Hookworm-like eggs in children’s faecal samples from a rural area of Rwanda.
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Abstract

Background: Hookworm eggs identification and quantification is usually carried out by Kato-Katz method. However various structures present in the smear may be confused with eggs of such parasites.
Objective: To document the presence of structures in Kato-Katz slides that could initially be misinterpreted as hookworm
eggs.
Method: 497 faecal samples were analysed by Kato-Katz technique, diphasic concentration technique, agar-plate coprocultive and larvae obtained were analysed by PCR and characterized by sequencing.
Result: Hookworm-like eggs were found in 159 (32%) of the samples by Kato-Katz, finally identified as Caenorhabditis
elegans by PCR technique.
Conclusion: The diagnosis of human hookworm eggs, only by the use of Kato-Katz technique can lead to false positives
because of similarities with eggs of other free-living worms, from wet soils like those of Rwanda that could contaminate
stool samples.
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Introduction
Soil Transmitted Helminths (STH) infect more than 1
billion people worldwide and is an enormous problem
of public health in tropical countries1. A national survey in Rwanda gave data of 66% prevalence of STH,
being hookworm infection of about 31%2.

the Kato-Katz technique3-5 because of its easy use in
the field, its low cost and its non-invasive nature. For
those reasons, the Kato-Katz technique is the method
of choice in parasitological surveys6,7. However, for the
detection of hookworms this technique has a relatively
poor sensitivity5, this may occur, because of the rapid
clearing of hookworm eggs with time5,8. A long period
One of the most commonly stool examination tech- from ejection of faeces until the preparation of slides,
niques applied for detection of STH ova in stools is together with the time from Kato-Katz preparation until the beginning of the microscope examination, makes
this technique less sensitive4. In addition, another problem is the similar shape of hookworm eggs with other
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tween 6 and 18 years old; mean: 11.0; SD: 2.32) from the
rural area of Nemba Sector, that it is placed in the Gakenke District (located at an altitude between 1.700 and
2.700 meters), on the Northern Province of Rwanda,
were collected during the dry season between August
and September of 2011. For the samples collection,
children were instructed to place the sample directly
on the plastic collection tube. Samples were analysed
by a) diphasic concentration technique, to know the entire parasite spectrum6; b) Kato-Katz technique for the
identification and quantification of eggs of helminths9,
and c) by agar-plate coproculture for the detection and
identification of STH species with free-living larvae10.
Considering that eggs of different hookworm species
are difficult to distinguish and can be confused with
those of hookworm-like species, to avoid this, proper
identification can be made after hatching the eggs and
cultivating larvae11.
Ethics statement: Written informed consent was obtained from each parent or tutor before sampling. The
research protocol was reviewed and approved by the
local authorities and by the bioethics committee of the
University Miguel Hernández de Elche, Alicante, Spain
(record num: DF-MPA-001-11).
Molecular characterization: DNA extraction was
done from the pellet obtained after centrifugation of
larvae culture preserved in ethanol 70% (6.000 rpm in a

bench top microcentrifuge for 10 minutes) after washing with PBS 1% twice. DNA extractions were done
with the commercial kit QIAamp DNA Mini Kit (Quiagen®, Barcelona, Spain) following the manufacturer’s
instructions. Finally, the DNA were eluted in 50 µl of
elution buffer provided with the kit. PCR were done
with oligonucleotide primers NC1 and NC2 designed
to regions of the 5.8S and 28S respectively, to amplifying a 450-580 bp region that found to be conserved
across some helminthes groups12. Direct sequencing
of the PCR products was performed with NC1 and
NC2 primers using the Big-Dye Terminator Cycle Sequencing Ready Reaction Kit V3.1 and the automated
sequencer “3730 DNA analyzer” (Applied Biosystems,
Foster City, CA). Sequences obtained were analyzed and
edited using MEGA 6 software (Molecular Evolutionary Genetic Analysis)13 and compared to GenBank®
database (U.S. National Library of Medicine, Bethesda,
USA).
Results
In the 497 faecal samples analyzed by Kato-Katz, in
159 samples (32%; IC95%: 0.2-0.3) we found the presence of eggs that were similar to those of hookworm
(Figure 1A), named as hookworm-like eggs (Figure 1B
and 1C). A total of 82 (51.1%; IC95%: 43.5-59.5) were
from males and 77 (48.4%; IC95%: 40.4-56.4) were
from females, mostly belonging to children who aged 9
years old (16.4%; IC95%: 10.9-23.0).

Figure 1. Hookworm egg in Kato-Katz technique (x400) (A); Hookworm-like
egg in Kato-Katz slide (x400) (B), Hookworm-like eggs in Kato-Katz slide
(x100) (C).

Applying the diphasic concentration technique in the ends of hookworm egg, with a range of size of 62.5 to
159 samples with hookworm-like eggs, only 2 samples 67.2 µm x 40 to 42.5 µm (average size: 65.0x 41.6 µm)
(1.2%; IC95%: 0.1-4.4) presented the typical oval round (Figure 2A).
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Figure 2. Hookworm egg (Diphasic concentration technique x 400) (A);
Hookworm-like egg (Diphasic concentration technique x 400) (B).

In the remaining 157samples (98.7%; IC95%: 95.5- µm (average size: 89.1 x 36.8 µm) were observed (Figure
99.8), hookworm-like eggs with a slightly concave side 2B). Moreover, female adult worms were also observed
and with range of size of 85.0 to 92.5 µm x 35.0 to 40.0 in two of those 157 samples (Figure 3).

Figure 3. Adult worms of C. elegans (Diphasic concentration technique x 100)

Comparing the results obtained by both techniques, and
considering the diphasic concentration technique more
precise than the Kato-Katz, the specificity (68%), sensibility (100%) and positive (1.3%) and negative (100%)
predictive values intended for Kato-Katz, revealed its
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limitations in the correct identification of hookworm
eggs.
Finally, sequence of the 500bp band obtained by PCR,
from the larvae of the 159 Kato-Katz positive-samples
agar-plate culture (Figure 4), matched with Caenorhabditis elegans, a free-living nematode.
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Figure 4. Larvae of C. elegans in water drop from the coprocultive (vision through
electronic loupe).

Discussion
A brief review of other studies showed frequent problems in the identification of hookworm eggs by microscopy. It is often reported as misdiagnosis of hookworm
eggs with other nematode species. Some researchers14-17
have found eggs that initially were classified as hookworm eggs, but with further analysis it was proved that
these eggs were of Trichostrongylus spp. Other studies15,18 also affirm that confusion between hookworms
eggs and Oseophagostum bifurcum it is possible because of similarity of eggs, because of that, a study19
used a multiplex real-time PCR to achieve the accurate
distinction between hookworms and O. bifurcum. In
addition, another study15 affirms that hookworm eggs
can also be confused with Ternidens deminutus eggs.
Also happens that eggs similar to those of hookworms
could be from plant parasitic nematode eggs, as it is the
case of Meloidogyne spp.20 and Heterodera spp.15,21-23
Finally, confusion may also occur with mite eggs15,23,24
and even artefacts such as plant cells22,23.
In the present work, it was observed that eggs of the
free-living nematode C. elegans, which can be found in
humus, compost heaps, garden soil, flowers and fruits
who have fallen on the ground25, can lead to a misclassification with hookworm eggs mainly by Kato-Katz.
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The limitations found in this Kato-Katz technique in
the correct identification of hookworm eggs, highlight
the use of several diagnostic techniques, as can be the
diphasic concentration and/or PCR, in order to perform an adequate diagnosis of hookworm.
Since the stool samples studied in the present work proceeds from northern Rwanda, a rural tropical area, it is
important to keep in mind the high incidence of Caenorhabditis species in these wet tropical areas26.
Conclusion
The diagnosis of human hookworm eggs only by the
use of Kato-Katz technique, can lead to the occurrence
of false positive results, due to similarity with those
of other free-living worms that may be present in the
stools. Because of this, to give appropriate instructions
for a correct stool sample collection, without any contact with soil, land, animal faeces, etc., it is extremely
important. Moreover, the use of several diagnostic
techniques, to achieve a correct diagnosis of hookworm
species, results evident.
Our results, together with the brief bibliographic review, emphasize the importance not only of the correct
identification of the structures found in faecal samples,
but also the importance of avoiding sample contaminaAfrican Health Sciences Vol 16 Issue 1, March 2016

tion from soil material, even when people were instruct- 11. Jozefzoon LM, Oostburg BF. Detection of hooked correctly about how to proceed with the collection worm and hookworm-like larvae in human fecocultures
of the samples.
in Suriname. The American Journal of Tropical Medicine and
Hygiene 1994; 4: 501-505.
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