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Effect of intestinal parasite treatment on the efficacy of oral
iodized oil for correcting iodine deficiency in

1-3

Carina A Furn#{233}e, Clive E West, Frits van der Haar, and Joseph GAJ Hautvast

ABSTRACT Oral supplementation with iodized oil for cor-

rection of iodine deficiency in a population has advantages over

intramuscular injection but the duration of effect is shorter. The

relation of intestinal parasite treatment and efficacy of oral iodized

oil was examined in an intervention study in 8-l0-y-old school-

children in Malawi. Severely iodine-deficient schoolchildren with

a single parasitic infestation of Ascaris lumbricoides (n = 44),

hookworm (n = 42), or Entamoeba histolytica (n 24) were

randomly allocated to receive or not receive treatment before

taking a l-mL oral supplement (490 mg I) of iodized ethyl esters

from poppy seed oil. The urinary iodine concentration was mea-

sured at various time points after supplementation to define the

time intervals before urinary iodine concentrations returned to 0.40

.tmol/L, indicating moderate iodine deficiency. Treatment with

metronidazole for E. histolytica increased the protection period

from 2.0 to 21.0 wk (P < 0.05). For all untreated children together,
the duration of effect was 9.2 wk shorter (P < 0.001) than that for
their treated peers (16.8 wk). We conclude that intestinal parasitic

infestations reduce the efficacy of oral supplementation with io-

dized ethyl esters by interfering with absorption. Am J Clin

Nuir l997;66: 1422-7.
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INTRODUCTION

Iodine deficiency occurs in populations living in areas where
the soil has been depleted of iodine and the diet consists
predominantly of locally grown foods (1). Salt iodization is the

most efficient, low-cost means to reduce the incidence of

iodine deficiency disorders in such populations (2). An alter-

native iodine supply is required when implementation of uni-
versal salt iodization is delayed or iodized salt coverage in

remote areas is inadequate, and iodized oil may be applied in
such situations (3). There is considerable experience with in-

jections of iodized oil, which provide protection against recur-

ring iodine deficiency for up to 5 y (4). Oral supplementation

with iodized oil has economic and many practical advantages
over injections. However, high variations in effect have been
reported (5-9) and the average duration of protection is shorter,
often ranging from 6 mo to 1 y. A review of 10 studies in

various age and sex groups with widely varying oral doses

from different iodinated vegetable oils suggested that the ob-

served periods of effect were roughly related to the severity of

initial iodine deficiency (10).

Factors that may influence the absorption and retention of
oral iodized oil supplements have received little attention. It
has been shown that in children infected with Ascaris lumbri-

coides, the absorption of oral vitamin A supplements is af-
fected (1 1-13). Thus, parasitic infestation in apparently healthy

children may also reduce the absorption of iodized oil supple-
ments. Because intestinal parasitic infestations are often coen-

demic with iodine deficiency in developing countries, the

present study examined the effect of antiparasitic treatment in

schoolchildren infested with A. lumbricoides, hookworm, or

Entamoeba histolvtica on the efficacy of oral iodized oil for

correcting iodine deficiency.

SUBJECTS AND METHODS

Subjects

Subjects were selected from 8-, 9-, and l0-y-old schoolchil-
dren (n = 502) attending four primary schools in Ntcheu

District, Malawi. Approval for the study was obtained from the

National Council for Medical Research, Malawi. Schools were

chosen on the basis of having a sufficient number of school-

children and their easy access from the main highway in the

country. Prior consent was obtained from a parent or guardian

of each child. Because only apparently healthy subjects were

considered eligible, all schoolchildren were examined by a

medical assistant from Ntcheu District Hospital. Schoolchil-

dren with a significantly enlarged liver or spleen, indicative of
disease that may interfere with fat or protein metabolism, or

with a midupper-arm circumference < 15.5 cm, indicative of
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protein-energy malnutrition, were excluded from the study

(n 16).

Study design

Data were collected as part of a series of studies in appar-

ently healthy schoolchildren on factors that may affect the
efficacy of oral iodized oil for correcting iodine deficiency
(14). A. lumbricoides, hookworm, and E. histolytica infesta-

tions were studied because of the relevance of these pathogens

in the country.
Two stool and urine samples were taken from each child on

2 consecutive days. Each stool sample was examined immedi-

ately in duplicate to detect parasite ova directly in 50 mg sieved

feces by microscope in the field using the Kato-Katz thick

smear technique (15, 16). Eosin dyeing (2% eosin in saline)
and potassium iodo-iodide coloring (3 g K! and 2 g I in 100 mL
water) was applied to detect and determine flagellates or ame-

bae. A record was kept of egg counts of A. lumbricoides and
hookworm. Other parasites and species of ameba, particularly
E. histolytica (lOX objective; cysts 10-15 .am in diameter,
round, 2-4 nuclei), were diagnosed qualitatively. A subject was
classified as a cyst passer if E. histolytica cysts were noticed in

both colored smears, taken on 2 consecutive days. Stools were

examined by an experienced laboratory technician from the

Bilharzia Research Institute, Lilongwe. One in every 10 stools
was cross-examined by a parasitologist of the Department of

Intestinal Parasitology, Kamuzu Central Hospital, Lilongwe, to

ensure a correct diagnosis.
Stool examination identified 150 schoolchildren to be in-

fested by a single parasite species only. One-half of those
identified with A. lumbricoides only (n 55), with hookworm

only (n = 60), or as E. histolytica cyst passers only (n 35)

were randomly allocated to drug treatment, which took place in
accordance with national guidelines. Children positive for A.

lumbricoides received a single dose of 400 mg albendazole
(Alzental; Shin Poong Pharmaceutical Co Ltd. Seoul, South
Korea). Children with hookworm were treated with 400 mg

albendazole for 3 consecutive days. Medication of children in
these groups took place at school under supervision of a field

assistant. E. histolytica cyst passers received 200 mg metroni-

dazole (Sterling Products International Ltd, Blantyre, Malawi)
three times daily for 5 consecutive days. On each treatment

day, the early morning dose was supervised by a field assistant,
the second dose was taken under supervision of the class
teacher just before the child left school, and the third dose was
given daily to the subjects as they left school with the instruc-

tion to take the dose at home before going to bed.
Two weeks after completion of drug therapy, all children

received orally 1 mL iodized oil (Lipiodol Ultrafluide, 490 g
I/L; Laboratoire Guerbet, Aulnay-sous-Bois, France) by dis-

penser (Englass Dispensing Devices, The English Glass Co.

Ltd, Leicester, United Kingdom). One week after oral iodized

oil administration, two stool samples were collected and ex-
amined in duplicate as before to assess the cure rates of

albendazole and metronidazole.
Schoolchildren with less common parasites or multiple in-

festation (n = 306) received appropriate treatment but were not
included in this study. A placebo group (n 35), pretreated

with both albendazole and metronidazole because of mixed

infections, received 1 mL neutral poppy seed oil to monitor for

possible unidentified sources of iodine. Children without par-

asites (n = 30) were not included in the study.

Urinary iodine excretion was based on the concentration of

iodine in casual urine samples because it was not feasible to

collect 24-h urine samples (14). Urine samples were collected

before 1 100 at school under supervision of field assistants. The
iodine status at baseline was assessed from the average iodine

concentration in urine collected on 2 consecutive days before

iodized oil supplementation. Subsequent values were based on

the average iodine concentration in casual urine samples col-

lected on 3 consecutive days at the 4th, 8th, 20th, 40th, and

44th wk of follow-up.

Urinalysis

Urine samples preserved with thymol were sent to the De-

partment of Human and Animal Physiology of Wageningen

Agricultural University, where they were stored at - 20 #{176}C
before laboratory analysis. Iodine was assayed after alkaline

digestion by using the Sandell-Kolthoff reaction (17-19)

adapted for use with a microtiter plate reader (Thermomax;

Molecular Devices Corporation, Palo Alto, CA) coupled to a
personal computer equipped with special software (SOFT-
MAX; Molecular Devices Corporation). All samples were as-
sayed in duplicate and when results differed by > 10% from

their average, the duplicate analysis was repeated. The average

result was used in data analysis. The smallest concentration

detectable by the method was 0.04 �mol/L and the precision
was 0.012 �.amolIL. Recoveries of added iodate and iodide were

100% and 97%, respectively.

Statistical analysis

The urinary iodine data included for analysis were from
subjects with at least one observation at three or more of the

time points during follow-up (n = 26, 16, and 16 for treated

children and n = 18, 26, and 8 for untreated children with A.

lumbricoides, hookworm, and E. histolytica, respectively); the

average iodine concentration was used at each time point with

more than one observation (14).
A K-sample median test was applied to compare urinary

iodine concentrations of the treated and untreated groups for

each parasite species (20). In short, the 95% CI around the
median was calculated for the treated groups by using ± 2 SDs

and when a median urinary iodine concentration in the un-
treated group did not fall within the respective interval, the

difference for that time point was considered significant (P <

0.05).

Changes in urinary iodine concentration after oral iodized oil

supplementation were analyzed by a hyperbolic equation that

describes the relation between the rate of iodine excretion and

the time passed after oral administration of iodized oil without

making a prior assumption about the processes involved in

iodine retention and elimination (21):

J(T,x) (a0+ a1 XX)T_���1X�) (1)

where I is the urinary iodine concentration (�.amo1IL) at time T,

T is time (wk) after supplementation, x is the dummy variable

for untreated (0) and treated (1) subjects, a is iodine retention

(�.tmol/L) for untreated (an) or treated (a1) subjects, and �3 is

the iodine elimination rate (�.amol . L ‘ . wk ‘) for untreated

(f3�) or treated (I3�) subjects.
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TABLE 1

Intestinal parasites and baseline urinary iodine concentrations in apparently healthy schoolchildren in Ntcheu, Malawi’

No parasites Ascaris lumbricoides Hookworm Entamoeba histolytica

Age (y)2 9.5 ± 0.8 9.5 ± 0.8 9.4 ± 0.9 9.4 ± 0.9
Overall prevalence (n)3 29 (6.0) 126 (26.0) 306 (63.2) 327 (67.6)

Urinary iodine concentration (�mol/L)4 0.17 (0.12, 0.26) 0.17 (0.1 1, 0.26) 0.17 (0.06, 0.26) 0.16 (0.12, 0.26)
‘ n - 484.

2j ± SD.

3 Percentage in parentheses.
4 Median; 25th and 75th percentiles in parentheses.

The coefficients a and �3 were calculated by using the

maximum likelihood technique (22) to estimate the iodine

retentions and elimination rates in treated and untreated school-

children, separately for each of the parasite groups. These
estimates were then used to calculate the time (T*) that the
urinary iodine concentration remained elevated above a given
concentration (1*) in a respective group. In this study, 1* was
selected at 0.40 �.amol/L, the concentration suggested as mdi-
cating moderate iodine deficiency (23).

Asymptotic Student’s t values were computed to test the
significance of a difference between the iodine retention and

elimination rate for treated and untreated groups. The goodness

of fit of the model (adjusted r�) was computed to assess the

strength of the correlation between urinary iodine concentra-

tions and time for each study group.

RESULTS

The prevalence of A. lumbricoides, hookworm, and E. his-

tolytica found in the study population is shown in Table 1. Egg

counts for A. lumbricoides were all < 7000/g feces whereas
egg counts for hookworm varied between 3000 and 8000/g
feces. Cure rates for albendazole and metronidazole were 96%
and 89%, respectively. Median urinary iodine concentrations in
the groups at baseline indicated severe iodine deficiency in the
population (23). Ages and baseline urinary iodine concentra-
tions were comparable among the study groups. The urinary

iodine concentration in the placebo group remained low

throughout the study.
Patterns of urinary iodine concentration after oral iodized oil

supplementation in the different groups qualifying for statisti-

cal analysis are given in Table 2. All treated groups had

significantly higher urinary iodine concentrations (P < 0.001)

at the 4th week of follow-up. This was also the case at the 8th
week of follow-up for schoolchildren initially infested with

hookworm or E. histolytica, as well as for the total group (P <
0.05). During weeks 20, 40, and 44, urinary iodine concentra-
tions between the study groups were not significantly different
although they remained slightly higher for treated children than
for untreated children.

The efficacy coefficients iodine retention, iodine elimination

rate, and the protection period found for the different groups
are shown in Table 3. The apparent increases in iodine reten-

tion and elimination rate associated with treatment were not
significant for any of the group comparisons. However, the

duration of protection in children passing E. histolytica cysts

who were untreated and treated for the infection was 2.0 and

21.0 wk, respectively (P < 0.05; Figure 1). The adjusted r� for
E. histolytica cyst passers was 0.24. No significant differences
were found in protection periods associated with treatment in
the A. lumbricoides and hookworm groups. The period that
urinary iodine concentrations remained elevated > 0.40
�.amol/L in the total group of untreated (T0) and treated (T1*)
children was 9.2 and 16.8 wk, respectively-a difference of 7.6

wk (P < 0.001).

DISCUSSION

Because intestinal parasites are important causes of diarrhea
in which fat absorption can be reduced significantly (24), they
may also interfere with the absorption of orally administered

iodized oil. Reduced efficacy of iodized oil because of intes-
tinal parasite infestation is also biologically plausible because

malabsorption of vitamin A has been shown in children in-

TABLE 2

Urinary iodine concentrations after oral iodized oil supplementation in Malawian schoolchildren, treated or untreated for intestinal parasites’

Ascaris lumbricoides Hookworm Entamoeba histolytica Total group

Untreated Treated Untreated Treated Untreated Treated Untreated Treated

Time (n = 18) (n = 26) (n = 26) (n = 16) (n = 8)

ijino/IL

(n = 16) (n = 52) (n = 58)

0 wk 0.16 (0.1 1, 0.23) 0.17 (0.12, 0.26) 0.15 (0.06, 0.23) 0.17 (0.10, 0.25) 0.17 (0.1 1, 0.24) 0.19 (0.12, 0.27) 0.17 (0.09, 0.25) 0.16 (0.11, 0.25)

4 wk 0.57 (0.16, 1.11) 1.10? (0.42, 3.41) 0.85 (0.39, 1.79) 1.882 (0.63, 3.41) 0.27 (0.17, 0.63) 1.522 (0.54, 2.83) 0.59 (0.14, 1.29) l.20� (0.46, 3.80)

8 wk 0.45 (0.27, 0.72) 0.55 (0.31, 0.87) 0.28 (0.21, 0.91) 0.89� (0.40, 1.36) 0.17 (0.12, 0.76) 0.42� (0.21, 1.02) 0.34 (0.13, 0.89) 0.72� (0.17, 1.03)

20 wk 0.30 (0.19, 0.54) 0.34 (0.27, 0.61) 0.22 (0.15, 0.69) 0.29 (0.23, 0.89) 0.18 (0.13, 0.49) 0.33 (0.17, 0.63) 0.27 (0.13, 0.59) 0.32 (0.18, 0.72)

40 wk 0.32 (0.1 1, 0.57) 0.34 (0.1 1, 0.58) 0.32 (0.1 1, 0.58) 0.29 (0.14, 0.53) 0.18 (0.13, 0.46) 0.35 (0.16, 0.61) 0.24 (0.13, 0.47) 0.28 (0.13, 0.58)

44 wk 0.17 (0.09, 0.39) 0.27 (0.13, 0.82) 0.18 (0.09, 0.39) 0.25 (0.13, 0.47) 0.17 (0.12, 0.48) 0.25 (0.13, 0.43) 0.19 (0.13, 0.38) 0.23 (0.08, 0.43)

‘ Median; 25th and 75th percentiles in parentheses.
2.3 Significantly different from untreated: 2 p < 0.001, -‘ p < 0.05.
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TABLE 3
Efficacy coefficients of oral iodized oil supplementation in Malawian schoolchildren, treated or untreated for intestinal parasites’

.
Efficacy coefficient

. . .
Ascaris lumbricoides Hookworm

Entamoeba
. .

histo!vtica
Total group

Iodine retention (�molIL)

Untreated children 1 . I l� 0.98� 0.482 0.9l�

Treated children 2.43 1.242 3373 1.8 12

Iodine elimination rate (�amol . L’ . wk�)

Untreated children 0.42� 0.38� 0.31 0.38�

Treated children 0.632 0.49�’ 0.7 12
0.52

Protection periods (wk)5

Untreated children l2.l� 1 l.4� 2.0 9.2�

Treated children l8.4� l0.8� 2l.0� 16.8’

Difference 6.3 -0.6 l9.0� 7.6�

Goodness of fit (r2) 0. 15 0.09 0.24 0.16
I See Table 2 for the number of subjects.

2-4 Significance calculated from asymptotic Student’s t values: 2 p < 0.01 , � P < 0.05, �‘ P < 0.001.

5 0.40 �mo1/L was the urinary iodine concentration selected indicating moderate iodine deficiency.

fected with A. lumbricoides (1 1-13). Until now, however, no
study has reported the relation between intestinal parasite in-

festation and the effect of oral iodized oil supplementation for
correction of iodine deficiency.

A. lumbricoides, hookworm, and E. histolytica were com-
mon in the schoolchildren in this study. Egg counts for A.

lumbricoides were < 7000/g feces, which indicated a low

severity of infestation. The hookworm burden was moderate
but worms were not recovered after treatment, making a spe-
cific diagnosis impossible. Necator americanus is, however,

the predominant nematode reported by the Ntcheu District
Hospital, as in Malawi generally. Albendazole cure rates for A.

lumbricoides and hookworm, both nematodes of the small

intestine, were high.
E. histolytica, a parasite of the colon, is widely distributed

and occurs characteristically in endemic form. The prevalence
in schoolchildren is about the same as that in the general

population (25). Infested schoolchildren in this study were

so-called chronic E. histolytica cyst passers even though they

20 30

Time (wk)

FIGURE 1. Urinary iodine concentrations after oral iodized oil supple-

mentation in apparently healthy schoolchildren treated (broken line) and
untreated (unbroken line) for Entamoeba histolytica in Ntcheu District,

Malawi. The cutoff concentration for moderate iodine deficiency (1*; 0.40

�molIL) is indicated by the horizontal line.

did not have clinical symptoms. Although the diagnostic qual-

ity control provided confidence that the diagnosis of E. histo-

lytica was correct in this study, we are aware that what is

currently called E. histo!vtica may in fact have been two

species, one of which is invasive and the other noninvasive

(26). Unfortunately, the cysts of the two are indistinguishable

by microscope. Because the trophozoites were not examined

for blood corpuscles to differentiate between the two species,
we could not be certain which of the species was observed. The

89% cure rate achieved with metronidazole was high consid-
ering the complex schedule of treatment.

In all treated groups, the urinary iodine concentrations dur-

ing the 4th week after oral iodized oil supplementation were

significantly higher (Table 2), which suggests that the absorp-

tion of iodized oil improved after treatment for intestinal par-

asites. The iodine retention coefficients were also consistently

higher for the treated groups (Table 3), although these differ-

ences were not significant because of the high variation in

urinary iodine concentrations in the children and the small

number of observations in each group. Whereas iodine reten-

tion was better in all groups of treated schoolchildren, the

iodine elimination rate also increased, which resulted for A.

lumbricoides and hookworm in comparable periods of protec-
tion in the treated and untreated groups. The protection period

for treated schoolchildren in the E. histolvtica group was,
however, significantly longer than in untreated children.

The possible effect of A. lumbricoides or hookworm infes-

tation on the efficacy of iodized oil may have been undervalued
in this study because the worm burdens were not severe (15).

It may also be that these parasites of the small intestine have a
limited effect or no effect on the absorption of iodized ethyl
esters, as used in this study, or that the iodine dose, compared

with the initial severity of iodine deficiency, was too low to

detect a difference. Further research is needed to verify more

reliably the effect of parasite infestation of the small intestine

on the efficacy of oral iodized oil.

E. histolvtica is a parasite of the colon and because fats are
normally digested and absorbed in the small intestine it is not
immediately clear what the mechanism may have been by

which the efficacy of the oral iodized oil supplement was

affected. The iodine retention rates, elimination rates, and
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protection periods observed in untreated E. histolytica cyst

passers were lower than those of the other groups. It may be

that the ameba infestation stimulated bowel movement gener-
ally, causing a swift passage time through the gut, thus affect-
ing absorption. The urinary iodine concentration in the E.

histolytica group remained elevated for 21 wk after treatment
with metronidazole, exceeding the protection period in the
other groups. Metronidazole is a broad-spectrum antimicrobial

agent acting against a wide range of anaerobic bacteria as well
as intestinal protozoa. Bacterial overgrowth of the small intes-
tine is common in children in developing countries, leading to

deconjugation of bile salts and poor fat absorption in general
(27). The observed increase in efficacy after treatment with

metronidazole may, therefore, be the result of treating general
bacterial overgrowth in the small intestine, in addition to a

specific improvement after removal of E. histolytica.

Only two cases of Giardia duodenalis were identified in the

study population, making it impossible to study its relation
with the efficacy of oral iodized oil supplementation. G. duo-

denalis is a flagellate with a worldwide distribution and an

important cause of chronic diarrhea accompanied by impaired

fat absorption in developing countries (28-30). It may be that
like E. histolytica, G. duodenalis reduces the efficacy of oral

iodized oil.

In areas where iodine deficiency and intestinal parasites

coexist in endemic forms, antiparasitic therapy may be ad-
visable for its additional benefit in combination with oral
iodized oil supplementation. For the severely iodine-defi-
cient children who were infested with E. histolytica, metro-
nidazole treatment appeared particularly valuable. In hyper-
endemic areas such as the location in this study, screening

for the ameba would be inefficient. Generally, however, a
decision for universal metronidazole treatment in combina-
tion with oral iodized oil supplementation involves a

tradeoff against its teratogenicity: possible side effects and
costs. The expenditure for parasite treatment to improve

iodine retention might be compared with the cost of giving
a larger dose of iodized oil. Possible deleterious effects may

be induced by the administration of large doses of iodine,
however. Such effects have been observed in adults (9), but

to our knowledge not in children (5, 6-8).

Compared with the study of patients with intestinal parasitic
infection, the present design in which infested, nonsymptom-
atic schoolchildren were studied, is less efficient in distinguish-
ing an effect of common intestinal parasites on the efficacy of
oral iodized oil supplementation. The high variability of uri-
nary iodine concentrations after oral iodized oil supplementa-

tion and the low numbers of infested children who completed

the field study period without treatment were also limitations to
the likelihood of detecting an effect. Results of this study
nevertheless showed that intestinal parasitic infestation in ap-
parently healthy schoolchildren can reduce the efficacy of oral
iodized oil for correcting iodine deficiency. U
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