independent field trials arc carried out in
distinct geographic sites ot in the same site in different yesrs.

The most important difference between this trial and the
Ares Occidente trial*! is the poor efficacy of veccine in
enteric~oated capsules in 5-9-year-oids (16-9% vs 59-1%
vaccine efficacy; table 11), but even for this category the 95%
confidence mtervals overiap. Thus, the observed difference
may aiso be due simply to chance.

In a comparison of the liquid and enteric-coated
formulations of Ty2la in Plaju, Indonesia, prefiminary
results showed the liquid formulation to be slightly but not
significantly superior.¥ The snmual typhoid fever artack rare
in Plaju is several-fold higher than in our trial and a different
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immunisanon schedule was used «three doses were given |

week apart),

Our findings lead us to recommend the liquid
fcamulanon of Ty21a for use tn endermuc areas, especially for

children. This formulanon had better etficacy at all ages. and

it was much more pracucal for immunising the youngest

children, some of whom had difficulty swallowing the

entenc-coated capsules.
Although care must be taken in extrapolating from results

of a field mmial in an endemic area to expectadons of

protecton for travellers, it can be argued that the youngest
children in this field trial most closely resemble travellers
from industrialised countries because they have the least
background immunity from prior exposure to S tvph.

These young children were impressively protected by the

liquid formuiadon of Ty2la. It is also known from
experimental challenge studies in North American
volunteers (albeit with higher doses) that Ty21a can protect
against a high inoculum of pathogenic S typhr.® Together,
these observadons suggest that the liquid formulation of
Ty2la shouid be preferred for immunising travellers.
Ty2la is ticensed in many countnies but 1s now available
only in enteric-coated capsules. A liquid formulanon should
be available by 1991.
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From The Lancet

Chloreform amongst thieves

The thieves have, it seemns, “interrogated nature” with somewhat
greater success than has agmnded the efforts of our best chemists,
We have been repreached lately with regarding medicine wo much
as the property of achque; with resenang intrusion onour “arcana’”;
wth being indisposed o take lessons from the ununitiated, and other
like fauits, of which we are enarely unconscious, and should very
gladly hail the demonstranon of any one definite grousid upon
which such charges could be substanuated. At any rate we have no
secrets about chloroform: we have told the worid all we know about
it, and should be grausied indeed to possess one of its secrets which
is declared by the public journals to be known only w the thieves,
The commumon highwayman 18 an object of our scientific envy; and
we chould like to mterrogate him by any means of physical or moral
invesagation which would be calculated to elicit for the benefit of
mankind the marvefjous secret which he is said o0 practise for their
discomfiture and sbuse. The political journais very sagely and
solomnly hesitated o pronounce an opinion on the difficult
question whether it might be possible, by the aid of photographic
saence, to obtan from the eye of a corpse a visible image of the
person (say of a murderer) last impressed upon it. No doubt
moonbeams extracted from  cuctuabers were the acruaj rays
empioved. Those journals seem, however, to have no doubt about
the fact that a highwayman can, by shaking a handkerchief
impregnated with cioroform under the nose of his victim, produce
instantaneous msensbtlity. [t is within the experience of medical
men that anaesthesia by chloroform is not very quickly or very easily
effected upon 3 non-coasenting person, and that with the ummost
resignanon and good-will some five minutes or more are requisite to
produce anaesthesi. .. . We can promise 1o the saentific thief a far
more ample pecumary reward from the honest application of his
knowiedge than pocket-picking or highway robbery is likely w©
atford, howsoever successfully pursued; and we can assure 2
permanent scientific reputation to his patrons and believers in the
public press if they will worm out this hidden secrer.

(Oct 28, 1865)
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Epidemiologic Patterns of Acute Diarrhea and Endemic
Shigella Infections in Children in a Poor Periurban Setting in
Santiago, Chile

Catterine Ferreccio,' 2 Valenia Prado,’ Alicia Ojeda,® Manisol Cayyazo,? Paulina Abrego,?

Unda Guers,' and Myron M. Levine'
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To prepare a field site for evaluating preventive interventions against endemic
shigellosis, the authors followed prospectively a cohort of 360 children (90 each of
children aged 0-11, 12-23, 24-35, and 36-47 months) in Santa Julia, a low sociceco-
nomic area in Santiago, Chile, from November 1986 through April 1989 with twice
weekly househoid visits for diarrneal disease; infants replaced children who reached €0
months of age. Coprocuitures on 2 consecutive days from children with diarrhea and
from age-matched controis within the cohort were cultured for Shigella. Bactericlogic
surveillance was also maintained in the heaith center and children’s hospital serving
Santa Julia. In this community, where all households had access to potable water (68%
inside) and alf but 3% had access to a toilet, but where there was marked crowding,
the overall incidence of diarrheal diseasa in the cohort was low (2.26 episodes/12 child
months of observation in children aged 0-11 months and 2.09 in those aged 12-23
months), yet Shigella infections were common. Shigeila accounted for 10% of diarrheal
episodes in the cohort (vs. 3.2% isolation rate in controls, p < 0.0001). The incidence
of shigellosis in children aged 12-47 months was 0.16 cases per 12 child months of
cbservation; in the first 5 years of life, a child had a 67% chance of expenencing
shigeliosis. Shigsila sonnei, Shigeila flexneri 2a, and S. flexneri 6 caused > 79% of the
infections. Shige/la occurred more oftan in hospitalized cases of diarrhea than in age-
matched cases detected in the health center or by household surveillance (p < 0.0001).
An initial episode of Shigeila diarrhea did not diminish overall the risk of subsequent
shigellosis but did confer 72% protection (p = 0.05) against illness due to the homolo-
gous serotype. The high rate of both S. sonnei and S. flexneri shigeilosis in a population
with a iow Background rate ¢/ diarrhea makes Santa Julia an appropriate site for
assessing the efficacy and effectiveness of measures to reduce Shigeila infections. Am
J Epidemiol 1991;134:614-27.

diarrhea: Shigeila

Diarrheal disease and dysentery caused by
Shigella constitute health problems in in-

dustrialized as ell as in less-developed
countries ([~3). In the less-developed world,
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Shigella accounts for approximately 8§-13
percent of cases of diarrhea in children un-
der 5 years of age in clinic-based sur.evs (4—
9) and for approximately 4-8 per.ent of the
episodes of diarrhea detected through house-
hold surveiilance of cohorts of young chil-
dren (10-14). With the increasing use of oral
rehydration in national diarrheal disease
control programs. deaths from acute diar-
rheal dehydration have markedly declined
in many areas (15). One consequence has
been an increase in the relative impornance
of centain other forms of diarrheal disease
that are less affected by oral rehvdration.
such as dysentery (frank blood and mucus
in stools) and persistent diarrhea (lasting
>14 days) (16).

Since 1968, in addition to eademic Shi-
gella disease, one serotype, Shigella dysen-
terige |, has been causing extensive out-
breaks of severe disease accompanied by
high case fatality in much of the develop'zg
world (17-20). The overall situation is fur-
ther complicated by the widespread and in-
creasing resistance of Shigella to previously
useful antibiotics (such as ampicillin and
trimethoprim/sulfamethoxazole) (17-23).
which seriously hampers the treatment of
severe shigellosis in less-developed countries.

Shigeilosis is one bacterial enteric infec-
tion that persists in industrialized countries.
despite the widespread availability of bacte-
riologicaily controlled water supplies and
flush toilet sanitation (1, 2). The residual
problem in developed settings largely derives
from the fact that clinical infection can be
transmitted by as few as 10 Shigefla organ-
isms (24) even without neutralization of gas-
tric acid. Thus. Shigella is spread by direct
fecal-hand-oral contact wherever personal
hygiene i1s compromised, as among pre-
school children in day-care centers (25, 26).
among patients in custodial institutions for
the mentally impaired (27, 28), or among
underprivileged preschool chiidren residing
under crowded conditions in inper cities
(29).

Because Shigella infections constitute a
refractory problem worldwide, the develop-
ment of new and improved Shigefla vaccines
has been targeted by the World Health Or-

ganization as a high priority to provide an
additional control measwie (30-32). New
Shigella vaccine candidates are reaching the
stage of clinical trials (33-38). [n order to
assess their safety, efficacy, and practicality
in distinct settings, promising Shigella vac-
cines will have to be evaluated in a variety
of populations representing diverse ages,
geographic areas, and socioeconomic levels.
In Santa Julia. a perturban, low socioeco-
nomic area located within Area Onente (the
Eastern Administrative Area) of Santiagu,
Chile, we undertook to study intensively and
prospectively the epidemiology of Shigeila
infections in a population where crowding
is severe but where potable water and some
form of sanitation are available to most
households. Heretofore, prospective studies
of endemic shigellosis have geaerally in-
volved rural or urban populations in less-
developed countries living under conditions
without potable water or sanitation (3, 10,
11, 16, 39) or in urban settings in industrial-
ized countries (26). Santa Julia constitutes
one appropriate site for assessing potential
interventions against endemic shigellosis.

MATERIALS AND METHODS
Study objectives

The general objective of the Santa Julia
field project was to provide a defined popu-
lation of young children in which to conduct
applied epidemiologic research of public
health importance such as the evaluation
of candidate Shigeffa vaccines. Specific
objectives included a quantitation of the
incidence of all diarrheal disease and of shig-
ellosis by age and by season and an identi-
fication of the relative importance of the
different Shigefla serotypes. To accomplish
these objectives, we initiated a longitudinal.
prospective, community-based study that
utilized housshold visits to detect mild diar-
rheal illnesses. To complement the infor-
mation provided by household surveillance
and to investigate more severe forms of diar-
rheal illness, a surveillance system for diar-
rheal disease was also implemented in the
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local health center (Consultorio Santa Julia)
and in the pedsatric hospital (Hospital Calvo
Mackenna) that serve this population.

Study site

Santa Julia is a periurban neighborhood
of low socioeconomic level containing
133,909 inhabitants living in mostly ram-
shackle housing in a geographic area of 12.3
km?®. The birthrate is 19.8 per thousand. and
31 percent of the population is under 15§
years of age. A total of 15,525 children less
than § years of age resided in Santa Julia at
the initiation of the study including 2,544
less than |2 months, 2.811 from 12 to 23
months. and 9,870 from 2 to § years of age.
The Chilean National Health Service pro-
vides heaith care to approximately 96 per-
cent of the population of Santz Juliz through
a neighborhcod health center, Consultorio
Santa Julia. The out-migration rate from this
community is approximately 8 percent per
year and largely involves relocation of resi-
dents elsewhere within metropolitan San-
tiago. The climate is tempsrate with a mild
winter and a warm, rainless summer.

Study sublects

Participants were a stratified sample con-
sising of 360 Santa Julia children under §
years of age, 90 falling within each one of
four age strata: less than |2 months, 12-23
months, 24-35 mnnths, and 36-47 months
of age. When children reached 60 months of
age, they were dropped from the study and
replaced with children less than 12 months
of age.

Parucipation, which was restricted to pe-
diatnc subjects without chronic disease or
serious congenmtal malformations, was at the
discretion of parents from whom informed
consent was obtained. The protocol was ap-
proved by the Ministry of Health of Chile
and by ethics committees at the University
of Maryland School of Medicine, the World
Health Organtzation, and the US Depart-
ment of Defense.

Sampling procedure

The population sample was obtained by
stratified sampling. Demographic informa-
tion on every newborn in the community of
Santa Julia is contained on a card kept
within the Consultorio Santa Julia. These
cards are organized according to the three
geographic subsectors (of approximately
equal population size) that comprise the
community of Santa Julia, including Las
Torres, Jaime Eyzaguirre, and Chacarillas.
The chiidren of each sector were line listed
by date of birth. Children falling within the
age groups 0-11 monthe, 12-23 months, 24~
35 months, and 36-47 months (the age
groups of interest) were consecutively nume-
bered within each age group. From each
sector we needed a total of 120 children
equally divided among these four age groups
(i.e., 30 chiidren per group). Therefore, the
number of children in each age stratum of
cach sector was divided by 30, thereby pro-
viding the sampling interval. The first child's
card was randomly chosen: the remaining
29 cards were selected by adding the sam-
pling interval to the number of the first card
chosen. This sampling procedure was per-
formed for each of the four age groups in
each of the three sectors. There is a delay of
some weeks until a2 card containing the de-
mographic information on a newborn is pre-
pared and inserted into the consultono data
base. For this reason, infants in the age group
0-2 months are underrepresented in this
universe of cards from which we sampled.

Mothers of selected chiidren were visited
to explain the study and to elicit informed
consent for their participation. The accep-
tance rate was approximately %0 percent
among mothers of children in all age groups
and sections. Infants who replaced children
who graduated from the cohort were selected
by the stratified sampling procedure de-
scnibed above,

Surveiliance for digrrhea in the cohort

Upon inclusion into the cohort, the nutn-
tional status of each child was recorded as
expected weight for age (40). The household
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of each participating child was visited twice
weekly by a trained public heaith nurse or
nurse auxiliary who interviewed the care-
taker in order to elicit information about the
occurrence of diarrheal illness. Systematic
queries focuscd cn the number. consistency.,
and character (i.e.. watery, loose. bloody) of
stools that occurred dunng each 24-hour
period since the previous visit: responses
were recorded using a precoded question-
naire. Associated symptoms (e.g., lethargy
and vomiting) as well as objective signs of
dehydration were noted. and the rectai tem-
perature was recorded.

Oral glucose-electrolytes rehydration so-
lution was offered by the nurse when appro-
priate. Critera for a child to be seen by the
study pediatrician included signs of dehydra-
tion, high fever. marked lethargy, or overt
dysentery (blood in stools). Children wisth
dysentery or with persistent diarthez (>14
days) were treated with oral tnmethopnm/
sulfamethoxazole (41).

Surveiliance for cases of diarrheal
disease in the consultorio and in the

hospital

To accompiish surverllance 1n the Con-
sultono Santa Juha (which was open Mon-
day to Fniday). a health auxiliarv recorded
the visits of everv child less than 60 months
of age with a chief complaint of diarrheal
tliness. The climcian canng for the child
completed a summary of the clinical illness
that included a descniption of the number
and type of stools. presence of fever and
vomiting, degree of dehvdration (if any), and
whether antibiotics were used. A single co-
proculture was obtained from everv chuld
with diarrhcai iliness seen at the consulieno.

To accomphish hospital surveillance. each
day (except Saturday and Sundayv) a nurse
from the team wisited Calvo MacKenna
Children's Hospital to review all hospital
adrissions due to diarrheal iliness n all
services including emergency room, infec-
tious diseases umit, and infant/toddlers
ward. Every child who came from the com-
munity of Santa Julia was cultured (once. as

described). and clinical data were systemat-
ically recorded unul discharge.

Clinical definitions

Diarrhea is defined as an overt change in
the child's normal stool pattern. character-
ized by an increase in the frequency (to at
least three stools per 24-hour period) and a
decrease in the consistency of stools to an
unformed state. Dysenrery refers to loose
stools that contain gross biood, with or with-
out mucus.

An episode of diarrhea or dvsentery is
considered to have commenced after 7 con-
secutive days without diarrhea and to have
ended on the first day that was followed by
7 consecutive days without diarrhea. Epi-
sodes of Shigella diarrhea or dysentery are
defined as above but accompanied by the
isolation of Shigefla from coprocultures
taken at the time of iliness. Asympromatic
Shigella infection refers to isolation of Shi-
gella from a child in the abserce of diartheal
illness,

Selaction of controf childron

After the cohort had been assembled, the
10 children wathin each sector and age stra-
tum were separated by sex and again line
listed. One by one, each male on the list was
matched by sumple random method with
another male 1a his group as a “one-way"
control. For example, in the process of se-
lecting controls. ¢hild 2 could not be a con-
trol for child 8 fchild 8 was already selected
1o be the control for child 2. This process of
selection of controls was repeated for the
females in the group in each age stratum
and sector.

Clinical specimens

When an episode of diarrhea or dysentery
was detected, stoal specimens or rectal swabs
were obtuned for bactenoloaic culture on 2
consecutive days from the il child: analo-
gous specimens for culture were also ob-
tained on the ame 2 consecutive davs from
a predetermined, age-matched asympto-
matic control chuld in the cohort,
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Weekly prevaience of Shigeile

A subsample of 120 children were cul-
tured weekly for Shigeila. They were selected
by random sampling of 10 children from
each age stratum within each of the three
subsectors (total = 120 children). This bac-
teriologic surveillance was instituted to pro-
vide information on the magnitude of the
reservoir of Shigella tiiroughout the calendar
year. When a child in the subsample gradu-
ated from the cohort. he was replaced with
another randomly selected child in order to
maintain circa {20 prevalence cultures per
week,

Lai-orutory methods

Stool samples were transported in glycerol
phosphate-buffered saline (42) and inocu-
lated onto plates of MacConkey's, xylose
lysine desoxycholate, and Salmonefia-
Shigeila agar (42). Plates were incubated at
35-37°C for 18-24 hours. Suspicious colo-
nies were subcultured to slants of Kligler's
iron agar. Those giving a typical Shigella
pattern were confirmed by standard bio-
chemical tests and serogrouped by aggluti-
nation with specific antisera (4). Serotyping
of Shigeila flexnert isolates was performed
by the method of Carlin et al. (44) using
monoctonal antibodies kindly provided by
Nils Carlin of the Sweaish Bactenological
Laboratory and Alf Lindberg of Huddinge
Hospial, Stockholm, Sweden.

Assessment of sociodemographic
factors and levels of sanitation and
water supply

Information on sociodemographic char-
actensics, water quality, sanitation, and hy-
giene levels was obtauned at baseltne through
a quesuonnarre that focused on information
about the mother's sducation, the occupa-
tion of the head of the household, the type
of housing and ownership, the desree of
household crowding, the type of water sup-
ply and waste disposal, and the presence of
selected possessions (e.g., a refngerator). The
density of housetlies was not quanutated.

Epidemiologic measures

The mean incidence of diarrheal or dysen-
teric episodes, per child per 12 months of
observation in each age group was calculated
by dividing the total number of episodes
detected by the total child months of ob-
servation, for children within that age
group, and multiplying by 12. The analo-
gous incidence rates for each age group were
calculated for Shigella-positive diarrhea and
dysentery. To calculate the cumulative per-
centage of children who experienced diar-
thea in | year, the number of children within
each age bracket who were observed for at
least 12 consecutive months and who expe-
rienced at least one bout of diarrhea was
divided by the total number of children of
that age followed for at least 12 consecutive
months and expressed as percentage.

Statistical methods

Rates were compared by x° or Fisher's
exact test (two tals), The Wilcoxon rank
sum test was used where a nonparametric
test was indicated.

RESULTS

Characteristics of the Santa Julia
participants

Between November 1, 1986, and Apnil 30,
1989, 304 children entered the study, 249
males and 255 females: only two children
selected by the sampling method were inel-
ipble due to chronic disease (Down's syn-
drome and cerebral palsy). A total of 360
children were in the cohort at the beginning
of the study, while at study termination the
cohort numbered 306. Despite living in sub-
standard housing and otherwise representing
a pediatne popuiation of low soctoeconomic
level, 95 percent of the children were well
nounshed; only § percent suflered from mild
(first degree) malnutrition, while just a single
child presented moderate malnutntion. The
median duration of bnast feeding was 7
months, ranging from @ to 48 months.
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Baseline sociodemographic information

The median family size was six. and the
majonty of heads of,houschold held no jobs
or worked only sporadically. Sixty-two per-
cent of the families lived in houses that they
neither owned nor rented. Extremely
crowded living conditions were the general
rule: 58 percent lived in cramped dwellings
in which the number of beds was less than
the number of household occupants minus
the number of couples. All dwellings had
access to potable water, although 32 percent
of families had to go outside the home to
collect water. All households had garbage
removal twice each week. Sanitary facilities
for disposing of human waste were quite
vanable: 64 percent had a toilet inside the
home, 34 percent had access 1o totlets out-
side the home, and 3 percent of families had
only latnnes. Less than one-half of the fam-
ilies (48 percent) had a refrigerator. Two
percent of mothers had no formali education.
Twenty percent of mothers work outside the
home: in general. the children of working
mothers are cared for by an older sibling or
a grandmother.

Retention of the cohort

During the 30 months that the study
lasted. the cohort was followed prospectively
with an average observation peniod of 20
months per child (range, 1-30 months), Of
the total of 504 children who entered the
study during these 2'2 years. 82 (16.2 per-
cent) left before study termination. and one
died before the end of the study, Sixty-seven
of the 82 children lost to follow-up were the
consequence of migraton out of the study
area, while only 15 of 504 children (3.0
percent) dropped out because of refusal to
continue parucipation,

This pediatric cohort provided 9,951 child
months of observation, equivalent to 332
children observed during 30 months (table
1). Ten percent of this total observation was
contnbuted by infants under 12 months of
age and 18 percent by children aged 12-23
months; 72 percent of the total observation
was provided by children aged 24-35, 36~
47 or d4R-59 manthae of age (tahle 1),

Incidence and seascnality of diarrhea

A total of 1.218 episodes of diarrhea were
detected in the cohort through household
survetllance. In 1,137 (93.3 percent) of these
episodes, stool samples were obtained from
the cases and. in 1,129 (92.6 percent) of the
episodes, stool samples were obtained from
both the cases and the matched controls.

The incidence of diarthea showed a
marked seasonality in all age groups with
significantly higher rates being recorded in
the warm summer months of December
through February (866 episodes in 5.947
summer months of observation) than in the
cool winter months of June through August
(352 episodes per 4,004 winter months of
observation) { p = 0.000001).

As summarized in table 1. all measures of
diarrheal disease were highest in infants less
than 12 months of age and decreased there-
after in the older age groups. These age
differences remained when corrected for sea-
son,

Hospitalization

Over the course of the study period (30
months), 257 of the 15.525 children less
than § years of age in Santa Julia had a total
of 280 hospitalizations due to diarrhea, giv-
ing an annual rate of 7.2 hospitalizations
due to diarrheal disease per 1.000 children
under 5 years of age. Rates of hospitalization
decreased with age from 30.5 hospitaliza-
tions per 1,000 infants under 12 months to
0.2 hospitalizations per 1.000 children over
47 months of age.

Seven children (1.4 percent) of the 504
who participated in the cohort study over
the 30 months of surveillance were hospital-
ized because of acute diarrheal iliness dunng
the surveillance period. giving a vearly rate
of 8.4 hospualizations per 1,000 children
under § vears of age: age-specitic hospitali-
zation rates ranged from 62.5 per 1,000 in-
fants under 12 months of age to 0.0 per
1,000 children above 47 months of age.

Clinical features of cases detactad
through the three tiers of surveillance

Clinical features of the cases of diarrheal
disease detected through the three tiers of
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TABLE 1. incidencs of diarrhea by age and percentage of children followed at least 1 year who developed
disrrhea during prospective survediance of 8 cohort of children: Sants Julia, Santiago, Chile, November

1986 through Apnil 1989
Age No. of chacren Total chid Total no. of incaence of s % of chuidren who
Dy 890 &t months of opxscoes of eprscoes/12 expenenced
(monthe) ”m” observation GaThes months daThean 1 year
O=11 219 959 181 226 79
12-23 95 1,760 308 2.09 64
24-38 99 2,380 287 1.48 61
38-47 91 2,469 264 1.28 L]
=48 0 249 180 0.90 50
Tota 504 9.951 1.218 1.47

TABLE 2. Comperison of clinical f«m.a'ca.mofdhm.mntlmommwalmﬂhm
Santa Juiia, Santiago, Chile, November 1988 through April 1989

St of Total no. of % <12

Make:

*% wiih % with % wrth
oarrhesl monthg of fernaie
Survediance cases ot rano fover Cysentery defryaration
Hosortad 280 77 (a)® 1.38 73 ) 21 () 85 (o)
Consuttorto 1,855 37 (e} 1.10 40 (N 91g) 1mm
Househokd survedance 1.218 15 () 0.90 38 () 7 (k) 30

‘28ve. 0.p< 000001, Dv8. 1. p<000001: cvs. ¢. 0 <0000 dve. 1 p<0.0001; 0ve 1, p<0.00001;fvs. |, p=00319g
Ve K, = Nt Srvicant: A ve. |, o < 0 00001: A vs. 1. 9 < 0.00001; B v8. 1, p < 0.00001; ¢ vs. k, 0 < 0.0001; d vs. £, p « 0.00001.

surveillance are summanzed in table 2
where a clearcut gradient is seen with hos-
pitalized cases being the most severely ill but
also the youngest.

Duration of diarrhea

The average duration of diarrheal iliness
detected by household surveiilance was 7.3
days. Twenty-four percent of episodes lasted
less than 4 days, and 40 percent had dura-
tions between 4 and 7 days; 10.] percent of
episodes continued for more than |4 days
to reach the critenion for persistent diarthea
{16). There was no difference in duration by
age.

lsotation of Shigeils in casas and in
matched controls

Overall, Shigeila was 1solated in 10.0 per-
cent of the 1,137 cultured episodes of diar-
rheal iliness in the cohort under prospective
household surveillance but from only 3.2
percent of 1,126 matched controls without
diarrhea (table 3), a highly significant differ-
ence (p < 0.000001). In every age group

TABLE 3. Isolation of Shigeda from disrrhesi
cases and controis, by sge, in 8 cohort of children
under active househoid survediance: Sants Julis,
Santiago, Chile, November 1988 through Apni 1989

Epsooee
Ao gron Cincal Darrrea

(montha)  ststus  epsoces SMgeie  pvske  RA®
NO. %
0-11 Digmhea 171 8 4.7
Contros 167 4 24 04 20
12-23 Diarrrea 287 23 80
Controis 285 3 10 000014 73
24-35 Diamhea 274 30 109
Controts 273 8 29 000043 38
3847 Diarrhea 245 35 143
Controis 242 15 g2 00033 23
248 Diarrhea 160 18113
Controls 159 & 28 0.029 30
Totwe Diarbea 1137 114 100 <0.000001 3.1

Controis 1,128 38 3.2
SRR, redatree Nk

exczpt infants less than 12 months, the 150~
laticn rate of Shigella was significandy
higher in cases than in controls. The relative
risk was highest in the second and third years
of life.

- ——
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Age-specific incidence of Shigelia
diarthes and dysentery

Rates of shigellosis were lowest in infants
less than 1™ months of age and in children
over 4 yea -, of age; the incidence in children
12-47 mo shs of age was impressively con-
sistent, rarging from 0.15 to 0.17 episodes
per 12 child months of observation (table 4).
Overall, approximately one-fourth of the
cases of Snigella diarrheal infection (27 of
114 cases, 23.7 percent) manifested overt
dysentecy. The data in table 4 suggest that,
during the first 5 years of life, a child in
Santa Julia has a 67 percent likelihood of
experiencing an episode of diarrheal illness
due to Shigella and a 15 percent chance of
having Shigella dysentery.

Seasonailty of Shigei/a infections

The isolation of Shige!lla showed a marked
seasonality with a notable increase in the
warm months of the year (figure ). Ninety-
six (84.2 percent) of the 114 isolations of
Shigella in the cohort occurred during the
5.947 summer child months of observation
versus only 18 isolations during the 4,004
vinter child months of observation (p <
0.000001).

Rate of isolation of Shigeila in relation to
surveiliance method, sampling site, and
clinical syndrome

The rate of isolation of Shigella by age
varied in relation to the site of sampling
{home, active surveillance; consultorio or
hospital, passive surveiilance) (table 35).
Based on data from single coprocultures (in

order to standardize methods used at the
different sites), a gradient was observed in
the rate of isolation of Shigella, being highest
in hospitalized case; and lowest in cases
detected duning household visits. In age
groups 12-23 and 24-35 months, these dif-
ferences were highly significant (table 5).
The rate of isolation from cases of overt
dysentery (31.5 percent) was more than four
times higher than that from cases of non-
dysenteric illness (7.4 percent) (p <
0.000001) (table 6).

Serotypes of Shigeila in Santa Julia

Three serotypes, Shigefla sonnei, S. flex-
neri 2a, and S. flexneri 6, accounted for 79.3
percent of the cases of shigellosis in Santa
Julia detected through houschold surveil-
lance and 85.7 percent of the cases detected
at treatment facilities. S. flexneri was found
more often in hospitalized childrea than in
cases of diarrhea detected otherwise (table
7).

Clinical features of shigellosis

The median age of symptcmatic children
from whom Shigefla was isolated was 34
months (range, 1-65 months), while the me-
dian age of culture-positive asymptomatic
children was 46 months (range, 9-60
months) ( p = not significant, Wilcoxon rank
sum). A total of 53 of 114 symptomatic
children (46.5 percent) with Shigella infec-
tion detected through household visits had
fever; 34 percent had vomiting; 27 percent
had dysentery. The mean duration of diar-
rhea was 9 days (range, 1-48 days).

TABLE 4. Number or #Disodes and incidence of ail Shigeda diarrhest ifinesa, nondysenteric Shigefs
disrrhee, and Shigeds dysentory in & cohort of children followed prospec trely: Santa Juile, Sani.sgo, Chile,

November 1838 through Apeit 1889

Epxscoms of Shiguis carrtwal dineas

;:; mg;: of Al cirics types NONG yesrtenc darrtee Cysertary
(mone}  cosevaeon incxienca/12 No Inccdence/12 No Incaterce/12

011 9592 8 0.10 8 0.1 (] 6.0
12-23 1.7680 23 0.168 14 0.1 7 0.08
24-38 2,360 30 0.18 21 0.1 9 0.05
36-47 2,489 35 017 28 01 7 0.03
248 2403 18 0.09 14 0.07 4 0.02




622 Femeccioet al.

EPISODES OF DIARRHEA
PER 100 CHILO MONTHS
3
e
4

EPISODES OF SHIGELLOSIS
PER 100 CHILD MONTHS

o

DEC JAN FED MAR APR HAY JUN S AUG SEP OCT NOY

FIGURE 1. The monthty vanaton in the incxdenca of diarrheal diseass (W) and of shigeiiosis (A), expressed as

emsoces per 100 chid months of obsarvaton, 1$ shown for a conort of chiidren <60 montns of age n Santa Julia.

Santago, Chule, who were followed for 30 consecutive months between November 1986 and Apri 1989 with twice

weekly housenoid visits to detect eprsoces of diarmhea. The incdences of both diarrhes and shigelios:s were fighest

in the summer months of December through February.

TABLE 5. A compariscn of the relative frequency of isolation of Shigeila by campling sits and by age
group: Sants Julia, Santiago, Chile, November 1988 through Apeidl 1989

Age No. of danmesl No. of eprsodes
wte eprsocies >
Samoing el aus to Shigelia
Active survesiance

Cohort 011 17 8(3.51% (a)*
12-23 287 19 (6.8) (b)
24-35 274 23(8.4)(c)
36-47 245 31120
248 160 13(8.1)

Passve survevitance

Consuitono 0-11 605 0 5.0 (@
12-23 585 72(12.3) (e)
24-35 229 36 (15.7) ("
3847 119 18 (15.1)
248 17 12(10.9)

Hosprial 0-11 218 17 (7.9 (9)
12-23 39 12 (30.8) ()
24-35 19 7(38.8)()
36-47 5 0(0.00
248 2 2(100.0

‘3v3.0.pm 085 0vs 0= 0014 cve. L pm 018 dve 8.0 w015 8ve N pw000251ve.1,p=00432vs. g D~

0195 vs. N p @ Q000008 cvs. 1. p = O 0038

1 Only Cne Culture Der Chvid Der SOrSO08 wiS COtamed for Chicren seen at the consuUtono and at the hosonal. Therefors, for
SUDosEs of COMOATSON. ONty 11 HrSt CLItLIE from the SCTIVE SUrvedance conort was Nciuoed N the sralyss.

3 NUMOErs N pareNtheses. Parcentage.
Reinfections by Shigsila

A total of 85 children in the cohort expe-
rienced just a single episode of diarrhea in
which Shigella was isolated, while 14 others
suffered from more than one bout of shig-
ellosis (13 children experienced two separate
episodes of Shigella diarrheal illness and one
child had three). The specific serotynes were
determined in the repeat infections suffered

by 13 of the 14 children: the remaining child
experienced two episodes of diarrhea due to
Shigella boydii, and the boydii isolates were
not serotyped. In only three of the 13 in-
stances were repeat infections due to the
same serotype: two children each had repeat
S. sonnei infections, while one other child
had shigellosis twice due to S. flexneri 2a.
One of the two children who had repeat
sonnei diarrheal infections subsequently de-
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TABLE 8. Comparison of the isolation rate of Shigeils from casaes of diarrhea versus cases of dysentery at
three sampiing sites: Santa Julis, Ssntiago, Chile, November 1938 through Aprit 1989

Nondysentenc G:amnee Oysentary
Site of samping Total No. No. with " Total No. with -
cases stuced® Shigeds cases Shigelia
Active survesiance
Cohort 1,126 1,0481 88 8.5 89 24¢ 270
Passive survediance
Consuitorio 1.541 1,508 124 8.2 144 44 306
Hospital rraj 20 14 84 59 24 40.7
Total 2.888 2774 206 7.4 292 92 315
® A CONroCUItUre was obtaned.

1 For purposes of COMEAnson, only the first StO0! SAMOIe was consiiensd, Athough N this Group. two cuitures were obtainad on
consecutive cays.

TABLE 7. Serogroups of Shigeda and serotypes of Shigeda tiexneri® among isolates obtained from
difforent sampiing sites: Santa Julla, Santisgo, Chile, November 1988 through April 1989

S. flexneri serotypes

Shigeita  Shigeile  Shigeils Shigeiis
St ot ’ sonow  boydk  dyzexense  fevwn 44 b 23 2> 3a 3 6 DF
Active survesiance
Cohort by age group
(months)

0-11 8 1 0 1 0 0 00 0 O 1
12-23 13 2 0 8 ¢ 2 4 0 0 1 1
24-38 11 3 1 1% o *+ 8 0 0 0 3 1
3847 12 2 0 21 0 2 9 2 3 1 4
248 L} 1 0 12 0 0 4 0 2 0 8
Totsl A7 (413t 9(7.9) 1(0.9) 57(50) 0 5 25 2 § 2 15

Passive survesiance
Consuitorio by age
groug (months)

0-11 9 2 0 19 [ | 8 0 2 0 8
12-23 38 1 1 34 1t 5§ 11 0 0 0 10
24-3% 19 3 0 14 0 3 10 0 0 0 1
36-47 10 1 0 7 0 0 4 0 0 0 3
248 8 0 0 8 0 0 4 0 1 0 1
Totai 80(47.8) 7(4.2) 108 80478 1 9 37 0 3 0 20

Hospital by age
group (months)

0-11 8 0 0 1 0 2 7 0 0 0 1
12-23 2 Q 0 10 1 0 6 ¢ 0 0 2
24-3% 2 0 0 5 0 2 00 1Y 0 2
38-47 0 0 0 0 0 0 0 0 0 0 O
z48 0 0 0 2 0 0 206 0 0 O
Total 10(28.3) 0 0 873 1 4 15 0 1 0 5

¢ Isotates from 152 of the 165 chidren rfected with S, exnert (92%) were avasiabis fOr serctyprng.
1 Numbern 1 parentheess, percentage of ssoiates.

veloped diarthea due to S. bopdii. In the  helpful in allowing us to examine infection-
other 10 children with repeat infections, the  derived immunity. A total of 59 children
second episode of Shigefla diarrhea was due  experienced an initial episode of shigellosis
to a different serogroup. during 8,381 child months of observation

The serotyping data proved extremely for a rate of 1.2 infections per 100 child
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months. Since three serotvpes, S. sonnei, S.
flexneri 2a, and S. flexneri 6, accounted for
78 of these initial episodes (79 percent) dur-
ing 8,609 child months of observation (0.96
episodes/100 child months), we attempted
to quantitate the degree of homologous and
heterologous immunity that is conferred by
an initial clinical infection due to Shigella
ty concentrating on these three common
serotypes. Over a further 1,200 child months
of observation thereafter., 10 of these 78
children experienced a second episode of
shigellosis (0.83 episodes/ 100 child months)
due to one of these three serotypes. Thus,
an initial episode of shigeliosis due to S.
sonnei. S. flexneri 2a, or S. flexneri 6 con-
ferred only 13.5 percent protection overall
against subsequent shigellosis due to one of
these three serotypes (p = 0.93). Neverthe-
less, among these 10 children who suffered
a second clinical infection, repeat infections
due to the identical serotype in the same
child occurred only three times during 1,279
months of further observation (0.23 epi-
sodes/100 child months). This serotype-
specific reinfection rate (0.23/100) is signif-
icantly lower than the rate for second shig-
ellosis episodes overail due to these three
serotypes (0.83 episodes/ 100 child months)
(p = 0.05) and represents 72 percent sero-
type-specific protection against repeat shig-
ellosis.

Weekly prevaience cullures and the
magnitude of the reservoir of Shigetiz

During the 30-month study, a total of
12,622 stool samples were obtained from the
children who were routinely sampled each
week in the field, representing 12,622 child
weeks of bacteriologic surveillance for car-
riage of Shigella. Shigella was prevalent dur-
ing 1.80 percent of the total 12,622 child
weeks of observation; excretion was subclin-
ical during 1.56 percent of the child weeks
of observation. Seventy-seven (49 percent)
of the 158 children who contributed these
weekly coprocultures excreted Shigelia on
at least one occasion.

During the total 120 calendar weeks of

surveillance of this subcohort, one or more
children had positive cultures for Shigella
during 99 (82.5 percent) of the weeks, dem-
onstrating that a detectable reservoir of Shi-
gella was present within the pediatric popu-
lation in Santa Julia during most of the
calendar year. A definite seasonality was
observed. From November to Apnl, the rate
of isolation of Shigella was 2.5 per 100 sur-
veillance coproculitures, while it was 0.97 per
100 cultures from May to October (p =
0.000001).

DISCUSSION

Surveillance for diarrheal disease and for
shigellosis was initiated to prepare a site
where preventive measures against diarrheal
diseases and Shigella, in particular, could be
evaluated in pediatric populations at risk
under conditions of natural transmission.
While Santa Julia is an underprivileged peri-
urban community characterized by marked
crcwding, it is nevertheless notably more
developed than most other communities in
developing countries where pediatric cohorts
have been prospectively studied to quanti-
tate the incidence of diarrheal disease (3,
10-14, 16, 45). For example, all households
had access to bacteriologically monitored.
treated water supplies (although 32 percent
had to go outside to collect the water), and
two-thirds had a flush toilet within the dwell-
ing. Based on these factors, one might expect
the overall incidence of diarrheal disease in
young children to be lower than in analo-
gous studies that have been carmied out else-
where in developing countries. Caution
must be exercised in comparing resuits of
longitudinal cohort studies of diarrheal dis-
ease because of differences in methodology
(e.g., in definitions used, in the frequency of
household surveillance visits, and in age
composition and size of the cohort). Never-
theless, the rates of 2.26 episodes ¢f diarrhea
per 12 child months of observation among
infants and of 2.09 episodes per {2 child
months of observation among children aged
12-23 months in Santa Julia are notably less
than the 4-8 episodes per 12 child months
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recorded in children of the same age cise-
where in Latin America. including a “fav-
ella” in Fortaleza, Brazil (10), a “pueblo
nuevo” in Lima, Peru (45), a Mayan high-
land wviilage in Guatemala (3), and a village
in Mexico (12). Only the rural cohort in
Puriscal, Costa Rica. of Vives et al. (46),
the weil-to-do urban population followed
by Guerrant et al. (10) in Fortaleza, and
an urban cohort followed (once weekly) in
Buenos Aires (47) show comparable low in-
cidence rates during the first few years of
life. These data support the expectation that
provision of potable water and means of
disposing of human waste decrease the trans-
mission of many enteric pathogens. resulting
in lower diarrhea rates in young children.

Shigella differs from many other bacterial
enteropathogens in that its transmission is
more closely correlated with practices of hy-
giene than with levels of sanitation; thus,
shigeilosis can remain endemic in the face
of modem sanitation if hygiene is compro-
mised. In this regard, the marked crowding
characteristic of Santa Julia fosters condi-
tions compatible with the transmission of
Shigella. One might therefore expect shigei-
losis to be endemic in Santa Julia, despite
the low overall incidence of diarrhea in chil-
dren. The prospective surveillance data con-
firm this. Approximately [0 percent of epi-
sodes of diarrhea in young children in Santa
Julia detected by household visits are asso-
ciated with Shigefla, while in summer
months the figure rises to circa 20 percent
of cases. Indeed, during the first 5 years of
life in Santa Julia, a child has approximately
a 67 percent chance of experiencing a clini-
cal illness due to Shigella (table 4).

The prominent rates of Shigella infection
in Santa Julia, the use of thres tiers of pro-
spective bacteriologic surveillance (house-
hold. consultorio, and hospitai), and the sero-
typing of S. flexneri isolates provided an
opportunity to investigate certain aspects of
the epidemiology of Shigella infections that
have been alluded to in the past but that
generally have not been well documented.
These include the relative importance of
different serotypes and the associaton of
Shigella with distinct clinical syndromes of

diarrheai illness. In this study, we confirm
that Shigefla is much more frequently iso-
lated from cases of overt dysentery than
from cases of diarrhea and show that Shi-
gella has a propensity to cause severe diar-
rheai illness (its isolation rate paralleled the
severity of cases, being highest in hospital-
ized children).

This prospective study shows that only a
few serotypes (S. sonnei, S. flexneri 2a, and
S. flexneri 6) account for a large proportion
(>79 percent) of the cases and implies that
an efficacious vaccine directed against just a
few serotypes could have a notable impact
in diminishing Shigella disease. In Santa
Julia, as in most areas of the developing
world, S. flexneri 2a is the most prevalent
flexneri serotype (3, 7, 14, 39, 48, 49).

S. dysenteriae and S. flexneri are common
in less-developed countries (2, 7, 50), while
S. sonnei, by far the major serotype found
in industrialized countries (I, 51), is rela-
tively uncommon in situations of underde-
velopment (2, 7, 50). Enigmatically, despite
the relative paucity of S. sonnci disease
among indigenous persons living in less-
developed countries (7, 50-52), S. sonnei
commonly causes shigellosis among travel-
ers to these same less-developed areas (52-
54). It is thus of interest that Santa Julia
shows a somewhat unusual, intermediate
pattern wherein both S. sonnei and S. flex-
neri isolates are common. This likely reflects
a community that is undergoing active de-
velopment, transforming from a less-
developed toward an industnalized situation
(51). Paradoxically, the universal availability
of monitored, potable water in Santa Julia
may account for the high frequency of §.
sonner infections. The possible explanation
is that some strains of Plesiomonas shigel-
loides, an autochthonous bacterial species of
surface waters (55), express a polysaccharide
O antigen identical to that of S. sonnef (56).
Under less-developed conditions, repeated
ingestion of Plesiomonas bacteria through
consumption of untreated surface waters
may stmulate cross-protection against S.
sonnet, since O antibodies are believed to
mediate protection (57). Whatever the ex-
planation, the unexpectedly frequent occur-
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rence of S. sonnei infections among children
in Santa Julia makes this a particularly in-
teresting site because the efficacy and effec-
tiveness of interventions can be measured
against S. sonnei as well as against S. flex-
neri.

This prospective study also provides some
insights into the acquisition of immunity to
Shigella in that prior infection with one
serotype of Shigella appeared to protoect
against subsequent clinical infectior with
the identical serotype but not against diar-
rheal illness due to other se.o. pes. Formal
et al. (58) have recentlv uocumented this
lack of cross-protection in monkeys. Mon-
keys that were expenmentally infected with
S. flexneri 2a were completely protected
against homologous challenge 5 weeks later
with S. flexneri 2a but not against challenge
with S. sonnei.

Shigella vaccine candidates of different
varieties are reaching the stage of clinical
testing (31- 38). Santa Juliia offers an unusu-
ally attractive site to undertake evaluations
of preventive measures against Shigefla in-
fections because of its relatively high rate of
seasonal. endemic shigellosis and dysentery
in a background where the overalil incidence
of diarrhea is not high.
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A simple and economical method was developed for using biotinylated DNA probes to hybridize with
bacterial coionies belonging to the various categories of diarrhes-causing Escherichia coli. Simplification and
cost containment were achieved by using Whatman no. 541 filter papers instead of nitroceilulose, by
minimizing the concentration of proteinase K (an expensive but necessary reagent used to pretreat the colony
blots prior to hybridization with biotin-labeled DNA probes) and by reusing hybridization solution containing
labeled probe DNA. After exposing the colony blots to lysing solution and steam, followed by lysozyme (1.5
mg/ml), sucrose (25%), and proteinase K (10 gg/mi) treatments, biotinylated probes were used to detect
enterotoxigenic, emeropathogenic. enterchemorrhagic, diffuse adherence, and enteroinvasive categories of
diarrhea-causing E. coli with a high level of sensitivity and specificity. Three independent observers who were
experienced in reading D! A blots recorded remarkably similar resuits, while less satisfactory resuits were
obtained when the blots were read by an inexperienced observer. This technique will be useful in laboratories
in which rad{oactive isotopes are unavailable or impractical and in which budgets are restricted.

Prior to the availability of DNA probes, the epidemiology
of diarrhea-causing Escherichic coli was studied by using
immunoassays and bioassays to pkenotypically identify vir-
ulence factors, such as toxins. This was cumbersome and
expensive. The development of DNA probes that detect
isolates beionging to the major categories of diarrhea-caus-
ing E. coli with a high degree of sensitivity and specificity
was an important advance. znabling epidemiological studies
1o be supported by a single assay (2. 6. 14. 19, 25. 26).
However, perhaps with the exception of enterohemorrhagic
E. coli (EHEQ) (13, 15. 17). the other categonies of diarrhea-
causing E. coli, including enterotoxigenic £. coli (ETEC) (2.
6. 13, 14, 26), enteroinvasive E. cofi (EIEC) (2. 6. 13, 14, 25,
26), enteropathogenic £. coii (EPEC) (2. 6. 13, 14, 20, 26),
diffuse adherence E. coli (DAEC) {14). and enteroaggrega-
tive £. coli (1-4), cause disease primarily in less-developed
countries.

Early methods incorporated {a-*?P]dATP into the DNA
probes as a marker and used nitroceilulose or Whatman no.
541 paper fiiters as a solid support (8. 15, 16, 19, 20, 22, 24,
27). [a->*PIdATP can now be replaced with biotin-dATP (7,
9, 10, 11, 21). Using Whatrian no. 541 paper filters and
biotin-dATP would make it feasible to use this technique for
large-scale epidemioiogical studies in laboratories with lim-
ited budgets. The biotinylated probe method exploits the
high affinity of streptavidin for biotin-labeled molecules in a
sandwich system analogour to an indirect enzyme-linked
immunosorbent assay. A streptavidin-alkaline phosphatase
conjugate is used to colorimetrically detect biotin-labeled
DNA probes which have hybridized to target DNA present
on the filter paper.

* Corre; sonding author.

Herein we describe a simple, economical method for using
biotin-labeled DNA probes that is amenable to screening
large numbers of E. coli colony blots. The technique was
designed for an epidemiological field study of E. coli diarthea
in two cohorts of children under tong-term surveillance in
Santiago, Chile.

MATERIALS AND METHODS

E. coli strains. A series of well-characterized ETEC.
EPEC. EHEC. EIEC. and DAEC strains from the Center for
Vaccine Development collection were used in this study.

Colony blots. The E. coli strains were inoculated onto
MacConkey or Luria agar plates (40 colonies per plate. plus
a positive and negative control) in a gnd pattern. After
overnight growth at 37°C, a Whatman no. 541 filter paper
was pressed evenly over the surface of the plate and re-
moved, lifting the colonies with the filter paper. Filters were
placed with the coleny side up in a petri dish containing a
Whatman no. 3 filter paper saturated with 2 0.5 M NaOH-1.5
M NaCl solution and steamed in an autoclave (with the door
closed but not sealed) for 10 min to lyse bacteria and
denature DNA (16). The Whatman no. 541 filters were
placed upon another Whatman no. 3 filter pape. saturated
with 1.0 M Tris hydrochloride, pH 7.0, and 2.0 M NaCl for
10 min to neutralize the NaOH. The filters were air dried and
either used immediately or saved.

Treatment of filters t> remove colony debris. The effective-
ness of lysozyme-sucrose and proteinase K in removing
bacterial debris was assessed by exposing colony biots to
lysozyme-sucrose alone, proteinase K alone, a combination
of the two, or neither. A modification of the method of Haas
and Fleming was used (5).

For trsatment with lysozyme-sucrose alone, filters were
rinsed three times in cold (4°C) 0.05 M Tris hydrochloride,
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TABLE 1. Effect of lysozyme-sucrose and proieinase K on hybndization

Result with DNA prove::

Treatment Observer® EAF LT EIEC EHEC DAEC
Sens Spec Sens Spec Sens Spec Sens Spec Sens Spec
None 1 UR LR 90 100 UR CR 100 100 UR UR
2 UR LR 100 100 UR CR 100 100 UR UR
k] UR UR i 100 UR UR 100 100 UR UR
4 UR LR 90 100 UR UR % 100 UR UR
LS 1 100 100 100 100 9s 50 100 100 100 80
2 100 100 100 100 80 as 100 100 95 95
3 100 100 100 100 85 100 100 100 100 90
4 100 100 100 100 85 60 100 100 100 9%
PK 1 9s 95 100 100 75 55 100 100 90 95
2 9s 100 100 100 50 65 100 100 80 160
k) 93 100 100 100 3 80 100 100 80 100
4 9s 100 100 100 70 35 100 100 UR UR
LS + PK 1 100 100 100 100 85 90 100 100 8s 90
2 100 100 100 100 85 95 100 100 85 95
3 100 100 100 100 85 100 100 100 85 90
4 100 7S 100 100 8s 85 100 100 8s 85

: LS. Lysozyme (1.5 mg/mi) and 25% sucrose: PK. proteinase K (100 wg/mip.
Observers 1. 2, and } were expenenced with reading DNA colony blots. and observer 4 was expenenced with reading immunoblots, but not colony blots.
* Sens. Sensiivity: defined a3 the numoer of true positives correctly identified/20 (total number of true posiives); Spec, specificity: defined as the numoer of
true negatives correctly idenufied/20 (total numper of true negauvess: UR, unreadable.

pH 8.0: placed in 1.5 mg of lysozyme (L 6876: Sigma
Chemical Co., St. Louis. Mo.~25 sucrose per mi of cold
(4°C) 0.05 M Tris hydrochioride {pH 8.0) (2 to 3 mi per filter)
for 10 min: and then rins'd with vigorous agitation in
prewarmed (42°C) SSC (0.15 M NaCl pius 0.015 M sodium
citrate, pH 7.2) (9) (step 1).

For treatment with proteinase K alone. filters were rinsed
in prewarmed (42°C) SSC and incubated in 100 ug of
preteinase K (P-0390; Sigma) per mi of SSC (2 to 3 ml per
filter) for 1 h at 42°C (9) (step 2).

< s S e

. T ‘e
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These two steps were combined for filters (reated with
both lysozyme-sucrose and proteinase K. All filters were
subsequently rinsed with SSC at ambient temperature and
air dried (step 3).

Evaiuation of different concentrations of proteinase K.
Filters were treated as described in steps 1 and 2. The
proteinase K concentrations used included 10, 100, and
1,000 wg/ml. To assess the reproducibility of the technique,
additional experiments using 10 or 100 pg of proteinase K
per mi were performed by using three of the five probes.

.o . ) DLl S eaie s —

FIG. 1. Whatman filter paper containing EHEC and othar £. coli colonies hybridized with the EHEC DNA probe. (A) Filter not pretreated
with lysozyme-sucrose or protemnase K. (B) filter pretreaied with lysozyme-sucrose followed by proteinase K.
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F1G. 2. Whatman fiiter paper containing EIEC and otirer £, cofi colonies hybndized with the EIEC DNA probe. (A) Filter not pretreated
with lysozyme-sucrose or proteinase K. (B) fiter pretreated with iysozyme-sucrose followed by protetnase K.
TABLE 2. Effect of proteinase K concentration on hybnidization
Result with DNA probe*:
Trestment Obvserver? EAF LT EIEC EHEC DAEC
Sere Soec Sens Jpee Sem Spee Sene Spec Seng Spee
LS + 10 ug of protenase K
per mi
Expenm 1t | ! 100 9$ 100 100 90 30 100 9% 88 100
2 100 9 100 100 %0 LM 106 9¢ 88 100
3 100 100 100 {00 80 100 100 95 85 100
4 100 93 100 100 93 3} 100 93 90 100
Expenment 2 i 95 170 100 100 60 93 ND ND ND ND
2 93 98 100 100 0 9% ND ND ND ND
] 100 100 100 100 79 80 ND ND ND ND
4 100 50 100 38 7% 80 ND ND ND ND
LS « 100 ug of proteinase K
per mj
Expenment | 1 100 % 100 100 L3] 93 100 100 33 100
2 100 9s 100 100 85 90 100 100 L) 100
. } 100 10 1o 100 80 100 100 100 RS 100
4 100 93 ton 100 L3 93 100 100 83 93
Expenment 2 ; %0 100 1o 100 h 94 ND ND ND ND
. : 90 9% 100 100 0 x) ND ND ND ND
3 9 100 100 100 T0 90 ~D ND ND ND
4 100 L3 100 43 7 43 ND ND ND ND
LS « | mgof proteinase K 1 HE) 9 100 100 98 %0 10 94 100 w0
per mi 2 ity 100 ‘0 100 o) 3] 1) 100 100 o0
3 100 100 100 100 %0 10} 10 100 100 X}
4 100 94 a9 100 L] Q0 10} 100 108 €0

hlots.

LS Lysareme 11 S mumis and 289 wucrove
* Observers 1. 2, and ) were txpenenced with reading DNA colony Mots. and obiervet § was etpenenced with resding immunotkds, but not DNA colony

" Seny, Seemtiviy: defned 1 the number of true neddives correcily entfed/ 20 (total sumber of trie postives), Spec, specificity: deflied a8 the number of
rue negatives correctly dentfied/ M0 (torsl aumdber of true negativest. ND . ol done
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TABLE 3. Reuse of hybndizaton solution

Resuit with DNA prode®

Times used Observer” EAF EHEC

Sens Spec Sens Spec

1 1 100 100 100 100
2 100 100 100 100

3 100 100 100 100

4 100 100 100 100

2 1 100 100 100 100
2 100 93 100 100

3 100 93 100 100

4 100 80 100 100

3 1 100 100 100 100
2 100 100 100 100

3 100 100 100 100

4 100 90 100 100

4 1 100 100 100 93
2 100 100 100 100

3 100 100 100 100

4 100 94 100 9

Y Observers 1. 2. and ) were expenenced with reading DNA colony biets,
and observer 4 was expertenced with reading immunoolots, but not DNA
colonv dlots

" Sens. denutivity: defined as the number of (rue povtives correctly
identifted/ 20 (Iotal number of trye positives); Spec. yped Nty defined as the
Aumber of true negatives correctly wentifted/20 (total numbder of true negs-
fivest.

Preparation of bintinyisted probes. DNA prohes to detect
EHEC, EPEC, EIEC. heat-labile enterotoxin (LT)-produc-
ing ETEC. and DAEC were prepared. The LT probe 13 a
I-kilobase BamHI fragment denved {rom pWD299 (12, 19,
23). Briefly, the Hincll fragment was removed from
pWD299. BamHI linkers were attached, and this fragment
was cloned into pACYCI84 and called pCVD403, The
EHEC DNA probe s a }.4-kilobase Hindll] fragment from
pCVD419(15). The EPEC adhererice factor (EAF) probe for
detecting EPEC 15 a l-kilobase Sail-RBumHI fragment de-
nved from stran E2348/69 (20). The EIEC probe 18 a
2.5-kilcbase Hindlll fraement of pSFSS denved from the
epithelial cell invasuiveness plasmud (pinv) of the EIEC strain
E. colt 11122, 27). The DAEC probe 13 a 190-base-pair Pl
fragment from pSLM862 cloned o pUCS (5).

The DNA probes were labefed with broun-7-JATP (Be.
thesda Research Laboratones, Gaithersburg, Md.) by mck
translation (18). Separation of unincorporated brotin-7-dA TP
from labeled probe DNA was not necessary. Immediately
pror Lo use, probes were denatured to singie strands of DNA
by boiiing for [0 min and then chilled on we 10 prevent
renaturation.

Hybridization. The processed filters were hvhndized over.
night at 42°C by a3 modificanon of the method of Sethabutr et
a. 121 i a hybndization solution containing 49 formam-
ide. 4 x Denhardt sotution (1 x PDenhart solution 1s 3 027
Freoil 4003, 0 027 polyvinylpyrroidone. and 0 017% bhovine
serum alhurmin, 4x SET butfer (1 ¢ SET butfer s 015 M
NaCl. 003 M Trs hydreehionde (pH 80], and 1| mM
EDTA), 0.7 codium dodecyl sulfate (SDS), 24 ug of
heat-denatured saimon sperm DNA per ml, and 40 ng of
probe DNA per ml (2 mi of hybodization solution per fiter)

After overmight hybndization, the itters were washed
twice for 3} mun m room temperature 2« SSC-0 170 SDS.
twice for 3 minn room temperature 1).2x SSC-0.1°% $DS,

3. CuN. Microsioe.

and twice at $0°C for 15 mn in 0.16x SSC-0.1% SDS
(BIUGENE Nonradioactive Nucleic Acid Detection System:
Bethesda Research Laboratonesi. Filters were then ninsed
three times in 250 mi of 2x SSC to reinove the SDS and
visuaiized immediately.

Visualization of hybridization reaction. Colony blots were
blocked for 1 h at 62°C in 3% bovine serum albumin (Sigma)
dissoived in buffer 1 (0.1 M Tris hydrochlonde (pH 7.5) and
0.15 M NaCl) prepared according to instruct:ons accompa-
nying the BIiuGENE detection system. It is important to
keep the temperature of the blocking solution below 65°C. or
it will gel and the filters wil not be usable. Filters were
placed directly into a solution of streptavidin-alkaline phos-
phatase (Bethesda Research Laboratories) at a concentre.-
tion of 1 ugmi in buffer 1 for 10 min at room temperature.
Excess streptavidin-aikaline ghosphatase was removed from
the colony blots by washing them twice in buffer 1. fotlowed
by equilibration in buffer 2 10.2 M Tris hydrochloride, pH
9.5:0.1 M NaCl; and 50 mM MgCi,). Posiive colonies were
idenufied by placing filters m 2 developing solution consist-
ing of 1.5 ug of Nitro Blue Tetrazohum (Bethesda Research
Laboratones) and 0.6 ug of S-hromo-4-chloro-3-indolylphos-
phate (BRL) per ml of buffer 2. The sugnal from positive
colonies was easily distingusshable from background in 1 to
34,

Blinded observers. All processed filters were coded and
given to four independent obeervers o be read. including
three obeervers expenenced n reading biotinylated DNA
probe blots and one expenenced 1n reading immuncassay
colony blots but not DNA blots.

Reuse of hybridizatica soluton. Colony blots containing 20
EAF or EHEC out of 40 colomes were prepared as descrnibed
above. The fiiters were idenucally treated with lysozyme-
sucrose followed by proteinase K (100 pg/mi) as descnbed
above in steps 1 and 2. The filters were hybndized one filter
at 2 time by using the wame hvbridization solution containing
either the EAF or EHEC probe at 40 ng/mi in a volume of 10
mi per filter. Filters were wathed and visualized as descnbed
above. Solutions containing DNA probes were stored at 4°C
between hybndizations

RESULTS

Lysozyme-sucrose versus proteinase K. The effects of pre.
treating filters with lysozyme-sucrose and proteinase K as a
preliminary step to hybndization with the EAF, LT, EIEC,
FHEC. or DAEC biouin-iabeled DNA probe are shown in
Table 1. Resulty vaned markedly. depending on the paruc-
ular probe. With two probes (LT and EHEC). high levels of
senunvity and specificity were obtained even without en-
zyme treatment (Fig. 1} However, the remaimng three
probes required that the filters be pretreated with at least one
enzyme to obtain satisfactory results, Friters hybndized with
the EIEC probe were not tauly read uniess they were,
pretreated with both lysozyme-sucrose and proteinuse K.
Thie s dlustrated in Fig. 2, which repreaents blots that were
either not pretreated (Fig. 2A) ur treated with both lyso-
zyme-sucrose and protemnase K (Fig. 2B) prore to Sybndiza-
ton with the EIEC probe.

Optimat proteinase K coocentrstion. Expenments were
pertormed to determine the jowest concentration of protemn-
ase K that would give satisfactory sensitivity and wpecificity
with alf five DNA probes (Tzkle 2). Following initial expo-
syre of the filters (0 lysozyme-sucrose, treatment with the
lowest concemtration of protermase K (10 wwmll gave as
atisfactory resuits overall as reatment with higher concen-
trations did (Tabie 2).
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Additional experimen's were carmed out to venfy the
reproducibility of the assay when low concentrations of
proteinase K were used. After initial treatment with lyso-
Zyme-sucrose. filters were exposed to 19 or 1060 ug of
protemnase K per mi prior to hybnidization with the LT.
EAF. or EIEC DNA probe. Resuits are shown in Table 2
(experiment 2). As before, the expenenced observers re-
corded satisfactory sensitivity and specificity with filters
treated with lysozyme-sucrose followed by proteinase K in
the lowest concentration of 10 ug/mi. The EIEC probe again
gave the least sausfactory results.

Reuse of hybridizetion solution. A final set of expeniments
was undertaken to show that the hybndization solutions
containing biotinylated probes can be reused (Table 3). EAF
and EHEC probes were used in these experiments. At an
initial probe concentration of 40 ng/ml. colony blots contain-
ing 20 EHEC colories were sequentially hybridized three
additional imes with the EHEC probe. with identical resuits
(100% sensitivity and specificity recorded by all four observ-
ers). Similar results were obtained with the EPEC probe 1n
four sequential hybridizations of cofony blot filters contain-
ing 20 EPEC strains.

DISCUSSION

Previous attempts to use biotinylated DNA probes for
colony blot hybndizanion have given mixed results (7, 9, 10,
11, 21). We set out to develop a simple. practical, low-cost
method for using biotinylated DNA probes to hybridize with
bacterial colony blots, so that laboratones of moderate
sophistication in less-developed countries can support epr-
demiologic studies. Subsututing Whatman no. $41 filter
papers for nitrocelluiose, as onginally suggested by
Sethabutr et al. {21), markedly lowers costs (30.10 for one
Whatman no. 541 filter versus $1.92 for one mtrocellulose
filter). Paper filters also simpirfy the procedure. since they
are much easier to handle than nitrocellulose and do not
require baking.

One potential probiem with biotinylated DNA probes in
screening colony blots 13 interpretation of the hybndiz: n
results in the face of nonspecific background color deveiop-
ment. Treatment of the colony blots with enzymes can
rzmove bactenal debns and improve the aquality of the
hybndizatons. Previous published protocols used protein-
ase K in concentrations from 200 wg/mi to 1| mgmi 9, 21).
However. unce protemnase K s guite costly. we sought to
venfy its usefulness. While such treatment was not required
fer two probes (LT and EHEQ), for the remaumng DNA
probes tested, the use of both lysozyme-sucrose and a low
concentration of proteinase K (10 ugmi) was indeed neces-
sary 1o achieve acceptable sensitivity and specificity (Tables
1 and 2).

Biotinylated DN A probes can be stored for long penods of
time without the instabiity that occurs with radioactive
probes, thereby making 1t theoretically possible to reuse
hybridization solutions contaiming brotin-labeled probes (Ta-
ble 3). Such reuse diminishes technician time, conserves
reagents and DNA probe fragrments, and simphfies the
procedtre by eliininating the need to prepare fresh hybnd-
1zation soiutions for each expenment.

Animportant practical lesson leamed from thece studies is
that. not surpnsingly. the prior expenence of the observer in
reading DNA hybnidizations markedly influences the sena-
tivity and specificity achieved 1n the assay. There was
extraordinary correlation among the resuits recorded by ihe
three independent obeervery expensnced in reading fiters
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hybridized with DNA probes. In contrast, the erratic resuits
of the observer expenenced in reading immunoblots but not
DNA blots underscore the need to include a period of
training for any observer chosen to interpret the processed
filters. We have successfully trained several visiting scien-
tists to become proficient in interpreting results of the
biotinylated probe method with 3 to 4 weeks of intensive
instruction. This includes comparing results of two replicate
sets of filters. one hybridized with a **P-labeled probe and
the other with a biotinylated probe, under the gaidance of an
experienced observer.

The colony blot hybridization protocol described here is
economical, gives reproducible and relatively easy-to-inter-
pret results, and allows one to capitalize upon the inherent
advantages of biotinylated DNA probes, such as their ease
and safety in handling and their long shelf life. Laboratories
with limited budgets and those that do not have the facilities
to use radioisotopes will benefit from this technique.
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ABSTRACT
Background. The incidence of diarrheal disease due to the six recognized categories of

diarrheagenic Escherichia coli was determined in two cohorts of children in a low socioeconomic
peri-urban community in Santiago, Chile whera virtually the entire population has access to potable
water.

Methods. Two cohorts of children wera followed by means of twice weekly household visits to detect
episodes of diarrheal disease. An age cross-sectional cohort was assembied by enroliing 340 children
(85 < 12 months, 85 12-23 months, 85 24-35 months and 85 36-47 months of age). A newborn cohort
was assembled by enrolling 10-12 newboms each month for 12 consecutive months. When an episode
ot diarrhea occurred, stool cultures were obtained on two consecutive days and E. coll colonies were
hybridized with non-radioactive DNA probes specific for enterotoxigenic E. ¢o, enteroinvasive £. col,
enteropathogenic E. coli, enterohemorrhagic £. coli, emteroaggregative E. coff and diffuse adherence E.
coli. For each child with diarrhea, E. coli colonies from stool cultures of a matched control without
diarrhea within the cohort were also tested.

Resuits. In both cohorts, enterotoxigenic were important pathogens. Expression of fimbrial colonization
factor antigens was markedly more common in isolates having both heat-!abile enterotoxin and heat-
stable enterotoxing or heat-stable enterotoxin alone compared with strains elahorating only heat-labile
enterotoxin. The age-related pathogenicity of enteropathogenic £. coli was particularly evident in the
newborn cohort where during the first year of lifg (0-11 month olds), EPEC were found significantly
more often in cases of diarrhea (21 isolations/314 episodes of diarrhea cultured) than in age-matched
controls (8 isolations/349 cuttures) (p = 0.011); beyond this age rates of isclation were similar betwean
cases and controls. In contrast, the relative risk of isolation of diffuse adherence E. cofl increaged with
aqe in the age cross-sectional cohort; the ditference in rate of isolation between cases and controls was
significant (p = 0.0024). Entsroinvasive £. coil and enterohemorrhagic E. cofi were Infrequently found.
Isolates of the latter possessed tha same virulence properties typically found in straing from patients
with the hemoiytic-uremic synarome or hemeorrhagic colitis. Enteroaggregative E. coli were encountered
with equal frequency between cases and controls in each cohont.

Conclusions. Overall, children in this low socioeconomic community suffered a relatively low incidence
of diarrhea (2.1 episodes per infant per year). Nevertheless, using DNA probes for detaction, a putative
E. coli diarrheal pathogen was found in a large proportion of the diarrheal episodes, particularty in
summar. Santa Julia is an attractive sita to undertake field trials of etfficacy of vaccines or other
interventions against enterotoxigenic £. coli or other categories of diarrheagenic E. coi.



INTRODUCTION

Diarrheal diseases constitute a major cause of morbidity among infants and young children in
the less-developed world (1). Identification of the etiologic agents associated with diarrheal disease in
well-defined pediatric populations allows the relative importance of the pathogens to be assessed in
different settings and can lead to prioritization of specitic interventions and of allocation of resources for
research (2-4). While it has been known for haif a century that some strains of Escherichia cofi can
cause infant diarrhea (5,6), only during the past 15 years has it become apparent that diarrheagenic E.
colt comprise a heterogeneous array of enteric pathogens which together can account for a
considerable proportion of diarrheal disease (7).

Currently, five distinct categories of Escherichia coli are recognized that are associated with
diarrheal diseasse, including enterotoxigenic E. coli (ETEC) (7), enteroinvasive E. coli (EIEC) (7),
enteropathogenic E. coli (EPEC) (7), enterchemorrhagic E. coli (EHEC) (7) and enteroaggregative E.
coli (EAggEC) E. coli (8-10); a sixth category, so-called diffuse adherence E. coli (DAEC) (11-13), may
also include diarrheal pathogens but fewer incriminating data are available. Each of the five main
categories of diarrheagenic E. coli possesses specific viruisnce properties such asg characteristic
interactions with intestinal epithelial cells (e.g., mechanisms of adgherence, microviilug effacement or cell
invasion) or elaboration of enterotoxins; many of these propertias require the presence of specific
virulence plasmids or phages (7). Isoiates within each category tend to fall within characteristic O:H
serotypes that differ by category (7).

ETEC

ETEC adhere to enterocytes by means of fimbral colonization factors and elaborate heat-labile
{LT) or heat-stable (ST) enterotoxins which result in watery diarrhea that can dehydrate infants. LT
closely resembles cholera toxin in structure and action, while ST is a small peptide (18 or 13 amino
acids). The maier colonization factor antigens {(CFAs) of ETEC include CFA/I and coli surface antigens
(CS) 1-6. CS1, CS2 and CS3 represent a family of antigens that comprise CFA/, while CS4, CS5 and

CS6 comprise the CFA/IV family of antigens. All CFA/II strains express CS3 either alzne or in




conjunction with CS1 or CS2. Similarly, all CFA/IV strains express CS6, either alone or in conjunction
with CS4 or CSS.

EIEC

EIEC closely resemble Shigella and likewise have the capacity to invade enterocytes and
multiply therein (14,15). EIEC also elaborate an enterotoxin that causes secretion of water and
electrolytes by the small intestine (16); some individuals infected with EIEC manifest dysentery
charactenized by passage of scanty stoois containing blood and mucus (17,18).

EPEC

EPEC have a chromosomal gene that encodes a 94 kD protein involved with intimate
attachment accompanied by effacement of microvilli (19); expression of the intimate attachment and
perhaps the microvillus-effacing factor is regulated by genes located on a plasmid {so-called EPEC
Adherence Factor or EAF plasmid) (20,21) that also encodes a bundle-forming pilus (I.e. fimbrial)
attachment factor (22). These virulence factors ara present Ir' EPEC of the major “classical” C:H
sarotypes that decades ago were incriminated as agents; of diarrhea. In young infants, EPEC cause
fever and mucoid watery diarrhea that can lead to dehydration { ) and is sometimes accompanied by
“toxemia” (23).

EHEC

Three virulence properties are recognized in EHEC: a plasmid-associated, fimbriae-mediated
attachment to epithelial cells (24), phage-encoded expression of potent Shiga-like ¢ytotoxins (25) and a
capacity to induca intimate attachment (26) (encoded by a gene sharing considarable homology with
the EPEC microvillus effacement factor) (27). Severe EHEC infection manifests clinically as afebrile
hemorrhagic cofitls (28) with some individuals going on to develop hemolytic-uremic syndrome ( ); in
milder cases EHEC causes watery diarrhea.

EAggEC

EAGQEC exhibit an aggregative pattern of adherence to HEp-2 cells in lissue culture and to

human intestinal mucosa (10,30-33). This unique attactment requires the presence of a virulence




plasmid (30,34) that also encodes a novel EAQGEC heat-stabie entarotoxin (EAST) (35). EAQGEC are
associated with diarrhea, particularly persistent diarrhea (lasting > 14 days), in children in less-
developed countries (8,9,13,36).

DAEC

DAEC are characterized by their fimbriae-mediated (11) pattern of adherence to HEp-2 cells
(10,31); the fimbrial subunit gene is located on the chromosome (11). Enterotoxin production by DAEC
has not yet been described. Studies to investigate DAEC as aygents of diarrhea have provided
contlicting data. DAEC have not caused diarrnea when fed to volunteers (37) and heretofore all field
studies (8,9,13,38) save one (12) have isolated DAEC equally from stool cultures of diarrhea cases and
matched controls. |

Detection of Dlarrheagenic E. coll

1t s logistically cumbersome and expensive to identity diarrheagenic E. coli by phenotypicaily
detecting virulence properties. Consequently, few comprehensive population-based surveys have been
undertaken to study the reiative importance and the epidemiologic characteristics of the different
categories of diarrheagenic E. coli. Heretotore, epidemiolegic studies have been limited to investigating
only one or a few of the categories of diarrheagenic E. coli (38-45) and have generally involved
relatively small numbers of subjects. The development of non-radioactive DNA probes that detect the
distinct categories of diarrheagenic E. coli with high sensitivity and specificity (46,47) has paved the
way for comprehensive, practical and economical epidemiclogic studies. HMerein we describe such a
study carried out in a low socioeconomic ‘evel pediatric population in Santiago, Chile.
MATERIALS AND METHODS
Study site

The periurban low sccueconomic community of Santa Julia in Area Oriente, Santiago has been
previously described in detail (48). The 133,909 inhabitants (of whom 31 percent are below 15 years of
age) live in ramshackle housing within an area of 12.3 km?. At the initiation of the study, a total of

15,525 children less than five years of age resided in Santa Julia, including 2,844 less than 12 months,
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2,811 from 12 o 23 months, and 9,870 from 2 to 5 years of age. The Chilean National Health Service
provides health care to 96 percent of the population of Santa Julia through a neighborhood heaith
center, the Consultorio Santa Julia. Out-migration is approximately 8 percent annually.

Virtually all households in Santa Julia have access to potable water (68 percent have an inside
tap); 64 percent of households havé an inside toilet, 34 percent have access to a toilet outside the
household and 3 percent are served by latrines (48). Less than one-half of households have a
refrigerator.

Study participants

Household surveillance cohorts

Two separate cohorts of children were prospectively followed with active househoid
surveillance, an age cross-sectional cohort and a birth cohort. Participation was restricted to. pediatric
subjects without chronic disease or serious congenital maiformations and was accompanied by
informed parental consent. The protocol was approved by the Ministry of Heaith of Chile and by ethics
committees at the University of Maryland School of Medicine, the World Health Organization and the
U.S. Department of Defense.

Age cross-sectional cohort. Participants in this cohort were a stratified sample of 360 Santa
Julia children under five years of age, 90 falling wiihin each one of four ags strata: less than 12 months
of age, 12-23 months, 24-35 months and 36-47 months of age. The sampling procedure to assemble
this cohort has been previously described in detail (48). The cohort was assembled in November, 1986
and survelllance for diarrhea due to E. coli began one month later {December, 1986). When children
reached 60 menths of age they were dropped from the study and replaced with children less than 12
months of age.

Birth cohort. Beginning in March, 1987, approximately 12 newborn infants each month for a
period of 12 consecutive months were enrolled in a birth cohort and prospectively followed until 24
months of age. The structure of this cohort, in contrast 1o the age cross-sectional cohort, assured that

ample surveillance data and laboratory specimens were available from young infants.



Survelliance for diarrhea In the cohorts

The household of each participating child in the two cohorts was visited twice weekly by a
trained public health nurse or nurse auxiliary who queried the caretaker about the occurrence of
diarrheal illness (48). Systematic questioning focused on the consistency, number, and character (i.e.,
watery, locse, bloody) of stools that occurred during each 24-hour period since the previous visit:
responses were recorded using a precoded questionnaire. Accompanying symptoms (e.g., vomiting
and lethargy) as well as objective signs of dehydration were noted and the rectal temperature was
recorded.

Oral glucose-electrolytes solution was provided by the nurse when appropriate. Criteria for a
child to be seen by the study pediatrician included signs of dehydration, high fever, marked tethargy, or
overt dysentery (bloed in stools). Children with dysentery or with persistent diarrhea (> 14 days)
received oral trimethoprinvsuttamethoxazole (49).

Survelilance for cases of dlarrheal Iliness In the consultorio and In the hospital

From Monday to Friday (the days when the consuftorio was open), a heaith auxiliary racorded
the visits of every child less than sixty months of age who visited Consultorio Santa Julia with a chief
complaint of diarrheal illness. The clinician caring for the child recorded the number and character of
stools, the presence of fever, vomiting, signs of dehydration and whether antibiotics were used.

The Caivo MacKenna Children's Hospital serves all of Area Oriente, including Santa Julia.
Hospital surveillance was maintained by sending a nurse on Monday through Friday to review all
hospital admissions for diarrheal iliness in the emergency room, infanttoddler and Infectious Disease
Unit services. A single stool culture (see below) was obtained from every hospitalized child coming
from the corm.unity of Samta Julia and clinical data were systematically collected until dischargs.
Clinicai definitlons

Diarrhea is defined as an overt change in the child's stool pattern, characterized by an increase
in the frequency (to at least three stools per 24-hour period) and a decrease in the consistency of

stools to an unformed state. Oysentery refers o loose stools that contain gross blood, with or without
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mucus.

An episode of diarrhea is considered to have commenced after 7 consecutive days without
diarrhea and to have ended on the first day that was fciiowed by 7 consecutive days without diarrhea.
Episodes of diarrhea associated with a particular category of E. coli are defined as diarrhea (ses:
above) accompanied by the isolation of diarrheagenic E. coli from coprocultures taken at the time of
illness. Asymptomatic infection due to the various categornius of diarrheagenic E. coli refers to isolation
of such E. coli from a child in the absence of diarrhea.

Selection of control chllidren

After the cohorts were assembled, each child was matched with another child of the same age
(within six months) and sex as a "one-way" control, as previnusly described (48).

Clinical specimens

When an episode of diarrheal iilness was detected, stool specimens or rectal swabs wers
obtained for bacteriologic culture on two consecutive days from the ill child; analogous specimens for
culture were obtained on the same two consecutive days from a predetermined age-maiched
asymptomatic control child in the cohort. A sample ot stcol on a cotton-tipped applicator stick, or a
rectal swab obtained by the nurse, was inoculated into a screw-top tube containing Cary Blair transpont
medium and kept in a styrofoam cooler with polyethylens glycol "cold packs® until amrival at the
laboratory. In general the samples reached the laboratory within several hours.

Laboratory methods

Stool specimens were inoculated onto MacConkey’s agar and incubated 18-24 h at 37°C.
Individual colonies (three per specimen) were sub-cultured onto trypticase soy agar and colonies wers
then transferred to Whatman fitter paper for subsequent hybridization with DNA probes; the colonigs
were also inoculated into Dorset egg slants and preserved for further testing at a later point, such as
serotyping and detecting colonization factor antigens. Microbiologic aspects of tha various DNA probes
employed have been described previously (13,46,50,51-54). Lactose-positive coliform colonies were

routinely examined with DNA probes to detect ETEC, EIEC, EPEC, EHEC, EAggEC and DAEC. ETEC




were identified using probes for heat-labile (LT) and heat-stable enterotoxins (ST) (13,46,50); EIEC
were identified using the probe for the 140 MD invasivensss plasmid (51); EPEC were detected using a
probe for the EPEC adherence Factor (EAF) plasmid (54); EHEC were screened for using the probe for
the 60 mD EHEC virulence plasmid (52) and positives were subsequertly tested using probes for
Shiga-like Toxin 1 and 2 (55); DAEC were identified using a probe for the gene encoding the subunit of
the fimbria that mediates ditfuse adherence; EAQQEC were detected using a probe for the EAggEC
plasmid (that encodes aggregative adherence and EAST). The ST probe was from a commercial kit
and consisted of a synthetic oligonucleotide linked to alkaline phosphatase (47). All the other probes
consisted of snecific cioned fragments of DNA that were purified, made single stranded and
biotin-labselled by the investigators for use as diagnostic reagents (46). Each filter to be hybridized with
a specific probe was spotted with 40 test colonies of E. coli and an appropriate positive and negative
control colony (46). Lactose-negative colonies were not tested with the EIEC probe. Previous studies
in Santiago showed that the vast majority ot EIEC are lactose-positive (56).

Fimbrial colonization factor antigen | (CFA 1), coli surface (CS) antigens 1-3 of the CFA/H family
and CS4-6 of the CFA/IV family and PCF Q159:H4 fimbriae were detected by colony blot immunoassay
(57) using monospecific antisera prepared in rabbits. O serogroups and H flagella serotypes were
identitied at the Canadian Centre for Disease Control, Ottawa, by standard tube agglutination
techniques (58).

Epidemiclogic measures

Within each age group, the incidence rate of diarrheal episodes due to the various categories of
E. coli per child per 12 months of observation was calculated by dividing the total number of episodes
of that category that were detected by the total child months of observation for children within that age
group and multiplying by 12.

Statistical methods

Rates were compared by Chi square or Fisher's exact test (two tails). Wilcoxon rank sum test

was used to analyze continuous variables.




RESULTS
Active survelllance of the age cross-sectlonal cohort

A total of 1178 episodes ¢f diarrhea were detected in the cohort during 30 maiiths of follow-up
between December 1, 1986 and May 31, 1989. In 1081 (92 parcent) of these episodes, stool samples
were tasted for the presence of diarrheagenic E. coii; in 1047 of these 1081 episodes, stool samples
tfrom matched controls were also tested. Table 1 shows the identitication of diarrheagenic E. coli by
probe technique from cases of diarrhea and controls tested during this 30 month pericd of observation.

ETEC

ETEC infections were common in the age cross-sectional cohon, being associated with 12.3
parcent of cases overall. The rate of isolation of ETEC from cases (133/1081, 12.3%) was significantly
greater than from controls (74/10€3, 7.0%) (p = 0.000039). ETEC diarrheal infections peaked in the
warm months of the year (Table 1). In the summer months of December through February, a total of
65 episodes of ETEC diarrhea were recorded during 2974 summer months of observation (2.2
cases/100 mos), while in the cool winter months of Junse through August, only 8 episodes of ETEC
diarrhea were observed durning 2024 months of winter surveillance (0.4 cases/100 mos) (p = 0.00001).
The incidence of ETEC diarrhea by age group in this cohort is shown in Table 2 along with the
incidence rates of diarrhea associated with the other categories of diarrheagenic E. coll. The highest
incidence of ETEC diarrheal illness occured in the first year of life and diminished slightly but steadily
thereafter with increasing age. These data suggest that during the first two years of life in Sa~la Julia a
child has a 50% likelihood of experiencing an episoda of ETEC diarrhea and by five years of age this
becomes a 30% likelihood.

ETEC Infections analyzed by toxin profile and by age are shownin Tabia 3. ¢ e 133
episodes of diarrthea associated with ETEC, 31 (23%) yielded LT/ST strains, 34 (26% anly strains
and 66 (50%) LT-only strains; two cases yielded both LT-only and ST-only isolates {(1.5¢.  The highest
relative risk of isolation between cases and controls was seen with LT/ST straing (RR = { Ta..2 3),

followed by ST-only strains (RR =2.2); the relative risk for LT-only strains was only 1.4.
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CFA typing was parformed on isolates from the first 96 of the 133 episodes of ETEC diarrhea
detected in this cohort. Three of these infections yieided more than one ETEC strain (one child had a
combined 0128:NM,CS2/CS3 plus Q153.:H45,CFA/ infection, the second child had infection with both
an ST-only strain expressing CFA/IV plus an LT-only strain without CFAs and the third child had dual
infection w.itn LT/ST and ST-only strain, neithar bearing CFAS), whereas only a single ETEC strain was
identitied In the remaining 93 infectior.3. Among the episodes caused by single ETEC strains, a fimbrial
CFA was expressed in 41 of the 93 (44%) overall. CFA exprassion was closely cCrrelated with toxin
type, being found in 19/19 {100%) of the LT/ST infections and 6/28 (57%) of the ST-only infections tut
in jus® 8/46 (13%) of the LT-only ETEC infections. In these 41 ETEC episodes whare tho implicated
strairs ware found 10 exprass CFAs, the CFA/II famity was most common {25/41, 61%), followed by
CFA/N (11/41, 27%) and finally the CFA/IV family of antigens (5/41, 12%). Among 1@ isolates
expressing one or mere antigens of the CFA/H family, the combinations of CS1 and CS3 or CS2 and
CS3 were encountered with equal frequency (44% each), whereas only 12% expressed CS3 alone. In
contrast, among the live episodes caused by isolates expresgsing CFA/IV antigens, four were due to
straing bearing CS6 alone, while one infection was caused by a strain axprassing CS5 and CS§; no
infections in thig cohort were due 10 strains axpressing both CS4 and CS6.

ETEC isolates from a proportion of the first 94 ep.,odes of ETEC diarrhea in this cohort were
serotyped. The most common O H types included O8:H18 (Ne16), O8.NM (N=15) among the LT/ST
isotates, and 0128 NM (N=14) and 0153 H45 or O153.:H non-typable (N7) anv.ng (he ST-only strains.

EPEC

EPEC diarrheal iinass s known to be largely confine to infants lass than six months of age
{23), an age group not well represented in this cohort. Ovaerall, there was no signiticant differance in
the rate of isolation of EPEC betwaen cases and controls (Tables 1 & 4), as would ba expected in this
¢ohort containing mainly toddlars and preschool children. Nevertheless, the difterence in tha ratg of
isolation of EPEC between cases and controls in this cohont (20/162, 12.3% versus 107159, 8.3%) in

infants below 12 monthsg of age approache-d signdicanca (p = 0.09) (Table 4); this 0-11 month age
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group also manifested the highest relative risk (RR = 2.0).

The incidence of EPEC-associated diarrhea is shown in Table 2. Isolations of EPEC were
more common in summer months (Table 1).

EIEC and EHEC

EIEC and EHEC intections wera relatively uncommon (Table 1). The isolation of EIEC and
EHEC in retation to age is summarized in Table 4 and the incidence by age is shown in Table 2.
Overall the rate cf isolation of EHEC was low in all age groups and was simi!ar in cases and controls
(Tabie 4). Of the 16 EHEC strains isolated from cases of diarrhea using the EHEC virulence plasmid
probe, 13 were available for tasting with probes that detect SLT1 and SLT2; 10 of the 13 were positive
(4 SLT1, 3 SLT2 and 3 positive for both). EIEC were isolated more often from cases than controls but
the difference was not significant. However, an age-specific pattern was discomed (Table 4). Among
infants and toddlers below 24 months of age, the rate of isolation of EIEC In cases (11/443, 2.5%) and
controls (11/434, 2.5%) was identical (RR = 1.0). In contrast, among children 24-59 months of age, an
age group in which EIEC infections are purporied to be clinicaily important (58a), EIEC were found
mora often in cases {20/638, 3.1%) than in controis (9/829, 1.4%) (p = 0.059) (RR = 2.2).

DAEC

DAEC Infections were common, being isolated from 16.6 percent of cases and from 11.9
percent of controls: this difference was statistically significant (p = 0.0024). DAEC exhibited the same
seasonal pattern as ETEC, being notably more common in the warm season (Table 1). The
pathogenicity of DAEC appeared to increase with ago as suggested by the increasing rolative rigk with
increasing age (Table 4). In the youngest age group (0-11 month olds), the relative rzk for isciation of
DAEC was 1.1 but rose steadily in subsaquent age groups to reach a vatue of 2.1 in children » 48
months of age.

EAQQEC

EAgQEC were not isolated with greater frequency from cases than from controls. One hundred

and three of the 1081 episodes of diarrhea whera E. coli were tested with probes wera parsistent
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(9.5%). EAQQEC were assodiated with 17 of these 103 episodes (16.5%); of the 96 matched controls
that were tested, EAQQEC were isolated from the stools of 24 (25%).
Newborn cohort

Table 2 summarizes the child months of observation of children in this cohont, by age group,
and provides the number of episodes and the incidence of diarrhea due to each category of
diarrheagenic E. coll.

ETEC

The epidemiology of ETEC diarrheal infections in the newbom cohort was found to resemble
remarkably the pattern seen in the age cross-sectional cohort. ETEC were associated with 8.2 parcent
of all diarrheal episodes in the newbom cohort, an isolation rate significantly higher than found in
controls (3.0%) (p = 0.00001) (Table 5). Beyond five months of age, the incidence of ETEC diarrhea
was similar for all age groups. The relative trequency of the ditferent emerotoxin fsatterns among
isolates from cases in this cohort was similar to the crcss-sectional cohort. LT-only strains were found
in 41% of cases, ST-only straing in 37% and LT/ST strains in 11%; the remaining 11% of cases yielded
both LT-only and ST-only strains.

EPEC

in this cohort followed from birth, it was possitle to examine closely the epidemiology of EPEC
diarthea. COver the entire period of surveillance, which included follow-up of all children until at least 24
months of age, the isolation of EPEC from cases (31 Isolations from 662 episodes cultured) was not
significantly ditfarent from controls (20 Isolations among 658 cuttures) (p = 0. ) (Table 5). However, in
this cohort one can clearty discern the relationship between age and pathogenicity of EPEC. During
the first year of lite (0-11 month olds), EPEC were found significantly more often in cases of diarrhea
{21 Isolations/314 episodes of diarrhea cuftured) than in the age-matched controls (8 Isolations/349
cuttures) (p = 0.00 }. in contrast, the rate of isclation between cases and controis in children above 11
morths of age was quite simlar (10 isolations among 348 diarrheal episodes cultured) versus 12

isolatiors among 340 controls cultured) (p = NS).
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EIEC, EHEC, DAEC and EAQQEC

In the newborn cohort EIEC were uncommon and were recovered in a similar rate from cases
and controls (Table 5). EHEC infections were also uncommon and were found slightly more often in
controls than in cases. As in the age cross-sectional cohort, DAEC were common but in the newbom
cohort they were recovered equally in stool cultures of cases and controls. Overall, EAQgEC were
isolated at the same rate from cases of diarrhea and matched controls. A total of 77 of the €62
episodes of diarrhea In this cohort were persistent and 12 of these (15.6%) were associated with
EAQQEC. However, EAggEC were also recovered from 10 of the 77 matched controis without diarrhea
(13.0%). Thus, in this cohort, EAQQEC was not significantly agsociated with persistant diarrhea.
Consultorio and hospital surveiilance

ETEC

The isolation of ETEC from children with diarrhea cared for at the consultorio or the hospitai is
shown in Table 6. Several points are worth making. First, among these more severely iil children
detected by passive surveillance, ETEC infections constituted approximately the same proportion of all
diarrhea cases as was seen in the cohorts whera cases were actively detected by household visits.
This point is illustrated in Table 6 where bacteriologic methods have been standardized by comparing
results of the first stool cutture (of the two consecutive daily cultures) obtained {rom children in the age
cross-sactional cohort with results of the single stool culture obtained from children with diarrhea seen
in the consultorio or hospital. In this analysis, one rotes that within any given age group the rate of
isolation of ETEC from cases of diarrhea is remarkably similar (circa 8%), Irrespective of where the
case was found.

Isolations of ETEC in the consultorio and hospital were more common in summer months. The
distribution of enterotoxin types in ETEC isclated from patients cultured at the consultoro and hospital
is the same as encountared in the activaly followed cohorts. For exampls, of the 120 cases of ETEC
diarrhea identified among children attending the consuitorio, 54 cases {45%) had LT-only, 50 (42%) had

ST-only and 16 (13%) had LT/ST infections. The distnbution of CFAs was quite similar 10 what was
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found among straing isolated from children with diarrhea in the age cross-sectional cohort. Sixty-seven
% of the LT/ST isolates and 82% of the ST-only isolates expressed known CFAs, compared with only
7% of the LT-only isolates. Of all the isolates from the hosgital and consultoric with known CFAs, 50%
were CFA/L, 45% were CFA/II family and 5% were of the CFA/IV family,

EPEC, EIEC, EHEC and DAEC

The rate isolation of EPEC, EIEC, EMEC and DAEC in children with diarrheal iliness attended
in the consultorio and the hospital are summarized in Table 6 where they are compared with children
followed in the age cross-sectional cohort. Only among children less than 12 months of age are the
numbers adequate to compare all three sampling sites. The data suggest that EPEC infactions
constitute a higher proportion of hospitalized cases of diarrhea than diarrhea seen in the consultorio or
detected by household visits. With the other categories, there were either 100 few cases for
comparison or there were no convincing trands.
DISCUSSION

Non-radioactive DNA probe methodology was successfully transferred to a kcal university
microbiology laboratory in Chile. As a consequence, this laboratory in a develoging Country was able to
process the large number of spaecimens necessary 1o allow a comprehensive study of the epidemiology
of infections due to the ditferent categores of diarrheagenic E. coli. Applicatior: of the identical
diagnostic methods to E. coli isolates denived from two reiatively large and distinet, actively-foliowed,
cohorts of children (one age cross-sectional and the other a birth cohort), as well as io isolates
systematically obtained from patierts attending the consulterio and the children's hospital that serve
Santa Julla, previde a broad perspective to the study. Another relevant teature of ti'e study is that all
the recognized cateqories of diarrheagenic £. coli were sought.

We observed that a notabie proportion of the episodes of diarrhea In Santa Julia children during
summer are due to ETEC and the difterence in rate of isolation betwesn cases and controls was highly
signiicant. These data corroborate seroepidemiologic studies repornied several years ago {59) which

showed that among Santiago children 3-5 years of age the prevalence and mean titer of LT antitoxin (a
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measure of past infection with LT-producing ETEC) are high and are similar to those found in
Bangladeshi children of the same age. It should be pointed out that several pravious studies of
diarrheal disease in Latin America (28,29) failed to show a significant ditference in the rate ot isolation
of ETEC in cases as compared with controls.

Considerable microbiologic, clinical and epidemiologic evidence suggests that LT/ST strains are
more pathogenic compared with ETEC strains of other toxin types. A large proportion of LT/ST strains
express recognized fimbrial colonization factors and fall within a limited array of O:H serctypes (7).
Indeed, molecular epidemiologic investigations demonstrate that many LT/ST strains constitute
worldwide clones (62,63,63a). Consistent with these observations, most of the LT/ST isolates from
Santa Julia were found o express known fimbrial colonization factors. Fimbrial colonization factors
generally occur in a much smaliler proportion of ST-only strains (64,65), as was seen in this study.

LT-onty strains are quite heterogeneous with some being considsred pathogenic and others
not. Cenrtain LT-only isolates are clearly derived from LT/ST strains following loss of a virulence
plasmid that encodes ST and a CFA (68). Repetitive passage of LT/ST strains in the laboratory leads
to loss of CFA plasmids from some straing (64). ETEC strain H10407P (O78:H11, LT-only) was
derived from ETEC strain H10407 (O78:H11, LT/ST, CFA/) following sponaneous loss of a plasmid
that encodes ST and CFA/l (68). Feeding studies in volunteers showed that the LT/ST parent strain
(H10407) caused diarrhea while the LT-only derivative (H10407P) did not (69). LT-only strains of this
nature can often be deduced by their O:H serotype.

Certain LT-only strains are inherently pathogenic. One such LT-only strain, E2528-C1
(O25:NM), that was epidemiologically Incriminated as the etiologic agent responsible for an outbfeak of
diarrhea on a cruise ship (70), caused definite (albeit mild) diarrheal iliness when fed to volunteers (71).
It was subsequently found that this strain expresses CS6. A new fimbrial colonization factor, CS17, has
have been identified in LT-only strains of serotypes O114:H21 (72). Finally, it is believed that the
majority of remaining LT-only strains, which fit neither of the above descriptions, are either non-

pathogenic or of marginal pathogenicity.
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Previous studies of ETEC diarrhea in Latin America have usually found LT-only strains to be
the most corﬁmon toxin type and have reported that the rate of isolation between cases and contro:s is
not significantly ditferent (61,72). In Santa Julia, LT-only strains comprised the most common
enterotoxin profile. With the large samples involved in the Santa Julia study, the difference in rate of
isolation of LT-only ETEC between cases and controls was statistically significant (p = 0.05, in the
newbom cohort) or near significant (p = 0.07, in the age cross-sectional cohort). As a point of
comparison, the difference in rate of isolation of LT/ST strains and ST-only strains between cases and
controls was highly significant (Tables 3 & 5), generally supporting the concept of greater pathogenicity
of these strains. In this context, one might have expected to find a higher proportion of LT/ST and ST-
only isolates among cases seen in the consuliorio and hospital, since these originate from more
severely ill cases; however, this was not the case (Table 7).

Results of challenge studies in volunteers (74,75) and experiments in animal models (76) with
carefully characterized strains of EPEC, in conjunction with the recent identification of novel virulence
properties (19,20,22), provide incontrovertible evidence that EPEC cause diamrheal iliness.
Nevertheless, one should recall that in the early 1970s fierce controversy raged over the question of
whether or not EPEC were in fact diarrheal pathogens (23,75-79). In that period, the argument largely
stemmed from contlicting interpretations of reports of studies where differential rates of isolation of
EPEC from cases and controis were compared (79). in their review of the epidemiology of EPEC
diarrhea, Levine and Edeiman (23) reported that casescontrol studies generally only show a significant
difference in Isolation rates of EPEC when children less than 12 months of age are examined. The
prospective surveillance of two pediatric cohorts in Santa Julia provides compelling data to support this
thesis and confirm the imporiance of age in relation to the pathogenicity of EPEC. In the newbomn
cohort the difference in rate of isolation of EPEC between cases and controls was highly significant in
infants below 12 months of age but not in oider children (Table 5). Even in the age cross-sectional
cohort, whare the age structure provided only fimited d'ata on infants less than six months of age, there

was a marked ditterence in rate of isolation of EPEC between cases and controis among infants < 12

17




months of age (Table 4).

EIEC Infections were not common, being associated with only 2.9% of episodes in the age
cross-sectional cohort and with only 1.7% in the newborn cohort. Such rates of isolation are similar to
what Taylor et al (78) reported among infants and young children with diarrhea who visited a health
care facility in Bangkok. In the two cohorts in Santa Julia the rate of isolation of EIEC was always
higher in cases than in controls but the differences overall did not reach significance; only in children >
24 months of age in the cross-sectional cohort did the difterence approach statistical significance. In
this same cohort, Shigella infections, which resemble EIEC in pathogenesis, were three-fold more
common than EIEC infections (48).

The hemolytic-uremic syndrome is a well-recognized pediatric entity in Chile (80,81), aithough
the disease is not hyper-endemic as it is in neighboring Argentina (82). Little is known about either the
bovine or the human reservoir of EHEC in Chile or about the frequency of occurrence of EHEC
diarrheal infections (81). The study in Santa Julia demonstrates that intestinal infection with EHEC
occurs but is quite uncommon; EHEC were the least frequently encountered category of diarrheagenic
E. coli. The rate of isolation was similar in cases and controls.

Prefiminary analysis of the EHEC Isolated from diarrhea cases reveals that they camry phage-
encoded genes for the expression of Shiga-like toxin 1 or 2 (or both). Thus, the Santa Julia EHEC
strains appear capable of causing clinically more severe forms of illness such as hemorrhagic colitis or
hemolytic-uremic syndrome. Increasing evidence suggests that genetic host factors determine whether
EHEC-infected individuals will manifest clinically severe forms of iilness such as hemorrhagic colitis and
hemolytic-uremic syndrome. Under any circumstances, the study demonstrates that human EHEC
infections occur in Santa Julia, aibeit at low Incidence, and these Infected individuals may comprise a
human reservoir for further transmission.

Currently, there is much debate over whether DAEC (defined either phenotypicaily by diffuse
adherence to HEp-2 cells or genotypically by harboring DAEC fimbriae genes) cause diarrhea. In one

field study DAEC strains were isolated significantly more cften from cases than from controls (12) In
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other studies (8,9), including one from Chile (13), they have been found with equal frequency in both
cases and controis. A DNA probe was developed to identify DAEC based on dstecting the subunit
gene for the fimbria that mediates diffuse adherence (11); Levine et al (13) showed the probe to be
moderately sensitive and highly specific. Volunteers fed the prototype DAEC strain from which the
DNA probe was developed failed to manifest diarrhea, despite ingesting up to 10'° viable bacteria with
butfer (37).

The data from Santa Julia shed soma light on DAEC as enteropathogens. Overall, the
difference in rate of isolation between cases and conirols in the age cross-sectional cohort was
significant (p = 0.0024) but the overall relative risk was only 1.4. However, as sesn in Table 4, the
relative risk appeared to steadily increase with age to reach a value of 2.1 in children > 48 months ot
age. Thus, DAEC may be more impontant as a diarrheal pathogen in older children. It is of interast
that DAEC infections showed the idsntical seasonality pattern as ETEC infections, a well-accepted
enteropathogen. The data from the age cross-sectional cohort in Santa Julia, generated using a DNA
probe rather than with the HEp-2 assay, constitute the strongest epidemiclogic evidence so far to
indicate that DAEC may indsed be pathogenic. There was no significant difference in isolation rate of
DAEC between cases and controls in the newbomn cohort. However, a differance would not be
expected in this cohort it DAEC are primarily pathogenic for older children. Qur interpretation of the
existing data leads us to conclude that the DAEC fimbria gene probe broadly identifies a category of E.
coli that includes some strains capable of causing diarrhea. However, we surmise that there must exist
additional virulence properties, such as entarotoxins, present in the strains capable of causing diarrheal
illness. Elucidation of these hypothetical additional virulence propertias and diagnostic tests to detect
their presence would allow more specific identification of DAEC pathogens.

Enteroaggregative E. coli (EAQQEC), the newest category of diartheagenic E. coli (8-10,30,31)
has been incriminated as an important cause of persistent diarrhea, a syndrome which carries a poor
prognosis when encountered in children in less-developed countries. While the first report associating

EAQQEC and pediatric diarrhea was carried out in Santiago, Chile (13), in the current study no
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significant association was found, either for diarrhea overall or for persisient diarrhea. In the original .
report from Chile in which EAgGgEC were incriminated, the ill children were seen in hospital and in a
heaith center and the identification of EAggEC was made by HEp-2 cell assay. In this study EAgQEC
were sought only in children followed with active surveillance via household visits (which generally
detects milder ilinesses than clini~-based passive survaillance) and EAggEC were identified using a
ONA probe that detects the EAgGEC virulence plasmid. it is also possible that the failure to encounter
EAggEC significantly in association with diarrhea is due to year to year secular varations.

In analyzing the incidence rates of diarrheal illness due to the different categories of
diarrheagenic E. coli in Santa Julia and in comparing these data to reports frem other geographic
areas, one must keep In mind the particular characteristics of this fleld site in Santiago. Santa Julia is
representative of peri-urban communities undergoing rapid development. While housing is ramshackie
and households are severely crowded, virtually ail households in Santa Julia have access to
bacteriologically-monitored water (68% have water taps inside) and 64% of househoids have a toilet
inside the home. Thus, the high incidence of ETEC and EPEC diarrhea obssrved in Santa Julia
demonstrate that considerable transmission of these pathogens is occurring despite the availability of
potable water. This points to the likelihood of contaminated food serving as vehicles of transmission to
children. The tact that more than haif the households in Santa Julia lack a refrigerator to preserve food
when ambient temperatures are high and that the seasonal peak of ETEC, EPEC and DAEC diarrhea
occurs in summaer are compatible with food-borne transmission.

As one might anticipate in a poor community to which bacteriologically-controlled water has
been provided, the overall incidence of pediatric diarrhea in children in Santa Julia (48) is low o,
compared with reports from less-develops d regions of South America (40,41). Nevertheless, a high
incidenca of shigeliosis persists in Sar.a Julia along with the relatively high incidence of diarrheal
illness due to certain categories .1 diarrheagenic E. coli as quantitated in this report. This emphasizes
that additionat interventions and infrastructure will have to be instituted in order to diminish further the

transmission of bacterial enteropathogens. A particularly important advance may be the acquisition of a
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means tc refrigerate food. Vaccines against certain categories of diarrheagenic E. coli, such as ETEC,
might constitute a relevant intervention for the pediatric population of Santa Julia. Moreover, Santa

Julia is an attractive site to undentake field trials to assess the efficacy of such vaccines.
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TABLE 3. Isolatlon of enterotoxigenic E. coll In cases and controis, by age group, In an age
cross-soctional cohort of children under active household survelllance: Santa Julla, Santlao, Chile,
December 1, 1986 to May 31, 1989

Category Age

of Group p

E. coll {mos.) Cases Controls value AR

All ETEC*
0-11 22/162  (13.5%) 10/159 (6.3%) 2.1
12-23 34/281  (12.1%) 24/275 (8.7%) 1.4
24 - 35 35251 (13.9%) 13/249 (5.2%) 2.7
36 - 47 28/230 (12.2%) 17/223 (7.6%) 1.6
> 48 14/157 (8.9%) 10/157 (6.4%) 1.4
TOTAL 133/1081 (12.3%) 74/1063  (7.0%) 0.000039 1.8

LT/ST

strains 0-1 31162 (1.9%) 17158 {0.6%) 1.2
12-23 8/281 {2.8%) 5/275 (1.8%) 1.6
24 - 35 9/251 (3.9%) 2/249 {0.8%) 49
38 - 47 7/230 (3.0%) 2/223 {0.9%) 3.3
> 48 4/157 (2.5%) 2157 (1.3%) 1.9
TOTAL 31/1081  (2.9%) 9/1063 (0.8%) 0.00087 3.6

ST only

strains 0- 11 71162 (4.3%) 2/159 (1.3%) 3.3
12-23 8/281 (2.8%) 5/275 (1.8%) 1.8
24 - 35 10/251  (4.0%) 2/249 (0.8%) 5.0
36 - 47 5/230 (2.2%) 4/223 (1.8%) 1.2
> 48 4/157 (2.5%) 2157 (1.3%) 1.9
TOTAL 34/1081 (3.1%) 15/1083  (1.4%) 0.011 2.2

LT only

strains 0-11 12162 (7.4%) 6/159 (3.8%) 1.9
12-23 18/281  (6.4%) 171275 {68.2%) 1.1
24.35 16/251  (6.4%) 8/249 (3.2%) 2.0
36 - 47 14/230 (6.1%) 9/223 (4.0%) 1.5
> -48 &/157  (3.8%) 8157 (3.8%) 1.0
TOTAL 66/1081 (6.1%) 46/1063  (4.3%) 0.080 14

AR = relative risk

In two of the 133 episodes of ETEC diarrhea both LT-only and ST-only strains were isolated.
Similarty, from four of the 74 controls whosa cuttures yielded ETEC, both LT-only and ST-only strains
were isolated. These isolations ars included in the totals but are excluded from the sub-analyses
by toxin profile shown in this table.




TABLE 4. Isolation of diarrhesgenic E. coll In cases snd controls, by age group, in an age cross-sactional cohort of
children under sctive houseshold survelliance: Santa Juila, Santlago, December 1, 1938 lo May 31, 1989

Catogory Age
of Group .
E_coli (mos.} Cases Controis BR_
ETEC*
0-11 22/182" (13.6%) 10189 8.3%) 22
12-23 34/281 (12.1%) 24278 (8.7%) 1.4
24-38 35/251 {13.9%) 137249 {5.2%) 27
3R -47 28/230 (12.2%) 17/223 (7.6%) 1.8
> 48 14157 (8.9%) 10/167 8.4%) 1.4
TOTAL 133/1081 {12.3%) 74/1083 {7.0%) 1.8
EPEC
o-Nn 20/162 (123%) 1/159 {8.3%) 20
12-23 12281 (4.3%) 117278 {4.0%) 1.1
24-38 71281 (2.8%) 107249 {4.0%) 07
38-47 §/230 (2.2%) sR23 {2.2%) 1.0
2 48 w187 (1.8%) 1187 {0.8%) 32
TOTAL 47/1081 (4.3%) 3711063 (1.5%) 1.2
EIEC
o-1 3/182 (1.9%) 4159 {2.5%) 08
12-23 8281 (2.8%) 7278 {2.5%) 1.1
24-38 8/251 (2.4%) 249 {1.6%) 15
38- 47 8230 (3.5%) 223 {1.3%) 27
> 48 6/157 (3.8%) 2187 (1.3%) 29
TOTAL 31/1081 (2.9%) 2001063 (1.9%) 1.8
EHEC
0-11 4182 {2.5%) V189 (1.9%) 1.3
12-23 87281 (1.8%) 778 (2.5%) 07
24-35 281 (0.8%) 249 (1.6%) 08
38 - 47 3/230 {1.3%) A3 {0.9%) 1.4
> 48 2157 (1.3%) 87 (2.5%) 05
TOTAL 16/1081 (1.5%) 20/1063 (1.9%) 08
DAEC
0- 11 20/162 (12.3%) 19158 {11.3%) 1.1
12-23 51/281 (18.1%) 417275 (14.9%) 1.2
24-35 44/251 (17.5%) 317249 (12.4%) 1.4
38 - 47 33/230 (14.3%) 21223 (9.4%) 1.5
2 48 31187 (19.7%) 15157 {8.6%) 21
TOTAL 179/1081 (16.6%) 126/1063  (11.9) 1.4
EAQQEC
0-Nn 43182 (28.5%) 3159 (21.4%) 1.2
12-23 817281 {18.1%) 68278 (24.6%) 0.7
24 .38 371251 (14.7%) 48/250 (18.4%) DR
36 - 47 271230 (11.7%) 23 (14.3%) 08
> 48 19/158 (12.2%) 19158 (12.2%) 1.0
TOTAL 177/1080 (16.4) 199/1064 (18.7%) 08

RR « relative risk
* Al ETEC infections of any toxmn profile (e, LT/ST, LT or ST.)
** No. positivarNo. of apisodes from which E. coli were esied by DNA probes.
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