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Objective: Malabsorption of iron has been reported in children with symptomatic giardiasis. The aim of this
study was to evaluate intestinal absorption of iron in children with asymptomatic giardiasis and iron deficiency
anemia.

Subjects: Based upon results of blood hemoglobin and stool examination, two groups were established:
asymptomatic giardiasis and anemia, and anemia without intestinal parasitosis (control group). Patients were
aged 1-6 years. There was no difference in age, weight, height, or iron nutritional status between the
asymptomatic giardiasis and control groups on admission to the study.

Measures: Intestinal absorption of iron was evaluated using the iron tolerance test and the hemoglobin
response to iron therapy. The serum iron tolerance test was based on the increment of iron level 2 hours after
administering an iron load of 1 mg/kg of elemental iron in the form of ferrous sulfate, in comparison to the
fasting iron level. Hemoglobin response to oral iron therapy was determined by the increment of hemoglobin on
day 30 of therapy with ferrous sulfate (5 mg/kg/day of elemental iron).

Resuits: There was no statistical difference between the asymptomatic giardiasis and control groups with
reference to the iron tolerance test (159.1 = 73.1 ug/dl and 154.5 = 76.5 ug/dl, respectively) and to the
hemoglobin response to iron therapy (1.5 = 0.7 g/dl and 1.8 * 1.1 g/dl, respectively). The presence or absence
of trophozoites of Giardia lamblia on duodenal aspirate did not affect intestinal absorption of iron.

Conclusion: Asymptomatic giardiasis did not affect the intestinal absorption of iron and the hemoglobin

response to oral iron therapy in iron-deficient anemic children.

INTRODUCTION

Giardia lamblia, the most common human enteropathogenic
protozoan [1], can cause acute and chronic diarrhea [1,2].
However, most human beings with giardia infection do not
present symptoms despite eliminating Giardia lamblia cysts in
the stool for several months {3,4]. Abnormalities of intestinal
absorption of fat, D-xylose, vitamin A, vitamin B12, and folic
acid [5-7] as well as deconjugation of bile salts [6,8] and
bacterial overgrowth in the upper portion of the small intestine
[8,91, have been reported associated with symptomatic and
asymptomatic Giardia lamblia infection. Moreover, morpho-
logic abnormalities in the small intestine have been described
in both symptomatic and asymptomatic giardiasis [2,5,6].

Iron deficiency is still a very important problem in public
health, especially among children living in developing coun-

tries [10], where the incidence of giardiasis is higher than in
developed countries [2]. Despite evidence of iron malabsorp-
tion in symptomatic giardiasis demonstrated with the serum
iron tolerance test [11,12], there are no data pertaining to iron
absorption in asymptomatic giardiasis. .

In this study, we evaluate the intestinal absorption of iron in
children with iron deficiency anemia and asymptomatic giar-
diasis using the serum iron tolerance test and the hemoglobin
response to oral iron therapy.

MATERIAL AND METHODS

Patients

The study was approved by the Ethics Committee of the
Escola Paulista de Medicina and was carried out with the
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consent of the parents of children in the outpatient clinic of the
Pediatric Gastroenterology Division, Escola Paulista de Medi-
cina, Sdo Paulo, Brazil. Of 240 children aged 1-6 years re-
ferred for clinical manifestation of iron-deficiency anemia, 50
patients who met the following criteria were enrolled in the
study: 1) hemoglobin level <11.0 g/dl; 2) three stool exami-
nations on non-consecutive days with negative results for in-
testinal parasites or positive only for Giardia lamblia; 3) neg-
ative occult blood test in the stool; 4) no diarrhea, abdominal
pain or abdominal distension in the previous 2 months; 5) no
iron therapy or use of anti-Giardia drugs in the previous 4
months; and 6) weight for age, height for age and weight for
height between the Sth and 95th centiles of the NCHS tables
[13].

Children who exclusively excreted cysts of Giardia lamblia
were assigned to the asymptomatic giardiasis group, while
those with three negative stool examinations were allocated to
the control group (iron-deficiency anemia without intestinal
parasitosis). Because trophozoites may be present in the intes-
tinal secretion even when stool examination is negative {14,15],
duodenal aspirate was examined for trophozoites of Giardia
lamblia on admission to the study in patients of both giardiasis
and control groups.

Children with other intestinal parasitosis or hemoglobin less
than 6.0 g/dl were not enrolled in the study.

Evaluation of Iron Intestinal Absorption

The serum iron tolerance test is a simple method to evaluate
intestinal iron absorption based on the increment of iron in the
serum after administration of a small dose of iron. This method
in adults provides good correlation” with radioisotope tech-
niques {16,171, and can identify the increment of iron absorp-
tion in children with iron deficiency [11,12,18,19].

Hemoglobin response to oral iron therapy is another method
to evaluate iron absorption, but it is applicable only to overtly
anemic children with iron deficiency [20). The hemoglobin
response to oral therapy is also considered the gold standard for
the diagnosis of iron deficiency [21-23].

Study Design

On day O, after an overnight fast, a blood sample was
collected to assess the iron status and to function as the baseline
for the serum iron tolerance and D-xylose absorption tests. One
mg/kg of elemental iron in the form of ferrous sulfate (Fer-in-
sol®, Mead Johnson) was then administered and 1 hour later,
D-xylose (15 g/m? of body surface) was administered in a 10%
water solution [18]. Blood was collected to determine 1-hour
D-xylosemia and the increment of iron in the serum 2 hours
after the administration of the test dose of ferrous sulfate [18].
On the same day, oral iron therapy was started as ferrous sulfate
(Fer-in-sol®, Mead Johnson) 5 mg/kg/day of elemental iron in
two doses. The medication was given to the patients’ parents,
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and treatment compliance was confirmed on return visits by the
volume of medication consumed. No anti-Giardia drugs or
dietary guidance were given. On day 30, a blood sample was
collected to determine the hemoglobin response to oral iron
therapy, and a sample of stool was examined for intestinal
parasites.

Exclusion Criteria

The development of infectious disease during oral iron
therapy was a criterion for exclusion because it may produce
iron malabsorption [24]. Other exclusion criteria were con-
sumption of less than 80% of the prescribed doses of ferrous
sulfate, or acquisition of intestinal parasitosis during the oral
iron therapy.

Methods

Stool examination was performed using Hoffman (sedimen-
tation method) and Ritchie (formol-ether method) concentra-
tion techniques [25]. Occult blood test was investigated by the
Feca-Cult method. Trophozoites of Giardia lamblia in duodenal
aspirate were investigated by the Kamath and Murugasu
method [26). Erythrocyte number and mean corpuscular voi-
ume were determined by a Coulter/Coulter T890. Hemoglobin
was determined by the cyanometahemoglobin method and sed-
imentation rate by the Westergren method [27]. Serum iron was
measured by the spectrophotometric method of batofenantro-
line using reagents from Merck (Merckotest-iron 3307R). Se-
rum transferrin was determined by radial immunodiffusion
employing Nor-Partigen-Behring plates. Serum ferritin was
measured by enzyme immunoassay (Ferrizyme-Abbott). Blood
xylose concentration was determined by Roe and Rice method
[28]. Statistical analysis was performed using the Minitab 6.1
software {29].

RESULTS

All patients in both groups presented at least two of the
following criteria thus confirming that iron deficiency was the
etiology of the anemic status: transferrin saturation <15%,
serum ferritin <12 ng/ml, and/or an increase in the hemoglobin
level (>1.0 g/dl) after 1 month of oral iron therapy started on
admission to the study [22].

Of the 50 patients who started the study, 38 completed the
30-day study protocol, including 19 in the giardiasis group and
19 in the control group. Both groups had the same number of
boys (n = 10) and girls (n = 9). Twelve patients were ex-
cluded, including two who developed a respiratory-tract infec-
tion during iron therapy, four who acquired intestinal parasito-
sis after admission to the study, and six due to lack of
compliance with the iron therapy.
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Table 1 shows patients’ data upon admission to the study.
Both groups had similar data concerning age, sex, weight,
height and iron status.

Table 2 depicts the results of the serum iron tolerance test,
the hemoglobin level prior to and on day 30 of oral iron therapy
as well the increment of hemoglobin, and 1-hour D-xylosemia.
There was no statistical difference between the giardiasis and
control groups.

None of the patients in the control group presented tropho-
zoites of Giardia lamblia in duodenal aspirate, but they were
identified in eight (42%) of 19 patients in the asymptomatic
giardiasis group. Table 3 presents hemoglobin levels, hemo-
globin response to oral iron therapy, serum iron tolerance test
and 1-hour D-xylosemia in the giardiasis group based on the
presence or absence of trophozoites in intestinal secretion.

DISCUSSION

QOur study was designed to investigate whether the iron
tolerance test indicates iron malabsorption in asymptomatic
giardiasis as it has previously been described in symptomatic
giardiasis {11,12}, and if asymptomatic giardiasis can decrease
the hemoglobin response to oral iron therapy. Our results did
not show any evidence of intestinal malabsorption of iron in
children with asymptomatic giardiasis and iron-deficiency ane-
mia compared to the control group of iron-deficient anemic
children without intestinal parasitosis. We studied only children
with iron-deficiency anemia because the presence of anemia is
essential in order to analyze the hemoglobin response to oral
iron therapy and facilitates the interpretation of the oral iron
tolerance test. Additionally, iron-deficient patients should
present increased intestinal absorption of iron compared to
iron-sufficient individuals.

We previously analyzed the efficacy of the serum iron

Table 1. Giardiasis Group and Control Group on Admission
to Study

Giardiasis (n = Control
19) (n=19)

Age (months) 377 £18.8 36.6 = 19.6
Weight (kg) 143 x40 139 £ 4.6
Height (cm) 941+ 114 92.0 = 12.7
Erythrocytes (mtl) 45*0.5 44+06
VCM (1) 73.3+938 753 £ 10.6
Hematocrit (%) 33 (31-34) 33 (31-34)
Hemoglobin (g/dl) 102 1.0 97+13
Sedimentation rate (mm) 15 (6-21) 9 (5-20)
Serum iron (ug/dl) 447 (31.0-64.9)  34.5 (19.3-67.3)
Transferrin (mg/dl) 352 (290419) 387 (323-499)
Transferrin saturation 14.9 (8.4-19.8) 9.1 (4.9-20.4)
Serum ferritin (ng/ml) 79 (2.3-18.0) 3.7 (0.9-17.8)

Mean * SD, ¢ test.
Median and (P,5~Py5), Mann-Whitney test.
Giardiasis X control: p > 0.05 for all.

Table 2. Serum Iron Tolerance Test, Hemoglobin on Day-0
and Day-30 of Oral Iron Therapy, Hemoglobin Response to
Oral Iron Therapy and 1-Hour D-Xylosemia on

Asymptomatic Giardiasis and Control Groups -~ = | . i
Giardiasis ‘Control "
(n=19) n=19)" ' ‘
Serum iron tolerance o f
test (pg/dl) 159.1 + 73.1 1545 £ 76.5 - !
Hemoglobin day 0 - :
(g/dl) 10.1 1.0 9.7*13
Hemoglobin day-30 ) ‘
(g/dl) 11.5+12 114 £ 09 ,
Hemoglobin response . |
to iron therapy
(g/dl) 15 +£07 1811
1-Hour D-xylosemia
(mg/dl) 26.9 =104 306 = 6.1

Mean *+ SD, t test.
Giardiasis X control: p > 0.05 for all.

Table 3. Serum Irop Tolerance Test, Hemoglobin on Day-0 ’
and Day-30 of Oral Iron Therapy and 1-Hour D-Xylosemia

on Asymptomatic Giardiasis With and Without Trophozoites

of Giardia lamblia on Duodenal Aspirate Examination

Present Absent

(n=238) n=11)
Serum iron tolerance test (ug/dl) 157.4 * 81.0 160.5 = 70.6
Hemoglobin day-0 (g/dl) 103 =09 10.1 £ 10
Hemoglobin day-30 (g/dl) 11.7£08 11.2 =038

Hemoglobin response to iron therapy
(g/dl) 13+08
1-Hour D-xylosemia (mg/dl) 255+ 121

16 £06
28.0x94

Mean * SD, t test.
Present X absent: p > 0.05 for all.

tolerance test in detecting the increment of intestinal iron
absorption in iron deficiency children [19]. The increment of
iron in the serum after 1 hour of administering 1 mg of
elemental iron as ferrous sulfate was 164 * 80 pg/dlin 38 tests
performed on patients with iron deficiency anemia (low hemo-
globin and serum ferritin), and 151 * 58 pg/dl in 11 tests in
children with iron-deficiency but without anemia (low ferritin
and normal hemoglobin) which were statistically higher than
the value of 89 + 57 ug/dl obtained in 40 tests performed on
iron-sufficient children (normal ferritin and normal hemoglo-
bin). In the present study, the mean and standard deviation of
the iron tolerance test were very similar in both asymptomatic |
giardiasis and control groups. These results were also very
similar to the oral tolerance test which we previously per- 5
formed in iron-deficient anemic children and described above
[19]. i
Using the iron tolerance test, De Vizia et al [11,12] dem- !
onstrated decreased iron absorption of iron in patients with



symptomatic giardiasis presenting diarrhea and/or intestinal
malabsorption syndrome, taking into consideration the results
of the iron tolerance test before and after treatment of asymp-
tomatic giardiasis [11] and the comparison of the iron tolerance
test to normative values obtained in children without intestinal
malabsorption syndrome [12]. Our results cannot be interpreted
using the normative values described by De Vizia et al {12]
because vitamin C was used in association with ferrous sulfate,
probably providing a higher increment of iron in the serum
after the test dose of ferrous sulfate.

The hemoglobin response to oral iron therapy was similar in
both groups, demonstrating that asymptomatic giardiasis can-
not be considered a common cause of lack of hemoglobin
response during treatment of iron deficiency anemia. The he-
moglobin increment mean of the control group was 0.3 g/dl
greater than the mean of the giardiasis group. However, the
mean of hemoglobin on day O of iron therapy in the control
group was 0.4 g/dl lower than the mean of the asymptomatic
giardiasis group, confirming that the lower the level of hemo-
globin before iron therapy, the greater the hemoglobin re-
sponse.

The presence of trophozoites of Giardia lamblia in intestinal
juice in eight (42%) of 19 patients in the asymptomatic giar-
diasis group is in accordance with previous studies that dem-
onstrated a relatively low positivity of duodenal aspirate exam-
ination for the diagnosis of giardiasis [30,31]. The data
presented in Table 3 demonstrate that the iron tolerance test and
the response of hemoglobin to iron therapy were very similar in
asymptomatic giardiasis, with and without trophozoites in the
intestinal aspirate.

The D-xylose absorption mean was similar in both groups,
but it was lower than the mean of normal Canadian children
(49.4 = 12.1 mg/dl) subjected to this absorption test using the
same D-xylose dose [32]. There are two possible explanations
for this finding. First, despite the fact that the patients did not
present any gastrointestinal manifestations, they could be suf-
fering from asymptomatic environmental enteropathy which
produces a decrease in the D-xylose intestinal absorption [33].
Second, it could be a consequence of iron-deficient anemia
based on previous studies that demonstrated abnormalities of
intestinal absorption [34,35] and intestinal permeability [36] in
patients with iron-deficiency anemia.

In conclusion, despite decreases in the D-xylose intestinal
absorption in both groups, asymptomatic giardiasis did not
affect the intestinal absorption of iron and the hemoglobin
response to oral iron therapy in iron-deficient anemic children.
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