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Abstract. We created a mobile phone microscope and assessed its accuracy for the diagnosis of soil-transmitted
helminths compared with conventional microscopy. Mobile phone microscopy has a sensitivity of 69.4% for detecting any
helminth egg and sensitivities of 81.0%, 54.4%, and 14.3% for the diagnosis ofAscaris lumbricoides, Trichuris trichiura and
hookworm respectively.

INTRODUCTION

Soil-transmitted helminths (Ascaris lumbricoides, Trichuris
trichiura, and hookworm) affect roughly 2 billion individuals
worldwide and are a major public health issue in developing
countries, predominantly rural settings with inadequate sani-
tation.1 Children are disproportionately affected, and chronic
infection manifests as anemia and malnutrition, which conse-
quently, results in poor physical and mental development.2

The diagnosis of soil-transmitted helminths traditionally
involves stool examination under a microscope.3 The Kato–
Katz method is frequently used,4 with increased sensitivity
after multiple stool examinations.5 Novel methods of diagnosis
are necessary, because many of the infected individuals live in
underserviced rural areas and do not have access to appropri-
ate diagnostic facilities or care.2 Here, we describe the proof of
concept that a mobile phone can be converted into a micro-
scope for the point-of-care diagnosis of soil-transmitted hel-
minths. We compare the diagnostic accuracy of our mobile
phone microscope with conventional light microscopy.

METHODS

Ethics statement. This proof-of-concept study was inte-
grated into a clinical trial assessing the safety and efficacy of
different anthelmintic drugs against soil-transmitted helminth
infections in school-aged children on Pemba Island, Tanzania.
Ethical approval was granted by the ethics committee of Basel
(EKBB; reference no. 390/11) and the Ministry of Health and
Social Welfare of Zanzibar (ZAMREC; reference no. 0001/
Jan/11). This trial is registered with ClinicalTrials.gov (identi-
fier ISRCTN54577342). Parents or legal guardians of children
were asked for written informed consent, whereas children
assented orally. At the end of the study, all participants were
treated with albendazole (400 mg).
Procedures. The clinical trial was conducted in September

and October of 2012. For the purpose of this embedded study,
stool samples were collected from children in the morning over
a 5-day period and processed in the afternoon of the collection
day using the Kato–Katz technique.4 Stool samples were

analyzed by conventional light microscopy by trained labora-
tory technicians, and the eggs of A. lumbricoides, T. trichiura,
and hookworm were counted and recorded separately. Data
were double-entered into a database. For quality control,
a random sample of 10% of the slides was re-examined by
a senior microscopist to ensure internal validity.
Mobile phone microscope.We transformed a mobile phone

into a microscope by temporarily mounting a 3-mm ball
lens (Edmund Optics, Barrington, NJ) to the camera of an
iPhone 4S (Apple, Cupertino, CA) with double-sided tape
(3M, St. Paul, MN) similar to the work described by Smith
and others.6 A small hole was punctured in the middle of the
double-sided tape, and the ball lens was positioned in this
hole. The ball lens was then centered over the iPhone camera
lens, with the tape holding the lens to the camera for stability.
Kato–Katz thick smear slides were directly placed up against
the double-sided tape, such that a small space less than 1 mm
separated the lens from the slide (Figure 1). The mobile
phone microscope was placed on top of a slide, which was
illuminated from below by a generic, small, hand-held incan-
descent flashlight powered by one AA battery. Images were
viewed on the mobile phone screen, and magnification was
increased with the digital zoom function; we estimate that this
method could achieve an equivalent of 50–60 + magnifica-
tion. The microscopist manually manipulated the slide under-
neath the mobile phone microscope to examine the entire
area of stool on the slide. The thick double-sided tape (3M)
that held the ball lens to the mobile phone provided a 1-mm
buffer zone between the slide and ball lens. In addition, the
cellophane strip placed over stool on the slide prevented the
ball lens from becoming contaminated with stool.
Samples. Kato–Katz thick smear slides (n = 199) were ran-

domly selected and analyzed by mobile phone microscopy by
a senior microscopist for the presence or absence of soil-
transmitted helminth eggs within 2 hours of evaluation by con-
ventional light microscopy. The mobile phone microscopist
was blinded to results from conventional light microscopy.
Statistical analysis. Data were analyzed with Stata version

10.1 (StataCorp., College Station, TX). The sensitivity, specific-
ity, positive predictive value (PPV), and negative predictive
value (NPV) of mobile phone microscopy for the diagnosis of
soil-transmitted helminths were calculated and compared with
results from conventional microscopy. Although there is no
true ‘gold standard’ for the diagnosis of soil-transmitted hel-
minths, microscopy on multiple samples has been considered
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as a reasonable standard for diagnosis. Comparisons were made
between any helminth egg visualized on mobile phone micros-
copy and conventional microscopy, regardless of the correct
species diagnosis. We also assessed the diagnostic accuracy for
each soil-transmitted helminth species separately. In addition,
diagnostic accuracy was evaluated for low-, moderate-, and
heavy-infection intensities using the cutoffs described by the
World Health Organization (WHO).7 Moderate- and heavy-
infection intensities were combined into a single category.
Because we selected out positive slides in the evaluation of
low- and moderate/heavy-intensity infections, we could not
assess for specificity, PPV, and NPV, because by definition,
therewereno false-positive slides fromconventionalmicroscopy.

RESULTS

A total of 199 Kato–Katz thick smears were evaluated by
both mobile phone microscopy and conventional microscopy.
Table 1 shows the sensitivity, specificity, PPV, and NPV for
soil-transmitted helminth diagnosis. Of note, the mobile phone

microscope revealed a sensitivity of 69.4% for detecting any
soil-transmitted helminth infection. The highest diagnostic
yield in terms of sensitivity was for A. lumbricoides (81.0%)
followed by T. trichiura (54.4%). The sensitivity for detecting
hookworm was very poor (14.3%). The mobile phone micro-
scope showed higher sensitivities for the heavy-infection inten-
sity category compared with lower fecal egg counts. All
hookworm infections were of low intensity in this study
(< 2,000 eggs per 1 g stool). There was a 61.5% concordance
rate of the 26 slides with no visualized helminth eggs on
conventional microscopy. Egg images with conventional
and mobile phone microscopy can be viewed in Figure 2.

DISCUSSION

We show the proof of concept of a first-generation mobile
phone light microscope for the point-of-care diagnosis of soil-
transmitted helminth infections among school-aged children
on Pemba Island, where multiple species of helminth infec-
tion are the norm rather than the exception.8 Compared with
conventional light microscopy, our simple mobile phone
microscope achieved only modest diagnostic yield, with the
highest sensitivity observed for moderate or heavy A.
lumbricoides infection. However, we feel that the mobile
phone microscope holds promise as a novel point-of-care test
for intestinal helminth diagnosis, because it is portable, easy
to construct and use, and relatively inexpensive. More impor-
tantly, mobile phones have become ubiquitous worldwide.9

These affordable products are reliable in field conditions,
and prices are continuously declining. At the time of publica-
tion, a used iPhone 4S sells for US$250 and will likely decline
in price as newer models come on the market.
The following points are offered for consideration regard-

ing the modest performance of this mobile phone microscope
for the diagnosis of soil-transmitted helminth infections. First,
the image quality of our microscope, which uses a 3-mm ball
lens, is not as sharp compared with conventional microscopy.
Smaller lenses have greater resolution but a smaller field of
view, which was seen with 1-mm ball lenses used on mobile
phone microscopes in laboratory settings.6 We traded off a
higher resolution for a larger field of view by using a 3-mm
ball lens, because we sought to examine the entire Kato–Katz
thick smear for helminth eggs in a field setting where a clini-
cian would want to know if eggs were present anywhere on
the slide. Image quality also seems to be superior when using
a device to mount mobile phones onto a conventional light

Table 1

Operating characteristics of the mobile phone microscope compared with conventional microscopy for the diagnosis of soil-transmitted
helminth infection (n = 199 Kato-Katz thick smears)

Organism Conventional microscope n (%) Sensitivity (95% CI) Specificity (95% CI) PPV (95% CI) NPV (95% CI)

Any soil-transmitted helminth egg visualized 173 (86.9) 69.4 (61.8–76.0) 61.5 (40.7–79.1) 92.3 (85.9–96.0) 23.2 (14.2–35.2)
All A. lumbricoides 41 (20.6) 81.0 (65.4–90.9) 87.3 (80.7–91.9) 63.0 (48.7–75.4) 94.5 (89.1–97.4)
A. lumbricoides (light infection)* 27 (13.6) 74.5 (53.4–88.1) – – –

A. lumbricoides (moderate/heavy infection)† 15 (7.5) 93.3 (66.0–99.7) – – –

All T. trichiura 158 (79.4) 54.4 (46.3–62.3) 63.4 (46.9–77.4) 85.1 (76.4–91.2) 26.5 (18.4–36.6)
T. trichiura (light infection)‡ 107 (53.8) 43.9 (34.5–53.8) – – –

T. trichiura (moderate/heavy infection)§ 51 (25.6) 76.5 (62.2–86.7) – – –

All hookworm¶ 98 (49.2) 14.3 (8.3–23.1) 89.1 (81.0–94.2) 56.0 (35.3–75.0) 51.7 (44.1–59.3)

CI = confidence interval; NPV = negative predictive value; PPV = positive predictive value.
*Eggs per 1 g stool (EPG): 1–4,999.
†EPG: ³ 5,000.
‡EPG: 1–999.
§EPG: ³ 1,000.
¶Only WHO-defined low fecal egg counts available for analysis (1–1,999 EPG).

Figure 1. Mobile phone microscope apparatus with 3-mm ball lens
embedded into double-sided tape and fixed over the iPhone camera
lens. Note that the double-sided tape flanks the 3-mm ball lens to ensure
a 1-mm space between the lens and glass slide.
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microscope; however, such a contraption is unsuitable to
serve as a portable point-of-care test.10 Although helminth
eggs can reliably be visualized with our mobile phone micro-
scope, it is often a challenge to appropriately speciate the
infecting organism. In addition, the mobile phone microscope
detected several false-positive eggs that were likely stool arti-
fact because of the relative lack in image quality. T. trichiura
eggs are smaller than the eggs of A. lumbricoides and were
more difficult to detect with mobile phone microscopy, which
was reflected by the lower sensitivity for this helminth species.
Hookworm diagnosis performed especially poorly; however, it
must be noted that hookworm eggs are rapidly overcleared
when using the Kato–Katz method,11 and despite our efforts
to analyze these specimens quickly, the rapid overclearing and
relatively poor image quality made diagnosis difficult.
From a practical standpoint, the sensitivity for diagnosing

any soil-transmitted helminth egg with the mobile phone
microscope was close to 70%, and although it is not sensitive
enough for immediate application, it is getting close to accept-
able diagnostic characteristics. For example, if a clinical deci-
sion rests on whether a patient has a soil-transmitted helminth
infection, seeing an egg, regardless of the species, should
prompt clinicians to treat with an anthelmintic drug with a
broad spectrum of activity. In addition, appropriate microbio-
logic confirmation should be sought to ensure that an appropri-
ate anthelmintic drug is used and guide proper follow-up care if
assessing for response to therapy. Albendazole will not have
efficacy against Schistosoma mansoni and because it is admin-
istered in a single dose, only shows moderate efficacy against
T. trichiura.12 Of note, different helminth species coexist
in much of sub-Saharan Africa.2,13,14 Because S. mansoni eggs
are considerably larger than soil-transmitted helminth eggs and

have other distinctive morphological features (i.e., lateral spine
in S. mansoni eggs), these eggs can be easily distinguished from
each other based on our experience with mobile phone micros-
copy. The mobile phone microscope would likely be of clinical
use when sensitivities reach or exceed 80%.
We opted to use a simple first-generation ball-lens mobile

phone microscope because of ease of creation and use. This
device can be easily assembled in less than 5 minutes at a cost
of approximately US$15, making it attractive for use in
resource-limited settings. However, there are several other
cell phone microscopy methods in development that may pro-
vide better resolution. Next-generation technology, such as
lens-free devices, may offer exceptional diagnostic yield15–17;
however, these methods have not yet been tested in the field.
Other light-microscope attachments to mobile phones can
also generate superior image quality that will likely enhance
diagnostic yield.18 These technologies will likely have the
capabilities required to function as effective point-of-care
tests in resource-constrained settings,9 but first, they require
rigorous testing outside of controlled laboratory settings to
ensure that they have useful diagnostic capabilities in the
field. In addition, the digitization of images may aid in diag-
noses by enabling clinicians to transfer photos to centralized
locations for diagnostic support.10,19

Mobile phone diagnostic technology will likely contribute
to the diagnosis of infections and non-infectious etiologies
in resource-constrained settings. A first-generation mobile
phone microscope using a ball lens had modest diagnostic yield
for soil-transmitted helminth infections; however, newer tech-
nologies may further improve mobile phone diagnostic capa-
bilities, but they require additional field testing in different
epidemiologic settings.
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