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KEYWORDS Summary There is a tendency to neglect diagnostic issues in the era of ‘preventive
chemotherapy’ in human helminthiases. However, accurate diagnosis cannot be overemphasized

Ascaris lumbricoides; . - .
for adequate patient management and monitoring of community-based control programmes.

Hookworm; o : . o . . . ,

Trichuris trichiura; Implicit is .a diagnostic dlle‘n?ma..the more .effecpve interventions are in reduqng helm.mth

Diagnosis; egg excretion, the less sensitive direct parasitological tests become. Here, experiences gained
b

FLOTAC; thus far with the FLOTAC technique for diagnosing common soil-transmitted helminth infec-
Kato—Katz tions are summarized. A single FLOTAC has higher sensitivity than multiple Kato—Katz thick
smears in detecting low-intensity infections. Further validation of the FLOTAC technique in dif-
ferent epidemiological settings is warranted, including diagnosis of intestinal schistosomiasis
and food-borne trematodiases.
© 2009 Royal Society of Tropical Medicine and Hygiene. Published by Elsevier Ltd. All rights
reserved.

1. Introduction

* Based on a presentation to the Royal Society of Tropical Medicine . -
& Hygiene Research in Progress meeting on 18 December 2008. This The key strategy for reducing the morbidity caused by

oral presentation was awarded second prize at the meeting. soil-transmitted helminth infections (Ascaris umbricoides,
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Table 1

Arithmetic mean eggs per gram (EPG), prevalence and sensitivity (including 95% confidence interval (Cl)) of a single FLOTAC and multiple Kato—Katz thick smears, as

determined in cross-sectional studies with schoolchildren from Céte d’lvoire and Zanzibar. Combined results from FLOTAC and multiple Kato—Katz thick smears were considered
diagnostic ‘gold’ standard, thereby setting the sensitivity at 100%.

Setting, Population Parasite Diagnostic ‘gold’ standard  FLOTAC Kato—Katz Reference
year sample (age)
Method Preva- Duration of  Arith- Preva- Sensitivity (%) Arith- Preva- Sensitivity (%)
and lence stool metic lence  [95% ClI] metic lence [95% Cl]
sampling (%) preservation mean (%) mean (%)
effort in SAF?2 EPG EPG
Cote 102 Hookworm 1 FLOTAC plus 74.5 ~6 months 37.7 65.7 88.2 155.8 51.0 68.4 Utzinger
d’lvoire,  schoolchildren 2 Kato—Katz [78.2—94.1] [56.6—78.3] et al.b
2006 (6—14 years) (1 faecal
sample)
Zanzibar, 279 T. trichiura 1 FLOTAC plus 63.4 ~6 months 24.2 56.3 88.7 51.0 45.5 71.8 Knopp et
2007 schoolchildren 3 Kato—Katz [82.9—-92.8] [64.4-78.1] al.®
(7—20 years) (3 faecal
samples)
Hookworm 1 FLOTAC plus 35.8 ~6 months 1.9 29.8 83.0 12.2 16.5 46.0 Knopp et
3 Kato—Katz [73.9-89.5] [36.1-56.2] al.?
(3 faecal
samples)
A. lumbricoides 1 FLOTAC plus 22.9 ~6 months 52.2 19.0 82.8 278.2 16.1 70.3 Knopp et
3 Kato—Katz [70.9—-90.7] [57.4-80.8] al.?
(3 faecal
samples)
Cote 112 Hookworm 1 FLOTAC 38.4 10 days 8.5 31.3 81.4 41.4 21.4 55.8 D. Glinz et
d’lvoire,  schoolchildren (day 10) plus [71.2—88.6] [46.6—65.0] al.,
2008 (6—15 years) 3 Kato—Katz unpublished
(1 faecal
sample)
Hookworm 1 FLOTAC 36.6 30 days 2.0 25.9 70.7 41.4 21.4 58.5 D. Glinz et
(day 30) plus [62.3—79.2] [49.4—-67.7] al.,
3 Kato—Katz unpublished
(1 faecal
sample)
Hookworm 1 FLOTAC 28.6 83 days 1.8 17.0 59.4 41.4 21.4 75.0 D. Glinz et
(day 83) plus [50.3—68.5] [67.0-83.0] al.,
3 Kato—Katz unpublished
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Setting, yearPopulation sample (age)Parasite Diagnostic ‘gold’ standardFLOTAC Kato—Katz Reference

Method Preva-
and lence stool

Duration of Arith- Preva- Sensitivity (%) Arith- Preva-lence (%)Sensitivity (%)
metic lence [95% Cl] metic [95% Cl]

sampling (%)
effort

preservation
in SAF?2

mean (%)
EPG

mean
EPG

(1 faecal
sample)

1 FLOTAC  29.5
(day 10) plus

3 Kato—Katz

(1 faecal
sample)

1 FLOTAC  32.1
(day 30) plus

3 Kato—Katz

(1 faecal
sample)

1 FLOTAC  30.4
(day 83) plus

3 Kato—Katz

(1 faecal
sample)

. lumbricoides1 FLOTAC  21.4
(day 10) plus

3 Kato—Katz

(1 faecal
sample)

. lumbricoides1 FLOTAC  20.5
(day 30) plus

3 Kato—Katz

(1 faecal
sample)

. lumbricoides1 FLOTAC  19.6
(day 83) plus

3 Kato—Katz

(1 faecal
sample)

. trichiura

. trichiura

. trichiura

10 days

30 days

83 days

10 days

30 days

83 days

5.0 27.7

1.4 32.1

14.6 30.4

65.9 13.4

99.7 11.6

219.7 10.7

93.9 6.2 125
[89.5-98.4]

100 6.2 12.5
[100.0—100.0]

100 6.2 12.5
[100.0—100.0]

62.5 1318 19.6
[53.5-71.5]

56.5 1318 19.6
[47.3-65.7]

54.6 1318 19.6
[45.3—-63.8]

42.2
[33.3-51.6]

38.9
[29.9-47.9]

41.2
[32.1-50.3]

91.7
[86.6—96.8]

95.7
[91.2-99.4]

100

D. Glinz et al.,
unpublished

D. Glinz et al.,
unpublished

D. Glinz et al.,
unpublished

D. Glinz et al.,
unpublished

D. Glinz et al.,
unpublished

D. Glinz et al.,

[100.0—100.0]Junpublished

2 SAF: Sodium acetate—acetic acid—formalin.
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high-risk groups, usually without prior diagnosis. This strat-
egy is termed ‘preventive chemotherapy’." As a result of
successful helminth control programmes, infection preva-
lences and intensities diminish, and hence direct diagnostic
techniques become less sensitive.? Here, we summarize our
experiences gained thus far with a new faecal egg-count
method—the FLOTAC technique3—for diagnosis of human
helminth infections. Comparison is made between a single
FLOTAC and multiple Kato—Katz thick smears.*

2. Methods

So far, we have been involved in three studies using FLOTAC
for human helminth diagnosis: one in Zanzibar® and two in
Céte d’Ivoire® (D. Glinz et al., unpublished). The studies fol-
lowed cross-sectional epidemiological designs and a total of
493 schoolchildren was enrolled. In both Cote d’Ivoire stud-
ies a single faecal sample was collected per child, and two to
three Kato—Katz thick smears were prepared using 41.7 mg
templates. In Zanzibar, three consecutive faecal samples
were collected and one Kato—Katz thick smear examined per
sample. Additionally, ~1g of stool from each child was pre-
served in sodium acetate—acetic acid—formalin (SAF) and
subjected to the FLOTAC technique. Preserved stool sam-
ples from the first Cote d’lvoire study and from Zanzibar
were transferred to Naples, Italy, and processed ~6 months
after stool collection. Samples from the second Cote d’Ivoire
study were examined on the spot, 10, 30 and 83 days after
collection.

Detailed procedures of FLOTAC have been described
elsewhere.?>% In brief, in the first Céte d’lvoire and
the Zanzibar study, flotation solutions no. 4 (FS4; sodium
nitrate, specific gravity=1.20) and 13 (FS$13; zinc sul-
phate plus potassium iodomercurate, specific gravity = 1.45)
were used. In the second Cote d’lvoire study an addi-
tional washing step with ether was performed to facilitate
a clearer reading under the microscope. Here, FS4 and
FS7 (zinc sulphate, specific gravity =1.35) were employed.
Eggs per gram of stool (EPG) for each helminth species
were calculated. Combined results (single FLOTAC plus
multiple Kato—Katz) were considered diagnostic ‘gold’ stan-
dard.

3. Results

Key results from the three studies are summarized in
Table 1. The first Cote d’Ivoire study showed that a sin-
gle FLOTAC is more sensitive than duplicate Kato—Katz
for hookworm diagnosis (sensitivity: 88.2 vs. 68.4%). These
findings were confirmed in Zanzibar: the sensitivity of a
single FLOTAC for hookworm diagnosis was 83.0%, whereas
triplicate Kato—Katz had a sensitivity of only 46.0%. Impor-
tantly, FLOTAC was also more sensitive for the diagnosis
of T. trichiura and A. lumbricoides. In the second Céte
d’Ivoire study, FLOTAC had a higher sensitivity than trip-
licate Kato—Katz for T. trichiura diagnosis at each time
point and for hookworm diagnosis at days 10 and 30 post-
stool conservation, but not at day 83. In this study, FLOTAC
was consistently less sensitive than triplicate Kato—Katz for
diagnosis of A. lumbricoides. Whereas an apparent decline
in sensitivity of FLOTAC was observed for hookworm and

A. lumbricoides diagnosis as a function of stool preservation
duration, the sensitivity for T. trichiura diagnosis increased
from 93.9 to 100%.

4. Discussion

Our experiences to date are that a single FLOTAC is
more sensitive than multiple Kato—Katz thick smears for
diagnosing low-intensity soil-transmitted helminth infec-
tions. ldiosyncrasies of the epidemiological settings might
explain some of the discrepancies in diagnostic sensitiv-
ity. Moreover, the additional washing step with ether in
the second Cote d’Ivoire study warrants further considera-
tion. As expected, Kato—Katz performs well when EPGs are
reasonably high. For example, the sensitivity of Kato—Katz
in the second Cote d’lvoire study was higher than FLOTAC
for A. lumbricoides diagnosis, but lower for T. trichiura.
In this setting, A. lumbricoides infections were compara-
tively high (mean intensity: 1318 EPG according to triplicate
Kato—Katz), but T. trichiura infections were of low inten-
sity (6.2 EPG using triplicate Kato—Katz). In Zanzibar, where
EPGs of all soil-transmitted helminth infections were low,
FLOTAC had a consistently higher sensitivity than multiple
Kato—Katz.

The apparent decrease in sensitivity of FLOTAC observed
as a function of longer stool preservation duration in
the second Cote d’lvoire study, particularly for hook-
worm diagnosis, seems—at first sight—surprising. Indeed,
the first Cote d’lvoire and the Zanzibar study with fae-
cal samples preserved in SAF for ~6 months revealed high
sensitivities for hookworm diagnosis. However, in a sep-
arate calibration of FLOTAC with samples also stored in
SAF for ~6 months and using different flotation solutions
and washing steps with and without ether, it could be
shown that hookworm eggs were well detected but only
in the absence of ether. Hence, the apparent decline in
the sensitivity for hookworm diagnosis with FLOTAC seems
not to be a methodological issue with FLOTAC. Instead,
we speculate that hookworm eggs are destroyed by SAF
preservation and the concurrent use of ether. An impor-
tant lesson learned is that helminth-specific eggs must be
considered independently when using the FLOTAC tech-
nique with respect to: (1) the floatation solution; (2) the
use of ether; and (3) the medium used for faecal preser-
vation (e.g. SAF or formaldehyde). What is known for
one parasite cannot be readily transferred to other para-
sites.

Advantages and disadvantages of the FLOTAC and
Kato—Katz techniques are summarized in Supplementary
Table 1. Although FLOTAC is highly sensitive for low-intensity
soil-transmitted helminth infections, it is considerably more
time-consuming in terms of preparation.’” Regarding equip-
ment, FLOTAC is more expensive than Kato—Katz. However,
because of the low sensitivity of a single Kato—Katz, exam-
inations of more than just one thick smear, ideally derived
from multiple stool samples, are recommended for obtain-
ing reliable results.® Obviously, repeated stool sampling
reduces patient compliance, and increases overall costs.
Economic evaluations of FLOTAC and its diagnostic potential
for detection of eggs of other helminths (e.g. Entero-
bius vermicularis, Schistosoma mansoni and food-borne
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trematodes) are underway. Finally, the diagnostic accuracy
of FLOTAC in anthelminthic drug efficacy trials is the sub-
ject of our current investigations in Zanzibar. In view of the
results highlighted here, we feel that FLOTAC might become
a viable tool for accurate patient management and rigorous
monitoring of drug intervention studies and community-
based helminth control programmes.
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