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Clinical Investigation

Serum Antibodies to Giardia lamblia by Age in
Populations in Colorado and Thailand

EDWARD N. JANOFF, MD, Denver; DAVID N. TAYLOR, MD, and PETER ECHEVERRIA, MD, Bangkok, Thailand; and
MARY P. GLODE, MD, and MARTIN J. BLASER, MD, Denver

We measured levels of antibodies to Giardia lamblia by age in serum specimens from persons in
Denver, Colorado, and Soongnern, Thailand. Serum levels of immunoglobulin (Ig) G, IgM, and IgA
G lamblia-specific antibodies measured by enzyme-linked immunosorbent assay increased
substantially during childhood in both geographic areas, although children in Soongnern showed
significantly higher mean levels of each antibody class (P <.05). After adolescence, levels of G
lamblia-specific IgM fell steadily with age in both populations. In contrast, specific IgA levels
remained elevated throughout life among the Thai but decreased to low levels among adults in
Denver. Similarly, rates of carriage of G lamblia were high among children aged 1 to 4 years in
Denver and Soongnern (14.3% versus 26.5%, respectively) but were much lower among adults in
Denver (0% versus 14%; P <.01). These data suggest that levels of G lamblia-specific IgM may
reflect exposure to the parasite early in life in both areas. Levels of parasite-specific IgA may reflect
recurrent exposure to G lamblia in Soongnern, where G lamblia is endemic, but less frequent
exposure to the parasite in Denver, where exposure is often episodic.

(Janoff EN, Taylor DN, Echeverria P, et al: Serum antibodies to Giardia lamblia by age in populations in Colorado and Thailand.
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n developed countries, symptomatic Giardia lamblia in-

fections occur most often among persons following epi-
sodic exposure to the parasite, such as during waterborne
outbreaks,'~* while backpacking,* visiting Colorado moun-
tain towns,?? or traveling.® Chronic asymptomatic infec-
tions with G lamblia also occur among persons with recur-
rent exposure, such as toddlers in day-care centers,’-®
long-term residents of Colorado mountain towns,? and ho-
mosexual men.®'® In developing countries, recurrent expo-
sure and endemic infections are most common and are often
associated with asymptomatic excretion of G lamblia.*'~'*
The reasons for the differences in the clinical features of G
lamblia infections in developed and developing countries are
not well understood. One proposed explanation is that recur-
rent exposure to the parasite leads to protective immuni-
ty.231¢ The production of antibody to G lamblia may be
critical to the development of immunity to the parasite since
persons with hypogammaglobulinemia show high rates of
symptomatic infection with the organism.'”-*® Therefore, be-
cause specific antibodies may be important in protective im-
munity and may represent markers for infection, we com-
pared levels of immunoglobulin (Ig) G, IgM, and IgA
antibodies to G lamblia by age in persons in a developing
area, Soongnern, Thailand, and in a developed area, Denver,
Colorado.

Subjects and Methods

Subjects Studied

In the Soongnern district, Nakhon Ratchasima, Thai-
land, serum specimens were collected in March 1980 from
12 infants born at Soongnern Hospital (cord blood); 135
healthy children in well-baby clinics, schools, and health
centers; and 60 healthy adults. In Denver, serum specimens
were obtained in 1984 and 1985 from the following urban
residents: 13 infants (cord blood), 128 healthy children en-
rolled in several vaccination trials, and 69 healthy adults.
Stool specimens and historical information other than age
and sex and place of residence were not available for subjects
whose serum was tested. All specimens were preserved at
—20°C. Informed consent was obtained from each subject or
their representatives in Thailand and the United States.

Serologic Methods

Serum was tested for IgG, IgM, and IgA antibodies to G
lamblia by the enzyme-linked immunosorbent assay as pre-
viously described.'®-2° We used solubilized, axenically
grown, G lamblia WB strain trophozoites (AT TC No. 30957)
as the solid-phase antigen (1 ug per well), diluted the serum
1:100, and applied goat antihuman IgG, IgM, and IgA horse-
radish peroxidase-conjugated antibodies (Tago, Inc, Burlin-
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game, California) to detect G lamblia-specific antibodies.
Specimen volumes of 100 ul were tested in triplicate. Each
plate was divided equally with serum from age-matched per-
sons from Denver and Soongnern. Results were standard-
ized by adjusting values from each plate to the mean of the
sum of the optical densities for seven control serum speci-
mens from all plates. The specificity of the assay was estab-
lished in preliminary competitive inhibition studies in which
the adsorption of specimens of both US and Thai serum for
45 minutes at 37°C on a rotator with 6 X 10° formalin-fixed
G lamblia WB strain trophozoites resulted in a 50% to 80%
decrease in optical density in assays of parasite-specific IgG,
IgM, and IgA. In contrast, adsorption with Cryptosporidium
oocysts and freshly excysted sporozoites (5 X 10%; gener-
ously provided by Michael Arrowood and Charles Sterling,
University of Arizona), Trichomonas vaginalis (6 X 10%),
Campylobacter jejuni (10°), enterotoxigenic Escherichia
coli (10°), and Candida albicans (10°) resulted in less than a
12 % decrease in optical density.

Farasitology

In Thailand, we determined the prevalence of G lamblia
infection among 537 healthy Soongnern villagers from stool
specimens collected during random visits to their homes. In
the United States, stool specimens and questionnaires were
obtained from 44 healthy adults in Denver and from 315
children between 12 and 36 months of age, 236 of whom
were randomly selected from day-care centers.?* Stool speci-
mens were fixed in polyvinyl alcohol and in a 10% formalin
solution and examined microscopically for intestinal para-
sites, both directly and after formalin-ether (or ethyl acetate)
concentration. In Denver, saline and iodine wet mounts of
fresh stool specimens also were examined. Stool specimens
from Thai villagers were evaluated by John Cross, PhD,
Uniformed Services University of Health Sciences, and
specimens in Denver were examined by the Colorado De-
partment of Health, Denver Veterans Administration Med-
ical Center, University of Colorado Medical Center, and
Denver General Hospital. Rates of G lamblia infection
among symptomatic persons in Denver submitting stool
specimens for parasitologic evaluation were calculated by
reviewing laboratory notebooks for results between 1981
and 1984 at the institutions listed. Stool and serum speci-
mens were collected in the same geographic areas but not
from the same subjects in Denver and Soongnern.

Statistics

Mean antibody levels were compared by analysis of vari-
ance. Paul F. Smith provided statistical support.

Results

Serology

A pronounced rise in G lamblia-specific IgM antibody
levels was found during the second through the fifth years
of life in both the Denver and Soongnern populations
(P<.001), but the levels were substantially higher in resi-
dents of Soongnern (Figure 1-A). The differences in G lam-
blia-specific IgM levels in residents of Soongnern compared
with those in Denver were most pronounced in persons
younger than 20 years (P <.005), although levels decreased
in both populations during the adult years.

Similar to the results for IgM, both populations showed a

significant increase in G lamblia-specific IgA after the first
year of life (P<.01 in both groups; Figure 1-B). Although
levels subsequently decreased in Denver residents, IgA anti-
body levels remained elevated in persons in Soongnern
throughout adulthood. This persistent elevation in IgA
stands in marked contrast to the decline in specific IgM levels
in adults in Soongnern, suggesting that G lamblia-specific
IgA antibodies may reflect recurrent exposure to the parasite.
Compared with the Denver residents, Soongnern residents
showed a significantly higher level of G lamblia-specific IgA
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Figure 1.—Age-specific serum antibody levels to Giardia lamblia are
shown for 210 persons in the United States (O) and 207 Thai villagers
(®@). Points represent the mean (+ standard error) optical density
values by enzyme-linked immunosorbent assay for (A) immunoglob-
ulin (Ig) M, (B) IgA, and (C) IgG. The number of serum specimens
tested in each age group for the US/Thai populations is as follows:
cord blood, 13/12; younger than 1 year, 41/41; 1 to 4 years, 60/60; 5 to
19 years, 35/34; 20 to 39 years, 27/28; 40 to 59 years, 21/20; and 60
years orolder, 13/12.
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TABLE 1.—/dentification of Giardia lamblia in Stoo/ Specimens in Denver, Colorado, and
Soongnern, Thailand, 1981 Through 1985

Ii;ggratmies of the University of Colorado, Denver

respectively—Denver, 1985 (Novotny et ai23),

Number With
Age, Number G lamblia
Location years Sample Source Studied
Denver ............ All ages Clinical specimens* 10,803 799 ( 7.4)
Soongnern . ......... All ages Randomly selected villagers 537 113 (21.0)
Denver ............ 1-4 Randomly selected toddlerst 315 45 (14.3)
Soongnern .......... 1-4 Randomly selected villagers 102 27 (26.5)t
Denver ............ 20-39 Healthy adults 44 0 (0.0
Soongnern . ......... 20-39 Randomly selected villagers 136 19 (14.0)t

*Specimens were submitted to the Colorado Degarlmem of Health, excluding refugee screening, and to the Clinical Microbiology
eneral Hospital, and the Veterans Administration Medical Center, Denver, 1981 to

tRandomly selected toddlers came fro'% day-care centers (n=236) and non-day-care centers (n=79)—16% and 9% with G lamblia,

$Denver population compared with population in Soongnern, P<.01.

at all ages (P<.05), but the differences were most striking
among adults (Figure 1-B).

The levels of G lamblia-specific IgG in cord blood speci-
mens from Soongnern, reflecting maternal antibody levels,
were significantly higher than from Denver (mean optical
density, 0.180 +0.02 versus 0.10 +0.01; P<.004; Figure
1-C). Similar to those of IgM, specific IgG levels were sig-
nificantly higher in the 1- to 4-year-old group compared with
children younger than 1 year in both Denver and Soongnern
(P<.001). Similar to those of IgA, levels of specific IgG in
subjects in Soongnern remained elevated throughout life.
Specific IgG antibody levels were highest in persons aged 20
to 39 years in the Denver population and then fell signifi-
cantly in later life.

Although all data are presented as mean optical density
levels, analysis of these data according to median optical
density levels or percent of serum specimens above a
threshold value produced similar results. No clear bimodal
distribution of values was noted in any group. Using a
threshold value as a cutoff, more than 80% of Thai adults
(=20 years of age) were seropositive for G lamblia-specific
IgA compared with less than 20 % of adults in Denver.

Farasitology

Giardia lamblia organisms were identified more com-
monly in randomly selected Thai villagers than among
symptomatic Denver residents (Table 1). Among healthy
persons in both Soongnern and Denver, G lamblia was iden-
tified more often in the young children than in adults. Age-re-
lated differences in rates of carriage were most striking be-
tween adults in the two areas (Table 1).

Discussion

The age-specific levels of antibodies to G lamblia in
Denver and in Soongnern, Thailand, show similarities in the
younger age groups in all antibody classes but notable differ-
ences later in life, particularly in specific IgA levels. The
early increase in parasite-specific IgM levels in both Denver
and Soongnern populations may parallel the intensity of ex-
posure to G lamblia early in life. The IgM antibody class is
most commonly associated with acute exposure to patho-
gens, including G lamblia.?* In Denver, the rate of G lamblia
infection per population is highest in children aged 1 to 4
years,? and many urban toddlers excrete G lamblia (Table
1).?* Similarly, in Soongnern, children are more often in-
fected than adults.

The age-related pattern of G lamblia-specific IgG and
IgA levels is similar in Thais. In contrast to those of para-
site-specific IgG and IgM, levels of parasite-specific IgA
more clearly distinguish between populations in Soongnern
and Denver. Asymptomatic carriage of G lamblia is common
among adults in developing countries,'*¢-2*2% including in
Soongnern where 14 % of otherwise healthy adults surveyed
excreted the parasite. Rates of excretion of G lamblia among
healthy adults in the United States are generally much lower
(Table 1).2¢ During an outbreak of waterborne giardiasis,
levels of parasite-specific IgA correlated best with exposure
to the parasite,?’ and specific IgA may also best reflect expo-
sure to the parasite in these populations. The parasite-
specific IgA detected in serum may be produced systemically
or it may originate in part from local intestinal antibody
production.?®

The specific IgG peak in the serum from adults aged 20 to
39 years in Denver corresponds to the peak number of cases
of G lamblia reported by age in Colorado; 40% of reported
cases of G lamblia occur in this age group.?? In the Soong-
nern population, the IgG pattern by age is comparable to that
described in Panama,?® which suggests a similar pattern of
exposure. The degree of protection for infants against G
lamblia infection from parasite-specific IgG in cord blood is
not known. In previous studies, these specimens were tested
for antibodies to rotavirus, the heat-labile enterotoxin of E
coli, Norwalk virus, hepatitis A virus,* and C jejuni.?' The
results from Soongnern are similar to the patterns for C
Jejuni-specific IgM and IgA in the same Thai population,*!
particularly with the progressive rise in levels of IgA with
age, which may reflect ongoing exposure. Similarly, levels of
antibody to rotavirus, an infection that causes illness pri-
marily in young children but not in adults, increase early in
life in Soongnern residents and remain elevated throughout
life.%®

That G lamblia infections in Thai adults are most often
asymptomatic whereas in urban US adults, infection often
leads to illness may be explained in several ways. Geographic
differences may exist in the pathogenicity of G lamblia
strains.*?-** High rates of asymptomatic excretion among US
day-care-center toddlers’-® and homosexual men®-*° in asso-
ciation with recurrent exposure, however, argue against this
hypothesis. Moreover, travelers to developing countries may
become ill with G lamblia strains acquired in those coun-
tries.® Alternatively, local intestinal conditions that are con-
ducive to the growth of G lamblia®*-** or to the expression of
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virulence factors, similar to those proposed for Entamoeba
histolytica,*® may differ in different populations in the two
countries. Finally, immunity to the virulence factors causing
G lamblia-associated illness may develop in persons with
recurrent exposure or the strains may mutate on exposure to
a specific antibody.*’ In this regard, symptoms were reported
in 12 of 14 (86 %) Bangladeshi infants newly infected with G
lamblia but in only 1 of 27 (4%) infected mothers.?* More-
over, most children in Thailand and Peru with G lamblia
infection are asymptomatic.**~** Antibody to G lamblia may
be a marker of immunity as parasite-specific levels are ele-
vated in healthy Thai adults and in healthy homosexual
men.*® Antibody to G lamblia may be required for immunity
as evidenced by the high rates of illness among G lamblia-
infected persons with hypogammaglobulinemia'’-*® and by
the protective effects of G lamblia-specific IgA in breast
milk.?

Levels of parasite-specific IgM may provide a useful tool
for determining rates of acute exposure to the organ-
ism'?:2'-33 in populations. Levels of specific IgA may corre-
late more closely with recurrent exposure. Continued expo-
sure to the organism is likely required to maintain specific
antibody in serum as levels decline steadily over six months
following an initial infection (E.N.J., unpublished data,
1986). The ability of antibodies to G lamblia to provide
protection against G lamblia-associated illness by inhibiting
adherence,* modifying surface antigens,*” or killing the or-
ganism***! remains a stimulating area for investigation.
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