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Background: The diagnostic accuracy of three faecal egg count techniques (Kato–Katz, McMaster and FLOTAC) to
assess albendazole efficacy against soil-transmitted helminth (STH) infections was compared.

Methods: The study is registered with Current Controlled Trials [identifier: ISRCTN90088840]. During September–
November 2009, 304 school-aged children on Pemba Island, Tanzania, were screened and those infected with
Ascaris lumbricoides, hookworm or Trichuris trichiura were treated with a single dose of albendazole (400 mg).
Twenty-one days post-treatment, children provided a single stool sample which was examined using the
same diagnostic methods. All stool samples were divided into two aliquots and one was fixed in 5% formalin
and examined using FLOTAC and McMaster approximately 6 months after collection.

Results: Using fresh stool samples, comparable prevalences were demonstrated for the three methods at baseline
(90–92.2% for T. trichiura, 41.1–52.8% for hookworm, 32.9–37.2% for A. lumbricoides); FLOTAC was the most
sensitive method at baseline and follow-up. Albendazole showed high cure rate (CR) against A. lumbricoides
(90–97%), moderate CR against hookworm (63–72%) and very low CR against T. trichiura (6–9%), regardless
of the technique used. Egg counts (eggs per gram) at baseline were similar for A. lumbricoides and for hookworm
among the three methods, and higher using McMaster and Kato–Katz compared with FLOTAC for T. trichiura. All
methods were similar for hookworm and A. lumbricoides egg reduction rate (ERR) estimation, but Kato–Katz in-
dicated a significantly higher ERR than McMaster and FLOTAC for T. trichiura. Preserved stool samples revealed
consistently lower FECs at baseline and follow-up for all STHs.

Conclusion: Further development and validation of standard protocols for anthelminthic drug efficacy evaluation
must be pursued.
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Introduction
Preventive chemotherapy, using single oral doses of anthelminthic
drugs (e.g. albendazole, mebendazole and praziquantel) is the
current backbone of the global strategy to control soil-transmitted
helminthiasis, schistosomiasis and other neglected tropical dis-
eases.1,2 The decision how, when and for how long to implement
preventive chemotherapy is based on some kind of community
diagnosis (e.g. questionnaire surveys for urogenital schistosomia-
sis, and qualitative or quantitative techniques for measuring
excreted helminth eggs in faeces for intestinal schistosomiasis and

soil-transmitted helminthiasis).3 It should be noted, however, that
large-scale preventive chemotherapy in humans may trigger drug
resistance, as has been observed in the veterinary field.4 Hence,
rigorous drugefficacy monitoring with highlysensitive and quantita-
tive diagnostic techniques is mandatory.5,6Moreover, sensitive, inex-
pensive and field-applicable diagnostic tools are needed for
monitoring progress of helminthiasis control programmes, especial-
ly with interventions going to scale and control programmes moving
towards transmission control and local elimination.7 –9

The most widely used diagnostic method for Schistosoma
mansoni and soil-transmitted helminth (STH) infection is the
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Kato–Katz technique,10 but there are other copromicroscopic
methods and their performance for assessing drug efficacy
needs to be evaluated. The FLOTACtechniques are a series of copro-
microscopic multivalent methods developed by veterinary parasi-
tologists.11 An important feature of FLOTAC is that the diagnostic
workup can be done with fixed faecal samples whereas more
widely used copromicroscopic techniques, such as Kato–Katz
and McMaster, are usually done with fresh stool.11,12 The use of
fixed stool samples enables more flexible scheduling of daily la-
boratory activities and ensures the safety of the health staff who
are exposed to health risks due to processing fresh faecal speci-
mens. Several studies have shown that a single FLOTAC is more
sensitive than multiple Kato–Katz thick smears for the diagnosis
of the three common STHs, hookworm, Ascaris lumbricoides and
Trichuris trichiura.12 – 15 Moreover, in terms of sensitivity, FLOTAC
outperformed other techniques, such as the ether-concentration
method on fixed stool12 and the McMaster technique using fresh
stool.16

The McMaster egg counting technique is commonly used in vet-
erinary parasitology and advocated by the World Association for
the Advancement of Veterinary Parasitology in its guidelines for
evaluating the efficacy of anthelminthic drugs in ruminants17

and for detection of anthelminthic drug resistance.18 The McMas-
ter technique has been proposed as a valid alternative to the
Kato–Katz for technique monitoring large-scale anthelminthic
treatment programmes in humans.19,20

The purpose of this study was to determine the diagnostic
accuracy of three copromicroscopic methods (Kato–Katz, FLOTAC
and McMaster) for estimating drug efficacy against STH infections.
The study was implemented on Pemba Island, where STHs are
highly endemic and large-scale control efforts are underway.20,21

We included the McMaster technique since its diagnostic
accuracy had not been investigated previously with formalin-fixed
human faeces although it had been assessed for animal
faeces.22,23

Materials and methods

Study design

We designed a single-blinded intervention study to compare
the diagnostic accuracy of the Kato-Katz, FLOTAC and McMaster
techniques before and 21 days after administration of a single
oral dose of albendazole (400 mg; GlaxoSmithKline Pharmaceuti-
cals Ltd, Mumbai, India) against STH infections. The study was
carried out between September and November 2009 on Pemba
Island, one of two major islands of the Zanzibar archipelago,
United Republic of Tanzania. STH infections are highly endemic in
Zanzibar despite control efforts that have been in place since the
mid-1990s emphasizing preventive chemotherapy with albenda-
zole and mebendazole.24 Prevalence and intensity of STH infec-
tions, the primary outcome measures, were assessed before and
21 days post-treatment.

A total of 304 children from three primary schools (Kwale, Al
Sadik and Ng’ombeni) were screened for the presence of STH infec-
tion during a cross-sectional baseline survey. Single stool samples
were obtained, processed and examined using standard protocols
for the Kato–Katz, McMaster and FLOTAC techniques. Children
found positive for any STH species were given albendazole under
direct medical supervision.

Twenty-one days after drug administration, children were again
invited to provide a single stool sample. Faecal samples were quan-
titativelyexamined for STHs, using the same methods as during the
baseline cross-sectional survey.

Parasitological techniques

Stool samples collected at baseline and at 21-day post-treatment
follow-up were transferred to the Public Health Laboratory–Ivo de
Carneri in Pemba. All samples were processed within a few hours.
First, they were homogenized with a wooden spatula and divided
into two aliquots, the first examined fresh and the second
preserved in formalin 5% (approximately 5 g of faeces in 15 ml of
formalin 5%; dilution ratio 1:4).

Fresh stool samples at baseline and follow-up were examined
using the Kato–Katz, McMaster and FLOTAC techniques, adhering
to standard protocols.11,25,26 In brief, triplicate Kato–Katz thick
smears using standard 41.7 mg templates were prepared from
each stool sample. Faecal egg counts (FEC) were estimated, count-
ing the number of eggs of each STH per slide, and then calculating
the arithmetic mean of the egg count from the three slides. FECs
were then transformed into eggs per gram of stool (epg), using a
multiplication factor of 24.25 The term egg-positive refers to the
presence of at least one helminth egg in any one of the three slides.

Stool samples were also examined in triplicate using the proto-
col of the modified McMaster method.26 In brief, approximately 2 g
of faeces were placed in a plastic container and 30 ml (dilution
1:15) of a saturated salt (NaCl; designated flotation solution no.
2 [FS2] with a specific gravity [s.g.] of 1.20) were added.11 Faecal
samples were homogenized and poured three times through a
tea strainer to remove the large debris. The filtrate was homoge-
nized and McMaster counting chambers were filled using a
Pasteur pipette. The slides were allowed to stand for 2 min before
examination under a microscope at 100× magnification with all
eggs in the two grids counted (volume¼ 2×0.15 ml¼ 0.3 ml).
For each STH species, we obtained FECs by multiplying the total
number of eggs under the two grids by a factor of 50 (dilution/
volume¼ 15/0.3).

Each stool sample was also examined with the FLOTAC basic
technique which used FS2 as for the McMaster technique. The
choice of the FS and dilution was preceded by a precalibration
study using six different FSs: Sheather’s sugar solution (FS1; s.g.,
1.20); FS2 (see above); zinc sulfate (FS3; s.g., 1.20); sodium
nitrate (FS4; s.g., 1.20); magnesium sulfate (FS6; s.g., 1.28); and
zinc sulfate (FS7; s.g., 1.35)15 and four dilutions (1:10, 1:20, 1:25
and 1:30). The results of the precalibration study showed that,
based on the clarity of reading and efficiency of bringing STH
eggs into flotation, the most accurate diagnosis of STH infection
was obtained using FS2 at a 1:25 dilution. Thus, for all the
samples, FLOTAC was performed as follows. Five grams of faeces
were weighed into a beaker and 120 ml of tap water added, in
order to obtain a 1:25 dilution. The samples were homogenized
with a wooden spatula and filtered through a tea strainer and
11 ml of the homogenized suspension were transferred into a
test tube and centrifuged for 3 min at 170 g in a Hettich EBA Cen-
trifuge (Tuttlingen, Germany). Aftercentrifugation the supernatant
was discarded and 11 ml of FS2 were added, the sample was
homogenized, and 5 ml of the suspension were transferred into
each of the two chambers of the FLOTACapparatus. The FLOTACap-
paratus was then centrifuged for 5 min at 120 g in a Hettich

M. Albonico et al.

494



Universal 320 Centrifuge (Tuttlingen, Germany) and the apical
portion of the floating suspension translated and examined
under a microscope at 100× magnification. Helminth eggs were
enumerated under the observation grids of both chambers and
multiplied by a factor of 2.5 (dilution/volume¼ 25/10) to obtain
the epg for each STH species.

For quality control, a random sample of 10% of the Kato–Katz,
McMaster and FLOTAC slides were re-examined by a senior techni-
cian. This allowed rigorous evaluation of the accuracy of the diag-
nosis of STHs and the precision of the egg counts.

The stool samples preserved in formalin 5% were shipped to
Naples, Italy. The samples were stored for about 6 months and
examined using the McMaster and FLOTAC protocols detailed
above. Experienced laboratory technicians at the University of
Naples Federico II carried out the microscopic examination. The
technicians were blinded for the prior results obtained on the
fresh stool samples in Pemba.

Statistical analysis

Datawereentered intoa Microsoft Excel 10.0 spreadsheet (Microsoft
Corp., Redmond, WA, USA) and validated using EpiInfo software
3.3.2 (CDC, Atlanta, GA, USA). Statistical analyses were performed
using STATA 10.0 (Stata Corp., College Station, TX, USA). Analyses
were restricted to children who were diagnosed with a STH infection
at baseline who were given albendazole and followed-up at 21 days
post-treatment.Theefficacyofthetreatmentwasmeasuredbyare-
duction in prevalence and intensity for each of the three helminth
species separately. Infection intensity was indirectly measured by
the mean FEC expressed as epg. The epgs calculated before and
after treatment were used to provide an estimate of the egg reduc-
tion rate (ERR). Cure rate (CR) was calculated for each diagnostic
method, based on the proportion of children who were found posi-
tive forSTHsat thebaselinecross-sectional survey whobecameegg-
negative 21 days post-treatment. CRs as obtained by the different
diagnostic methods used were compared by hypothesis testing
and calculating 95% CIs.

The mean change in FECs before and after treatment was com-
pared using atwo-sample t-test. Although the change in FECs is not
normally distributed, there are biological justifications for using the
arithmetic mean rather than the median ora transformation of the
data and corresponding formal analysis such as the Wilcoxon
rank-sum test.27,28 Sensitivity and negative predictive value (NPV)
were calculated foreachof the three copromicroscopic techniques,
considering the combined results of the three techniques as the
diagnostic ‘gold’ standard. The statistical difference of the mean
FEC was calculated with ANOVA, in conjunction with the Bonferroni
test. Agreement between the three methods (i.e. Kato–Katz vs
FLOTAC; Kato–Katz vs McMaster; and FLOTAC vs McMaster) was
assessed using the k statistic.29 The k measures were interpreted
as follows: 0, no agreement; 0.01–0.20, poor agreement; 0.21–
0.40, fair agreement; 0.41–0.60, moderate agreement; 0.61–0.80,
substantial agreement; and 0.81–1.0, nearly perfect agreement.30

Ethical considerations

The study is registered with Current Controlled Trials [identifier:
ISRCTN90088840].

On the day prior to the scheduled treatment date, children eli-
gible to participate in the study were given an informed consent

letter in the local language (Kiswahili) to take home and to be
signed by their parent or guardian. All children who were found
with STHs in their stool at the end of the study received a second
dose of albendazole (400 mg) as per national guidelines.

Results

Population characteristics

Of 304 children screened at the baseline cross-sectional survey,
160 were girls (52.6%). The mean age of participating children
was 10 years (range 6–14). At pretreatment screening, 278/304
(91.4%) children were found positive for any STH infection.
Among them, 238/278 (85.6%) gave a second stool sample 21
days after drug administration. Seven samples were of insufficient
quantity for being preserved for follow-up McMaster and FLOTAC
examination. Analysis was performed on the remaining 231 chil-
dren with a STH infection at baseline, who were treated with alben-
dazole and who provided a sufficiently large stool sample that
allowed re-examination by different methods, including formalin
preservation for subsequent laboratory workup.

Results of quality control on random samples of 10% of Kato–
Katz, McMaster and FLOTAC slides confirmed all original counts.

Diagnostic accuracy in estimating drug efficacy

Table 1 summarizes the observed CRs for the three STH infections,
stratified by the diagnostic technique used. Regardless of the diag-
nostic method used and whether stool samples were examined
fresh or fixed in formalin, a single dose of albendazole (400 mg)
resulted in high CR against A. lumbricoides (Kato–Katz 97.4%
using fresh samples; FLOTAC 97.7% and 89.0%, McMaster 97.4%
and 96.1% on fresh and preserved samples, respectively), moder-
ate CR against hookworm (Kato–Katz 79.0%; FLOTAC 72.1% and
63.2%, McMaster 78.4% and 73.1% on fresh and preserved
samples, respectively), but only very low CR against T. trichiura
(Kato–Katz 7.7%; FLOTAC 6.1% and 5.7%, McMaster 6.7% and
8.8% on fresh and preserved samples, respectively).

Table 2 shows FECs before and after albendazole treatment and
the observed ERRs. While consistently very high ERRs were
observed against A. lumbricoides (Kato–Katz 99.3%; FLOTAC and
McMaster 99.9% on both fresh and preserved samples), consider-
ably lower and more heterogeneous ERRs were observed against
hookworm (Kato–Katz 90.7%; FLOTAC 83.7% and 57.1%, McMas-
ter 92.2% and 68.8% on fresh and preserved samples, respective-
ly), and particularly against T. trichiura (Kato-Katz 50.3%; FLOTAC 0
and 14.7%, McMaster 20.9% and 19.7% on fresh and preserved
samples, respectively). Preserving stool samples in formalin
resulted in considerably lower FECs, with the most dramatic
effect observed on quantification of hookworm eggs.

Diagnostic sensitivity

As summarized in Table 3, the prevalence of T. trichiura, hookworm
and A. lumbricoides, accordingto ourdiagnostic ‘gold’ standard (i.e.
positive result in at leastone of the three methods used) was 95.2%
(220/231), 65.4% (151/231) and 45.5% (105/231), respectively.

We found consistently high sensitivity for the diagnosis of
T. trichiura regardless of the method used (ranging from 92.7%
with McMaster on preserved samples to 96.8% with FLOTAC on
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Table 1. Number of children infected with soil-transmitted helminths at baseline and at 21-day post-treatment follow-up surveys, and observed cure rates, among 231
school-aged children on Pemba Island, diagnosed by three copromicroscopic methods

Diagnostic
methoda

No. of positive children at baseline No. of positive children at post-treatment
follow-up

Cure rate (95% CI)

Trichuris
trichiura

Hookworm Ascaris
lumbricoides

Trichuris
trichiura

Hookworm Ascaris
lumbricoides

Trichuris
trichiura

Hookworm Ascaris
lumbricoides

Kato–Katz 209 95 76 193 20 2 7.7 (4.6–12.4) 79.0 (69.1–86.4) 97.4 (90.0–99.5)
McMaster (fresh) 208 102 78 194 22 2 6.7 (3.9–11.3) 78.4 (69.0–85.7) 97.4 (90.0–99.5)
McMaster

(preserved)
204 78 76 186 21 3 8.8 (5.5–13.8) 73.1 (61.6–82.2) 96.1 (88.1–99.0)

FLOTAC (fresh) 213 122 86 200 34 2 6.1 (3.4–10.5) 72.1 (63.2–79.7) 97.7 (91.1–99.6)
FLOTAC

(preserved)
211 106 82 199 39 9 5.7 (3.1–10.0) 63.2 (53.2–72.2) 89.0 (79.7–94.6)

aStool samples collected at baseline and at follow-up were divided into two aliquots: one was examined as a fresh sample and the other preserved in formalin 5% and examined
approximately 6 months later.

Table 2. Faecal egg counts at baseline and at 21-day post-treatment follow-up surveys, and observed egg reduction rates, for soil-transmitted helminths among 231
school-aged children on Pemba Island, diagnosed by three copromicroscopic methods

Diagnostic
methoda

epg at baseline epg at post-treatment follow-up Egg reduction rate (95% CI)

Trichuris
trichiura

Hookworm Ascaris
lumbricoides

Trichuris
trichiura

Hookworm Ascaris
lumbricoides

Trichuris
trichiura

Hookworm Ascaris
lumbricoides

Kato–Katz 798* 193* 3697* 397† 18* 25* 50.3 (46.7–53.8) 90.7 (85.4–94.2) 99.3 (99.0–99.6)
McMaster (fresh) 954* 242* 2689* 755* 19* 2* 20.9 (18.3–23.6) 92.2 (87.8–95.1) 99.9 (99.7–100)
McMaster

(preserved)
351† 32† 1491† 282† 10* 2* 19.7 (15.7–24.3) 68.8 (49.9–83.3) 99.9 (99.7–100)

FLOTAC (fresh) 540† 129* 2275* 559* 21* 2* 0 83.7 (76.0–89.4) 99.9 (99.7–100)
FLOTAC

(preserved)
464† 35† 1841* 396† 15* 2* 14.7 (11.6–18.3) 57.1 (39.5–73.2) 99.9 (99.7–100)

epg: eggs per gram given as arithmetic mean; for each column epg values containing the same symbol are not significantly different, epg values containing different symbols are
significantly different (p , 0.05).
aStool samples collected at baseline and at follow-up were divided into two aliquots: one was examined as a fresh sample and the other preserved in formalin 5% and examined
approximately 6 months later.
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Table 3. Prevalence, sensitivity and negative predictive value (NPV) at baseline and at 21-day post-treatment follow-up surveys among 231 school-aged children on Pemba
Island, using three copromicroscopic methods for the diagnosis of soil-transmitted helminths

Diagnostic methoda Baseline Post-treatment follow-up

Prevalenceb (95% CI) Sensitivity (95% CI) NPV (95% CI) Prevalenceb (95% CI) Sensitivity (95% CI) NPV (95% CI)

Trichuris trichiura
‘Gold’ standardc 95.2 (91.4–97.5) 91.8 (87.3–94.8)
Kato–Katz 90.5* (85.8–93.8) 95.0 (91.0–97.4) 50.0 (28.8–71.2) 85.3* (79.9–89.5) 92.9 (88.4–95.9) 55.9 (38.1–72.4)
McMaster (fresh) 90.0* (85.3–93.5) 94.6 (90.4–97.0) 47.8 (27.4–68.9) 86.2* (80.9–90.2) 93.9 (89.5–96.6) 59.4 (40.8–75.8)
McMaster (preserved) 88.3† (83.3–92.0) 92.7 (88.2–95.7) 40.7 (23.0–61.0) 83.6† (78.0–88.0) 91.0 (86.2–94.4) 50.0 (33.7–66.3)
FLOTAC (fresh) 92.2* (87.8–95.2) 96.8 (93.3–98.6) 61.1 (36.1–81.7) 88.3* (83.3–92.0) 96.2 (92.4–98.2) 70.4 (49.7–85.5)
FLOTAC (preserved) 91.3* (86.8–94.5) 95.9 (92.1–98.0) 55.0 (32.1–76.2) 87.4* (82.3–91.3) 95.3 (91.2–97.6) 65.5 (45.7–81.4)

Hookworm
‘Gold’ standardc 65.4 (58.8–71.4) 25.5 (20.1–31.7)
Kato–Katz 41.1† (34.8–47.8) 62.9 (54.6–70.5) 58.8 (50.0–67.1) 9.5‡ (6.2–14.3) 37.3 (25.3–50.9) 82.3 (76.3–87.1)
McMaster (fresh) 44.2† (37.7–50.8) 67.6 (59.4–74.8) 62.0 (53.0–70.3) 11.7‡ (8.0–16.7) 45.8 (32.9–59.2) 84.3 (78.4–88.9)
McMaster (preserved) 33.8† (27.8–40.3) 51.7 (43.4–59.8) 52.3 (44.1–60.4) 11.7‡ (8.0–16.7) 45.8 (32.9–59.2) 84.3 (78.4–88.9)
FLOTAC (fresh) 52.8* (46.2–59.4) 80.8 (73.4–86.6) 73.4 (63.9–81.2) 16.0† (11.7–21.5) 62.7 (49.1–74.7) 88.7 (83.1–92.6)
FLOTAC (preserved) 45.9† (39.4–52.5) 70.2 (62.1–77.2) 64.0 (54.9–72.3) 21.2* (16.2–27.2) 83.1 (70.6–91.2) 94.5 (89.8–97.2)

Ascaris lumbricoides
‘Gold’ standardc 45.5 (38.9–52.1) 7.4 (4.5–11.7)
Kato–Katz 32.9† (27.0–39.4) 72.4 (67.2–80.4) 81.3 (74.1–86.9) 0.9† (0.2–3.4) 11.8 (2.1–37.8) 93.4 (89.2–96.2)
McMaster (fresh) 33.8* (27.8–40.3) 74.3 (64.7–82.1) 82.4 (75.2–87.9) 0.9† (0.2–3.4) 11.8 (2.1–37.8) 93.4 (89.2–96.2)
McMaster (preserved) 32.9† (27.0–39.4) 72.4 (67.2–80.4) 81.3 (74.1–86.9) 1.7† (0.6–4.7) 23.5 (7.8–50.2) 94.3 (90.2–96.8)
FLOTAC (fresh) 37.2* (31.1–43.8) 81.9 (72.9–88.5) 86.9 (80.1–91.7) 1.3† (0.3–4.1) 17.6 (4.7–44.2) 93.9 (89.7–96.5)
FLOTAC (preserved) 35.5* (29.4–42.1) 78.1 (68.8–85.3) 84.6 (77.5–89.8) 6.1* (3.5–10.2) 82.4 (55.8–95.3) 98.6 (95.7–99.6)

aStool samples collected at baseline and at follow-up were divided into two aliquots: one was examined as a fresh sample and the other preserved in formalin 5% and examined
approximately 6 months later.
b For each prevalence column values containing the same symbol are not significantly different, values containing different symbols are significantly different (p , 0.05).
cCombined results of the three techniques were considered as the diagnostic ‘gold’ standard.
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fresh samples). Table 4 shows the k agreement between the three
methods. For the diagnosis of T. trichiura using fresh stool at the
baseline cross-sectional survey, agreement was moderate (k¼
0.60–0.67), while it was substantial at the 21-day treatment
follow-up (k¼ 0.75–0.83). The agreement between the FLOTAC
and McMaster methods for the diagnosis of T. trichiura using
formalin-fixed faeces at baseline and at 21-day follow-up was
substantial (k¼ 0.77–0.84).

FLOTAC showed a significantly higher sensitivity for hookworm
diagnosis (80.8% on fresh samples, 70.2% on preserved
samples) compared with the other two methods (Kato–Katz,
62.9%; McMaster 67.6% on fresh samples and 51.7% on preserved
samples). The k agreement between the three methods for the
diagnosis of hookworm at baseline was substantial (k¼ 0.62–
0.67). Similar agreements were found at treatment follow-up
(k¼ 0.57–0.71). Similarly, the k agreement between FLOTAC and
McMaster for the diagnosis of hookworm using preserved
samples at baseline was substantial (k¼ 0.68), while it was only
moderate at the post-treatment follow-up survey (k¼ 0.60).

For A. lumbricoides diagnosis, FLOTAC showed a somewhat
higher sensitivity (81.9% on fresh samples, 78.1% on preserved
samples) compared with Kato–Katz (72.4%) and McMaster
(74.3% on fresh samples, 72.4% on preserved samples). The k
values between the three methods for the diagnosis of
A. lumbricoides at baseline showed nearly perfect agreement
(k¼ 0.81–0.92). Similar results were obtained at the treatment
follow-up survey (k¼ 0.80–1.00). The k agreement between
FLOTAC and McMaster for the diagnosis of A. lumbricoides using
fixed faeces at baseline was nearly perfect (k¼ 0.89), while only
poor agreement was found at treatment follow-up (k¼ 0.20).

At the 21-day treatment follow-up, FLOTAC consistently
showed the highest sensitivity for diagnosis of all three STHs.

Discussion
To our knowledge, this is the first comparison of three copromicro-
scopic methods for assessing anthelminthic drug efficacy against

the three common species of STH infections in an area highly
endemic for these intestinal nematodes.20,21 Moreover, our study
was the first attempt to determine the effect of preserving stool
samples in formalin prior to laboratory workup using the McMaster
and FLOTAC techniques.

Our observed CRs confirm that a single oral dose of albendazole
(400 mg) shows high, moderate and poor efficacy against
A. lumbricoides, hookworm and T. trichiura, respectively.31 – 34 Im-
portantly though, CRs calculated by the three methods were not
significantly different. Data on CR from formalin-fixed samples
for the McMaster and FLOTAC methods indicate a similar perform-
ance to the ones with fresh samples.

Results from the ERRs on fresh samples were similarly high for
A. lumbricoides regardless of the diagnostic method used,
however, the ERRs were lower for hookworm when assessed by
FLOTAC compared with the other two methods (84% vs .90%),
and significantly different for T. trichiura for all methods. For
T. trichiura, the ERR for Kato–Katz (�50%) confirms previous
data,5,20 while the ERR for McMaster (�20%) shows lower efficacy
compared with other drug intervention studies using the same
method.20,28 With regard to A. lumbricoides and hookworm, FECs
at the 21-day treatment follow-up were significantly (p , 0.05)
lower than those at baseline with any of the copromicroscopic
techniques used and considering both fresh and fixed stool
samples. For T. trichiura, FECs at follow-up were significantly (p ,

0.05) lower than those at baseline only when using Kato–Katz,
whereas no significant difference was found in FECs at baseline
and follow-up using McMaster and FLOTAC (both fresh and pre-
served samples). The finding of no changes in ERR for T. trichiura in-
fection with FLOTAC and McMaster using fresh faecal samples is
surprising and of considerable concern. The following points are
offered for consideration. First, the differences in observed ERRs
may be explained by Kato–Katz thick smear examinations over-
estimating FECs14 or flotation methods (McMaster and FLOTAC)
underestimating FECs. Second, it is conceivable that bringing all
T. trichiura eggs into flotation is much harder at high infection in-
tensities, while all or most of the eggs would float in light-intensity

Table 4. k agreement between three copromicroscopic methods for the diagnosis of soil-transmitted helminths at baseline and at 21-day post-
treatment follow-up surveys among 231 school-aged children on Pemba Island

FLOTAC vs Kato–Katz FLOTAC vs McMaster Kato–Katz vs McMaster

Baseline Follow-up Baseline Follow-up Baseline Follow-up

Fresh stoola

Trichuris trichiura 0.67 0.83 0.60 0.79 0.63 0.75
Hookworm 0.62 0.71 0.67 0.64 0.62 0.57
Ascaris lumbricoides 0.83 0.80 0.81 0.80 0.92 1.00

Formalin-fixed stoola

Trichuris trichiura NA NA 0.77 0.84 NA NA
Hookworm NA NA 0.68 0.60 NA NA
Ascaris lumbricoides NA NA 0.89 0.20 NA NA

NA: not applicable (preserved samples were examined using the FLOTAC and McMaster techniques only).
aStool samples collected at baseline and at follow-up were divided into two aliquots: one was examined as a fresh sample and the other
preserved in formalin 5% and examined approximately 6 months later.
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infections. Third, in the Kato–Katz method, the faeces are weighed
(by volume) after sieving the sample through a mesh thereby elim-
inating fibres and other debris, and therefore concentrating the
eggs in the faecal material. Fourth, by weighing with electronic
scale, the stool volume measured by the standard template of
41.7 mg revealed considerable variation (e.g. 95% CI 14.3–
66.7 mg).19 These points corroborate with the observation that for
all three species of STHs, the FECs obtained by Kato–Katz and
McMasterare considerably higher when compared with FLOTAC.14,35

The differences observed in the ERRs of T. trichiura by the three
methods have important implications for assessing anthelminthic
drug efficacy. Despite very low CR, a variation between diagnostic
methods of reduction in FECs from nil by FLOTAC to 50% by
Kato–Katz, suggests that further development and rigorous
validation of standardized procedures for diagnostic methods for
this parasite is a pressing need. In addition, the preserved stool
samples demonstrate consistently lower FEC both at baseline
and at treatment follow-up for all three STHs investigated.
Ascaris lumbricoides FECs in preserved samples were 50% less
than the fresh samples for McMaster and 35% less for FLOTAC;
T. trichiura FECs in preserved samples were 32% less than the
fresh samples for McMaster, and 22% less for FLOTAC; hookworm
FECs in preserved samples were 21% less than the fresh samples
for McMaster and 12% less for FLOTAC. These data confirm the
finding that with any preservatives, mean helminth egg recovery
decreases over time.14,20,36 In this study, samples fixed in 5% for-
malin were read afterapproximately 6 months of preservation, and
while sensitivityand CR did not differ from those calculated on fresh
faecal samples, this seemed to be too long a time interval for a
reliable mean egg recovery compared with fresh samples.

We found that the sensitivity of Kato–Katz and McMaster in
light-intensity and moderate-intensity infections at the baseline
cross-sectional survey were similar (�95% for T. trichiura, �75%
for A. lumbricoides and �70% for hookworm). The sensitivity of
the FLOTAC was consistently higher, particularly for hookworm,
where the difference showed statistical significance. This result is
in agreement with previous studies that suggest that the sensitivity
of the Kato–Katz technique in determining STH infection is low,
specially for hookworm detection.37

After treatment, when most infections had come down to low
levels, the sensitivity of Kato–Katz and McMaster were consider-
ably lower than before treatment. In contrast, the sensitivity of
FLOTAC remained high (88–98%). For the diagnosis of hookworm,
FLOTAC picked up significantly more infections than the Kato–Katz
technique. Our findings therefore confirm that a single FLOTAC is
more sensitive than triplicate Kato–Katz thick smears and tripli-
cate McMaster tests, particularly for hookworm infection.12,13,31

Although FLOTAC is a more complex and time-consuming
method, it should be taken into consideration that timing and
feasibility of performing multiple Kato-Katz and multiple McMaster
vs a single FLOTAC might tip the balance towards FLOTAC.16,38 As-
sessment by the k statistic confirmed the moderate-to-substantial
agreement among the three copromicroscopic methods at base-
line and at follow-up surveys with fresh samples, but are not
consistent with fixed samples probably being influenced by the re-
duction in FECs in preserved samples. Data on sensitivity and NPV
showed no significant difference for both FLOTAC and McMaster
between fresh and formalin-fixed stool samples. The advantages
of working with fixed faecal material are ensuring safety of the
diagnostic method by protecting the health staff, and allowing a

more flexible planning of the workload in the laboratory.11,14 On
the other hand, the somewhat reduced sensitivity, and particularly
the considerably lower FECs are important shortcomings of preser-
vation of stool samples, especially when samples are stored for
several months.

When dealing with drug efficacy, treatment failures or reduced
efficacy must be differentiated from reinfection. Drug efficacy in
this study was assessed 3 weeks from treatment and this interval
would exclude reinfection of any STH species. On the other hand,
parasitological indicators that assess effectiveness or impact of
control intervention are assessed just before the next round of pre-
ventive chemotherapy (6 or 12 months after previous treatment),
as shown in studies that assess the impact of control intervention,
and must take reinfection into account.37,39,40 Reinfection after
treatment is the rule in helminth control based on preventive
chemotherapy, depending on the intensity of transmission.41 Re-
cently a model has been proposed to assess decreasing trend in
prevalence of STH infections, depending on pretreatment infection
level and taking into account the frequency of reinfection.42 The
diagnostic methods evaluated in this study could be used for
both evaluating drug efficacy as well as for monitoring impact of
control programmes.

Limitations

Our study has some limitations and drawbacks. Comparisons
between baseline and post-treatment and between fresh and
fixed samples were possible only on 231 samples of 304 samples
collected at the baseline survey, due to the dropout rate at follow-
up and insufficient amount of stool in a few samples. Moreover,
samples fixed with formalin 5% had been analysed after approxi-
mately 6 months of preservation. Different studies have demon-
strated that the prolonged preservation of stool in fixatives might
destroy the eggs, especially fragile hookworm eggs.13,14

Conclusion

The FLOTAC basic technique showed higher sensitivity for all STH
species considered, especially so for low-intensity infections.
Hence, FLOTAC may become the method of choice in areas
where STH prevalence and intensities are low as in the elimination
phase of control programmes. When assessing drug efficacy, CR
is not affected by the diagnostic method used, while ERR showed
important variations that warrant further scientific inquiry.
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