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Low Endemicity and Low Pathogenicity of Rotaviruses 

Among Rural Children in Costa Rica 
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Rotaviruses were prospectively studied in 51 rural Costa Rican children from birth to two 
years. Samples of feces were collected weekly over a 33-month period. Rotavirus was de-
tected in 45 (1.04%) of 4,317 fecal specimens; 39 infections were documented (an inci-
dence of 0.5 infection per child-year), only five of which were associated with diarrhea 
(a pathogenicity of 12.8%). Secretory antibody in fecal extracts, detected in six of 39 in-
fections, was short lived and did not protect against reinfection. Serum antibody was present 
in 69.6% of two-year-old children, but was not detected in 18.8% with documented infec-
tions. On the other hand, serum antibody was present in six of 14 children in whom rotavirus 
was not detected, thus increasing the overall incidence to 0.6 infection per child-year. The 
combination of prolonged breast-feeding, exposure to a lower infecting dose (compared 
with urban children), and a higher standard of hygiene than expected may explain the 
low incidence and low pathogenicity of rotavirus among these rural children. 

The epidemiology of rotavirus infection in popula-

tions observed in their own environment needs fur-
ther elucidation, particularly in less-developed coun-

tries where diarrheal disease takes its highest toll. 

In Costa Rica, rotavirus was demonstrated as the 

most important etiologic agent of acute diarrhea 
among outpatients at the National Children's Hos-

pital in San Jose [1]. Hospital-based studies are of 
limited epidemiological value, however, because they 

are cross-sectional in nature; cover, by definition, the 

most serious cases that require hospital treatment; 

and thus, do not reflect the situation in the general 

population. Consequently, a cohort study was de-
signed in order to study patterns of infection and 

immunity to rotavirus under natural conditions. This 

longitudinal study permitted investigation of the 
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prevalence and incidence of rotavirus infection, se-
rum and coproantibody responses, intrafamilial 
transmissibility, and the electrophoretic diversity of 

the genomic RNA of rotavirus strains. 

Subjects and Methods 

Longitudinal study. Since 1979, cohorts of chil-
dren living in the municipality of Puriscal, Costa 

Rica, have yearly been the subjects of comprehen-

sive studies of child health and growth [2]. The In-

stituto de Investigaciones en Salud Field Station at 

Puriscal is located in the district-center town of San-

tiago; is staffed by a physician, a nurse, a microbiol-
ogist, a nutritionist, and three field workers; and was 

the base of operations from which home visits were 

made. Puriscal is located in a southern section of 

the Intermountainous Central Valley (mean eleva-
tion, 1,000 m). The municipality has an area of 560 
km2  divided into eight districts; children in this study 

lived in three of the districts (Barbacoas, Grifo Alto, 

and Candelarita). The population density was 47 per-
sons per km2  in 1979. The terrain is rugged. A four-

wheel drive vehicle and considerable walking were 

required to visit the homes of children in the cohort. 

The Costa Rican Social Security System en-

courages infant deliveries at large maternity hospi-

tals, and over 97% of babies from Puriscal are born 
in the Hospital San Juan de Dios in San Jose. Sixty 

children from Puriscal were recruited at this hospi-
tal from 27 November 1981 to 18 September 1982. 
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However, nine were withdrawn from the study by 
their mothers within a few weeks of its commence-
ment. Thus, a "rural cohort" of 51 children was 
formed, but three children only remained in the co-
hort until they were 23, 41, and 66 weeks of age. The 
remaining 48 children were observed for two com-
plete years. 

Diarrhea morbidity and collection of feces. 

Weekly observation of the children in the rural co-
hort and weekly testing of fecal specimens for the 
presence of rotavirus antigen were achieved. Sam-
ples of feces were collected by the mothers and re-
trieved by a field worker who also inquired about 
the presence of diarrhea and of other symptoms. Di-
arrhea was defined as the passage of abnormal liq-
uid or semiliquid stools in excess of three per day. 
Interruption of diarrhea by at least one healthy day 
separated two diarrheal episodes. 

Identification of rotavirus. Undiluted fecal spec-
imens were kept at 4 C and transported to the main 
laboratories in San Jose every Friday. Every Mon-
day, samples of feces were made into 10%-20% sus-
pensions in brain-heart infusion broth, and clarified 
extracts (centrifugation at 500 g for 30 min) were 
tested by an ELISA (National Institute of Health 
"pre-post") technique [3] described in detail elsewhere 
[4]. The households of rotavirus-positive children 
were then visited, and arrangements were made to 
collect fecal specimens from all household members 
and domestic animals until all were negative. 

During the observation period, 4,317 fecal speci-
mens were collected and tested. However, 334 (7.6%) 
were collected within seven days of a preceding spec- 

imen and were therefore excluded. Thus, a total of 
3,983 specimens representing an equal number of ob-
served child-weeks were included. This represented 
77.1% of the expected child-weeks at risk. The 
denominator of the population is equivalent to 919.8 
child-months or 76.6 child-years. 

A rotavirus-positive specimen defined a rotavirus-
positive week. A causal association was assumed if 
rotavirus was detected one week before, during, or 
one week after an episode of diarrhea. Two rotavi-
rus events were considered independent if separated 
by three or more rotavirus-negative weeks. The inci-
dence of rotavirus was calculated by using indepen-
dent episodes only. Prevalence or excretion rates in-
cluded all rotavirus-positive weeks. Other definitions 
and calculations were as previously described [4]. 

Viral RNA studies. Extracts of rotavirus RNA 
for PAGE were prepared by treating fecal extracts 
with 1% SDS followed by extraction with bidistilled 
phenol, chloroform-isoamyl alcohol, and precipi-
tation with absolute ethanol [5]. A 10% resolving 
gel and a 3% stacking gel (1.5 mm thick) were used 
to electrophorese RNA extracts [6]. Staining of bands 
was done by silver precipitation [7]. 

Antibody to rotavirus. Coproantibody was as-
sayed in all of the first 2,516 ultracentrifuged fecal 
supernatants by a modified ELISA [8]. Briefly, CV-1-
grown, single-capsid simian SA-11 antigen (or con-
trol antigen in alternate rows) was captured by goat-
930 antiserum (National Institutes of Health, 
Bethesda, Md) and supernatants added at a 1:2 di-
lution. The appropriate alkaline phosphatase-con-
jugated antibody to IgA, IgM, or IgG was then 

Table 1. 	Study populations. 

Population 

Hospital 

of recruitment 

Purpose 

of study 

Length of 

observation, year 

Rural cohort (n = 51)* San Juan de Diost Patterns of infection and 

immunity 

First two years of life, 1981-1984 

Newborn comparison series 

no. 1 (n = 50) 

San Juan de Diost Nosocomial infection of 

newborns 

First week of life, 1982-1983 

Newborn comparison series 

no. 2. (n = 50) 

Calderon Guardia Nosocomial infection of 

newborns 

First week of life, 1982-1983 

Urban children with National Children's§ Transmissibility in One week after rotavirus 

diarrhea (n = 100) contacts detection, 1982-1983 

* Three children were withdrawn after 23, 41, and 66 weeks of observation. 

t Part-time rooming-in colostrum feeding. 

1 Mother-infant separation and formula feeding. 

§ Emergency ward for children with diarrhea; 48 of 100 were positive for rotavirus, but specimens from only 26 households were 

available for study. 
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reacted and substrate finally added. Strong reactions 
were read with the naked eye and weak ones with 
a through-the-plate colorimeter (MicroELISA Mini-
Reader 405; Dynatech, Alexandria, Va). Specimens 
yielding a net absorbance ...-0.2 were considered posi-
tive. Coproantibody did not persist (see Results). Af-
ter 31 July 1983 antibody was assayed in superna-
tants produced within four weeks of detection of 
rotavirus antigen rather than in all fecal superna-
tants. For comparison, coproantibody-positive spec-
imens were standardized according to their total im-
munoglobulin content [9]. 

Serum antibody to rotavirus was assayed in sera 
collected from 46 two-year-old children. Five sera 
were not collected, three of which belonged to chil-
dren withdrawn from the study. Specific IgG was as-
sayed at a 1:100 serum dilution. Antibody-negative 
sera and sera with nonspecific reactions were retested 
at a 1:5 dilution in a blocking assay against SA-11 
antigen. These sera were considered positive for an-
tibody if they reduced (i.e., blocked) the absorbance 
value by at least 50%. 

Comparison series of children. The possibility 
of occurence of nosocomial infection was inves-
tigated in children in the rural cohort and, one year 
later, in two comparison series of 50 newborn in-
fants studied shortly after birth in the Hospital San 
Juan de Dios and in the Hospital Calderon Guardia, 
another large maternity hospital also in San Jose (ta-
ble 1). In the latter hospital, separation of mothers 
and infants and formula feeding prevailed at the time 
of the study, in contrast to part-time rooming-in and 
colostrum feeding at the Hospital San Juan de Dios, 
where the infants from Puriscal were born [2]. 

Furthermore, 100 children from the metropolitan 
area who were treated for acute diarrhea at the Na-
tional Children's Hospital (San Jose) were studied  

comparatively for 1982-1983 (table 1). The house-
hold contacts of these urban children were studied 
within a week of rotavirus detection and cross-
infection rates in 26 rotavirus-positive urban house-
holds were compared with those of the rotavirus-
positive rural households. Electrophoretic patterns 
of viral RNA derived from rural and urban children 
were also compared. 

Results 

Longitudinal study. 1. The neonatal period. 

Rotaviruses were not detected in the neonatal period 
in specimens obtained from mothers or infants in 
the rural cohort while at the Hospital San Juan de 
Dios or five to seven days postpartum, despite 
recruitment during the cooler months when detec-
tion of rotavirus was most frequent. Partial room-
ing-in and breast-feeding were customary in this hos-
pital. 

2. The postneonatal period. Thirty-two (62.8%) 
of 51 children in the rural cohort excreted rotavirus 
during the study period; seven (13.7%) experienced 
reinfection. (Nineteen [37.2%] children experienced 
no infections, as determined by virus shedding.) The 
interval between primary infection and reinfection 
ranged from four to 74 weeks (table 2). In 919.8 ob-
served child-months, there were 39 independent 
rotavirus infections (symptomatic and asymptom-
atic), an overal incidence of 4.2 infections per 100 
child-months (or 0.5 episode per child-year; table 3). 
Incidence by age did not show marked variations 
during the first year of life (3.0-4.9 infections per 
100 child-months), but rates fluctuated more in 
the second year (2.4-6.7 infections per 100 child-
months). 

Fifty-one episodes of diarrhea occurred during the 

Table 2. Repeated infection with rotavirus in children from Puriscal, 1981-1984. 

Child no. 

Age at infection, weeks 

Interval between 

infections, weeks 

Clinical source 

First 

infection Reinfection 

First 

infection 	Reinfection 

1610 12 83 71 
1642 64 80 16 

1668 7 59 52 
1707 51 99 48 Diarrhea 
1812 24 28 4 
1949 44 65 21 
2004 9 83 74 

NOTE. - = asymptomatic infection. 
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Table 3. Incidence of diarrhea and of rotavirus diarrhea in 51 children from Puriscal, 1981-1984. 

Age, months 

Observed 

child-months 

Total no. of 

diarrheal episodes* 

Total no. of 
rotavirus infections* 

Rotavirus-associated 
diarrheal episodes 

Rotavirus 
pathogenicity (%)t 

0-2 97.2 3 (3.1) 4 (4.1) 0 0 

3-5 100.9 8 (7.9) 3 (3.0) 0 0 

6-8 111.8 9 (8.0) 4 (3.6) 0 0 

9-11 123.1 6 (4.9) 6 (4.9) 1 (0.8) 16.7 

12-14 129.3 11 (8.5) 8 (6.2) 4 (3.1) 50.0 

15-17 123.3 3 (2.4) 3 (2.4) 0 0 

18-20 119.6 7 (5.8) 8 (6.7) 0 0 

21-23 114.6 4 (3.5) 3 (2.6) 0 0 

Total 919.8 51 (5.5) 39 (4.2) 5 (0.5) 12.8 

* No. of episodes or infections (rate per 100 child-months). 
t No. of rotavirus diarrheas divided by no. of rotavirus infections (symptomatic and asymptomatic) x 100. 

study period, an overall incidence of 5.5 episodes per 

100 child-months (or 0.7 episode per child-year; ta-

ble 3). Diarrhea rates fluctuated from 2.4 to 8.5 per 

100 child-months, with the sharpest variations oc-

curring in the first year of life. Although the inci-
dence rate of rotavirus infection was 4.2 to per 100 

child-months, that of rotavirus-associated diarrhea 

was almost eightfold less - 0.5 episode per 100 child-

months (or 0.06 episode per child-year). Thus rotavi-
rus pathogenicity was exceedingly low; only five 

(12.8070) of 39 infections resulted in diarrhea (table 
3). Five episodes of rotavirus-associated diarrhea oc-

curred in the nine-to-14 month age-group, but the 

children did not require hospitalization. 

Although there were 39 different rotavirus infec- 

tions, there were 45 rotavirus-positive weeks because 

six children excreted rotavirus for two weeks. This 
gave a slightly higher excretion rate, 4.9 per 100 child-

months, and a prevalence-to-incidence ratio of 1:2. 
3. Seasonality of rotavirus. Rotavirus was en-

demic throughout the observation period (figure 1 

and table 4). However, as was observed in urban 
cases, children in the rural cohort experienced higher 

excretion rates during the cooler and drier months 
of the year (December through February). In 1982, 

February and October were peak months, each with 

a prevalence rate of 12.0 infections per 100 child-
months. In 1983, February and December showed 

high excretion rates of 13.8 and 12.1 infections per 

100 child-months, respectively. In 1984, February 

'J'F.M .4 . M * J'J'A'S'O'N'D'J'F'M'A. M .J'J'A S'O'N'D J F M'A . M . J . J'A 5 
19951982  	1914 

Figure 1.  Excretion of rotaviruses 
by calendar months. Dots indicate 
rotavirus-positive weeks. Axis is 
skewed according to date of birth of 
children. Children's numbers are indi-
cated on the left margin. All children 
except for three who were withdrawn 
from the study (nos. 1630, 1803, and 
1923) were observed for two complete 
years. 

1610 • ci9M 
1627 
1630 
1642 
1643 
1666 
1668 	• 
1688 
1707 
1710 
17 

1730 
a40 
1779 
1792 
1603 
1805 
1812 
1819 
1834 
1836 
1840 
1865 
1870 
1874 
1878 
1895 

192 
1934 
1935 
1936 

1938 
1940 

1949 
1950 
1984 
1989 
1995 
2003 
2004 
2005 
2008 
2009 
2018 
2025 
2350 

2075 
2080 
2083 
2066 

• 

• 

de 
• 
• 

• 

• 

• 	• 

OD 
40 
• 

• 

• 

• 

$6871962 

• 

• 

• 

• 

• 

• 

• • • 

• 



1 2 3 4 5 6 7 8 9 10 11 12 

L.404 

= 
G.+ 

PI 
Or. 

= 

1,2,3,4 

1138 	 Simhon et at 

Table 4. 
1984. 

Seasonality of rotavirus in Puriscal, 1982- 

Month 

Year 

1982 
(n = 242.5) 

1983 
(n = 505.3) 

1984 

(n = 	169.8).: 

January 9.3 7.9 

February 12.0 13.8 11.9 

March 8.5 9.1 

April 2.5 

May 2.1 

June 2.5 7.6 

July 4.7 

August 
September 9.6 7.2 

October 12.0 5.3 

November 2.9 

December 2.4 12.1 

NOTE. Figures represent the prevalence rate per 100 child-

months; - = rotavirus not detected; n = observed child-months. 

peaked with a prevalence of 11.9 infections per 100 

child-months. In order to study excretion rates by 

age, we selected peak months during which children 
of many ages were observed. Older children tended 

to exhibit higher excretion rates during months of 

excess frequency (table 5). 

4. Rotavirus electropherotypes. Forty-five viral 

extracts from 32 children in the rural cohort were 
screened by PAGE. liventy extracts that produced 

distinct bands by silver staining were electrophoresed 

again in two gels (figures 2 and 3). Similarly, 48 of 

100 urban outpatients with rotavirus-associated di-

arrhea were screened and 10 of the extracts elec-
trophoresed in one gel (figure 4). All strains (except 

for three inconclusive patterns shown in figure 3) be-

longed to segments 10 and 11 "long pattern," which 
correlates well with the antigenic reactivity of sub-

group 2 virus. Strains from children in the rural co- 

50,  ft;' tg' 4,  4, 
fif 

4, 
o 	› e e  

7,8,9 

Figure 2. Silver-stained PAGE of rotavirus RNA from 
children in the rural cohort. Specimen numbers and col-
lection dates are indicated on the top of the lanes. Electro-
phoresis was performed at 20 mA/gel for 10 hr. Migration 
was towards the anode (bottom). Eleven segments of 
double-stranded RNA are distributed in four regions, as 
indicated on the right. Differences (diversity) in mobility 
arbitrarily defined the electropherotypes. Some bands are 
mixtures because segments were not separated under the 
conditions used. Simian SA-11 viral RNA was electro-
phoresed in lane 1. See text for other details. 

hort did not show much electrophoretic diversity; 
five electropherotypes were detected during the 33-

month study period. The viruses in lanes 1, 3, and 

6 of figure 3 could not be subgrouped, but it should 

be noted that the virus in lane 6 showed an extra band 
in the region of the 5,6 segment doublet, as well as 
extra bands near the origin. It is unlikely that this 

particular strain would be a pararotavirus or a re-

ovirus because it was detected by ELISA. Serotyp-
ing of this and other strains is currently under way 

at a World Health Organization collaborative cen-

ter. In general, the electrophoretic diversity was 
greater in urban children with diarrhea than in chil-

dren in the rural cohort. In the former, four electro-

pherotypes were detected within a short span of time 

1f=e4 

Table 5. Prevalence of rotavirus by age during peak months in Puriscal, 1982-1983. 

Age, months 

1982 1983 

September October January February December 

0-2 14.3 (7.0) 3.9 (0) . 	. 	. . 	. 	. 

3-5 7.8 (25.5) 5.8 (17.3) 11.8 (0) 4.8 (0) 

6-8 6.5 (0) 5.3 (18.8) 14.1 (7.1) 18.5 (5.4) 

9-11 2.5 (0) 1.8 (0) 12.0 (16.7) 11.6 (17.3) 

12-14 5.1 (20.0) 8.3 (36.1) 0.9 (0) 

15-17 . 	. 	. 14.3 (7.0) 

18-20 9.9 (30.2) 

21-23 7.8 (0) 

NOTE. Figures represent observed child-months (rate per 100 child-months). 
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Figure 3. PAGE of rotavirus RNA from children in the 
rural cohort. See legend to figure 2 for details. 

(May through December 1982; figure 4, lanes 2-6). 
Thereafter, a single electropherotype predominated. 

Antibody to rotavirus. Rotavirus-specific IgA 
was detected in 65 (2.6%) of 2,516 fecal supernatants, 
but it is not known whether it was maternally derived 
(from b-east milk) or actively secreted by children. 
IgM to rotavirus was present in 12 (0.5%) specimens; 
specific IgG was detected in only one specimen. Be-
cause rotavirus coproantibody did not persist in re-
lation to total immunoglobulin content and because 
most children had already been weaned after 31 July 
1983, it was decided to assay specific coproantibody 
only in the fecal supernatants of specimens collected 
within four weeks of antigen detection rather than 
in all specimens (i.e., rotavirus positive and negative). 
Fifteen (38.5%) of 39 cases occurred while children 
were breast-fed. In six (15.4%) of 39 cases, specific 
coproantibody was demonstrated (table 6). Four of 
these six children were being breast-fed at the time 
of infection; specific IgM was found in two of the 
six children. 

9 10 11 12 

" 
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Figure 4. PAGE of rotavirus RNA from children in the 
urban cohort. See legend to figure 2 for details. 

The presence of serum antibody correlated with 
prior fecal excretion of rotavirus in only 26 (81.2%) 
of 32 cases; in six (18.8%), specific serum antibody 
was not detected (table 6). It should be noted that 
rotavirus antigen was not detected in fecal specimens 
from the other six patients with specific serum anti-
body (table 5). Thus, the overall incidence based on 
serological means becomes marginally higher — 0.6 
infection per child-year rather than 0.5 per child-year 
(on the basis of viral shedding). 

5. Nutritional status of children. At 12 months 
of age no child was <75% of weight for age (II and 
III degrees of malnutrition) compared with the 50th 
percentile of the National Center for Health Statis-
tics reference curve. At 24 months of age, one child 
exhibited II degree malnutrition. Rotavirus shedding 
was not found to be associated with periods of falter-
ing growth. 

Comparison series of children. One newborn 
child in comparison series no. 1 who was born at 

10,11 

Table 6. Serum immune responses and coproantibody to rotavirus in Puriscal, 1981-1984. 

No. of 
	

Sample 
	

No. positive/ 	 Percentage 

Children 
	

children 
	

(type of antibody) 
	

no. tested 	 with antibody 

With rotavirus 

antigen in feces 32* fecal (1gA)t 6/39 15.4 

With rotavirus 

antigen in feces 32* serum (IgG)t 26/321 81.2 

Without rotavirus 

antigen in feces 14 serum (IgG)t 6/141 43.0 

* Seven children had repeat infections. 

t Tested within four weeks of the detection of rotavirus in fecal specimens. 

Tested at two years of age. 
§ Forty-six different children were tested; serum was not collected from five children, including three who were ‘\.ithdrav,n from 

the study. 
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the Hospital San Juan de Dios was positive for 
rotavirus, but neither her older sister nor other mem-
bers of the household were infected at the time. Neo-
nates of the comparison series who were born at the 
Hospital Calderon Guardia (who were formula fed 
and separated from their mothers) were also nega-
tive for rotavirus. Subjects in comparison series no. 
1 and no. 2 were not observed beyond the first week 
of life. 

Intrafamilial cross-infection in 39 rural (4.1 per-
sons per family) and 26 urban (5.2 persons per fam-
ily) households was compared by testing fecal spec-
imens from two to six contacts of each child with 
rotavirus. A rotavirus-positive household consisted 
of a rotavirus-positive child and at least one other 
positive member or contact of the household. In 39 
rural households, stool samples from 154 contacts 
and rectal swabs from 96 domestic animals were 
tested. Excretion of virus was demonstrated in two 
of 39 households; one preschool-age sibling in one 
household and two teenaged relatives in another. 
These infections were asymptomatic. A cat was posi-
tive at the time one child from the rural cohort ex-
creted rotavirus, but the specimen did not contain 
sufficient virus for electropherotyping. In 26 urban 
households, stool samples from 91 contacts were in-
vestigated. Twelve of 26 urban households were posi-
tive (vs. two of 39 rural households), a significant 
difference (x2  = 15.5; P < .001). Again, the excre-
tors, eight adults and seven siblings, were asymp-
tomatic. 

Discussion 

In 76.6 observed child-years only 51 episodes of di-
arrhea were recorded, an incidence of 0.7 episode 
per child-year. The incidence of rotavirus infection 
in the rural cohort was very low; 0.5 episode per 
child-year on the basis of virus shedding and 0.6 epi-
sode per child-year on a serological basis. Interest-
ingly, only five of 39 infections resulted in diarrhea, 
a pathogenicity of 12.8%. Data from longitudinal 
studies in Cauque, Guatemala [4]; Matlab, Ban-
gladesh [10]; Winnipeg, Canada [11]; and Fortaleza, 
Brazil [12] can be compared with the results of the 
present study. In Cauque, Matlab, and Fortaleza, all 
less-developed and poor communities, diarrhea rates 
were similar, ranging between 6.1 and 7.9 episodes 
per child-year. In the communities of Winnipeg (in-
dustrial) and Puriscal (transitional), diarrhea rates 
were lower —1.2 and 0.7 episodes per child-year, re- 

spectively. By contrast, rotavirus-associated diarrhea 
was highest in Cauque (0.8 episode per child-year) 
and lowest in Puriscal (0.06 episode per child-year). 
Surprisingly, the incidence of rotavirus-associated 
diarrhea was similar in both Winnipeg and Matlab, 
but the rate in Matlab might be an underestimate 
since rectal-swab material was tested rather than 
whole feces. The pathogenicity of rotavirus varied 
considerably among children in Cauque, Winnipeg, 
and Puriscal. The percentage of rotavirus infections 
associated with diarrhea was higher in Winnipeg 
(80%) than in Cauque (65.7%) or Puriscal (12.8%). 
In Fortaleza, the pathogenicity was 50% in 24 chil-
dren under the age of two years who excreted rotavi-
rus. Data from Matlab regarding asymptomatic in-
fections were not available. 

Assessment of the number of infective virions in-
gested by children is not possible, but children from 
Puriscal may have experienced a reduced exposure 
as compared with children from Cauque as a result 
of a combination of factors, including rural condi-
tions, good hygiene (frequent baths, potable water), 
and prolonged breast-feeding (80.4% were breast-
fed for the first six months and 47% for a whole 
year). Regardless of immune factors, breast-feeding 
probably contributed to a reduced exposure because 
contaminated foodstuffs were not ingested. In Mat-
lab and Cauque, the highest incidence rates of 
rotavirus-associated diarrhea coincided with the 
peak periods of weaning [4, 10]. 

There are indications that the virulence of rotavi-
rus is associated with serotype [13]. It is possible that 
a proportion of strains from Puriscal belong to the 
less-virulent serotypes 3 and 4. Alternatively, the ob-
served low pathogenicity may have been independent 
of serotype and influenced by selective host environ-
mental pressures. This study confirms observations 
in tropical countries where rotavirus remains en-
demic throughout the year [1, 4, 14]. Year-round ex-
cretion probably favors attenuation and reduces the 
number of susceptibles in a given month. 

Neonatal infection with rotavirus has been reported 
as a common phenomenon in British, Australian, 
and Venezuelan maternity hospitals [15-17]. Such in-
fection is probably nosocomial, with house staff act-
ing as the main disseminators. In Costa Rica, sig-
nificant nosocomial infection has been documented 
among ill neonates at the National Children's Hos-
pital [18]. The two large hospitals that we surveyed, 
however, do not as a rule treat infants and young 
children with diarrhea, and their staff may not have 
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contaminated newborn babies. Certainly the size of 
the sample of newborns in this study was small, and 
it may be premature to exclude the possibility of no-
socomial infection in neonates until a systematic 
search is undertaken. 

Cross-infection between rural household members 
of positive children was significantly lower than that 
in urban ones. In the more crowded urban house-
holds, children with diarrhea probably shed con-
siderably more virus in contrast to rural children, 
who tended to excrete virus asymptomatically in their 
smaller family units. It is generally accepted that sib-
lings and adults act as reservoirs of the infection, 
but children with diarrhea are certainly the main dis-
seminators of the virus [19, 20]. 

Five of the seven children who experienced rein-
fections excreted subgroup 2 virus asymptomatically 
on both occasions. (The strains from the other two 
children gave inconclusive electropherograms and 
could not be subgrouped.) Reinfection with virus of 
the same subgroup has also been demonstrated in 
Great Britain [21]. Reinfection may be a common 
rather than a sporadic phenomenon in certain popu-
lations. In Cauque, all but one of the 45 children 
experienced two or more infections in their first three 
years of life [4]; reinfection was the rule rather than 
the exception. 

Electrophoretic diversity was higher in strains from 
the children in the urban cohort than those from the 
rural cohort. Costa Rican strains followed the pat-
tern described for Mexico [22] and Australia [23], 
where predominance developed from among a mixed 
population of electropherotypes. In Melbourne for 
instance, 17 electropherotypes were identified over 
a nine-year period, and they showed a sequential pat-
tern of occurence with a limited number being de-
tected at any one time [23]. In some settings, how-
ever, diversity seems to be higher. Thus, nine 
electropherotypes were identified among 85 Indone-
sian children [24], and as many as 32 electrophero-
types were detected in 142 cases of rotavirus-asso-
ciated diarrhea in Chile [25]. By contrast, in a more 
isolated community in Papua New Guinea, a single 
electropherotype was identified in 33 cases of 
rotavirus-induced diarrhea [26]. 

Immunity to rotavirus is thought to be largely an-
tibody mediated since both infection and diarrhea 
can be prevented by ingestion of antibody-rich prepa-
rations [27-29]. Secretory antibody has been detected 
during or shortly after rotavirus-associated diarrhea 
[30-32], and although it wanes rapidly, it is thought  

to be important in the termination of infection. In 
Puriscal, however, specific IgA coproantibody was 
detected in only six of 39 patients, including four 
children who were breast-fed at the time of infec-
tion. Children from Puriscal may have failed to pro-
duce secretory responses because gut lymphocytes 
were not primed, a result of breast-feeding. A simi-
lar argument may explain the lack of serum antibody 
in 10 children with documented infections. This has 
been observed in breast-fed children from China who 
experience a delay in the appearance of rotavirus-
specific IgG [33]. On the other hand, there are indi-
cations that a certain threshold of mucosal damage 
must be reached before secretory antibody is elicited 
[34]. Thus, a proportion of children from Puriscal 
may have failed to produce antibody to rotavirus be-
cause they experienced mild or asymptomatic infec-
tions. 

A rotavirus vaccine may be a useful adjunct to the 
campaign to reduce morbidity due to diarrheal dis-
ease, particularly in less-developed countries. For 
instance, in rural settings such as Guatemala, Ban-
gladesh, and Brazil and in urban areas such as Win-
nipeg, Canada (where rotavirus pathogenicity is 
high), a vaccine would be particularly useful. For 
Costa Rica, vaccination programs should be aimed 
at reducing the epidemicity among urban children 
who are prematurely weaned and live in crowded con-
ditions. Among rural Costa Rican children like those 
studied here, vaccination would not be expected to 
have much effect. Rather, education and environ-
mental sanitation, as part of the primary health care 
approach, and a continued emphasis on improved 
personal hygiene, as is stressed in Costa Rica [35], 
seem to be more logical avenues for control and 
prevention of all diarrheas of infectious origin. 
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