
Am. J. Trop. Med. Hyg., 104(3), 2021, pp. 898–901
doi:10.4269/ajtmh.20-1175
Copyright © 2021 by The American Society of Tropical Medicine and Hygiene

Use of a Tablet-Based System to Perform Abdominal Ultrasounds in a Field Investigation of
Schistosomiasis-Related Morbidity in Western Kenya

Anne Straily,1* Alfred O. Malit,2 Dollycate Wanja,2 Emmy A. Kavere,2 Rono Kiplimo,2 Rose Aera,2 Caroline Momanyi,2

Solomon Mwangi,2 Sarah Mukire,2 Ashley A. Souza,3 Ryan E. Wiegand,1,4,5 Susan P. Montgomery,1 William E. Secor,1 and
Maurice R. Odiere2,6

1Parasitic Diseases Branch, Division of Parasitic Diseases andMalaria, Centers for Disease Control and Prevention, Atlanta, Georgia; 2SafeWater
and AIDS Project, Kisumu, Kenya; 3Task Force for Global Health, Atlanta, Georgia; 4Swiss Tropical and Public Health Institute, Basel, Switzerland;

5University of Basel, Basel, Switzerland; 6Centre for Global Health Research, Kenya Medical Research Institute, Kisumu, Kenya

Abstract. Chronic intestinal schistosomiasis can cause severe hepatosplenic disease and is a neglected tropical
disease of public health importance in sub-Saharan Africa, including Kenya. Although the goal of control programs is to
reducemorbidity,milestones for programperformance focus on reductions in prevalence and intensity of infection, rather
than actualmeasures ofmorbidity. Using ultrasound tomeasure hepatosplenic disease severity is an acceptedmethodof
determining schistosomiasis-related morbidity; however, ultrasound has not historically been considered a field-
deployable tool because of equipment limitations and unavailability of expertise. A point-of-care tablet-based ultrasound
system was used to perform abdominal ultrasounds in a field investigation of schistosomiasis-related morbidity in
western Kenya; during the study, other pathologies and pregnancies were also identified via ultrasound, and participants
referred to care. Recent technological advances may make it more feasible to implement ultrasound as part of a control
program and can also offer important benefits to the community.

Intestinal schistosomiasis, caused by Schistosoma man-
soni, affects an estimated 54 million persons in sub-Saharan
Africa, with more than 50% of resultant morbidity found
around the African Great Lakes, including Kenya.1 Adult
S.mansoniworms reside in themesenteric venules of infected
humans; female worms release eggs that become trapped in
the tissues, primarily the liver, where their presence elicits a
granulomatous inflammatory reaction that can result in mor-
bidity. Severe morbidity due to intestinal schistosomiasis is
characterized by hepatosplenic disease, including periportal
fibrosis, anddevelopsover 5–15years of infection.2Advanced
periportal fibrosis and resultant portal hypertension can lead
to development of esophageal varices, which are rapidly fatal
when ruptured. Although theWHO’s goal for control programs
is to reduce morbidity, evaluation measures focus on reduc-
tions in prevalence and infection intensity, rather than actual
measures of morbidity.3 This is largely because of challenges
in measuring severe morbidity in the field and because
symptoms associated with less severe schistosomiasis mor-
bidity can result from other causes.4 Country control pro-
grams need morbidity indicators that can be reliably
measured, and the WHO has designated identification of
these markers as a critical action to achieve elimination of
schistosomiasis as a public health problem.5 In 2019, the
Morbidity Operational Research for Bilharziasis Implementa-
tion Decisions (MORBID) pilot study was launched in an
S. mansoni–endemic area of western Kenya to identify better
methods to detect morbidity for control programs. Morbidity
was assessed by several methods, one of which was ultra-
sound of the liver and spleen. The full project, including
methods and results, will be further described elsewhere
(Odiere et al., manuscript in preparation).
Ultrasound is a useful diagnostic modality to directly visu-

alize the liver and spleen. It is noninvasive, relatively simple to

perform, generally has high community acceptance, rapidly
provides results, and can distinguish between fibrosis caused
by S. mansoni infection and other causes of hepatic disease
(e.g., cirrhosis or viral hepatitis).6–11 However, ultrasound has
not been considered a feasible, field-deployable tool for rou-
tine use in control programs because of costs and limitations
of machines and availability of ultrasonography expertise.
Older models of ultrasound machines were heavy, bulky, and
required an external power source, which greatly affected
transportation needs, personnel, logistics, and costs. For
example, during the Schistosomiasis Control Operational
Research and Evaluation (SCORE) morbidity studies, the ul-
trasound machine used in Kenya was a refurbished Aloka
SSD-900 portablemodel† (Aloka, Tokyo, Japan).12 It weighed
approximately 14.5 kg and required a generator and gasoline
for field use. Thatmodel could not store images electronically,
so they were printed on special thermal paper after each ex-
amination for further study and review; however, the images
faded quickly, making them nearly impossible to evaluate
retrospectively (W. E. Secor, personal communication). When
the Aloka unit was purchased in 2011, it cost $11,000 US
dollars (USD) with an additional $800 USD for the printer (not
including cost of shipping the unit to Kenya). Updated clinical
machines with equivalent features now cost anywhere from
$22,000 to $36,000,‡ putting them financially out of reach of
many country control programs or field studies.
Recently, tablet-based ultrasound systems consisting of a

transducer connected to a compatible smart device have
become available. We evaluated whether such a system
would be useful to assess hepatosplenic disease related to
intestinal schistosomiasis in a field study setting. We used the
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Lumify system by Philips Medical Imaging† (Bothell, WA),
consisting of theC5-2MHzbroadbandcurvedarray transducer
and compatible Android tablets with the Lumify app installed.
The Lumify system is ideal for field applications: it consists
simply of the transducer and tablet and is therefore light, easily
transportable, anddoesnot require anexternal power source to
perform the ultrasound. The display has excellent resolution,
comparable to a clinical ultrasound machine. High-definition
images and short videos can be saved on the tablet for later
review. The transducers can be leased for a period of time,
which reduces costs. For the Kenya MORBID pilot study,
four broadband curved array transducers were leased and
four compatible tablets were purchased.
The MORBID sonographers were recent graduates of a

medical imaging training program in Nairobi, Kenya. They
were proficient in conducting ultrasound examinations but
needed additional training to identify different patterns of
schistosomiasis-specific hepatosplenic disease as stan-
dardized by theWHO.13 In June 2019, the team traveled to the
Kabatereine Schistosomiasis Research Centre at Bugoigo
field station inBuliisa district, Uganda, to undergo an intensive
3-day training in schistosomiasis-specific ultrasonography
based on the Niamey protocol.13 Bugoigo field station is sit-
uated close to Lake Albert where intestinal schistosomiasis
is endemic and morbidity is common, enabling the trainees
to observe ultrasound patterns associated with advanced
schistosomiasis.
TheMORBIDstudyprotocolwas reviewedandapprovedby

the Institutional Review Board of Maseno University, Kisumu,
Kenya (Protocol #MSU/DRPI/MUERC/00675/19), and by the
Office of the Associate Director for Science in the Center for
Global Health, Centers for Disease Control and Prevention
(CDC) investigators were considered to be nonengaged with

human subjects. The MORBID study was conducted in 45
villages, with approximately 200 residents recruited from each
village. In total, 6,483 participants received an abdominal ul-
trasound. Between 20 and 25 participants were examined
each day. Images were viewed in real time and saved elec-
tronically to the tablet. Each afternoon, upon returning from
the field, images were downloaded and saved to an external
hard drive and the tablets recharged. Images were reviewed
and scored for schistosomiasis-related hepatosplenic pa-
thology according to standardized guidelines (Figure 1).13

Study morbidity findings will be summarized elsewhere (Odi-
ere et al., manuscript in preparation).
Although the study’s objective was to identify hep-

atosplenic pathologies associatedwith schistosomiasis, each
participant was given a complete abdominal ultrasound ex-
amination. In addition, non-schistosomiasis–associated pa-
thologies were thereby identified, including uterine fibroids,
polycystic kidney disease, hydronephrosis, prostatic hyper-
trophy, fatty liver, and liver cysts. Many areas of Kenya lack
this type of advanced imaging capability, and these patholo-
gies may otherwise have gone undiagnosed. Where further
evaluation by a physician was needed, the sonographer
generated a report and worked with local community health
volunteers to refer the participant to a local hospital. For ex-
ample, an adultmale participant with severe lower limb edema
was found to have advanced prostatic hyperplasia causing
venous occlusion. He reported that he had been variously
treated for other potential causes of his lower limb edema but
had never received any imaging studies. Twenty-one preg-
nancies were diagnosed in women, some of whom were not
aware that theywere pregnant; the sonographerswere able to
determine gestational age, expected delivery date, and fetal
sex. Participants taking medication for an abdominopelvic

FIGURE 1. Examples of schistosomiasis-related ultrasound liver texture patterns, as defined by theWHO’s Niamey protocol,13 observed during
theMorbidity Operational Research for Bilharziasis Implementation Decisions study. (A) normal liver parenchyma; (B) “starry sky”; (C) “rings” (seen
here) and “pipe stems,” which correspond to the “rings” seen in a scan perpendicular to the one where pipe stems are seen; (D) highly echogenic
“ruff” seen around the portal bifurcation and main stem; (E) highly echogenic “patches” extending from the main portal vein and branches into the
parenchyma. This figure appears in color at www.ajtmh.org.
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conditionwere able to receive feedback, for example, whether
the condition was resolving, and were provided a report to
take to their physician. One participant was identified with
situs inversus, a rare congenital condition whereby the major
visceral organs are reversed from their normal positions; this
individual displayed no symptoms or complications.
A tablet-based ultrasound system offers several advan-

tages over a standard ultrasound machine for assessing
schistosomiasis morbidity. The battery life was sufficient to
perform 25 ultrasounds per day (the number of abdominal
ultrasounds that one sonographer could comfortably per-
form) and did not require recharging while in the field. The
images were stored electronically on the device, negating
the need to print the images at the time of the examination
as was carried out in previous studies, and the device’s
memory was sufficient to store the images for all study
participants examined that day. The tablet and transducer
were very easy to transport to, from, and within field sites.
This system is also significantly more affordable than a
standard ultrasound machine. To rent four Lumify trans-
ducers for 6 months ($1,200 USD) and purchase four
tablets ($15,000 Kenyan Shillings without Value Added Tax
or about $140 USD each) was roughly half the cost of pur-
chasing the Aloka in 2011 for the SCORE studies. The Lumify
system includes the transducer, app, and access to tech-
nical support and telemedicine capabilities, but not a smart
device. A comparable standard ultrasound machine retails
for $22,000–36,000 USD‡ and still requires an external
power source to perform the examination. Another limitation
of performing ultrasound in the field is the expertise needed
to conduct the examination and interpret the images. We
found that contracting recent graduates of a medical imag-
ing training program and providing additional training
necessary to identify schistosomiasis-specific pathologic
changes was an effective solution for meeting this need.
Another potential strategy is to develop focused point-of-
care ultrasound applications which target only specific
findings necessary for diagnosis and treatment decisions
and provide training to clinicians already working in affected
communities.14

Measuring severity of hepatosplenic disease is an ac-
cepted method of determining schistosomiasis-related
morbidity. Recent advances in ultrasound technology
which increase portability and decrease costs make it more
feasible to incorporate this technology into a country control
program and can also offer significant ancillary benefits to
the community, such as the opportunity to identify other
pathologies and refer people to care, as described here. In-
tegrating ultrasound into control programs will help coun-
tries both reduce schistosomiasis morbidity and achieve the
WHO’s vision of universal health coverage by providing
communities with sustainable access to advanced health
services.5
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