@ PLOS | RSHEAE Biseases

Check for
updates

E OPEN ACCESS

Citation: Moser W, Barenbold O, Mirams GJ, Cools
P, Vlaminck J, Ali SM, et al. (2018) Diagnostic
comparison between FECPAK® and the Kato-Katz
method for analyzing soil-transmitted helminth
eggs in stool. PLoS Negl Trop Dis 12(6):
€0006562. https://doi.org/10.1371/journal.
pntd.0006562

Editor: Marco Albonico, Univeristy of Torino, ITALY
Received: February 5, 2018

Accepted: May 25, 2018

Published: June 4, 2018

Copyright: © 2018 Moser et al. This is an open
access article distributed under the terms of the
Creative Commons Attribution License, which
permits unrestricted use, distribution, and
reproduction in any medium, provided the original
author and source are credited.

Data Availability Statement: All relevant data are
within the paper and its Supporting Information
files.

Funding: The study was funded be the Swiss
National Science Foundation (number
320030_14930/1) and the Bill & Melinda Gates
Foundation (Grant No. OPP1120972 vvww.
starworms.org). The funders had no role in study
design, data collection and analysis, decision to
publish, or preparation of the manuscript.

RESEARCH ARTICLE

Diagnostic comparison between FECPA
and the Kato-Katz method for analyzing soil-
transmitted helminth eggs in stool

KGZ

Wendelin Moser'-2, Oliver Barenbold?3, Greg J. Mirams®, Piet Cools®, Johnny Vlaminck®,
Said M. Ali%, Shaali M. Ame®, Jan Hattendorf>3, Penelope Vounatsou??, Bruno Levecke?®,
Jennifer Keiser'2*

1 Department of Medical Parasitology and Infection Biology, Swiss Tropical and Public Health Institute, Basel
Switzerland, 2 University of Basel, Basel, Switzerland, 3 Department of Epidemiology and Public Health,
Swiss Tropical and Public Health Institute, Basel, Switzerland, 4 Techion Group Limited, Dunedin, New
Zealand, 5 Department of Virology, Parasitology and Immunology, Faculty of Veterinary Medicine, Ghent
University, Ghent, Belgium, 6 Laboratory Division, Public Health Laboratory-lvo de Carneri, Chake Chake,
Tanzania

* jennifer.keiser @ swisstph.ch

Abstract

Background

Over one billion people are infected with soil-transmitted helminths (STH), i.e. Ascaris lum-
bricoides, hookworm and Trichuris trichiura. For estimating drug efficacy and monitoring
anthelminthic drug resistance, accurate diagnostic methods are critical. FECPAK®? is a
new remote-diagnostic tool used in veterinary medicine, which produces an image of the
stool sample that can be stored on an internet cloud. We compared for the first time FEC-
PAK®2 with the recommended Kato-Katz method.

Methodology/Principal findings

Two stool samples were collected from adolescent participants (age 15—18 years) at base-
line and 14 to 21 days after treatment in the framework of a randomized clinical trial on
Pemba Island, Tanzania. Stool samples were analyzed with different diagnostic efforts: i)
one or ii) two Kato-Katz thick smears from the first sample, iii) two Kato-Katz thick smears
from two samples and iv) FECPAK®2 from the first sample. Parameters were calculated
based on a hierarchical Bayesian egg count model.

Complete data for all diagnostic efforts were available from 615 participants at baseline
and 231 hookworm-positive participants at follow-up. At baseline FECPAK®2 revealed a
sensitivity of 75.6% (72.0—77.7) for detecting A. lumbricoides, 71.5% (67.4-95.3) for hook-
worm and 65.8% (64.9-66.2) for T. trichiura, which was significantly lower (all p<0.05) than
any of the Kato-Katz methods and highly dependent on infection intensity. Despite that the
egg counts based on FECPAK®2 were relatively lower compared to Kato-Katz by a ratio of
0.38 (0.32—-0.43) for A. lumbricoides, 0.36 (0.33-0.40) for hookworm and 0.08 (0.07—0.09)
for T. trichiura, the egg reduction rates (ERR) were correctly estimated with FECPAK®2,
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Conclusions/Significance

The sensitivity to identify any STH infection was considerably lower for FECPAK®2 com-
pared to Kato-Katz. Following rigorous development, FECPAK®2 might be an interesting
tool with unique features for epidemiological and clinical studies.

Author summary

About 1.5 billion people are infected with soil-transmitted helminths (Ascaris lumbri-
coides, hookworm and Trichuris trichiura). Since morbidity correlates with the number of
worms harbored by an infected individual, WHO aims to reduce moderate and heavy
infections in pre- and school-aged children by 2020. The cornerstone of estimating the
prevalence, assessing drug efficacy and monitoring drug resistance are accurate diagnostic
tools. The currently recommended Kato-Katz, has some major disadvantages like a short
processing window and low sensitivity and new diagnostic tools are needed. FECPAK®? is
an online, remote location tool developed for counting nematode eggs in sheep, cattle,
equine and Camelids fecal samples. The output of the system is an image of the sample,
which is saved and uploaded onto an internet cloud. This offers new options particularly
for low resource settings. We tested FECPAK®” for the first time for analyzing human
stool in a randomized controlled trial. We observed a baseline sensitivity of 75.6% for
detecting A. lumbricoides, 71.5% for hookworm and 65.8% for T. trichiura and an
increased sensitivity for moderate infection intensities. Despite lower sensitivity and egg
counts, FECPAK®? was able to correctly estimate egg reduction rates. Following further
development, FECPAK®? might become an important tool for soil-transmitted helminth
control programs, epidemiological and clinical studies.

Introduction

Approximately 1.5 billion people are infected with the soil-transmitted helminths (STH) Ascaris
lumbricoides, hookworm and/or Trichuris trichiura [1]. While the majority of light infections
remain asymptomatic, moderate and heavy infections are responsible for a considerable health
burden, including growth stunting, intellectual retardation, cognitive and educational deficits,
malnutrition and iron-deficiency anemia [2,3]. The estimated global STH burden was 3.3 mil-
lion disability adjusted life-years in 2016 [4]. Large scale distribution of anthelminthic drugs
(i.e. albendazole and mebendazole) to at-risk populations in preventive chemotherapy pro-
grams is the current strategy against STH infections [5]. The ultimate goal of the World Health
Organization (WHO) is to reduce burden caused by moderate and heavy infections [5].

For estimating prevalence of soil-transmitted helminthiasis, assessing infection intensities,
evaluating drug efficacy and monitoring drug resistance, accurate diagnostic methods are
essential [5-7]. The currently recommended Kato-Katz method has already been in use for
decades [8,9]. The advantages of Kato-Katz are its low cost, short sample preparation time,
simple handling and the need of only basic equipment [8,10]. However, the method has a low
sensitivity for low STH infection intensities, hookworm eggs disappear after one hour and
samples and slides for hookworm cannot be stored [11-13]. The sensitivity can be improved
by analyzing multiple Kato-Katz thick smears from several samples [12,14] or by analyzing an
increased amount of stool as it is done by the FLOTAC (1 gram) or Mini-FLOTAC (2/10
gram) system [15,16].
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Once the strategy is moving towards transmission control and STH elimination, an
increased sensitivity of the diagnostic method of choice is crucial [6]. Nowadays, several
molecular tools are available to diagnose STH infections. Although these tools show increased
sensitivity, they are time consuming, require costly laboratory equipment and highly skilled
laboratory technicians [17,18]. Therefore, the research on new diagnostic tools is necessary,
with the aim of developing a fast, simple and cost-effective method for the diagnosis of STH
infections. FECPAK®? is an online, remote location, parasite diagnostic system used in
veterinary medicine [19]. The first FECPAK system was originally established for counting
nematode eggs in sheep fecal samples [20-22]. FECPAK®? is based on the flotation-dilution
principle, similar to the McMaster method [23]. The novelty of FECPAK? is the accumula-
tion of parasite eggs into one viewing area within a fluid meniscus [24,25]. An image of the
fecal sample is then captured, is stored offline on a computer and can be uploaded onto a
cloud once connected to the internet. Subsequently, the image can be analyzed at any time by
specialists around the world.

The aim of the study was to comparatively assess the sensitivity, the associated cure rates
(CRs), the egg counts and their related egg reduction rates (ERR) based on FECPAK“? and the
Kato-Katz method (i.e. single, double and quadruplicate Kato-Katz). The diagnostic compari-
son was conducted in the framework of a clinical trial including different tribendimidine co-
administrations against hookworm infections on Pemba Island, Tanzania [26].

Methods
Ethics statement

In 2016, a randomized controlled, single-blind, non-inferiority trial evaluating the efficacy of
tribendimidine co-administrations, was conducted in Tanzania and Cote d’Ivoire. The pre-
sented data on the diagnostic comparison is based exclusively on samples collected in Tanzania
[26]. Ethical clearance was obtained from the Zanzibar Medical Research and Ethical Commit-
tee in Tanzania (reference ZAMREC/0001/APRIL/016) and the Ethics Committee of North-
western and Central Switzerland (reference EKNZ UBE-15/35). This trial is registered with
ISRCTN registry (number ISRCTN14373201). Written informed consent from parents or
legal guardians and verbal assent from participants were obtained prior to the sample collec-
tion. At the end of the study, participants remaining positive for any STH were treated with a
standard dose albendazole (400 mg) according to national guidelines [27].

Study population

The study was carried out during August and September 2016 on Pemba Island, Tanzania.
Details of the clinical trial procedure are described elsewhere [26]. Briefly, adolescents (age 15
to 18) from four different secondary schools (Wingwi, Mizingani, Wesha and Tumbe) were
asked to provide two stool samples at baseline. Hookworm positive participants were ran-
domly allocated to the treatment arms: i) tribendimidine (400 mg), ii) tribendimidine (400
mg) plus ivermectin (200 pg/kg), iii) tribendimidine (400 mg) plus oxantel pamoate (25 mg/
kg) and iv) albendazole (400 mg) plus oxantel pamoate (25 mg/kg). Another two stool samples
were collected 14 to 21 days after treatment at the follow-up visit. Participants, laboratory and
field technicians were blinded.

Parasitological methods

Kato-Katz. Fresh stool samples were labelled with a unique identification number and
transferred to the Public Health Laboratory-Ivo de Carneri. Of each stool sample, a duplicate

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0006562 June 4, 2018 3/13


https://doi.org/10.1371/journal.pntd.0006562

@‘ PLOS NEGLECTED
Z) : TROPICAL DISEASES Diagnostic comparison between FECPAK®2 and the Kato-Katz method

Kato-Katz thick smear using a 41.7 mg template [9], was prepared by experienced laboratory
technicians. Between a half and one hour after preparation-to avoid over-clearing of hook-
worm eggs [13]-the STH eggs were counted using a light microscope. For assuring diagnostic
quality, 10% of all Kato-Katz slides were randomly selected, re-examined by the study investi-
gator for A. lumbricoides and T. trichiura eggs. In case of discordant results the slides were read
a third time and discussed until consensus was reached [28].

FECPAK®®. The first stool sample collected at baseline and follow-up was analyzed with
FECPAK®? The standard operational procedure (SOP) manual was adopted for human stool
samples by Ayana and colleagues and is made available online [25]. Briefly, three grams from
each stool sample were mixed thoroughly with 38 ml tap water using a Fill-FLOTAC [16]. The
suspension was transferred to the FECPAK? sedimenter and tap water was added. After one
hour the supernatant was flushed away and 80 ml saturated NaCl flotation solution (den-
sity = 1.2) was added to the sediment, giving a total volume of 95 ml, which equates to 0.032 g
stool per ml saline. The solution was transferred to the FECPAK®? cylinder, which includes
two wire mesh sieves (apertures: outer 425 microns, inner 250 microns) to remove large
debris. The two wells of the FECPAK®? cassette were each filled with each 455 pl of the solu-
tion which combined contained 0.029 g stool. After 20 minutes, the cassette was placed into
the MICRO-I (FECPAK®? imaging unit) and a single image frame of the axisymmetric menis-
cus of each well was captured [29]. The images were uploaded onto the Microsoft Azure Cloud
system (Microsoft Corp., Redmond, WA) via the FECPAK®? software. The mark-up of the
images was done by two laboratory technicians on Pemba, using the FECPAK®? software.
STH eggs were identified on both images, marked according to the species and the combined
total egg count was automatically determined by the FECPAK? software. Quality control was
performed on half of the images in Switzerland using a computer-generated list. An image was
classified as insufficient quality and excluded in case of: blurriness, stacking bands, cracked
rods, debris, air bubbles, over and under filling of the cassette wells.

Statistical analysis

For each of the following diagnostic method i) one Kato-Katz thick smear of the first sample,
ii) two Kato-Katz thick smears of the first sample, iii) quadruplicate Kato-Katz thick smears
(two Kato-Katz thick smears of each sample) and iv) FECPAK®? from the first sample, the sen-
sitivity was determined for A. lumbricoides, hookworm and T. trichiura at baseline and follow-
up. The sample size calculated for the clinical trial [26] was deemed sufficient for this diagnos-
tic comparison.

A hierarchical Bayesian egg-count model as described by Bérenbold et al. [30] was applied
to individual level data. The Kato-Katz counts were modelled with a negative binomial distri-
bution depending on the daily egg density. The log of the mean egg density at the individual
level was assumed to vary normally between days and the mean infection intensities to be
gamma distributed in the population with a mean that reflects the mean infection intensity of
an infected individual. The model was extended with a negative binomial process, to simulate
the data obtained by FECPAK®?, with a linearly reduced daily egg density for the same indi-
vidual compared to Kato-Katz and an independent over-dispersion parameter of the negative
binomial distribution. Sample sensitivity of each test was calculated as the ratio between
observed prevalence and estimated true prevalence. We assumed a specificity of more than
98% for Kato-Katz and set an uniform prior for the specificity of FECPAK®?.

The efficacy for each treatment arm in terms of CRs (percentage of egg-negative partici-
pants with a previous infection) and ERRs (percentage of arithmetic mean egg count reduction
from baseline to follow-up) was calculated according to the four different diagnostic methods
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for all baseline positive children. CRs were calculated with imperfect diagnostic methods and
an estimate for the true value based on the egg count model was given. Varying sensitivity
between baseline and follow-up because of reduced infection intensity, show the following
relation to the “true” CRs: (1 — CRy,,,) = (1 — CR00) X %which follows from the defini-

tion of the cure rate under the assumption of no reinfections happening between baseline and
follow-up (S1 Text). For the different diagnostic methods, the sensitivity-ratio between base-
line and follow-up was calculated. In case the 95% confidence interval (CI) of the sensitivity-
ratio included 1, the apparent CRs were not significantly different from the true CR.

Eggs per gram of stool (EPG) were calculated by multiplying the single and the average of
two (duplicate) or four (quadruplicate) Kato-Katz thick smears with a factor of 24. For FEC-
PAK®? the egg counts were multiplied by a factor of 34. The true ERR was based on the reduc-
tion from baseline to follow-up of the mean infection intensity estimates from the model. The
95%-confidence intervals (CI) for the apparent ERRs of the treatments for each diagnostic
method were obtained using a bootstrap resampling approach with 5000 replications [31].

For the statistical analysis, Stata version 14.0 (Stata Corporation; College Station; Texas,
United States of America), OpenBugs version 3.2.3, Stan version 2.16.2, and R version 3.4.1
were used.

Results
Study flow

Stool samples from 1,005 participants were collected (Fig 1). Data of 391 participants were
excluded: 142 provided only one stool sample, the sample of 105 participants were not ana-
lyzed with FECPAK®? because of technical issues (ID mismatch or not sufficient stool) and
FECPAK®? images from 144 from participants were classified as insufficient quality. A total of
615 participants had complete baseline data and 384, 330 and 579 were infected with A. lum-
bricoides, hookworm and T. trichiura, respectively (Table 1). Only 25 participants were nega-
tive for any STH. From the participants with baseline data, 308 were treated, whereas 285 were
hookworm negative and 22 were absent at treatment day. Of 308 participants randomized to
treatment 13 participants were lost to follow-up,. from 21 participants the samples were not
analyzed with FECPAK®? because of technical issues and the data of 43 participants were
excluded because of insufficient quality of the images. Complete follow-up data were available
from 231 participants.

True prevalence, sensitivity and specificity

The estimated true baseline prevalence was 64.0% (95% confidence interval [CI] 62.2-67.1) for
A. lumbricoides, 54.8% (53.1-57.9) for hookworm and 94.7% (94.0-96.0) for T. trichiura. At
follow-up, prevalence values of 5.5% (4.0-8.5), 44.3% (39.4-50.5) and 52.0% (49.8-54.7) were
estimated for A. lumbricoides, hookworm and T. trichiura respectively (S1 Table).

At baseline, the sensitivity of the quadruplicate Kato-Katz was significantly higher com-
pared to any other method with 97.7% (93.1-99.9) for A. lumbricoides, 98.3% (92.7-99.9) for
hookworm and 99.5% (98.1-99.9) for T. trichiura. In contrast, the sensitivity of FECPAK®?
was significantly lower than the single and duplicate Kato-Katz method (all p<0.05) with
75.6% (72.0-77.7) for detecting A. lumbricoides, 71.5% (67.4-95.3) for hookworm and 65.8%
(64.9-66.2) for T. trichiura. The specificity estimated for FECPAK®? was 96.9% (94.8-98.9) for
A. lumbricoides, 91.3% (89.3-93.1) for hookworm and 95.3% (91.8-97.6) for T. trichiura. Esti-
mated true prevalence, sensitivities, sensitivity-ratio and egg counts from the 231 participants
with complete follow-up data is presented in S1 Table.
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Fig 1. Study flow of stool samples collection and analysis using the single, duplicate, quadruplicate Kato-Katz and FECPAK®?.
https://doi.org/10.1371/journal.pntd.0006562.9001

The sensitivity of FECPAK“? was highly dependent on the infection intensity (Fig 2, S2
Table S). For an infection intensity of 100 EPG, the sensitivity of FECPAK® was as low as
42.9% (37.3-46.9) for A. lumbricoides, 56.3% (51.0-61.3) for hookworm and 22.2% (19.9-23.5)
for T. trichiura. The estimated sensitivity increased for moderate infection intensity according
to WHO cut-offs [8] and resulted in 82.0% (78.8-84.5) for A. lumbricoides (EPG 5000), 95.6%
(94.1-97.3) for hookworm (EPG 2000) and 70.3% (67.6-73.9) for T. trichiura (EPG 1000).

Estimation of egg counts

The estimated true mean egg counts according to the model were 18125 EPG (15024-21724)
for A. lumbricoides, 474 EPG (402-558) for hookworm and 1999 EPG (1762-2252) for T. tri-
chiura at baseline (Table 1). Data from the follow up is presented in S1 Table. The EPGs based
on FECPAK®? were several times lower at baseline and follow-up compared to the different
Kato-Katz sampling efforts. Relative to the Kato-Katz, the egg counts of FECPAK®* were
lower by an egg density-ratio (Fig 3, red line) of 0.38 (0.32-0.43) for A. lumbricoides, 0.36
(0.33-0.40) for hookworm and 0.08 (0.07-0.09) for T. trichiura.
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Table 1. Estimated true prevalence, sensitivity and arithmetic mean egg counts from the 615 participants with complete baseline data according to the four differ-

ent diagnostic methods.

A. lumbricoides

Hookworm

T. trichiura

Estimated true

Prevalence

64.0 (62.2-67.1)

54.8 (53.1-57.9)

94.7 (94.0-96.0)

Eggs per gram of stool

18125 (15024-21724)

474 (402-558)

1999 (1762-2252)

Single Kato-Katz

No. of positive participants (%)

347 (56.4)

288 (46.8)

553 (89.9)

Eggs per gram of stool

14361 (12099-16622)

509 (415-603)

1760 (1517-2003)

Sensitivity

87.8 (83.6-90.7)

85.5 (80.4-88.1)

94.8 (93.3-95.6)

Duplicate Kato-Katz

No. of positive participants %

353 (57.4)

299 (48.6)

559 (90.9)

Eggs per gram of stool

14175 (11866-16485)

474 (391-556)

1725 (1489-1961)

Sensitivity

89.8 (85.6-92.3)

89.1 (84.0-91.6)

96.1 (94.7-96.7)

Quadruplicate Kato-Katz

No. of positive participants (%)

384 (62.4)

330 (53.7)

579 (94.2)

Eggs per gram of stool

13478 (11435-15521)

434 (359-508)

1796 (1544-2048)

Sensitivity

97.7 (93.1-99.9)

98.3 (92.7-99.9)

99.5 (98.1-99.9)

FECPACK®?

No. of positive participants (%)

297 (48.3)

240 (39.0)

383 (62.3)

Eggs per gram of stool 3048 (2501-3595) 245 (197-293) 171 (148-194)
Sensitivity 75.6 (72.0-77.7) 71.5 (67.4-95.3) 65.8 (64.9-66.2)
Specificity 96.9 (94.8-98.9) 91.3 (89.3-93.1) 95.3 (91.8-97.6)

Numbers in brackets show 95% confidence interval, unless otherwise indicated

https://doi.org/10.1371/journal.pntd.0006562.t001

Cure rates

The true CRs estimated by the model and the apparent CRs according to the different diagnos-
tic methods are presented in Fig 4 and S3 Table. According to the sensitivity-ratio (SR), there
was no noteworthy difference between the true estimated and the apparent CRs for the qua-
druplicate Kato-Katz (S3 Table). For FECPAK®? the true estimated CRs for hookworm (SR

100
75
=
2
Z 50
2
O]
(%]
25
Ascaris lumbricoides
— Hookworm
— Trichuris trichiura
0 0 100 200 400 1’000
Infection intensity (EPG)
Fig 2. The estimated sensitivity of FECPAK®? based on the infection intensity.
https://doi.org/10.1371/journal.pntd.0006562.g002
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Fig 3. Scatter plot of the egg counts based on FECPAK®? and duplicate Kato-Katz egg counts. Red line indicates egg density-ratio between Kato-Katz and
FECPAK®.

https://doi.org/10.1371/journal.pntd.0006562.9g003

100

Tribendimidine

2.21, 1.88-2.63) and T. trichiura (SR 2.06, 1.83-2.36) differed significantly compared to the
true estimated CRs. Since the CRs were generally high for A. lumbricoides (CR>93%) and
most participants were cured, the sensitivity-ratio estimates had a higher uncertainty, included
one and no differences among the diagnostic method were observed (SR 1.38, 0.98-2.28,

S3 Table).

For tribendimidine or albendazole in combination with oxantel pamoate against hook-
worm, low true CRs were observed and the apparent CRs decreased with higher Kato-Katz
sampling effort. The CRs according to FECPAK®? compared to the true CRs were significantly
higher for tribendimidine-oxantel pamoate (82.6%, 68.6-92.2 versus 46.3%, 35.2-52.6) and
albendazole-oxantel pamoate (82.5%, 67.2-92.7 versus 49.2%, 36.7-56.2). Against T. trichiura,
the difference was particularly pronounced for the treatment arm tribendimidine-ivermectin

Tribendimidine-ivermectin Tribendimidine-oxantel pamoate Albendazole-oxantel pamoate

80

60

40

Cure rates (%)

20

Hookworm
Trichuris trichiura
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= 4 4 4 = 4 4 4 = 4 4 4 = 4 4 4

Fig 4. True cure rates (True) and cure rates based on a single (KK1) duplicate (KK2), quadruplicate Kato-Katz (KK4) and FECPAK®? (FP) against hookworm
and T. trichiura for the four different treatment arms. Cure rates against A. lumbricoides are not presented.

https://doi.org/10.1371/journal.pntd.0006562.g004
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with a true CRs of 34.1% (25.7-37.7), followed by the quadruplicate (38.6%, 26.0-52.4) and
duplicate Kato-Katz (50.9%, 37.3-64.4) and a significantly higher CR for FECPAK? (76.3%,
59.8-88.6). Similar, slightly less pronounced differences were found between the true and the
FECPAK®? CRs for tribendimidine monotherapy (5.5%, 1.6-8.5 versus 32.4%, 17.4-50.5) and
tribendimidine-oxantel pamoate (66.8%, 58.1-71.1 versus 92.7%, 80.1-98.5).

Egg reduction rate according to diagnostic methods

No noteworthy difference was observed between the true ERRs and the arithmetic ERRs
according to the four diagnostic methods (S4 Table, Fig 5). Despite lower EPGs for FECPAK®*
compared to any of the Kato-Katz methods, the ERRs and interval estimates remained similar
with one exception. For tribendimidine monotherapy against T. trichiura, the true ERR
(22.9%, 5.3-50.3) and the ERR determined by FECPAK®? (29.4%, -38.3-66.7), were non-sig-

nificantly higher compared to the ERRs based on the quadruplicate Kato-Katz (17.6%, -17.1-
38.8).

Discussion

New diagnostic tools are required to complement or replace the currently recommended
Kato-Katz method [8]. FECPAK®? is a remote-location, online parasite diagnostic system,
which is used in veterinary medicine. This is the first study, which compared the FECPAK®?
method in human parasitology in the framework of a randomized, clinical trial on Pemba
island, Tanzania [26]. We assessed for FECPAK®? several different diagnostic parameters
including prevalence, sensitivity and the associated CRs, egg counts, infection intensity and
the related reduction in intensity after treatment.

For FECPAK®?, sensitivity was significantly lower compared to single, duplicate and qua-
druplicate Kato-Katz for identifying any of the STH at baseline and follow-up. However, a
lower sensitivity was expected, since FECPAK®? examines only 1/34 of gram of stool com-
pared to 1/24 gram for the single, 1/12 gram for duplicate and 1/12 (day 1) plus 1/12 gram
(day 2) for the quadruplicate Kato-Katz. For detecting moderate infection intensities, the

Hookworm Trichuris trichiura
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Fig 5. True egg reduction rates (ERR) and ERRs based on single (KK1), duplicate (KK2), quadruplicate Kato-Katz (KK4) and FECPAK®? after treatment with
tribendimidine (TRB), tribendimidine-ivermectin (TRB-IVR), tribendimidine-oxantel pamoate (TRB-OXP) and albendazole-oxantel pamoate (ALB-OXP).
Egg reduction rates against A. lumbricoides are not presented.

https://doi.org/10.1371/journal.pntd.0006562.9g005
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FECPAK®? sensitivity increased to 82.0% for A. lumbricoides, 95.6% for hookworm and 70.3%
for T. trichiura. Similar characteristics have been shown for the Kato-Katz method, i.e. low
sensitivity for low infection intensities and high sensitivity for moderate and heavy infections
[12].

Since the CRs are a function of the sensitivity, and the sensitivity of FECPAK®? was highly
dependent on the infection intensity, the FECPAK®* CRs and the true CRs were significantly
different. For example, for tribendimidine-oxantel pamoate the T. trichiura infection intensity
changed from baseline (true EPG~2000) to follow-up (true EPG~100), which led to a
decreased sensitivity from 80.5% (baseline) to 22.2% (follow-up,). Therefore, the CR for FEC-
PAK®? (92.7%) was significantly overestimated compared to the true CR (66.8%) (S3 Table).
These results indicate, that in the present form FECPAK®? does not accurately estimate CRs,
which was also true for the single and duplicate Kato-Katz.

While the lower sensitivity negatively influenced the CRs, the ERRs remained unchanged,
which was already reported by Levecke and colleagues for different Kato-Katz sampling efforts
[32]. Similarly, no differences among the diagnostic methods were shown in our study. For
instance, the above-mentioned treatment example resulted in a true ERR of 94.3%, which was not
significantly different from an ERR of 95.7% with FECPAK®*(S4 Table). While the egg counts
with FECPAK® were generally lower compared to Kato-Katz, the ERRs remained equal. Thus,
FECPAK? might be an interesting tool for monitoring anthelmintic drug efficacy [5].

A lower egg recovery rate from sheep or cattle fecal samples was already observed for the
earlier FECPAK system in comparison with FLOTAC, Mini-FLOTAC and McMaster, how-
ever, no data about the performance of the new FECPAK®? was available [20,21]. The lower
recovery of eggs by FECPAK®” might be due to the inability of detecting unfertilized A. lum-
bricoides eggs and a high extent of debris covering the eggs. To overcome the problem with
high debris, a variety of different sized meshes for the FECPAK® cylinder are currently being
tested. In addition, in the FECPAK®? cassette the capillary rise of the aqueous saline generates
an axisymmetric meniscus over the cylindrical rod, which converges the eggs on the top of the
meniscus [29]. The accumulated eggs remain in a single microscopic field of view and a staged
image of the meniscus is taken with the MICRO-I. For increasing the recovery, a vibration
function in the MICRO-I might improve the egg accumulation, as suggested by Sowerby and
colleagues [29]. Further optical and image processing improvements for the MICRO-I are
under development. These improvements will speed up the processing capability of the device
and will generate higher quality images that are expected to improve the egg recovery (sensitiv-
ity) and accuracy of the image mark-up.

Obviously, the examination of only one cassette and one stool sample with FECPAK®? was
a limitation of our study. The collection of two stool samples would account for the day-to-day
variation and would increase sensitivity [30]. For example, in this study the sensitivity
increased from one analyzed stool sample (single or duplicate Kato-Katz) to two stool samples
(quadruplicate Kato-Katz) about 10%-points for A. lumbricoides and hookworm. The sensitiv-
ity-ratio indicated a weak dependence of the quadruplicate Kato-Katz on infection intensities,
which did not induce a significant bias for this study, since the sample size was rather small
and precision estimates wide. Nevertheless, the bias might become important in larger studies
with higher accuracy. By collecting samples on several days, the sensitivity of FECPAK® for
low infection intensities might improve, which would limit the bias introduced in CR esti-
mates. Hence, the analysis of two cassettes and two stool samples with FECPAK®?, should be
the subject of further studies. Additionally, the time for preparing one sample and the costs of
FECPAK®? should be compared against current established diagnostic methods.

Other limitations of this study were the loss of samples due to the mixing up of sample IDs,
insufficient amount of stool and insufficient quality of many FECPAK“? images. In more
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detail, a total of 144 (19.0%) samples at baseline and 43 (14.0%) samples at follow-up were
excluded, because of insufficient filling of the cassette or problems associated with the captur-
ing of the image (i.e. blurriness, stacking bands, cracked rods, debris, air bubbles etc.), which
was detected only during the mark-up process of the images when sample analysis could not
be repeated. With lower numbers of analyzed samples per day, larger number of laboratory
technicians, better experience with handling of the FECPAK®? the number of excluded sam-
ples might have been lower and hence these factors should be considered in future studies.

Despite the discussed limitations of FECPAK®? at the current stage of development, several
advantages are worth highlighting. The most innovative feature is the captured image, which is
saved offline, uploaded online onto an internet cloud and analyzed at any later time point. In
contrast, the major limitation of Kato-Katz is the disappearance of hookworm eggs one hour
after the preparation [13]. Moreover, stool samples cannot be stored [11], which limits the
time to control the diagnostic quality [28]. The storage of the FECPAK“? images offers new
options, especially for low resource settings. First, diagnostic results of STH can be stored for
the first time, analyzed by trained technicians around the world and quality control is not
restricted to time. Second, technicians can focus on processing the samples while analysis is
done at a later time point, potentially leading to a faster turnaround in laboratories. Third, in
case of identification discrepancies, specialist around the world can be consulted, which
improves the diagnostic results. Research is ongoing to develop an image-analysis algorithm,
which will automatically count the different helminth eggs in the future.

In conclusion, we have assessed for the first time the performance of FECPAK®? in human
parasitology, in the framework of a randomized controlled trial. Compared to different Kato-
Katz sampling efforts, FECPAK®* showed lower sensitivities and egg recovery rates. The sensi-
tivity increased with higher infection intensities. Further research is required for increasing
sensitivity and egg recovery to develop FECPAK®? as a useful addition in the near future to
the depleted diagnostic set of tools for STH infections.

Supporting information

S1 Checklist.
(DOCX)

S1 Text.
(DOCX)

S1 Table.
(DOCX)

S2 Table.
(DOCX)

S3 Table.
(DOCX)

S4 Table.
(DOCX)

Acknowledgments

We are grateful to participants from four secondary schools of Pemba, (Tanzania); the teachers
and headmasters; the Public Health Laboratory-Ivo de Carneri field and laboratory team and
Amanda Ross for statistical help.

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0006562 June 4, 2018 11/13


http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0006562.s001
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0006562.s002
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0006562.s003
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0006562.s004
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0006562.s005
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0006562.s006
https://doi.org/10.1371/journal.pntd.0006562

@‘ PLOS NEGLECTED
Z) : TROPICAL DISEASES Diagnostic comparison between FECPAK®2 and the Kato-Katz method

Author Contributions
Conceptualization: Wendelin Moser, Jennifer Keiser.
Data curation: Wendelin Moser.

Formal analysis: Wendelin Moser, Oliver Birenbold, Jan Hattendorf, Penelope Vounatsou,
Bruno Levecke.

Funding acquisition: Bruno Levecke, Jennifer Keiser.

Investigation: Piet Cools, Johnny Vlaminck, Bruno Levecke, Jennifer Keiser.

Methodology: Greg J. Mirams, Piet Cools, Johnny Vlaminck, Bruno Levecke, Jennifer Keiser.
Project administration: Said M. Ali.

Resources: Greg ]. Mirams.

Supervision: Said M. Ali, Shaali M. Ame, Jennifer Keiser.

Writing - original draft: Wendelin Moser.

Writing - review & editing: Oliver Birenbold, Greg J. Mirams, Piet Cools, Johnny Vlaminck,
Jan Hattendorf, Bruno Levecke, Jennifer Keiser.

References

1. Pullan RL, Smith JL, Jasrasaria R, Brooker SJ. Global numbers of infection and disease burden of soil
transmitted helminth infections in 2010. Parasit Vectors. 2014; 7: 37. https://doi.org/10.1186/1756-
3305-7-37 PMID: 24447578

2. Crompton D, Savioli L. Handbook of Helminthiasis for Public Health. Taylor & Francis CRC Press, Lon-
don, England; 2006

3. Loukas A, Hotez PJ, Diemert D, Yazdanbakhsh M, McCarthy JS, Correa-Oliveira R, et al. Hookworm
infection. Nat Rev Dis Primer. 2016; 2: nrdp201688.

4. GBD 2016 DALYs and HALE Collaborators. Global, regional, and national disability-adjusted life-years
(DALYs) for 333 diseases and injuries and healthy life expectancy (HALE) for 195 countries and territo-
ries, 1990-2016: a systematic analysis for the Global Burden of Disease Study 2016. Lancet. 2017;
390: 1260-1344. https://doi.org/10.1016/S0140-6736(17)32130-X PMID: 28919118

5. WHO. Soil-transmitted helminthiasis: eliminating soil-transmitted helminthiasis as a public health prob-
lem in children. Progress report 2001—-2010 and strategic plan 2011-2020. Geneva World Health
Organzation. 2012.

6. Bergquist R, Johansen MV, Utzinger J. Diagnostic dilemmas in helminthology: what tools to use and
when? Trends Parasitol. 2009; 25: 151-156. https://doi.org/10.1016/j.pt.2009.01.004 PMID: 19269899

7. McCarthy JS, Lustigman S, Yang G-J, Barakat RM, Garcia HH, Sripa B, et al. A Research Agenda for
Helminth Diseases of Humans: Diagnostics for Control and Elimination programmes. PLoS Negl Trop
Dis. 2012; 6: e1601. https://doi.org/10.1371/journal.pntd.0001601 PMID: 22545166

8. WHO. Assessing the efficacy of anthelminthic drugs against schistosomiasis and soil-transmitted hel-
minthiases. Geneva World Health Organzation. 2013.

9. Katz N, Chaves A, Pellegrino J. A simple device for quantitative stool thick-smear technique in schisto-
somiasis mansoni. Rev Inst Med Trop Sao Paulo. 1972; 14: 397—400. PMID: 4675644

10. Speich B, Knopp S, Mohammed KA, Khamis IS, Rinaldi L, Cringoli G, et al. Comparative cost assess-
ment of the Kato-Katz and FLOTAC techniques for soil-transmitted helminth diagnosis in epidemiologi-
cal surveys. Parasit Vectors. 2010; 3:71. https://doi.org/10.1186/1756-3305-3-71 PMID: 20707931

11.  Dacombe RJ, Crampin AC, Floyd S, Randall A, Ndhlovu R, Bickle Q, et al. Time delays between patient
and laboratory selectively affect accuracy of helminth diagnosis. Trans R Soc Trop Med Hyg. 2007;
101: 140-145. https://doi.org/10.1016/j.trstmh.2006.04.008 PMID: 16824566

12. Nikolay B, Brooker SJ, Pullan RL. Sensitivity of diagnostic tests for human soil-transmitted helminth
infections: a meta-analysis in the absence of a true gold standard. Int J Parasitol. 2014; 44: 765-774.
https://doi.org/10.1016/j.ijpara.2014.05.009 PMID: 24992655

13. Martin LK, Beaver PC. Evaluation of Kato thick-smear technique for quantitative diagnosis of helminth
infections. Am J Trop Med Hyg. 1968; 17: 382—-391. PMID: 5690644

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0006562 June 4, 2018 12/13


https://doi.org/10.1186/1756-3305-7-37
https://doi.org/10.1186/1756-3305-7-37
http://www.ncbi.nlm.nih.gov/pubmed/24447578
https://doi.org/10.1016/S0140-6736(17)32130-X
http://www.ncbi.nlm.nih.gov/pubmed/28919118
https://doi.org/10.1016/j.pt.2009.01.004
http://www.ncbi.nlm.nih.gov/pubmed/19269899
https://doi.org/10.1371/journal.pntd.0001601
http://www.ncbi.nlm.nih.gov/pubmed/22545166
http://www.ncbi.nlm.nih.gov/pubmed/4675644
https://doi.org/10.1186/1756-3305-3-71
http://www.ncbi.nlm.nih.gov/pubmed/20707931
https://doi.org/10.1016/j.trstmh.2006.04.008
http://www.ncbi.nlm.nih.gov/pubmed/16824566
https://doi.org/10.1016/j.ijpara.2014.05.009
http://www.ncbi.nlm.nih.gov/pubmed/24992655
http://www.ncbi.nlm.nih.gov/pubmed/5690644
https://doi.org/10.1371/journal.pntd.0006562

@ PLOS | RSHEAE Biseases

Diagnostic comparison between FECPAK®2 and the Kato-Katz method

14.

15.

16.

17.

18.

19.

20.

21,

22,

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Knopp S, Rinaldi L, Khamis IS, Stothard JR, Rollinson D, Maurelli MP, et al. A single FLOTAC is more
sensitive than triplicate Kato-Katz for the diagnosis of low-intensity soil-transmitted helminth infections.
Trans R Soc Trop Med Hyg. 2009; 103: 347-354. https://doi.org/10.1016/j.trstmh.2008.11.013 PMID:
19168197

Cringoli G, Rinaldi L, Maurelli MP, Utzinger J. FLOTAC: new multivalent techniques for qualitative and
quantitative copromicroscopic diagnosis of parasites in animals and humans. Nat Protoc. 2010; 5: 503—
515. https://doi.org/10.1038/nprot.2009.235 PMID: 20203667

Cringoli G, Maurelli MP, Levecke B, Bosco A, Vercruysse J, Utzinger J, et al. The Mini-FLOTAC tech-
nique for the diagnosis of helminth and protozoan infections in humans and animals. Nat Protoc. 2017;
12: 1723-1732. https://doi.org/10.1038/nprot.2017.067 PMID: 28771238

Pilotte N, Papaiakovou M, Grant JR, Bierwert LA, Llewellyn S, McCarthy JS, et al. Improved PCR-
Based detection of soil transmitted helminth infections using a next-generation sequencing approach to
assay design. PLoS Negl Trop Dis. 2016; 10.

Hawkins KR, Cantera JL, Storey HL, Leader BT, Santos T de los. Diagnostic tests to support late-stage
control programs for schistosomiasis and soil-transmitted helminthiases. PLoS Negl Trop Dis. 2016; 10:
€0004985. https://doi.org/10.1371/journal.pntd.0004985 PMID: 28005900

FECPAKG2: Techion Group Ltd [Internet]. [cited 11 Apr 2018]. Available: https://www.techiongroup.
com/Products/FECPAKG2

Godber OF, Phythian CJ, Bosco A, lanniello D, Coles G, Rinaldi L, et al. A comparison of the FECPAK
and Mini-FLOTAC faecal egg counting techniques. Vet Parasitol. 2015; 207: 342—345. https://doi.org/
10.1016/j.vetpar.2014.12.029 PMID: 25579397

Bosco A, Rinaldi L, Maurelli MP, Musella V, Coles GC, Cringoli G. The comparison of FLOTAC, FEC-
PAK and McMaster techniques for nematode egg counts in cattle. Acta Parasitol. 2014; 59: 625-628.
https://doi.org/10.2478/s11686-014-0282-7 PMID: 25236271

Presland SL, Morgan ER, Coles GC. Counting nematode eggs in equine faecal samples. Vet Rec.
2005; 156: 208-210. PMID: 15747658

Levecke B, Behnke JM, Ajjampur SSR, Albonico M, Ame SM, Charlier J, et al. A Comparison of the sen-
sitivity and fecal egg counts of the McMaster egg counting and Kato-Katz thick smear methods for soil-
transmitted helminths. PLoS Negl Trop Dis. 2011; 5: e1201. https://doi.org/10.1371/journal.pntd.
0001201 PMID: 21695104

Cooke IR, Laing CJ, White LV, Wakes SJ, Sowerby SJ. Analysis of menisci formed on cones for single
field of view parasite egg microscopy. J Microsc. 2015; 257: 133—141. https://doi.org/10.1111/jmi.12192
PMID: 25384843

Starworms. Starworms documents—FECPAKG2 SOP [Internet]. [cited 11 Apr 2018]. Available: https://
www.starworms.org/tools/overview/starworms-documents

Moser W, Coulibaly JT, Ali SM, Ame SM, Amour AK, Yapi RB, et al. Efficacy and safety of tribendimi-
dine, tribendimidine plus ivermectin, tribendimidine plus oxantel pamoate, and albendazole plus oxantel
pamoate against hookworm and concomitant soil-transmitted helminth infections in Tanzania and Cote
d’lvoire: a randomised, controlled, single-blinded, non-inferiority trial. Lancet Infect Dis. 2017; 17: 1162—
1171. https://doi.org/10.1016/S1473-3099(17)30487-5 PMID: 28864027

Albonico M, Crompton DW, Savioli L. Control strategies for human intestinal nematode infections. Adv
Parasitol. 1999; 42: 277-341. PMID: 10050275

Speich B, Ali SM, Ame SM, Albonico M, Utzinger J, Keiser J. Quality control in the diagnosis of Trichuris
trichiura and Ascaris lumbricoides using the Kato-Katz technique: experience from three randomised
controlled trials. Parasit Vectors. 2015; 8: 82. https://doi.org/10.1186/s13071-015-0702-z PMID:
25652120

Sowerby SJ, Mirams GJ, Hill PC, Paulin MG. An axisymmetric meniscus converges particles for micros-
copy. J Microsc. 2011; 244: 230-234. https://doi.org/10.1111/j.1365-2818.2011.03527.x PMID:
21801178

Barenbold O, Raso G, Coulibaly JT, N'Goran EK, Utzinger J, Vounatsou P. Estimating sensitivity of the
Kato-Katz technique for the diagnosis of Schistosoma mansoniand hookworm in relation to infection
intensity. PLoS Negl Trop Dis. 2017; 11: e0005953. https://doi.org/10.1371/journal.pntd.0005953
PMID: 28976979

Efron B. The bootstrap and Markov-chain Monte Carlo. J Biopharm Stat. 2011; 21: 1052—1062. https://
doi.org/10.1080/10543406.2011.607736 PMID: 22023675

Levecke B, Brooker SJ, Knopp S, Steinmann P, Sousa-Figueiredo JC, Stothard JR, et al. Effect of sam-
pling and diagnostic effort on the assessment of schistosomiasis and soil-transmitted helminthiasis and
drug efficacy: a meta-analysis of six drug efficacy trials and one epidemiological survey. Parasitology.
2014; 141: 1826—1840. https://doi.org/10.1017/S0031182013002266 PMID: 24725546

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0006562 June 4, 2018 13/13


https://doi.org/10.1016/j.trstmh.2008.11.013
http://www.ncbi.nlm.nih.gov/pubmed/19168197
https://doi.org/10.1038/nprot.2009.235
http://www.ncbi.nlm.nih.gov/pubmed/20203667
https://doi.org/10.1038/nprot.2017.067
http://www.ncbi.nlm.nih.gov/pubmed/28771238
https://doi.org/10.1371/journal.pntd.0004985
http://www.ncbi.nlm.nih.gov/pubmed/28005900
https://www.techiongroup.com/Products/FECPAKG2
https://www.techiongroup.com/Products/FECPAKG2
https://doi.org/10.1016/j.vetpar.2014.12.029
https://doi.org/10.1016/j.vetpar.2014.12.029
http://www.ncbi.nlm.nih.gov/pubmed/25579397
https://doi.org/10.2478/s11686-014-0282-7
http://www.ncbi.nlm.nih.gov/pubmed/25236271
http://www.ncbi.nlm.nih.gov/pubmed/15747658
https://doi.org/10.1371/journal.pntd.0001201
https://doi.org/10.1371/journal.pntd.0001201
http://www.ncbi.nlm.nih.gov/pubmed/21695104
https://doi.org/10.1111/jmi.12192
http://www.ncbi.nlm.nih.gov/pubmed/25384843
https://www.starworms.org/tools/overview/starworms-documents
https://www.starworms.org/tools/overview/starworms-documents
https://doi.org/10.1016/S1473-3099(17)30487-5
http://www.ncbi.nlm.nih.gov/pubmed/28864027
http://www.ncbi.nlm.nih.gov/pubmed/10050275
https://doi.org/10.1186/s13071-015-0702-z
http://www.ncbi.nlm.nih.gov/pubmed/25652120
https://doi.org/10.1111/j.1365-2818.2011.03527.x
http://www.ncbi.nlm.nih.gov/pubmed/21801178
https://doi.org/10.1371/journal.pntd.0005953
http://www.ncbi.nlm.nih.gov/pubmed/28976979
https://doi.org/10.1080/10543406.2011.607736
https://doi.org/10.1080/10543406.2011.607736
http://www.ncbi.nlm.nih.gov/pubmed/22023675
https://doi.org/10.1017/S0031182013002266
http://www.ncbi.nlm.nih.gov/pubmed/24725546
https://doi.org/10.1371/journal.pntd.0006562

