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Abstract. The purpose of our study wasto investigate the hematol ogical status, vitamin B,,and folic
acid absorption and intestinal pathology after Giardia lamblia infection in arat model. Adult Wistar
ratswere assigned randomly to receive human giardiacystsorally in theamount of 5x 10°or 1.0 x 10°
cysts, or none in the controls. The results showed that al the rats injected with giardia cysts became
infected. The cyst output in theinfected ratsvaried considerably. Inratsinfected with 5.0 x 10°giardia
cysts, theincubation period until cyst output was 10 days compared with 4 days in rats infected with
the higher amount of 1.0 x 10° giardiacysts. The highest peaksfor cysts output in these 2 groups were
on days 4-33, which decreased gradually to days 40-58. The hematocrit and hemoglobin levelsin the
infected rats were statistically significantly lower than in the controls on days 16, 22, 33, and 37 post-
infection (p < 0.05). A reverserelationship between giardiacyst output and hemoglobin concentration
was found in the infected rats (p = 0.05). There were no significant differencesin plasmavitamin B,
and folic acid levels between the infected rats and the control rats. No pathological changes were
found in the small intestine of infected rats. These findings suggest that giardiasis did not affect the

absorption of plasmavitamin B_, and folic acid but caused anemiain arat model.

INTRODUCTION

Giardiainfection isacommon cause of food
and water-borne diarrheain non-sanitary commu-
nities. It can cause massive outbreaks due to the
contamination of water suppliesin many devel op-
ing countries. Infections are common in children,
particularly in child-care centers, backpackers, trav-
ellers, and homosexuals. Each year, acutediarrhea
is in the top-ten diseases that cause the highest
morbidity rate in Thailand (Division of Epidemi-
ology, 1995-1999). Thisreport did not specify the
causative agents of such acute diarrhea. Reports
of specific giardiainfection levelsin Thailand are
not well documented. The clinical manifestations
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of giardiainfection vary considerably, from asymp-
tomatic to acuteinfection. Clinical signsrelated to
enteric protozoan diseases commonly involve mal-
absorption, diarrhea, weight loss or growth retar-
dation and anorexia (Hjelt et al, 1993). Chronic
infection with G. lambliaiscommon and can prob-
ably develop into acute infection (Chester et al,
1985). Giardiasis may present with severe dam-
age of the small intestine with subsequent effects
on nutrient absorption (Oberhuber et al, 1997).
Malabsorption of disaccharidesisamain compli-
cation of giardiasis (Vega-Franco et al, 1987,
Gendrel et al, 1992). However, many patientsin-
fected with G. intestinalis do not present with
symptoms or damage to the small intestine (Far-
thing, 1996).

The objective of the study was to investi-
gatethe effects of giardiainfection on hematocrit
and hemoglobin concentrations, vitamin B,,and
folic acid levels and intestinal pathological ab-
normalitiesin arat model.
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MATERIALSAND METHODS

Animals

Adult male Wistar rats weighing 230 - 250
g from the National Laboratory Animal Center,
Mahidol University, Thailand were used in this
study. All the rats were kept for 2 weeks before
starting the experiment. They were housed 1 rat
per cage with accessto food and water ad libitum.

Twenty-fiveratswere assigned randomly to
receive giardia cysts oraly, either in the amount
of 5.0 x 10° cysts (n = 5) or 1.0 x 10° cysts (n =
20). The cysts were injected directly to pharynx
of the rats using a gastric gavage no.16. Another
group received water without giardia cysts as a
control (n = 20).

Measurement of giardia cyst output

Rat feces were collected and giardia cysts
were counted daily. The sawdust was changed
after feces collection. Giardia cyst output was
measured using the Stoll dilution technique. Cyst
output was presented as an amount of cysts per
grams wet weight of feces.

Collection of blood samples

The rats were anesthesized by inhalation of
ether before drawing blood. The blood was
sampled at timeintervalsbefore and after giardia
injection. A heparinized capillary tube was gen-
tly inserted into the retro-orbital plexus of the rat
eye. When the wall of the plexus was punctured,
blood flowed out into the capillary tube to the
EDTA-coated tube. The whole blood was then
centrifuged at 2,500 rpm for 10 minutes. The
plasma was kept at -20°C until used.

Determination of hematocrit (hct) and he-
moglobin (hgb) levels

The blood in the capillary tube was spun
down at 10,000 rpm for 5 minutes for hematocrit
measurement. The unclotted blood in the EDTA-
coated tube was mixed thoroughly for the mea-
surement of the hemoglobin concentration. Hb
concentration was determined using the cya-
nomethemoglobin method.

Deter mination of plasma vitamin B_, and folic
acid levels

Plasmavitamin B,, levelswere measured us-
ing a modified techniques of radioisotopes dilu-
tion and coated charcoal (Lau et al, 1965;
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Grossowicze, 1975). Plasma folate levels were
measured using amicrobiological growth assay of
theLactobacilluscasal (Watersand Mallin, 1961).

Pathological examination of the small intes-
tine

The rats were anesthesized with 4% sodium
chlorohydrate solution. They were then infected
intracardially with 0.9% sodium chloride in the
left ventricle, followed by afixative formalin so-
[ution [containing 37% formalin, 100 ml; distilled
water, 900 ml; monobasic potassium phosphate
(KH,PO,), 4.0 g; dibasic potassium phosphate
(K,HPO,), 6.5 g] and a sodium chloride solution
under physiological pressure (approximately 120
mm of mercury or 5 ml/minute). The three parts
of the small intestine: duodenum, jejunum and
ileum, were removed and put in a fixative solu-
tionfor oneweek beforetissue embedding in par-
affin. The tissues were sectioned at 4 um thick-
ness with amicrotome (Spencer). The tissue sec-
tions were stained with hematoxylin and eosin
and mounted with permount (Fisher Scientific)
and a cover slip. Microscopic examination was
performed for pathological damage to the intes-
tine. The results were confirmed by a veterinary
pathol ogist.

Statistical analysis

Parametric comparision of means of vari-
ables was performed using the paired and un-
paired t-test. Correlation between variables was
determined by Spearman correlation coefficients.
P-values < 0.05 were considered as statistically
significant.

RESULTS

Infection rate and cyst excretion pattern in
the experimental rats

All the rats were free from other intestina
parasitic infections before starting the experiment.
Thegiardiacystswere prepared from the stool of
patients with giardiasis who were admitted to the
Bangkok Hospital for Tropical Diseases, Faculty
of Tropical Medicine. After the injection of the
human giardia cysts orally, al the rats became
infected; the cyst output varried (Fig 1). The per-
centages of infectivity in those injected with 5.0
x 10° giardiacystsand 1.0 x 10°giardiacystswere
followed-up over time, asshownin Table 1. Most
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Fig 1-Cyst excretion patternin the 5 rats exposed to 5.0
x 10° Giardia lamblia cysts (A) and 19 rats ex-
posedto 1.0x 10° giardiacysts(B) . Thegiardia
cyst output is presented asthe number of giardia
cysts per gram of feces.

of theratsinfected with 5.0 x 0° giardiacysts had
cyst output on day 10 post-exposure (60 %) The
latest day of no cyst output was on day 40 post-
exposure (1/4). Some of these infected rats had
no cyst output on days 22, 25, and 37 and post-
exposure. Theratsinfected with 1.0 x 10° giardia
cystshad earlier cyst output, day 4 post-exposure
(32%). Only one of 20 rats had no cyst output
until day 58 post-exposure. In other rats, no cyst
output was observed on days 22, 25, 37, and 55
post-exposure. The peaksfor cyst excretioninthe
5.0 x 10° cysts-exposed group were on days 10,
22, 33, and 40 post-exposure compared to days
4,10, 16, 25, and 40 post-exposure in 1.0 x 10°
cysts-exposed group. Then, cyst excretion gradu-
ally declined. However, both of these groups still
excreted cysts in feces until the end of the ex-
periment (up to day 58 post-exposure).
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Days after 5.0x 10° 1.0x 10¢
injection giardiacyst giardiacysts
group group

0 0 (0/5) 0(0/19)

4 0 (0/5) 32 (6/19)
7 0 (0/5) 53 (10/19)
10 60 (3/5) 89 (17/19)
13 80 (4/5) 95 (18/19)
16 80 (4/5) 95 (18/19)
19 80 (4/5) 95 (18/19)
22 80 (4/5) 95 (18/19)
25 80 (4/5) 95 (18/19)
29 80 (4/5) 95 (18/19)
33 80 (4/5) 95 (18/19)
37 100 (5/5) 95 (18/19)
40 100 (5/5) 95 (18/19)
49 100 (5/5) 95 (18/19)
52 100 (5/5) 95 (18/19)
55 100 (5/5) 100 (19/19)
58 100 (5/5) 100 (19/19)

() istheratio of infected ratsto total rats.

Hematocrit and hemoglobin levels in rats

Inthe control group, themean hct levelswere
lower than theinitial baseline mean on days 7,10,
and 13; the mean hgb levels on days 7, 10, 13,
19, 29, and 40 werelower than theinitial baseline.
The hct and hgb levels in the infected rats were
significantly lower than the initial baseline from
days 7 to 58 post-exposure. When comparing the
infected rats with the control rats, the hct levels
in the infected rats were significantly lower than
the control rats on days 16, 22, 33, and 37 post-
exposure (p<0.025-0.05), while the hgb concen-
trations in the infected rats were significantly
lower than the control ratson days 13, 16, 22 and
37 post-exposure (p<0.01-0.05) (Fig 2).

Plasma vitamin B, levels in rats

Theplasmavitamin B, levelsin theinfected
rats (Fig 3) were not significantly different from
the control sthroughout the experiment (p = 0.25).
After infection, the vitamin B, levelsin thein-
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Fig 2-Comparison of hematocrit and hemoglobin lev-
el's between rats exposed to 1.0 x 10° Giardia
lamblia cysts (dark symbols) and control rats
(empty symbols). Vertical bars represent the
mean + one standard deviation.
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Fig 3-Comparison of plasmavitamin B,, and folic acid
levelsbetween ratsexposed to 1.0 x 10° Giardia
lamblia cysts (dark symbols) and control rats
(empty symbols). Vertical bars represent the
mean * one standard deviation.

fected rats were lower than the baseline. In com-
paring the overall plasma vitamin B, levels be-
tween 105 control samples and the 104 infected
samples, the mean value for the vitamin B, level
in the infected rats (308 + 123 pg/ml) was not
significantly lower than the control rats (318 +
123 pg/ml) (p>0.05).

Plasma folic acid levels in rats

The plasmafolic acid levelsin the infected
rats (Fig 3) were not significantly different from
the control rats (p>0.05). There was no signifi-
cant difference between the overall plasmafolic
acidlevel from the 93 samplesin the control group
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(23.71 £ 8.29 ng/ml) and the 97 samples in the
infected group (23.36 * 8.49 ng/ml) (p>0.05).

DISCUSSION

Giardiasis causesdiverseclinical symptoms,
from asymptomatic to acute and chronic diarrhea
with or without malabsorption, in infected pa-
tients. The mechanisms by which giardiaproduces
diarrhea and malabsorption and other symptoms
are poorly understood. We have conducted this
study to examine the hematological status, vita-
min absorption, and intestinal pathology due to
giardiainfection in arat model. In general, after
injection of infective giardia cysts, cysts devel-
oped into trophozoites and inhabited the upper
small intestine of the hosts. Giardiatrophozoites
may prevent nutrient absorption in the intestine
or may cause intestinal lesions and subsequent
nutritional malabsorption.

In this study, all the rats were successfully
infected with human G. lamblia cysts. The cyst
excretion pattern fluctuated and cyst output
persistant until the end of the experiment. These
findingsare similar to those previously described
(Roberts-Thompson et al, 1976; Belosevic and
Faubert, 1983; Gillon and Ferguson, 1984). Craft
(1982) found that the infection rate varied after
theinjection of 50 giardiacystsinto rats. Thein-
cubation period continued until day 4 post-expo-
sure. The infection peaked between days 7 and
20, however, spontaneous resol ution of theinfec-
tion occurred in 96% of the rats between days 28
and 42 post-exposure. Sehgal et al (1976) reported
that only 5 out of 31 adult rats (16%) could be
infected with 3,800-6,400 human giardia cysts
during 10 days of observation. It may be that the
cyst excretion in some rats was longer than 10
days. Robert-Thomson et al (1976) showed that
mice challenged with 1,000 giardia cysts had a
maximum cyst excretion rate after 1 to 2 weeks,
then this progressively declined. This infection
resolved spontaneously by 6 to 8 weeks. Thismay
be explained by immunity to theinfection. Simon
(1922) was unable to infect 6 rats with 7.6 x 107
human giardiacysts suspended in milk, whichthe
animalshad fed on for 24 hours. The authors con-
cluded that the giardia cysts were destroyed by
the gastric juice of the animals.
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Thedecreasein hct and hgb levelsreveal that
infection with giardiasis produces anemia in in-
fected rats, which is in accordance with previous
reports (Naik et al,1982; deViziaet al, 1985). Naik
et al (1982) reported a decrease in hgb concentra-
tionin 44 patientswith giardiasis (13.4 g/dl) when
compared to the 22 controls (14.3 g/dl). The most
common presenting clinical manifestrations of
giardiainfection were diarrhea, anorexia, cramps,
abdominal pain, and weight loss in 13 out of 17
patients (Hartong et al, 1979) and in al 5 patients
with giardiasis(Ament and Rubin, 1972). Thismay
suggest that giardiasis causes decreased food in-
take in these patients and subsequently produces
anemia. De Viziaet al (1985) found that in 10 pa-
tients with giardiasis, 3 patients had a low body
weight, 4 children had anemiawith ahemoglobin
concentration of 11.5 g/dl (two had iron deficiency
at 3monthsfollow-up). After giardial treatment, 9
out of 10 patients had a prompt conversion to nor-
mal iron absorption. The authors concluded that
iron deficiency was mainly related to theimpaired
absorption of iron in giardiainfection.

No signifcant changes of vitamin B,, and
folic acid levels were observed in rats infected
with Giardia lamblia. Naik et al (1982) showed
that patients suffering from symptomatic giardia-
sisdid not have significant changes in serum vi-
tamin B, and folic acid levels; 213.51 pg/ml of
vitamin B, in 39 patients,161.00 pg/ml of vita-
min B, in 15 controls; and 11.02 ng/ml of folic
acid in 43 patients, 9.44 ng/ml of folic acid in 15
controls. Subnormal serum vitamin B,, and folic
acid levelswereseenin 5 and 3 patientsout of 19
patients, respectively. The urinary excretion of
*"Co-vitamin B, in 19 patients was not signifi-
cantly different from 13 normal subjects. There
was no correl ation between serum vitamin B, and
the intestinal absorption of vitamin B, in both
the groups: 13 controlsand 19 patients. Determi-
nation of serum vitamin B, and folic acid levels
4 weeks after the eradication of giardiainfection
showed no significant differences. Thus, G.
lamblia could not be considered as aresponsible
agent for intestinal malabsorption of vitamin B,
and folic acid (Naik et al, 1982).

Some patientswith giardiasis have devel oped
malabsorption of vitamin B,, but recovered after
drug treatment (Cowen and Campbell, 1973;
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Hartong et al, 1979; Egger et al, 1990). Twenty-
nine out of 40 symptomatic patients (72%) in one
report (Wright et al, 1977) with giardiasis devel-
oped histological abnormalitiesin the small intes-
tine and vitamin B, , malabsorption. Improvement
in absorption and jejunal morphology was observed
after giardial treatment. In 6 patients with G.
lamblia infection, one patient with genera hypo-
proteinemia and hypogammaglobulinemia had
folic acid deficiency and another one of 6 patients
had asprue-like syndromewith IgA deficiency and
vitamin B, malabsorption (Hoskins et al, 1967).
This malabsorption of folic acid and vitamin B,,
was in accordance with the results of a study in-
volving 8 patients with hypogammaglobulinemia
and gastrointestinal symptoms caused by G.
lamblia infection (Ament and Rubin, 1972). Im-
provement of folic acid and vitamin B,, absorp-
tion appeared after giardia eradication.

Cowen and Campbell (1973) reported on
radioactive vitamin B,, absorption in 3 patients
with giardiasisbeforetherapy (in plasma, 0.22%;
in urine with intrinsic factor, 3.00%) and after
therapy (in plasma, 0.64%; in urinewith intrinsic
factor, 11.3%) comparing to normal range (in
plasma, 0.67-2.19 %; in urine with intrinsic fac-
tor >8%). They interpreted the results as mal ab-
sorption of vitamin B_,, which improved after
elimination of the giardiainfection. Thiswas ex-
plained by the competition between the parasites
and hosts for vitamin B,,. Hoskins et al (1967)
reported that alower level of serumfolic acid was
present in one patient (3.2 ng/ml; normal range,
>7ng/ml) and serum vitamin B_, in another pa-
tient (<200 pg/ml; normal range, 200 to 900 pg/
ml) from atotal of 6 patientswith giardiasis. The
authors suggested thiswas dueto either competi-
tion for dietary sources of these vitamins or mal-
absorption dueto giardiainfection. Hartong et al
(2979) found low serumfolicacid levelsin4 (4.45
ng/ml) out of 11 patients (7.42 ng/ml) and low
vitamin B, levelsin 6 (6.85%) out of 10 patients
(16.5%) with giardiasis. Vitamin B,, absorption
was found to be 8.6% in patients with giardiasis
and 16.6% after treatment for giardiasis. The au-
thor suggested that morphological abnormalities
of the small intestinal mucosa may account for
changesin the absorptive function, and other fac-
tors, such as bacterial overgrowth and exocrine
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pancreatic insufficiency may also contribute to
mal absorption in some patients with giardiasis.
Malnutritional due to poor absorption with
giardiainfection is still controversial. For histo-
pathological examination of intestine found that
G. muris caused small intestinal injury and inter-
fered with nutrient absorption in infected mice
(Roberts-Thompson et al, 1976; Gillon and
Ferguson,1984; Buret et al, 1990). In the duode-
num and j&junum, where trophozoites were most
commonly found; villus atrophy and brush bor-
der enzyme deficiency was noted. In our study,
we could not find any malabsorption of vitamin
B,, or folic acid or intestinal damage, in spite of
the large number of giardiacysts. Malabsorption
of nutrients may occur when animals have intes-
tinal infestation for along time and having intes-
tinal damage. In summary, giardia infectin in a
rat model did not cause vitamin mal absorption or
intestine damage, but did cause anemia.
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