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A total of 19 annual or biannual audits were performed over a 12-yearperiod by an independent microscopist
on randomized subsamples of Kato slides examined for Schistosoma mansoni eggs by Kenyan
microscopists from the Division of Vector-borne Diseases (DVBD). The recounts were invariably lower than
the originals owing to some deterioration of the preparations between counts, but the two were strongly
correlated: significant regressions of recounts on counts taking up 80-90% of the observed variance.
Observer bias differed significantly between microscopists but remained stable over time, whereas
repeatability of recounts on counts dropped slightly in periods of maximum work load but did not vary
systematically with time. Approximately 7% of the counts and recounts disagreed on the presence or
absence of eggs, but less than a third of these were negatives that were found positive on recount. False
negatives dropped to 1.3% if duplicate counts were considered. The performance of the Kenyan micro-
scopists was remarkably high and consistent throughout the 12-year period. This form of quality control is
suitable for projects where limited funds preclude full-time supervisors using more sophisticated systems.

Introduction
Few would question the desirability of checking
the performance of technical staff involved in
the monotonous and repetitive task of counting
Schistosoma mansoni eggs in faecal preparations.
For all their imperfections, such counts remain the
only means of estimating, however crudely, the in-
tensity of schistosome infections and the magnitude
of any changes following interventions such as treat-
ment. Jordan (1) illustrated a method developed on
Saint Lucia for calculating the "false-negative rate"
(FNR), based on extra infections detected on re-
examination of 10% of slides "negative" at the first
examination. Later, the method was modified, but
still re-examined only a fraction of slides declared to
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be negative, using a continuous graphical evaluation
of the performance of the microscopists over a
period of time against each other and a laboratory
supervisor (2). An added refinement was the surrep-
titious inclusion of known positive preparations at
the first examination (3). In Saint Lucia, the FNR
was in the range 8-14% (1).

The continuous presence of supervisory staff
which this type of quality control requires may
be possible in large, well-endowed research pro-
grammes or dedicated diagnostic laboratories, but is
rarely possible in smaller research programmes with
limited funds. Furthermore, although the FNR tack-
les the principal problem of "false negatives" (miss-
ing true infections, usually at the lower threshold
of sensitivity of any particular diagnostic technique),
it ignores the possibility, however improbable, of
"false positives".

In the course of long-term studies on schisto-
somiasis mansoni in Kenya (4-6), a different form of
quality control was developed, more suitable for
projects with limited resources. It depends on the
fact that properly stored Kato smears remain count-
able for many months after preparation (7-1O).Thus,
it is possible to "audit" randomized subsamples to
compare recounts with the original counts. This
article summarizes 12 years of experience using
this system.
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Materials and methods

Preparation and counting of Kato slides;
selection and recounting of a random
subsample

Studies, approved by the appropriate Kenyan au-
thorities and conforming with the prevailing ethical
requirements, involved numerous faecal surveys
from 1981 onwards on whole communities, indi-
vidual schools, or specified study populations or
cohorts from the study areas in the Machakos and
Makueni Districts (4-6). The following system of
quality control audits was developed during the
initial years of these studies.

At each survey, depending on the objectives of
the study, one or more (to a maximum of five) stools
were collected from each individual by mobile field
teams comprising a driver/supervisor and two assist-
ants, if possible within a 5-7-day period although
sometimes longer. The field team plus an extra as-
sistant prepared duplicate 50mg Kato smears from
each faecal sample. The slides were labelled with the
name and unique identity number (ID) of the sub-
ject, as well as the date and, if appropriate, the study
code. Duplicate slides, labelled A and B, were stored
in labelled, closable wooden or plastic slide boxes,
together with a complete list (Form I) of the slides
with columns for entering the observed counts. The
A and B slides were placed sequentially in boxes
holding 50 slides in one row, or side by side in adja-
cent rows in larger boxes holding 100 slides. The
boxes were stored in a large plastic bag to minimize
desiccation and, in later years, sprayed with a com-
mercial aerosol insecticide before closing. With this
system, a field team could collect and process 100 to
120 stool samples a day.

The boxes were transported to a local labora-
tory for microscopical examination by which time
the slides were at least 24h old. The basic sampling
unit was the slide box. Two microscopists, initially
designated A and B, counted the A and B slides,
respectively. To minimize fatigue, the microscopists
were encouraged to take a short break every one-

and-a-half to two hours. When the work load in-
creased in 1989, an additional microscopist (desig-
nated C) was added and amended the appropriate
column on Form I, depending on which duplicate he
counted. Slides from any box were examined by only
two of the three microscopists: all A or B slides were
completed before passing the box to the other
microscopist. Ideally, the second microscopist
should not know the count of the first but this was

impossible in practice: the second microscopist
usually completed his count before looking at the
first count.

When counting was completed, a random 10%
sample of slides was chosen using a standard sam-
pling table, initially by H. C.K. or F. W. T., but later by
the microscopists. The selected slides were placed
in another slide box together with a second list
(Form II) which recorded the names of the two
microscopists involved; the ID number, name of the
subject and the count for each selected slide; and the
duplicate slide count. These boxes were resprayed
and stored in plastic bags until required. Copies of
completed Forms I were sent to Nairobi for data
entry on spreadsheets (at first, SuperCalc 3 for Apri-
cot; later, Excel for Macintosh). In periods of peak
activity, each microscopist counted 80-100 slides a
day, besides selecting the 10% subsample and com-
pleting the paperwork associated with the counting
and subsampling.

Quality control audits were performed once or
twice each year, when R.F.S. visited Kenya. All
boxes of selected slides that had accumulated since
the previous visit were brought to Nairobi and
marked in numerical order- the maximum being 46
boxes in 1992. If there were too many slides to re-
count them all, a stratified subsample was chosen
by selecting every 2nd, 3rd, 4th or 5th slide from box
1. The initial slide was chosen at random from slides
1, 2, 3, 4 or 5 as appropriate and the counting
sequence was continued through box 2 onwards.
Thus, at least a fifth of the initial 10% sample was
selected for recounting (i.e., 2-10% of the original
slides). The recounts were entered on a third form
(Form III), together with the identity of the original
microscopist, his counts, and the counts for the
matching slides examined by the other DVBD
microscopist as listed on Form II.

Data handling and analytical techniques
Initially, the raw data (counts and recounts) on Form
III were processed manually with the aid of a pocket
calculator. Later, the data were entered on statistical
spreadsheets (at first, Nanostat; later, Minitab) for
preparation of summary tables and for correlation
and regression analyses of the original DVBD
counts and the recounts. In addition, 2 x 2 tables
were prepared for the individual observers, using the
recount as the reference standard, showing the
number of slides where the original counts and
the recounts agreed and disagreed as a = + +, b =
+-, c = -+ and d = --, where + and - denote eggs
present and absent, respectively. Three indices were
calculated from these tables (11): percent reprodu-
cibility calculated as 100a / (a + b + c); percent test
(observer) bias as 100 (a + b) I (a + c); and trends in
the discrepant counts b and c using a simplified sign
test (12). The last-mentioned indicated the probabil-
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ity of obtaining whichever was the larger, b or c,
of the combined discrepant counts (b + c). Discrep-
ant counts were further examined to determine
whether the duplicate DVBD count agreed with the
recount or the original count. The most serious fault,
a positive case missed by both DVBD microscopists,
was expressed as the percentage serious error (PSE),
i.e. the percentage of such cases from all slides
re-examined.

The main data set comprised all indices (except
the PSE for the first four audits) for microscopists
A and B for 19 sequential audits from 1984 to 1996
plus those for C for the last 10 audits from 1989
to 1996. In addition, two subsets were analysed:
microscopists A and B for all 19 audits and all three
microscopists for the last 10 audits. Analyses of these
subsets are reported only if they differed from the
main analyses.

Results
In all, 10113 slides were recounted between 1984
and 1996, when it is estimated that the DVBD

microscopists examined over 350000 Kato slides.
Recounts were performed between 1 and 18 months
after the slides had been prepared. On average, 211
slides per microscopist were re-examined at each
audit, and the minimum usually exceeded 100 (Table
1). There was no significant difference between the
number of slides per observer (F245 (2 against 45 de-
grees of freedom) = 0.27; P > 0.05) but the numbers
recounted at the different audits (Fig. la) varied sig-
nificantly (F1829 = 9.70; P < 0.001). There was no
significant linear trend with time (F146= 0.28; P >
0.05). The overall proportion of discrepant counts
(N, see Table 1) was 6.83% and was highest for
microscopist A. Of the discrepant counts at almost
every audit, more slides were recorded as positive by
the DVBD microscopists (and negative by RFS)
than were recorded as negative by the DVBD
microscopists (and positive by RFS). A sign test
showed this trend to be significant in 7/19 audits for
microscopist A, in 1/19 for microscopist B, and never
for microscopist C.

The performance of the DVBD microscopists
over a period of time, especially their quantitative
performance, was of interest. Both the mean counts

Table 1: Number of slides examined with the number and percentage of discrepant counts by audit (time) and
microscopist, and the percentage of serious errors (PSE) by audit

Microscopist A: Microscopist B: Microscopist C:
PSE

No. Year na x/Nb %C n x/N % n x/N % %d

1 1984 146 16/18e 12.3 141 9/18 12.8 - - - -
2 1985 314 30/386 12.1 317 20/32 10.1 - - - -

3 1985 321 10/16 5.0 355 16/24 6.8 - - - -
4 1986 147 6/9 6.1 130 5/10 7.7 - - - -
5 1986 325 16/17e 5.2 337 10/17 5.0 - - - 0.4
6 1987 102 5/6 5.9 96 5/8 9.4 - - - 1.0
7 1988 194 11/14 7.2 188 7/9 4.8 - - - 1.0
8 1988 163 6/9 5.5 190 4/7 3.7 - - - 0.6
9 1989 289 5/10 3.5 281 5/9 3.2 - - - 0.7
10 1989 174 15/16e 9.2 184 13/16' 8.7 91 4/5 5.5 0.4
11 1990 246 5/10 4.1 216 9/11 5.1 125 4/7 5.6 1.4
12 1990 176 13/15e 8.5 222 13/21 9.5 205 10/13 6.3 1.0
13 1991 175 8/12 6.9 151 7/9 6.0 178 5/5 2.8 2.0
14 1992 450 23/32' 7.1 369 18/29 8.0 395 15/28 7.1 2.1
15 1993 241 10/14 5.8 167 4/7 4.2 262 8/16 6.1 1.5
16 1994 274 17/20e 7.3 236 11/18 7.6 156 7/12 7.7 2.0
17 1995 206 8/12 5.8 175 5/7 4.0 126 7/9 7.1 1.6
18 1995 165 13/20 12.1 118 6/8 6.8 117 8/11 9.4 2.5
19 1996 215 11/16 7.4 194 9/17 8.8 61 4/5 8.2 1.3

Mean 228 12/16 7.0 214 9/15 6.8 172 7/11 6.5 1.3

a n = number of slides recounted.
b X = larger of two discrepant counts (b = + - or c = ±, see text) and N = (b + c).
c % = 1OO(Nln).
d PSE % = percentage of serious errors (infected subjects missed by both DVBD microscopists).
P < 0.01 that values of x occurred by chance for the relevant N.

'P < 0.05 that values of x occurred by chance for the relevant N.
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and recounts (Fig. lb) varied over time (F1829 = 15.81
for DVBD and 17.03 for RFS, P < 0.001 in both
cases). There was no significant regression of these
counts on time for the main data set, but it was sig-
nificant for the subset from all three microscopists

Fig. 1. Values by time (audit) for: a) Mean number of
slides recounted per microscopist (n = number of
microscopists); b) Mean number of Schistosoma
mansonieggs from the DVBD microscopist count and
the R.F.S. recount; c) Correlation (r) and regression (b)
coefficients for recount on count, and the percentage
(shown as a proportion in the figure) of variance taken
up by fitting a linear regression line; and d) Percent-
age test (observer) bias and repeatability of count
versus recount. Error bars are standard deviations.
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between audits 10 and 19 (DVBD = 19.4-0.78 x
time; F1,28 for fitting the slope (b) = 8.39, P < 0.01 and
RFS = 14.7-0.60 x time; F1 28for fitting b = 9.03, P <
0.001). The percentage of variance (% var) ac-
counted for by fitting the regression was 20% in
each case. More importantly, the observer effect was
not significant (F245= 0.06 for DVBD and 0.10 for
RFS; P > 0.05 in both cases). Overall, there was a
significant positive regression of the recount on the
count (RFS = 0.77 x DVBD-0.482, F146for b =
511.6, P < 0.001; % var = 92%).

The % var of counts on recounts at each audit
(Fig. lc) did not vary over time (F1829= 0.73, P >
0.05), but there was a significant difference between
observers (F245= 3.30, P < 0.05). Overall, it was
significantly higher for microscopists A and B
than for C (89.2%, 90.7% and 84.5%, respectively)
although there was no difference between micro-
scopists A and B for all 19 audits (F1,36= 0.57, P >
0.05), or among all three for audits 10 to 19 (F227=
2.52, P > 0.05).

The mean correlation (r) and regression (b) co-
efficients for the counts and recounts at each audit
(Fig. lc) showed no observer effect (F2,45 = 0.04 for r
and 0.50 for b, P > 0.05 in both cases). The values of
r varied with time (F1829 = 2.68, P < 0.001) but not
linearly (F1,46 for b = 0.01, P > 0.05). Although the
time effect for b was not significant overall (F1829 =
1.95, P > 0.05), it was significant for the three
microscopists between audits 10 and 19 (F920= 2.61,
P < 0.05), but the relationship was not linear (F128
for b = 1.29, P > 0.05). The overall linear regression
of r on b was significant (r = 0.775 + 0.222b; F147
for b = 7.40, P < 0.01; % var = 12%).

Fig. ld shows test (observer) bias and repeat-
ability. Test bias did not vary significantly over time
(F1829= 0.93, P > 0.05) but varied significantly with
observer (F247= 7.28, P < 0.001): microscopist A
consistently reported a significantly higher percent-
age (108.8%) of positive slides, compared with the
recounts, than microscopist B (102.3%). Observer C
(105.4%) fell between the two. Repeatability did not
differ between observers (F247= 0.51, P > 0.05) but
did vary over time (F1829= 5.24, P < 0.001). How-
ever, the time trend was not linear (F1,47 for b = 0.14,
P > 0.05). There was a negative linear regression
of repeatability on test bias, i.e. repeatability
improved as the bias fell (Repeatability = 133-
0.451x Test bias; F147 for b = 13.4, P < 0.001;
% var = 23%).

Discussion
In view of the results presented above, it may seem
unusual to use the R.F.S. recounts as the reference
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standard for assessing the performance of the
DVBD microscopists. Usually the reference or
"'gold" standard is the best, absolute test to which
others are compared. At the start of these studies it
was not possible to say who would be best at de-
tecting S. imansoni eggs; nor was it certain that the
same DVBD microscopists would be employed
throughout the programme. By using R.F.S. as the
reference standard, it was possible first to introduce
additional microscopists if necessary, although, in
fact, only one was needed; and secondly to monitor
any changes in the performances of the micro-
scopists over a period of time on the assumption that
R.F.S.'s performance remained essentially constant
with time.

With few exceptions, the DVBD microscopists
detected more S. mansoni eggs than R.F.S. They
might have been reporting artifacts as eggs, but the
more likely explanation was undoubtedly the dete-
rioration of the Kato preparations between the ini-
tial count and the recount. Deterioration was mainly
due to the slides drying out, which was most notice-
able among slides prepared in hot, dry weather, al-
lowing drying before storage in the slide boxes.
Similar climatic conditions during counting added
to the problem when, additionally, unavoidable heat
from the microscope lamps aggravated the problem.
To minimize drying, the microscopists were in-
structed to keep the boxes closed except when re-
moving or replacing slides. Storing the boxes in
plastic bags was an additional precaution. At worst,
completely dried-out slides were black and uncount-
able but the proportion never exceeded 0.5% at any
audit. Normally, drying occurred in only localized
patches and sufficient of the preparation remained
clear enough to detect S. nmansoni eggs, even when
subjective estimates at recount indicated that more
than 75% of the area was uncountable. In a few
cases, darkened slides were rehydrated using stand-
ard glycerol solution but this was logistically imprac-
tical for routine use in the procedure we were using;
in hotter, drier conditions, rehydration may be
needed even for the initial counts (13).

Another problem related to drying was the
overclearing of S. mnansoni eggs. Great care was re-
quired to ensure that they were not overlooked dur-
ing recounts. Other minor problems included the
presence of mites, fungus growth and dust. Mites
ate portions of the Kato preparation but the damage
was always restricted to the periphery of a prepara-
tion. Insecticides kept the problem to a minimum.
Fungal growth was localized and rare but, at worst,
obscured only a small portion of any preparation.
Dust scratches on the surface of the cellophane
cover-slips made recounting more difficult but never
impossible.

The mean DVBD counts varied from audit to
audit, but their significant decline with time between
audits 10 to 19 is mirrored in the recounts and was
thus not due to a deterioration in the ability of the
microscopists to detect eggs: late 1989 and 1990 (au-
dits 10 and 11) coincided with pretreatment exami-
nations of heavily infected populations: the drop in
subsequent counts reflects the effects of treatment.
The correlation of the counts and recounts was high
throughout for each DVBD observer. Significant
variations over time did not indicate systematic
improvement or deterioration in performance. The
regression of recounts on counts did not vary sig-
nificantly by DVBD microscopists and remained
consistent over time. Test bias for the DVBD
microscopists versus R.F.S. differed significantly be-
tween the three but was always greater than 100%
and remained consistent over time. In contrast,
repeatability was always below 100%, varying sig-
nificantly (but not consistently) over time but not
between microscopists. These two indices of per-
formance were calculated differently: the inverse re-
lationship between them, though significant, was
relatively weak.

Variations between the performances of differ-
ent microscopists is to be expected. The introduction
of the third microscopist when the work load in-
creased in 1989 also increased the variability in the
data. This coincided with a period of maximum ac-
tivity involving approximately 50000 slides a year,
many with high counts. Some slight drop in perform-
ance under this pressure is understandable. This
period was when one subset showed a significant
regression of r on b, but it was relatively weak and
the performance of the microscopists remained
acceptable. Conversely, it is important that the
microscopists maintain an equally high standard
to detect scarce eggs after treatment campaigns
when a very high proportion of Kato slides con-
tained no eggs. These data show no evidence of
any serious variations in the microscopists' perform-
ance or ability to detect eggs throughout the entire
period.

The remaining question concerns the number
of false negatives reported by the DVBD micros-
copists. The false-negative rate (FNR) calculated by
Jordan (1) is equivalent to c / (a + b + c) in the 2 x
2 table format (see under Materials and methods).
Calculated in this way, the FNR for the Kenyan data
was 4.5%, certainly as good as, if not better than, the
Saint Lucian figures. Only 2.18% of all the Kenyan
slides re-examined were misclassified as "ifalse nega-
tives". Of these slides, 40% were diagnosed as posi-
tive by the DVBD microscopist examining the
duplicate slide, reducing the percentage of serious
errors (PSE, i.e. infected subjects misdiagnosed as

WHO Bulletin OMS. Vol 75 1997 473



R.F. Sturrock et al.

uninfected) to 1.3%. Most discrepant counts and re-
counts involved only 1 or 2 eggs on a Kato prepara-
tion, i.e. light infections less than 50 eggs/g. For the
few higher counts, the identification numbers on the
slides did not match those on the accompanying
Form II, suggesting clerical errors (which proved to
be the case where the original (Form I) records could
be checked). Thus, the true PSE was probably
less than 1.3%. Since three or more stool samples
were examined in critical studies, the PSE was prob-
ably <1 %, an acceptable misclassification rate
for further, quantitative analyses of prevalence and
intensity.

Intensity analyses are quantitative and use
quantitative egg count estimates based on sub-
samples drawn from the original stool samples. Egg
counts are subject to numerous sources of bias and
error so that excessive emphasis cannot be placed on
their absolute value. However, changes in their rela-
tive values with time can still be informative, as long
as they reflect the influence of a factor being investi-
gated and are not merely artifactual variations in the
accuracy of the counts. In this respect, it is of little
consequence that the recounts were almost always
lower than the original counts in these studies (prob-
ably for reasons already discussed) or that individual
DVBD microscopists may have tended to count
higher or lower than each other. The important point
is that, within reasonable limits, these differences
remained consistent. Quantitative proof of this con-
sistency is not easy to obtain in the context of an
ongoing field research programme such as the
present one in Kenya. The high levels of correlation
(r) of the counts and recounts are indicative, as is the
consistency of the regression of counts on recounts
(b). However, the consistency of the more easily
obtained qualitative indices and the lack of serious
divergences over time gives added confidence in the
suitability of the original counts for quantitative
analyses.

Acknowledgements
This work was funded by grants from the Edna McConnell
Clark Foundation; the Medical Research Council; the
Rockefeller/WHO Joint Funding Venture, and the Euro-
pean Community's Science and Technology for Develop-
ment Programmes (STD2/STD3); and received practical
support from the Ministry of Health of the Government of
Kenya. We gratefully acknowledge the excellent assist-
ance of our field and technical staff and the communities
where the studies were performed. We are especially
indebted to the untiring and diligent technical assistance of
our three microscopists, Edward W. Thindiv, Julius M.
Mwakesi, and Sabiano 0. Odero. This paper is published
with the kind permission of the Director of Medical Serv-
ices of the Government of Kenya.

Resume
Controle de la qualite des numerations
d'ceufs de Schistosoma mansoni sur
lame de Kato: 12 ans d'experience passes
au crible au Kenya
La numeration des ceufs de schistosomes, malgre
ses limites, reste le seul moyen pratique d'estimer
l'intensite de l'infection chez l'individu comme dans
la communaute, que ce soit a des fins d'enquetes
epidemiologiques ou pour chercher a mesurer
l'effet d'interventions de lutte en sant6 publique ou
dans le cadre d'etudes exp6rimentales. Pour les
infections a Schistosoma mansoni, la m6thode
d'examen la plus r6pandue est celle de Kato. On
se trouve toutefois r6gulierement confront6 au
probleme du maintien des normes de qualit6 tout au
long des 6tudes longitudinales de facon a assurer la
comparabilit6 des donn6es, notamment lorsque
l'insuffisance des ressources limite le recours a un
personnel specialement charge du contr6le de la
qualit6. Cet article decrit un systeme de controle de
la qualit6 6labore au cours d'6tudes a long terme au
Kenya, ainsi que les m6thodes d'analyse utilisees
pour v6rifier que les normes sont maintenues ou
que les resultats ne s'ecartent pas d'une norme
satisfaisante. En r6sume, un 6chantillon al6atoire
de 10% de la totalite des lames de Kato examin6es
a ete conserv6 pour recomptage par un observa-
teur ind6pendant, qui a vu au moins le cinquieme
des lames conserv6es. Les m6thodes utilis6es, et
en particulier le systeme d'enregistrement des
r6sultats, ont permis de contr6ler la qualite du tra-
vail des differents microscopistes.

Au total, 19 controles annuels ou bisannuels
ont ete r6alis6s sur une p6riode de 12 ans et
ont porte sur plus de 10000 lames de Kato sur
les quelque 350000 examin6es par trois micro-
scopistes k6nyens de la Division des maladies
transmises par des vecteurs. Les recomptages
6taient syst6matiquement plus faibles que les
numerations initiales du fait d'une d6terioration
des pr6parations au cours du temps, mais les
valeurs obtenues etaient fortement corr6l6es: une
r6gression significative des deuxiemes numera-
tions par rapport aux premibres expliquait 80 a 90%
de la variance observee. Le biais lie a l'observateur
etait sensiblement different d'un microscopiste a
l'autre mais restait stable au cours du temps. La
reproductibilite des num6rations variait peu en fonc-
tion du temps mais baissait legerement pendant les
periodes ou la charge de travail etait maximale.
Environ 7% des recomptages 6taient en desaccord
avec la num6ration initiale quant a la presence ou
I'absence d'ceufs mais dans moins d'un tiers des

WHO Bulletin OMS. Vol 75 1997474



Quality control of Kato slide counts for Schistosoma mansoni

cas il s'agissait de "faux n6gatifs" trouv6s positifs au
recomptage. Ce taux tombait a 1,3% lorsque les
num6rations etaient faites en double, ce qui est
tout a fait comparable aux taux rapportes avec des
techniques plus complexes et plus coOteuses.
Cette forme de contr6le de la qualite, qui a demon-
tr6 que la qualite du travail des microscopistes
k6nyens 6tait restee remarquablement elev6e, et
constante, au cours des 12 ann6es considerees,
convient pour des projets ou la maigreur des
ressources empeche d'employer des responsables
du contr6le de la qualit6 a temps plein.
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