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Abstract. A novel, inexpensive handheld microscope, the Meade Readiview, was evaluated for field diagnosis of
intestinal schistosomiasis by comparison of sensitivity, specificity, positive predictive value (PPV), and negative predic-
tive value (NPV) against conventional compound microscopy as part of a parasitologic survey in nine sentinel schools
and a rapid mapping survey across 22 schools in Uganda. Fecal smears from 685 primary school children were examined
and the overall prevalence of Schistosoma mansoni was 45%. However, prevalence by school ranged widely from 0%
to 100%. For individual diagnosis the Readiview had a sensitivity of 85%, a specificity of 96%, a PPV of 95%, and an
NPV of 88%. Due to the poorer movement control of the glass slide on the Readiview stage, fecal smears with less than
four eggs could be overlooked. At the highest magnification (160x), egg-like objects could be confounding. Estimating
prevalence by school was usually within £ 7% of that of conventional microscopy. Since the Readiview is more robust
and portable, both in size and weight, and one-tenth as expensive as the traditional compound microscope, a change in
the logistics and costs associated with field infection surveillance is possible. This inexpensive microscope is a pragmatic
alternative to the compound microscope. It could play an important role in the collection of prevalence data to better
guide anthelmintic drug delivery and also empower the diagnostic capacity of peripheral health centers where compound

microscopes are few or absent.

INTRODUCTION

Intestinal schistosomiasis has been present in Uganda for a
long time and continues to pose a considerable public health
burden in 38 of 56 districts.”? In March 2003, a National
Control Program (NCP) was launched against bilharzia
(schistosomiasis) and intestinal worms in 18 districts. Its aim
was to provide regular anthelmintic treatments to children
and adults within communities known or suspected to be at
high risk of infection.® Schistosoma mansoni can be hyperen-
demic along much of the shorelines of Lakes Albert and Vic-
toria and in certain places, infections in school age children
can be almost universal.>* Outside these areas there can be
substantive heterogeneity of infection prevalence by school;
over a local landscape prevalence may range from high
(> 50%) to low (< 10%0). This is attributable to the complex
focality of transmission that has so far proven difficult to
encapsulate and predict.® As a consequence, in areas where
the transmission landscape is particularly heterogeneous, col-
lection of additional prevalence data by school is necessary to
better guide the anthelmintic drug delivery regimens recom-
mended by the World Health Organization (WHO).5”

Microscopic examination of fecal smears for parasite eggs
from a single stool sample by the standardized thick smear
(41.7 mg) Kato-Katz method remains the preferred option for
diagnosis of S. mansoni in the field; it remains the pragmatic
and accepted gold standard for routine epidemiologic surveil-
lance recommended by WHO.® One major logistical con-
straint, however, is the availability of compound microscopes
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because these are relatively expensive and frequently not
available within local, or first-point-of-call, health centers.
Similarly, field-based roving teams are often constrained by
the number of available, fully functioning microscopes that
are both heavy and bulky and the optics of which can be easily
damaged during transportation. Since primary schools in
Uganda with on-site electricity are the exception, a field team
may be forced to carry a power supply unless the microscope
can use natural light.

The Readiview handheld microscope, manufactured by
Meade Instruments Corporation (Irvine, CA), is an inexpen-
sive (approximately US$70) monocular microscope of inno-
vative design. With a weight less than 0.25 kg and just over
10 cm in diameter, the microscope is very portable and has
few moving parts and a light-emitting diode (LED) light
source. During an initial pretest, we judged the optical quality
of the Readiview to be sufficient for inspection of Kato-Katz
fecal smears and to be a convenient platform for photomi-
crography (Figure 1A). For the trained eye, S. mansoni eggs
can be identified at either 80x or 160x magnification (Figure
1B and C). However, since the Readiview does not have a
mechanical stage, movement control of the glass slide is poor;
thus, the resultant egg count may not always be reliable
because it is easy to duplicate or miss zones of inspection.
Nevertheless, if only the detection of a schistosome egg
and confirmation of infection is required, this is a suitable
microscope.

In contrast with S. haematobium infections,®*° reliable
questionnaire methods for estimating the prevalence of S.
mansoni remain elusive.**? Since appropriate anthelmintic
drug delivery regimens are determined by infection preva-
lence thresholds and not infection intensity,® the search
continues for less expensive, more widely implementable,
parasitologic prevalence surveillance methods. The Readi-
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Ficure 1. Traditional 35-mm single-lens reflex camera attached
to the Readiview microscope showing the compact design of this
portable microscope and quality of photomicrographs taken with this
apparatus. A, Olympus (Tokyo, Japan) OM1 camera with ring mount
attached to the Readiview using a T-mount adaptor. B, Schistosoma
mansoni egg within a Kato-Katz fecal smear taken at 80x magnifica-
tion (ASA 400 film, exposure 2 seconds, camera mounted on
tripod). C, S. mansoni egg at 160x magnification (ASA 400 film,
exposure of 2.5 seconds, camera mounted on tripod).

view could therefore be an inexpensive alternative to the
traditional compound microscope. We evaluated its per-
formance under field-based conditions in two discrete trans-
mission landscapes, Lake Albert and Lake Victoria. Speci-
fically, we evaluated the diagnostic potential of this micro-
scope in selected sentinel schools and in a rapid mapping
exercise.

MATERIALS AND METHODS

Study area. Two transmission areas were chosen to be re-
flective of the major ecologic zones and epidemiologic land-
scapes>***? within Uganda. These were Hoima district near
Lake Albert and Mayuge district near Lake Victoria, as
shown in Figure 2. Differences in transmission included the
species of intermediate snail hosts.*® In the Lake Victoria
region, but not the Lake Albert region, an inverse relation-
ship between the prevalence of S. mansoni in schools with
increasing distance from the lakeshore has been observed.?**
Five sentinel schools within each district were visited during
the intervention baseline data collection periods during April
(in Hoima) and July (Mayuge), thereby providing suitable
access opportunities and logistic support for this microscope
evaluation.

Diagnostic evaluation within sentinel schools. Table 1
shows details of 9 of the 10 schools within Hoima and Mayuge
that were chosen. The first school visited acted as an in-school
training day, the results of which were not included in this
study. Within each school, the geographic location was re-
corded using a handheld global positioning system (GPS)
(GPS etrex; Garmin, Olathe, KS), and a minimum of 30 chil-
dren of matched sexes and approximately 11 years of age was
selected to provide stool and urine samples for examination.
Stool samples were individually screened through a 212- m
metal sieve and two (2 x 41.7 mg) separate Kato-Katz fecal
smears were prepared for each child. Smears were read at the
school site using a compound microscope with a natural light
source and all other helminth eggs observed were recorded.
These data were designated to be the gold standard data set
for comparisons between subsequent methods of diagnosis.

Diagnostic evaluation. Four Vector Control Division tech-
nicians were trained during a single-day workshop in Kam-
pala (an in-school training day) in the use of the Readiview
microscope according to the manufacturer’s instructions.
Each technician was assessed by the investigators to ensure
that a satisfactory level of competence with this microscope
had been attained. Due to the difficulties in obtaining a pre-
cise egg count because of fingertip movement control, visual
inspection of the fecal smear was conducted to determine the
presence or absence of an S. mansoni egg. To decrease time
spent during viewing, a fecal smear was considered positive as
soon as the first distinctive egg could be observed and confi-
dently identified. This could often be within the first 15 sec-
onds of searching. In schools with high-intensity infections,
the total time spent viewing fecal smears was often less than
30 minutes. In contrast, a fecal smear was considered negative
if the microscopist failed to see an egg after repeatedly scan-
ning the smear (taking more than three minutes to do so).

All tests were carried out in the field under the supervision
of the imvestigators. For evaluation of the Readiview, the
fecal smears were blinded for their egg counts so that the
reader did not know if the smear was positive or negative for
the presence of schistosome eggs. This was performed in a
room separate from where conventional microscope reads
were made. After initial analysis, if there was incongruence
between the Readiview and compound microscope results
(i.e., an egg was seen using the Readiview but not with the
compound microscope) the fecal smear was re-examined us-
ing a compound microscope (at 400x magnification) by the
investigators and a final result was determined. As an addi-



