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Abstract

Background: Although the Democratic Republic of Sao Tome and Principe (DRSTP) has undertaken school children-based
deworming programs against intestinal parasitic infections (IPIs) using a single dose of mebendazole annually since 2005, it re-
mains unclear as to the outcome to date. The present study intends to investigate the recent IPIs status among school children
living in capital areas of the DRSTP.

Methods: A total of 252 school children (121 boys and 131 girls) of grades 4 and 5 from 4 primary schools located in the capital
areas participated in the present study and their fresh fecal specimens were examined for the presence of any parasites using the
merthiolate- iodine-formaldehyde concentration method as conducted.

Results: The overall prevalence of IPIs was 64.7% (163/ 252). No significant gender difference in prevalence between boys
(67.8%) and girls (61.8%) was found (p = 0.3).

The majority of school children were infected with a single species of parasite (55.8%). Altogether, 12 different intestinal parasite
species were identified in DRSTP school children, of which 9 species were pathogenic and the remaining 3 were non-pathogenic.
Conclusion: Improving the detection method, sanitation facilities and personal hygiene as well as utilizing combined drugs are
all important measures to greatly reduce IPIs in DRSTP school children.
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Introduction
Intestinal parasitic infections (IPIs) still constitute one of
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Chia-Kwung Fan the major causes of public health problems in the world,

particularly in developing countries. They are estimated to
affect around 3.5 billion people globally, and 450 million
are ill as a result of these infections'. The fecal-oral route
is significant in the transmission of IPIs to humans via
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and poor sewage disposal such as the use of night soil
as fertilizer; therefore IPIs occur wherever there is pov-
erty’. IPIs deprive the poorest of the poor of their health,
contributing to economic instability and social marginal-
ization. People of all ages are affected by IPIs; however,
children are the worst affected’.

IPIs due to intestinal protozoa and helminths are re-
sponsible for some of the most devastating and preva-
lent diseases of humans, i.e., Ascaris lumbricoides, Trichuris
trichinra and hookworm, collectively referred to as soil-
transmitted helminths (STHs), and are the most common
intestinal parasites*; while Giardia zntestinalis and Entamoe-
ba histolytica, which cause diarrhea are the most prevalent
intestinal protozoan parasites worldwide with about 200
million people currently infected””. Another common in-
testinal protozoon is Blastocystis hominis®.

Epidemiological evidence worldwide shows that school-
aged children (SAC) are more likely to be exposed to IPIs,
and they are also more likely to be more heavily infected
than other age groups’. Since the worm burden is associ-
ated with the severity of morbidity, these SAC are like-
ly to suffer most at an age when they are both growing
and learning. Several studies indicated that STHs and/or
some intestinal protozoan infections are highly associated
with lower scores on tests of mental performance and
educational achievement in SAC investigated in Africa
and Central and South American countries'*'2,

Although limited information is available regarding the
IPIs status among inhabitants of the Democratic Repub-
lic of Sao Tome and Principe (DRSTP)"", like other
developing countries, IPIs are supposedly a major health
problem in the DRSTP due to tropical climatic and poor
hygienic conditions. However, IPIs studies in SAC are
quite rare; only two studies conducted in 1987 and 2005
indicated that the prevalence of A. lumbricoides, T. trichi-
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ura, and some intestinal protozoan infections were fairly
high in SAC"". Largely from 2005 onwards, the DRSTP
accepted the advice of non-governmental organizations
(NGOs) to begin SAC-based deworming program using
a single-dose mebendazole regimen annually.

Although several years have passed, the effectiveness of
the deworming program of SAC remains unclear to date
due to a lack of a systematic follow-up study.

We monitored the deworming effectiveness by investiga-
tion of the recent IPIs status among primary school chil-
dren living in capital areas of the DRSTP. The study may
help the DRSTP delineate effective measures against IPIs
to improve the health status of DRSTP children.

Materials and methods

Geographic description, study population and sub-
ject selection

The DRSTP consists of the two islands of Sao Tome and
Principe and a number of smaller islets in the Gulf of
Guinea. Sao Tome lies approximately 290 km from Ga-
bon on the West African coast, and the equator crosses
its Southern tip. The climate is tropical with two rainy
seasons. The total number of inhabitants in the DRSTP
is estimated to be 160,000, and the total number of in-
habitants on Sao Tome Island is approximately 150,000.
This study was carried out between 6™ and 24™ October
2010. School children of grades 4 and 5 (with a mean age
* standard deviation (SD) of 9.8 * 1.3 yr) from 4 primary
schools (SM, PT, PG and D]J) located in the capital areas
(Figure 1) who had not yet been incorporated into the
annually routine deworming program as well as these ar-
eas were reported as having poor sanitation, similar living
condition, were endemic for parasitic infections, and had
unsafe water supply were selected for enrollment in the
present study according to suggestions of the Ministry of
Health and Social Affairs.
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Stool sample collection

Prior to obtaining school children's fecal materials to ex-
amine them for the presence of any helminth ova, larva
and/or protozoan cysts/trophozoite, we distributed stool
containers (cat. no. ParaQ1, High Skill Inn., Chubei, Tai-
wan) along with a data sheet containing personal infor-
mation, e.g,, school, grade, name, gender and age, to the
participating school children and asked them to bring the
stool container back to us in the school after defecating
the next morning. After we collected the stool containers
from participating school children, individual fresh faecal
specimens were processed within 4 h and examined for
the presence of any parasites using the merthiolate-io-
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dine-formaldehyde (MIF) concentration method'®. Ovet-
all, 252 stool samples were obtained, of which 121 stool
samples were from boys and 131 stool samples were from

girls. The mean ages were similar in both genders (boys:
9.8 £ 1.4 yrvs. girls: 9.7 £ 1.3 yr).

Parasitological examination

To examine for parasites in the fecal materials, 5 ml of a
MIF solution containing 4.7 ml of a merthiolate-formal-
dehyde solution and 0.3 ml of an iodine solution (cat. no.
ParaQ3, High Skill Inn.) were added to each stool con-
tainer with a stool sample for at least 4 h. The MIF- stool
sample was then filtered through a layer of gauze in the
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bottom of the container, and the filtered solution in a
collection tube (cat. no. ParaQ2, High Skill Inn.) was cen-
trifuged at 1700 g for 2-3 min. The upper layer of clear
fluid was discarded, and the residual pellet was examined
for helminthic ova, larva and protozoan cysts/trophozo-
ites under a microscope (Olympus BX41, Tokyo, Japan)'.

Ethical approval

Ethical approval for the study was obtained from the Min-
istry of Health and Social Affairs of the DRSTP. Written
informed consent was obtained from parents, guardians
or school representatives.

Statistical analysis
Statistical analyses were performed using SPSS software
(SPSS, Chicago, 1L, USA).

Crude odds ratios (ORs) with their 95% confidence in-
tervals (CI) were estimated and p values of < 0.05 were
considered statistically significant.

Results

A total of 163 of the 252 school children were found
to have IPIs, for an overall prevalence of 64.7% (Table
1). In addition, a significantly higher infection rate of
pathogenic parasite (49.2%) than non-pathogenic para-
site (15.5%) was found in primary school children (ORs
=5.3,95% CI = 3.5-8.1, p < 0.001) (Table 1).
Altogether, 12 different intestinal parasite species were
identified in these DRSTP school children, of which 9
species are pathogenic parasites, namely 4. Zumbricoides, T.
trichiura, Strongyloides stercoralis, hookworm, Schistosoma in-
tercalatum, Hymenolepis nana, Entamoeba bistolytica/ E. dispar,
G. intestinalis, and B. hominis.

Table 1 Prevalence, infection status and crude odds ratios (ORs) with 95% confidence
intervals (CI) of intestinal parasitic infections among primary school children in capital
areas of the Democratic Republic of Sdo Tomé and Principe, West Africa

Subjects | Age, No. No. SPathogenic parasite (no., %) *Non-
mean = | examined | positive pathogeni
SD (%) c parasites
(in "STHs | "OHs | 'STHPP | 'OHPP | PP [ subtotal | ("0 7%
year)

Total 9.8 =+|252 163 28 8 13(5.2) |3(1.2) |72 124 39 (15.5)°
1.3 (64.7) (11.1) | (3.2 (28.6) | (49.2)°

Boys 9.8 =+ | 121 82 15 2 6 (5.0) 1(0.8) | 36 60 22 (18.2)¢
1.4 (67.8)° (12.4) | (1.7 (29.8) | (49.6)"

Girls 9.7 =+ | 131 81 13 6 7 (5.3) 2(1.5) | 36 64 17 (13.0)¢
1.3 (61.8)" (9.9) (4.6) (27.5) | (48.9)"

Table 1 (cont) Prevalence, infection status and crude odds ratios (ORs) with 95%
confidence intervals (CI) of intestinal parasitic infections among primary school children in
capital areas of the Democratic Republic of Sao Tomé and Principe, West Africa

Subjects Age, mean + | No. Infection status (no., %)

SD examined

(in year)

Single Dual Multiple

Total 9.8+1.3 252 91 (55.8)%" 39 (23.9)%¢ 33 (20.3)"¢
Boys 9.8+1.4 121 51 (42.2) 16 (13.2) 15(12.4)
Girls 9.7+1.3 131 40 (30.5) 23 (17.6) 18 (13.7)
§Path0genic parasite: "STHs, soil-transmitted  helminths including Ascaris  lumbricoides, Trichuris  trichiura, and
hookworm; TOHs, other helminths includingStrongyloides stercoralis, Schistosoma intercalatum and Hymenolepis

nana; *STHPP, STHs plus pathogenic protozoa; 'OHPP, other helminthes plus pathogenic protozoa;"PP, pathogenic protozoa

including Giardia intestinalis, Entamoeba

histolytica/E.

dispar; and Blastocystis hominis; "Non- pathogenic

parasites including Entamoeba coli,Endolimax nana, and Chilomastix mesnili.
30Rs = 1.3, 95% CI = 0.8-2.2, p = 0.3;’ORs = 1.0, 95% CI = 0.6-1.7, p = 0.9; “°ORs = 5.3, 95% CI = 3.5-8.1, p < 0.001; “ORs =
1.5, 95% CI = 0.8-3.0, p = 0.3; “ORs = 3.1, 95% CI = 2.0-4.7, p < 0.001; ‘ORs = 3.8; 95% CI = 2.4-5.9, p < 0.001; 2ORs = 1.2;

95% CI=0.7-2.0; p = 0.5
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The remaining 3 are non-pathogenic protozoa, namely
Ent. coli, Endolimax nana and Chilomastix mesnili (Table 1).
Among pathogenic parasite, the protozoan (28.6%,
72/252) and STHs (11.1%, 28/252) infections were the
most seen in primary school children (Table 1). No sig-
nificant gender difference in the prevalence between boys
(67.8%, 82/121) and gitls (61.8%, 81/131) was found
(ORs = 1.3;95% CI = 0.8-2.2; p = 0.3) (Table 1). Neither
the prevalence of pathogenic parasites nor non-patho-
genic parasites showed gender difference between boys
and girls (ORs = 1.0, 95% CI = 0.6-1.7, p= 0.9; ORs =
1.5;95% CI = 0.8-3.0; p = 0.3) (Table 1).

Regarding the number of IPIs in school children, the
majority of school children were infected with a single
species of parasite (55.8%, 91/163) and that it was sig-
nificantly higher than that of dual (23.9%, 39/163) and
multiple infections (20.3%, 33/163) (ORs = 3.1, 95% CI
= 2.0-4.7, p < 0.001; ORs = 3.8, 95% CI = 2.4-59,p <
0.001) (Table 1).

Discussion

IPIs remain a worldwide problem with an estimated 400
million school children worst affected. In sub-Saharan
Africa, IPIs are a major health concern, because factors
that predispose humans to infections, such as poverty,
poor sanitation, ignorance, and malnutrition, prevail”. Al-
though IPIs rarely directly cause death, they are associated
with poor growth in children, vitamin deficiencies, iron-
deficiency anemia, and poor educational performance®,
however, in the DRSTP, the severity and extent of the
IPIs problem in inhabitants including children have been
long neglected for a long time.

In 2001, during the 54th World Health Assembly, a reso-
lution was passed that set a global target of scaling up
intervention to achieve “regular treatment of at least
75% of SAC at risk of morbidity by STHs infections by
2010*". In order to achieve this target, the WHO recom-
mends deworming all pre-school children and SAC with
broad-spectrum antihelminthic drugs e.g., albendazole or
mebendazole at regular intervals'. Recently, the DRSTP
government was made aware of the severity and impact
of IPIs on health and cognitive performance of SAC due
to several investigations, which indicated a high preva-
lence of IPIs among SAC™".
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In fact, even though deworming projects have been ex-
ecuted annually during 2006-2010, it is still difficult to
obtain the data of IPIs prevalence due to no correspond-
ing units followed up the outcome. However, informal
data from some health officials was told that the IPIs
prevalence after deworming for SAC ranged 50% to 80%
around (personal communication). According to a formal
report indicating that the prevalence of IPIs among SAC
in rural areas of Lobata Province in DRSTP conducted in
2009 was high, reaching 52.2% (70/134)>.

The present study also found the high prevalence (64.7%)
of IPIs in SAC in capital areas. Both studies revealed that
the deworming effect of using an annual single dose of
mebendazole in DRSTP schoolchildren did not seem ide-
al due to the remained high prevalence of IPIs as found in
different areas in 2009* and 2010 (present study), respec-
tively. As compared to other developing countries, pres-
ent figure (64.7%) was lower than that reported in An-
gola (80%, 633/791)*; however it was significantly higher
than that seen in Turkey (31.8%, 145/456) and Palestine
(22.2%, 163/735)>**; but a similar prevalence was seen in
school children of Pakistan (52.8%, 115/218) and Carib-
bean Islands of Saint Lucia (61.6%, 341/554)**.

Although STHs and pathogenic intestinal protozoan in-
fections constituted the largest proportion of IPIs among
DRSTP school children, STHs prevalence (11.1%) were
greatly decreased as compared to those (62.0% and
32.8%) in previous studies conducted in 2005' and
2009%, respectively, reflecting that the deworming pro-
gram against STHs using a single dose of mebendazole
annually seemed valid in DRSTP. However, several re-
ports indicated that although mebendazole showed good
therapeutic profiles against A. Jumbricoides, it failed to ef-
fectively clear hookworm and T. #richinra infections®.Our
recent study also found SAC orally given a single dosage
of albendazole showed superior efficacy than mebenda-
zole in reduction rate of STHs infection (albendazole
: reduced from 43% to 8% vs. mebendazole : reduced
from 70% to 43%) (Fan et al., unpublished data). It was
therefore suggested that using albendazole or a 6-month
combination of mebendazole or albendazole with anoth-
er drug, e.g., ivermectin, in DRSTP school children might
achieve better outcomes against STHs and §. stercoralis
infection. A similar finding was also seen in Vietnam®'.
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They undertook a deworming program for Vietnamese
school children using a single dose of oral mebendazole,
but they found that it had low efficacy against hookworm
infection compared to triple mebendazole or single al-
bendazole in randomized controlled trials; thus they rec-
ommended using albendazole instead of mebendazole in
deworming programs for Vietnamese SAC*. Knopp et
al. (2010) suggested that either albendazole or mebenda-
zole combined with ivermectin may improve therapeutic
outcomes against T. #ichiura and may be considered for
use in STHs and . stercoralis control programs™.

Intestinal pathogenic protozoa seem to raise much less
interest than do STHs in most of African countries. In
fact, intestinal pathogenic protozoan infections, e.g., Ent.
histolytica, G. intestinalis, and B. hominis, are more prevalent
compared to helminthic infections as seen in DRSTP
school children, and those pathogenic protozoa were
commonly found together as well as non-pathogenic pro-
tozoa Ent. coli, End. nana, and C. mesnili which are all trans-
mitted by the fecal-oral route. More importantly, polyp-
arasitism or co-infection with either multiple intestinal
helminths and/or protozoa in DRSTP school children
is very common, and this phenomenon has already been
reported in previous studies conducted in DRSTP school
children in 1998, 2005, or 2009 and elsewhere in the other
developing world"*'7**? indicating that most school chil-
dren lack home sanitation (piped water and latrines) and
thus had greater opportunities to contact contaminated
soil and infected water when taking care of body hygiene
and domestic activities'*.

Intestinal amoebiasis, giardiasis, and blastocystiasis are
very important parasitic diseases responsible for many
deaths worldwide after malaria and schistosomiasis and
most of them are frequent causes of diarrhea in pre-
school and SAC that can lead to malnutrition which can
result in stunted growth, reduced physical fitness, im-
paired cognitive development and memory, and reduced

school attendance® %202,

Therefore, infections by intestinal helminths, protozoa,
or polyparasitism appear to be an indicator of a lack of
access to clean water and improved sanitation facilities,

21220 Improving envi-

and inadequate personal hygiene
ronmental sanitation to prevent intestinal pathogenic
protozoan and helminthic infections as well as properly

treating infected school children by considering adding
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praziquantel against S. znfercalatum and metronidazole
against intestinal protozoon to mebendazole-or albenda-
zole-alone regular deworming regimens to DRSTP SAC
appear to be urgently needed.

Diagnostics for IPIs in medical laboratories of two ma-
jor hospitals, e.g., the Central Hospital and Clinic Cen-
ter, seemed problematic; both used an insensitive direct
smear method. Although direct smear method can detect
small-sized helminthic ova and protozoan cysts/ tropho-
zoites, its disadvantage of this method cannot sometimes
detect parasites in light infection. In fact, detection of
parasites using this technique is based on high/low para-
sites in fecal samples and personal experience. Then, it
led to low/no detection rates of I1PIs in DRSTP.

So, we used MIF centrifugation technique better able to
detect all species of various intestinal helminthic and pro-
tozoan parasites in fecal specimen, which is superior to
simple smear method and good for low infection'®*!.
Because MIF can be standardized as one of basic parasi-
tological protocols wherever IPIs are common, not only
in DRSTP. Therefore, we strongly recommend that MIF
be used as the detection system for IPIs in DRSTP hos-
pitals instead of the direct smear method to greatly im-
prove the detection rate of IPIs. Consequently, this will
benefit the DRSTP in developing strategies for determin-
ing which anti-parasite drugs can efficiently be used for
deworming regimens.

Taken together, SAC are the predominate targets for
treatment, and school-based treatment delivery pro-
grams offer major cost advantages because of the use
of the existing school infrastructure and the fact that
schoolchildren are accessible through schools. Improv-
ing the detection method of IPIs, utilizing albendazole
combined with other drugs, e.g., ivermectin, praziquan-
tel, or metronidazole, in the annual deworming regimen
against trematodes (e.g., S. ntercalatum), cestodes (e.g., H.
nana) and protozoa (e.g.,, Ent. histolytica and G. intestinalis)
and improving sanitation facilities and personal hygiene
through educational approach are all important measures
to greatly reduce IPIs in DRSTP school children.
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