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A multi-faceted program of applied research has been undertaken in collaborati
vith the Ministry of Health of Chile iuntended to lead to control of erdemic
typhoid fever in Santiago, Chile. These studies include: 1) Maintenance of
prospective field trials evaluating the efficacy of Ty2la live oral typhoid
vaccine given in various formulations and immunization schedules. 2) The fir:
evaluations of Ty2la vaccine in infants and pre-school children. 3) Develop-
ment of a new enzyme-linked immunosorbent assay (ELISA) to measure Vi antibod:
and its use as a serologic screening test to identify chronic tvphoid carrier:
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SOMMARY

A multi-faceted program of applied research was undertaken in
collaboration with the Ministry of Bealth of Chile i»ntavhd to lead to
control of endemic typhoid fever in Santiago, Chile. Information derived
fram these studies is directly applicable to the prevention of typhoid
fever in United States military personnel deployed in endemic areas.,
During the life of the contract, activities that were emphasized included:
1) Studies of the epidemiology of endemic typhoid fever in Santiago,
including descriptive epidemiclogical analyses, case/contral studies,
family-based studies, sercepidemiologic studies and studies to quantitate
the occcurrence of Salmenella typhi bacteremia in young children.
2) A quantitation of the magnitude of the reservoir of chronic S. typhi
carriers in Santiago.
3) Evaluation of a seralogic screening test to detect chronic S. typhi
carriers in an endemic area (Santiago), based on measurement of passive
hemagglutination antibody to highly purified Vi polysaccharide an'tigm.
4) Develgmment of a new enzyme~linked immunosorbent assay (ELISA) to
measure Vi antibodies capable of processing large mmbers of sera and its
use as a seralogic screening test to identify chronic typhoid carriers.
5) Evaluation of oral antibioctic regimens to eradicate the diranic typhoid
carrier state without resort to surgery.
6) Envirommental bacteriologic studies to detect the presence of S. typhi
in irrigation waters and other surface waters incriminated
epidanioiu;iany in the transmiseion of typhoid fever.
7) Clinical bacteriology studies comparing the sensitivity of hlood, bone
marrow and duodenal string cultures in the isolation of S. typhi fram

v;ntia\ts with suspect typhoid fever.
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8) Molecular analys=es of S. typhi strains fram Chile for the presence of
plasmids and examination of "'e electrophoretic patterns after cutting the
plasmids with restriction endomucleases.

9) Initiation of faur large-scale field trials of live oral typhoid
vaccine Ty2la to assess the efficacy of varicus formulations and
immunization schedules.

10) The first evaluations of Ty2la vaccire in infants and pre-school
children.




ﬂ FOREWORD

~ For the provection of human subjects the investigator(s) bave
adhered to policies of applicable Federal Law 45CFR46.




TARLE QF CONTENTS

SOMMARY PAGE
I.  INTRODOCTION 8
II. EPIDEMICLOGIC STUDIES OF ENDEMIC TYPHOID FEVER 10
A. Descriptive Studies : 10
B. Case/Control Study 10
C. Pamily-gagsed Studies 10
D. Typhoid Fever in Infants 10
III. STUDIES OF CHRONJC TYPHDID CARRIERS n
A. The Prevalence of Chronic Typhoid Carrriers among Persons with
Chranic Gallbladder Disease in Santiago, Chile. 11
B. A Precise Estimation of the Prevalence of Crronic Typhoid
Carriers in Santiago 11
C. Serologic Screening to Detect Chronic Typhoid Carriers in an
Endemic Area 12
D. Develogment of an ELISA to Measure Vi Antibody and its U;ility
as a Serological Screening test for Chronic Typhoid Carriers 12
E. NonmSurgical Domiciliary Treatment of chranic Typhoid Carriers
with a 28 Day Course of Amxicillin and Probenecid 12
P. NomSurgical Antibiotic Therapy of the Chronic Typhoid Carrier
State using Oral Ciprofloxacin 13
I'. ENVIRONMENTAL BACTERIQLOGY STUDIES 14
A. Recovery of S. typhi fram Epidemialogically-Incriminated
Surface Waters 14
B. Standardization of the Sensitivity of Moore Swabs for Isolating
S._typhi fram Environmental Sources 15
V. CLINICAL AND MOLECULAR BACTERIOLOGIC STUDIES OF S. TYPHI 15
A. Clinical Bacteriology Studies 15
B. Molecular Analyses of S. typhi 15

4




Y

L u omn oo

Po- "

TABLE OF CONTENTS

(continued)

PAGE

VI. FIELD TRIPLS OF SFFICACY OF LIVE (RAL TYPHOID VACCINE TY2IA

VII. EVALOATION QF THE SAFETY AND IMMONOGEMICITY OF A HURIFIED VI |

4

POLYSACCHARIDE PARENTERAL VACCINE

VII. STODIES WITH TY21A CORAL VACCINE IN INFANTS AND TOCDLERS

A. Background
B. Materials and Methods

3. Study 33
C. Results

1. Qlinical Response to Vaccine

2. Irmune Response to Ty2la

TRBLE 1: OCCURRENCE OF AWVERSE REACTIONS IN INFANTS AND PRE-SCHOOL

CHILDREN FOLLOWING INGESTION OF LIVE CRAL TYPHOID VACCINE

TY21A VACCINE CR PLACERD

TABLE 2: SEROIOGIC RESPONSE FOLLOWING VACCTNATION OF INFANIS AND YOONG

CHIILIREN WITH LIVE CRAL VACCINE TY21A (R PLACERC

CONTRACT-RELATED PUBLICATIONS

APPENDIX A ~ INTERVENTIONS TO CONIRON, ENDEMIC TYPHOID FEVER: FIELD

SIYDIES IN SANTIAGO, CHDLE

APPENDIX B ~ CASE-CONIROL STIDY TO IDENTIFY RISK FACTORS FOR PAEDIATRIC

ENDEMIC TYPHOID FEVER IN SANTIAGO, CHILE

APPENDIX C - TYPHDIND FEVER IN SANTIAGD, CHILE: A STUDY GF BOUSEHOLD

CONTACTS OF PEDIATRIC PATIENTS

S

16

8 B &

N REEBBGBEE B

£

24
]




e

-~

v

v

TABLE OF CONITENTS

(ceantimued)

PAGE
APPEND"X D -~ BENIGN EACTERIEMIA CAUSED BY SAIMONELIA TYPHI AND

PARATRPHT TN CHILIDREN YOUNGER THAN 2 YFPARS

APPENDIX E - INWESTIGACION SCERE EL ESTADO DE FORTADCR DE SAIMONELLA

TYPHI-PARKTYPHI EN PACIENTES INTERVENIDOS PCR PATCLOGIA

VESICOLAR

APPENDIX P - PRECISE ESTIMATION OF THE MOMBERS OP CHRONIC CARRIERS QF

SALMONEILA TYPHI IN SANTIAGD, CHILE, AN ENDEMIC AREA

APPENDIX G - Vi SFROLOGY IN DETECTTION OF CHRONIC SALMONELLA TYPHI CPRRIERS

IN AN ENDEMIC AREA

APPENDIX H - DEVELOPMENT AND EVALIATION OF AN ENZYME LINKFD IMMRDSORBENT

ASSAY FOR SER(M Vi ANTTHODIES FOR DETECTION OZ CHRONIC

SALMONELLA TYPHI CTRIERS

APPENDIX I - NON-SOURGICAL TREATMENT OF CHRONIC SALMONELLA TYISI CARRIERS

WITH AMOXICILLIN AND PROBENICID

APPENDIX J — THE USE OF MDORE SWABS FCR ISCLATION QP SATMRMELLA TYTHT FROM

IRRIGATION WATER IN SANTIAGO, CHILE

APPENDIX K — SERSITIVITY OF MOCRE SEVFR SWABS FOR ISTLATING SALMONFLIA

TYPHI

APPENDIX L - DUCOENAL STRING CULTURES: PRACTICALITY AND SENSTTIVITY FOR

DIAGNOSING ENTERIC FEVER IN CHIIDREN

APPENDIX M - SURVEY (F FLASMIDS IN SALMONELLA TYPHI FROM CHILE AND

TEATLAND

APPENDIX N ~ MILECIILAR TECBNIQUES IN THE STUDY OF SALMONELIA TY/PHI IN

EPTDEMICLOGIC STUDIES IN ENDEMIC ARFAS: (OMPARISON WITH

Vi PHAGE TYPING




TABLE OF QONIENTS
{continued)
PAMGE

APPENDIX U - PROGRESS IN VACCINES AGAINST TYPHOID FEVER

APPENDIX P - LARGE-SCALE FTELD TRIAL OF TY21A LIVE ORAL TYPSOID

VRCCINE IN ENTERIC~CQR(ED CAPSLE FORMILATION
APPENDIX Q ~ SAPETY AND IMMONOGENICITY OF TWO SALMONELIA TYPEX

Vi CAPSULAR PCLYSACCHARIDE VACCTNES

DISTRIBUTION LIST




) W*..— — - - _

B e

——— e o

- -

—y— e

-~

I. INTRODUCTION

Typhoid fever remains an important public health problem in wany
1ess-developed regions of the world and poses a risk for travelers fram
industrialized countries who visit such endemic regians. In virtuvally all
endemic areas the inciZence rates for typhoid fever are higheat in
children 5-19 years of age, i.e. school children. This is of gotential
relsvance in the contral of typhaid, since school children represent a
"captive®” populatian amenable to school-based immunization programs.

For Onited States military persomel who are stationed in
less—developed areas or who must be prepared at short notice to operate in
less-developed areas of geopalitical importance, typhoid fever represents
an important potential health risk. The current vaccine utilized by the
0.S. military forces to prevent typhoid fever, an acetone—-inactivated
preparation of whole Salronella typhi inoculated parenterally, req“.:.ira at
least two doses given several weeks apart to immnize and causes high
rates of significant adverse reactions. Therefore, a high priority has
been given to identifying alternative typhoid vaccines that will provide
significant protection without causing notabls adverse reactions.

In areas where typhoid fever is endemic, the prevalence of chronic
gallbladder carriers of S. typhi is often quite high. Thus, a
particularly onerous risk of transmission of typhoid fever to U.S.
military personnel in less—developed areas comes from foochandlers fram
the indigenous population who may be chranic typhwid carriers and who
unknowingly are involved in preparation of fuod. Under these

circumstances, unwittingly, the potential exists for large epidemics to




occur. Furthermore, the size of the inocula of S. typhi present in food
vehicles may be sufficiently high to uwvercome the protective efficacy of
the aurrent acetone-inactivated parenteral vaccine. Consequently, a
simple, practic™l yet sensitive and specific screening test is required to
screen large groups of individuals for the presence of suspected chranic
typhoid carriers.

Dependents, including children, who accompany U.S. military personnel
stationed on tours of duty in less—developed countries must also be
protected against typhoid fever. In young children the subject of adverse
reactions to the current parenteral typhoid vaccines is even more
pertinent.

Since 1980, with support fram the U.S. Amy medical Research and
Development Command, the World Health organization and the Pan American
Bealth Organization, the Center for Vaccine Development of the University
of Maryland has conducted an applied research program an the contral of
typhoid fever in Santiago, Chile, a highly endemic area. This applied
research program has included epidemiological studies, envircnmental
bacteriologic studies, camparison of methods for diagnosis of acute
typhoid fever, develocpment of new diagnostic and treatment methods for
carriers, and large-scale field studies with Ty2la live oral typhoid
vaccine. Results of these studies have direct relevance for the improved
prevention of typhoid fever in 0.S. military personnel.

wherever possible, the results of the various components of the
research carried out under this program will be provided in this FINAL
REFCRT by attaching scientific manuscripts that have been published or
submitted.
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II. EPIDEMIQLOGIC STUDIES OF ENDEMIC TYPHDID FPEVER

A. Descriptive Studies

A detailed mummary of the descriptive epidemialogy of endemic
typhoid fever in Chile, and in particular in Santiago, is contained in
AFPPENDIX A.

B. Case/Control Study
A case/control study was carried aut to identify risk factors,

protective factors and vehicles of transmission. Results are coatained in
APPENDIX B. Prior to this study, it had been considered dogma amng local
epidemiologists that typhoid fever was transmitted within the home by food
hamuers (relatives aor damestic servants) who were chronic typhoid
carriers. The stool culture data cbtained in this scudy were the first to
demonstrate that it is rare to find chronic carriers among the damestic
foodhandlers in iomes of index cases of typhoid fever in Santiago. These
cbeervations implied that typhoid fever was contracted largely outside tne
home. Famnily studies were carried out to enlarge on these initial
cbservations.

C. Family-Based Studies

Results of family-tased epidemialogical studies are contained in
APPENDIX C. These studies corroborated that chronic carriers are rarely
found in households of index cases of acute typhoid fever and showed that
secondary transmission and conocomitant cases within the households are
rare.

D. Typhoid Fever in Infants

The peak age incidence of typhoid fever in Santiago, as in other
endemic areas is in school age children, S5-13 years of age. In contrast,
the reported incidence of typhoid fever is very low in infants and
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toddlers. Ore of the possible explanations for this could be that young
children less than two years of age do not consume the vehicles of
transmission that are ingested by alder individuals. Bowever, it is also
possible that contaminated vehicles are consumed by infants and toddlers
but that these very young hosts do not clinically manifest an illness
recognized as typhoid fever. A systematic collection of biood cultures
was initiated in two primary health care clinics to answer this question.
Results of this study are contained in APPENDIX D. It was found that
bacteremia due to S. typhi and S. paratyphi occurred in approximately 4%
of young children presenting to a primary health care facility with
fever. In no instance was any child suspected clinically of having
typhoid fever; therefore, this syndrane has been referred to as benign
bacteremia due to S. typhi.

III. STUDIES OF CHRONIC TYPHOID CARRIERS

A. The Prevalence of Chronic Typhoid Carriers among Persons with

Chronic Gallbladder Disease in Santiago, Chile.

Gallbladder contents were cultured fram 1000 individuals
undergoing cholecystectamy in seven hospitals in Santiago, Chile. Results
are shown in APPENDIX E. Overall, S. typhi was recovered fram 3.8% of the

gallbladders.
B. A Precise Estimation of the Prevalence of Chronic Typhoid Carriers

in Santiago
A precise estimate of the number of chranic biliary carriers of
S. typhi was made using the detailed census of Santiago, data on the
prevalence of gallbladder disease among individuals of various ages, and
the measured prevalence of chronic carriage among persons with chronic
gallbladder disease. Results are found in (APPENDIX F).
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C. Serologic Screening to Detect Chronic Typhoid Carriers in an

Endemic Area
A passive hemagglutination assay utilizing highly purified Vi
antigen to measure Vi antibody was evaluated 23 a serological screening
test to identify chronic typhoid carriers in a typhoid-endemic area,
Santiago. The Vi serology proved to be very practical, sensitive and
highly specific in identifying chranic carriers. The rerults are contained
in APPENDIX G.

D. Develcament of an ELISA tn Measure Vi Antibody and its Ctility as a

Seralogical Screening test for Chronic Typhaid Carriers

Based on the excellent results with the passive hemagglutination
test for Vi antibody as a serological screening test to detect chronic
typhoid carriers, an enzyme-linked immuncsorbant assay (ELISA) was
developed to measure Vi antibody. The ELISA utilized a tyramnated Vi
polysaccharide as aantigen. The advantages of the Vi ELISA include the
ability to measure immunoglobulin class specific antibodies and the
capacity to process very large numbers of sera. Results are shown in

APPENDIX H.

E. Nar-Surqgical Domiciliary Tveatment of Ctranic Typhoid Carriers with

a 28 Day OCourse of Amoxicillin and Prcbenecid

A 28 day oral regimen of amoxicillin and prabenecid was evaluated
as a nonrsurgical therapy to eradicate the chramic typhoid carrier state.
A long—~term cure was obtained in 15 of 26 carriers (56%). Those carriers
who were successfully cured had a significantly higher serum antibiotic
level than carriers in whom the treatment failed. Results are presented
in detail in APPENDIX I.
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P. Non—-Surgical Antibiotic Therapy of che Chronic Typhoid Carrier

State using Oral Ciprofloxacin

The new generation of quinalone antibiotics that has appeared in‘
recent years includes ciprofloxacin, an agent with e.xcepﬁicnally goot\i
activity against S. typhi in vitro, with minimm inhibitory concentrations
<0.06 mcg/ml. Phammacokinetic studies in man indicate that the body £luid
and tissue penetration of ciprofloxacin is excellent, including bile
levels. For example, in a pilot study in which the bile levels of
ciprefloxacin were measured after oral administration of 500 mg of
ciprofloxacin, concentrations of drug of up to 10 mog/ml were detected.
Side effects of this antibiotic at either the 500 or 750 mg twice daily
dosage schedule have been minimal. Based on these observations, we
undertook a preliminary evaluation of ciprofloxacin in the treatment of
chronic gallbladder carriers of S. typhi.

Twelve chronic ~arriers were enrolled into the study between June and
December, 1985. Patients were treated with oral ciproflaxacin 750 mg
twice daily, with careful monitoring for campliance and for possible
adverse effects. Therapy was stopped in two cases after 10 days: ane
patient had an allergic reaction and one had a minimal drop in hematocrit
of uncertain etiology. The remaining patients received the complete 28
day course of drug. Stool and bile-stained ducdenal string cultures were
cbtained before therapy and at least monthly after discontinuation of
therapy.

Of the total 12 carriers, cne patient who campleted the course of drug
had a bacteriologic relapse within one week after completing therapy. A
second patient whose stool and bile cultures were negative for six months

following treatment became positive again for S. typhi. However, phage
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typing of the isclates showed that the organism recovered after six months

of negative cultures was distinct fram the original infecting strain; thus
this patient represents a re-infection. The other 10 patients have
remained bacterialogically negative for at least six months, including the
two individuals who had their courses of therapy interrupted before the
full 28 days. '

These preliminary results are extremely encouraging and suggest that
cipra(loxacin is efficacious in treating chronic typhoid carriers and may
achieve a higher cure rate than previous antibiotic regimers. Purther,
more canprehensive studies will undertaken to explore this possibility.
IV. ENVIRONMENTAL BACTFRIQLOGY STUDIES

A. Recovery of S. typhi from Epidemiclogically-Incriminated Surface

waters

Epidemialogic studies suggested that the lack of untruated sewage
water for irrigation of salad vegetables during the dry summer months in
Santiago represents a significant factor in the transmission of typhoid
fever. Earlier envirommental bacteriology studies, however, by Chilezn
bacteriologists had failed to recover S. typhi fram the irrigation
waters. Nevertheless, we proceeded to carry out envircmmental
bacteriology studies using the same bacteriological methnods as employed in
the earlier studies but instituting the use of Moore swabs as the method
of sampling the irrigation waters. By means of this new method of
sampling, we were able to recover S. typhi repeatedly fram surface waters
used for irrigation. Details of these studies are contained in APPENDIX

J.



B. Standardization of the Sensitivity of Moore Swabs for Isolating S.

typhi fram Enviromental Sources

Moore swabs consist of large portions of gauze that are suspended
for 48-72 hours in envirammental saurces to bacteriologically sample
water; they act as filters to concentrate bacteria as the waters pass
through the gauze. The sensitivity of Moore swabs in the recovery of S.
Hyphi was evaluated by sampling sewers that drain the houses of known
chronic typhoid carriers in Santiago. Results are presented in detail in
APPENDIX K.

V. CLINICAL AND MOLECULAR BACTERICEIOGIC STUDIES CFP S. TYPHI

A. Clinical Bacteriology Studies

The sensitivity of blood, bone marrow, and ducdenal string
cultures were campared in the isolation of S. typhi fram 103 children with
cuspect typhoid fever. The combination of two blood and one duodenal
string cultures equalled the sensitivity of a bne marcow in
bacteriologically confirming the diagnosis of acute typhoid fever. These
results are presented in detail in APPENDIX U.

B. Molecular Analyses of S. typhi

In the first study, 100 isolates of S. typhi fram Santiago were
examined for the presence of plasmids. Plasmids were found in only 8
isolates. None of the plasmids encoded antibiotic resistance. In fact,
none of the 100 strains were found to be resistant tn chlorampheniool,
ampicillin or trimethopcim, the clinically important antibiotics in the
treatment of typhoid fever. These results are contained in APPENDIX M.

In a second study, a total of 141 S. typhi strains, including 70
fram Santiago and 71 fram Lima, Peru were examinad for the presence of
plasmids. Plasmids were present in only 12 of 70 (17%) of the Chilean and
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S of 71 (7%) of the Peruvian strains. Identical 21 kilobase plasmids (as
defined by restriction endanuclease digest patterns) were found in 13 of
the 17 plasmid-containing S. typhi from Santiago and Lima. These results
and their significance for epidemialogic studies are found in APPENDIX N.

VIi. FIELD TRIALS OF FFFICACY OF LIVE QRAL TYPHOID VACCINE TY2la

A series of four separate field trials of efficacy have been carried
aut in Santiago, inwalving more than 640,000 schoolchildren. In these
trials three different formulations of vaccine and several different
immmization schedules were compared in rardamized, controlled trials.
The enteric—coated formulation was found to be significantly superior to a
formilation consisting of gelatin capsules containing mB and
lyophilized vaccine. Three doses of Ty2la in enteric-coated capsules
given within on® week has so far provided 67% efficacy for at least‘th:ee
years. Increasing the interval between doses to 21 days did not increase
efficacy. Administering fewer doses (one or two) of vaccine in
enteric-coated capsules provided lower levels of protection that endured
for only two typhoid seasons. In contrast, administering four doses of
enteric—coated vaccine conferred significantly higher nrotection than
three doses. A fourth trial initiated in October, 1986, is camparing the
relative efficacy of three doses »f Ty2la given within one week in
enteric-coated or liquid formulation. Results of these field trials of
efficacy of Ty2la are contained in APPENDIX O and APPENDIX P.

VII. EVAILORTION OF THE SAFETY AND IMMUNOGENICITY QF A PORIFIED VI

POLYSAOCHARIDE PARENTERAL VACCINE

The safety and immunogenicity of a purified Vi parenteral vaccine was
cacried cut in healthy young adults in Maryland and in Chilean Air Force
recruits of the same age. Meningococcal polysaccharide served as the
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control vaccine. Results are summarized in APPENDIX Q.

VIII. STUDIES WITH TY2la ORAL VACCINE IN INFANTS AND TODOLERS

A. Background |

Live oral typhoid vaccine TyZla has proven to be an important advance
for the prevention and possible control of typhoid fever in endewic areas
because it provides significant protection without causing adverse
reactions. Although typhoid fever in endemic areas is largely a disease
of schoolage children, the main delivery system for pediatric vaccines ia
most developing countries occurs through the expanded program on
immunization (EPI) which is heretofore usually targeted exclusively at
infants. Thus it is intriguing to consider whether imminization of
infants might protect these children later when they reach schoolage. To
even consider such a proposition it will be necessary to show that Ty2la
is immmogenic in infants and young children. Becauseoftheimﬁwitycf
Ty2la and the propensity of Salmonells to avidly interact with M cells of
qut lymphoid tissue, many investigators have introduced genes encoding
putative protective antigens of other organisms to obtain exptessmn in
Ty2la, thereby using the attenuated S. typhi as a “carrier” bacteria.
Anong the cabinations reported so far are Ty2la expressing Shigella
somei O antigen (1). B subunit of Escherichia coli heat-labile

enterotoxin (LT) {2), and an outer membrane protein nf Vibrio chalerae

{3). Important target age groups for these bivalent ’vaccina are also
infants and young children. BHeretofore, however, the youngest age group
to have received Ty2la vaccine is six year olds. We therefore initiated
studies to evaluvate the clinical acceptability and immuncgenicity of Ty2la
in infants and young children (less than five years of age) in Santiago,
Chile, an area endemic for typhoid fever.




B. Materials and Methods

Vaccine was administered in three separate, randamized,

placebo~controlled, double-blind studies.
1l. St 28

Study #1 invalved healthy children 6-24 months of age recruited fram
the well baby clinic of the Centro Diagnostico of the Universidad Catolica
School of Medicine, Santiago. Following explanation of the study to the
parents and cbtaining written consent, infants were randonized to receive
three doses of vaccine (109 organiaas per dose) ur placebo which were
given within eight days. Qups containing vaccine or placebo were prepared
in a separate room by an unblinded rurse. She dissolved the contents of
an enteric-coated capsule of Ty2la vaccine into 90 ml of cow's milk
formula containing 0.5 gm of NaKD3. ( A similar milk/bicarbonate
"cocktail® method had been previcusly successfully used to vaccinate
Chilean six year olds who demonstrated a good serologic response
post—vaccination) (20). Milk containing NaKD3 alone served as the
placebo. The coded cups containing vaccine or placebo were presented to a
second nurse who administered the contents to the children in dcuble blind
fashion. The infants were examined 24 and 48 hr3 alter each dose of
vaccine at which time the child’'s temperature was recorded; axillary
temperatures were cbtained because this is the accepted custam in Chile,
The mother was interviewed to elicit evidence cf adverse reactions in the
Frevious 24 hrs.

A 4 ml specimen of blood was collected prior to and 21 days after
vaccination. The hlood was passed through a Picoll-Bypaque column to
cbtain mononuclear cells to carry cut lymphocyte replication studies with

selected S. typhi and appropriate control antigens to measure the
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cell-mediated immne response to vaccination with Ty2la. Plasoa was
utilized to measure serum antibodies: IgG antibody to O antigen was
measured by enzyme-linked immunosorbent assay (4); E antibody was measured
by Widal tube agglutination as previously described (5) and Vi antibody
was detected by passive hesmgglutination using highly purified Vi
polysaccharide (S).

2. stdy #2

This study was carried out arong children 2-5 years of age
(three~-fourths were three or four year olds) in a nursery school in the
Pincoya district of Area Norte, Santiago. Children of consenting parents
were randomized to receive /thtee doses of Ty2la vaccine (109 viable |
organisns per dose) or placebo given within a periad of eight days.
Capsules of vaccine were opened by an unblinded individual in a separate
rcom and the uontents suspended in 50 ml of cow's milk containing 0.75 gm
of NaB(D,; placebo consisted of milk with bicarbonate only. The coded
cups containing vaccine or placebo were presented to a nurse who
distributed them to the children in double blind fashion. Children were
examined 24 and 48 hrs after vaccination at which time axillary
temperatures were taken and the parents were interviewed.

Before vaccination and 21 days thereafter 4 ml of blood were collected
and the sera separated and frozen to be tested later for antibody as
described above.

3. Stucy ¢ 3

The third study was carried out in 2-5 year old children in a
second nursery school in Pincoya where children of consenting parents were
randomized to receive four doses cf Ty2la vaccine (139 viable crganisms
per Gcae) or placebo. Vacoine was administered idwitically as in Study §
2 wo+ a frmirth dese vas civgn within the eight day period in attempt to




increase vaccine immmogenicity. Blood was cnilected before and 21 Cays
after vaccination for serologic tests as described 2bove.
C. Results

l. Clinical Response to Vaccine

Table 1 shows tie mumber of children in each study who received
vaczine or placebo and the frequency of adverse reactions. Diarrhea,
fever, wmiting and abdominal pain were uncammon in either group with o
difference evident between vaccine and placeto recipients.

2. Immne Respoose to Ty2la

The seralogic response to vaccination of infants and yomng
children is summarized in Table 2. In Study #1, involving infants and
toddlers less than two years of age, no significant rises in O antibody
measured by IgG-ELISA were detected. Because these results contrast so
notably fram the seralogic response of six year alds administered TyZla
vaccine by this rvethod of administration in a previous study (4), we
proceeded in the next study to vaccinate slightly older children, 2-5
years of age. “hese children in Study # 2 showed sare serclogic reactiors
to both O and H antigens; in total 8 of 24 vaccinees showed a significant
rise in one or another serologic test versus 0 of 25 pre~school children
who received placebo (p<0.002).

In the third study, we attempted to increace the immmogenicity of the
vaccine by administering an additional dose to preschool children. The
addition of a fourth dose did not increase the seralogic response to the
vaccine.

Ty2la vaccine does not contain Vi antigen and therefore even in older
individuals does not stimulate Vi antibodies. Thus the total lack of

serologic response to Vi where measured in these studies in young children




is cumpletzly as expecter (Table 2).

Iymphocvte cultures fram the vaccinated and placebo infants responded
to mitogens. BHowever, the lymphocytes collected post-vaccination failed
to show evidence of replication in t&= presence of S. typhi O
polysaccharide or control (S. thampson or E. coli) O palysaccharides.
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INTERVENTIONS TO CONTROL ENDEMIC TYPHOID FEVER:
- ' FIELD STUDIES IN SANTIAGO, CHILE!

Myron M. Levine, Robert E. Black, Catterine Ferreccio, Mary Lou
Clements, Claudio Lanata, Steghen Sears, J. Glenn Morris, Luis Cisneros,
and Rene Germanier,? and the Chilean Typhoid Commission?

Introductien

Tsphoid fever, the acute, often debilitart-

ing. febrile illness representing generalized .

infection of the reticuloendothetial system, in-
testinal lymphoid tissue and gall bladder, is
endemic in many less-developed areas of the
world. Maa is the sole reservoir and host of
the infection (Figure 1), in contrast with other
Salmonella, which are typically zoonotic in-
fections of domestic and herd animals (1).
Approximately 3-5% of acute S. ryphi infec-
tions result in chronic gall bladder infection,
giving rise to long-term biliary carriers. The
propensity to become 2 carrier following acute
infection increases with age and is greater in
females, thus para'leling the epidemiology of
gall bladder disease (2—4). Asymptomatic
chronic carriers comprise the reservoir that
maintains the endemicity of the disease by

* This work was supported by graom from the World
Health Organization, the Pan American Health Organi-
zation, and the Health Development Corporation. Moua-
uin View, Caiifornia. and by research cootract DAMD-
C-1115 from the U.S. Army Medical Research and
Development Command.

2 Center for Vaccine Development, Division of Geos
graphic Medicine: Univensity of Maryvland School of
Medizine, Bahimore, Maryland; the Ministry of Health,
Santiago, Chile: and the Swiss Sevumn and Vaccine Insti-
tute. Berne. Switzeriand.

! The members of the Chilean Typhoid Committee in-
clude Augusto Schuster, Hector Rodriguez. José Manuet
Borgoto. Conrado Ristori. Hernin Lobos, Ingeborg
Prenzel. and Maria Eug=nia Pinto.

contamination of food and water vehicles
(Figure 1); direct contact spread of typhoid
fever is relatively usrommon (7).

Recognition of the abcve-mentioned facts
helps explain most of the observations regard-
ing the global occurrence of typhoid fever. It
is endemic in less-developed areas where sani-
tation and food hygisne are primitive. How-
ever, the highest incidences occur where
piped water is available bur the water is fe-
cally contaminated and untreated. a situation
prevalent in many large cities of Europe and
North America in the late 19th century {5-7).
This phenomenon of piped transport of im-
pure water can be regarded epidemiologicaily
as an example of amplification of disease
transmission. v

The introduction of purificarion (includiag
chlorination) of watzr supplies aad treatment
of sewage prior 1o discharge, interrupted the
amplification step ané caused a precipitous
fall in the incidence of yphoid fever in the cit-
ies of Europe and North America in the first
three decades of the 20th century (5-7). Fig-
ure 2 illustrates this drop in incidence of ty-
phoid fever in the United States. This pattern
is typical of virtually all countries as they in-
dustrialize and provide chlorinated water and
sewerage systems for their urban populations
3.

One country, Chile, in the cone of South
America, represents an exception to the above
pattern. By most criteria of health and quality
of life, Chile is advanced well beyond the
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Figure 1. A schematic diagram of the cycle of endemic tphoid fever
and intervention points.
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SANITARY and HYGIENIC PRECAUTIONS

Chroaic carriers comprising the reservoir contaminae f20d and s ater sehicles. These are
consumed by susceptible hosts leading to a high incidence of nphoid fever. Approximately 3-
. 5% of infected persons become chronic gall bladder carriers of Solmonetla nphi and perpetu-

ranks of the less-developed countries. Chile
has a world-renowned health care delvery
system, a low infant mortality rate (Table 1),
most immunizable communicable diseases
have been impressively controlled (Table 1),
and the literacy rate is 94%. In the capital
city, Santiago, 96% of households have bacte-
riologically monitored, chlorinated water and
75% have connections to the municipal sew-
erage system (9). Nevertheless, despite these
manifestations of a high level of development
and control of most other communicable dis-
eases, typhoid fever is highly endemic in

. ate the reservoir. The various interventions are discussed i the text.
I

Chile, particularly in Santiago. The incidence
of typhoid fever in Chile from 1950 22 1981 is
shown in Table 2. During that period. the in-
cidence rate has usually exceeced 50 cases per
10 population; sincz 1977 the rate has sur-
passed 90 per 10° in Chile and 150 per 10° in
Santiago. :

Santiago, Chilc thus provided a unique op-
portunity to intensively study the epidemiol-
ogy of erdemic typhoid fever and its control in
a country of relativel: advanced technology
and educationa! development. Accordingly,
following some preliminary epidemiological
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Figure 2. The incidence of typhoid fever per
100.000 pogulation in the United States irom
1920 to 1970.

TYPHOID FLVER CASES
PER 10° POPULATION, U.S.A

A A "

YEAR

and seroepidemiological studies in late 1978,
a multifaceted program “Studies to Control
Eademic Typhoid Fever in Chile” was de-
signed. The ultimate goal of the program is to
reduce the incidence of typhoid fever in Chile
0 the level where it no longer represents 2 ma-
jor public heaith burden. The specific objec-
tives of the program have included (Figure 1):

1) Epidemiological investigations to identify
high-riss groups, risk factors, protective factors,
major modes of ransmission and specific contami-
nated food and water vehicles.

2) A quantification of the magnirude of the res-
ervoir of chronic 5. fyphi carriers.

J) Develonment of 2 simplified. sensitive, and
specilic serological assay to screen large numbers
of food hacdlers and other epidemiologically im-
portant groups for the presence of chronic ryphoid
carriers. .

4) Evaluarions of possible nonsurgical domicil
iary aotibioce treatments o eradicaze the chronie
carrier state.

S) Environmental bacteriology studies to con-
firmn the presence of 5. nphi m epidemiologically
incriminated waters.

6) Large-scale conrrofled field aials to assess the
efficacy of a five oral attengated 5. ryphi vaccine
(strain Ty21a) in the prevention of ryphoid fever in
Chilean schoolchildren and its use as a publie
heaith interveztion.

Each of these components of the progrum
wiil be reviewed below. The project represents
& collaborative effort invohing participants
from several iastiturions ia Chile and several
abroad as =il as internadonal agencies. la-
cluded are the Chilean Ministry of Health, the
Center for Vazcine Development of the Uai-
versity of Marvland School of Medicine, the
Pan American Health Organization, the
Worid Health Organizarion. the Walzer Reed
Army Institute of Research and the Swiss Se-
rum and Vaccize Institute.

Epidemiological Investigations
Descriptive Epidzminiogy
Chile is a lo=g narrow country stretching

more thar 3,000 milss from north to south.
Approximately 5.5 milfion of Chile’s 11.83 mil-

Table 1. lofant mortality rate and incidence of certain immunizable communicable diseases in Chile,

1964-1980.
Measles Pertussis Poliomreiis Infant
Mortalicy
Year Cases Incidence Cases Incidence Cases Izcdcnce Raze
1964 35.941 A28 5.279 629 a3 L 1653
1999 9.538 9.7 2.905 30.4 6t 0.7 0.7
1973 8.413. 82.1 2.550 249 2 Q0.0 $3.4
1930 3.84 3.0 2,795 25.2 ¢ ] 31.8

* Rate per 100.000.
* Rate per 1.000 live births.

i
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Taloer 2. Population size. nursber of cases of nphoid fever. and morbidity
rare=s for typhoid fever in Chile and Merropolitan Santiago. 1960-198].

Chile Santiago
No.of  Rate per No.of Rate per
Yemr Population cases 10* Population cases 10
1968 7,585,350 4538 9.6 2439.09) 2078 85.2
196} 7.70.270 <818 .2 2.330.39) 2,401 949
1965 1,955,190 3873 <9 262,994 2.034 7.6
1963 8,140,110 8s 09 2713.593 2138 b2
196 $.325.030 m %.0 2.805.09 2273 9.4
1965 8,509,950 2595 645 2.895.396 2.534 9.1
196 8,681,671 8% 313 2.984.350 2688 90.1
19" $.853.9) 4536 93 3.072.103 2797 94
T 1968 9,025,115 oM 38 3.159.45° 1390 1453
1965- 9,196,837 3353 %.0 3.247.610 3.+63 106.6
1972 9.368,558 344 5°0 3334.936 308 1022
197 9,545,449 3 %.1 3.425.061 3.00° 878

19 9,712,341 &8 4%.6 3514220 2.630 75.1
9T 9,899,231 656 3 3.603.463 1.863 s1.8
19 10,076,123 455 %2 3.693.76° 2434 65.6
19 10,253,014 110 9.5 3.786.016 350 92.4
1973 10,454,387 $150 Lo 3.879.626 3388 91.4
19— 10.655.757 11833 1082 397343 00 1779
192 10357128 13114 1008 $.070.293 8.338 2048
19 11058498 12780  3°3 4.167.000 6.3% 1326
1985 1125987t 10872 $.3 4264.518 6.2 160.1
1935 11477050 10.759 9D 2363.026 - T69%  139.0

lion inhabitants live in metropolitan San-
tiago, which is 'mzated in the center of the
country in a valler between the Andzs rooun-
tains and the Pacific Ocean. Santiago has 2
temperate “Medirerranean” climate with wet
winters and raini==ss summers.

In Tabie 2 ar= .iisted the popularion of Saa-
tiago and of Chii=. the cases of typhoid fever.
and incidence raress from 1960-1981. Approx-
imately one-half -the cases of typhoid fever in
any year are reparried from Santiago. In 1977
the incidence of 7phoid fever doubled and re-
mained at elevare=x! rates for several years. It is
not clear what factors were responsible for the
doubling of the mwtification rates for typhoid
fever since 1977. ii: is apparently not dueto 2n
administrative cnange in notification, since
there was pot a similar rise in nonenteric in-
fections.

Typhoid fever shows a striking seasonality
in Santiago, wher= it is a warm-season dis-

ease. Approximatels 65% of cases occur
tween December 1 and April 30 of each 5
{Table 3).

The incidence of typhoid fever drops as
goes further vorth or south from Santia
One area of particular interest is the Los
g0s Region. where many persoas from §
tiago vacation in summer. The daytime tt
peratures in this region can be quile wamn
summer, but there is rainfall all year lo
Typhoid is very uncommon here.

Table 4 shows the incidence of ryphoid

- ver by administrative area of Santiago in

years 1977 and 1978. Area Oriente, an are:
affluence, has high rates in addition to
poorer areas of Santiago. Furthermore,

incidence of typhoid in Area Oriente is
lieved to be very underreported because m
febrile children there are cared for by prin
pediatricians who do not readily notify
to the Ministry of Health. In contrast,
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Table 3. Mean number of typhoid fever cases by
month in Santiago. Chile, 1970-1576 and
1977-1981.

Mean No. of cases Mean No. of cases

1970- S of 1977- % of
Month 1976 Toral 1981 Toral
January 421 14.1 948 133
Fedruary 403 135 917 29
March 415 139 1015 143
Apri 400 13.4 867 12.2
May 202 10.1 605 8.3
Juoe 183 6.1 529 7.4
July 103 s 32 4.0
Auguse 76 25 124 1.7
September 62 2.3 162 23
October 109 3.7 218 3.0
November 167 8.6 601 8.5
December 340 11.4 841 118

Table 4. Incidence rates of typhoid fever by
administrative area, Santiago, Chile.

Incidence rate- 10*

Mean socio mic
Arn jevel 1977 1978
Sur Low, middie ns 215
Sur Oriente  Low. middle 117.0 113.1
Qccidente  Low. middle 140.9 177.0
Nome Low, middle 125.5 220.7
Canzral Middle . 185.3 168.6

mente Middle, upper
middle, high 118.7 161.9

proximately 80-90% of children in the other
areas of Santiago are cared for by physicians
at National Health Service facilities where re-
porting is compulsory.

The highest incidence of typhoid fever is
found in 10-14 year olds (Table S); approxi-
mately 60% of cases occur in school-age chil-
dren 6-19 years of age. In contrast, notifica-
tion rates in children less thar 2 years of age
are very low, Notable sharp increases in the
incidence in childhood occur in 3 year olds
(versus 2 year olds) and in 6 year olds (versus 3
vear olds).

In summary. an explanation for the ende-
micity of typhoid in Santiago must explain:

® the high incideace in schoolchildren,

® 3 summer seasonality with the highest ing-
dence (December 1 mid-March) occarring when
chilaren are out of schooi on summer recess.

® an apparent low incidepce in children less
than 2 years of age.

® amplified Tansission despite high levels of
sanitation.

® why the incidence of typhoid fever is very low
in the Los Lagos Region. despire the influx into
that regios of many persons (including presarsably
chrunic carriers) from Santiago.

Sercepidemiology

Antibodies to the flagsilar (H) antigsn of S.
typhi (d) are 1gG and long-lived (10). They
may derive from immuaization or clizicai or
subclinical infection (10). Where parenteral
vaccine is got commonly used, as in Chile.
measurement of the prevalence of S. nphi H
antibodiss can give helpful insights into the
epidemiology of typhoid fever (10). In Noverm-
ber 1978, sera were o5tained from healthy 13-
19 year olds, as well 25 other age groups. in
three areas of Chile. These included: 1) Area
Norte, Santiago, representing a low and low-
middle socioeconomic population: 2} children
from an exclusive priva:e school in Providen-
cia, Area Oriente. representing an affluent
group; and 3) schoolckildren in the Los Lagos
Region of southern Caile. where the r2ported
incidence of typhoid fzver is low. As shown in
Figure 3. 25% of 13-19 vear olds in Area
Norte had 5. fyphi H 2¢glurinins at a recipro-
cal titer of 40. The prevalence in Providencia
15-19 year olds was as high (in fact slighty
higher, 34%). In contrast, the prevalence of
antibodies in teenagers in the Los Lagos Re-
gion (12%) was siguificantly lower than iz
Santiago (p=0.04). Trie seroepidemiological
data confirm: the notification data regarding
the occurrence of tvphoid. i.e.. it is indeed
common in high sociczconomic areas of San-
tiago but is rare in the Los Lagos Region.
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Table 5. Age-specific incidence rates and cases of ryphoid fever in Saatiago. Chile, 1970-1976 and
1977-1931.

1970-1976 1977-1981

Mean Mean

Age Mean % of incidence Mean % of iacidence
group No. cases Total per 10° No. cases Total per 10 Incrense®
04 170 5.9 »7 2 6.4 89.2 2
59 524 180 126.5 1193 17.1 2722 2
10-14 624 1.8 152.2 1413 203 33.0 2
15-19 *7 173 135.5 1465 1.0 0.4 21
20-24 an 14.7 126.4 ™ 10.5 244.7 29
3-4 «7 142 n.o 1023 14.7 1533 1
3544 134 4.7 3.6 36 33 74.6 22
45-54 )] 18 174 9 2.6 502 19
85-64 bl 03 10.8 % 1.2 36.0 I

(4] 9 03 5.2 b 1:1 ns3 14

1977-1981 rate over 1970-1976 rate.

Figure 3. The prevalence of Salmonrel'a nphi H saribodies in various age groups
from three populagon groups in Chile.
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typhoid fever; 2) children from a private school in Providencia. an affluent area where. nonetheless. the
incidence of typhoid fever is high; 3) Lianquihue and Puerto Voras. in the Los Lagos Region of Southern
Chile where the reported incidence of typhoid fever is low.
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Case/Control Study

A case/control sthdy attempted tc identify
spectfic vehicles of transmission as well as risk
factors and protective factors (1J). This
study, which iavolved 81 cases age 3-14 years
and 81 matched controls, incriminated only
one possible vehicle, flavored ices sold by
street vendors. One aspect of the study in-
voived the collection of multiple coproculit-
ures from the food handlers in both the case
and control bouseholds. Chroaic S. gyphi car-
riers were identified in only 2 of the 81 (2.5%)
cases and 1 of 81 (1.2%) control househoids.
This observation was the first evidence to
d=monstrate that chronic typhoid caniers in
the home are not responsible for most cases of
tphoid fever in children in Santiago.

Fimily Studies

We sought to further examine factors in-
viived in the transmission of S. typhi in San-

1270 by interviewing and cuituring the house- .

* 214 members of recently confirmed pediatric
2535, This represents a more intensive study
¢? the household as the possible site in which
:rzasmissien of typhoid infection may be oc-
:urring. Two separate studies involving 24
22¢ 39 households. respectively, were carried
oz: in which attempts were made to identify
c=ronic typhoid carriers as well as possible
zcurrent (or secondary) cases by culturing
=susehold foodhandlers and contacts below
13 vears of age (these represent high-risk indi-
viduals) (12, C. Ferreccio et al. unpublished
€a).

Ninety-six percent of the households had
municipal water and 79% were connected to
he city sewerage system. A chroaic S. fyphi
2zrrier was identified in only ene (1.6%)
=:usehold. Most importantly, only two con-
szmitant cases weie identified among the
sores of high-risk children less than 19 years
2! 2ge who were cultured. Eighty-six percent

of index cases gave a history of eating outside
the household at least once each week.

In summary. the data from family-based
studies confirm the earlier observation that it
is uncommon to find a chron’c carrier in the
househic!d of 2n index case. Furthermore, the
low frequency of concomitant cases among
high-risk siblings strongly suggests that the
vehicle of trapsmission in children and teea-
agers is usually consumed outside the home,
otherwise more concomitant cases would be

expected.

S. typhi Infecrion in Infants

Few cases of typhoid fever are reported in
children less thar 2 vears of age in Santiage.
This could represent 2 !ack of consumprion of
the vehicles that transmit S. ophi to older
children or could imply that. following inges-
tion of the usual vehicles of ransmission, in-
fants mapifest an arypical response to infec-
tion that is not readily recognized clinically.
To help resolve this question we systemati-
cally performed blood cultures in children less
than 2 years of 2g= with fever who were seen at
two hezlth centers in Santiago during the
three peak months of the nphoid fever season
(13). Of 197 ourpatients less than 24 months
of age with fever who were cultured. §. iyphi
was isolated from the blood cultures of four
infants (2%). S. paranyphi B from two (1%)
and S. paranphi A from oze (0.35%). The
clinical syndrome in these infants was very
mild, consisting of 1-3 days of fever (38.3-
38.8°C) and respiratory symptoms. In no in-
stance was entetic fever considered in the dif-
ferential diagnosis and, were it not for the
study protocol. a blood cultnre would not
have been taken from any infaar.

These data demonstrate that during the ty-
phoid fever season in Chile children less than
2 years of age are becoming infected at 2
much higher rate than previously appreci-
ated. The mode of transmission and specific
vehicles have vet to be identified.
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Environmental Bacteriology Studies

The observaiion thag most cases of typhoid
fever are not associated with a chronic cartier
in the home made us turn our attention to a
closer inspection of the water and sewerage
system. We learned that although three-
fourths of Santiago households were con-
nected to the sewerage system there is no
treatment of sewage. Thus, raw, untreated
sewage enters the Mapocho River (which tra.
verses northera Santiago) or the Zanjén de la
Aguada (3 large open sewer that traverses
southern Santiago from cast to west before
emptying into the Mapocho River southwest
of the city) (Figure 4). As the Zanjon and the
Mapocho River reach the westernmost por-
tion of mewopolitan Santiago, their fecally
polluted, untreated waters ar= diverted for ir-
rigation of crops during the rainless summer
season. Prior to May 1983, 90% of the crops
grown in this region were lettuce, cabbage

and celery, vegetables thar are difficult to
wash and are eaten raw in salads in Chile.

The Fypothesis that raw vegetables grown
with untreated waste warers and fruit “fresh-
ened” with contaminated river water repre-
sent impoctaot vehicles of trancmission
successfully esplains the following epidemio-
logical observations.

¢ the strikiog seasonality of ryphoid (irrigation is
used in the sumner vkea there are no rains).

® the low reported incidence in young childrea
(raw vegetables are not 2n imporrant food item for
infants and roddlers).

 the Ligh incidence of nphoid fever in high so-
cioeconomic peighborboods of Santiago (they eat
salads in restauraats acd at home).

® the low incidence of nphoid fever in the Los
Lagos Region of Chilz (because of sear-round rains
in this region. irvigadon is not used).

Prior to 1983. Chilzan microbiologists cae-
ried out a serfes of ezvironmesntal microbiol-
ogy studies in antexpre to isolate 5. nphi

Figure 4. A map tliowing the two major water channeis, the M3 pocko River and the
Zanjén de la Agaala, which receive untreated sewage as ther traverse Santiago.?

ANV Y NIVANAOR SD&NY

* These untreated wastewaters are used for irrigation of vegetables i Marpa and Pulahuel during the

rainless summenrs.
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from waters of the Zanjon and the Mapocho
River and from yegetables irrigated with un-
treated wastewater (/4-16). While heavy coli-
form counts and many nontyphoidal Salmo-
nello were found, S. fyphi was never isolared
from vegetables or from the Zanjén and was
isolated only once from the Mapocho River
(17). The past failure to isclate 5. typhi from
the polluted waters was in conflict with our
epidemiological incrimination of this waste-
water. In review of the earlier Chilean studies.
we concluded that the bacteriological meth-
ods were effici~nt, but the techniques of envi-
ronmenta) sampling appeared suboptimal.
Therefore we initiated new environmeatal
bacteriological studies (/8) using Moore
swabs (79-21) (thick wads of cotton gauze
which are left in the flowing wastewater for 2-
3 days allowing the gauze to act as a filter) to
coilect samples. The Moore swab, originaliy
described in England in 1948 (79), is 2 con-
centrating method that has been used suc-
cessfully to locate the homes of chronic S.
rvphi carriers by isolating the organism from
sewage effluents (19-24). Moore swabs have
been extremely useful in the investigation of
urban typhoid fever cutbreaks in Europe, Ja-
paa. and the United States of America (/9-
243, However, the efficacy and reliability of
Moore svabs in endemic areas had not previ-
ously been assessed. Nevertheless, based on
its success in finding S. ryphi in sewage con-
taminated by carriers in industrialized areas.
we dacided to employ modified Moore swabs
to isolated S. ryphi from environmental
sources in Santiago.

Microbiological examination of rivers and
irrigation canals of Santiago, Chile was car-
ried out from January to March 1983. The
two major waterways in Santiago that carry
wastewater are the Mapocho River in the
north and the Zanjén de la Aguada canal in
the south (Figure 4). Untreated sewage flows
directly into these waters, which are used for
irrigation in the agricultural districts of
Maipi and Pudahuel (on the perimeter of the
c¢ity). The Zanjén de la Aguada, which is
heavily contaminated with industrial waste

from the central section of the city, receives
untreated sewage and becomes fecally pol-
luted as it flows westward. During the final
tew kilometers as it approaches the agricui-
tural areas. no further sewage is discharged in
an attemnpt to allow a degree of seif-purifica-
tion of the wastewater.

We placed 133 swabs into the Mapocho
River and the Zanjon de 1a Aguada and recov-
ered 93. None of the 17 swabs placed in indus-
trial areas grew S. nphi. Ia contrast, 4 of the
31 swabs from the Zanjén de la Aguadz with-
out industrial discharpe (13%) and 4 of 45
from the Mapocho Piver (8.3%) contained S.
typhi. Of the 76 sxabs placed in agricultural
areas, 8 were culture-positive (11%). Of the 8
isolates, 5 were przge type £1 and 46, the two
most common Jisease-causing types in Chile,
one strain wzs unypable. and the other two
were N and M1.

Thus. using Moore swabs. we were able to
isolate S. nphi from irrigation water in San-
tiago. Chile. Since the sensidvity of the Moore
swab is inversely related to the size of the wa-
terway sampled (2I), our isolation rate of
11% from thesc farge waterways is probably
an underestimate. 5. nphi is fastidious. easily
inhibited by coliforms. and usually present in
relatively small numbers in environmental
samples (22). The Moore swab. by acting as a
filter, improves the chance of isolating rare S.
gyphi amony millions of coliforms. and we
have now shown it to bx a practical. reliable
tool to isolate S. nyphi from urrigation water in
endemic areas. Finding S. nphi with the
same phage tipes as disease-cavsing isolates
in irrigation water supports the hypothesis,
based on epideiniological observations, that
sontaminated vegetables in Santiago serve as
important vehicles of transmissica.

Studies with Chroaic Carriers

Quantitation of the Reseroir

Using epidemiological techniques. we esti-
mated that in 1950 there existed 23,019 fe-
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male and 4,575 male chrcnic S. typ . carriers
among the 4.264,515 inhabitants of Santiagu,
giving a pmalence of 694 carriers per 10°
population (24, 25).

Simple Serological Screening Test for
Carriers

Simple, yet reliable, screening tests are re-
quired to allow rapid and effective identifica-
tion of chronic carriers. Shortly after the orig-
inal description of the V¥ antigen by Felix and
Pitt in the 1930s (26), t*.ey noted that chronic
cacriers had high titers of Vi antibody (mea-
sured oy bacterial agglutination using Vi-rich
bacteria) and suggested that this serolopy
might serve as a screening test to detect carri-
ers (27). Over the next 45 years, great debate
occurred on this subject due to widely diver-
gent results of various investigators (25-3/).
Until receatly, all assays were limited by the
lack of purity uf the antigen. However, a fow
years ago highly purifiea Vi antigen became
available (32). Vi serology using this purified
antigen in a passive hemagglutinaticn (HA)
test was successful in detecting chronic carri-
ers in outbreak ..uations in nonend....c
areas (33). Therefore we undertook to evalu-

ate the utility of this serological screening test
to identifv carriers in aa endemic area. San-
tiago, Chile (34). Sera were tested frum. the
foilowing Chileaa populations:

i) 36 bacreriologicallvconfirmed known chron-
ic carriers.

2) 29 patients of both sexes. age 18 vears and
over, with acute nphoid fever.

3) 388 women ko had confirmed typhoid fever
12-48 months eariier and who were spparently not
carriers (based on three negasive ool cultures).

4) 59 bealthy individuals. age 16-46 years.

Of the 3¢ chronic carriers, 27 (75%) hud Vi
reciprucal titers of 2160 (see Table 6),
whereasonly 8% of the 388 noncarrier women
(p < 0.301) and 3% of 59 health subjects
(who had no bacreriological screening}
(p < 0.001) had riters 2160. The frequency
of titers 2160 in patienrs with acute typhoid
fever (38%) was also significantly lower than
that in chronic carriers (p < 0.003). The geo-
metric mean titer in the chronic carriers wa;
cignificaatly (p < 0.001) higher than (hat in
any of the other groups (Table 6). Using the

388 culrure-negarive women as negative con--

trols, a Vi antibody riter of 2160 was 753%
sensitive and at jeast 927 specific in detect-
ing chronic carriers.

In Santiago. the predictive value (35) of 3

Table 6. Prevaleuce of Vi antibody® in chronic Salmonells nphi cariers. acute nphoid
fever and healthy populaiions in Santiago. Chile.

Reciprocal s with reciproral riter
geometric  ——
mean
Group Characteristics N titer 530 0 2160
Chironic S. ryphi 92% females
crrier: 17-59 years 36 296 13 11 )
Acute typhoid Both sexes
fever patienre 13-30 years 29 S3 48 14 38
Joncarmiers with 100", females
typhoid fever 24-62 years 388 21 8 7 s
14 years
earlier
Healthy Chileans Both sexes
16-46 years 59 16 A 12 3

* Measured by passive hemagglutination using highly purified Vi antigen.
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titer 2160 is ar least 8% in the general adult
population. 16% in women 40 years and

older. and 3” %% in women 25 years and older

skh history of coafirmed typhoid fever. The
sractical application of the simple passive he-
magglutinarion assay with highly purified Vi
antgen to detect chronic 5. fyphi carriers in
a0 endemic area like Santiago, Chile depends
greaddy on fts predictive value. Since the pre-
dicdve value is high in populations with high
chronic 5. nphi carvier rates (such as clder
worzen). screening high-risk groups of the
populadion is warranted as part of a program
10 control ryphoid fever. For this reason, sys-
rerzatic serological screening of foodhandlers
i3 Sandago schools (90% of whom are women
crer 30 vears of age) has been initiated.

Treztment of Chronic Txphoid Carriers

When a chronic 5. nphi carrier is identi-
f23. iaterventions must be initiated to mini-
=322 the chaoce for transmission of S. nphi
t7 tte carrier to suscepribles. Health educa-
‘o=. including counseling on personal hy-
‘rz2 acd food preparation techniques, is
==Zamenral. Idealls. however, therapy to
22lcata the chronic carrier state is desired.
T=2 currenur recognized “gold standard™ of
S oy invehves cholecystectomy followed by
several wa2ks of antibioric (usually ampicillin
or z=oxicillin) therapy. Obviously, such a
ter2pectic regimen involving major abdomi-
23] surgery is uasuitable as a routine public
bealth intervention in endemic areas where
e srevalence of carriers is high. Thus, for
decades. an altermative. noosurgical thera-
perdic regimen has been sought to success-
fully cure chronic S. fyphi carriers.

Iralian investigators (36) veported that two
weexs of intravenous ampicillin (1.0 g g 8 h)
Suceessfuily cured 19 chronic S. nyphi biliary
€arrisrs. However, intravenous antibiotic
therzov precludes self-administered domicil-
QT Teatment and thus is also not practical
Ior z2biic health use. The advent of amoxicil-
©3 r2de available a superbly absorbed ana-

ry

»ot

log of ampicillin that provides serum levels
following oral administration that were presi.
ously achievable only with parenteral admin-
istration of ampicillin. Furthermore. like am-
picillin, amoxicillin is concentrared in bile.
Nolan er al. (37) recognized that these fea-
tures of amoxicillin made it worthy of evalua-
tice as a ponsurgical treatmemt for the
chronic §. ryphi carrier state. Nolan eral. (37)
treated 15 chronic S. rpphi biliary carriers
with oral amoxicillin (2.0 g three times d-ily)
for 28 days. Long-term cures were observed in
9 of 10 carriers who were able to complete the
month of therapy.

Encouraged by these prefiminary results of
Nolan ez al. (37), we proceeded 10 evaluate a
28-day course of oral 2moxicillin (2.0 g three
times daily) plus probeaecid (0.5 g three times
daily) in treatment of chronic §. nyphi carriers
in Santiago. Chile (C. Lanata er of.. ynpub-
lished data). Twenty-eight confirmed chronic
carriers (27 females) began the course of ther-
apy. Antibiotic and probenecid for each day
of therapy were provided in sm2ll vials. Medi-
cation was taken at homz: or at work and the
times of dosing were recorded by the patient
in a small diary. Patients were visited in their
homes at least once weekly on a scheduled ba-
sis. In addition. random unscheduled visits
were made at least once weekly. At both
scheduled and surprise visits. urine speci-
mens were collected for measurement of
amoxicillin levels.

Two of ihe 25 patisnts were unable to com-
plete the course of amoxicillin therapy be-
cause of severe afllergic reactions which were
manifested in the first or second day of ther-
apy. Of the remaining 26 carriers who suc-
cessfully completed the 28-day course of
amozicillin and probenecid. mans com-
plained at one time or another of mild diar-
rhea, rash, nausea. abdominal discomfort. or
gastritis. In no instances were the symptoms
sufficiently severe to cause discontinuation of
therapy.

The success of thzrapy was monisored by
means of stool cultures and bil= cultures (ob-
tained by string capsule device} at monthly in-
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tervals following completion of therapy. This
oonsurgica!, vambulatory, domiciliary oral
treatment regimen resulted in loog-terra (1
year) cure of 15 of the 26 carriers (58%).
When failure occurred it was usually evident
within the first 6 weeks following cessation of
therapy. Thirteen of the 26 carriers have had
radiological evaluation of their gall bladder
function: cholelithiasis, failure of the gall
bladder to fill during cholecystogram, or
other pathology was present ia 13 of 13 carri-
ers examined 3o far.

A cure rate of 58% with a domiciliary oral
antibiotic regimen, despite the presence of
gall bladder dysfunction, is encouraging news
for treating an individual patient, since there
is a greater than ever chance of cure without
surgery. However, such a cure rate is too low
to advocate its use in public health programs.
Therefore, we ars continuing to seek an anti-
biotic regimen that will cure at least 80% of
carriers, even with galistones, without chole-
cystectomy.

Large-Scale Field Trials of the Ty21a Live
Ora} Typhoid Vaccine

The live orai typhoid vaccine. Tylla, devel-
oped by Germanier and coworkers (38) repre-
sents a potentially major breakthrough for the
control of typhoid fever by immunization. In
the initial clinical studies with this live attenu-
ated Sa/monella typhi oral vaccine in North
American volunteers, it was shown to cause
no adverse reactions and to be geneticaily sta-
ble and highly protective (39).

The first field crdal with Ty21a was carried
out in Alexandria, Egypt where approxi-
mately 16,000 6 and 7 year old schooichildren
were given three doses (10° viable vaccine or-
ganisms per dose) within one week (40). Indi-
vidual doses of lyophilized vaccine contained
within sm.all glass vials were reconstituted on
the spot, and the children were vaccinated 2
few minutes after they chewed a tablet con-
taining 1.0 g of NaHCO, to neutralize gastric
acid. An equal number of children ingested

. trolled field tials are summarized below.

placebo. In this mial. the vaccioe provided
96% efficacy for at least three vears in an area
where the incidence of confirmed gyphoid fe-
ver in the control group was 40 per 10* school-
children. ~

Stimulated by highly encouraging resulis of
the Egyprian mrial. 2 collaborative effort was
undertaken to carry our fisld trials of Ty21a
in Santiago, Chile to obtain new information
and to evsluate the possidle use of this vaccing
as a public heshth interventioa to control en-
demic typhoid fever in Chile.

Two separate field trials of efficacy of one
Ty21a vaccine have been ondertaken in Sao-
tiago, Chile ia Area Norte (Trial 1) and Ares
Occidente (Trial 2). Results of these con-

Area Norre Trial

The goals of the first Chilean field trial in
the Northern Administrative Area_(Area
Norte) included:

. vt e+ o sonthioit AbANIINSI b uh b1 vt MRt MGr At e 10

1) To evalaare the efficacy of 2 new formulation — .

of Ty21a vaccioe (entericcoated capsules) that is
more amenable to mass vaccination, since
NaHCO; premrearment is unnecessary.

2) To investigate the efficacy of fewer (one or
two) doses of vaccine than were used in the Alexan-
dria, Egvpe field mial.

3) To assess the efficacy in an arez of particu-
larly high endemicity 20d {orce of infection.

Parents of 91,954 of the 137.697 schoolchil-
dren in Area Norte gave permission for their
children to participate in the trial. These chil-
dren were randomized so that in May and
June, 1982, 31.762 received two doses of pla-
cebo, 32.707 received cne dose of vaccine and
one of placedo, and 27,483 received two doses
of vaccine (ome week apart). The remaiging
45,743 unvaccinated children were consid- *
ered as a separate “contact™ control group. :

A summary of 24 months of surveillance is
contained in Table 7. Briefly, two doses of the
vaccine stimulated 2 moderate degree (39%)
of protection which continued over two ty-
phoid seasons. In Table 8 the results are di-
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Table 7. Area Norte field trial. Efficacy of one and rwo deses of
Ty213 live oral typhoid vaccine given in enteric-coated cazsules,

Summary of 24 months of sunveiilan:e.
1 July 1982 t0 30 June 1954

lacidense  vaccine

Vaccine No. of
group children

2 doses 27,485
1 dose 32,707
Placedo 31,762
Not vaceinated 45,743

No. of cases®*  (per 10)  icasy
0 1483 L]
8 259.9 25
12 BLE
147 2114

® Bacteriologically confirmed by blood or booe marrow culture.

‘v, p<0.2
‘vt p < 0.04.
‘vs®, p < 0.003.

Y

Table 8. 24 Months of surveillance of the Area Norre field trial. Eﬁ'ﬁczq of ™o doses
of enteric-coated formulation of Tv21a oral ryphoid vasciae.

Placedo (31.762) Two doses 127.443)

No. of No. of saccize

Surveillance period cases® Rate‘10* cases Rare10 * efficasy
1982 Juls-Sepr. 1 31 0 0 e
Oct.-Dec. 15 o2 4 14.5 &3
1943 Jag.-Mar. 37 116.3 10 35.4 €
Apr.-June 16 0.4 16 382 ¢
July-Sepr. 4 12.6 1 3.6 -
Oct.-Dex. 14 H.1 1 3é 52
1954 Jan.-Mar. 19 9.5 ] IR ] &
Apr.-June 8 5.2 3 10.9 3

* Bacteriologically confirmed by blood or bone marrow culture.

vided iato three-month periods of observa-
tion. In this analysis one notes that there was
one three-month period (Aprii-June, 1983)
during the 24 months of surveillance when the
protective effect of the vaccine appeared to
have peen overwhelmed (Table 8); in all other
periods vaccine efficacy exceeded 57% (Table
§).

Other important observations from the
Ar2a Norte field trial include:

13 The vaccine caused no significant adverse re-
A0ons in H).000 vaccinated children.
2) The snteric-coated formulation was found to

be highly pnmczl and weli stizad 1c mass vaceiza-
tion.

3) The annual incidense of culture-confirm=ed
typhoid fever in the placebo canrroi grou) in the
first year of surveillance in A-=2 Norte was 214
10°%, a rate more than five times higher than the
rate in the contro! group in th= Egvprian wial!

4) One dose of vaccine gave rzuch less protection
(30%) than tvo doses of vascine (39%,).

5) Asshown in Table 9, tac Zoses of vaccine 2lso
provided moderate protection zzzinst §. paranpii
Binfection. This makes sense s ce ce prtection ith
Ty21a and other live Salmonel!z vacSnzs is knoan
to be related to the lipopoizs2icharids O aniigez
(41. 42). The O aniigens of S. nphi and §. paea-
ophi B are related.
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Table 9. Efficacy of Ty2la attenuated Salmonella ryphi vaccine
against S. pararyphi B disease.

: Percent
No. of No. cases of Iscidence  vaccine
Vaccine group children  paratyphoid B*  per10®  efficacy
2 doses 27.485 -6 e 51 .
1 dose n.7n? 10 30.6* 3
Placebo 31.762 14 ¥
Not vactirated 45,74 b 03
® Bacteriologically confirmed by blood or bone marrow cuiture.
‘vt 9 =02
Area Occidente Field Trial

Based oa results of the field trial in Area
Norte which showed only modera:e efficacy
with two doses of enteric-coated vaccine and
an apparent overwheiming protection in vac-
cinees during one three-month period. a sec-
ond field trial was initiated in Area Occidente
of Santiago. In this trial 141,127 children of
consenting parents (representing 95% of all
schoolchildren in Area Occidente) were ran-
domized to one of five groups to receive:

Group 1—Three doses of vaccine in enteric-
coated capsules given within one week.

Group 2—Three doses of vaccine with NaHCO,
given wit“in one neek. The commercial gefatin
capsule/iiaHCO,; formulation was used. which
consists of two gelatin capsulzs each containing 0.5
g of NaHCO, and one gelatin capsule containing
tyophilized vaccine.

Group 3—Three doses of enteric-coated vaccine
with an interval of three weeks berween the doses.

Group 4—Three doses of the gelatin capsule’
NaHCO; formulation with an interval of three
weeks bertween the doses.

Group 5—Three duses of placebo.

The design of this trial was intended to al-
low a direct comparison of two different for-
mulations of vaccine as well as two different
immunization schedules. We would like to
have included the Egyptian formulation as
one cell in this trial; however, that formula-
tion was not available (Table 10). The Egypt-
ian formulation was prepared only for the Al-
exandria trial and then was replaced by the
gelatin capsule/NaHCO, formulation, which

Table 10. Field wrial formulation of Tv21a ve:
oral typhoid vaccine.

Vacciae formulatioa NaHCO. Where used

Lyophilized vaccine 1.0 3 Alexandris.

* in glass viais ~ tabies Eppt
under vacuum

Lyophilized vaccine Norz
in enteric-coaied

Sanriago. Chile
{Area Nore a=s:

capsules Ocride. 1)
Lyophilized vacsize 2 gelatia Arsa Occidezte.
in gelatin aapscins Santiago. C=iz
capsules eash aith -
(U 4

became available commercially in ma=:
countries of the world.
Similariy. the more practical enteric-coarze:

formulation was made ia two special lots fzr>

the Area Norte and Area Occidente trials x
Chile (Table 10): this enteric-coated formuls--
tion was not commercially available at the-
time.

Results of the Area Occidente field trial a—=-
showned in Table 11. The clear-cut results a:--
low the following conclusions to be drawn:

1) The extraordinary safery of Ty21a oral cas- -
cine was ooce agaia shown in 107,450 Area Oco--
dente schoolchildren who ingested at least =<
doses of vacciae between July and September.
1983.

2) The enteric-coared formulation was found =
be significantly more protective than the gelacs
capsule/NaHCO, formulatica.

3) The long-interval immunization schedule +2:
days berween doses) gaive no greater protects:
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Table 11. Efficacy of Ty21a oral nyphoid vaccine in Area Occidente
after 10 mooths of surveillance: comparison of o different
formulations and immunization schedules.

Percent
Thres doses No.of vaccine 1
within one week children  No.ofcases® Rate 108 efficacy I
Entericcosted 2,170 7 3¢ 4 !
gelatin/NaHCO, 2319 23 07 12 S
Three doses, 21 - §
days between esch - ‘ .
dose . l
Enteric-coated 21,558 8 »e 70 e
gelatin/NaHCO;, 21,541 19 W 39 it
Placebo 27,793 M 12.r .
Not vaccinared 14,962 1% 106.9

-

T ey
- o .,..‘..‘.J.r, 'S

=T
-

e W v v AT

*Bacrerwiogically confirmed dy blood oe bone marrow culture.

*or v p0.002.
Svs® p0.005.

than when all doses of vaccine were given within
one week.

4) The level of protection achieved with three
doses of enteric-coated vaccine was approximately
“0-"37.

2) Some children were absent during one day of
vazciration and consequently received only two
doses of vaccine. The numbers of such children are
small and these children may represent a skewed
group a: different risk from those who were not ab-
ser: on any vaccination dayvs. Nevertheless, it
seemed worthwhile to compute the incidence rate
in the children who received only two doses and
compars it to those who received three doses of vac-
cine or placebo. In Table 12. the incidence of ty-
phoid fever in all children who received three doses

. of enteric-coated vaccine (both short and long im-

munization schedules) is compared with the rate in
all recipisnts of two doses of enteric-coated vaccine
a2d with rthe incidence rate in placebo children. In

this analysis, no evidence is found for fesser immu-
nity in recipients of rao doses of vaccine. Again one
must stress that the groups of two- and three-dose
recipients were not randomized and therefore com-
parison may be inappropriars.

A Third Sentiago Field Triol

Based on results of the Area Occidente field
trial, it is obvious that the enreric-coated for-
mulation is the formulation of choice and that
a short interval immuaization schedule is sat-
isfactory. However, it is still unclear whether
there is 2 difference in the protection con-
ferred by two versus three doses given within
eight days. Nor is it clear whether a fourth

Table 12. Comparison of efficacy of three versus mo doses af
enteric-coated Ty2la vaccine in the Area Occidente field trial (10 months

of surveillance).
Pescent
No. of No. of Incidence  vaccine
Vaccine children cases per 10  efficary
Enteric-coated® 3 doses 43.768 13 34) 2
Ertericcoated® 2 doses 9.920 b4 202 83
Placebo 27,793 M 1223

*® Includes both short- and long-interval schedules.
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The answess %0 thess questions were to be
sought i a hird field trial that began with
vaccinatiom im October 1984. In this trial
285,00 schamsichildren in Area Sur and Area
Central of Semtiago wers.randomized to re-
ceive two, dhwee, or four dases of enteric-
coated vaceims given within eight days. For

sthical reasmss, no placsbo group was in-
tiuded; th--}ynhuncmaqmubedr
termined.
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[mplementadion Phn

During the past five years, the epidemiol-
:gy of endemsie typhoid fever has been inten-
sively studiedl amd various interventions evalu-
:ted. We amm mow at the poimt of definitive
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This represer
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Case-control study to identify risk factors for
paediatric endemic typhoid fever in Santiago, Chile

RoseaT E. Brack,! Luis CisNeros,? Myros M. Leving, Avtonio Banet,’
Herxax Losos,® & HecTor RopriGuEz 8

Txpkoid fever is an important endemic ealth problem in Santiggo, Chile. Iis incidenca
Aas more than doubled ir recemt years, Juring which access to potable water and sewage
disposal in the home became almost universal in the city. A matched case-control siudy was
carried out to identify risk factors and vehicles of transmission of paedia:ric typhoid fever;
&/ children in the 3-14-years age group with typhoid fever were compared with controls,
matcked with respect to age, sex, and neizghbourhood. It was found that case children more
Jrequently bought lunch ar school and shcred food with classn.ates. Also, case children
movre often consumed flavoured ices bough: cutside the home; none of 41 ather food items
considered in the study was associated witk a higher risk of 1y pkoid fever. Only iwn food
hcndlers for cases and one for controls werz positive for Salmonella typhi, indicating that
persors preparing food soiely for their own family were ne' tke main source of S. typhi
infection. Rather, the risk factors identified ir. this study are consisten: with the hypothesis
that paedia:ric endemic typhoid fever ir San:iago is largel) sprecd by consumption of food- -
stuffs that are prepared outside the incividual's home cnc are shared with or sold o
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ckildren.

Typhoid {aver is an endemic health problem ia
Chils, presezting some interesting and mostly unex-
plaizsd epidsmiological features. The illness has a
markad seasonaliry with a peak during the summer
moa:h;s and :he highest incidence is in children in the
8-13-vears 23e group (J, 2). Furthermore, its inci-
denze is high in children from both low and high
socioeconomuc groups, even those who live under
apparently nearly optimum sanitary conditions (3).

Significant improvement has been achieved in
reducing the morality rate of typhoxd fever in Chxle
from 12 per 10 000 inhabitants in the 1940s 10!
than 1 per 10 000 in the late 1970s; however, over the
same period the morbidity rate has increased from $0
per 10 000 inhabitants to 100 per 10 000 (#). Para-
doxically, this increase in morbidity occurred during

b Cuef, Edicemiciogy Section, Center for Vaccine Development,
Loivenn of Manland School of Medicine, Baltimore, MD 11201,
USA 110 shom raquens {or reprints should be addreswed).

! Felow, Ceater for Vaccine Development.

' Director, Center for Vaccine Development.

¢ Cruef, lafectious Diseases Unit, Calvo MacKenna Chiléren's
Hosprtal. Santago, Chie.

3 Saexific Drremer, Insmitute of Public Healh, Sannage.
Chule

_‘ Ep-demucioqs Consultant, Ministey of Pudiic Health, Santiago.
e

a period in which access 1o potable water and sewage
disposal in the home increassd and became almost
uaiversal in urbaut azeas (3, 5). Furthermore, during
this time there was a surikizg reduction in the fee-
quency of mos: other communricable diseases in Chile
(5).

Little is known about the routes of transmission for
typhoid fever in Samtiago. Th2 two principal hypoth-
eses proposed suggest contarzination of food (@) by
foodhandlers who are asymptomatic carrisrs of
Salmonella t)phl (2)or (b) by the irrigation of fruit

sewzge-~ontaminated water {7,
8). As far as the first hypothesis is concerned it
should be noted that the pravalence of cholelithiasis
in Chile is one of the highest in the world (9) and that
this, together with the endzn iz presence of typhoid
fever in the country (/-4). produces a high rate of
chronic biliary carmriage. It has been estimated that
there are nearly 30000 such carriers of 5. typhi in
Santiago (a prevalesce rate of 694 per 10 000 ( /0)).
With regard to the second hypothesis, sewage in
Santiago is discharged un:rzated into the Mepocho
river and a large canal; water drawn from these
sources is used (0 imigate crops, such as lettuce and
celery, which are grown near the city (7). High faecal

8% — 8§99 —
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coliform counts have been measured in this water,
and S. nphi organisms have been isolated from it
(8).

The aim of the present study was to identify risk
factors and vehicles of transmission of typhoid fever
in the castern part of Santiago, an area that accom-
modates famiiies of all economic strata, but mostly
middle- and high-income persons living in modern
bousing.

MATERIALS AND METHODS

A matched case-control study was conducted from
December 1980 to June 1981. Cases selectcd were
children of either sex in the age group 3-14 years who
lived in the eastern area of Santiago and who were
diagnosed as having typhoid fever as confirmed by
blood and/or bone marrow cultures that were posi-
tive for S. ryphi. Children were diagnosed and treated
at the Calvo McKenna Hospital (serving mainly low
and middle socioeconomic groups) or by 20 paedn-
tricians who care more for middié and upper socio-
economic groups in their private practices. A surveil-
lance systemn was established to ensure that two blood
cultures were ottained from each child with sus-
pected typhoid fever at either the hospital or the
privare practices. Blood was cultured in a medium of
supplemented peprone broth,” and processed by stan-
dard methods ( /7, 12).

Controls were children of the same sex and age
(= one year of age) as the cases, and lived in the same
neighbourhood. They were identified by following a
standardized route which started at the home of the
case. Controls who had had a febrile illne: s suggestive
of typhoid fever curing the four weeks { rior to their
participation in the study were excluded and a new
control was selected, Once an appropriate control
was identified, return wvisits to the neighbourhood
were made until complete information was
obtainad.

Two public health nurses filled in questionnaires
~oncerning cases and their matched controls, and the
answers given by the children were verified by inter-
viewing their mothers. For young children, the ques-
tions were answered by their mothers. Cases and
matched controls were interviewed ¥~ *he same nurse.
The questionnaire explored the ..{owing areas:
socioeconomic level (type of house coastruction and
ownership: number of rooms, bed:, and persons in
house; and ownership of car); sanitary conditions at
home (existence of + water source and bathroom
facilities); food ar ' drink consumption (42 items),
both at home and ot e (for the two weeks prior to

¢ Zrom Becton Drckinson and Co., Ovnard, CA 93030, USA.

the onset of illnsss i cases a_‘ overchesame pe'iou
for the matchad cootrolis): axXisisaze of cooks and/or
maids at home and :hetrrol2i= Jood preparation; {re-
quency of eating iood i{rom siree: vendors, i res-
taurants, or at school: kiston =f a7 bladdar diszase
among the food zaczdisrs &= homs; coniact with
known cases of 1yphoid fove (in the w0 moxths
preceding the study); azd travx a=d swimming 2 stivie
ties (in the month prior 10 02ser of illness for cases and
in the same period for (82 ma::h=d control).

For both cases =4 coa70ls =0 5700! samplas were
obtained from the srimary {ood Rardlerin the house-
hold. The initial sasipls was ¢=:ainsd by ractal swad
at the time of the i=tenisw a=3 placed in Cary-Blair
transport medium axnd culured the same day. The
second sample was a 5:00: obiained dunng the
morning of the fol'lowing day =% zh was kept refiger-
ated and was cuinured wiZZ= six hourss. Faecxl
samples were culturad o Sc/~orelz-Shigella, Maz-
Conkey's, or bismuth sulllc -:,a.:'s. either diractly
or after selenitz exichment 720 22 hours; colsnies
harbouring Salmorella or 3-:z2l!z bastaria were
identified using sta=dard :e::.*"-s (12).

Statistical analysis of toe r2s.175 for maiched 2aiss
was carried out usi=g the .\i;\‘ riest (13) i the
otitcome was di:f:::oaeus. 22 2 similar tast derived
by Fleiss (13) if :=:too=ous.

Eighty-onecases merthe cmizmz2 forinclusionin the
study; 67 were from Calvo Mz*s=na Hospitaland 13
were from the prazizss of prmoziz pasdiaisisiass in
Santiago. The larzes: pumder o7 c2525 were Gvear
olds, with relatively foa helza :his 2ze and fairly
uniform frequansiss abowve =i thars were equal
numbers of mals a=2 fema’s ;234 (Fig. ).
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Fig. 1. Age and s2x Susimdut 2 of 21 Dazdiatric cases
of typhoid fever i~ =e ez572~= 3-e2 3f Sanniago, Chile,
over the period Cazarogr 1332- ~2 1981
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RISK FACTORS FOR PAEDIATRIC ENDEMIC TYPHOID FEVER 901

Table 1. Association of selected risk factors with paediatric typhoid fever in Santiago, Chite

Case:Control pairs

Reiative

Yes:Yes Yes:No No:Yes No:No Signhcance nya

Mistory of typhoid fever 0 16 ] 58 ¥=48, 3.2
n s relanve P<0.05

Bought lunch st school 2 12 3 35 =43, 40
£<0.0%

Travel outnde Santisgo 12 8 b3 40 Vve$0, c4
£<0.0%

Swimming in 8 laxe ’ o 72 =61, c
£<0.02%

Swimming in a pool 10 ? 18 48 =40, 0.4
£<0.08

* Ansvie «onfned 19 CIN0S TAIL 0CCUITSd Wil SCROOI WaT i SOLR0N.

Rectal swabs were obtained from 78, and stool
samples from 77, of the 81 domestic food handlers for
cases; 2 food handlers were positive for S. typhi,
including the mother of one case and the cook
{female) of another. Swabs were also obtained from
81, and 2tools from 71 food handlers of controls. One
of these food handlers was positive for S. typhi; this
»as the mother of a control child whose own childrsn
~erenegative for S. typhi but who prepared flavoured
ices that she sold to neighbourhood children, includ-
ing the case matched with her child. The ages of these
food handters were 34, 37 and 55 years; none of them
had a history of typhoid faver, but two had a history
of biliary colic and one was known to have galistones.
Seven additional food handlers had stool cultures
positive for other enteropathogens, including S. para-
oyphi B (3), other salmonellae (3) and Shigella (1).

The families of cases and matched controls had the
same number of persons in the home, and a!l had
household electricity, sewage disposal facilities, sinks
in bathroom and kitchen, and a source of water, or
owned a refrigerator or an automobile. The relatives
of cases (usually cousins), but not friends, were more
frequently (relative risk 3.2) reported ill with typhoid
fever during the two months preceding the study
(Table 1). Cases more frequently (relative risk 4.0) ate
lunch bought at school than controls (Table 1), but
both groups ate food from street vendors, schoot
kiosks, and restaurants. In addition, cases more {re-
quently shared food at school with friends (Table 2).
This increased risk was particularly apparent for chil-
dren who shared food in this way three or more times
per week (relative risk 6.0) (Table 2), and seemed to be

more imponant for children who brought food to
school (relative risk 10/2, y* = 5.4, P <0.0%) than for
children who purchased school fond (relative risk
2/0, not signifizant). .
Controls trav.'lad away from Santziago more fre-
quently than did cases in th: month befors the onset
of itlness in the matched case (Table I). This loner
risk for controls who travelied se2mad to hold during
both summer (relative risk 5. 10) and non-summer
{relative risk 3/10) months. Con:rols also swam more
frequently in a lake or pool than casas (Tabie 1),
The consumption patierns of c2ses for 32 fruits and
vezetables and other food products were ob:2ined for
two weeks prior to onset of their illness and for the
same period in matched conirols. Consumption of

Table 2. Frequency of sharing ‘s0d with friends amona
typhoid fever cases and matche< controls’

No. of maicred controls shanng food

No. of cases »3 1-2
sharng fcod aTes'week  Imes week Never
23 tirss/week

12 o 2 3
1-2 nmos/waeek

129) 2 15 12
Never

134) (] 1" 2

L)

Va0 P <0512 cogrens of ter 2o,
® Fgures n parenheses a1 10 ais




e

i

92 R.E.BLACKETAL.

Tad'a 3. Frequency of consuming purchased flavoured
izes by typhoid fever cases and matchad controls’

Control consumption

Case s2~surmson »3 1-2
umes/week times week Never

33 305 weee

1387 15 8 13
72 ames weer

(1 4 -] 2
ever

138 3 -] - 28

* V87 3. P <.08 (2 ¢cogrees of treedom).
T T4.re8 i Serent™etes are TOtss.

purskased flavoured ices was associated with a higher
risk of typhoid fever, particularly among children
sonsuming such ices three or more times per week
(relative risk 3.0) (Table 3). Consumption of
ilavoured ices made in the home was not associated
with ryphoid fever (relative risk 5/9). No association
wa; found between consumption of the other food
izemas, including suspected vehicles or groups of these
ize2ms, and development of typhoid fever. For
exampie, the relative risk associated with consump-
rion of lettuce was 14/19 (0.74) and strawberries
23/‘19 (1.2). One food item, mote con huesillos (a
local drink made from corn and apricots), was associ-
2:ed ith a signifi ca.ml) lower risk of typhoid fever
(relazive risk 3/16, x*=9.9, P <0.01).

DISCUSSION

The epidemiology of endemic diseases is frequently
complex. Unlike common-saurce outbreaks, many
vehislas, each responsible for a few cases, may be
invoivad, and this might be the situation regarding
tvphoid fever in Santiago, Chile. The present study
incriminated only one food item but identified a
sumber of factors associated with a higher or lower
risk of developing typhoid fever.

Siace more than 70 variables were investigated, it
can be expected that a few of them are statistically sig-
nificant by chance alone at a Plevel of less than 0.0S.
Ia some instances, however, the statistical signifi-
cance of the association was greater than 0.05.
rurthsrmore, some risk factors were corroborated by
siazistical significance of two or more related
sariables, e.g., travel outside Santiago and swimming
in lakes or pools, usually outside the city. Since these
2re related variables, the finding of all three to be

important factors sugzesss tha: this was not due to
chance. Cases were probzaly maiched so closaly with

controls from the sams z2ightourhood for socio-
economic status thar poreziial risk factors associated

-with wealth, education, or plaze of residsnce may

have been overlookad. Oz tha other hand, this study
design allowed examizazica of important risk factors
without the potentially cozlounding effects that may
have arisen had cases anc controls differed in socio-
economic status.

The study idanrifiad flavoursd ices as a vehicle of
transmission of typhoid fever among children in
Santiago; however, the pracise means of contamin.
ation of the ices has 20: yet been established. One
possibility is that the watzr usad 10 prepare them was
contaminated, t hs 2ost uaiversal bousehold
access to water of o0 Suality ia study families and
in Santiago in general ( §) 224 the failure of this study
to implicate the warsr sourse a3 an important risk
factor suggest that this is 2nlikaly. Another possible
explanation is that 8. r3p7; carriars contamiaated the
containers, the watsr, or 32 ice in their homes while
preparing the flavoursg izzs for sals. In this respect, it
is pertinent that we ide=iZlad an S, nphi carrier who
had preparad and sold Tzvaursd ices to a child who
subsequently des-lc,-- opnoid fever. The lack of
significance, 2s a risk f2:727, of flavoured ices made
and consumed ar home {o=her emohasizes that it is
the preparation of the 7aod irems by carriets outside
the home tha is impormans.

Consumitng lunch bouzs: 2t school cafersrias ~nd
sharing food with class=zzss who did not buy lunc, a
school wers both asscciaizd with 2 higher risk f
typhoid fever. Although == » did not detect any cluste; -
ing of cases in partizuiar schoals, these daza suggss:
that one transmission -oute of 5. fyphi may be con-
sumption at school of 'acd that was preparsd on the
school premises, brouzh: by their children from
home, or bought from ; \. vendors. It is also poss-
ible that certain childrea 2av 2 2 tendency to eat food
prepared outsids their oan homes, thus exposing
themsetves to food prepa-ad by a wide variety of per-
sons, some of whom cou’3 be chronic carrisrs of S.
typhi. The higher fraquency of reported (bur undocu-
mented) typhoid feser among relatives of cases com-
pared to those of con:rois could be due to reporring
bias; however, it may indizate that the case and the
relative had shared a common food exposure.

‘The reduced risk of :y7hoid faver among children
who traveiled out of Sazi’2go may be a marker of
socioeconomic statu:s but could also indicate that they
were removed from the source of infection, being
safer away from the &icy. The incidence rates of
typhoid fever in the popuiar holiday resorts are much
lower than those in Santizzo (2). ‘

This study indicazes tha2: food handlers who
prepared food solsly for thsir own families were not
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the main source of S. ryphiinfection. Cultures of two
stool samples should identify most asymptomatic
carriers, and only two caniers were found in the
homes of the 81 cases. Furthermore, this finding was
corroborated by a later study of family members of
typhoid fever patients in Santiago (/5). Using three
stool cultures and measurement of Vi antibodies ( /6),
only one chronic carrier was found among the family
members of 24 patients with typhrid fever. Although
caroiyc carriers are undoubtedly important in we
transmission of S. typhi, all these studies indicare that
such carriers within the household could account for
only a small fraction of typhoid fever cases. The risk

factors identified in the present study are consistent
with the hypothssis that endemic :yphoid fever in
Santiago is largely sprzad by exposure to food items
that are prepared in schools, privaie homes, or by
food vendors and that are shared with or sold (o chil
dren. From this study, it cannot be determined
whether contamination of these items with S. typhi
was a result of their preparation by chronic §. typhi
carriers or because the raw foodstulfs were contami-
nated by S. ryphi rom Santiago sewage. Further epi-
demiological and bacteriological studies are planned
to resolve this issue.
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RESUME

ETUDE CAS-TEMOINS IN VUE DE DETERMINER LES FACTEURS DE RISQUE DE LA FIEVRS TY?HOIDE
ENDEMIQUE DE L'ENFANT A SANTIAGO DU CHILL

La fievre typhoide est un probleme de san:é endémique au
Chili, qui atteint un paroxysme pendant |'été et sévit surtout
chez les enfants de 8 & 13 ans. A Santiago, l'incidence de la
fievre typholde a doublé ces dernieres années, bien que la
quasi-totalité des ménages aient accés & I'cau potable et i
I’évacuation des eaux usées; !'incidence est élevée, tant dans
les quartiers pauvres que dans les quartiers riches de la ville.
Coe éxude de cas et de témoins appariés a été entreprise en
vue de determiner les facteurs de risque et les véhicules de
transmission de 1a maladie. Quatre-vingt un enfants de trois
A quatorze ans, souffrant de fiesre typhoide confirmée par
analyse bactériologique ont été comparés 3 des sujets

témoins appaniés par 132, sexc st oisizage. Lrérude arévéis
des facteurs de risque qui correspoz2ent a hypothése selon
laquelle, & Santiazo. la comsommation de produits
alimentaires partagss par ies enfan:s ou sendus & ceux<ci
hors de la maison est Zaxs une large mesure responsable de
la propagation de '2 m=alalie. La comtamination de ces
produits par Salmoreila yphi peit é&re due & leur
préparation par des poraws chroniues de S.(yphi ou au
fait que lesr desnréss eciradt dans !'sur composition
contiennent S. 2y 2k: par suite d'uns polturion par les eaux
usées.
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TYPHOID FEVER IN SANTIAGO, CRHILE: ASTUDY OF
HOUSEHOLD CONTACTS OF PEDIATRIC PATIENTS®

J. GLENYN MOFRIS. JR.# CATTERINE FERRECCIO.*2 JULIO GARCIA § HERNAN LOBOS.§
ROBERT E. BLACK.T HECTOR RODRIGUEZ.z axd
MYRON M. LEVINEY
+D::5:0m 2" Geographic Medicine and Cenzer for Vaccine Developr or2. University of Marvland
Soioo! 27 Med:cine, Baltimore, Marylard 21201, 2Mir:stry of Hea™k, Sanmiizgo, Chile. and
§instirute of Puélic Hez!tk, Santiago, Ciie

Abs:ract. We obuained clinical, epidemiological, and laboraiory data (including three
stool cultures) from 155 (96%) of 161 household contacts of 23 patients <16 years old
with culture-conirmed typhoid fever; these 24 patients represented approximately 40% of
such patients seen in three hospitals in Santiago during a 12-week period. A chronic typhoid
carrier was identified in only one household. with concurrent or secondary cases seen in
™wo other 2ouseholds. When index cases were matched with houschold members nearest
:n age. no speciic risk factors for illness could be identified. There was evidence of gen-
sralized exposure to enteric pathogens within these households. with nine persons from
seven differsnt households culture-positive for non-tyvphoidal Salmorelia, and nine, from
eight different households, culture-positive for Saigella: transmission of these pathogens
withuz houssholds did not appear t0o be common siace no household had more than one

family memper with the same serotype or specias of either pathogen.

Typhoid ‘ever is endemic in Santiago, Chile.
'ahere an average of 170 cases per 100.000 pop-
ulazion per vear-aas reported for the vears 1977~
193:..° *Thsincidence of inphoid feveris highest
amosg childrea 3-13 veais of age and relatively
.on among chidren =3 and adults aged 223
vears. Over 739 of cases occur duning the sum-
mer and sarly fall (December-May). Despite
gezsrally aigh siandards of sanitation and med-
ical zare. the incidence rat (or typhoid in San-
tago. rather tkaa dacliaing, has almost doublad
during the past dacads. The reasons for the large
aurmper of cases in the cuty " for the recent
increase in incidence are stii not well under-
stood: ! contributing factors may include a high
chronic carmier rate (estimated at 694 carriers per
10* population’®). problems with food sanitation
sxaczrbated by recent deregulation of the local
food senvice industry .- and use of untreaied waste
water for irmigation of crops in the summer.*

We sought 10 examine these and other factors
by siudyving households in Santiago in which a
chuid had recent!: been Jiagnosed as having ty-
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® Address repnne ragussts 1o Dr. J. Glenn Moms.
Je.. Dovision of Gezgraphic Medicine Umiversity of
Marmtand School 37 Medicine. 10 S, Pine Street. Bal.
amore, Mandand 212000

phoid fever. Withia households we attempred to
ideaury chronic nphoid carmers and possible
concurrent cases. we also attempted to identify
risk factors for infction. including patterns of
food consumption 2wayv from the household and
preferences for spacific “*high risk'” foods such as
raw vegetables. Although our study was designed
10 evzluate infactioas with Sa/monella typhi. the
culture technigues used allowed us to idenfy oth-
er Salmonella and Shigella species in stool sam-
ples: as we found a relatively high rate of stool
carriage of both noa-typhoidail Salmonella and
Sn:gella, clinical and epidemiological data re-
lated to these pathogens have been included in
our 2nalysis.

METHODS

Laboratory records in three Santiago hospitals
(Hospiral Felix Bulnes, Hospital Saa Juan de
Dios. and the Infectious Diseases Hospital) were
reviewed daily or every other day during 2 12-
week period in March, April, and May 1983.
Efforts were mads w visit the households of all
patients <16 vears of age who had culture-con-
firmed typhoid fever: if more than one case was
identified on a single day. the household of the
voungest patient identified was visited. A stan-
dardized questionaare was admimstered to each
index case and tc exch houschold member: data
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requested included the occurrence of symptoms
such as fever or diarthea, frequency of eating
food away from the housebold (at school, at the
homes of relatives or friends, or purchased from
street vendors), recent travel history, history of
exposure t0 persons with typhoid outside of the
family, and a limited list of food preferences (ive
cubes purchased outside of the home; raw veg-
etables, including lettuce, cabbage, celery, and
tomatoes; fresh fruir; and fresh seafood). A sec-
ond questionnaire related to the physical char-
acteristics of the household was administered to
the head of each household.

Three swool cultures were collected from each
household member, with efforts made 10 obtain
cultureson days 1, 2, and 7 after the initial house-
bold visit. Persons were instructed t0 sample a
fresh stool with 2 sterile swab and place the swab
in a vial containing Cary-Blair transport medi-
um. At the Enterics Laboratory of the Institute
of Public Hesalth swabs were directly plated on
SS, MacCoakey's and bismuth sulfate agar, and
then placed in selenite enrichment for 24 hours.
Colonies suspicious for Salmone!la or Shigeila
were identified using standard techniques.t* All
isolates were serotyped or speciated, or both, by
the Reference Laboratory of the Iastitute of Pub-
lic Health. Plasmids were identified in all Shi-
gella isolates using an alkaline plasmid extrac-
tion technique.?

At the time of the first household visit a blood
sample was collected from each household mem-
ber over 10 years of age. Serum was frozen at
—20°C until the conclusion of the study, at which
time samples were assayed for Vi antibodies by
passive hemagglutination,® using purified S. 1y-
phi Vi antigen (kindly provided by John Rob-
bins, Bureau of Biologics, Bethesda, MD); titers
21:160 were regarded as positive.'° Four water
samples for fecal coliform and chlorine analysis
were collected on successive visits from the
kitchen water supply in each household.

RESULTS

Families of 24 patients (representing approx-
imately 40% of cligible families) were contacted
and agreed to participate in the study. The av-
erage ~ge of these patients was 10 years (standard
deviation = 4 years), compared to an average
age of 8.9 vears for all reponed typhoid cases in
Santiago among patients < 1§ vears old. Exclud-
ing the index cases, a total of 161 persons lived

1199

§ % O 2 Sy
Lot

Fioure 1. Sanzago mewoyolian aren: Location of
hospitals and housebolds studiadl

in the 24 houssholds: complee clinical, epide-
miologic. and ladoraton data were obtained for
155 (96%). Thirty persons. in 18 households, were
<10 years of 222 14.in 10 Bouseholds, were <4
years of age.

Households includad ia the study were con-
centrated in tbe wastern pat of the city near the
three hospitals survevad (Fiz. 1). Households had
an averzge of 2.4 persons per room (range 0.9~
4.6). Nineteea (79%) of 122 2ouseholds were con-
nected to the city sewer2as system, all had elec-
tricity, and all but one had municipal water. Be-
cause of delays in obtaizi~z initial cultures and
in confirming ths identiScation of isolates, the
average time betaeen 2 patient’s onset of 5ymp-
toms of our ixmtal visit 0 the household was
21.5 days (range 11-37 dass).

Salmonella nypki

We identified a chronic S. 13pki carrier on only
one houschold. The carrier. the 38-vear-old step-
father of the index case. gave 2 history of having
had typhoid fevarin 1960. He w2s asymptomatic
at the time of the study. with multiple positive
stool cultures for S. nipA:: k= had a strongly pos-
itive Vi an:ibocdy uter (1:620),
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Apparent concurrent or secondary cases were
ident:2ad 1n ™wo households. In the first, all six
house=o.d mambers were culture positive for S.
npac jour wese symptomatic. and two were hos-
pralized. No ousehold member had a histon
ofnp=0:d. 2= none had an elevated Vi antibody
titer. T2& wazar supply for the household came
from a 2 2l wzich was nntchlorinated, and water
samp.ss had coasistently high fecal coliform
counts. [n 2 secoad household. the index case’s
28.veas-old sister developed fever and gastroiz-
lestina; complaints. with positive stool cultures
for S. apau § weeks after onset of symptoms in
the index case: she had no previous history of
nphoid and did not have an elevated Vi anti-
body uter.

Thi-n -six 150%) of 60 culture-negative house-
hold members <16 vears of age ate food outsids
of the =ouse=old at least once during an average
week sompared to 19 (86%) of 22 index cases
(excludiag 2 tadex cases for whom no matched
house=2ld co=trols were available) (P = 0.01. by
e m230d of Pike and Morrow for matched
cases 2=d variab'e numbers of controls.!') How-
ever, :=dex Jases were significantly oldes than
house=0'd socrrols (mean age 10 years vs. 8.3
vears: ‘P = .23, Mann-Whitney U test), and 1t
was possibl2 10 show within the control group

toldarchildren were more likely than younger
childre= to e2taway from home (P = 0.01, Mann-
Wajtz2s U tes). When index cases were matched
with t=2 culiure-nsgative household member
closes: 12 232 (bur <16 years old) the difference
in food consumption outside of the household
*2s po: sigzidcaai (P > 0.05. McNemar test for
maichsd casss and controls). No other risk fac-
ors for tiiness could be identified, using both age-
matck2d ard non- aged-matched controls.

Ser.m samples were obtained from 122 house-
hold members. Two persons had Vi antibody
tters of 21:160: one was a presumed chronic
carrier. 2 noied above: the other, with a titer of
1:160. »as a 52-vear-old female with no previous
histors of nphoid who had three negative stool
culnwres. In rwo households municipal water was
collectsd in t2aaks which. when tested, contained
po chlorine: all other municipal water samples
bad adsquate levels of chorine, and none had
signif cant numbers of fecal coliforms.

Non-npaoidai Salmonella and Shigella

Niee (3.3%) of the 155 household members
had positive stoo! cultures for non-typhoidal
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Srectes seronpe of . n-typhoidal Salmonella and Shi-
§2ia ticlaced rors rousehold me o bers

[og FERY N nmpromai No assmptomatiz
a2 Nzn-nphoda! S:morella
azons 0 1
snatum 0 1
panama 2 2
npRImurum 0 1
saranrh B 0 2
Total 2 7
b Sa:zeila
tond: 0 2
nexren 4 2
g.senenae 0 |
Tout 4 s

2.monella(Table 12). with culture-positive per-
sozs ideatified 1a seven househoids. Ages of per-
soas culture-posiuve for Sa/moneliz did not dif-
fer signiScantly from ages of culture-negative
persoas (P > 0.03. Mann-Whiinay U test) (Fig.
2a). No significant risk factors for infection were
id2a1ded when culture-positive household
members were martched with culture-negative
bouserald members. nor was it possible to show
as 2ssociation beia 22n houschold characteristics
tzumber of persons in household. number of per-
sons per room. waizr and sanitation facilities)
2=3 the presence o culture-positive persons in
2 housshold. In th2 two households with more
thza oa2 culture-positive person. household
membders had diferant species or serotvpes of
Salmozrella.

Nine household members (5.8%;) had positive
culiures for Sk:ge.'z (Table 1b). with culture-
positive persons idzntified in eight households
{izcluding 2 houscholds in which persons cul-
ure-positive for Sz/monella were also present).
Ths ag=s of persons culture-positive for Shigella
di¢ not differ significanuy from ages of culture-
nszatve persons (F:z. 2b). Noaoe of the 30 house-
hold members <10 vears of 2g2 were culture-
positive. No significant risk faciors for infection
were identified. either between matched culture-
positive and culture-negative household mem-
bers. or between households with and without
culture-positive pzrsons. In the one household
that had more than one person culture-positive
for Shigella, household members were colonized
with diferent species of Shugella. All isolates
contained the 140 md plasmid associated with
1N asiveness.'” -
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Ficure 2. s, Ages of all household members, and
household members culture-positive for non-typhoidat
Salmonella. b. Ages of all household members, and
bousehold members culture-positive for Shigella.

DISCUSSION

In this study we clearly idenitified only one
typhoid chronic carrier among 155 household
members, approximately the number which
would have been predicted in the general pop-
ulation based on an estimated carrier rate of 694/
10? persons.’ These data are in agreement with
results of a survey (Cisneros et al,, unpublished
data) which showed that only two of 81 house-
holds of typhoid patients and one of 81 conirol
households had 2 food handler who was a chronic
carrier. While chronic carriers undoubtedly play
a role in wransmission of the disease in Santiago,
these data suggest that acquisition of the disease

from carriers within the household accounts for -

only a small sumber of ke observed cases. We
did identify a second persoa with a borderlire
elevated Vi antihody titer tae significance of this
result is unclear: as the persan had three negative
stool cultures, this may represent a false-positive
test.
We identified possible concusrent or secord-
ary cases in two households. As we did not visit
homes until an average of 3 weeks after onset of
symptoms in the index case. we may have missed
some carly cases among bouschold members: in
untreated infections. however, stool cultures are
most likely 10 be positive 2t 3 weeks, with stool
carriage continuing until th= 7th or §th week in
over 50% of patients.!’* Given the number of
young (and potenually suscepuble) children in

the households studied, our inability 1o ideatfy

additional cases suggests that wansmission of S.

typhi within households (iacluding acquisiton
by consumption of 2 com=on vehicie within a
household) was not a frequeat occurrence.

We were unable 10 implicate any one specific
vehicle (such as raw vegalss) in the transmis-
sion of typhoid. Thers was an association be-
tween age and cating food ouiside of the house-
hold, and a possible intzrelationship berwaen
these factors and illness: i=d2x cases were more
likely to cat focd outsids ¢ the household than
were househo!d coatrols (culture-negative
household members <146 12255 of age). but cases
were also older thaz house=old controls. aad it
was possible to show tha: older children ware
more likely than vourzer childrea 10 eat away
from home. Typhoid cases iz Santiago occur more
frequently in older childrea. with very faw cases
in children =4: if eating {ood outside of the
household is a risk factor for illness, it may par-
tially explain the observed 23e distribution of
cases in the city.

We found a ralatively hizy rate of carriage of
non-typhoidal Sa/more!iz a3d Shigella, with 11%
of household members, in £% of the households
studied, infected with 2t leas: one pathogen other
than S. ryphi. In the absencs ¢¢ data from control
families it is difficult 10 know now accurately this
reflects the carriage rate of such pathogens in the
general population; within <22 study population.
however, the rates are comparable to those seen
in countries such as Bacglacdesh.!*'* No house-
hold in the studv had mors than one person cul-
ture-positive for the same species of either Sal;
monella or Shizella, suzgesting. as with S. nph:,
that these pathogens wers infrequently trans-
mitted within househo'ds: one might also have

o ———
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experiad 10 w2 o cases among oung children
L Tousezald 103t weres imporant in trans-
.sisssozn T

WS tze ~eauvely small size of our study we
Fere 3Ct ani2 ) (222nfy any specific nisk ractors
for Tr=s=c35. 2 07 5. npAal noa-nvphoidal Sal-
move. s 97 5-:g¢.. 2 There did. however, appear
<0 e 2 ~eazalv 2o gh levei of exposure to bac-
we=al soiem: sal=oyens within the study popu-
Lzoo =it Ta=s=ission or 2xposure. or both.
asareaty arurmsg outside of the immediate
hezsehed: fomiaer studies of the epidemiology
of snde=:; mohkaid fever in Santiago should be
foczsed o= 2228 of wacsrission outside the
bozse=cd.
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APPEXDIX D

Benign bacteremia caused by Salmonella typhi and
paratyphi in children younger than 2 years

Catterine Ferreccio, M.D., Myrom M. Levine, M.D., D.T.P.H,,

Alejandro Manteroia, M.D., German Rodrigwez, M.D,, Isabel Rivara, M.D,,

Ingeborg Prenzel, M.D., Robert E. Black, M.D, M.P.H., o
Thomas Mancuso, M.D., and Dorothy Bulas, M.D. -

Baltimore, Md., and Santiago. Chile

TYPHOID FEVER HAS REMAINED ENDEMIC in Santia-
go. Chile, for decades; since 1977 the incidence has
exceeded 150 cases per 100,000 population. Typhoid fever
occurs mainly in persons 5 to 25 years of age (Table I), and
is generally manifested as a classic clinical syndrome
including fever, abdominal discomfort and distention,
headache, malaise. constipation, and hepatosplenomega-
ly.

Few cases of typhoid fever are reported in children
younger than 2 years. Thus it was necessary to determine
whether the very low reported incidence of typhoid fever in

From the Center for Vaccine Development, University of Mary-
land School of Medicine: Roberto de Rio Children's Hospital:
and Servicio de Salud Area Norte. Ministry of Health, Santia~
20.

Supported by grants from the World Healih Organization and
the Pan American Health Organization and by research cortrace
DAMD-8!-C-1115 from the L. S Army Medical Research and
Development Cismmand.

Reprint requests: Myron M. Levine. M.D.. Center for Vaccine
Development U niversity of Marvland School of Medicire, 29 S.
Greene St., Baltimore, MD 21201

young children represenis a lack of consumption of the
vehicles thar transmit Salmonefla ryphi to older children
or whether infection occurs but the infant host manifests
an atypical response that is not readily recognized clinical-
ly. To help resolve this question. we systematically per-
formed blood cultures in children younger than 2 years
with fever who were seen at two health centers in Santiago
during the 3 peak months of the typhoid fever season.

METHODS

Rectal temperatures we-e recorded in all children youn-
ger than 2 years who were seen at Pincoya and Consultorio
Dos health centers in the northern administrative ares
(Area Norte) of Santiago from January through March
1983. In all children with 2 temperature >38° C, 2 mi
blood was drawn for culture and inoculated into a flask
containing 35 mil brain-heart infusion with 0.01 sodium
polyanethol sulfonate. The reason for the blood culture was
explained to the parents. and verbal informed consent was
obtained. according to local custom. The study was discon-
tinued in the last week of March, by which time b'ood from
197 consecutive children had been cultured. Culiures were
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Table 1. A s-specidc incidence and cases of typhoid and paratyphoid fever, Saatizgo. Chile, 1977-193!

Metropolitan Scntiago®

Nortzemn ddmimisirati.e
Area o Scniicyy -Ares Noret

Mean annual

'

Mean annual

Mean incidence per Mean : ircidence per
Are . smeuzl caser? 100.000 Aze \r c=nual cases? 100.0%)
[QRE 3 22 89.2 <2 - 21.2
£y 1192 m.: Jwd 29 1126
S I 412 3330 509 139 238.3
1w ls N 2834 1012 133 305.4
Moo 22 s 2367 151019 103 17134
Hwox 023 1533
o= 266 746
A5 82 179 50.2
o ae 86 36.0
=4 -3 383
Tabbe IL Cliz:cal 3=diags in infants® with S. 1yphi and S. paratyphi bacieramia
Duration ‘l : :
Tempera- of ‘ , !
42 ture fever Aro-  Vomit- | Consti- a~ Hepztom Splence | Clirical
= Sex folare C day st l rexia  ing ' pation riec Coupk  merilv T megzly | diagrosis
< M S5 - 32 | - + - - - - - Viral sandrome
> F S 3% ! - - - - - - - Virai syndrome
oMo s - ™2 | + + - - - - - Preumonitis
= F §:. 332 3 + - - - - - - Viral syndrome
NS 3Rz s - + - - - - - Bronchopneumonia
$ F €8 354 | + - - * - = = Acute broachitis
12 F 5 soeinpeiB 33.4 3 + - + = - - -

Yiral syndrome

*Incces 0 e oweve aNins deerted By active suneillance in this prospective studs.

ipcezatad 20 357 C for 7 dase. and suspicious colonies were
conrmad 23 S. npki by standard biochemical and sero-
logc tecsaiquas. S. nyphi were phage typed at the Institute
of Pablic Heelth. Santingo. A standardized medical histo-
ry 2ad phasical 2xeminaon were recorded for all infants.
infa=ts ai:3 pesizive cultures were recalled. reexamined,
and zivea ctloramyhenicol (50 mg/kg/day ro).

RESULTS

Of the 197 czildren. S0 were vounger than 6 months (no
Dew0rD izl22%50. 63 were 6 to 11 months of age. 57 were
120 17 monids and 22 were 18 10 23 months: 937 of the
fevers reoordsd acrz between 38° and 39° C. Acute
respirator infations 13847, diarrhea (207%), and viral
syncrome + 1 374 agre the most common clinical diagnoses
at t2e tme of sxaminztion. None of the infants appeared
severels 11l 2nc ia noastance was enteric fever considered
13 12¢ &iTerental diagznosis: consequently, were it not for

the study protocol. 2 Doed culture would not have been
taken from ans infane.

S. npki was is0zted from four children (2%),
8. paratyphi B from 2 (172), and S. paratyphi A from 1
(0.557). all other “iood cultures were negative. Four
isolations occucred in January, one in February, and two in
Ma.ch. Two S. iy p%i strains were nontypable. However,
the rem2ining two -aere phage type El and 46, the two
most common thpes in Lanti2go.

The clinical syré-=me in these infants prior to examina-
tion was mild. consisting of 1 to 5 davs of fever between
38.3° and 38.8° C (Table II). Six of the seven infants,
includinz all four with S. r3phi, had cough. and one had
clinical and rad.olczic evidznce of pneumonitis. None had
spleromegaly. bu: one had minimal hepatomegaly. On
follow-up it wzs [eund that nrore of the infants had
compicted the soumse of chloramphenicol therapy; the
mothers had sponua=zcusiy discontinued the medication
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after 1 or 2 days because the infants appeared well.
Nevertheless, in each instance the infection resolved with-
Jut complications.

DISCUSSION

Most information on the age distribution of typhoid
fever stems from hospital-besed studies."* Three major
points recur in these reportr: (1) S. £)yphi infection is
aotably less common in children younger than 2 years
(usually <10% of the cases). (2) The clinical syndrome is
often distinct from that encountered in older children, and
commonly includes vomiting. diarrhea, convulsions and
meningismus, and respiratory signs, in addition to fever.
(3) Most reports state that hospitalized infants with
rvphoid fever are quite ill and that a bacteremic infectious
process (e.g.. sepsis, meningitis) is usually suspected.

Two main hypotheses have been put forth to explain the
low reported incidence of typhoid fever in children younger
than 2 years: (1) Infants and voung children do not ingest
the vebicles of transmission of S. 1)0hi that are-consumed
by older children. (2) Infants and young children consume
contaminated vehicles of transmission but do not readily
dsvelop recognizable clinical illness because of host factors
peculiar to the age group. If the latter is correct, and
iafants are becoming infected but are manifesting only
mild illness, evidence of such infections would have to be
sought by systematic investigation of nonhospitalized,
mildly ill infants. This pilot study in Santiago, an area
where typhoid fever is endemic. represents the first system-
2tc attempt to decipher this problem. The isolation of
S. nphi and S. paratyphi from blood cultures of 3.6% of
197 febnile but mildly ill infanis seen at health centers
dunng the summer months demonstrates that during the
peak typhoid fever season. children younger than 2 years
are becoming infected at a much higher rate than previous-
Iy appreciated. During this same 3-month period, two
izfants from the registered population served by these two
National Health Service community health centers were
2dmitted directly to the hospital with severe illness con-
frmed by blood culture to be typhoid fever. Thus at least
two mild, unrecognized, bacteremic S. ryphi infections in
voung children may exist for every clinically overt, con-
firmed case.

In the pathogenesis of typhoid fever, two bacteremias
occur at distinct stages. The primary bacteremia appears
within hours after ingestion of the pathogen.® On reaching
the small intestine, the S. 1yphki rapidly pass through the
mucosa to reach the lamina propria. whers they elicit a
chemotactic response resulting in an influx of macro-
shages. Primary access to the blondstream occurs either
during mucosal invasion or after drainage to mesenteric
ivmph nodes and entrance into the blood by way of the
thoracic duct. This primary bacteremia is short-lived and

Clinical and [cboratory observations 901

climically inapparent. Viable §. 13pai persist in the reticu-
loendothelial sysiem alter being cleared from the blood.
After incubation of 10 to 14 days. and concomitant with
the onset of clinical iliness, the secondary bacteremia
characteristic of typhoid fever occurs. It is not clear
whether the enteric fever organisms in the blood of these
infants represent the fortuitous detectivn of primary bac-
teremia or whether jt denotes secondary bacteremia in
infants with a particularly benign form of the disease.
Earlier reports noted the mildness of pathologic alterations
caused by S. rvphi in the intestines of infants™*** com-
pared with those in older children, as well as the {requency
of respiratory signs and symptoms.-*

Ashcroft'” pondered why some less developed areas with
appalling sanitation bave little typhoid fever, whereas
other somewbhat more developed countries have endemic
disease with high incidences in schoolchildren and young
adults. He hypothesized that in areas with the most
primitive sanitation and hygiene, widespread asymptomat-
ic or mild infection of infants and young children occurs,
leading to immunit; 2nd exhaustion of susceptible individ-
uals after th2 first few years of life. According to Ash-
croft’s hypothesis, frequent infection of infants and yeung
children would not be expected in & more developed
country such as Chile. whzrs the epidemiologic pattern of
typhoid reveals the peak raported incidence in school
children and voung adulis. Nevertheless, our preliminary
data support the concept that infants become infected at a
higher rate than is common!y 2ppreciated and manifest 2
very mild clinical illness {not recognized as enteric fever),
albeit accompanied by dzmonstrable bacteremia.
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INVESTIGACION SOBRE EL ESTADO DE PORTADOR DE
SALMONELLA TYPHEPARATYPHI EN PACIENTES INTERYENIDOS

POR PATOLOGIA VESICULAR'

Conrado Ristori,? Héctor Rodriguez,? Patricia Vicent, Hernan Lobos,?
Karen D'Ottona,? Juiio Garcia,® Maria Eugenta Pinto,¢ Patricio

Nerceiles* y Luis Cisneros®

La sievads movbilidad de lo firbre tifsides e Chils, junie &

los dates demastratives de s exisie una corriiacidn mirve ol
artade de de S. typhiy las encontredas
m otres ndqoandu'l muestrus de bilis

sisvads do

de revuliadas indicen que la -
Mmm qnzh.

e constituye un factor imporianis en la transminén da la fishre
tifoiden.

Introduccién

En Chile, la norbilidad por fiebre tifoi-
des presonta una tendencia ascendente, in-
tennﬁadaenbrmanoubkapumddlﬂ-
timo quinquenio, con tasas superiores a 120
por 100 000 habitantes (7). Esta situacién
resulta sorprendente, 1i se considera que el
pafs no se encuentra entre los de menor de-
anonoeeonémmodcpeomcnndaam
sanitarias. Por otra parte, el fenémeno se
acentia en Santiago que, si bien dispone
de la mis alta cobertura del pais en agua
potable y sistemas para «.iminacién de ex-
cretas, contribuye con de s tercios al total
de casos {J-3).

Es bien conocido que el papel m4s im-
poriante en la transmisién de la enferme-

! 2 publin @ ingih anl Sullsting/he Fan dmsviam Manki O
gumsntion Vel 16, Ma. 2, 1908.

T A P, M
3 lnstisete ds Sadud Pihiien du Chile.

¢ Haspinal S Juse de Dine, Sasmiane.

n;:| tre da Miodimng P ove. Universidad de M .

dad lo desempedian los portadores ($-~6),
cuyo nimero se incrementa por la existen-
aadeporbmenostramoswbdmm
o inaparentes por cada caso di

Por este motivo, la clevada prevalencia de
hscoleanopadumdpab(?-l!)mm-
dujo a investigar la. ~lacién entre esta en-
fermedad y la transmisién de la fiebre tifoi-
da,yawoonadaenmbaymrnlmdu
en otros paises. (Estudios epidemiolégicos
y anatomopazolégicos en Chile han revela-
do que enrre Jos adultos la linasis vesicular
se observa en una proporcién dd 50% en
el sexo femenino y del 20,5 % en el masculi-
no (7,8.)

Propésito del estudic

El objetivo del estudio fue analizar la fio-
ra microbiana acrobia en la bilis de enfer~
mos someddos 8 colecistectomia en la du-
dad de Santiago, y en especial las salmone-
las del grupo tffico-paratifico. Ea trabajos
similares realizados en palses con bajaing-

265
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dencia de infecciones entéricas, se ha sefia-
lado la presencia en la bilis de una gran va-
ricdad de bacterias cn un tercio de los casos
de colecistopatias intervenidas quinirgics-
mente, p:ro iin participacién de las salmo-
nelas del grupo tifico-paratifico (72-18).
Al proyectarse sobre cf total de colecistopa-
tfas estimado para Santiago, el resultado
de esta investigacién permitirfa disponer de
una orientacién aproximada con respecto
al nimero de portadores de fiebre tifoidea
en la capital.

Material y método

Lainvestigacién se realizé con exclusivi-
dad ea o drca urbana de Santiago cun la
colaboracién de siete scrvicios quinirgicos
de los principales hospitales de adultos. Se
tomaron muestras de bilis durante tres me-
scs, a parntir de julio de 1980, de pacicntcs
seleccionados al azar, hasta lograr el total

ido como metade 1 000 muestras.

Durante las colecistectomias los ciruja-
nos extrajeron bilis pur puncién vesicular
de los pacientes y todas las muestras se re-
mitieron al Instituto de Salud Piblica de
Chile, junto con suero sangu(neco de los en-
fermos. En el Instituto se investigé la pre-
sencia de microorganismos acrobios en las
muestras mediante cultivos en agar sangre
y en medios selectivos salmonella-shigeila
y desoxicolato xilosa-lactosa para salmone-
las, y las muestras de suero sanguineo se
sometieron a la prueba de Widal para de-
tectar la presencia de S. Hphi. Al mismo
tiempo, uno de Jos hospitales colaborado-
res (el Hospital San Juan de D|os) realizé
una investigacién de maoapnmame-
robios en la bilis de sus propios pacientes,

cuyos resultados se publicarén por separado.

Resultados

En el cuadro { se presenta la distribucién
por sexo y cdad de los 1 000 pacientes con

colecistectom{a de los cuales se obtuvieron
muestras de bilis. La frecuencia de colecis-
tectomias fue mayor en el sexo femenino,
con una reiacién de 4:1 6 5:1 mujeres por
hombre en todos los hospitales, excepto en
la Clfnica Central que sélo atiende emer-
gencias, dor.de la relacién fue de 2:1 apro-
ximadamente. Este resultado podria expli-
carse por el niimero m4s elevado de inter-
venciones en hombres, a causa de procesos
agudos (empiemas, colangitis y cuadros
obstructivos).

Como se indica también en e cuadro 1
la proporcién de hombres sometidos a cuta
operacién aumenté con la edad: fue mini-
maen los menores de 23 afios (6,4 % )y mé-
xima (32,8%) en los mayores de 35 afios.
En las mujeres la distribucién fuc més uni-
forme, 18,1% en & grupo de menores de
25 afios y 19,5% en las que tenfan mfs de
54 afios.

Entre Jas causas dc la intervencién pre-
domind la litiasis vesicular, en 45,7% de
los hombresy 51,9% de las mujeres, segui-
da porla colecistitis crénica, en 28,6 y 31,2%
respectivamente, y por la colecistitis agu-
da. en 23.0 y 13,5%.

&l empiema vwcu.lar, el céncer y otros
diagnésticos sélo participaron ea una peo-
porcién muy pequefia de las intervenco-
nes (menocs de 4%). Sin embargo, ¢l por-
centaje de casosde litiasis vesicular fue algo
mayor que el indicado ya que un nimero
imponaate de pacientes operados por cole-
cistitis presentaba litiasis vesicular.

En el cuadro 2 se indica la proporcién
de bilicultivos que dieron resultados bacte-
riolégicos positivos, segiin ellugar de inter-
vendién y el sexo; uno de los porcentajes
mis altos de positividad correspondié al
Hospital San Juan de Dios, lo que podria
deberse a circunstancias especiales en refa-
<i6n con algunas de las muestras. En dicho
hospital, adem4s de hacer una investiga-
cién de microbios anaerobios, se investiga-
ron también las bacterias aerobias. Estos
eximenes no fueron exactamente lus mis-
mos que los que se realizaron en el Instituio
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FUADRO 1~ Pacientes intervenidos que proporusnsren mwestras de bilis, segun sexo y edad, y hoepl-
tales ¢ clinicas de Sentiage dends se resiiad s operacién (Juilc-egoste 19480).

Howpical ocBica que 1) ey segia grupos de exdad (e ahes) Mujeres, segin grepos de edad (en ahos)

properce Tatal
de bilis <23 25-34 3544 ¢354 D33 Teud <3 2334 3344 4334 233 Tewl amboswxzes
Sun jusn dc Lis ! 8 " 7 10 ” e ) 34 3 17 0 133 1%
Bosros Luce-Trudess 2 9 (3 s N b1 % 33 B U BV Iw (1]
Salvader 4 9 9 b ¢ 3 2 0 12 7 W 192 187
San Joot L 2 2 3 6 > 17 17 2% 11 20 9 1?
). Aguirve 3 ] 0 2 ] 13 13 ¢ 1n ] 13 9 n
Sdicre dd Rie 0 S 9 L) 9 b 32 % ¥ D 16 1% e
Clinics Camtrel de
Asisenca Nbkis . 2 S 7 ? ! 2 1 11 12 1 N & <]
Teouad 13 3% & 42 & ¢ 145 183 193 US 135 79 ) 608
Percancags de
hombres y aujeres
que progarcisnares
musstres de Lilis 64 186 216 206 328 1000 182 232 243 146 193 10

de Salud Publica, ya que en éste se utliza-
ron medios sclcctivos para S. (yphi, los cua-
les tal vez limitaron e desarrollo de otras
especies. Por lo tanto los resultados de los
31 eximenes realizados en e laboratorio del
Hospital San Juan de Divs, que seinduven
en este estudio, quizd contribuyeran d] ele-
vado {ndice de positividad que se encontrd
en las muestras tomadas en esa institugén.

Enla Clinica Central de la Asisterdia Pu-
blica, donde sélo se practican intervendo-

nes de emergencia, con una proporcida al-
ta de procesos agudos, se nbservé el mayor
porcentaje de resultados rositivos.

Al cnnsiderar en cotjui «0 las muestras
que se tomaron en los siete cetablecimien-
tos, la proporcién de bilicultivos positivos
fue superior en hombres (35,8%) que en
mujeres (26,6 %), lo que puede relacionar-
se con la mayor frecuencia de cuadros agu-
dos enuc los primeros.

En el cuadro 3 se comparan los resulta-

CUADRO 2— Resultades de 108 dilicultivas, segun ses0 ¥ hospitales de Santiego que proporcienaron

muestras de bills.

Biicultivos de hombres Bdicultivos de mujeres Biliculiives de ambos stxos

Houpisal @ cdinica que No Ne. % No. No. % No. No. %
properciend musstrns Ted  sege- posi- posi- Tl  mege- posi- pos- Total  aega- posi- posi
San jusa Je Diss 32 16 22 %8 133 115 38 248 199 133 B N,
Barves Luco-Trudese b1 0 7 189 144 104 3 I L] 131 B Zis
Salvader 3 pal 12 43 132 116 ¥ .7 187 139 “ .7
San Joot 2% 2 S 19.2 9 %16 176 uz % 21 119
J.J. Aquirre 3] s ¢+ 8 W ® 19 N2 7 W nn
Suisere ded Riv k-] 1} 10 33,7 136 10} 35 7 164 19 435 7.4

Clisucs Cemral de -

Admencia Piblica 2 1t 14 %0 6l ¥ 235 410 » 0 M 43
‘fonad 204 N 713 8 6 S84 212 266 1000 713 203 289
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dos obtenidos en hombres y mujeres de di-
ferentes grupos de edad. En los hombres,
si no se toma en consideracién el pequefio
alimero de muestras de los menores de 25
afios, se observa un aumento de positivi-
dad en Jos grupos de mayor edad. Este
aumento no fue tan pronunciadoen las mu-
jeres, con excepcién de) grupo mayor de
55 afios en donde el poccentaje de positivi-
dad fue 49,4.

Como seindica en elcuadro 4, delos 1 000
bilicultivos examinados se aislaron 340 bac-
terias, lo que coincide con los resultados de
investigaciones realizadas en otros paises.
Escherichia coli fue la bacteria que se en-
contnd con mayor frecuencia (con 33,5%
del total de muestras positivas) seguida por
las del grupo tifico-paratifico (21,5 %), Kileb-
siella pneumoniae(11,8% )y Streptococcus
viridans (6,5%). Lasdemis bacterias acro-
bias se encontraron en proporciones meno-
res. En total se aislaron 340 bacterias de
285 bilicultivos, ya que en algunos de ellos
coexistian varias bacterias.

En el cuadro 5 se muestra la distribucién
de salmonelas, E. coli y otras bacterias, se-
gin el sexo y la edad de los pacientes. En

general, se hallé un mayor porcentaje de
£. colien bilicultivos positivos de hombres
(18,1%) que de mujeres (9,7%). Su pre-
porcién aumenté con 1a edad en ambos se-
x08 y resultd mixima ea el grupo mayor
de 34 afics. A menudo se 2islé £. ooli en
bilicultivos que contenfan también otras bac-
terias. La proporcién de muestras de bilis
positivas para S. {yphi 'y S. paratyphi fue
muy similar. S. fyphi seencontré end 2,9%
de los bilicultivos del sexo femenino y 4%
de los del sexo masculino, y S. peretyphs
enel2,5y3,1% respectivamente. Eacuanto
a ]a distribuciéa de estas variedades seqin
1a edad delos pacientes, no pudo analizarse
eficazmente en los hombr=s debido al redu-
cido nimero de muestras. En las mujcres
se observé una leve disminucién de los por-
centajes de cui.ivos positivoe al aumentar
laedad, pero no fue estadisticarente signi-
ficativa. Comq . fyApi es responsable de
la mayoria de las infecciones entéricas cau-
sadas también por S. paratyphs es evidente
que los resultados (que muestran porcenta-
Jjes aproximadamente iguales de los dos mi-
croorganismos) no reflejen lo observado en
la dinica.

wm:—mbmmmuaummhmamm

sogun ia edad,

Zdad de los pacientes Que proparcionaros mustras

(en sien) Tados los

Sexo de los pacientss que proporcionaron <5
mucsras de bilis y resulcados

25-34 3544 45-34 55  gpruposdredad

de Jos bicultivos No. % No. % No.o % No. % No. % No. %
Mussras de homdvn:
Positivo 6 429 6 162 16 34 17 403 B 48 13 358
Negauvo 8 573 31 838 28 6356 29 595 M N2 11 #42
Toul 1¢ 1000 37 1000 44 31000 42 1000 67 1000 204¢ 1000
Nuawes de sugons ‘
Positive 3N U3 3 178 0 203 31 26,7 77 Bs 212 %6
Negative 13 783 152 822135 193 85 193 9 06 8¢ N4
Toual 144 100,0 185 100,00 193 1000 116 100,0 136 1000 796 1000
Todes lns mumtras:
Poaitivo 37 234 39 176 36 234 48 30,4 105 47,0 WS 285
Negative 11 766 183 62,4 183 766 110 €56 118 529 N3 15
Towal 158 100,0 222 100,0 239 3CJ,0 138 1000 223 1000 yl 000 1000
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CUADRO = Bacterias sisladas de musstras de bitis de 1 000 pacientss.
Hospital ¢ diaca que proporciond las @uemras
San Toad
Clinica Berren Juan Séeare (edes les hespicsin
Central de lec- }J. Sa d¢  dad ——————
Bacterias sisladas Asistencia Piblica Trudeau Aguirre Salveder Josd Dics Rio Ne. )
Salmanalls typhs 3 S 2 6 2 10 ] » 1,2
Solmensls pavatypls A - 1 -— - 2 [} - 3 1,3
Sebngnglls puatypls B ) 3 2 ¢ 2 4 t » ¥ ]
Esheridis ab 1) 3 3 15 s W 1 114 33
Kisbeislle pumumaniss 4 ¢ ¢ é 2 13 ? » 1.
Asromonss kideplyls - - - - - - | s
Knisvionw ameg. - t - - - ] - ] X 7
Entovieste agriom. | ] - 3 ] - 2 " 29
Eniovienw befe. 2 - 3 H - - 3 b X
Servetis musssssme - - -— - - -— 1 | | 0,3
Civviantw framdii ] ] | 2 - 3 -— b r 4 33
Cisviane diswsns - - - - 3 - - | .3
Alcalaems disper - - - 3  J ] 0.6
Proisss mivainks 3 3 - - | $ - 13 38
Protons walgeris - - - - - 1 - | | 9.3
Procens morpens 3 - - 1 - - .- ¢ 1.2
Prrndomongs asraginens - ) 1 - - ] 1 4 12
Proudusunss sutasn - - H | - - - 2 0.6
Sephylomens eurost 1 - - s - 2 - [ 1.8
Saphylessecns spndormudes 2 ] 1 - - ] -— S 1,3
Stryplassesns suridens 1 2 3 | b ] ? | - 4 [ X)
Enterocncos -— - -— — - 9 - 9 26
Anacrobies - - - -— - ] - ] 24
Total de bactarias 42 13 2 4 2% 106 46 M 100,0
Torl de musstras » " n 19 1?7 190 164 1 000
% de bacterias aislades
o d wotal de muaxtras
exammadas 42,2 né .2 3.4 203 58 B0 »0

En cuanto al tiempo transcurrido entre
la obtcncién y el andlisis de las muestras
de bilis, el cuadro 6 indica que las muestras
procesadas 72 horas después de la colecis-
tectomia resuitaron positivas en 30,4%, y
disminuyeron a 24% cuando o plao fue
mayor. (Todas las muestras se procesaron
deatro de los siete dias después de s reco-
leccdn.) En general, en las bactenias de gru-
po tfico-paratifico se hallé una positvidad
de 7,7% cuando el tiempo transcurrido an-
tes de la siembra fue menor de 72 horas,
con una disminucién a 6,6% ea un lapso
mayor. Los otros tipos de bacternias resulta-

ron atin m4s afectados al aumentar el tien
po transcurrido, con 22,7 % de positivida
cn lapsos menoresde 72 horasy 17,4% ¢
los mayores de ese limite.
Enelaud.ro7aecnnparubamdz
doc de los bilicultivos y las reacciones ¢
aglutinacién (Widal), obtenidas con 1
muestras de sangre d- los pacientes. Con
puede observars: hubo un aumento de
positividad del cultivo a medidaque se e
vaban los tftulos de anticuerpas Hy O, d
tectados por la reaccién de Widal. Sélo 1,6
de los enfe. .203 con reaccién negativa pa
el antfgeno H (con tfrulos menoresde 1:4
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CUADRO §— £ coll, & typh!, & parstyphiA, 8. paralyphiBy otres bacieriss sisledes en 1 000 biticultivos examinedos, 8agun eexo y edad de tos paclentes.

Bilicultivos de mujeres, segin edad de las pacicntes (en adm)

Bilicultivos de hombres segdn edad de los pacientes (en shoe®

Tudos los

bilicultives

>33 Toual
% No.

43-34
% No.

3344

23-34
% No. Ne.

<23

35-44 43-34 >33 Total
% No. No. % No.

23-3¢

<23

enaminados y

No de bilicultivos
resutiados

%

S No.

% No.

“

*

% No.

% No. % No.

No.

Totsl de muestras

14 100,0 37 1000 44 1000 42 1000 67 100,06 204 100,08 144 1000 103 100.0 193 3000 116 4000 156 1000 796 1000 § 000 1000

obtenidat
Resuliados negativos

5.2 131 642 11D 763 152 022455 793 85 133 % W6 M 4 MS Ny

BN B62 NI

2.4 %

Resuhiados positivos

pena;

4

3

39 12
43
(R

.

L
4
S N %

3

.

16 ¢
$ 3 18 W X

-

E o

S ophi

s "rd))“ A

S poraphi B
Ornras bacierias

Y 1,7% en el caso del antigeno O, tuvieron
muestras de bilis positivas para S. lyphi.
De manera contraria, sélo 181 (19,9%) de
los pacientes con muestras negativas para
S. typhituvieron reacciones positivas fren-
te al antigeno H, y inicamente 122(13,4%)
fueron positives frente al anticucrpo O.
En el cuadro 8 se comparan los resulta-
dos de los bilicultivos y los antecedentes de
enfermedad de los pacientes con respecto
a una infeccién entérica previa. En hom-
bres, los cultivos positivos para S. #phs coin-
cidieron con un antecedente de enferme-
dad entérica en 20,8%, mientras que sélo
4,4 % sin antecedentes o recuerdo de infec-
ciba, tuvieroa cultivos positivos para am-
bos tipos de bac:erias. De manera similar,
se cbtuvieron cultivos positivos en 20,4%
de las mujeres con antecedentes de enfer-
medad entérica(en comparacibn con 5,7 %
sin recuerdo de infeccién). Como es obvio,
¢l antecedente se precisé mejor en casos de
infecciones recientes. Por otra parte, cabe
sefialar que se hubieran obtenido resulta-
dos mis definidos en favor del paralelismo
entre o antecedente y 1a positividad del cul-
tivo al no mediar la frecuencia de casos sub-
clfnicos 0 ambulatorios, donde la infeccién

no era evidente.
Discusién y conciusiones

En Chile, laincidencia anual de la fiebre
tifoidea supera a la de pafses con menorde-
sarrollo econémico y condicién climitica
mds favorable parala transmisién de enfer-
medades. El hecho es aiin més notorio en
la ciudad de Santiago, donde se registran
dos tercios del total de casos con sélo un
tercio de la poblacién total del pafs.

S¢ ha comprobado que més que los en-
fermos, los portadores de S. ¢ypAs juegan
un papel preponderante en la transmisién
de la enfermedad, pero los estudios desti-
nados a demostrar este hecho se han basa-
do siempre en el coprocultive, método im-
preciso y resistido por los pacientes si se re-
pite en forma seriada.




e e < ey

o — e

-

r—

—— —— -

Ristor. et al

PORTADORESDE S TYPHI PARATYPHI 7

CUADAC 86— Efecto del thempo transcurrido entre i oblancién de ls muestrs y la slembra, sobre ol

sislamionto de becterise.

Twznpe masenwrido eatre la chemcidn
de ls vastrs y b sermbre

€72 horm #72 borsa
Resuitades Todas Ins
bacteriolégicns No.demuetrns % No.demuestrma % Se iygnomn  muenrms
Resultadas aeguirves “»? L X ] 1?7 76,0 " bt
Resultados postivos para:
S pphi-paratypls 53 1? 1 6.6 ? 3
Otras bactenias 162 n;? -4 12.¢ 4] a2
Total de muanrae e 100.0 167 1000 19 1 000

Ademis, existen datos de que las bacte-
rias del grupo tifico-paratifico son causa de
colecistopatfas y que si infectan a personas
que ya padecen de procesos vesiculares, la
persistencia del estado de portador es mis
frecucnte y prolongada que en las personas
que no padecen colecistopatia. A lo ante-
rior debe afiadirse que la prevalencia de co-
lecistopatias en Chile es una de las mis ele-
vadas del mundo.

Otro dato significativo es que durante o
estudio se practicaron cuatro veces mis co-
lecistopatfas en mujeres que en hcmbres.
En general, &tos tuvieron intervenciones

por procesos agudos, mientras que en la ma-
yorfa de las mujeres predominé el diagnée-
tico de colecistitis créaica o litiasis vesicular.

En lo que se refiere a los resultados de
loe bilicultivos, sSlo E. coli, presente ea
33,5% de las muestras positivas, superé en
frecuencia al grupo . typhs-paratyphi, que
schallsen 21,5%, asf como a cualquier otra
magnitud registrada en la bibliografia. Al
respecto, conviene notar que los informes
anteriores sobr= zste tema corresponden a
palses con mayor desarrollo econémico y
baja inddencia de infecciones entéricas. La
repeticién de este tipo de investigaciones en

CUADAO 7— Relacidn entre ios pacientss con reeccionss de sgiutinacién positives (Widal) para anth-
cuerpos H y O (tuios 1:40 o mds altos) y los pacientss con musetres de bille positiven pars S typhl.

Resukades bacerrisiédgicns de bilkaskivos

Pomtivepann S Hpis Negaiveparn S pis  Toal de biliculsives

Neo. % No. % No. L
Titnles sbionsdes con antigres H:
€1:20 12 1.6 128 98,4 740 100
1:40 6 1:90 13 33 166 9.7’ 181 100
>1:160 s »ns 13 6.2 s 100
Tidelos cltancdes o antigeme O:
<1:20 1¢ 17 b 24 %3 801 100
1:40 4 1:30 3 i1.¢ 137 8.6 132 100
21:160 é "3 ) LX) n 100
No. de pacimwes cxaminados b1 909 4
No. de paciemies 00 cxamiaados 3 L1 %
Toal de pacientes | 962 1 000

. —————-
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CUADRO 8- Relscidn entre ios resultados de los bilicuttivos ¥ los sntecedentss de enfermedad de

loe pacientse.
Budicukivos de hombres Bilcukivos de evjere Todos les bilimbives
- & typhee & Oph- £ ppls-
" . -
S Neo Y Neo L1 Ne
Antecadensim de
enfermedad Ne.  No. % No. % No.% No.% No. % No. % Noo % Ne &

Con astecadensss

de enfermedad ensérica 2¢ 100 3 208 19 79,2 9610020 20,4 78 796 12210025 203 97795

Sia asiecedenes

de cnfermedad cnedvica 100 100 § 4.4 172 95,6698 100 40 5,7 638 93 873100 48 335 8 943
Towd 200 100 §3 6.4 191 93,6 796 10060 7,5 736 92,5 100010073 23927 9.7

paises donde la fiebre tifoidea aun constitu-
ye un problema grave, otorgarfa mayor va-
lidez a las conclusiones de este estudio.

No se observé una relacién clara entre
ol aislamiento de bacicrias especificas en los
bilicultivos y los antecedentes de enferme-
dad, salvo en los casos de infeccién muy
reciente. Esto puede atribuirse sobre todo
a la frecuencia de formas ambulatorias, no
advertidas, en especial en el caso de S. pa-
ratyphi B, cuyo aislamiento de los biliculti-
vos, casi tznahocomoddcs typhi, no
guarda relacién con la frecuencia minima
de su diagnéstico clinico.

En cambio, bubo cierta concordancia en-
tre la positividad de los cultivos y los tftulos
de anticuerpos H y O detectados mediante
las reacciones de agludnacién de Widal.

La positividad de S. typhi-paratyphi
(7,3%) obtenida en los bilicultivos exami-
nados, al proyectarse sobre el total de cole-
cistopatias en ¢ irea metropolitana de San-
tago (500 000)oen todo el pafs (1 200 000),
permite deducir la enorme cantidad de por-
tadores circulantes, sobre todo, del sexo fe-
menino, quienes en su mayor{a suelen ocu-
parse de la manipulacién de alimentos.

El riesgo de que los casos diagnosticados
y notificados de infecciones por S. ¢yphi y
S. paraiyphi, junto con e mayor nimero
de casos subclinicos 0 inaparentes, se trans-

formen en portadores crénicos se magnifi-
ca por las elevadas tasas de colecistopatias
y litiasis vesiculares. Se explica asf la inusi-
tada incidencia de estas infecciones en un
pais cuyo nivel socioceconémico y condicio-
Des tanto sanitarias como climéticas no se
encuentran entre los mis desfavorables del
mundo para la tranzmisién de esos orga-
nismos. Las esperanzas de reducir al méxi-
mo este problema dependen en gran parte
del &xito que se logre en los ensayos de nue-
vas vacunas vivas y atenuadas de adminis-
tracién oral que, adem4s de proporcionar
proteccin contra las manifestaciones cli-
nicas, seau capaces de producir inmunidad
intestinal, con la consecuente reduccién dc!
numero de portadores.

Resumen

En afios recientes la morbilidad de 1a fie-
bre tifoidea en Chile ha sido relativamente
alta y la incidencia de la enfermedad se ha
elevado hasta 120 casos por 100 000 babi-
tantes. Como en estudios realizados en otros
pafses se ha encontrado una relacién entre
1a colecistopatia y e estado de portadqr, al
que puede atribuirse gran parte de la trans-
misién de la fiebre tifoidea, se realizé un
andlisis de muestras de bilis y de sangre de
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§ 000 pacientes intervenidos por coleasto-
patia, durante el perfodo de julio a octubre
de 1980. Los siete hospitales que propor-
cionaron las muestras se encontraban ubi-
cados en el irea metropolitana de San‘ia-
g0, en donde la incidencia de la fiebre tifor
dea era considerablemente més altaque e
el resto del pafs.

Las colecistectom(as fueron aproximada-
mente cuatro veces més frecuentes en las
mujeres que en los hombres, lo que confir-
ma ¢! hecho de que la incidencia de colecis-
topatias es mayor en el sexo femenino. Sin
cmbargo, un porcentaje més alto de hom-
bres ingresaroa en los Lospitales por cole-
cistitis aguda.

Se encontraron bacteriasen e 35,8% de
los bilicultivos de pacientes del sexo mascu-
linoyend 28,5% de los del sexo femenino.
En los 2835 bilicultivos positivos s¢ encuan-
traron 38 Salmonella typhi'y 33 S. paraty-
phi. En conjunto, sélo se aislé S. iyphien
e 11,2% delosbxbmlnvo.poaumyen
¢} 3,8% delas 1 000 muestras examinadas.
Estos resultados concuerdan bastante biea

con los obierudos mediante las reacciones
de aglutinacién de Widal que se efectuaron
con muesiras de sangre de los mismos
pacientes.

Las colecistopat{as son bastante frecuen-
tes en Chile; a6lo ea el 4rea de Santiago se
ha estimado que existen 500 000 casos. Es-
te hecho, unido a la frecuencia de estados
portadores en los casos de colecistopatfa,
como se deduce de los resultados de este
estudio, permite explicar la gran inciden-
cia de la febre dloidea.
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invest mononho typh carvier state in of
T o AL s oen o e
Chile has expertenced relatively high typhoid  patients were admined for acute vesicular discase.

morbidity in recent years, the annual incidence
going as high as 120 cases per 100 000 inhab-
itants. Because correlations had been found else-
where between gallbladder discase and the car-
rier state responsible for much typhoid trans-
mission, a study was made of bile and blood
specimen:s from 1 000 patients whose gallblad-
ders were surgically removed in July-October
1380. The seven bealth facilities providing these
specimens were Jocated in metropolitan San-
tiago, which had been experiencing a consider-
ably higher typhoid incidence than the rest of

.the country.

About four times as many surgical intervea-
tions were performed on women than on men,
confirming that there was a generally higher
incidence of gallbladder disease amang the form-
er. However, a higher proportion of the male

Bile specimens yielding bacterial isolates were
obtained from 35,8% of the male patients and
28,5% of the female patients. These 283 posi-
tive specimens yielded 38 Saimoneile iypls and
35 S. peraiyphiisolares. Overall, S. typhi was iso-
lated from 1} 2%ofthepocmvebdespecmcm
and 3,8% of the § 000 specimens examined.
These resulus correlated fairl; well with dhe re-
blood specimens from the same patients.

Gallbladder pathologies are quite common
in Chile, there being an estimated 500 000 cases
in Santiago alone. This fact, together with the
frequent occurrence of the carrver state in gall-
bladder disease cases — as shown by the fin-
dmgaofthnnudy-—bdp-waphm:h:hxgh
observed incidence of typhoid fever.

Pesquisa sobre 0 estado de portador da Sa/moneiia typhiparatyphi
om doentes operados devido 4 patologis vesicular (Resumo)

Nestes dleimos anos a morbilidade da febre
tifSide no Chile tem sido relativamente aka e a
incidéncia da doenga atingiu até 120 casos por
100 000 habzantes. Da mesma maneira em

maeolemopameomdodeponda
30 qual se pode amibuir em grande parte a
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ransmisndo da febre tifdide. Ferez-se analise de
unostras de blis e de sangue de i- 1 000 doentes
werados de colecistostomia dusxmante o periodo
le julho 2 owtubro de 1980. Ox 3 arte hospitais
[ue forpeceram a3 amostras ficscavam na drea
netropolitana de Santiago, onde 3¢ a incidénca
1a febre tiféide era notavelmensewe mais alta do
]umruodopau

As colecistostomias foram apssronimadamen-
£ quairo veres mais freqiersentes emtre a3
nulheres que entre os homem. ¢  que confirma

> fato de que a incidincia de c= colecinopatiss
wja mais alta no sex0 [eminino. M.:No entretanto,
uma percentajern mais aka de hehomens baixou
208 hospitais devido 3 colectme 3¢ aguda.
Acharam-se bactérias em 3525 3% das bilicul-
turas de doentes do sexo mammculino r em

pooour pathologie

28.5% das do sexo feminino. Nas 285 bilicul-
turas posicivas, acharam-se 3 Solmonels

bagtamte bemn com os que foram obtidos
mediante a3 reacdes de aghutinacio de Widal
feitas com amomras de saogue dos proprics
doentes.

As colecisopadas sio bem feqlentes oo
Chile. Fe-se uma extimativa que o na irea de
Santiago bt 500 000 cascs. Tudo ino screscen-

grande incidéncia da febre tiidide.

Recherche sur I'état de pomorteur de Ssimonelia typhi-paratyphl chez des patients
opérés vésiculaire (Résumé)

Au cours des demiéres annéxyers la morbilité
causée par Ja fizvre typhoide au Ci Chili a é1é rela-
tivement imporntante et I’ incidenemce de cette ma-
ladie t’est élevée jusqu’a 120 caxas pas' 100 000
habitants. Etant donné que, lorsss d'études réali-
sées dans d’autres pays, on a ccabeervé un rap-
port entre la colecystopathic et b=z fait d*étre por-
teur, auquel on peut attribuer czune grande par-
tic de la transmission de la ievre e typhoide, une
analyse d*échantillons de bile ex ar de sang de 1 000
patients ayant subi une colecyswmotomie fut ef-
fectuée, pendant la période de acmillet A octobre
1980. Lanep( hépitaux qui fourmrairent les échan-
tillons se trouvaient situés dans as ia zone métro-
politaine de Santiago, ou I'incaidence de figvre
typhoide était considérahlemer==i plus élevée que
dans le res:e du pays.

Les colecystotomies furer: sz approximative-
ment quatre fois plus fréquent=:=s chez Jes fem-
mes que chez les horomes, ce == qui confirme le
fait que I'incidence de culecymrmopathie est plus

courante dans Je sexe féminin. Cependaat, un
tage plus devé d’boames entrirent i
I'bSpital pour colecystite aigué
Onohavtdabaaénudamss ,8% des bi-
licultures de patients du sexe masculin et dans
28,5% des bilicultures de malades du sexe &
minin. Dmlambﬂnxkumpomvaonde-
couvrit 38 Salmonells typhi e2 35 S.
Pour I'ensemble, on isola S. typhi dans 11, 2%
des biliculrures positives et dans 3,8 % des 1 000
échantilons examinés. Ces résulrats concordent
assez bien avec ceux obtenus par les réactions
d’agglutinacion de Widal qui furemt effecruées
avec deséchanallons de sang des mémes patenss.
Les colecystopathies sont assez fréguentes au
Chili; on a estimé leur nombre 3 500 000 cas
pour la seule région de Santiage. Ce fait, uni
au nombre de porteurs dazs les cas de colecy-
stopathie, comsme on peut le déduire des résul-
tats de cette étude, permet d’expliquer la gran-
de incidence de la fizvre typboide.

———— ety Bt ¢ 3 * T
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Precise Estimation of the Numbers of Chronic Carriers of Salmonella typhi
in Santiago, Chile, an Endemic Area

Miyron M. Leviae, Robert E. Black, Claudio Lanata,
and the Chilean Trphoid Committee

From the Center for Vaccine Develogmmnt,
Lriversity of Maryland School of Medicine,
Ba'tumore, Marviand; and the Minisiry of beslth,
' Sentiago, Chile

As part of a program to coatrol endemic typhoid fever in Santiago, Chile, an assess.
ment was made of the magnitude of the reservoir of chronic cammiers of Salmonella typhi.
The availability of an accurate census and -eliable data on the presvalence of biliary dis-
ease and of S. ryphi carriage among persons with cholecystitis allowed an unusually pre-
cise estimate of ths number of carriers. In 1930 there existed 25,019 female and 4,573
male carriers in a population of 4,264,513, vislding a crude prevalence of 694 carriers
per 10* population. Because of the magnituds of this human reservoir, which includes
many females of <30 vears of age, it is recommended that a typhoid contro! program
include the identification of carriers followed by health education and therapeutic

interventions.

The human population is the reservoir as well as
the natural host for Salmonella tvphi. In general,
~.2%,.5% of all individuals who develop clinical
or subclinical infection with S. rvphi become
chronic gallbladder carriers and thereby serve 1o
maintain endsmicity of the disease [1-6]. The pro-
cansity to bacome a chronic carrier after acute in-
fection increases with age and is greatsr in wome::
{1. 2. %, 7]. observations which are in keeping with
:he spidemiology of cholelithiasis {S-11].
Tyvphoid fever is highly endemic in Santiago.
Chile. despiie the widespread availability of pota-
bla water, the sawered sanitation, and the effective
sontrol of most other communicable diseases {12,
13]. Chile also has one of the hizhest prevalences
of cholelithiasis in the world {10, 11. 14]. This
<ombination of a high incidence of typhoid fever
and a high prevalence of gallbladder disease prob-
ably results in a high prevalence of chronic car-
riers. Continued contamination of vehicles of
transmission by these carriers maintains the
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endemic cycle and interferes with effective control
of 1yphoid fever.

As part of a program to control endernic ty-
phoid fever in Santiago, we estimated the number
of chronic S. tvphi carriers. The availability in
Santiago of a reliable census, coupled wich a large
nacropsy survey of the prevalence of cholelithiasis
and quaniitative data on the frequency of S. typhi
carriage 2among persons with cholecystic disease,
provided an opportunity to assess the magnitude
of the huinan reservoir of infection with a pred-
sion heretoiore not possible.

Materials and Methods

The sizes of ths male and female populations of
Santiago were obtained from official census data
{15]. The prevalence of persons with gallbladder
diszase in each dscennial age group over 10 years
of age was obtained from 1,967 autopsies per-
formed at the Medico-Legal Institute, Santiago
{10}; in the vast majority of instances, these autop-
sies were parformed on persons who died as a re-
sult of motor vehicle accidents or other trauma
{10]. The parcentage of persons in each age group
who had gailbladder disease was multiplied by the
number of persons of that age in the general popu-
lation to estimate the number with gallbladder
disease.

The presaleace of chronic infection of the gall-
bladder with S. rvohi among persons with biliary
disease in 1980 is known from a recent study of
persons undergoiny cholecystectomy in seven ma-

=g
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CAronic carriers of S. typhi

Tabdle 1. Estimate of the number of chronic carriers of Sa/morefla v pri in 3antiago, Chile, in 1930 based on the
presalence of gallbladder disease in the population and the presalencz 0i chronic infection with S. 13 pAi in persons

with cholelithiasis.

Age group (rears)

Charactenstic 10-19 20-29 30-39 4049 £0-%9 &-39 70-79 230 Total
Female 443,308 407, 190 3987 221,209  69.3°1 113581 $9.233 114 17954
Cholelithiasis (To)* 9.7 23.4 0.1 513 .0 69.2 69.2 (1% ...

Cholelithiasis® 43,010 95,282 149,638  114,38% 10153 “3.563 30,993 12.041 620.67%
S. nphi arriers 1.720 3,811 3,586 4,578 EYY] k¥ 1.050 492 25.019
Carniers per 100
population 388 940 1,724 2,068 2,20 2,763 2.7 2220 .
Male 438,665 373,898 294,595 19,98 13972 32381 39321 9.536 L5780
Cholelithiasis (*0)® 0 4.5 13.4 16.7 19.5 b 43.8 0.0 e
Choledithiasis? 0 16825 39476 32395 X6t 20472 17,061 3815 157718
S nphi corriers 0 483 1,143 919 3 94 499 s .57
Carriers per 104
population 0 k]| 389 ST s b it 1.262 1.154 e

NOTE. Data are no. of persons except where seicemages are indicaied.
* Percentages based on 1,567 persons studied at autopsy at the Mec co-Legal [2s:iuie, Santiago.
* Esdmate computed by multipiying the no. of persors in each age Foup of toe j2zeral population by the percentage of persons i

that age group whe were found to have cholelithiasis at autopsy.

> Estimate based on the obsen aticn that 4% of femnales and 2.97 of males »-:x zalbladder disease in Sanziazo have chronic

$. iyphi dile infection [16).

jor hospitals in Santiago [16). Cultures of bile and
gallbladder were made at the time of surgery from
1,000 consecutive patients of all ages. The mean
prevalence of S. typhi carriage was 4.0% among
the 70€ fomale patients, and there was little varia-
tion by age; the mean prevalence of S. typhi
among the 204 male patients was 2.9%. The mean
prevalence of S. typhi infection for each sex was
multiplied by the calculated number of persons
with gallbladder disease within each age group to
derive the number of chronic carriers.

Results

A summary of the population of Santiago in 1980
by age and sex, the number of persons with gall-
bladder disease, and the calculated number of
S. typhi carriers is shown in table 1. In total,
25,019 female and 4,575 male chronic carriers of
S. typhi over 10 years of age wer= calculated to ex-
ist among che population of 4,264,514 in greater
Santiago; the overall prevalence was 694 carriers
per 10* population. The prevalence of chronic car-
riers increased with age; among women over 40
years of age, 2.1%-2.8% (that is, 2,068-2,768 per
10* women) were computed to be chronic S. typhi
carriers.

Discamion

Typhoid fever is highly endemic in Chile, (the an-
nual incidanze since 1975 has ranged from 59
121 casss per 10° population), particularly in San-
liago whers peak incidence rates occur in older
schoolchildren and young adults. This has been
somewhat e¢aigmatic to epidemiologists, since
basad oa otber demographic, socioeconomic, and
health indizazors, Chile is a fairly developed coun-
try. The reladonship between biliary disease and
chronic S. ©phi carriage has been recognized for
many decadss [1-7]. Chile also has one of the
highest prevalences of gallbladder disease in the
world {10, 11, 14], and galibladder disease ap-
pears among voung female Chileans (10, 11}. We
therefore surmised that there must exist a partic-
ularly high prevalence of chronic carriers in San-
ti230 who serv~ as reservoirs and disseminators of
S. t¥phi and who help maintain a high level of on-
demicity of ryphoid fever.

The present report provides the most precise esti-
mation ever made of the number and prevalence
of chronic carriers of S. 7yphAi in an endemic area.
This precision was possible because of the ex-
istence of accurate data providing the age-specific
prevalence of cholelithiasis {10, i1] and the fre-
quency of chronic biliary infection with S, 1yphi
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armong persons with gallbladder disease {16]. The
few previous attempts at estimating the number of
chronic carmers of S. typhi in other geographic
arzas were rough estimates which, with one excep-
tion, did not take into account the relationship be-
tween the age of the patient at the time of azuzein-
faction and the development of the chronic carrier
swae {7, 17, 18].

The large number of chronic carriers of S. typhi
129,594 persons) and the high crude prevalence
rate (594 carriers per 10* population) calculated
Tor Santiago demonstrate the notable magnitude
of the human reservoir of S. typhi. Furthermore,
the existence of many carriers younger than 30
vears of age implies that a significant reservoir will
be present for many decades to come.

The outstanding efficacy of Ty 21a attznuated
S. typhi oral vaccine in preventing acute typhoid
fever in Alexandnia, Egypt, has generated con-
sidsrable hope that mass application of this vac-
Jins2 in endamic areas may greatly diminish the in-
cidance of tyvphoid fever and can sarve as the key-
stone of nvphoid fever control programs {19].
Nevertheless, the identification of chronis S. 1yphi
sarriers followed by heaith education, counseling,
and treatment should also be considerad critical
components of a typhoid fever control program.
Iz this contaxt it would be particularly beneficial
=0 identify young carriers (<40 vears of age¢) who
will play a role for many decades in disseminating
S. pphi. Simple serologic [20] and bacteriologic
{21] mathods have become available to screen for
S. typhi biliary carriers. Similarly, preliminary ex-
perience suggasts that there now exists an effec-
tive, nonsurgical, domiciliary therapy 1o eradicate
shronic S. 1yphi gallbladder infection [22]; the
therapy involves a 28-day course of orat amoxicil-
lin and probenecid [22] (C.L., unpublish=d obser-
vations). Identification, supervision, and treat-
ment of chronic carriers should be part of a
typhoid fever control program.
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VISEROLOGY IN DETECTION OOF CHRONIC
SALMONELLA TYPHI CARSEIERS IN AN

EXDEMIC AREA
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chrosic Seimenalle typhi carriers in & sapemmdemic sres, was
sssessed in a9 endemic srea. A reciprecst seerum Vi sstidody
titre of 160 wes found 10 bave 3 sensitivieyerT 75%, specificity
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INTRODUCTION

SDNCE the dexcription io the 19303 of Sxbe Vi antigen of
Sebmenalle cyphi® 30d of the reiscion beevween high serum
tizres of Vi satibody and the chroaic S ruvedi carvies nne,?
there have been many conflicting repa ts ssswt the usefulness
of Vi serology in the detection of chronic. Srayedi carriers. The
mmunamwmmmmm
ipterpretstion of results. Fdix and ochwe=ys med s Virich
qu&imﬁnazbcmdgmhadimhc:d:huluﬁmﬁon
teat, which they considered helpful i xieemrifyicg chronic
SmﬁaﬁetSmmzbuitinphdnzhmﬁdmin
this screening test that they required a nepmmve Vi serology to
be documented in all individuals e=wowed in cerain
industries, such a3 the water and food indexaries.> However,
the usefulness of this test, sspecially is a=ras where ryphoid
fever was endemic, was challenged by acoemTs; they pointed
out tha in such areas up to 20% < =macteriologically
confirroed chronic S rypki carriers lacked $122ntibody and up
to 20% of normai individuals with pegxmwve culrures for
S pyphi had positive direct bacterial agTrmIDAtion tests.
When the direct bacterisl agghutination terwess used in mass
screening of unselected populstions, lew ttmem 2% of people
with positive Vi scrology were fowmm: by iorensive
Wmhﬁn{mkcﬁnﬁi‘qu‘im”

Immmnologically identical Vi sntigem wms discovered in
other Enierobscieriscese, inchuding coderichio ool
Citrobacter, snd S pararyphi C. Crude or pasccrinily purified Vi
sntigen prepared from S ryphi Vi ), E ces. or Citrrobacter
species was adsorbed t0 human gomr O or sheep
erythrocytes for 3 passive haemagghur=xcoon amay. This
asssy had greater sensitivity than the gmect bacterial
agglutination test® but the high false-pos=»= = rate persisted.*

In 1972 Wong and Feeley' described a c==nod 10 prepare
highly purified Vi antigen. They and their =peeagues™® used

APPENDIX G
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the Rhighly purified antigen in 3 passive haemagglutination
a333y 1o detecy » umall number of chroai S nphi carriers s
fon-endemic sres (Arkansas, USA) Viserology was positive
in all 7 chronic S rypas carriers tented but io only 1 of 37 (3%)
of the sookcultureoegative cocaxts o these carriers. To
dnermise wheiher this 1est 1nighs be uielu) io an endemie
ares, we heve evaluated the semsitivity and specificity of U
pusive decmaggiutinatico mesy with highly purified Vi
otigen 1o deters chronic S sypdi crrien in Santisgo, Chile,
where there are 2n entimated 28 000 or more chronic S ryphé
carrian™ and where ryphoid fever is till 20 important peblic
hanith problem. .

SUBJECTS AND METHODS

bectarialagiclly confirmed ryphoid frver § 4 yesns previemly. We
wrose teflimg thurs of (e posmidility of their being chronic $ nHpdv
curriers snd arviting therm (o come 3 the Pobiic Heahth losticuts for
screning, 3 inowe muele auriers were she included,

Bactarisiegical evaleetion coosisrsd of 8 sroel calture os ench of 3
consecutive drys 1nd one doodetnl-{had cutrere. The womes were
instroced w mapls 3 frah nool with a wterile swab, inoculate i
i ¥ Uasspon medinm’® sod te bring the movple to the
tacrericiogy hborviory within 24 b Seupies of duodersd fhuid
cantainisg bike were obuzicid by camms of 3 gelstin-encspsulsred
mhgdrﬁa.{iﬂaTaf.Hdu)Wbymew&cam
supurvision™ Swols =nd bilesoed duadeosl floide were
imoiated ame MacConkey, Wilso-Blir, snd Salvesvelle Shigede
sgar, snd iam selenite F broth, S ypds wis identified by standard
biochermicl sd serological resctioes.™> A seram mmple wa
obtained from each subject. )

We aiso oheined serom aamples from 29 prtients of boch sexes,
aged 18 o ower, adrained 1o the [nfections Discases Hospital with
hnuidap‘dy:mﬁrwryphﬂhmdfm”haiwy
subjects of hash sexes, sped 1646, who had oo bectericlogical
iovesrigaion, .

smbodia weot Jneasured by che  pussive
hseeaggiuciomion asry mebod of Nola a o' with highly
prrified Vi amigen prepwed from Carmbane frewndii by
modibicanion of Wong ad Ferley’s technigue! {provided by J. B.
Robbins, Drvisien of Baczerial Producys, National Center for Drugs
and Biolopas, USA) Seruz sa=nples were first allowed o react wich
umsenuitised therp  syTiracytes 1o atsxd ant-sheep-cell
antibodian ® Ganldebydetreared shemp embrocyia'! were
seraitised with kighty purified ¥i antigen (10 g/ ml). Seriai re-foid
dilotions of yerem namples, from L/20 1o 172560, were added 1o
oqual volimws of sctiilived sed sonsentitised cells. The
sgghstioavion gatiers were read after 2 b incabwtion st rocm
temperrure snd sgais sfter iaubstion evernight w 4°C. Titres
were vecorded 2 the reciorocal final dilution showiog @ positive
Saemaggiutinetion resukt. Known positive and pegative control sera
were ssssyed with esch test_ Scudent’s ¢ and chi-squased tesis were
wied for gatwoal snstyses.

RESULTS

Of the 36 dwanic carriers (3 known and 33 detected by
bacteriolog:cai sxesning), 27 (75%) had Vi titres of 3160 (sce
table), wherexs only 5% of the 388 aon-qrrier women
(p<0-001) and 1% of 59 heafthy mubjects who had no
bacteriological screenirg (p<0-001) kad titres 2160. The
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PREVALENCE OF Vi ANTIRODY IN CHRONIC $ TYPHI CARRIERS,
ACUTE TYPUDID FEVER PATIENTS, AND NEALTHY SUECTY
N SANTAGO, OHILE

A Percentage wnb neve
Gremp S o |Tere] ¢80 ] 0 |50

arurs (ae %){ 7% vanm . 17-99 | 2% | ] 1] ”

wrfer (ne W) | Al venm B-42) N [ 3 7 [ )

Bah wmm -] 10 : n )

&quathiuu)l“hpdna'ﬁhmrnﬁiﬁn
(38%) was sbo significastly lower thea that in chronic
. carriers (p<0-005). The guemetric mens titre in the chroaie
carriers was significantly (p<0+ 001) higher then thet in azy of
the other groups (table).

The seasitivity and spucificity of esch Viantibody tire s s |

cut-ofl’ point in screxning for chronic § typhi carrisge was
determined with the 388 jve women s negative
coowols (fig 1) With s Vi antibody titre of 3160 takeo =
positive, the pasmsive haermagglutination asssy with highly
purified Vi aotigen had 75% sensitivicy and at lemt 92%
specificity,
T‘hepndmnnluofa:hViuMumacuwﬂ
paint in screening for chronic carviers (defined 33 the
percentage of subjects with positive Vi serology who will be
confirmed as chrosic S npki carriers’®) was determised in
populations with differem carrier peevalence nates (fig 2).
When we used the 338 culrure-negative women with bistory
of confirmed rypboid fever 23 the negstive controls, the
" specificity of a Vi antibady titre 3160 was 92%. Thus, in
Santiago the predicrive value of this titre is 8% in tixe general
adult population, 16% in women 40 years snd older, and 37 %
in women 25 years and older with history of coefirmed
typhoid fever (fig 2A). However, the 59 henlithy Chilaans
{wbo were not sudied bacteriologically) may be more
representative of the genersl population in Santiago; when
they were used a3 the negative controls, the specificity of a Vi
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Fig 1=~Semaitivity and specilficity of various reciprocs] Vi aatibedy
uires as cus-off poiat in acreening for chroaic S ryphi carriers.
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sntibody titre 2160 tosc 1o 97% and the predictive value rose
from &% to 17% in the general adult populaticn and from
16% t0 315 in women 40 years and older (Iig 2B),

DISCUSSION

5-5% of paticots with ryphoid fever become chromic
carriers and the cartier state penins throughow Nife. /™"
Since man is the only natural bost and reservoir of 3 ppds, ™
the detection of chroaic carriers is esential for the cuntrol of
typboid fever. The use of bectericlogical culiwes for the
deaection of chronic S typhi carriers is limited by expeose,
have inrarmittent excserion of S typh 8o repented caliuses are
necessazy.!! Some reports of the noo-surgical Uestmoent of
chroaic S i castiers have baes ec.osunging, ™ oo the wee
of Vi serology to xreen for cuTiers sejected high-risk
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Laft-dunsd p:d-w vemes )25 yon ﬂw
typhond fower l-lrcﬁ.-n@ﬁtmw#-
adnd popuistion, duk seans, 5 sagetive comteels”

(A) Famen 3235 yeurs wih Wﬁw l-dy-(-@‘.'
umapmﬂ)-.”r (Qhﬁmally.

groups in an endemic area may be justified = part of 3
prograaune to control typhoid fever.

The main rexson for the reports of the
usefuiness of Vi serology in the detection of chroaic S ryphi
carriers is the differing purity of the Vi antigen. The original
studies with direct baczerial agglutination'? used an S ryphi
stnin rich in Vi as antigen. This sirsin, bowever, sbso
contained sumatic O and flagellar H antigens 30 the sera had
to be presbsorbed with a Vi-negative S ryphi smin. The
is0latoa of S sypdi strain Vi 1,2 which wes rich is Vi sntigen

* but almost without-O and H mtigers, simplified direct

m:uhmam.mmmm
sgyiutination test and the passive

.vuhuude“wpmnllypmﬁd\ﬁunm""hnahgh

anhmﬂmwm
typhoid fever s endemic, wyparently becsuse of com-
resctivity with other antigens in these sntigen preperaticns. '*
mbckofspeufm!mbeuthumfuthclud
confidence in Vi serology since the late 19503, )

The devdopmem of 3 method 10 produce highty punﬁed
Viantigen’ was important, since it provided an antigen that
improved the specificiry of the technologically simple passive
bacmaggiutination wssay**?* A pecliminary repont®
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suggented that the pasive haemagglutination sssay with
highly purified Vi antigen had no greater sensitivity or
specificty than direy becterm] sgglutination and more
elaborate techniquen, such 3 fluorescent Vi sntibody
test,’*  counierimmunodectrophoresis, or solid-phase
ok have been advocated. Mowever, thew
more sophisticoted tachniques require cxpensive equipeaent
ond their use in Jum-developed countries where typboid fever
is endemic is fimited, ' .

The prctical spplicstion of the simple pmsive
Recmaggiusiostion seey with highly purified Vi antigen in
detecting chronic S rypdv carriarns in es sndemic ares depends

. not enly en the seasizivity and specificit; of the titre weed &

tut-off but alsv on i predictive value. ¥ Since the predictive
value of ench titre cut-offis Zresmer in populstions with higher
chronic § typhi carrier rasm, screening high-risk grovps of the
population will be justifiehie.
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Child Health

USE OF NORMAL IMUNOGLOBULIN IN AN
ECHOVIRLUS 11 OUTBREAK IN A SPECIAL-CARE
BABY UNDT -

' ]. NacocTon
JAOQUELINE WALKER

Gnuan Gaxnoy
]. 1. Gray

Poiiic Haaith Lasorssory Servien, aund Newnssol Usit,
Adlnbroshe’s Hocpual, Camiridge

An ecpidemic of xchovirus 11 infections

Summery _
. sccurred in the Cambridge special-care beby

"uait during August te Ocoder, 1582. There were 21

confirmed infections in bebies; | dGad, | recoversd after
resection of a kidoey, 5 had ineningitis, and 6 bed respirstory
symproms. Normal hume immumeglobulis which coe-
taeined entidody to echovine 11 wass sdministered
inrsmrescularly (250 mg) to give protection. Nooe of the
childres given immunogicbulia immadistely alter delivery
(205 dowes) developed symproms er -effects. Serological
studics reinforced earlier evidence for e protective acticn of
sotbody, a0d it 5 coasidered ths immunogiobulia is »
valustie safeguard for exposed aewborn infanns.

INTRODUCTION

THE first descripdon of echavirus 11 in 1959 was followed
by several reporrs of infections in pewborn infants*? but we
found only oae report of 3 desth i a child under ! year.* In
1977 the potential seriousness of echovirus 11 infection was
shown by a0 outbresk in the Cambridge specish-care beby
unit, in which 3 of 9 infected infrrws died.® This outbeeak
heralded 2 widespread epidemic in Englaad and Wales with
1495 mfections recorded in patients of all ages in 1978, nearly
double the 895 recorded in the previsus 10 years.* Infection
spread to countries o' both bemispheres’? and included cases
in pewborn infanis in several ourseries in the UK® (and
unpublished observations by E W. Colley and by D. B.
Weldon nd J. Naginpon) and faral imfections in the USAL ™

A retrospective study of deaths in children in England and
Wales dusing 1968 to 1978* showed thar at Jesst 12 ia babies
who died aged 5-1! J3v3 were caused by echovirus 11. Al
died wuthin 24-48 h of the onmet of signs with n
overwheiming virus mfection characterised by disseminated
intmavesculzr azulitioo and hasmorrhage into organs,
especially the renal ~zedulla and sdrenal glands. A second
group of 12 died 2ged between 9 weeks 22d 4 years 10 months
with lems clearly defimble symptoms, mainly respiratory; six
of these were recorded as cot dextha,

The techniques that now permit premature infants to be
successfully cared for in special-care baby unh? have created
groups of children susceptible to serious epidemic infection
from enteroviruses such a3 cchovirus 11. If, as seemns likely,
the introduction of suck infectioas canpot be prevented, there
is a prasing need 0 protey tbe infints from the
consequences. We now report an echovirus 11 outbreak, of
much greazer extens than the 1977 outbresk, in which normal
human immunogiobulia was used ro protect the dadies and to
wnable the ward to carry o with the minimum of disruption.
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Abstract

An ensyme linked immuncsorbet asssy (ELISA) seasuring senm IgG, IgN,
and IgA antibodies to Vi capsular molysaccharide antigen thet had bees
tyraminstsd to incresse its binding efficiency to micrctiter plates (Vi-Tyr)
vas compared to the standard passive hemglutination asssy (FER) as 3
scresning tast for ciwonic Salsonella typhi aarriers. Initially, thres
populations sere ewalusted: 22 healthy U.S. adults, 17 youy Chilean adilts
with acste typhoid fever, and 51 (hilemns wbo hed bactericlogically confirmed
8. typhi chraonic carriage. 1gG specific Vi-Tyr antibcdies were preferentially
present in the S. typhi chromic carrier stats. 44/51 (1) chwonic carriers,
0/22 (OR) healthy U.S. adults, and 2/17 (12%) Chileans with acuts typhoid
fever had reciprocal senum IgGC Vi-Zyr ELISA antibody titers > 200. The IGG
Vi-Tyr ZLISA wvas thes cospared to the PHA a8 a acreening test for chromic
carriers in 141 hilean femals foodhandlers. One vcasn was serolcogicelly
incriminated as a carrier by both the IgG ELISA and FEA; ber ccprocultures
were pomitive for S. typhi. Gne other woman, identified as a carrier by FEA
was negative by culture and IgG ELISA. The IgC Vi-Tyr ELISA is as sersitive as
the PHA (863 vs 76%) and as specific (953 w8 95%) in screening for chronic

Oarriers.




Asymptomtic excretvion of Salmonella typhi in stools for greater than ore
year fallowing an episcde of acute typhoid fever ococurs in approximately three
peromnt of adults (9). These asymptamstic cdironic biliary carriers represent
an isportant reserwoir of S. typhi and have been resporsible for cutbresks of
acute typhaid fever (13). Detsction of aarriers, mtdm.bgn-n
lmortant aspect of typhoid fever control. Bacteriological confirmation of
the chronic carrier state requires either miltiple stool cultures or cultures
of bile or bile-stained ducdenal fluid. These procedures are ot amsnshle to
large scale screening {10,7,6). In addition, becmume chromic biliary carriers
are oftan intemmittant or light facal 3. typhi excreters, multiple
bactericlogical cxzaminations are usually required to reliably meke the
diagnosis (10,6,3). For these reasons, serclogic screening for the carrier
state of Salmnella typhi in areas of typhoid endmmicity is preferable.

The passive hemagglutination assay (PHA), using Vi antigen fram
ammuag.m.mutmmhwaﬁ-mwa
specific for the screening of the chronic carrier state of S. typhi in endemic
and non-endemic arces (8,11). However, this assay requires test se.a to be
pre-absorbed vith sheep erythrocytes, which is inconvenient in screening large
populations. Attempts at using an enzyer linked immmnomorbest assay (ELISA)
for the detection of the carrier state have been haxpered by the poor binding

of the Vi antigen to microtiter plates. Saone researchers, using immme sera
as the capture reagent for the Vi antigen, have had some sucoess in detecting
specific IgG antibodies (8,11). Bowever, large amcunts of a standa  ismme
sera are needad and swy not be readily awilable.

Highly purified Vi polysaccharide from Citrcbacter framdii vas
tyramimated (Vi-Tyr) in an attempt to enhance binding of the polysaccharide to
plastic microtiter plates (12). This Vi-Tyr was then used in the developmmnt
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of an ELISA vhich was cxpared to the passive hemagglutination assay (PEA) as
a screening tast for typhoid carriers in a typhoid erdemic area. The ELISA
was adaptad to assess the relative coxurrence of 196G, Ig, and IgA Vi spacific
antibodies in the carrier state.

" NMatarials and Methods

Subjects. o standardise the Vi-Tyr XISA, 3 graxs of subjects were
examinad: 22 haalthy youny adults from the U-itsd States, 17 youg Chilamn
adults aduitted to the Infecticus Disesses Bospital in Samtiago vith
bactariclogically confirmed acute typhoid fawer, acd S1 asysptomstic S. typhi
carrisrs from Chile. These chronic carrisrs had bectericlogically confirmed
typhoid fever 1-4 yoars previcusly and, at the time of the study, had S. typhi
isclated bactericlogically.

Once a serum dilution for screening carriers was detemmined using these
known populations, 141 Chilesn femle foodundlers, age 25-65 years, were
screensd blindly for S. tyrhi chronic carriage using the Vi-Tyr ELISA and PHA.
S. tyrhi carriage in this group wvas confirmed by coprocultures.

Specimens. One sernum sasple was cbtained from each subject in all groups
except for the subjects vith acute typhoid fever wio had sera cbtained upon
bospital admission and 21 deys later. Those subjects vith acute typhoid fever
and those vith chronic S. typhi carriage had bactericlagic evalnation
consisting of three stool cultures cobtained cn consscutive days and cne
ducdenal fluid culture obtained by a gelatin-encapsulated string device (1).
Two coprocul tures were cbtained an successive diys from the healthy femle
foodhandlers to confira S. typhi carriage. All sasples were inoculated anto

]




MacConkey, Wilson-Blair, and Salmonella-Shigella agar, ard into Selenite
broth. S. typhi was recovered and identified by standard hiochemical and
serological reactions (4).

Tyrmination of the Vi antigen. The tyramination of the Vi polysaccharide
bas been previcusly described (12). Briefly, tyramine (30 mg/ml) vas added to
10 m3 Vi in the presence of carbodiimide and incubated at (8 4.9 -5.1 for 3
hoaurs. The resultant reaction mixture wes dialyzed and purified by gel

exclusion through a G-100 Sephader column (Fhammacia, Piscatawey, XJ).

Standardization of the Vi-Tyr ELISA. Sera fro= 16 known chronic typhaid
carriers ard from 6 healthy U.S. wolunteers wvere used as the positive and

necative reference sera, respectively, to establish a standard canve for each
isotype—specific Vi-Tyr ELISA. These samples were assaed twelve different
tizes at two-fold dilutions starting at 1:25 and ending at 1:3200 by the
folloving sethod:

The wells of Immilon I (Dynatech, Alexandria, Va) plates were incubated at 4°C
overnight with 0.1 ml aliquots of Vi-fyr antigen in phosphate buffered saline
(pes), pH 7.3. ‘!heuellsmmhsdit.imwithma;:niningo.mm
20 (PES~Tween) ard then incubated at 37°C for 1 bour with 0.1 al of haman
sernm diluted in PES-Tween containing 1t noo-izmune goat serum and 1% fetal
bovine serun. The wells vere then washed S times vith PES-Tween and incubated
for 1 bour at 37°C vith heavy chain specific antibody to human immmoglobulin
G, M, and A conjugated to alkaline phosphatase (Kirkegaard and Perry,
Gaithersberg, Md.) diluted in PES-Tween. After washing, the vells were °
incubated at room temperature with 0.1 ml of pnitrcphenyl phogphate (1mg/ml)
in 10t diethanolamine tuffer (pH 9.8). Absorbance was monitored at 405ma.




Saturation Xinetics usimg several high PHA titered senm sacples were
determined using Vi-Tyr coating concentrstiors of 0.5, 1.0, and 2.0 ug/ml.
The specificity of the goat antibody conjucates were examined with purified
1gG, IGM serum fractions and milk IgA cbtained by filtration through a DEAR
Bicgel-A (Fharmecia) column.

The PHA was performed for each subject in each group by methods
previously described (6). A titer of > 160 ws considered to be indicative of
the S. typhi carrier state,

Results

Assay Standardization. The abscorbance (A) of the pooled pogitive serum was

determined as a function of the tyraminated Vi antigen coating concentration.
Saturation kinetics vere cbserved and a coating concentration of 1 ug/ml vas
chaosen. The pooled IgG fraction contained 1450 m3/dl IgGC and less than 1
=/l IgN. The poaled IgM fraction contained 140 sg/dl Igt and less than 1
m/dl Ig6. The IQA samle contained 35.5 sg/dl IGA vith less than 1 mg/al
I9G and Ig. The cnjugates were showm to be isctype specific.

A standard curve for IgG specific Vi astibody using positive sera was
lirsar for absorbance (A) values ranging from 1.2 to 0.1 using serum dilutions
ranging fram 1:50 to 1:800 (figure 1). The negative serum paol gave optical
dersitiss (0.D.) below 0.1 for dilutions as lov a8 1:25. A dilution of 1:50
of the negative serm poal produced a mean 0D. of 0.04 with a standard
deviation (S.D.) of 0.01. The cut-off abemortance value signifying significant
1gG specific Vi antibody was set at an 0.D. reading of 0.2 since this walue is
an the linear portion of the curve amd well above background.

The IgM standard curve for Vi antibody was linear for A values ranging




from 1.4 to 0.15 using seernum dilutions ranging from 1:25 to 1:400 (figure mot
shown). Because of high. background wlues in the negative senm pool for
dilutions less than 1:1100, starting dilutions of 1:100 were used in all
sasples. A qut off of 0.3 wes used to determine a positive antibody titer
mmmdumuwmw.uahm@m“o&?
+ 0.05. Si-nnly,arg\mdmm&unindahhqnmslwl.
values ranging from 0.9 o 0.14 using serum dilutions ramging from 1:50 to
1:400 (figure oot showm).. Aa absorbance of 0.15 vas conservatively chosam ae
the cut-cff for a positises antibody titer since the poolad negative sera at a
1:50 dilution gave an O.ID. of 0.02 # 0.01.

Praluation of the Vi-Tyr ZZLISA to detect S. tyrai carriers, Table 1 shows the
results of the IgG Vi-Tyr aspecific antibody titers in individuals with acute
typhoid fever and S. typin: carriage, and a bealthy population. Of the S1

chronic carriers tested, 444 (861) bad an I4G Vi-Tyr ELISA titer greater thas
or equal to 1:200. In comtrast, cnly 123 of the acite typhoid patients and
none of the bealthy U.S. wenlunteers bad similar titers (p < 0.00000001). An

IgM specific Vi antibody titer >100 was detected in 19 (37%) of chromic
carriers and in 3 (18%) of patients vith acute typloid fever (Table 2). The
IgM Vi-Tyr ELISA vas unshiee to discriminate acute typhaid fever patients from
chronic carriers (p = 0.2} and did not increase the detection semsitivity of
carriers of the IgG Vi-Tyr “FLISA, Although Vi-fyr specific IgA antibodies
mwmﬂ(m)ﬁmm”ius.&qabmdetm&h
patients vho had acute typiioid fever {Table 3) (p = 0.2). n.iani-ayr
antibodies of all three imsmmoglcbulin classes were seen vith eqal but low
frequency in the adnisgion zand follow-up serun samples cbtained from patients
vith acute typtoid fever.




70 assess the applicability of the I1gGC Vi-Tyr ELISA in a typhoid endemic
area, 141 Chilean frmmle food handlers were screenad by the PLISA, PHA, and
two coprocultures. Qf these 141 women tested, one had an IgG FLISA titer >
200 and two wcEen, one Of vhom also bad the pogitive FLISA titer, had a PEA
titer > 160 (Table 1). Of thase two vommn ssrologically idantifisd as
mm.md“.clyhdmﬁ_pi&wwﬁﬂﬁxﬁm
was confirsed to De a aarrier by culture.

The sensitivity of the IgC Vi ELISA titer of > 200 in scresning for
chronic S. typhi carriage as dctermined by amalyzing the results cbtained with
the S1 known chronic carriers is 86 compared to 768 with the PHA using a
titer of > 160. The spacificity of the IgG spacific Vi-Tyr FLISA in screening
for chronic carriers using healthy 0.S. valuntesrs ard acute typhoid fever
patients is 95%, which is equal to that cbtained by using the FHA.

Since man is the only reservoir of S. typhi, the detection of carriers is
necessary for contral of typhoid fever. In arems of typhoid endemicity,
screening for chronic typhaid carriers by serological means is of practioal
importance since bacterialogic screening is expersive and logistically
difficult to perfom. The tyramine deriwative of Vi provides sufficient
binding of the antigen for detection of Vi specific antibodies by BLISA. In
terms of rapidity and ease of performance, we £ird the IgG specific Vi-Tyr
ELISA to be mperior to cur previously reported FEA for the detactiom of S.
tyrhi carriers (1,12).

Analysis of the differemt classes of antihody invalved in the dwonic
carrier state has shown that Vi antibody of the IgG class is present most




frequently. IgMd and IgA Vi antilxdies, although seen in chronic carriers,
camct be used to differentiate persons vith 2cute or chronic S. typhi
infection. It is prcbable that the IgG antibody response to Vi present in
auriers reflects prolonged jsmumologic stimulation. It is interesting that a
m:gn:@nmmmmmuwm.fmag.
typhi infection. This seems resscrable since S. typhi participstes in m
enterchepatic circuit in the pathogenesis of acute typhoid fever and also is a
primary occupant of the biliary system in chronic infection. Purtler work on
subclass specificities in both the IgG and IQA resporses to Vi antigen in the
acute and chromnic fooms of S. typhi infectiors may %elp elncidate otber
possible immmologic differences in these two disease states.
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Pigure 1. 1gG specific antiba’, response to Vi-Tyr antigen in pooled sera from
16 aymptomatic Salmonella typhi carriers as measured by ELISA. Antibady
results are represented as the sean (dots) and two standard deviations (tars)
capiled from 12 separate rums.
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SIMMARY
An oral regimen of ancxicillin 2.0 gn cambined vith probenecid 0.5 gn
three times a day for 28 consecutive days was evalusted in the treatment of
chronic Salmcnells typhi carriers in Santiago, Chile. Mild (mostly
qastrointestinal) tut tolerable side effects camonly cocurred early in the

therapy. Pifteen of 26 (58%) treatsd carriers (including thres with
gallstones) remained cured after 12 months of hacteriological follow-ip:; all
failures became evident within the first four mnths after campleting
therapy. Ennmnicminmmdhnlutwlnxa;n-t-dmm
significantly higher (19.50 *+ 2.90 mg/ml) in the cured carriers conpared with
the carriers wio failed (14.69 + 2.77 mog/ml) (p<0.01). This vegimen provides
a reascnable alternative to cholecystectany in selectad car;'iers. Bowever,
the cure rate of 58% is arquably to low to justify systematic use in typhaid

fever control prograss.




INTRODUCTION

Appraximately 3\ of patients with typhoid fever becoze chronic
Gallbladder carriers 2nd thereby serve as a reservair for the tra;-i.ulcn of
Salmonella typhi (Aues & Robins 1943, Anderacn et al., 1936). The combination
of cholecystectony and antibiotics is largely succesaful in eradicating the
carrier-state (Aamnich § BRakesi 1979, Perkins et al., 1966, Whithy 1964).
However, because this regimen is invasive and expersive, it is not a practical
public health tocl. Based on these drabacks, investigators have studied the
effsctiveness of artibictics alone i;uaﬁcatln; the darrier state, using
drugs to which S. typhi are susceptible in vivo. Overall, medical therapy
alone has been disappointing and success has generally been correlated vith
the presence or absence of gallstones (Bullock 1963, Dinbar et al., 1969, Kaye
et al., 1967, Mmnich et al., 1974, Nolan & White 1978, Scicli et al., 1972,
Simon § Miller 1966, Tynes & Utz 1962). Neverthelsss, tuo reports have |
generated cptimisn. Scioli et al (1972) successfully treated all of 19
chronic S. tvphi carriers with a 15 day course of intravencus ampicillin,
suggesting that high cure rates are achievable if sufficiently high serum and
biliary levels of a bactericidal antibiotic can be maintained.. Because of the
impracticality of parenteral ther#py, regimers are Leing saught to achieve
this with an oral antibiotic. Amoxicillin, a corgener of ampicillin which
gives two to three—fald greater blood levels after oral &simg amd is
concentrated in bile, was considered an attractive drug to be evaluated in
treatment of the S. typhi carrier state (Rosmidis et al., 1972, Waki et al.,
1977). Nolan § White (1978) treated 15 carricrs with amxicillin, 6.0
gn/day. Of 10 carriers who completed this 28 ay reginen, nine were cured,
including three with gall bladder disease. The remaining fiwe carriers had
their anxicillin dose reduced to 3.0 gn/day because of gastrointestinal




intolerance; of these, only two were cured.

Sasad on this backgramd, we conducted a clinical trial in Santiago,
Chile, where typhoid fever is hichly endmic—arﬂ the prevalence of chronic
carriers ad cholelithiasis is high (Lévine et al., 1582), to evaluate an oral
antibictic reqgimen that liid'lt cure S. tyrhi carriers without surgery,
reqardless of the presence of gallstones. In this trial, aaxicillin was
cambined with prcbenecid to increase and prolong the amoxicillin blood levels.

PATIENTS AD METXTS
Subjects -

Twenty-six bacteriologically-confirmed chronic S. typhi carriers who were

free of any debilitating disease, did not have history of penicillin allerqy,

gastrointestinal or remal disease and were not pregnant or lactatirx; women
were enralled into the study (Lanata et 2l,, 1983). These included 22 persons
who were krown carriers for at least 12 months, two for nine months, and two
who were car:iers for six months. Written informed consent was cbtained.
Bacteriology

All participating carriers had a baseline medical evaluation. Prior to
treatment a stool culture on each of three consecutive days and one
Gucdenal-fluid culture were cbtained. The carriers were instructed to
inoculate a sample of fresh stool with a sterile swab into Cary-HKlair
transport mediun (Finegold & Martin 1982) and 20 bring the samie into the
bacteriology laboratory of the Institute of Public Bealth within 24 lours.
Sanples of ducdenal fluid containing bile were cbtained by means of a
gelatin-encapsulated string device ("Entero~Test”, B.D.C. Corporation,
Mountain View, Ca.) ingested by the subject under supervision (Gilman et al.,
1979, Avendaro et al., 1986). Stoals and bile-stained duocdenal ﬂﬁds were
incculated onto MacConkey, Wilson-Blair, and Salmonella-Shigella agar




directly, as well as after 18 hours enrichment in selenite P broth. S. typhi
was identified by atandard techniques (Edwards § Bwirg 1972).

After treatzmnt, three corsecutive stool cultures and one duodenal-fluid
qulture were cbtained during the first week [xst-treatzent ard at the lst,
3rd, 6th, 9th and 12th month post-treatment, mr possible. Cartiers'vith
all‘wlturu free of S. tyrhi for 12 or more menths after coxpletion of
therapy were considered cured.

Treatment

The oral treatment regimen consisted of amxicillin trihydrate, 2.0 gm
and probenecid 0.5 ga taken three times each day for 28 days by the patient at
home. To detect side effects and evaluate camliance, each carrier sas
contacted at least twice a week by telephone or by hane visits. A diary was
provided for the carriers to record the precise times when they tock their
medication and the appearance of any side effects. The medication was
provided in single-dose vials, to assure imgestion of the correct mmber of
capsules. A spot urine sample was obtained during the hoame visits to Le
subsequently tested for ammicillin levels as an indicator of compliance.
Pinally, during the second and last week of treatment, a senum sample was
cbtained before the mpming dose, and two, three and four hours thereafter for
anxicillin blood levels.

Anxxicillin Levels

Sera and urine samples were frozen at -70°C and transported on dry ice o
Baltimore. Because of the lass of one box of specimens during transport,
sarples were available from only 20 carriers. The senum amd urine amxicillin
levels were determined in quadruplicate on a gel-diffusion system using five
known standard diluctions in each plate (Bemnett et al., 1966).



RESULTS

—ettm————

- Twenty-six carriers (92% wamen) infected vith amxicillin-sensitive S.
_t_@ were enralled; their mean age was 34.§ ymars (Tahle 1). The gallbladder
status was known in 15 carriers (13 consentad to have chalecystograms): none
had a rormal galbl#dder: eight had gallstones; five had a non-functioning
gallhladder; two others were hepatic biliary tree carriers who had had
cholecystectamies four and 12 moaths earlier.

Side Effects ‘
Most of the carriers (86%) had mild and trarsient adverse reactions

during the first week of therapy that disappeared withaut interrupting the

antibiotic treatment. In tctal, 13 (503) carriers complained of mild

-

epigastric pain, lasting a mean of 2 days; 11 (42%) experienced nausea,
enduring a mean of 2.5 days; seven (2Z7%) had diarrhoea, persisting for a mean
of 5.4 days; six (23%) had a diffuse pruritic rash, lasting a mean of 7.7
days; and six (23%) had other symptams. Two carriers develcped intense
epigastric pain that led to interruption of treatment. when the same
treatment schedule was re-initiated five to seven days afterwards combined
with antiacids, mild epigastric disconfort recurred in one women which lasted
four days.

The unscheduled hame visits demonstrated a high degree of campliance. On
each visit each carrier had the correct mumber of unused individual doses. Of
the urine samples available ‘or testing fram 20 carriers, multiple samples
tested fram 19 carriers had a high urinary level of amxicillin; the remining
carrier had cne of five urines negative for the drug.

Bacteriological Response to Therapy

After a period of 12 or more months of follow-up, 15 of the 26 carriers
(S8%) persisted with negative cultures for S. typhi and were considered cured




(Table 1). Notably, thls group included the two intrahepatic biliary S.
trhi carriers (McFaddzean 1968). Three (38%) of the eight cartiers known to
have gallstones and ane (20%) of the five who had a non~functioning
gallbladder were cured. Wnen the prchability of cure was cheerved by Jonth
post-treatzent, it became stable after the dth month (Pigure 1). Mo failures
occurrad after that periad.

Varicus varaneters vere analyzed to campare the carriers who failed with
thase who were cured. No differences were found with resgact to age o

Guration of carriage pricr to therapy (Table 1). Murthenxxe, the proportion
of carriers who developed side effects vas similar between the two graps.

Gnobjectiwdifﬁmlnm&ngrwpmtaxﬂinﬂzam
anxicillin lewels of the 20 carriers vhose specizens were awailable for
testing. . There were no differences in the serum amxicillin levels betwveen
the 12 cured ard eight failed carriers at baseline (overnight level), or two
and three hours after the moming dose (Pigure 2). Bowever, the mean serum
auoxicillin level at four hours after the moming dose in the 12 tested
carriers who were cured (19.50 + 2.9 moy/nl) was significantly higher than the
mean level among the eight tested carviers who failed (14.69 + 2.77) (p<0.01,
Student's t test) (Figure 2).

DISCUSSION

After 28 days of 6.0 g of ancxicillin vombined vith 1.5 ga of probenecid
daily, we successfully eradicated S. typhi in 15 (58%) of 26 chronic carriers
¥ho were highly compliant in taking their medication. Our results are
somewhat in contrast with those of Nolan & White (1978) «ho cbtained a 90%
cure rate anong 10 carriers treated fcr the same pericd of time with the sane
amaxicillin dosage but without probenecid. Because of the small numbers

involved, the difference in cure rates (mine of 10 versus 15 of 26) may very




well be due to chance (p=0.1l1, two-tailed Fisher's Exact test). EBEowever. the
st iikely explanation of the difference in results is the high prevalence of
gall blacder diseacs among cur carriers. All 13 carriers in cur series who
had cral cholecystograzs exhibitsd chalelithiasis or 2 non-functicning galld
Kladder, in contrast with enly 3 of 10 carriers in the repcet by Nolan & White
(1978) (p<0.005) who were treated vi£h the same amcxicillin regimen but
vithout prcbenecid. Others have noted the relationship between callstones and
failure rate in chronic carriers treated with antibictics (Bullock 1963,
Dirbar ec al 1969, Tynss & Utz 196%). -

Nolan & White (1978) reported a siynificantly lover senm level of
ancxicillin six hours after the last treatment dose in the f:arriers whe failed
treatment. Our results corrcberate the importance of high and prolonged
antibiotic levels in achievement of cures: a significartly lo.:eg' Dedl. serum
ancxicillin level was cbserved at the 4th hour pest-dose among the carriers
who failed, in comperison with the carriers who were cured (Pigure 2).

¥We conclude that 2.0 gm of awxicillin combined with 0.5 gm of probenecid
given three times a day for 28 days has a definite but limited role in the
ambulatory, romsurgical treatzent of chronic S. typhi carriers. In providing
a >50% cure rate, this therapeutic regimen offers to the sporadic chronic
carrier a moderate chance to eradicate the carrier st:,ate without rescrt to
surgery. This is particularly relevant for carriers who, because of other
conditions, are deemed unacceptahle surgical risks. In contrast, the cure
rate of S8% with this regimen is probahbly insufficiently high to justify its
use as a major camonent of typhoid fever control programs. Now that a
practical screening test is available to identify chronic typhoid carriers in
endemic areas (Lanata et al., 1983}, an important intervencion in control

programs must be the identification and treatment of carriers in




epidemiclogically relevant graups such ar foodhardlers. Therefore, the search
must contirue to identify a practical, ron-surgicsl, ambulatory treatment for
chronic S. typhi carriers that achieves >80% cure rate withaut c;.uin; notable
adverse reactions. )
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LEGELS

Pigure 1 - The prodability of cure (#95% confidonce interval) by month

post-treatment among 26 chronic Salmonella typhi carriers in Sangago, Chile
treated with amoxicillin and probenecid. Uats shown as a Faplan-ieier curve.

PFigure 2 - Mean serum amxicillin levels (+95% confidence lntsml) in 20
chronic Salmonella typhi carriers after am 2.0 gu cral dose of prcbenecid.
Data arranged according to carriers who were cured {»l) or wio failed (n=8)

on this antihiotic regimen,
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The Use of Moore Swabs for Isolation of Salmonella typhi from

Irrigation Water in Santiago, Chile

S. D. Sears, C. Ferreccio, M. bi. Levine,
2. M. Cordano, J. Monrenl, R. E. Black,
K. D'Ottone, B. Rowe, and the Chileaa
Typhoid Committee®

From 1re Center for Voccine Denelopment, Universiry of
Marxland School of Medicire, B:irimore, Mcrviand: the
Nunistry of Health, Sartiazo. Ciule; the Institute of Public
Heclth, Sansiazo, Chile; crd the Central Public Heaith
Loboraton, Division of Enteric Pathogens, Colindale,
LUnited Kinydome

in Chile, a country with an exceedingly hizh incidsnce of nphoid, untreazed sewage s
applied directly to fields where salad vegetab!ss are cuhivated. Water used for icrigation
was examined for the prcsence of Salmone!l!a 1yvphi, by making use of ths sewer-swab
technique. S ryphi was isolated in 8 (11%) of 76 irrigation samples examined from nonin-
dustrial, polluted water. This supports the hypothesis that crops grown with water cons
taminated with feces are important vehicles in the transmission of S ¢yphi in this endamic
area. Since sewage treatmnent plants will not te available in Santiago in the near future,
emphasis is being placed on devising alterna:ive methods of irrigation and on growing
vegetables that are cooked before being eatern.

Typhoid fever is a major health problem in San-
tiago, Chile where the annual incidence has ex-
ceeded 150 cases per 100,000 nopulation since
1977, with most cases occurring in suramer (1].
This is unexpected because Chile has demographic
features and health statistics consistent with a
technologically advanced society: 94% of homes
have bacteriologically monitored, chlorinated
water, and 75% have flush toilets {2]. However,
human waste is discharged without treatment into
che local river, water from which is used to irrigate
tarmland during the dry summer months. Crops
such as lettuce, cabbage, and celery grown with
sewage-contaminated water may play an impor-
tant role as vehicles of S ryphi when they are con-
sumed raw by residents of Santiago.

Multiple bacteriologic examinations of irriga-
tion water in Santiago have demonstraied high
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fecal coliform counts and many other Salmonella,
but no S iyphi {3, 4]. Although the microbiological
method; used in previgus attempts were appro-
priate, optimal sampling and concentrating tech-
niquas wers not used. The Moore swab, described
in England in 1948 [5], 15 a concentraring method
that has b22n used successfully to locate chronic
S 1yphi carriers by isolating the organism from
sewage effluents [6, 7). Its main use has been inthe
investigation o urban typhoid fever outbreaks (8,
9], and its efiicacy and rzhiavility in endemic areas
are unknown. We used a muodified Moore swabto
isolate S ryphi from environmental sources in
Santiago.

Materials and Methods

Microbiolozical examination of rivers and irriga-
rion canals of Santiago, Chile was carried out from
January 1o March, 1983. The two major water-
ways in Santiago that carry wastewater are the
Mapocho River in the ncrth and Zanjon de la
Aguada canal in the south (figure 1). Untreated
sewage flows directly into these waters, which are
used for irrication in the agricultural districts of
Maipu and Pudahuel (on the perimeter of the city).
The Zanjon de la Aguada, which is heavily con-
taminated with industrial waste from the certral
section of the city, receives untreated sewage and
becomss polluted with feces as it flows westward.
In the final few kilometers before it reaches the
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Figure 1. [rrigation system of
Santiago, Chile and surrounding
farmlands.
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agricultural areas, no further sewage is discharged,
in an attempt to allow a degres of scif-purification
of the wastewater. Moore swabs were prepared by
wrapping cotton gauze, 15 c¢m wide by 120 ¢cm
long, around wire. The swabs were tied to nylon
cord, and suspended in the flowing water of the
Zanjon de la Aguada, Mapocho River, and the
tributaries. Swabs were also placed directly into ir-
rigation canals of selected farms.

After 48-72 hr, the swabs were removed and im-
mediately placed into 500 m! of Selenite-F broth.
Tha selenite broth was incubated at 41 C and sub-
cultured at 24 hr and 48 hr on tc salmonella-
shigella, bismuth-sulfite, and deoxycholate-citrate
agars. (All broth and media were from BBL Micro-
binlogy Svstems, Cockeysville, Md.) Suspicious
colonies were placed on triple-sugar-iron agar
slants and confirmed as S ryphi by standard
methods {10]. S ryphi isolates were s2nt to the Cen-
tral Public Health Laboratory, Colindale, U. K.
for phage tvping.

Results

We placed 56 swabs into the Mapocho River and
77 swabs into the Zanjon de la Aguada, but re-
covered only 93. Most lost swabs were due to in-
terference by passersby, who removed or cut the
swab. After the first month, by camouflaging the
swabs, we were able to decrease losses. Of the 48
swabs recovered from the Zanjon de la Aguada,
17 came from central city industrial areas where
there is heavy chemical pollution, and 31 were
from agricultural areas where there is a predomi-

nance of fecal conramination. None of the 17
swabs from industrial areas and 4 (¥.3%) of 45
swabs from the Mapocho River contained S typhi.
Of the 76 swabs placed in agricultural areas, 8
(11%0) were culture positive. Five of the eight iso-
lates were phage-type El and 46, the (wo most
cemmon dis2asa-causing types in Chile, one strain
was untypeabls, and the other two were N and M1.

Discussicn

Using Moorz swabs, we were able 1o isolate S ryphi
from irrigation water in Santiugo, Chile. To ou:
knowledgz. (his is the first time Moore swabs have
been used for this purpose. The sensitivity of the
Moore swab is thought to have an inverse relation-
ship to the flow volume of the waizrway sampled
[7). Thus. our isolation rate of 11% from these
largs warerways is probably an underestimate.
S typhi is fastidious. easily inhibited by coliforms,
and usuallv present in relatively small numbers in
environmental samples {8]. The Moore swab, by

acting as a filrer, improves the chance of isolating -

rare S (vphi among millions of coliforms and has
been useful in isolating S typhi from sewers during
outbreaks of infection in industrialized nations.
We have now shown that it is both a practical and
reliable epidamiological tool with which (o isolate
S iyphi from irrigation water in endemic areas.
Finding S tvphi with the same phags types as
diseass-causing isolates in irrigation water sup-
ports the h.rothesis, based on epidemiological
observations. that contaminated vegetables in
Santiago serv2 as important vehicles of ransmis-




sion (M. Levine, unpublished data). These obser-
vations are as follows: (/) typhoid fever peaks dur-
ing summer when rainfall is lowest and irrigation
is used most heavily; (2) in the agricultural lake-
region of southern Chile where rain water is
available all year, there is little irrigation and
typhoid fever has a low incideace; (3) persons
from all soc.oeconomic groups in Santiago have a
high incidence of typhoid fever, a finding sug-
gesting vehicles for infection that are consumed in
all areas of the city; and (4) bacteriologically
monitored, chlorinated water is available in 94%
of all households and is thus an unlikely vehicle
for § typhi.

Enteric diseases can be trausmitted by vegetables
contaminated by polluted water [11), but a cause
and effect relationship is difficult 1o prove. A
study of kibbutzim in Israel showed that communi-
ties that practiced wastewater irrigation had a two-
to-four times higher incidence of enteric infections
{12). Although our study does not prove that
S typhi cultured from irrigation water is direct-
{y responsible for typhoid iever, its presence im-
" plies that an association likely exists between
S typhi-contaminated vegetahles and infection.
Recently the government of Chile has intervened to
change the farming patterns and usage of con-
taminated irrigation water. In Maipu and
Pudahuel, water frem the Mapocho River and the
Zanjon will no longer be used to irrigate salad
vegelables that can become contaminated and
serve as vehicles of transmission of S ryphi.

Searse, ar.
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Sensitivity of Moore Sewer Swabs for Isolating Salmonella typhi
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Moore swabs (sewer swabs) have beer: used successfully to culture pathogenic organisms from wastewster,
Seasitivity seems to depend on the size uf the waterway sampled as well as the number of organisms present.
In Santiago, Cbile, we placed 24 swabs into the sewers draining the homes of 10 known chronic carriers of
typhaid. Swabs were positive for Saimonella typhi in 5 of the 10 bouseholds (50) and 6 of the 24 swabs piaced

(25%).

In 1948, Moore used laige gauze pads (sewer swabs) to
isolate Salmoneila pararyphi B from sewage outflow of a
coastal English village (6). Two years lat: -, using the swab
technique, he was able to isolate Salmoneila ryphi and locate
the home of a chronic typhoid cisrier (7). The swabs were
collected 48 h after placement and cultured in Selenite
enrichment broth, with subculturing on Wilson and Blair
solid medium (WB). By placing swabs in various sizes of
sewers, Moore was able to trace back the source of contamn-
nation. He suggested that this technique was most success-
ful when se'ver swabs were placed in medium-sized sewers
since the sensitivity seemed 10 be inversely relatzd to the
diameter of the sewer sampled (8).

T2 Moore swab, placed into flowing sewer water, appar-
ently acts as a filter to trap and concentrate pathogenic
organisms. The swab shows a more accurate microbiologic
composition of the wastewater than water samples since the
swab reflects the sum of crganisms which have passed
through 1t over time. The Moore swab has been used
succassfully to isolate viruses, mycobacteria, salmonellae,
and vibrios from sewage (1, 4) and has proven useful for
investigating the epidemiology of typhoid fever, inclug:ng
typhoid epidemics in industrialized nations (10) and studies
o. endemic ryphoid in Chiic (9).

The observation of Moore regarding the relationchip of (he
effeciiveness of his swab to sewer size was rzoonfirmed in
the 1964 typhoid outbreak in Aberdsen, Scotland, in which
Callahan and Brodie {2) fuund the sewer swab to be an
‘nsensitive tool for random sarapling of large sewers. More
recently, Barrett et al. (1) found the Mcore swab to be both
a practical and a sensitive tool for the isoiation of Vibrio
cholerce 01 from relatively small sewers. In a previous
study, Sears et al. reported that Moore swabs can be used
successfully to isolate S. ryphi from polluted irrigation water
ia areas with endemic typhoid fever (9). To evaluate further
the sensitivity and reliability of the Moore swab, we placed
swabs in the small sewers draining the homes of known,
chromg carriers of S. nphi.

As part of the projects designed to control typhoid fever in
Chile. studies have been performed 10 locate chronic carriers
of 5. ryphi. Through one of these previous studies, which
evaluated the efficacy of amoxicillin !hcr:xpy for treatment of
the carmer state. a registry of chronic carriers was compiled.
Ten rarmiers. who were unable to participate in this drug
tnal. were identified. and permission was obtained to place

* Corresponding author.

- positive (2552).
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Moore swabs in the outflow of the sewers draining their
uomes. The houses of these carriers had flush toilets con-
nectzd to terra cotia or open pipe drainage. Ia the front vard
of each home was an access pane! to the sewer. Most of the
houses shared a common sewer vith ai least one and often
two other houses. Swabs were placed directly in the sewers
of the homes of the 10 carriers and left for 48 or 72 h. Each
sewer was sampled at icast two (and usually three) separate
times. and an effort was made to assure that the carriers
remainsd home during the time the swabs were in place.

Moore swabs were prepared by wrappirg sterle cotton
gauzs. six inches wide by four feet lonz (15 cm by 120 cm).
around a stiff wire. This was attached 10 a nylon cord and
placed directly into the draining sewage. Most swabs wersz
placed on Friday and coilected on Monday to help ensure
use of the facilities by the carriers in the households. After
48 to 72 h. each swab was removed from the sewage and
placed directly into 2 wide-mouth jar containing 500 mi of
Selenite-F broth  BBL Microbiology Systems. Cocksvsville,
Md.).

The swabs in the Selenit were inzubated at 41°C and
subcultured between 18 and 24 h onto Salmonella Shigella.
bismuth sulfite (WBN. and DCLJ3 (desoxycholate citrate
lactose sucrose) agar. (All broth and media were from BBL.)
Subculturing was done directly from the broth as weil as
with a 10-fold dilution of the broth. At 24 h after the swab
was removed, the Selenite broth was again subcultured
directly and with a 10-fold dilutivn on tie same solid media.
Suspicious colonies from the solid media were placed in TSI
agar slants. Those giving TSI reactions typical of S. nvphi
were confirmed with standard biochemical tesis and by
agelutination with appropriate antiserum. (3). Al isolates
were then phage ryp2d.

The homes of 10 asymptomatic. chronic carviers of S.
tvphi were visited. No carrier was taking antibictics. At least
two swabs were placed at different times in cach of the
sewers draining the homes of these carriers. Table 1 lists the
households, the number of -wabs placed in each sewer. and
the number of times the cuicsres were positive for S. nphi.
A toial of 24 suwabs were placed. and of these. 6 were
Although only 257 of the swabs were
positive, 3 of the 10 camier households {50%) were found o
have culture-positive swabs.

WB was the most effective medium forisolationof S. rxphi
from the swabs. In four of the six isolates. WB was the only
medium on which S. nphi could be identified. In one case.
an isolate was recovered from both Salmoneila Shigella
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melizm and WB. and in only one instance was S. nphi
iscized from Salmonella Shigella and DCLS media without
recoserv on WB. Of the six isolates, four were recovered on
the 2-st subculture 118 1o 24 h), both directly and in the 1 10
Jdilziioa. Only one isolate that was nut recovered by direct
150.3110n was recoverad at the 1/10 dilution.

In this study. we placed Moore swabs into the small-
diz=ster sewers craining the homes of Known. chronic
o p2oid carriers in Santiago. Chile. When two or three swabs
ware piaced over time in each sewer. we were able to
suszesstully recover S. nphi from ons-quarter of the swabs
and one-half of the carriers. The ability to isoiate typhoid
Pasiius fTown these sewers seems to increase with ingreasiny
aez=hers of swabs. We suspect that as more swabs are
plzzsd. the ability to find a positive ong for 2ach carrier
inzT2eses Since we had no way of confirming that the carrier
tn ==2 houszhold was shedding typhoid baciuiii during the time
tc2 +'4ad was in place. this isolation rate probably represents
a ‘oA esumate of rhe true sensitivity of the swab.

L2 studies in England in 1953, Kwantes and Speedy i5).
wilz investigating 2 panatyphoid outbreak with Moore
3" . Tound that cammiers toed to avoid using the toilet
fzcities 1o escape datection. We do not know if the (vphoid
camars in the households we sampled avoided using the
toZz2: dunng our swabbing. Ideally. we would have preferred
0 Zzve simultaneous stool cultures with swab cultures to
corrsiate s2nsitivity. but due to the study design that was not
possible. Even so. our finding that the Moore swab was
suszassiul in idennfving S. nvphi carmers 50% of the time
suzsasts that tn field epidemiologic s.tuations, it i- a useful
andé pracucal tool.

1n a previous study of Moore swabs in Chile. Sears et al.
wers able to isolate . npni 119 of the time from fecally
ooluied wmigation canals (9). Moore swabs proved 1o be
reizle. inaxpensive epidemiologic tools for the isolation of
S. r.phi in Chile. an endemic area. In this study. we have
soudt 10 refine our previous observations and have at-
tezpted to determine the crude sensitivity of the Moore

Arprr. ExviaoN. Microssot .

swab in a field sitwation. Mcore swabs will detect a known
carmier at l2ast $0%¢ of the time if smail sewers are sampled at
least two szparate timzs. Thus. the Moore swab is a reason-
ably senutive method to isolate S. nphi and inay have
practical applications such as sampling the small sewers
draining restauraants. food-processing plants. markets, or
other institutions in which it could be important to detect
carmers.

Moore. in his original studies. suggested that the sewer
draining a Mock of homes was the ideal size for isolating 5.
nphi 1%, We have taken this observation ore step further
and have shown that small sewers dire.... draining the
homes of carriers can be sampled cffectively for 5. ryphi.
Our obsen ations also recunfirm the utility of WB, as well as
Selenite broth enrichment for isolating S. ryphi and suggest
that the use of VB alone may be sufficient since we would
have missed onh one isolate with such solitary use.

This work was supported in part by grants frum the World Health
Organization and by research contract C-1119 from the U.S. Arary
Medizal Research znd Development Command.
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Duodenal String Caltures: Practicality sac Sensitivity for Diagnosing Enteric Fever in Childrem

The diagnosis of enteric {typhoid or paratyphoid) fever
muss be confirmed by isolation of the causative organism
from a suitable clinica’! culture This verifies the appropri-
ateness of antidiotic therapy, allows difTerentiation between
Saimoneilz typhi and Salmoneiic paretyphi A, B, and C
infections and provides isolates for phage typing if epide-
miological investigations are indicated. Bone marrow cul-
ture, the most sensitive method to recover organisms as-
sociated with enteric fever [1-7], requires special instru-
ments and technical expertise and is uncomfortable and
invasive: it is therefore not amenable to routine use in chil-
dren with suspected enteric fever. Blood cvitwre, in cor-
trast, is widely practiced wherever bacteriology s availa-
ble, because of its relatve simplicity, safery, and
noninvasiveness. Unfortunately, the sensitivity of blood
culture is significantly iess than thaz of bone marrow cul-
ture {1-7]. Since Sa/moneila are present in the bile of pa-
tients with acuie enteric fever [8-10], some investigators
have cultur.d bile-con:aining duodenal fluid by means of
string capsule devices {7, 11-13] and have reported signifi-'
cantly higher rates of isolation of Saimonella than when

cultures of blood are used alone. With cne exception {14],

these rtudies have been largely confined to adults. How-

ever, in endemic areas such 2% Santiago, Chile. typhoid

fever is predominantly a disease « school-age children,

five to 14 years of age [15]. Thus we ungerook this study

10 evaluate the practicality and clinical acceptability of

cultures of duodenal string capsule in children <15 years
of age with a clinical diagnosis of enteric fever and to com-

pare the sensitviry of this culture metbod with that of cul-

tures of blood and bone marrow.

Received for publication 28 May 1985, and in revised form 25
September 1583.

This study was supported in part by grants from the Pan Amer-
icon Health Organization and the World Health Organization
10 M. M. L. Duodenal string capsules were kindly provided by
HEDECO. Mounin View, California

Please address requests for reprints to Dr. Alfredo Avendano,
Hospital Roberto del Ria, Avda. Professor Zanartu 1085, San-
tiago, Chile

Madents and Methods
Patients with a clinica) diagnosis of acute cateric fever who
were admirted to the Robero del Rio Chuldren’s Hospital
between January 1983 and February 1985 cotered the study.
From cach child, an attempt was made to obtain blood,
bone marrow, and bile-staimed duodenal fluid for culture.
Two 5-mi samples of tlood, drawn 30 min apart by sterile
technique, were inoculated into flasks containing S0 mi
of dbrain-bear: infusion broth (BBL Microbiology Systems,
Cockeysville, Md) with 0.025% sodium polyanetholsul-
fonate. Aspiraies of bone marrow {rom the iliac crest were
inoculated into identical flasks.

To obrain samples of bile-containing duodenal fuid for
culture, we instructed the children to swallow a string cap-
sule device (Pediatric Enterotest®; HEDECO, Mountain
Yiew, Calif) with a glass of sater or flavnred gelatin, The
device consists of a nylon string coiled within a gelatin
capsule. The proximal end of the string was taped to the
cheek, and the string was left in place for 6 br. (During
this time the gelatin capsule digests in the stomach and
allows the nylon string to uncoil and pass through the pylo-
rus into the duodenum, where the distal end is impreg-
nated with bile and duodenal fluid.)

When the siring was removed, the distal portion was
examined for bile staining, and the pH was measured to
determine whether the string had reached the duodenum.
The distal 20 am were severed and divided into two =qual
portions, one of which was inoculared into 20 mi of selenite
F enrichment broth and the other into 50 ml of brain-heart
infusion broth. Flasks were incubated at 35 C, 2nd posi-
tive broths were subcultured onto salmonefla-shigella and
bismuth-sulfite agar (BBL}. Suspicious colonies were trans-
ferred to Kligler’s triple-sugar iron agar and caaracterized
by standard biochemical and serological techniques. Chlor-
amphenicol oeatment was initiated (50 mg/kg per day )
after al] cultures were obtained.

Resuits

A complere set of cultures (1wo blood, one bone marrow,
and one duodenal string) was obtained from 103 children,

I
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three to 14 years of age, with a chinical syndrome compat-
ible with typhoid fever From the last 23 patients a second
duodenal string culture was routinely obtained on the day
following the initial cultures. Only three additional chil-
dren attempted to swallow the string capsule device but
were unsuccessful. Four children had received an antibi-
otic before admission.

Sensitivity of culture combinations One of the three
cultures was positive in all 103 <linically suspected cases,
of whom 88 had S 1yphi and 15 had S parotyphi A, B,
or C infection. The secsitivity of a single culture in bac-
teriologically coafirming cases ranged from 61% for blood
to 76% for bone marrow, with a single duodenal string
culture as the intermediate (71%; table ). Combinations
of cultures greatly increased the sensitivity (table }). A sec-
ond culture of blood resulted in isolation of Sa/monelio
from 69 of the cases, whereas adding a booe marrow
culture to two cultures of blood increased the sensitivity
to 34%. A single duodenal string culture in conjunction
with two cultures of blood aiso notably increased sensi-
tivity, a combination resuiting in bacteriologic confirma-
tion of 95 (92%) of 103 cases. Thus either a single bone
masrow or a single duodenal string culture siy aificantly
increased the rate of bacteriologic confirmation over two
cuhures of biood alone. By means of two cultures of blood,
one bone marrow culture, and one duodenal string cul-
ture, 101 of 103 patients were confirmed bacteriologically
as having enteric fever (the remaining two patients were
confirmed by means of a second duodenal string culture).
The last 23 patieats in this study bad two duodenal string
cultures routinely performed with isolation of Sa/monefla
from 21 (91%) of 23 children by means of these two cul-
tures.

Practicality, acceptability, and reliability of duodsnal
Jluid cuitures by the string-capsule device. Among the
103 children from whom duodenal cultures were nbtained,

Table 1. Comparison of the relative efficacy of cultures
of blood, bone marrow, and duodenal string, sirgly or
in curubination in isolating S. typhi or S. paratyphi.

Type of culture No. of positive cultures (%v)

Single
171 blood 6t (59)
2nd blood 63 (&1)
duodenal nring noy
bone marrow 18 (76)
Combinatioas
2 blood 71 (65)
2 bloo2 + 1 bone marrow 87 (84)
2 blood + 1 duodenal
string 95 (92)
2 dlood + 1 bone marrow
+ ) duodenal string 101 (98)

NOTE. Culures were obtained from 103 children 3-13 veany
of age with clinical enteric fever.

Concuse Communcanons

Table 2. Positivity of duodenal suring cultures in chil-

dren with :nteric fever in relation tn the duration of
iiness.

Days of ilness No. of 00. Degative
defore culture children (% positive)

1-7 % 17/9 (63.9)

$-14 4 38/10 (M.1)
15-21 26 16710 (61.9)
22-3 3 V167

Total 103 73/30

Median® - 10710

Maa = 5D° - 120 £ 6.4/30.0 £ 43

NOTE. Tbe durstion of lloss was not significantly dirYer-
ent in those with positive va. those with negative cultares (Ste-
dent’s 7 and Wilcoxos rank sum tevts).

¢ Caia are days of linem before culture in positives/days of
illness before culare in negatives.

cight childrea (3%) had notable difficulty in swallowing
the capsule; 2 few had 1o be given a second capsule. No
adverse effects wen. noud from the use of the siring-
capsule devices,

Tbe pH of the distal tip of the string was recorded in
99 of the 103 children who had duodenal string cultures.
The recovery of Salmonetla from duodenal siring cultures
was clearty related 10 whether the string had passed through
the pylorus into the duodenun: (based on the pH of the
tip of the string). Of 76 children whose strings had a pH
#6.0, 59 (78%) had positive cultures. In contrast, when
the pH waz <6.0, only 10 (43%%) of 23 yielded Sa!monefla
(P = .0042); the pH in the 10 with positive cultures was
5.0 and was €4.0 in those with negative cultures. The rate
of positive duodenal string cultures did not differ signifi-
cantly in relation 10 ages 27 (79%) of 34 children three
to nine yeass of age had positive culrures vs. 46 (67%) of
69 children 10 to 14 years of age (P = .70).

The rate of positivity of duodenal string cultures ip re-
lation o duration of iliness before entering the study is
shown in tadle 2. The duration of illness was not signifi-
cantly different for the 73 children with positive cultures
vs. the 30 children with negative cultures (table 2).

Discussios

Other investigators have previously documented the sse-
fulbess and sensitivity of duodenal string cultures in ty-
phoid fever in studies largely invoiving adults {7, 13).
Benavevte et al {i3] found duodenal string cultures posi-
tive in 86" and positive cultures of bone marrow in 757
of 36 Peruvians with typhoid fever. Hoffman et al. [7]
reported that the combination of one culture of blood,
one rectal swab, and one duodenal string culture had 86%,
sensitivity vs. 92%s sensitivity for the combination of one



Concise Communmications

culture of Mood, one rectal swab, and one bone marrcw
culture in isolating 5. typhi or & paratyphi from 118 in-
donesians with enteric fever. The only previous pediatric
study iuvoived 118 Peruvian patients two to 13 years of
3¢ with suspected enteric fever [14] who swailowed “howve-
made” string-capsule devices prepared locally at the hos-
pital. Only 47% of 38 young Peruvian children two to s'x
vears of age tolerated the duodenal string cultures; fur-
therraore, the sensitivity of the duodenal string cuitures
was much lower than that previously reported for adult
patients at that hospital in Peru {12, 13].

Herein we report a systematic study of duodenal string
cultu-es in comparison with cultures of booe marrow and
blood in 103 Chilean children (14 years of age or younger)
with a clizical diagnosis of enteric fever. A single duodenal
string culture, in conjunctior with two cultures of biood,
allowed isolation of S fypAi or 8. paratyphi from 92%
of patients, a comparabie rate occurred with two cultures
of blood and a bone marrow culture (84%). The string
capsule device was practical and surprisingly weil toier-
ated by the children; 103 (97") of 106 children who at-
tempted succeeded in swallowing the string capsule, with
98 (92%) having no notable difficulty whatsoever. Fur-
thermore, Sa/moneila were as readily isolated from duo-
denal suring culures in young children three to vine years
of age (27 [79%] of 34) as older children >0 years of age
(46 [67%] of 69; P = .70). The recovery of Salmonella
frvm string cultures correlated highly with evidence (by
measurement of the pH of the distal end) that the string
had reached the duodenum; when the strings bad a pH
36.0, Salmoneila was recovered from 78%s ui the cultures
vs. only 43% when the string pH was <6.0 (P = .0042).
Qur results in Chilean children coatrast sharply with those
in Peruvian children {14}, with both clinical acceptability
and sensitivity being significantly greater in our study. The
two studies differ so markedly in methods, however, that
caution must be exercised in making comparisons. The
Peruvian study utilized homemade rather than commer-
cial string devices, and it was not stated if these were modi-
fied for padiatric patients. Furthermore, the Peruvian in-
vestigators removad the strings after 3 hr and most
importantly, did not verify the pH of the tip of the string.
The high sensitivity in the Chilean study may be due, in
par, to the strings being left in place for an average of
6 hr; furure comparative studies will assess if 3 or 4 hr
will suffice, thereby making duodenal string cultures more
practical for outpatients.

1n the last 23 p:tients a second duodenal string culture
was routinely obtained, rhereby allowing us to make a pre-
liminary statement of the value of two duodenal string
cultures. Among these 23 patisnts, at least one of the duo-
denal string cultures was positive in 21 patients (31%s), vs.
two cultures of blood yielding a Salmonella in only 14
(61%.) cases and two cultures of blood plus a bone mar-
row culture confirming 18 (78%) cases of enteric fever.
If two duodenal string cultures are desired without un-
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duly Jelaying the initiation of antibiotics, it may be pru-
dent to odain the cuhures one immediately afier the other.
In children, culture reethods to confirm the diagnosis
of enteric fever must compromise between sensitivity and
practicality. Two cultures of blood represent the mimmum
effort to be expected wherever bacteriologic capability is
available, since they are simple to obtain and poniavasive.
Laforrunaiety, culrares of blood offer only moderate sen-
sitvity. Seasitivivy can be notably increased if Jdinical ma-
terial caa be obtained for culture from the reticulo-
exdothelial system where Sa/moneila reside in specific
usacrophages. Herztofore, this bas been acoomplished by
means of boue marrow cujtures. This procedure, however,
is ivasive for children and requires skilled operators and
special ueedles that are not always available
Our systematic study in Chilean children with enteric
fever demonstrates that the combinatica of two cultures
of blood and 3 duodenal strir.g culture offers excefient sen-
sitivity (equal to two cultures of binod and a booe mar-
row culture} and noainvasive practicality and is effective
in children from three to 14 yearr of age
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Survey of Plasmds in Salmonella 1yphi from Chide and Thailand

Saimoaeila typhi remains an important enteric pathogen
in many pans of the world. Although a number of out-
treaks of typhoid fever Liave teen caused by antibiotic-
resistant S £yphi, such as in Mexico in the early 1970s {1),
and more recently in Peru, these organisms have in general
remained surprisingly susceptible 1o antibiotics, partcu-
larly when one compares therr resistance with that of other
entenic pathogens, like the shigeilae and nontyphoidal
salmonellae. The current study was originally undertaken
to investigate antibiotic resistance in S 7yphiin Santiago,
Chile and to examine total plasmid content of clinical iso-
lates. This study also explored the possibility of a con-
mon “virulence” plasmid(s) and the potental utlity of plas-
mid zlectropherotyping for epidemiological studies. When
Do resistance and few plasmids were found, further studies
were undertaken to investigate possible reasoas for these
findings and to determine if similar resuits could be found
in other geographic locatioax

Materials and Methods

Bacterial strains and susc. ptiodiry testing.  Clinical so-
lates of S. ryphi irom local hospitals in Chile were identi-
fied and phage typed at the Instituto de Salud Publica in
Samiago: strains from Thailand were sent to the Depant-
ment of Medical Science, Bangkok. Recipient strains in-
cluded Escherichia coli J53 (pro met) and nalidixc
acid-resistant mutaats of three plasmid-free S typhi din-
icai isolates from Chile. Donor strains were E coli iso-
lated either from urinary tract infections in Santiaga, or
from feces of a US. student in Mexice [2]. Antimicrobial
susceptibilities were determined by the disk-diffusion
method by using Mueller-Hinton agar (Difco Laborato-
nies, Detroit) and disks purchased from BBL Microbiol-
ogy Systems (Cockeysville, Md).

Conjugal transfer and plasmid studiés. Total plasmid
conten:s of all strains were examined by the method of
Kado and Liu {3]; a subset of 30 strains from Chile were
also cross-examined by cther methods {4, §]. Conjugations
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were performed in broth as previously described [2, 5]
The frequency of transfer was determined by dividing the
number of transconjugants by the number of recipients.

Growth curves and siability studies. For growth rate
determinations, sing. colonies were inoculated in dupli-
cate into braic-heart infusion broth, grows overnight at
37C, diluted 10 into brain-hear: infusion broth and in-
cubated in a rotary incubator at 200 rpm at 37 C. Growth
was followed at 580 am with a Spectronic 21® (Beckman
Instruments, Pale Alto, Calif). The stability of plasmids
was determined by inoculating 10 single coloaies of each
strain from trimethoprim-containing agar plates onto pep~
tone agar siants; after incubation at 25 C for 3 mo.ths,
¢each siant was subcultured and 8-12 single colonics from
each clant (80-100 tota] per strain) were tested for resistance.

Resuits

Chilean stroins.  One hundred strains of £ fyphi iso-
lated within the preceding year in Chile were examined;
19 were examined within one week of isolation. Phage typ-
ing of 74 isolates revealed that the majority of strains were
cither type El (23 isolates), type 46 (17 isolates), or F8 (8
isolates); other types included F1 and M1 (4 szrains each),
A and 34 (3 strains each), 18 (2), D4 (1), noatypabie (2),
and Vi(-), (7). Note of these isolates were resistant 1o
any of seven antimicrobial agents tested; this corroborates
the resuits of D’Ortone et ab [§] in Chile in 1980 that
showed only two of 661 isolates were resistant to chlor-
amphenicol and the resuits of Rodriguez ef al [7} in 1977
that showed only 1.8%s of 1,622 isolates were resistant to
any of the six agents.

Of 100 Chilean isoiates that were examined for the pres-
ence of extrachromosomal DNA, only eight were found
to have plasmids; all eight were detected by the method
of Kado and Liu. Five phage type F8 isolates ard one Vi{—)
isolate had a plasmid of 65 Mdal; one type 38 strain had
a plasmid of 32 Mdal, and one nontypable strain had a
plasmid of 3 Mdal.

Thai stroins.  Since Chile is somewhat isolated geo-
graphicaily, strains of S, fyphi from another location were
examined. Fifty strains from Thailand were screened by
phage typing, and 38 revealed the following: type 46 ©
strains), type M1 (7). ryve E1 (6), type DI (3), type 53 (2),
types E9, JS, D6, and DS (1 strain each), Vi(-) (2), and
5 strains were untypable. Three were found to have plas-
mids. One of these three strzins (phage type DI) was resis-
tant to ampicillin, chioramphenicol, streptomycin, and
tetracycline. Another isolate was resistant by disk to strep-
tomycin (3 mm cone of inhibition), and ten were inter-
mediate in susceptibility to streptomycin; none of these
had a plasmid.
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Figure 1. Experiments to deteymim= growth curves of parental strains and their plasmid-containing derivatives were
performed in brain-heart infusion vroth. Experimenis were performed with STP12, STPi3, STPI8, and STP20
Escherichio codi isols*es from urinary -Tract infections in Chie: pSTP12, pSTP13, pSTP18, and p~TP20 are the resistance
plasmids derived from the coTespomding strains. S13, S25, and $82 are Scimonella ryphi isolates from Chile. The
upper-left figure shows the growth =xrves of all strains before transferring any R factors. The next four figures show
S. typhi strains without (solid lines) amd with {(broken lines) various R factors. The lower-right figure shows STP20
and a spontancously arising derivanve (STP20-C), which bas lost resistance.

trimethoprim-sulfamethoxazole) are available over-the-
counter in these as in most developnme countries. Chlor-
amphenicol, for example, considec== the primary agent
for typhoid fever, has been widely usez: for various illnesses
since the 1950s. Studies of other esreric organisms that
cause diseases and are treated with ss==iiar antibiotics, such
as Salmonella newport and S. ryprurmurium in Chile and
Salmonella krefeid in Bangkok, revess: multiple antibiotic
resistances [12, 13; P. J., unpublishe=, data}. Surveiilance
of £ coliin Santiago and Bangkok haas revealed increased
resistance in this species [14].

In order to investigate the interaczion of S fyphi and
several R factors found in nature, we—performed conjuga-
tion studies berween clinical isolaus @ ”S fyphiand E coli.
€ coli seems a likely donor species .1 nture for the fol-
lowing reasons: (/) it is normally the ~nost sumerous coli-
form in the human intestinal tracc zmd therefore should
come into conract with S. {yphi (> m developing coun-
tries it is often multiply resistant; anz 3) since both £ coli
and S. ryphi are Enterobacteriace2s =nd considerably ho-
mologous by DNA studies, they conud be expected 10 ex-
change genetic information ix vive. “The transfer frequen-

cies of the R factors originating in £ coli into S typhi
were, at most, slightly decreased relative to an E. coli re-
apient (table I). This implies that neither & . . cJusion bar-
rier nor a resiriction endonuclease impedcs the entry or
establishment of £ coli plasmid DNA in & typhi.

As experisd, 2 comparnison of growth rates revealed that
the clinicai E coli isolates grew more rapidly than did the
laboratory K12 strain and much more rapidly than did the
S typhi. The presence of some but not all R factors fur-
ther slowed the gromth rates of both E coli J53 and of
S typhi, but a conzistent ef’ect of a given plasmid upon
all host strains was oot s.¢i. A slowing effect has been
well documenter! ior some plasmids, although some have
00 effect and some even euhance growth of the organism
{15, 16]. Whether the slowing cffect on & fyphi growth
seen with some of these R factors would inipart a selec-
tw uwsadvantage in pancs i« unknown.

Another, perhaps mon important, difference between
the £ coli and S typhi hosts was the degree of stability
of the R faztors. Four of the R factors were unstable in
S ryphe but stable in £ coli (table I). Such instabiliry sug-
gests that a sumber of accessitle R factors in nature do
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Disproportionate Expsasion of a Minor T Cell Subset in Patients with Lymohadenopathy
Syndrome snd Acquired Immumodeficieacy Svndrome

The evolution of acquired immunodeficiency syndrome
(AIDS) invoives alterations in lymphocyte subpopulations
that may be a significant part of the underlying disesse
process. These alterations in lymphocyte subsets include
an inversion of the T4.T8 ratio that is due to a reduction
in the absolute numbers of T4 positive cells and either
normal numbers 9 slightly elevated numbers of T3 posi-
tive cells [1]. As the disease progresses, lymphopenia results
in lower absolute numbers of both T4* and T8" cells and
the T4:T8 ratio becomes even moure reduced.
1n viral infections with such viruses as cytomegalovirus
(CMY), herpesvirus, or Epstein-Barr virus (EBV) a rever-
sal in the ratio of T4* to T8 cells also occurs, and the ef-
fect may persist for months after recovery [2]. The rever-
sal in these viral infections is primarily due to a dramaric
expansion of the T8* population, although a reduction in
the numbers of T4* cells does occur. Thus, in AIDS the
reversal of the T4:.T8 ratio reflects a somewhat different
absotute representation of these T cell subpopulations than
"is observed in other viral infections, aithough the effect
on the refative proportion of T4* and T8* cells may be
similar,
In contrast to the findings in patients with AIDS and
acute viral infections, Kornfeld et al. [3] showed that
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bealthy, promiscuous homoserual men had increased a2m-
bers of T3" cells and normal pumbers of T4° ceils. A simi-
lar observation was made by Lederman et al. [4] in hemo-
philiacs who had received lyophilized preparations of
antihemophilic factor. In patients with the AIDS-refated
complex (ARC}of symptoms and physical findings, both
an expansiow of the T3* populstion and a reduction in
the T4* lympbocyte subset have been obrerved [3, 5). Be-
cause patients with ARC haw. a greatey risk of developing
AIDS, it is crudial 10 determine the temporal relationship
of these lympbocytic alterations and their relevance to the
eventual progression to AIDS

We therefore cxamined patients with AIDS and ARC
10 determine whether the profound immunosuppression
seen in these patients may be associated with more spe-
cific alterations in suppressor T lymphocyte subjopula-
tions. We found that AIDS patients and ARC patients
differed significantly from normal subjects and from in-
dividuals suffering acute viral infections. These differences
included an increase in sutpopulations of T3* cells bear-
ing an additional cell surface determinant, Leu?, and an
increase in numbers of Leull® cells. This finding was in
markert contrast © the relative infrequency of T8°Leu7*
cells in normal subjects {6}, in which these cells constitute
a minor subpopulation of T3 ceils. Furthermore, the data
suggest that evolation of the immunodefice. ¢ state may
include an exparsion of the T8 Leu7* subpopulation in
those patients with ARC who progress to the dewelopment
of AIDS. When lvmphopenia develops in AIDS patients,
all subpopulations of lymphocytes are depieted and even-
tually only T8 "£u7" cells remain. These akerations in lym-
phocyte subpopulations may provide new clues to under-
standing the pathogenesis of AIDS.

Subjects and Methods

Subjecis  Patients with AIDS, ARC, and viral infec-
tions were referred for cell surface phenotyping to ine
Howard Hughes Medical Institute flow cytometry facil-
ity. All patients with AIDS were diagnosed according to
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MOULECULAR TECHNIGUES IN THE STUDY OF
SALMONELL 4 TYPI17 TN EFIDEMIOLOGIC STUDIES IN
ENDEMIC AREAS: COMPARISON WITH Vi PHAGE TYPING
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CATTERINE FERRECCIO,® LINDA R. WARD,t LUIS BENAVENTE,™
ROBERT E. BLACK.® BERNARD ROWE.t ANp MYRON M. LEVIIE®
*Division of Geographic Medicine and Cerver for Vaccine Development, Department of Medicine,
Uruversity of Marviand School of Medicine, Baltimore, Maryland, ®™Insunato de Medicina Tropical
“Alexander Von Humboldr. " Unvers:dod Peruona Cayetano Heredia, Lima, Peru, and
tDivision of Enteric Pathogens, Central Public Health Laboratory, Colindale, England

Abstract. We examined 141 Sa/monella typhi strains of known phage type isolated
during ongoing epidemiologic studics in Santiago, Chile, and Lima, Peru. Plasmids were
present in 12 (17%) of 70 S. nphi isolates from Santiago and § (7%) of 71 isolates from
Lima; these plasmids were not associated with antimicrobial resistance. Identical 21 Kilo-
base (kb) plasmids (as defined dy restriction endonuclease digest patiern) we @ present in
13 of the 17 plasmid-containing isolates. Virtually identical digest patterns w 're idendfed
when chromosomal DNA of selected strains from Santiago, Lima, and the Inited States
was extracied and then digested with restriction endonucieases. The sirn'!. rities among
plasmids and chromosomal digest partierns emphasize the homogeneity and ; Jssibie cloaal
origin of S. nyphi isolates: these data also suggest that there is only a limited rcle for plasmid
and chromosomal analysis as a substiruie for phage typing in epidemiolog : studies

Typhoid fever is a major urban health problem
along tke western coast of South America, with
reported incidence rates of 150 and 212 cases/
100,000 in Santiago and Lima, respectively.’-?
Studies of the epidemiology of typhoid fever in
these arcas are notoriously difficult because of
the multiplicity of vehicles and risk factors pres-
ent.>* The adbility to differentiate strains based
on specific epidemiologic markers is critical in
such studies; unfortunately, few markers for Sal-
monetla typhi have been described, with Vi phage
typing currently providing the only useful means
of distinguishing one S. nphi strain from another.
Molecular geaetic techniques, including plasmid
analysis and examination of restriction endonu-
clease digest patnierns of chromosomal DNA. have
been found to be valuabie 100ls in epidemiologic
studies of certain other bacterial pathogens.*’
We studied selecied isolates from Chile and Peru
to determine if these molecular techniques were
usefu} in differentiating S. Hphi strains beyond
what could be accomplished with Vi phage typ-
ing alone.

Accepted 20 March 1986.

MATERIALS AND . ZTHODS

S. typhi strains from Chile were randomly se-
fected from strains isolated from pediatric pa-
tienls seen at the Roberto Del Rio Hespital in
Area Norte, Santiago, berween Jaauary and June
1983. The identification of the isolates was con-
firmed by the Instirute of Public Health, Sanua-
£0,and isolates were phage typed by the Vi phage
1yping scheme of Anderson and Williams® at the
Institute of Public Health, Santiago. and the Di-
vision of Enteric Pathogens, Central Public Health
Laboratory, Colindale, England. Strains from
Lima were isolated from pediatric aad adult pa-
tients between February and December 1984 at
the Universidad Peruana Cayetaso Heredia.
1ima;® isolates were phage typed a1 the Central
Public Health Laboratories, Colindale. Amerni-
can S. typhi strains were isolaied from adult pa-
uents in Maryland and Texas.

Plasmids were extracted from isolates using an
alkaline extraction procedure.'® All strains con-
taining plasmids were tested by disc diffusion for
lusceptibility to ampicillin, chloramphenicol,
gentamicin, and trimethoprim/sulfamethoxa-
zole. Chromosomal DNA was extracted from
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Tasee |
Number of uolates with specific plasrds, and 1ota) aumber of isolates. by Vi phage type and ares of isolation

Pcuned war
Phage Iype ) X STkb No pasmwde Towd (W
Chile
E, - - - 30 30 (43%)
46 2 - - 16 18 (26%)
s1 4 - - ~2 6 ()
M, - - - 2 22%)
F, 1 - - ) 2(%)
34 1 - - 1 2(3%)
D. - - 1 ) 2(3%)
3 I - - - 1(1%)
A - - - 1 1(1%)
D, - - - 1 L{1%)
F, - - - 1 1(1%)
Vi ges. 1 - 1 1 3 (a%)
Ustypable = = = 1 1a%)
Towl 10 o 2 53 70 (100°%)
Peru
M, - - - 17 17Q6M%)
46 - - - 10 10 (14%)
A - - - ] s(11%)
3s 3 - - 4 7(10%)
E, - - - 4 4 (6%
29 - - 1 3 4 (6%)
B, - - - 4 4(6%)
H - - - 1 1(1%)
26 - - - 1 1{(1%)
Vi neg. - - - 2 2(3%)
Uatypabic - - - 7 7(10%)
Degraded Vi - 1 - 3 6 (3%
Total 3 1 1 66 71 (100%)

isolates using a phenol/chloroform extraction
procedure.!’ DNA was digested with restriction
enzymes(EcoRl, HindlIl, BamHI1, or Pvull, Be-
thesda Research Laboratories, Inc.), and visu-
alized under ultraviolet light after electropho-
resis in 0.7% agarose gels and staining with
ethidium hromide.

RESULTS

Eleven phage types were represented among
70 S. Hyphi strains isolated from patients in San-
nago. Vi phage tvpe El accounted for 43% and
Vi phage type 46, 26% of isolates (Table 1). Plas-
mids were present in 12 (17%) of the 70 strains.
Two distinct plasmid profiles were identified: 10
isolates had a single 21 kilobase (kb) plasmid and
2, 2 57 kb plasmid. Isolates with the 21 kb plas-
mid were significanty more likely to be of Vi
phage type 51, with four of six isolates of this
phage type carrying the plasmid (P < 0.01, Fish-

er's exact test, two-tail). All plasmid-carrying
strains were susceptible to the four antimicrobial
agents tested. No correlation could be shown be-
tween specific plasmid profiles and time or place
of isolation of the strain, or age or sex of the
patient from whom the strain was isolated.
Nine phage types were represented among the
71 8. typhi strains isolated from patientsin Lima.
Vi phage type M1 accounted for 30% and Vi
phage type 46 18% of typable isolates (Table 1).
Plasmids were present in 5 (7%) of the 71 strains.
Three plasmid profiles were identified among the
Peru isolates: 3 isolates had a single 21 kb plas-
mid, 1 a 57 kb plasmid, and 1 2 29 kb plasmid.
Presence of the 21 kb plasmid was significantly
associated with Vi phage type 35, with 3 of 7
isolates of this phage type carrying the plasmid
(P < 0.01; no isolates of Vi phage type 51 were
identified among the Peru isolates. All strains
carrying plasmids were susceptibie to antimicro-
bial agents tested. When cut with each of three
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restriction endonucleases (HindIll, EcoRi, or
BamHI) 21 kb plasmids identified in both Lima
and Santiago had identical restriction fragments.
Restriction fragments of the 57 kb plasmid idea-
tified in Santiago differed from those of the Lima
57 kb plasmid.

Chromosomal DNA was extracted from 32 §.
typhi strains from Chile, 28 strains from Peru,

Aébédéfgh
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Ficure 1. Chromosomal restriction endonuciease digests of selected S. 1)phi isolates: 2. Lambda HindTIl; b.
Isolate A. Chile. Hind1Il digest: ¢. Isolate B. Peru. Hindlll digest: d. Isolare C. U.S.. Hindlll digest; ¢. Isolate

A, Chile, EcoRI dugest: f. Isolate B. Peru. EcoRI digest g Isolsie C. US., EcoRl digest 4. Isolate A, Chile,
Pwull digest: L [solate B, Peru, Aull digest: j. Isolaie C, US., Mvull digest.

and 3 strains from the United States. Restriction
endonuciease digest profiles were identical for all
strains after digestion with HiadIIl, EcoRl, or
BamHl. DNA from 17 of these strains (9 from
Chile, 7 from Peru, and | from the United States)
was also cut with Pvull. After Prull digestion it
was possible 10 identify 2 slighdly different re-
striction profiles (Fig. 1). Both profiles were pres-
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ent among strains from Quie and Peru, with no
apparent correlation between either of the pro-
files and phage type or source of the isolate; both
profiles were present among isolates having the
same phage type.

DISCUSSION

We found that less than 20% of saubiotic-
sensitive S. f)pAi strains in Santiago and Lima
carried plasmids, in keeping with previous stud-
ies of 5. npAi from these and other geographic
areas.'? The similarities in plasmid sizes among
Santiago and Lima isolates prompted us to fur-
ther characterize the plasmids based ca restric-
tion endonuciense digest pattern. While theve were
differences berween the 57 kb plasmids present
in the two cities, the 21 kb plasmids found in 13
of the 17 plasmid-containing strains sppear 10
have been idenzical. These data smphasize the
similarities among 5. &ypAi strains in the two
areas, and the apparent lack of diversity among
plasmids not encoding resistance to antitaicro-
with S. nyphAi antimicrobial resistance plasmids
of incompatability group H,, with one study
demonstrating that 8 resistant isolawes from 4
different geographic areas either had identical
plasmids, or had plasmids that were very similar
based on sequence homology. " Limited in vitro
studies suggest that this lack of diversity, at least
among resistance plasmizs, is the result of plas-
mid instability in S. ryp&i, rather than an inber-
ent baurier to the entry or establishment of for-
eign plasmid DNA.R2

In this stedy for the first time chromosomal
restriction endoduciesse digests of S. HyphA/ strains
were systematically examined. In contrast to ob-
servations made with other species, >’ the chro-
mosomal patterns of our isolates were almost
identical. We were abie 10 demonstrate differ-
ences between strains with only 1 of the 4 re-
striction enzymes used; differences that were ob-
served were minor, with only 2 different panterns
noted among the isolates studied. In contrast,
each of 4 S. pararyphi A strains from Lima stud-
ied at the same time bad a distinct digest patiern
(K. O'D. Mabher, personai communication). Pre-
vious investigators bave noted the striking bio-
chemical and serological similarities amorg S.
typhi strains isolated in different geographic areas,
and proposed that S. nyphi strains represent 2
“clone™ that has retained a remarkable degree of

MANMER ET AL

homogeneity. despite worldwide distribution of
the disease;'* our observations suppon this con-
czpt.

While plasmid profiles may be of use in out-
break situaticns or in following transmission of
a specific strain in a community (provided the
strain carries a plasmid), our data make it clear
that plasmid analysis cannot be a substitute for
& general typing scheme such as phage typing
The associatioe between plasmids snd specific
pbage types is a further disadvantaze from an
epidemiologic viewpoint, with plasmid profiles
providing little help in subdividing the major Vi
pbage groups such as E}. Similarly, chromo-
somal restriction endonuciease digestr dor.ot ap-
pear 1o be a useful epidemiologic tool for inves-
tigation of S. fyphi outbresks. However, further
molecular studies, including studies of isolates
from other geographic areas, may provide some
insight inte the observed lack of diversity among
plasmids in antibiotic-sensiive 5. fypAs strains,
and into the pbylogeny and possible cloaal origin
o{ the organism.
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ARSTRACT

The wide}y‘avai]able heat-phenol-inactivated whole cell typhoid
vaccine, which provi‘Ldes approxixmt_:ely 65% protecticn, has l.mited
usefulness because of the adverse reactions it evokes. In cuitrast,
several new typhoid vaccines pranise prctection without reactogenicity.
Artenuated oral vaccine Ty2la has been evaluated in three field trials of
efficacy in Santiago, Chile, involving 450,000 schoolchildren. ‘hree
deses of Ty2la in an enteric-coated formulation given within one week
previded 67% efficacy for at 1 ast three years. Less protection followed
adrinistration of fewer doses, while adding a faurth dose significantly
enhanced protection; increasing the interval between doses did not i.mpzove
protection. large-scale vaccination with Ty2la appeared to cause a herd
immmiry effect. Ty2la has reached the stage of being a practical public
haalth tool. Regarding other vaccines, the safety and mmnogemca.ty of
an auxotrrphic (Aro-, Pur—) S. typhi mutant (strain S41Ty) has recently
besn demonstrated. Lastly, parenteral purified Vi polysaccharide of _S_
tychi, shown to be safe and immunogenic in yourng adults, is being
evaluated for efficacy in controlled field trials.




INTRPOCUCTION

Typhoid fever remains an important public nealth problem in many
less-develop.ed. regichns of the world and poses a risk for travelers fram
industrialized countries who visit such erdemic regicns (1-4). In~‘
virtually all endemic areas the incidence rates for typhoid fever are
highest in children 5-19 years of age, i.e. schoolchildren (5-9). This is .
of potential relevance in the control cf typhoid, since schoolchildren
represent a "captive" pcpuiation amenable to school-based immunization
programs.

Field Trials with Parenteral Killed Whole Cell 1yphcid Vaccines

Parenteral killed whole cell typheid vaccines, available since 1896
(10-12), have been used throughcut this century. In the 1950s and 1960s
the World Health Organization sponsored a series of large—scale field
trials in several countries to assess the efficacy of various typa of
'parenteral killed whole cell veccines. In the first of these trials, in
Yugoslavia, a fluid heat-inactivated, phencl-preserved parenteral vaccine
was found to be superior in protective efficacy in compariscn with an
alcohel-inactivated and preserved vaccine (13-14).

Shortly after results of the gbove field trials in Yugoslavia became
available, the Walter Reed Amy Institute of Research in Washington, D.C.
prepared for the World Health Organization two lycphilized reference
vaccines for use in several additional field trials (15). These included
a héat-phenol—inactivated and an acetone~inactivated vaccine, referred to

respectively as L and K vaccines. The reference L and K vaccines were




evaluated together in randomized, controlled, dauble-blind trials in

. Yugoslavia and,G.x;a{ma (16,17); in addition, the K vaccine was tested for
efficacy in controlled trials in Poland ard the L vaccine in the U.S.S.R.
(18,19). Results of these trials are summarized in Table 1. While both
reference vaccines conferred significant protecticn in the field trials in
Yuocslavia and Guyana, the K vaccine was found to provide significantly
superior protecticn than the L vaccine. In three separate trials, L
vaccine conferred 51% (Yugoslavia), 66% (U.S.S.R.), and 67% (Guyana)
protection (Table 1).

Although samewhat more efficacicus, the acetone-inactivated vaccine is
largely unavailable. Of the manufacturers of parenteral killed whole cell
tyohoid vaccines listed in the WBO's Intemational List of Availability of
Vaccires ané Sera (21), 40 make the heat-phenol-inactivated va:ie;_y while
cnly three mamfacture the lyophilized acetcne-inactivated vaccine.
Mcreover, because of the high rates of adverse reaction that they elicit,
parenteral killed whole cell typhoid vaccines are rarely used by any
cxuntry in systematic typhoid fever control programs (with the rossible
excention of Thailand). A sumary of the adverse reaction rates
encountered in the wWEO-sponsored field trials of K and L vaccines in
Yugoslavia (16), Guyana (21), and the U.S.S.R. (19) are shown in Table 2.

Oral Killed Whole Cell Vaccines

It has been known for many decades that killed@le_S_. tyohi can be
safely given by the oral route without eliciting adverse reactions, in
contrast with their reactogenicity when admninistered parenterally.
Fowever, in both experimental challenge studies in wolunteers ard in
ccrntrolled field trials in endemic areas, killed whole cell vaccines given

orallv have provided little if any protective efficacy (22-26).




New Tvohoid Vaccine Candidates

Several new canflidate typhoid vaccines have emerged that offer the
promise of significant protection without causing nctable adverse
reactions. These include two attenuated S. tyohi strains usad as live
oral vaccines (strains Ty2la and 541Ty) and a purified subunit parenteral
vaccine consisting of the Vi polysaccharide of S. tyochi. The state of
develcmment of these vaccifus is reviewed below.

DEVELCEMENT OF TY21A LIVE ATTENUATED CRAL VACCTNE

Volunteer Studies with Ty2la

’

An important advance for the potential control of typhoid fever was
the develogment by Germanier and Furer (27) of an attenuated strain of S.
tyohi, Ty2la, that can be utilized as a live oral vaccire. In preliminary
studies in adult volunteers in North America, Ty2la was found to cause no
adverse reactions, to be genetically stable, and to significantly ;rotect
against experimental infection with an inoculum of pathogenic S. typhi
that caused typhoid fever in 53% of control volunteers (28).

Egyptian Field Trial of Ty2la

Based on these highly encouraging observations in adult volunteers,
Ty2la vaccine was evaluated for efficacy by Wahdan et al (29,30) in a
placebo-centrolled, randomized, double-biind rrial in Alexandria, Egypt.
In this trial, three doses of Ty2la vaccine (1-3 x 109’ viable vaccine

~organisms per dose) or placebo were given to schoolchildren on Monday,
Wednesday, and Friday of one week. Prior to ingestion of vaccine or
placebo, children chewed a tablet containing 1.0 gm of NaI-XZO3 {to
neutralize castric acid). Each dose of lycohilized vaccine or placebo was
ccntained within glass vials in vacuo. The vials were cpened, the

lyophilate reconstituted in the field with diluent, an@ the liquid vaccine




(cr plzcebo) suspension given to the child a few minutes after the child
ingcasted the NalO, tablet. Passive surveillance failed to identify
notable adverse reactions in the Bgyptian schoolchildren, corroborating
the safety of the live cral vaccine.

Dirring the 36 month period of surveillance in Alexardria, the vaccine
eZlicacy was 96% (Table 3) (29).

Field Trials of Ty2la in Santiago, Chile

- e m om -

Sortly after the Eqyptian field trial establishesd the biclogical
saf=ty and efficacy of Ty2la in schoolage children in an endemic arsa, the
Swiss Serum and Vaccine Institute made a formulation of vaccine
cxreccially available which consisted of two gelatin capsules each
cxeining 0.4 gn of NaHD3 and a third gelatin capsule containing
tyonnilized vaccine. Although this formulation resembled that used in .
s-zxzrdria, Egypt, it was clearly not identical. Despite the highly
encouraging results in the first field trial in Egypt, it was obvious that
axizisn2) information had to be obtained before the Ty2la live oral
vascine cauld be employed as a practical public health zool. Same of the
criziczl cuestions yet to be answered includad:

1) @wrat w=s the efficacy of Ty2la when acdninistered in a formulation such
as anteric-coated capsules that does not require pretreatmant with

Wz, ? '

2) Coulé fewer doses (one or two) than used in Alexandria provide a
sz:islactory level of protection?

level of protection would Ty2la provide in areas with incidence
rzz3s £ wymhoid fever much higher than the 43-50 cass/los/year that

Drewailed during the trial in Alexandria?




4) what was the efficacy of the comrercial forﬁulaticn consisting of
gelatin capsules cogtaining NaH(DB and lycphilized vaccine that wzs
marketed after the Egyptian field trial? »

S) Could prolongation of the interval between the doses :nhance the
immuncgenicity of che vaccine?

6) Could an immunologic assay be identified that would correlate with
levels of vaccire efficacy in fiel2 trials and could therefore be used to
predict the effect of changes in formulation and immunization schedules?

In order to answer these questions, four separate field trials of
efficacy were carried out in Santiage, Chile. These trials represent &
collaborative effort involving the Ministry of Eealth, Santiago, Chile,
the Center for Vaccine Development of the University of Maryland School of
~&dicine, the Pan American Health Organization, the world Health )
Organization, the Swiss Serum and Vaccine Institute, and the Walter Reed
Army Institute of Research.

The first two field trials were placebo—controlled and were initiated
in the Northern (Area Norte) and Western (Area (xcidenze) adninistrative
areas of Santiago in 1982 and 1983, respectively. The third field trial
was begun in the Southemn (Area Sur) and Central (Area Central)
acdministrative areas of Santiago in 1984. Santiago, Chile was selected as
the site for these field trials because of the cambination of high
erdemicity of typhoid fever (the anmual incidence rate from 1977 to 1981
exceeded 150 cases per 105 population) (31), the presence of a reknowned
health care infrastructure (the National Health Sé:vice), a strong
camitnent on the part of the Ministry of Eealth towarzés innovative

methods to control typhoid fever, and a long history cf school-based




vaccinatiun programs.

Only children of consenting parents entered the studies ard were
randamized to .the various cells of the trials. Remaining children of
nocn-consenting parents were also kepi under surveillance and served as
unvaccinatad controls.

Since typhoid fever exhibits a marked seasonality (November to April)
in conjunction with sunmer in Santiago (31), the vaccinations were limited
to the cool months of the year (May to October). Caputerized cdata files
were generated fram the campleted class lists.

Only bacteriologically-arafirmed cases (i.e. these fram wnom S. typhi
was isoclated from blocd, bone marrow, or bile-stained duodenal fluid) were
utilized in camputations of vaccine efficacy. Therefore considerabla
rescurces were directed toward hacteriologic confirmation of suspect
cases. Children admitted to hospital with a clinical suspicion of typhoid
fever had three 4 ml blocod cultures and one bone rarrow culture cbtaired
(32), while those presenting to the consultorios (haalth centers) as
outpatients with suspect typhoid rever had two 6 ml. bleod cultures drawn
30 minutes apart.

Chronologically, the Area Norte field trial preceeded the Area
Occidante field trial. Bowever, for purpcses of clarity of presentaticn,
the sequence of presentation of data will be Area Occidente, followed by
Area Yorte, and finally Area Sur and Central.

Area Occidente Field Trial
Parents of 96% of the 141,127 children in Area Occidente consenited for

their children to participate. These were thereugcn randanized to one of

five groups to receive:




Group 1 - Tnree doses of vaccine in enteric-coated capsules given with an
interval of two days between the doses.

Group 2 - ‘Ihr:ee &:ses of vaccine with NaHCO, given with an interval of
two days between the dcses. The commercial gelatin capsule fomul#ticn
was used which consisted of two gelatin capsules each containing 0.5 gm of
Naaa)3 and a third gelatin capsule containing lyophilized vaccine.

Group 3 - Three doses of vaccine in enteric-coated capsules with an
interval of :1 days bet@ the doses.

Group 4 - Three doses of the commercial gelatin capsule formulation with
an interval of 21 days between the doses

Group S - Three doses of placebo given with an interval of two days
between the dcses.

Mass administration of vaccine (containing 1-3 x 109 viable vaccine
organisms per dose) or placebo was carried cut between mid July arz mid
September, 1983 and surveillance began on September 21, 1983. In total,
109,594 children received all three scheduled decses of vaccine or placebo.

Results of three years of surveillance in the Area Cccidente field
trial are shown in Tables 4 and 5. The main points are:

1) The enteric-cocated formulation was very significantly superior to the
gelatin caxpsule/#hl-!(I)3 formulation (Table 4).

2) Increasing the interval between doses to 21 days offered no advantage
to administering all three doses within one week (Table 4).

3) The level of prctection {67% vaccine efficacy) conferred by the best
regimen in the Occidente field trial (three doses of enteric-coated
capsules ~iven within one week) persisted for at least three years of
surveill.unce (Table 5).

Surveillance is being maintained in Area Occidente to determine if the
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efficacy of Ty2la can endure for rore than three years. This information
is critical fer public health authorities to design typhoid control
prograns based on the systematic use of Ty2la.

Area Norte Field Trial

Parents of 92,356 of the 137,697 schoolchildren in Area Norte
consented for their children to participate and they were randomized to
cne of three groups to receive: |
1) Two Adcses of Ty2la vaccine in enteric-ccated capsules (1-3 x 109
organisms per dose).

2) Ore dose of vaccine and one dose of identical appearing placebo.
3) Two deses of placebo.

The two doses of vaccine or placebo were given to the children one
week apart in May and June, 1982 and surveillance began on July 1, 1982.

Results of the Area Norte field trial are shown in Table 6. The main
points include:

1) T doses of enteric—coated vaccine provicded mocerate (48-72%)
protection for a periad of two years. However, the eificacy then dropped
to 211 in the third season ard was nom-existent by the fourth season of
swveillance.

?) A single dose of vaccine in enteric—ccated capsules provided low
levels of protection (15-39%) for two years but bty the third year of
surveilla o+ no further efficacy was demonstrable.

These data demonstrate that, when administered in enteric—coated
cacsules, Ty2la provicdes insufficient levels of protection when given as
only cne or two doses.

Area Sur and Area Central Field Trials

- - — — i e e ma e am e o o —

A third field trial was undertaken in 1984 in Areas Sur and Central
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where 247,561 children were randomized to receive either two, three or
four doses of Ty2la vaccine (1-3 x 10° viable vaccine organisws per
dose) in enteric-coated capsules with all doses of vaccine being »
administered within a period of eight days in September ard Octcber,
1984. No placebo control group was included in this trial in which
surveillance began cn November 1, 1984.

Results of surveiu.ancg of typhwid fever through two seascns are shown
in Tabhle 7. In this trial the incidence of typhoid fever in recipients of
three doses of Ty2la in enteric-coated capsules was only slightly lower
than the incidence in children who received two doses of vaccine. In
contrast, the incidence of typhoid fever in recipients of four doses of
vaccine was very significantly lower than the ratss in childrern who
received two or three dcses.

Area Sur Oriente "rial

In October, 1986, a fourth field trial was initiated in the Area Sur
Oriente and Area Norte administrative areas where ciildren received within
one week three doses of Ty2la or placebo in either enteric—ccated capsules
or in a liquid formulation. Results of this trial (available in 1988)
should answer the gquestion of whether a liquid fo-milation of Ty2la,
similar to what was used in Egypt, is inherently superior to
enteric—coated capsules. This trial will also provide information on the
absoluta efficacy conferred by each formulation of vaccine.

A field trial sﬁnilat in de;ign to the above, using the identical
liquid and enteric-coated capsule formulations of Ty2la, is concomitantly
being carried out in Plaju, Indonesia, under the auspices of the
Indcnesian Naticna! Institute of Health and Ministry <f Health with

collaboration of the U.S. Naval Madical Resezrch Unit, Diakarta, the world
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Aralysis of the incidence rata of tyohoid fever in the placabo control
gzouo in the first field trial of Ty2la in Area Norte, Sentiago provides
sx2 Zascinating insights on what might be.expec‘:a:’. from the systeratic
wice—-scale application of Ty2la live oral vaccine in typhoid fever control
ps3gTEns. As seen in Table §, the incicdarce rate in the rardanized
contzol growp in the first year of surveillance was 210 ca.ses/los
scexclchildren. This rate of culture-ccnfirmed cases is similar to tha
raocroad rate for scheolchildren in Area Norte in the period 1977-1981,
prisr o the field trial; however, at that time casss were no-
becreriologically confirmed.

S:urveillance of the seccnd tyzhoid seascn in Area Yorte tock place
 af:sr mest of the children in adjacent A-ea Occidznte hzd been given
vaccina as part of the second £ield trial of Ty2la. The incider;e rate in
rhs placebo control group in Area Norte in this szcord year of
surveillarce fell to 141 r:a.ses/loS (Table 6).

Shortly before the third typhoid season of suwrveillarce becan in Area
dMcr-te, rore than 247,000 children in Areas Sur and Central wera given two,
three or four doses of vaccine. In this third year of surveillance the
ircidance in the placebo group in Area Norte fell even further to 69
czses/lOs (Table 6). A rate this low had nct been encountered in Area
*crte for decades.

Tr2 fourth year of surveillance in the Area Norte field area cccurred
Ciring a year when no further trials were carried cut in Santiago.

Neiasly, in that fourth year the incidance of typhoid fever in the placebc
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control group did not fall further. Rather, the incidence, 78
cases/los, closely resembled that of the previocus year (Table 6).

In the c;ou.rse o‘f the first three field trials in Santiago,
approximately 65% of the schoolchildren in the city have participated,
zany having received an efficacious formulation and number of doses of
vaccine. Thus, on: interpretation of the sharp decrease in incidence
rates in the placebo control group in the Area Norte trial is that this is
the ccasequence of the mass application of Ty2la vaccine in
schoolchildren.

. m— — . — —— — . — o - - - . — et o - —

Serolcgic studies have been carried ocut in healthy Chileans, age 17-21
years, who received Ty2la in one of two formulations and in various
immunization schedules. Serum IgG and IgA antibodies to S. typhi O
antigen have been measured before and after vaccination by an mSA that
has been described in detail (32). Now that results of the field trials
are available, it has becone possible to relave sercconversion rates to
vaccine efficacy; these campariscns are sumrarized in Table 8. It is
cbvious that there exists a positive correlation between the
seroconversion rate of IgG S. typhi O antibody and vaccine efficacy in the
field.

Ty2la Vaccine in Perspective

The great advantage of Ty2la live oral typhoid vaccine, in comparison
with parenteral killed whole cell vaccines, is that it provides
significant protection without causing adverse reactions (34). A wealth
of evidence from volunteer studies (28) and from some of the largest

vaccine field trials ever carried out attest tc the biological activity of
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tais attenuated strain in providing protection against typhoid fever.
Corsicerable r2sources have been experded in attempts to identify an
eflaczive and practical formulation and dosage schedule for Ty2la. After
a saries of field trials in Egypt amd Chile, informaticn has now been
2ccuad damonstrating both the advantages as well as the limitations of
Tv2la.

Field trials in Chile have shown that Ty2la in enteric-ccated capsules
is significantly more protectiva than vaccine administered in the gelatin
s:?.;:s:."..-:/'NaBGD3 formulation. These results corrctorate a retrospective
study reporting poor efficacy for the gelatin <:a.;:s;le/ﬂ.ﬂ:':)3 formulaticn
{35) which prior to the Chilean trial had not been field tested.
Pcllowing results of the Chilean field trials, prcduction of the gelatin
cs:;axle/ﬂasm3 formulation was discontimued and replaced mrdilly by
the enteric-ccated capsule formulation. '

In the Chilean trials, three doses of an enteric-coated formulation of
Ty2l2 given within cne week provided 67% protection for at least three
y=ears (Table 5). This level of vaccine efficacy is equal to the
protection conferred by the highly reactogenic liquid
heat-ghenol-1nactivated parenteral vaccine, the only other widely
available effective vaccine (16,17,19, Table 1l)}. The phernol-inactivated
vaccire, which causes notable adverse reactions in arpraximately 25% of
recipients, must be administered by needle and sytingé or jet qun. Thus,
Ty2la is distinctly more advantageous because it causes no discernibie
acverse reactions and is easy to administer to schoolchildren in mass
vaccirations (34). In our estimation, this clearly makes Ty2la at present
the vaccine of choice for any country intending to embark on a systematic

tvoid fever control program.
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The 67% protec=ion conferred for at least three years by three doses
of enteric-coated —=psules given within one week in Area Occidente in
Santiago, Chile is less than the impressive 96% efficacy over three years
provided by a liqi=3 rformulation in Alexandria, Egypt. Besides the'
obvious difference= in vaccine formulation and genetic constitution of the
populations, other factors may have contributed to the difference in
resylts. For examcle, the mean amnmual incidence rate in the placebo
control group in tew Occidente trial (103/105/year) was twice as high as
the mean anmual incidence rate in the placebo group in the Alexandria
trial (46/10°), sumgesting that force-of infection and modes of
transmission may & Zfer between the two sites. A fourth field trial
currently underway in Chile, and a trial of similar design in Indonesia,
will directly answer the question of the relative efficacy of enteric
ccated capsules versus a liquid formulation.

‘Widespread vac—ination with Ty2la apparently created a "herd irmmunity”
effect in which tke incidence increasingly drooped in the control group in
the first field tr=al area as children in other areas of the city were
vaccinated. These oSbservations support the contention that Ty2la live
oral vaccine, whil= not the ideal anti-typhoid vaccine, is nevertheless a
credible weapon tc be emploved in systematic typhoid fever control
programs. Since r=n is the only reservoir, as well as the only natural
host, of this infection, this approach is epidemiologically rational.

The multiple ££eld trials of efficacy of Ty2la that have been required
so far to generate the information necessary to determire how to use this
vaccine as a publi= health tool are reminiscen: of the series of field
trials undertaken Oy WHO over a period of more than 15 years to accrue

similar informatiz- for the parenteral killed w'ole cell vaccines. Until
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a superior formulation of Ty2la is identified, or Ty2la is surpassed by
another typhoid vaccine, the infomaticn now available shauld allow public
haalth authorities to utilize Ty2la in enteric-coated capsule formulation
as a tool in national typhoid fever control prograns.

DEVELCPMENT OF AUXOTROPHIC ARO-, PUR- MUTANTS OF S. TYPHI AS LIVE ORAL

VACCINES

Vaccine strain 541Ty was cerived by Stocker and coworkers (36) fram a
wild strain of S.tyohi by transducing deletions in two separate genes,
each previously characterized in S. tyohimurium and affecting a different
pathway such that the mutations cause-requirements for metabolites that
are uvnavailabie in mammalian tissues and intercellular fluid. The
deletion mutation of gene arcA creates a requirement for several arcmatic
camounds, including p-aminocbenzoic acid and 2.4-dihydrc:ybezciq acid,
which are not mammalian metabolites. The second celetion mutation, at
gene murA, causes a specific requirement for adenine (or an assimilable
caround such as adencsine) (37). These nutritional requirements render
strain 541Ty unable to sustain growth in marmalian tissues. Strain 543Ty
is a cerivative of 541Ty that lacks the Vi antigen.

Strain S541Ty or 543Ty were aéministered orally with )laHCD3 to 33
healthy young acdult volunteers in single doses of 108, m9, or mm
organisms, while four additional vaccinees ingested two 2 x J.(J9 organism
doses four days apart, in preliminary evalutions of the safety and
immuncgenicity of the vaccine strains (33). No notable adverse reactions
such as fever, diarrhea, vamiting, or abdaminal discomfort were observed
during 15 days of surveillance in a Research Ward nr for two weeks
thereafter. Vaccine organisms were reccvered fram coprocultures of 29 of

37 vaccinees (78%) and fraom duodenal cultures of two individuals; in




17

contrast, repeated blood cultures were negative. The humoral antibedy
response to S. typhi O and E antigens in serum and intestinal fluid was
meager; no vaccinees had rises in serum antibody to S. tyrhi Vi or lysate .
antigen. However, all vaccinees manifested cell-mediated immune
responses. After vaccination, 72% of recipients of doses of _>_109
vaccine cragnisms responded to S. typhi particulate or purified O
polysaccharide antigens in lymphocyte replication studies but not to
antigens of other Salmonella or Escherichia coli. All individuals, after

vaccination, demonstrated a significant plasma—deperdent mononuclear cell
inh:ibition of wild S. typhi. These preliminary results suggest that Aro-
auxotrophic mutants of S. typhi are safe and immurogenic aral vaccines i::
man and are worthy of expanced clinical trials. The rossible advantage of
strain 541Ty, should it prove to be protective, is that its method of
preparation involves the creation of precise deletion mutations in
specific genes that do not otherwise affect the antigenic make-up of the
S. tyshi.

ATTENUATED S. TYPHI VACCINE STRAINS EXPRESSING GENES QF OTHER ORGANISMS

Because they are co well-tolerated and stimulate both humoral and
cell-mediated immune responses (33, 38-4l1), attenuated S. tyohi oral
vaccines are attractive as carriers of critical genes of other organigms.
The expression of foreign genes in strains such as Ty2la results in
bivalent vaccines. Ty2la, for example, has been modified to express

Shigella sonnei O antigen (42), the B subunit of E. c0li heat-labile

enterotoxin (43), colonization factor antigen I {44), and Vibrio cholerae

antigens (45). In each of these instances Ty2la contains a plasmid
encoding the relevant antigen of another enteropathogen. The bivalent

typhi/S. sonnei vaccire has undergone extensive clinical testing in humans
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and is safe, immunogenic and protective (althaugh lot-to-lot variation Bas
bean descrit_:eq) (46,47). Ty2la expressing V. cholerae Inaba O antigen Has
been found to be well-tolerated and to stimulate circulating and local
intestinal antibodies to both typhi and V. cholerae O antigens (48).

DEVELOPMENT OF HIGHLY PURIFTED VI POLYSAQCEARIDE AS A PARENTERAL TYZHOIX

VAOCTNE

The Vi polysaccharide of S. tyohi is a hamopolymer of alpha-l,4
2-deaxy-2-N-acetyl galacturonic acid that covers the bacteria as a
capsular antigen and is a known virulence property. The Vi antibody
response following acute illness is usually modest, detectable in only a
minority of patients, and short-lived, except in chronic biliary carrises
of S. tyohi who maintain very elevated levels of Vi antibcdy (49,50).
Historically, several investigators have proposed that protection _againz
tyohoid fever may be feasible if high titers of Vi antibody can.be
elicited. It is known, however, that highly significant protection
against S. tyohi can be exhibited in the absence of Vi antibody, since
Ty2la lacks Vi antigen and does not stimulate Vi antibody.

In the early 19508, Landy (S1) prepared purified Vi polysaccharide
fram acetcne~inactivated bacteria by multiple extractions with saline,
ethanol, and acetic acid. This early method may have partially denatured
the antigen, resulting in a loss of O-acetyl and N-acetyl moieties
{52,53). Landy's Vi preparation was immunogenic (51,54) but did not
provide significant protection to volunteers in a small experimental
challenge study carried out by Hornick et al {55) in the 1960s.

In attempts to purify Vi under non—denaturing conditicns, Wong et al
(55) and Roobins and Robbins (53), treated S. typhi with

hexacecyltrimethylammonium branide, a detergent that was previcusly
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instrumental in the preparation of purified meningococcal polysaccharide
vaccines (57). Two separate lots of Vi vaccine prepared by this
procedure, on; nade‘ at the National Institutes of Eealth in the U.S.A.
(Lot 53226) and the other made at the Merieux Institute, Lyon, France (Lot
IMS 1569) were evaluated for safety and immuncgenicity (58). The NIH
vaccine contained approximately 5% residual lipolysaccharide (LPS), while
the French vaccine had only 0.2% LPS. Both vaccines elicited significant
rises in Vi antibedy in circa 90% of recipients tut the NIH preparaticn
caused sume systanié and local adverse reactions. The occurrence of
significant rises in O antibody in 83% cf recipients of the NIH vaccine,
suggest that residual LPS was responsible for the untoward reactions.

vi vadciﬁe prepared by the Merieux Institute is currently being
evaluated in controlled field trials of efficacy in Nepal and Scuth
Africa. Preliminary results fram these trials should be available in 1987

(personal camunications, J.B. Robbins and H. Koormioff).
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Table 3. Field trial of efficacy of three dcses of a liquid formilation of
Ty2la vaccine given with NaHOO, to six and seven year old schoolchildren in
Alexardria, Egypt. ults of three years of surveillance.

Year of ' Confirmed cases Anmwal cincidence Vaccine
observation of typhoid fever per 10 efficacy (%)
1978-1979
vaccinees® 0 0 100
placebo+ 7 44
1979-1980
vaccinees 0 0 100
placebo 8 50
1980-1981
vaccinees 1 6 86
placebo 7 44
Total 1978-1981
vaccinees 1 - 26
placebo 22 - =
Data fran reference 29
* n =16, 486
+ n =15, SJ2
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Table 5. Duration of the efficacy conferred by three deses of the
) enteric-coated capsule formulaticn of Ty2la
' live oral vaccine given within one week
in Area Occidente. Santizgo, Chile

vVaccine® Placebo*
{22,170) (21,906)

Year 1
(9/83-8/84)
Cases 5
Incidence/10
Efficacy

Year 2
(9/84-8/85)
Cases
Incidence/10
Efficacy

24
109.6

My

5 8 20
36.1 N 91-3
60.5 -

Year 3
(9/85-8/86)
Cases 8 24

Incidence/10° 36.1 109.6
Efficacy 67.1 -

Total Years 1-3

9/83-8/86
Cases 23 a 68 b
Incicdence 103.7 310.4

Efficacy 66.5 -

3 doses, 1-2 days between doses
a vs b, p < 0.00001, Chi square
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Table 6. Comparison of the efficacy of one versus two doses of Ty2la
live oral typhoid vaccine given in enteric-coated capsule formulation.
+  Randamized, controlled, double-blind trial in
Area Norte, Santiago, Chile

Cne Dose ™o Doses Placeo

“Year 1 (32,788) (27,620) {31,948)
(7/82-6/83)

Cases 5 58 a 30 b €7 c
Incidence/10 176.9 108.6 209.7
Efficacy 15.6% 48.2% -
Year 2

(7/83-6/84)

Cases 5 28 11 45
Incidence/10 85.4 39.8 140.8
Efficacy 39.3% 7n.7% -
Year 3

(7/84-6/85)

Cases 5 23 15 22
Incidence/10 70.1 54.3 £€8.9
Efficacy 0% 21.2% -~
Year 4

(7/85-6/86)

Cases 5 33 22 )
Incidence/10 100.6 79.6 78.3
Efficacy 0% 0% -

avsc, p=0.42
avsb, p=0.037
b vs ¢, p=0.0032

Camparisons by Chi sgquare
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Table 7. Camparison of the efficacy of two, three, and four doses of Ty2la
vaccine in enteric-coated capsule forrulation. PResults of a randamized
field trial in Area Sur and Area Central, Santiago, Chile.

Surveillance from '
10/84 to 9/86 Two Dosegt Three Doses* Four Doses*

No. of Vaccinees 93,942 95,198 58,421
Cases 126 17 34
Incidence/10° 134.13 122.9° 58.2°

* Vaccine given within eight days with 1-2 days between dcses

avsc, p<0.0001

bwvs ¢, p < 0.0002

avsb p=0.49

All comparisons by (hi sruare
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1.ble 8. Rates of seroconversion of IgG-ELISA S. TWZHI O antibady followirg
one to three oral doses of Ty2la live cral typhoid vaccine
given within one week. Camparison of two different formulations.

Vaccine Efficacy

Seroconversion in Controllegd

Formulation No. Doses Rate (%) Field Trials—_
Enteric-ccated 3 61/96 (64 67%
capsules

2 22/50 (44) 37%

1 9/50 (18) 21%
Vaccine + NaHO
in gelatin capsiles 3 99/195 150) 19%

. .
Data fram first 36 months of surveillance in field trials in Area Norte arg :
Area Occidente, Santiago, Chile.
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ABSTRACT

Three doses, given within one week, of Ty2la attenuated Salmonella
typhi oral vaccine in an enteric~coated capsule formulation provided 671
efficacy for at least three years in a randomized, plambo—-cmt:&lled
field trial involving 109,000 schoalchildren in Santiago, Chile.
Increasing the interval between doses to 21 days did not enhance
protection. Significantly less protection followed administration of
vaccine in gelatin capsules with Nal(D,. Ty2la provides the sawe level
of protection as the heat-phenol-inactivated wiole cell parenteral vaccdne
but in contrast does not cause adverse reactions. Ty2la may now be |
considered a practical public health tool.




INTRCDUCTION

Typhoid fever remins an important public health problem in many

less—develgped regions of the world and poses a risk for travelers. ™

In most endemic areas the incidence of typhoid fever is highest in

59

children 5-19 years of age. This is of potential relevance in the

control of typhoid, since schoolchildren represent a “captive® population
amenable to schoal-based immmizacion programs.

Althcugh heat-phenal-inactivated and acetone-inactivated parenteral
killed whole cell typhaid vaccines confer significant protection,’®3
they are rarely used by any camtry in systemetic typhoid fever control
programs because of the high rates of adverse reaction that they
encit.m,n,u

An important advance in imminization against typhoid fever was the

15

development by Germanier and Purer™ of an attenuated strain of S.

typhi, Ty2la, that can be utilized as a live oral vaccine. In preliminary
studies in adult valunteers in North America, Ty2la cauvsed no adverse

reactions, was genetically stable, and siqnificantly protected agrinst
experimental infer:t.ic:n.l6

17,18

Wahdan et al carried aut a placebo-controlled, randanized,

double—blind trial of Ty2la in Alexandria, Eqypt where three doses of

vaccine (1-3 x 109 viable vaccine organisms per dose) or placebo were

given to 32,000 schoalchildren on Monday, Wednesday, and Priday of cne
week. Prior to ingestion of liquid (reconstituted lyophilate) vaccine or
placebo, each child chewed a 1.0 gm mm)3 tablet tn nentralize gastric
acid. Notable adverse reactions were rnot detected, corrcborating the
safety of the live oral vaccine. During 36 months of surveillance the

vaccine efficacy was 96!18.
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Shortly after the Bgyptian field trial, the Swiss Serum and Vaccine
Institute made available commercially a formulation of vaccine consisting
of tmgelatiu:zpsulesead:amtaininglh!:%a:ﬂathirdgdatin
capsule containing lyophilized vaccine. This first comercial formilation
resembled, but was not identical to, that used in Alexandria.

Despite the highly encouraging results in the field trial in Egypt,
additional information had to be obtained before Ty2la could be employed
as a practical public health tool. Several critical questions had yet to
be answered. What would be the efficacy of e commercial gelatin
cz;sule/!hﬂ:na formulation of lycphilized vaccine tha: was marketed
after the Bgyptian field trial? What would be the efficacy of Ty2la in a
formilation, such as enteric-ccated capsules, that does not require
NaH0,? What level of protection would Ty2la provide in areas with
incidence rates of typhoid fewver muxch higher than the 44-50
cases/10°/year that prevailed during the trial in Alexandria®? Could
prolongation of the interval between the doses enhance the immnogenicity
of the vaccine?

To answer these questians, a randomized, placebo~controlled field
trial of efficacy was carried cut in Santiago, Chile. This trial
represented a ollaborative effort involving the Ministry of Bealth,
Santiago, (hile, the Center for Vaccine Development of the University of
Maryland School of Medicine, the Pan American Bealth Organization, the
World Bealth Organization (WHD), the Walter Reed Amy Institute of
Resezrcn and the Swiss Serum and Vaccine Institute.

MATERIALS AND METHODS

Santiago was selected for the field trial because of the high

endemicity of typhoid fever (the anmnual incidence rate fram 1977 to 1981
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exceeded 150 cases per 10° population),’’ the presence of an cxcellent
health care infrastructure {the System of National Bealth Services), a
strong comnitment on the part of the Ministry of Bealth towards innovative
methads to cantral typhoid fever, and a long history of schoal-based
vaccination pra;tans.zo e triai design and consent procedures were
approved by ethical review committees of the Uniwersity of Maryland and
WHO. The field trial was initiated in Area Occidente of Santiago in
1983. The Ministries ot.aenlth and Bducation collaborated to ensure that,
with cooperation of the teachers in all schools, parents were informed of
the trial (by means of health education brochures) and permission to
enrcll their child was té;uested thraugh congsent farms and their response
recorded.

feak transmission of typhoid fever and the vast majority of cases
occur during the summer (school holiday) season in Santiago (mid-Decenber
to mid-March) while schools are mot in session.® Terefore,
rardanization was carried aut by classroom (i.e. all children in a class
received the same vaccine regimen).

Only children of consenting parents were randomized to one of the five
cells of the trial. Group 1 recv.e.i\aedt:m’eet.’t::smofvau:i.mwit:h)azn3
given with an interval of two days between the doses, The commercial
gelarin capsule fonulation was used which consisted of two gelatin
capsules each containing 0.Sgnctm3andathirdg]atincapsule
containing lyophilized vaccine. Group 2 ingested three doses of
lycphilized vaccine in enteric-coated capsules, with an interval of two
days between the doses. Bydraxyprophy-methyl-cellulcse-phthalate was the
enteric—coating used to make the gelatin capsuies acid-resistant. 1In

vitro the capsules resisted gastric acid (pH 1.5) for at least two hours
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tut dissolved within 10 mimites in artificial intestinal fluid of pH >6.0.
Group 3 received three doses of vaccine in enteric-coated capsules with an
interval of 21 days between the doses. Graup 4 ingested three doses of
the comercial gelatin apm.lema formlation with an interval of 21
days between the doses, while Group 5 received three doses of placebo {in
identical capsules as described abowve) given at an interval of two days
between the doses. The identity of which coded preparation contained
placebo was unknown to the vaccinators, the schoolchildren and the health
care providers.

The administ:ation of vaccine (containing 1-3 x 109

viable vaccine
organisms per dose) or placeho by trained health workers was carried out
in the classrooms in the cool, non-typhoid season, mid-July to early
September, 1983; surveillance began on September 21, 1983. Conputerized
data files were generated from the campletad class lists.

Approximately 90t of health care visits in Area Cocidente ocaur in
facilities of the System of National Bealth Services where intensiwe
surveillance could be maintained; the ramining visits involve private
physicians. Physicians and nurses were kept aware of the importance of
cbtaining cultures fram suspect cases of typhoid fever by means of
letters, clinical conferences and weekly visits by surveillance murses
from the Ministry of HBealth. Only cases confimed bacterialogically (i.e.
those fram whom S. typhi was isolated fram blood, bone marrow, or
bile-stained duodenal fluid) were utilized in computations of vaccine
efficacy. Therefore, considerable rescurces were directed toward
bacteriologic confirmation of suspect ésa. Three 4 ml blocd cultures

21

and one bone marrow culture” were obtained fram children admitted to

hospital with a clinical suspicion of typhoid fever. Two 6 ml. blood
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oiltures, drawn 30 minutes apart, were callected fram cutpatients
presenting to the consultorics (health centers) with suspected typhoid
fever. Suspicious colonies were confimed by standard biochemical and

serological tedmiqm.zz

The code for this blinded study was kept in Berne and Geneva. After
breaking the code, the results were analyzed by Chi square.

RESOLTS

Parents of 96% of the 141,127 children in Area Ocridente gave consent
for their children's participation. In total, 109,534 scheolchildren 6-21
years of age (99% were §-19 years old) received all three scheduled doses
of vaccine or placebo. During the vaccination pericd in the schools chere
was no increased absenteeism or notable increase in febrile or intestinal
illnesses and no cases of typhoid fever were recorded among the
participating children. '

Results of three years of surveillance in the Area Occidente field
trial are summarized in Table 1 where inciderce is presented both as cases
per 10° schoolchildren as well as by classes with cases per 100 classes
vaccinated (since randomization was done by class). The 227 confimed
cases of typhoid occurred in 221 separate classes. For those few classes
with more than one case, they occourred in different years of surveillance;
thus there were no clusters of cases. Vaccine efficacy was virtually
identical whether calculated on the basis of incidence per 10°
schoolchildren or classes with typhoid per 100 classes. The
enteric-coated capsule formulation gave significantly better protection
than the gelatin cz;n:.le/!h&!)} formulation. e best protection
ocaurred in the group which received vaccine in enteric-coated capsules

with all three doses given within one week (as in the Bgyptian trial);
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pralonging the interval between doses to 21 days did not enhance efficacy.

Por the regimen (enteric—cuated capsules, short interval) with the
best protection (673 efficacy), the efficacy during each year of
surveillance is presented in Table 2 and shows that the level of
p:;ol:ectim recained similar for all three years (GI-Hi). Surveillance is
beirg mintained in Area Occidente to detepmine whether protection endures
beyond three years. With this rejimen fewer ca2ses of enteric fever due io
3. paratyphi B (10 cases, 45.\ cases/i0°) were ctssrved than in the
placebo gramp (17 cases, 7.6 cases/10”; 453 vacciie efficacy) but the
difference was ot significant (p=0.2s).

The relationship between age at vacrination and level of efficacy is
shown in Table 3 far the group who received three duses of enteric-coated
vaccine given within one week. Wwhile siynificant precection occurred in
all age gromps, there was a clear-cut trend suggesting thut the level of
protection increased with age at tie time of veccination; however, the
differences in efficacy Jere not statiszically significant.

DISCUSSION

The qreat advantage of Ty2la live corai typhoid vaccine, campared to
parenteral killed whale cell vaccines, is that it provides significant

16,17,22-25

protection without caucinng ad.esse reactions, A wealth of

evidence fram volunteer stt.ldies16

and from large vecoine field trials
attests to the protective activity of this attemated strain. The field
trial fram Chile, reported herein, ewaluating different formulations and
immunizatinn schedules, provides practical information on both the
advantages and the limitations of Ty2la as a passible control measure
against typhoid fever in endemic areas.

The field trial in Area Occidente has shown that Ty2la in
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enc=ric~coated capsules is significantly more protective than vaccine in
the gelatin m;mne/hhﬂn3 formulation (Table 1). These results
corrohorate a retrospective study reporting poor efficacy for the gelatin
capmule/NamD, formilatian, 2
prewvicusly been field tested. Based on the Area Occidente results,
prcduction and marketing of the gelatin c::[xule,/'taaxi'3 fommilation was
discontimued and replaced by the enteric-coated capsule formulation.

which prior to the (hilean trial had not

1n Area Occidente, three doses of enteric-coated Ty2la given within
ones week provided 673 protection for at least three years (Table 2). This
leveel of vaccine 2fficacy is equal to the protection conferred by the
bea--phemol-inactivated parenteral vaccine (Table 4), the anly other
widely available effective typhoid vaccine.?’ The phemol-inactivated
vacTine, however, causes notable adverse reactions in approximately 25% of
rocipients and must be administered by needle and syrimge o jet
9.:1:‘..10']'3'14 Thus Ty2la is distinctly more advantageous because it
causes no discernihle adverse reactions and is easy to administer to

scoalchildren in mass oral vao:hutiaa.23’zs

In our estimation, this
cl=srly makes Ty2la at present the vaccine of choice for any country
imc=nding to embark upcn a systematic typhoid fever control progran.

The 67% protectian conferred for at least three years by three dcses
of Ty2la in enteric-coated capsules jiven within one week in Area
QOcemidence is less than the impressive 96% efficacy 'ow.-r three years
prowided by a liquid formulation used in Egypt (Table 4). Besides the
abvricus differences in vaccine formulation and genetic constitution of the
pooulations, cther factors may have contributed to the difference in
results. For example, tne mean anmial incidence in the placebo qraup in

the Occidente trial (103/105/year) was twice as high as the mean annual

l‘ 1,(
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incidence in the placebo group in the Alexandria trial (46/10°),
suggesting that force of infection and mcdes of transmission may differ
between the two sites. Another WHO~sponsored field trial currently
underway in Area Sur Oriente of Santiago and a similar trial in M.
are directly'ccnpating 4t!e relative efficacy of enteric coated capsules
versus a liquid formulation.

Ty2la nay also prove useful in the future in immmization against
other infections. Because Ty2la stimulates cell-mediated as well as

24,25,28-30

huoral immunity, it is attractive as a carrier of relevanc

genes fram other organisms. Ty2la, for examle, has been modified to

a,32

express Shigella scnnei O antigen, the B submit of E. cmoli

3

heat-labile enterotoxin,> colonization factor antigen I,3 and vibrio
cholerae antigens.

The multiple field trials that have been required to generate the
infoomation on how to use Ty2la as a public heaith tool are reminiscent of
the series of field trials undertaken by WHO over more than 15 years to
accrue similar information for the parenteral killed whole cell
vaccines. Ontil a superior formulation of Ty2la is identified, or
it is surpassed by another typhoid vaccine, the infommation now available
shauld allow public health authorities to utilize TyZla in enteric—ccated
capsules in national typhoid fever contral programs.
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Safety and Immunogenicity of Two Salmonrella ryphi Vi Capsular Polysaccharide Vaccines

Typhoid fev 2r remains a public health problem in many
daveloping areas of the world. An easily adininistered, well-
iolerated vaccine that produces a long duration of immu-
nity after a single dose would be an important advance
in controlling *his disease. Inactivated whole-c2ll typhoid
vace:nes are effective but cause high rates of adverse reac-
tions and require two injections for maximum protection
in younger children [1]. Live, attenuated Sulmonella typhi
vaccine strain Tv2lais orally administered, well telerated,
and prinides 070 (Chile) 1o 95% (Egy pt) protection; how.
ever. thisvaccinz is limited in usefulness because it requires
several doses to achieve this lesel of effectiveness [2).

The Vicapsular polysacrharide (CPS)is a linear homo-
polvmer of a-1.4 2-deoxy-2-N-acetyl galaciuronis acid; it
is »ariably O-acerylated at C3 {3]. Measuring serum anti-
bodies to Vi provides a sensitive and specific scr2ening test
for identifving chronic, asymptomatic carriers of S. 2yphi
{4]. Some evidence suggests that Vi may be a protectie
immunogen. In au experimental challenze, volunteers im-
munized with Vi CPS were not protectzd azaunst cuallenge
with up to 10° S. ryphi organisms [5]. The Vi CPS used
in this study, howerer, was prepared under conditions that
aliered itz scructure (6], New purification techniques using
dsiecgents thar do not alter the structure or CPS led to
the deselopmant of meningococcal and pneumocoscal
CPS vaccines. Vi CFS preparsd by a similar nondenatur-
ing recnniqus was eraluated in a small number of volun-
tesrs; the vascine elicited higher ant.hody responses to Vi
and less-advarsa reactions than did th2 acetonz-hilled.
whole-cell vaceine {7, 8). In this repori w2 dascnibe tur-
ther studies ass2ssing the imraunoz2niciiy and side effects
of two Vi praparations in volunteers from nonerdemic
areas (Marvlazd and France) and from a hyperendemic
area (Chile).

Subjects and Methods

Preparotion and characierization 0/ Vi CPS. S, typhi
strain Tv-2 was cultivated in modified Frantz medium un-

Rezened for p.nlication 9 December 193¢ and inrevisad form
3 March 1936,

informed consent was obtained trom atl ~olunieers. and the
suidelines ‘or “uman expenimentation ot rhe L. S. Department
of Health ard Homan Services were followed in the condust of
these climsal studies.

This work was supparied by grant Al-12666 rrom the National
fraatute of Alisrgy and Infectious Diseases 30d by Lontract
DAMD 178X 74 from the U S army

Wertkank Y L Lim(Center tor Nacane Dz clopment. Laner.
wavoor Marnvienl. Balumore)

Plzase addres rzquests tor repnnts o Dr Canoi O Tasie Cone
sor Vacan: Deetopment, Univervey o0 Mus gnd Inseuk
ne Stres; Baomore, Marviand 21201

142

til stationary growth was reach=d (9]. For lot 53226, the
culture was heated 10 60 C for | hr, and 17e hexadecyi-
trimeths lammonium bromida (Cetavion®; Eastman Chem-
icals. Rochaster. NY)was add=d. Tha susp2nsion was cen-
trifuged 2t 10.000 2 for 20-3C min, and Vi was extracted
from the petlet {9). Lot INIS1SA9 was similarly prepared,
encept tha. S. 1vphi was reinos2d by cenirifugaiion and
Cetavlon added to the supernatenr: the resultant suspen-
ston was collectzd by cautrifug2iiun [10). Vi CPS for pas-
sive HA and RIA was prepared from Citrobacter freundii
strain \WR7011 (prosvided by Dr. [.ouis Baron, Walter Reed
Army Institates of Research. Washington. DC). The two
lots of Vi polvsaccharide diffz-ed onlv in lipopolysaccha-
ride (LPS) content ($% in lor $3226 and 0.2% in lot
INIS1369) and in the miniral dose that was pyrogenic in
rabbits (0.05 ug forJot £3226 21d 0.5 ug for lot INIS1569).

Volunieers. Haalthy voluztzers were racruited at the
Universizy of Marvland at 3a'-iinore. Foriv-eight students
121-32 vears of age) r2ceived by random assignment ei-
ther S0 pg of Vilor £3226 or £0 ug of meningococcai poly-
saecharide groups AL C. Y. and W-135 combined vaccine
1Squibb Connaught. Prinzetan. NJ) by is:-guninjection.
\Volun:izers were interviewed about ssmpioms (niiid,
moderate, or severe) and examined 24 and 48 hr after in-
jaction in a double-blind “azhion. Temperatures were
recorded for volunteers who complained of feverishness
1n the first 24 hr and for all - 2lunteers 43 nr after vacci-
na:on.

In May. during the [ow -inci32ace season for typhoid fe-
~ar in Chila. 189 Air Force racruits (18-21 vears of age)
volunteerad for our study. On2 =undrad thity-six were ran-
domls assigned to recsive 5 ug of Vilor 53226 and 53
1o receive 20 ug of tha tetre- zl2nt menirzococcal poly-
caccharidsvaccineg by jei-gun injaction. Temperatures were
recordad svery 12 he, and volusisers wera intenviewed about
ssmptoms and their severizy and were examined 24 and
48 hr after injection in 2 do.ble-blind tashion.

In Tours, France, 19 heal:ky medicai siudents (20-24
vears of age) were injacted oy syringe with S0 pg of Vi
lot INS1369. Rectal temperarirss were 1akan 6, 24. 48, and
~2 hr later. Symptoms and local reactions were recorded
by the volunteers tor =2 hr arter injection.

Serology. Rlocd specimens from the Marviand stu-
dents ai.d the Chilean recruirs were gbiained before and
21 davs atter vaccination: blood from Freach volunteers
wa, obtained before and 23 dayvs alter saccination.

Passine HA. Washed, glutaraldehsde-treated shecp
ervthrovy 1o- were sensitized with 10 ug o! purified Vian-
tigen from C freundii ml [2]. After adsorbing overnight
with frach shzep erstat sovtes, s2ra were diluted from 1:20
10 12,560 10 1, sensinized eny throcytes: av o control, sera
were dilsied in ponsensitized erythrocvies. Flates were in-
ubated fur 2 hr ar room remsperature and enamined tor
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HA. Appropri=te positive and negative control sera were
used.

RIA. Tyramine (30 mg/ml; Sigm:y St. Louis) was
addad 10 10 mg of Yipolysaccharide/ml, und the pH was
adjusted to 4.9. The waier-soluble carbodiimide EDAC
(0.05 M ; BioRad, Richmond, <Calif) was added, and the
pH was maintained st 4.9-5.1 for 3 hr. The reaction: mix-
ture was dialyzed and passed through G-100 Sephadex?
(Pharmacia, Piscatawav, (NJ) equilibrated in water; the void
voiume was freeze-dried. The final product contained 1.1%
tyramine A burro antiserum 0 Vi was usged as a refer-
ence, and antibodies 1o Vi were determined by a modified
Farr assay [9]. The sensitivity of the assay was 0.0% pg of
antibcdy/ml, and the variability was ~15%%. Seroconver-
sion was defined as an increase in specific antibody to Vi
30.15 pg/mt (This increase is >3 SD from the mean differ-
eri2e of paired sera ‘rom controls. The control population
consisted of 30 individuals who had had an experimental
orzl challenge win Vibrio cholerae.)

ELISA. O-specific antibodies were measured by
ELiSA using LPS from 5. typhiand Salmoneilz enteridi-
tis Alternating wetls of polystyrsne microtiter plates were
coated for 1 hr at 37 C with 10 ug of a commercial LPS/mi;
the L.FS had been prepaied by the hot-water phenol
method from S ryphi sirain €301 (Difco, Detroit). Prs-
and postvaccination sera wers examinad simultaneousiy.
Aliquots of sera diluted 1:100 in PBS, 0.05% Tween 20,
and %% heat-inactivated fetal cali serum were applied in
triplicate to w2lls of the microtiter plates; then zikaline
phosphatase—conjugatad goat antitody to human IgG and
p-nitrophenn! phosphate substrate (Kirkegaard and Perry,
Gaithersburg, Md) were added. A standard ELISA pro-

33

cedure was usad for washing and developing cotor [i1].
Net OD was dz2finad as the average increase in the GD of
sample w2lls compared with wells without ntigen.
Serovons ereion was dafined as an increase innet OD 20,15
at 405 am. (This increase is >3 SD from the maan differ-
ence of paired sera from controls. The conteol pooulation
consisted of the same 30 individuals dassribad above)

Sera wearz 2is0 assayed by ELISA for O-specific anti-
body using antizen prepared from S enteridiris biosero-
npe enerdits (Dicco) 15 assure that antibediss to & 2xphi
LPS werz O specific and were nor antibodizs 1o Vi anti-
gen that might have contaiminatsd the LPS preparation.
The LPSoi S tvphiand § enteriditis bioserorype enteri-
ditis are serologically indistinguishable <12]); however, the
lattar oreanismi lacks Vi anugan. Counterimmunoelec-
trophoresis using rabtit (Centess for Disease Control, At-
lantz) 2nd durro hipenmmune S, oyphi antiserum did not
datact Vi 2:nizen (sensitivity, 1.0 1.g of Vi/mi) in either
of thase v»0 LPS preparations at | mg/ml.

Results

Clinical re;porses.  “fable 1 shows the frequancy of reac-
tions in racipizats of Vitot $3226 and meningococcal vac-
cinz. This Vi preparation produced a higher incidence of
loca! and sysiemic reactions (rated modsrate to severe) than
did menirzovoccal vascins (.2 = (0§ for local reactions;
ths diflzrence w25 not signiricant for systemis reactions,
Fisher's snact 1251). Two Marviand s udants who received
Vi had temperatures >37.3 C during the 43-hr cbserva-
tion penod: onsofthese had atemperature of 39.1 C with
malzise and myvalgias and raquired bed rest.

Table 1. Reactions to two S. typhi Vi vaccine candidaies.
University of Maryland volunieers Chilzan Alr Foroe recruits French volunteers
Vi lot Meningococcal Vilot Meminzoeovcal Vi fot
ractions 53226 (n = 23) vaccine (o = 24) S3226 4 = 13/ vassinzin = 83) IMSI263 (n = 19)
Svi.rmic
Malaise 8 0 3 2 ]
Fever® 8 0 3 2 [}
Went 10 bed 4 0 2 2 9
Lozl
Local pain 9' 0 i) 2 -
Tenderness 29¢ 4 19= 6 -
Ervthema (32 cm) n 38 ps I 1 -
Induration (31 cm) 0 ] b] 3 -
NOTE. Data are percentage of volunteers with moderate-to-seve-2 reaions.

* For Maryland volunteers, the presence of fever indicated subjective fever ar csmperature >37.2 C (taken oraliv) 38 br after
vacaination, for Chiiean voluntecrs, fever indicated temperature >37.5 C tzah2 arailvy when meacured every 12 hr for 38 nr afier
vaceination; for French volunteers, fever indicated temperature >37.4 C 228en sactailyy when measured at 6. 24, 45 and ™2 he

after saccination.

T P = 005 by Fisher's exact test comparing recipients of Vi with rasmanss of meninzovovsal viodine,

* P < .05 by Fiaher's enact tast cumpanng recipients of Vi with

rrivmiznly O merangocoveal vacane.

PP < 001 by ¢! test comparing recipients of Vi with recipients of menngovavaal vaine.
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Table 2. Immune response to two S. fyphi Vi vaccine cznd 2atz;,
. s - Tueny onrnaom o
Tnxers_c;_f_;:.._.\a_- w Vi L S. tipi: LPS by
Passive HA RiA ELISA
GMT GMT MT
No. of Serocon- - Secxvorn- G _— Serocoa-
Vi volunteers  Pre Post  versions [7:.% 22 Pos nemans (TT 2 Pas verwonms (Tue
Lot £322¢
Marvland students 24 1414 109.28 85 PR RS HY) O 5 T P 33
Chilean recruits 133 11.18 6935 87 ND  ND \ND s 6. 33
Lot 1MS1569
French volunteers 19 12.45 8297 89 PR 2 S 95 S 032 263
NOTE. GMT, geometric mean titer; Pre, before vaccination: P, alier vairmzlion tsee Subisss and Mezhods for tmask:

ND. not done.
* Fourfold or greater rise in titer of antibody.
* Increase in titer of antibody 30.15 ug/ml.
* Increase in net OD 20.15.

i ¢* = 28.3, P < .0001, compared with recipients of lot $3224

Eleven (8%) of 136 Chilean recruits who received Vi
antigen had temperatures >37.5 C; one had a tempera-
ture of 39.6 C with malaise, mvalgias, headache, chills,
and dizziness. Four (3%%) recruits required bed rest in the
48 hr after vaccination. Vi more ~ommonly produced lo-
cal erythematous reactions (P < .05 vs. meningococcal vac-
cine, Fisher's exact test), with a larger area of erythema.

Table 1 also shows that no recipient of Vi lot IMS1569
had a temperatare >37.6 C or any other systemic reaction.

Serological responses. Antibodies 1o Vi by passive M.A.
Paired serum specimens vere available from 24 Marvland
students, 133 Chilean recruits, and 19 French students. Ta-
ble 2 shows the serological responses to the two Vi prepa-
rations. Eighty-five percent of the Maryland students and
87% of the Chilean recruits who received Vilot 53226 had
fourfold or greater rises in titer of antibody to Vi. A simi-
lar serological response was observed among recipients of
Vi lot IMSI1563.

Antibodies to Vi by RIA. Paired sera were available
for R1A from 24 Maryvland students and 19 Freach volun-
teers. The rate of seroconversions measured by RIA was
high (95%9-100%) among volunteers who received either
Vi preparation (table 2).

O-specific antibodies. Vi lot 53226 elicited serocon-
version in 20 (83%) of 24 Manvland students and in 111
183%s) of 133 Chilean recruits (table 2). Identical responses
were observed with S enreriditis LPS (data not shown).
Vilot INIS1562 elicited botk lower rates of seroconversion
and lower titers of O-specific antibodies. Only five (26%0)
ot !9volunteers had sign:ficant risesin S, ryphn O»spccil‘ig
anubodies (x* = 23.3, < .000!, for recipicnts of lot $322
v, lot [NS1569),

Discussivn

o these chinical trials, ViCPS lot $3226 (udmunistered by
Jet-yun injectiond produced fewer reactions than were

senierzlinactivarsld, whola-cal! Lascine but
J1i075 than aere reponial Jor masenizral manin.
Iverdiznzorororal Taliz nvphoid vassine (1 2L
Sids=Tnen malaise and mialias e were O
12z » those e zfer inactivared, whols-z2il vaccination.
Treoumberazs snemin of re2:ions probably render this
srezzmation unasissahiafor fumsar ;L:'.:z_ rrali Beszoase
o = enaluatsd the
1\2515:9 3:.: Savause the
w23 admoistered b s\ri.- 32 ans nasdle ia.

20Tions

L2y in 3 diffavame oan

ST ."Z“‘.T:.’.T

neidance of fe-

cmaaznd ot namisreantions s Ing amenz rednisn
oo l.\lSl::»y_

LIk 8322 ‘1*=a-1ed 33iMs et LPS (5T o induce
s mTiant mses in O-spaific 2277203 1n most of the

L3RRy, LP:.sar'a,tn ~d
CETLLINNATIT RIS N re2ions. T'-"

soothiocal and sys-
siduai LP3 was prob-
220 raponsins prthafever. m2laie and loval 2 uions
V0T IMSISEE Douser, h22 dmsider2bl lower Inels
TLP5(0.27 ...*.'.-'«da 0 2r eromension rate of O
Tandies. 2nd mradaced fmaer alveria reaciions.
Peluction ¢ L3 contens 1o 0.2%0 12 fot 1MS1469 did
Tt somplaiel o s immunogeni iy (267 of vac-
: "‘t 1ncreasss o tiiens of O-specific an-
DT Arnrr-dmphimmurnizatioawish Vi pohvsaccha-
-l Tay imtzsfare witt the vaz of O-spelific
27 20dy avsap- 107 dinkaal 2nd 2pdsatolosical studies.
Tr: 2:eof Viotzzad from € freunci:. with its werolog-
ifieren: LPS may Circumeent thay problem.
Toerate oF wramdasersion 22 2single f0-ug agex
. ther VL oprrparanion wis higt, 35T 1007, J2.
Trtlongenite N asndihraea forannbod-
o NP o Al-\l. Tre :mmunz response o Vi o
Ttz poruianon 1\ dasd and Freach -
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d2ntvy was egunalent 1o thar in the immune population
tChiizans). In addition. th: antibody respomsas 10 Vi
zhorzed by lot 33226 with 7 LPS and by lo: IMS1569
with Q.27 LPS were similar. which confirmad an earlier
ooservation that LPS contzn: of meningococsal polysac-
charide vaccine did not aiiast the Iavel of antibodias to
CPS arntigen [12).

Tha rol2 of antibodizs to Vi in providing immunity to
tvpnoid fererinhumans is unknown. [a mice immuniza-
tion with vi CPS confers 2 high degra2 of protection
against challenge with S ovpAar {15). The significance of
this is unclzarn however, becaus2 mice are not narural hosts
ror S. ryprinfaciions and do not davelop a ganeralized
infeszion resambling enteric faver. Protection azainsi ty-
phoid faver can be induced without antibodizs to Vi, a3
shown by the exparisance with Tv2la vaccine which lacks
\iantigzn.

Thiny vears ago, Hornick 2t al. carried out 2xperimen-
tal “nalizngs studies with S svphitu volunieers praviously
immunizad with a2 Vivaccina prepared by Landy etal. {$).
This Vi was subjacted 10 2n acid trearmant tha: removes
ali of th2 O-aceryvl and part of the NV-ac2ivl moieties and
parially depolymerizes Vi polysaccharide [6). The lack
o7 thase moieties may in part account ror the poor protec-
ton providad by this preparation {6].

Viiot iNS1569 induced igh titers of antibodies 1o Vi
in kzalthy voluntzers and produced no adverss systemic
r2aziions. The effects of a2 nuirition. and chronic iil-
nasies on production of antibodizs to Vi after immuniza-
tion are unknown. Furthzr studies are need2d 10 assess
the role of szrum antibcdiss 1o Vi in proiection against
tvphold f2ver and 1o demonstrate the efficany of a Vi

valdine
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