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Fecal excretion of astroviruses was monitored in 321 children, 0 to 3 years old, living in 1he rural highlands
of Guatemala. During the longitudinal study, from February 1987 to February 1989, we examined 5,000 stool
specimens, including 1,805 collected during 1,369 episodes of diarrhea, 830 collected during the convalescent
week, and 216 and 244 collected 2 weeks and 1 week, respective]y, before the onset of diarrhea. Routine
specimens were taken once a month from every child who had been free from diarrhea for at least three
consecutive weeks. Of the children, 124 (38.6% 1 excreted astroviruses during the study. In 1otal, we identified
184 infections by astroviruses. Of the samples collected 2 weeks and 1 week before the initiation of symptoms.
0.9 and 4.9%, respectively, were positive, while 7.3% of the diarrhea episodes were associated with
astroviruses. Of the convalescent specimens, 3.4% were shown to be positive; 2.4 of the 1,905 specimens
taken in diarrhea-free periods contained astroviruses. Infections by other potential enteropathogens were
documented in 54 and 65 of the asymptomatic and symptomatic astrovirus infections, respectively. Diarrhea
associated with astroviruses alone had a median duration of 5 days and was associated with vomiting in 8.6%,
with fever in 17.1%, with dehydration in 5.7%. and with loss of appetite in 34.3%% of the episodes. Diarrhea
due to astroviruses was accompanied by negative changes in weight gain. Astrovirus diarrhea contributes to the
high morbidity observed in young children living under poor conditions and has a deleterious effect on their

nutritional status.

Astroviruses were first associated with human gastrointes-
tinal disease in 1975 when Appleton and Higgins (1) and
Madeley and Cosgrove (13) reported visualizing, with the aid
of electron microscopy, 28-nm star-shaped particles in fecal
samples obtained from wvoung children with mild dizrThea
and vomiting. Because astroviruses can not be readily iso-
Jated in cell cultures, later studies (2, 14) also used electron
microscopy 1o detect the agents in stools from small num-
bers of hospitalized patients, cspecially infants. Tt soon
became apparent that healthy children may shed asirovi-
ruses and, when diarrhea occurs. other potential pathogens
may be excreted in feces. Kjeldsberg (11) was able to show
that astroviruses were present in 4.2% of stool specimens
1zken from gastroenteritis patients in Nom ay: the age of the
infected individuals was not reported, and asymptomatic
subjects were not studied. A larger number, 1,751, of voung
children with diarrhea were studied in Canada in 1975 10
1976, and only 19 (1.1%¢) were shown to be excreting
astroviruscs (13).

The mild disease regularly associated with astrov iruccq,
the common occurrence of asy nptomauc infections 11, 2,
14), and the requirement of electron microscopy for the
laboratory diagnosis made it difficult 1o clearly implicate
astroviruses as a cause of gastroenteritis. The development
of an enzyme-linked immunosorbent assay (ELISA| based
on monoclonal antibodics (8) provided a more appropriate
tool for the analysis of larger number of stool samples. Using
the ELISA, Herrmann and colleagues (9) showed that,
although 2% of healthy children cxcrete the agents. astrovi-
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ruses are a common cause of gastroenteritis in Thai children
under the age of 5 vears attending outpatient clinics. Here,
we report the obsenvations regarding astrovirus infections
and diarrhea among rural ambulatory children under 3 vears
of age, living in a rural community of Guatemala.

MATERIALS AND METHODS

The study was conducted in Santa Maria de Jesiis. a rural
village in ihe highlands of Guatemala. where hvgienic con-
ditions are pocr (+4). After informed consent was given by the
parents, 321 children 0 to 30 months old. cach from a
different familyv, were cnrolled in the study, which began in
February 1987 und ended in February 1989, The children
were kept under surveillance either until they reached their
third birthday or for the duration of the study. One hundred
and sixty- -five (51.47%) of the children were males. and 156
(48.6%¢) were females. Among study families, 289 (90.6%)
collected their water from pubhc spigots and 160 {49.8%)
defecated on the ground because they lacked access to
latrines. Among this population, the incidence of diarrhea in
children 0 10 3 ycars old is 7.6 cpisodes per child per vear (3).

Field personncl visited the homes of the participants twice
a wecek 10 inquire about the presence of diarrhea and other
morbidity among study children; weight and height of cach
child were measured routinely every month. When an epi-
sode of diarrhea was dctected, the initial dute of the illncss
was recorded and anthropometric measures were obtained;
sick children were visited every other day until the episode
was over (72 continuous hours without symptoms); at this
time, the child’s wecight and height were obtained again. The
presence of fever, vomiting, dehydration, loss of appetite,
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TABLE 1. Detection rate of astroviruses in fecal samples from
diarrhea patients and during healthy periods

€ Detection”

Source of sumple By gender
Total
Aale Fuemule
Child with diarthea 7.2(724) 7.4 (645) 7.3 (1.369)
Heulthy child 2.2(930) 2.5 (975) 2.4 (1.905)

* Figurces in purenthesis represent the number of diarrhed episodes and the
number of samples from healiby children studied.

and tircdness was also monitored and recorded during the
home visits.

For microbiological studies. fecal specimens were col-
lected the day the episode was detected: if the cpisode lasted
for more than 6 day's, additional samples were taken weekly
and during convalescence (7 days after the cpisode was
over). Routine stools were obtained from each child once a
month. if he or she had been free of gastroenteric symptom-
atology for at least three consecutive weeks.

Suspensions of fecal material were prepared at the com-
munity in buffered Formalin, polyvinyl alcohol. selenite
broth, phosphate-buffered saline, Cary Blair medium, and
veal infusion broth with 0.5% albumin and were handled as
described previously (5) to idemify Salmonella spp.; Shi-
gella spp.; Campylobacter jejuni: enteropathogenic. entero-
toxigenic. and HEp2-adherent Escherickia coli; Plesiomo-
nas shigelloides; Yersinia enterocolitica: Crvptosporidium
spp.: Giardia spp.; rotaviruses; and adenovirus types 40 and
41. The identification of astroviruses was done by means of
the ELISA in the material in veal infusion broth (8). All
astrovirus-positive specimens were retested for confirma-
tion.

Nutritional status of the children was expressed as a Z
score: this score represents the difference in standard devi-
ations from the mean of the U.S. National Center for Health
Statistics reference curve (10). Comparisons of rates and
proportions were done according to Fleiss (7).

RESULTS

We studied 1,805 samples collected during 1.369 episodes
of diarrhea among the 321 children: 8§30 additional samples
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were collected during the convalescent period, and 1,905
specimens were obtained during diarrhea-free times. Be-
cause of the routine microbiological surveillance. 216 and
244 stools were collected within 2 weeks and 1 week,
respectively, before the onset of diarrhea. In total. the
presence of astroviruses was determined in 5,000 fecal
samples. Of the 321 children, 124 (38.6%) excreted astrovi-
rus during the study period. In total, we deiccted 184
infections by astroviruses. Seventy-seven children had one
infection. 34 hud two infections, and 13 had three infections
during their follow-up. The fecul excretion of astroviruses
was more common, 7.3%, during diarrhea o.p:cndcs than
during symptom-free times, 2.4% (1' = 24.85. P < 0.001).
with no differences in relation to gender (T.ibl:. 1). Of the 35
asymptomatic infections, 15 were detected in children who
had previously had an episode of diarrhca associaied with
astroviruses. The peak detection rate of astroviruses was
observed in children 6 to 11 months old, among both sick and
healthy individuals (Fig. 1). The highest monthly detection
rate in sick children was observed in May, when the rainy
season starts (Fig. 2); in general, the monthly detection rates
of astroviruses among sick children paralleled the monthly
incidence rates of diarrhea among the study population (Fig.
2). Astrovirus infections were more common and the illness-
to-infection ratio tended to be higher during the pedk months
of diarrhea than in the remainder of the year (Fig. 2

The detection rates of astroviruses in relation 1o 1h; phase
of the diarrhea episode are presented in Table 2. Astrovi-
ruses were more commonly shed during the davs of illness
than immediately before and after that period ()g'i = 1845, P
= 0.01).

Astrovirus shedding was accompanied by the excretion of
other potential enteropathogens in 20 (54.4%) and 65 (65.0)
of asymptomatic and symptomatic infections, respectively
(Table 3); the detection rates of astroviruses alone were
2.5% for sick children and 1.3¢Z for healthy ones (x* = 6.86,
P = 0.009). In every age group studied, astroviruses alone
were detected more often among the ill (Fig. 1). In the
instances where only astroviruses were detected during the
diarrhca episodes, the duration of illness was shorter (mean
= 6.5 days, median = 5 days) than when astroviruses and
other potential pathogens were found (mean = 15.5 days,
median = 9 days): furthermore, when only pathogens other
than astroviruses were isolated, the duration of the illncsscs
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FI1G. 1. Detection rate of astroviruses from diarrhea cases (
positive episodes; (B) astroviruses alone.

) and from healthy individuals (- - -), according 10 age (monihs). (A) All
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FI1G. 2. Astrovirus detection according to month of the year. (A) Asirovirus-associated diarrhea and monthly incidence of diarrhea per 100
child weeks. (B) Number of symptomatic (M) and asvmptomatic (Z) infections.

was intermediate (mecan = 11.0 days. median = 8 dayvs:
Table 3). The presence of fever, vomiting. dehydration. loss
of appetite, and tiredness during the episode followed the
same patiern (Table 4). Of the diarrheal cpisodes associated

TABLE 2. Detection of astroviruses in relation to phase
of the diarrhea episode”

No. of
sumples 1esied

No. (f¢) of
positive samples

Time sumple
was obrsined

2 wk before onset 216 2(0.9)
1 wk before onset 244 12 (4.9)
Phase of episode (days)
1-3 976 50 (5.1}
-7 391 28 (7.2)
8-13 250 14 (5.6)
14-21 131 6 (4.6)
222 57 5 (8.8)
Convalescence 830 28 (3.4)

“ \-pr = 18.45; P = 0.01 for all samples tested.

with astroviruses alone, 17.1¢% were accompanied by fever,
8.6% by vomiting. and 5.7 by dehyvdration: loss of appetite
was reported in 34.3% and tiredness was reported in 20.0¢
of the cpisodes (Table 4).

The detection rates of astroviruscs were not affected by
nutritional status. be it expressed as adcquacy of weight for
age, height for age, or weight for height (Table 5). Diarrheal
discascs of known ctiology had a negative cffect on nutri-
tional status, as shown by the changes in weight and in
adequacy of weight for age and of weight for height during
the discase (Tuble 4). Astroviruscs in combination with other
potential enteric pathogens had the major impact.

DISCUSSION

The results presented here provide further evidence that
astroviruses cause diarrhea in young children. The detection
rate of the agents during cpisodes of diarrhea was 7.37%,
while only 2.4% of the specimens collected from healthy
individuals were positive. These figures, which are statisti-
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TABLE 3. Mixed infections in astrovirus-positive cases

\'slue for sumple s pe

Parameter

Diarrhea Asymplomatic
(n = 65) (n = 20)
Age (mo)
Mediun 12 17
Meun = SD 144 = 7.5 18.9 = 10.0
Coinfections with (a):
Shigella sp. Y 0

Sulmonella sp. 0
Enteroloxigenic E. coli
Heat-lubile tonin 10
Heut-stable toxin f
Heat-lubile heut-stuble toxin 7
Enteroudherent E. coli
Diffuse pattern 1
Localized paticrn
Autouggregative
Enteropuathogenic E. coli
Camipyvlobacter jejuni
Cn prosporidium sp.
Giurdia sp.
Rotavirus
Adenovirus 40, 41
Two agents
Three agents
Four agents
Five agents
Six agenis
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cally different from cach other, are almost identical to those
reported for children under the age of 5 vears from Thailand
(9). Our longitudinal approach, with sample collection from
healthy individuals. allowed us to examine the excretion of
astroviruses shortly before the onset of diarrhea in 460
instances; less than 1% of the specimens taken 8 to 14 days
before initiation of symptoms were positive, as were 4.9 of
those taken within a week prior 1o illness, indicating that
these latter infections were documented while in the incuba-
tion period. After a higher rate of positive findings in the
days of diarrhea, the positive specimens obtained in the
convalescent period decreased to 3.4%, again providing
stronger evidence that asiroviruses cause gastrocnteritis.

TABLE <. Clinicul characteristics of the diarrhea episades
associuted with astroviruses

Vilue forv:
Paramcier Astroviruses Astroviruses + Other
alone ather pathogen(s) pathogens
(n = 5f) (n = 65) in = 715}
Duration (days)
Median 5 9 8
Range 1-35 2-73 1-.229
Cases with:
Vomiting 8.6% 38.5% 21.7%
Fever 17.1% 30.8% 27.6%
Dcehydration 5.7% 15.4% 11.7<%
Loss of appetite 31.3% 69.27%¢ 44.27%
Tiredness 20.0% 46.2% 27.6%
Change in wt (g) 0.100 -0.008 0.080
Change in ZWAP -0.118 =0.235 -0.132
Change in ZWH" -0.042 -0.217 -0.109

* P <0001 for all values,
A ZWAN = Z score, weight for age; ZWH = Z score, weight for height.
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TABLE 5. Astrovirus-associated disrrhea. according to
nutritional status (Z score)

e (no.) of cases with

Z purameler nutritional status¥

Adequate Deficiem
Weight for age 6.0 (547) 8.0 (650)
Height for age 5.5 (311) 7.7 (817)
Weight for height 6.7 (876) N9 245

“ P xalues were nat significantly ditferent,

Furthcrmore, the patiern of astrovirus detection along the
vear correlated with the monthly incidence rate of diarrhea
in the study population. suggesting that astroviruses indecd
contribute to the diarrhcal morbidity in the community.

In this ambulatory population, the astrovirus infection rate
(38.6%) is higher than those of adenoviruses types 40 and 41
(22.37) and of rotaviruses (10.3%) (4). The active survcil-
lance of diarrhea by our field personnel contributed to the
study of mild diseases, which scem 10 be common following
astrovirus infections. Furthermore, the existence of five
different serotyvpes of astroviruses (12) also permits repeated
infections in the same individual. In Santa Maria de Jesus,
38¢% of 1he astrovirus excretors had more 1than one infection
during the study period.

The discase that astroviruses induced in our population
was mild. In our study. the median duration of disease was
5 days; Esahli et al. (6) reported that the median duration of
svmptoms in Swedish children was 4 days; vomiting and
fever, nevertheless, were scen in 54 of community-ac-
quired infections. Herrmann and colleagues (9) found that
61 of the diarrhea episodes seen in Thai children were
accompanied by vomiting and 80 were accompanied by
fever. In our Guatemalan children, vomiting and clevated
temperature were seen in only a small proportion of the
episodes, 8.6 and 17.1%, respectively. Additionally. dehy-
dration was noted in only 5.7 of the diarrhea episodes
associated with astroviruses alone, again identical to the 5%
rcported for Thailand (9) but much lower to the 39% rcported
for Sweden (6).

Other reports (6, 9: 14) have shown that mixed infections
with astroviruses zre common. We found 34 and 63% of
inupparent and symptomatic infections by astroviruses to be
mixed. Poor hygienic conditions in the community would
seem to favor multiple enteric infections. We have previ-
ously rcported (4) that 50% of symptomatic infections by
adenoviruses types 40 and 41 and 337 of rotavirus-associ-
ated diarrhea cpisodcs are also accompanied by other enteric
pathogens. In the astrovirus-mixed infections, the discase
not only lasted longer but also was more severe than when
only astroviruses or the other pathogens were documented
(Table 4). The duration and the scverity of the diarrheal
illnesscs played an important role in the detrimental nutri-
tional impact of the cpisode.

Our data provide further evidence that astroviruscs are
commonly associated with gastroenteritis among young chil-
dren living in poor areas of the world, among whom the
viruses induce a generally mild discasc. Astroviruscs, how-
cver, may contribute to incrcase the severity of illnesses
causcd by other enteropathogens, with important nutritional
conscquences for the child. Only interventions aimed at
improving the hygicnic conditions under which large seg-
ments of the world population currently live will have an
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impact on diarrheal morbidity and, therefore, on the generzl
well-being of the young.
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