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of the [ndian groups in Fanama. We selected the
islands of Tupile and Achutupo lor study because
they were highly traditional, had stable populations,
and were quite remaote. These features allowed us 1o
study naturally acquired infection in an unchanged
environment, Furthermore, the inhabitants had ex-
pressed an enthusiasm for participating in this study,
Tupile, Iocated one mile offshore, measures 1.0 km
by 0.5 km and has ~1,200 inhabitants, all Cuna In-
dians, living in approximately 150 housing unils
made entirely of local materials, Achutupo, siv miles
romm Tupile, is of similar size and demography. Both
islands were devoid of fresh water sources, alchough
Tupile had recently installed a centralized water dis-
tribution system made up of a series of plastic pipes
that divert water from a mainland stream to each
of the 130 dwellings. On both islands defecation is
sarried out in “privies™ located on small platforms
above the ocean; the average tide was two leer

Lach island had its own government-supporicd
health center statfed by a resident nursing auxillary.
The nearest hospital i3 ar Aligands; it s a well-
equipped lacility equidistant from the twe islands
and is staffed by a medical team headed by a well-
trained physician. Al health services were free. Oral
rehyvdration solution was readily available on each
izland.

In Angust 1979, a doar-to-daor consus was car-
ried oul on both islands, One month later, baseling
sera were obtained by venipuncture from g 50% ran-
dom sample of children vounger than five vears of
age (if a guardian gave consent) on both islands and
rom all individuals five vears of age or older in a
10% random sample of the 150 family units on each
island. For the next seven months, specially trained
Cuna Indian epidemiology field technicians con-
ducted door-to-door surveillance for diarcheal fl-
ness six days a week, Their daily observations were
recorded on a standard form. [n March 1980 a sec-
end serum sample was obtained from all consent-
inz members of the original cohort. We defined BV
or MWW inlection by a fourfold or greater rise in se-
rum antibody titer between Scptember 1979 and
MWlarch 1980, An episode of RV diarrhea was defined
as the passage of mare than three loose stoals in
which RV antigen was detected in a 24-hr period,

Of the 330 persons originally enrolled, 11 peaple
from Tupile and 14 from Achutupo did not give a
second blood sample and were considered study
dropouts. Eight study dropouts were children voung-
er than five vears ol age who died from the compli-
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cations of diarrhea [6]; cleven were adults who re-
fused 1o donate a second serum sample; and six were
children whose parcnts forbade the second venipunc-
ture, The present report includes only those subjects
whi were successfully studied and from whom two
serum samples were collected,

Laborarory.  Stool samples from patients wich di-
arrbea were collected on the first day of sympioms
and stored on cach island a1 — 10 C uneil monthly
transpart to our ceniral labaratory in Panama, where
they were maintained at — 20 C until testing. Stan-
dard ELTSA technigues were vsed 1o detect rotaviral
antizen [7].

Allserum samples were callected by aseptic tech-
nique, centriluged within 6 hr of collection, and kept
al O for no more than 48 hr before they were en-
tered inte the Gorgas Memorial Laboratory Scrum
Bank, where they were stored at — 20 C before being
shipped, rosen, 10 Bethesda,

leG antibodies to rotavirus were measured by stan-
dard complement fining techniques [8] and the
RMocking radioimmuncassay [9] was used to detect
antihody 1o Norwalk virus.

The Statistical Prozram lor the Social Sciences
{SPSS) was used for data analvsis and the ¥* (with
the Mantel extension) ar Fisher's exact test were used
Lo Lest statistical significance,

Resulis

Rotgvirus, On both slands, there was a strong
positive linear association between increasing age

Table 1. Baseline ticers of anribody 1o BY according
1o age amoeng San Blas Indians from the islands of Tu-
pile and Achutupa,

Biseling antibody 1i'=|:|'+
Ao
oo, of suhjocrs) o 4 >1:4 GMTE
-2 {65 Sh (e KLY 6 9] 19
-5 (113 3 [3E) 17 (13} 31 {27} A
=5 0127 324 o0 T (sl 6.7

NOTE,  Mome of the differences beoween Tupile and Achutupe
in prevalense of anlibody at a particolar ticer in an age group
arg significant at the P = 03 level: therelare, the values for the
islands bave been combined.

* Agein vears at baseline serum collection, Seprember 19749,

F Titer of antibady 1o BEY in Seprember 1979,

T Cicomerric mean titer. Recipracal dilurion of sera with ane
detectable antihoady,
¥ Nao, of persons posilive ai cach tirer (%),

Trend of increasing BV antibody ticer with ingregsing age
wan significant (< 001, by i
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Table 2. Incidence of BV infection by age group in San
Blas Indians on the islands of Tupile and Achutupo be-
tween Seprember 197% and March 1980,

[sland

Ape (years)® Tupile Achutupe Fovalues’
02 21739 sk 126 (4] <00
S Q2] {43) 2025 > 08
-4 12018 {67} 012 [ = 04
445 200720 {100) 3022 [14) <001
=5 17777 (208 2080 (41 < 03

Troral BLALTE (A6) L1130 (8) < [HH

* Age I Seplecber 19749,

t Signilicance test () or Fisher's exact) for differences inin-
fection retes within a particular age aroug between Tumle and
Achutupo.

o, of persans with fourtold or greater risg in serwm anti
bostly titer between September 1979 and March 19807 na, of per-
sons from whom sera was abtzined and antibody Ltrations 1o
B carriedd out i Septamber 1979 and March 1980 (% serocon-
verting).

¥ Mo significant trend of decreasing infzction rates with in
creasing age an 4 particelar island. Difference horweon infeg-
vian rates i Tupile residents less than five yeers ald (G498 =
H5%0 and mare than five vears old (17577 220 ) was signifi-
cant {xf = 2718, 20000, Difference between infeclion rates
in Achuiupo restdents less chan Five vears old (9580 = 1% and
more than five vears ald (2750 4%y wis not significani (7
= 0B, Fisher's exact).

and increasing baseline rotaviral antibody titer (ta-
Ble 1) At the bezinning of the study, 36 (86%) of
65 children less than two vears ol age had a RV anti-
body titer of <2174, whergas 71 (56%) of 127 persons
five wears of age or older had RV antibodies in a titer
aof =14 (takle 1), BV antibady titers on both islands
were nearly three times higher in persons older than

Table 3.
Indians on the islands of Tupile and Achurupo.
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five years of age when compared with children
younger than two vears of age,

The incidence of BV infection on Tupile was sig-
nilicantly greater than that on Achutupe in nearly
all age groups (lable 2). On both islands, children
vounger than five vears of age had higher infection
rates than persons fve years or older, Sixty-four
{65%) of 98 Tupile residents younger than lve vears
ol age had al least a fourfold rise in titer compared
with 17 {22%) of 77 persons live vears of age or older
{7 = 000, Similarly, on Achutupo, 9 (11%) of 80
Achutupo residents less than five vears of age had
RV infection compared with 2 (4% ol 30 residents
Five years or older (P = 08),

Within a particular age group individuals with
high bascline RV titers were significantly less likely
to develop BV infections over the subseguent seven
maonths of follow up than were persons of simmilar
age with undetectable RV titers {table 33, Thirty-seven
{57%) of 63 children between the ages of two and
Five vears with a bascline RV antibody titer of =i 4
had a RY infection at some time over the next seven
maonths, wheress only 5 (16%) of 31 children the
same age with a basceline BY titer of =14 had BV
infection over the same time period (P = 001,
Arnong all 303 persons studied 151 (50% ) had a base-
ling RV titer of <1:4, but this group accounted for
6% of all RY infections, Persons of any age with
an initial BV antibody titer of =134 accounted for
35% of the study population but had ooly 10% of
BV infections.

RV particles were detected n the stools of 40
{43%) of the 92 persons with RV infection, az deter-
mined by antibody studics, but in only 10 (5% of

Relation between baseling titer of antibody 1o BV and risk of subsequent BY infection by age in San Blas

Baseline antibody titer”

Age® (ne. ol subjsels) <14

0-<2 (65) 28/56 (438
-5 {1 ITMGE (5T
54+ (127 B30 (0

All ages (303 T0S151 {48)

1:4 =14 P valuest
05 (i (0 () <, 3
THT 5431 [10G) <, [0}
£426 (23] 4471 (6] <l
13746 (28 QLL08 (8) <

MOTE.  [nfection is defined as a fourfold or greater risc in antibady titer in sera collected in September 1979 and March 1980,

*oAge (vearsy in Seprember 1979
T Titer of anlibody to BY in Sepiember 1979,

+ Signilicance test For trene in that ape sroup Tor association of declining infection rare with inereasing basehne BV anlbody

titer. Data for Tupile and Achutups are combingd,

2 - . . i 1 i i . iy 1 2 . -
s Mooaf patients with feurfold or greater rise in BY antibody titer/ o0l no. of patients i that age aroup with particular bascline
antibody tiver (% sersconvering). Data for Tupele and Achwiupo are combined.



Table 4, Incidence of BV dizrrhes in 5an Blas Indians
aecording o ape and baseline titer of antibody o RY.

Haseline antibody ticer!

Agpet

friwe af subgecrs) ol (] ol

<3 (65} 20756 {36) 173 {37) 176 (173

o5 {117 665 (253 3417 (18] 430 (16

=53 {127} 2AA0007) 2726 (8 0471 0
Tatal IS 25 36 [13] G408 18]
METE.  An episode of BY diarchea 15 the passege of more

than three loose stowls (nowhich BY parteles weere adantifiod)
A 28-be peniadl, Patizots with mare than one episode are lisi-
el only onge,

* Aoe (yeats) i Seprember 9740

T Titer of amibody 1o BY in Seplember 1979,

M of patents with an episode of BY diarcheasno, of pa-
tienls i Lthat age group with pacticular baseline antibody tier
(T seroconvertingl.

213 persons whe did nor have ar least a fourfold rise
in BV anubody ticer (2 0010, Among 131 patients
with a baselineg BY antibody riter of <134, 358 (25%)
had at least one episode of BY diarrhea, whereas
anly 12 (8% of 154 patients with a baseline BV an-
tibody titer of 2134 had an episode of BV diarches
{table 4; 2 <2 0013,

MNeorwalk virns, Sixty-five percent ol 65 persons
less than two vears of age had baseline NW anui-
lrody riters of <1100, while 87% of 111 persons five
verrs of aze or more had a4 bascline NW antibody
tirer af =100 (takle 5). Baseline NW antibody
previtlence was similar on both islands. Unlike RY,
MW nfection on both islands showed a marked
trend of decreasing infection rate with increasing
age (table 6). Subjects less than three years of age
represented only 33% of the study population but
aecounted for 1% of NW infections. NW infeclon
rates were similar on both islands,

Table 5. Bascline titers of antibody to 5W virus accord-
e tooage among San Blus [ndians frem the islands of
Tupile and Acheiopo,

Baselioe antibady titer
Age® (no. of subjects) < LIl 11400 S LD
(-2 [65) 42 (652 12 {18} L1 {171
2-<5 [(113) I3 (20 6 {14} T4 (B3]
25 {127) 3 (2 13 111 sTd

* Age (years] in Seplembes 1979,

T Taer of antibody 1o MW in Seplember 1979,

= Moo ab persons positive at cach tizer (W),

£ Trend of increasing MW antihody titer with increasing age

15 sigmificant (y? 53.2, P 0010).

Fydler or al.

Table 6. [ncidence of NW infection by age group in San
Blas Indians on the islands of Tupile and Achumpo be-
vacen September 1979 and March 1980,

Island it Lo

Tonal incidence
Age® (years) Tupile Achurpo Tar borh islands
0o e snt s ) UR5 [45)
-3 W20 k3 G720 R 13741 [37)
3-<4 4418 (22) 251217 /30 (207
4ol 1520 €5y 2532014 4442 (1)
5] 2577 (6 1550 {a) BAL2T (6}

Total 075 ot 200t a2a303 g9l

* Ape I Seplember 1979,

T Mo, of persons with fourfold or greater rise in serum anti-
hasly titer betweeen September 1979 and March 1930/ma, of per-
sons ore whom ttrations [or actibody (o W were perfocmed
with sera cellected in Seprember 1979 and  March 1980
(M seroconvertingd

f Trend of decreasing infection rates with increasing age s
significant (pf Tor rend with Mantel extension) on Tupile (£
< 0 and Achuiupo (P <0 0L and for both sslands combaned
[P 001y Mone of the differenses 1 infection rates within a
partcular age group between Tupile and Achuiepo are sig-
nificant,

A high baseline titer for antibody to NW was as-
sociated with protection (rom subsequent WNW in-
fection only in children less than five vears of age
itable 71 Forty-cight percent of 65 children less than
Five vears of age had a baseline NW titer of <1200
but they had 37% of thos age group™ NW inleclions.

IMiscussion

The purpose of this investigation was 1o learn morg
about the protective rale of humaoral immunity that
occurs afrer naturally acgoired infection with rotavi-
rus and Morwalk virns, Inlectoon with these viroses
before our pertod of surveillance {(as measured by
presence of antibody in baseline serad and during the
seven-month period of surveillance was common:
nearly half of the 305 patients enrolled in the study
had BY andsor NW aniibadies al the starl of (he
investizgation, and during the ssven-maonth surveil-
lance period 46% of Tupdle residents and 8% of
Achutupo residents had RY infection. Approxi-
mately 20%y of the study population on both islands
had NW infection during the surveillance period.

A high baseline titer of antibody to either BY or
MW was associated with protection against subse-
quent infection, Presently, we are not able to deter-
mine il these seoum antibodies per s¢ were prolec-
tive or if they were just closely associated with
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Table 7. HKelation between baseline uter of antibody to
Morwdlk virus and risk of subseguent MW infection by
e i San Blas Incians on the islands of Tupile and
Achulupo,

4 > a 5 4+
Baseline annbody teer!

A
(e al sukbjecis) 12100 Z[I100 P ovaluess
<5 (178 31465 a8 234113 (200 ¢ = 1459,
LA o]
=5 (120 143 {33} T2 {6 Fisher's exaer,
03
MOTE,  Infection is defincd as a fourfold or greater rise in

anfibody titer inosera collecied in Sepicmber 1979 and March
1980,

T ARE in Seprember 1979

T Titer af antibody 10 MW in Scprember [97%.

i Significance tesoin that goe group for assaciation al declining
tnlection rate with increasing baseline MW antibody Hier.

§ Mo of paticnes with fourfold or greater rise ioter of anti-
Dody 10 NWAotal no, of patignts in thar age graup with partic
ular hascling antibody ficer (% serocenverting]. Data For Tupile
and Achimiupo are combined.

another unmeasured (aetor (perhaps local antibody
on the surface of the gut) that, in itself, provided
protection feom reinfection, Within each of the age
groups we studied, o person with a baseline titer of
antibody Lo BY of =14 was approximately lve mes
lezs likely wo develop BY infection aver the subse-
guent seven-month surveillance period than was a
subject of comparable age with a baseline titer of
< L4l Similurly, an individuogl with o baseling titgr
ol antibody 1o NW of 21000 was at least hall as
likely ra develop MWW infection than was an in-
divicual of the same age with a baseline Liter of
< 100,

The little data that exists on the protection af-
forded by humoral BY antibodies against naturally
acquired RV infection is conflicting, Bishop [10]
studied a cohort of newborns for a three-year period
and did not find any evidence of protection against
subsequent reinfection (which was usually asymp-
tomatich Larly infectionsillness in Bishop®s palicnts
did confer relatively persistent clinical protection.
Mata et al, [11], in Guatemala, found ne evidence
of clinieal immunity ogeurring after infection, Black
eral, [12] used sensitive antibody detection methods
ro allow derection of antibady in nearly all patients
and found striking evidence of humoral immunicy,
Our dara are cansistent with those of Black et al.,
slthough inour study far fewer children of less than
pwo vears of age had detectable BY anubody at the
start. Forty-six percent of our 151 patients with no
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initial titer of antihody to RV experienced a subse-
quent BV infecrion compared with 8% of 108 whe
had an initial titer of =124 (7 001} That only 105
of the 92 BY infections in our study ocourred insub-
jects with an initial titer of =134 sugezests that a vac-
cine producing durahle high trer BY serum antibody
will probably prevent the majority of RV infections.
The lack of any detectable antibody in a large por
tion of persons alder than five vears of age is proba-
bly explained by the relative insensitivity of the
complement-fixation assay we used. Serological 1esis
developed moree recently have been shown to he more
sensirive [13].

Rotaviral infection rates were surprisingly high in
persons more than five years old included in aur
study, However RY discase was primarily restricted
tor children less than five yvears of age Bishop et al,
[10] have demoenstriated that neonatal RY infection
dires not conter immunity against reinfection but
does protect young children ggainst the development
of linically severe disease during retnfection. There-
lore, our findings extend those of Bishop et al, and
sugzest that the prolection against development of
clinically severe discase during reinfection is long
Tasting,

Wi lound large differences in RV infection rates
between Tupile and Achutupe among study subjects
of all ages, This finding may be partially explaimed
by the greater prevalence ol high bascline titers of
antibodies to RV in Achutupo residents of all ages.
Farwy-four percent of Achutupo residents had a hase-
ling titer of antibody to BY ol =14, compared with
29% of Tupile residents (7 <2 01). Alternatively, Tu-
pile, despite its proximity 10 Achulupo, may have
merely experienced a chance outbreak of RY in-
fection. Previous studics of highly communicable
viruses in solated but adjacent villages in the de
vieloping world have shown marked differences in in-
fection rates [14].

Chur finding an increased prevalence of NW anti-
bady with increasing age [its the pattern documented
in previous work invelving voung children from less-
developed countries. Cukor et al, [13] demonstrated
thit by age six nearly 0% of children from Taiwan
or the Phillipines had antibodies 1o NW, Black o
al. [12]. in Bangladesh, Tound that 0% of their
study population had antibodies to NW by the age
ol four vears. Our results demonstrating that less
than bl Fof ouwr study children of less than teo vears
of age had detectable antibody to NW, whereas, by
age five, 98% of the population had anubodies 1o



MW, places Cuna Indian children between Asian and
Bangaladeshi children in age-specilic prevalence rtes
af antibody o MW,

The paucity of longitudinal studics o NW infec-
tion in children from the developing world allows
a comparison of our incidence data with only the
similarly collected Bangladeshi data of Black ¢t al.
[12], in which 369 children <50 months of gge were
studied. These investigators found thar 46%: of the
children developed NW infection over a 12-month
surveillance period. Adjustment of our seven-monih
surveillunce rates o an annual basis for compari-
son reveals that 63% of San Blas Cuna Indian chil-
dren <48 months old had NW infection,

The high level of protection that an MW anlibody
titer of 21100 provided against infection in the pres-
ent study confirms Black’s similar Nindings [12]. In
our study, 1% of subjects of all ages with baseline
titers for antibacdy to NW of >1000 developed N'W
infection, compared with 7% of subjects <50 maonths
ol age with the same Liter in Black’s study. Similarly,
48%s of our patients less than five years old and with
a baseline titer for antithody o NW of <1200 suhse-
quently developed NW infection, in contrast to the
3% figure in Black’s study of children of a similar
age,

Challenge stuclies in adult North American volun-
tegrs [16] have been interpreted to suggest that Fac-
tors olher than serum antibodies or other closely as-
saciated antibodies (such as intestinal antibady) are
important in providing Dnmunity to gastroenterilis
caused by Marwalk virus. Our findings and those of
Black er al, [12] are in sharp contrast to these data.
The differences in the age at which the first infec-
tion oceurred in developing- and developed-world
populations and differences in the sensitvity of the
immuncassays used 1o these studies may partially
cxplain the different findings. Additional prospec-
tive studics in developing- and developed-world
populations of all ages will help clarity this impor-
tant point.

Frotection against reinfection with NW appeared
to be highly associated with having detectable base-
line antibodies 1o NW; in RV infections, the level of
pratection conferred by the CF antibodies was not
as absolute, Although these differences could casily
be explained by differences in the sensitivity of the
assays used to detect BV and NW, they also suggest
that immunity against each of these agents may be
induced through different mechanisms.

The similarity of our findings in this community-
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baszed study in a remote area of Latin America and
those of Black et al. [12] in a sirilacly rural under-
developed area in Asia emphasizes the global impor-
tance of BY and NW as agents of enteric disease
The concordance of the Bangladesht and Panams-
nian findings concerning the importance of humoral
immunity or another clasely assacialed factor in
preventing infection should stimulate efforts to de-
velop a safe vaccine that will induce long-lasting im-
ity 1o BY and NW,

A vaccine against RV has already been deseribad
14]. While efforts to improve the quality and guan-
tity of water available in the developing warld, and
therehy prevent diarrhea, are laudable, the enormons
capital expenditure required for installation of these
systemns will likely guarantee that large sections of
the developing world will continue to have high in-
cidences of diarrheal discase. Establishment of ef-
fective, low-cast vaceing programs in underdeveloped
countries, such as The Gambia and the Ivary Coast
[1. 2|, suggests that in the immediate future the de-
velopment of elfective, safe vaccines azainst enteric
disease may be a more effective and realistic ap-
proach o the prevention of diarrheal disease,
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