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ABSTRACT

Intestinal parasites are a concern in veterinary medicine worldwide and for human health in the devel
oping world. Infections are identified by microscopic visualisation of parasite eggs in faeces, which is
time-consuming, requires technical expertise and is impractical for use on-site. For these reasons, recom
mendations for parasite surveillance are not widely adopted and parasite control is based on administra
tion of rote prophylactic treatments with anthelmintic drugs. This approach is known to promote
anthelmintic resistance, so there is a pronounced need for a convenient egg counting assay to promote
good clinical practice. Using a fluorescent chitin-binding protein, we show that this structural carbohy
drate is present and accessible in shells of ova of strongyle, ascarid, trichurid and coccidian parasites.
Furthermore, we show that a cellular smartphone can be used as an inexpensive device to image fluores
cent eggs and, by harnessing the computational power of the phone, to perform image analysis to count
the eggs. Strongyle egg counts generated by the smartphone system had a significant linear correlation
with manual McMaster counts (R2 = 0.98), but with a significantly lower coefficient of variation
(P= 0.0177). Furthermore, the system was capable of differentiating equine strongyle and ascarid eggs
similar to the McMaster method, but with significantly lower coefficients of variation (P < 0.0001). This
demonstrates the feasibility of a simple, automated on-site test to detect and/or enumerate parasite eggs
in mammalian faeces without the need for a laboratory microscope, and highlights the potential of smart
phones as relatively sophisticated, inexpensive and portable medical diagnostic devices.
© 2016 Australian Society for Parasitology Inc. Published by Elsevier Ltd. All rights reserved.

1. Introduction
Intestinal parasite infections are concerns in both humans and
animals. Thus the World Health Organization (WHO) has recom
mended the use of faecal egg counts (FECs) to monitor schistoso
miasis and soil-transmitted helminth infections in humans in
developing countries (WHO, 2006). Similarly, the World Associa
tion for the Advancement of Veterinary Parasitology (WMVP) rec
ommends FECs for assessment of intestinal parasite infection
intensity and anthelmintic efficacy in livestock (Wood et al.,
1995). Monitoring FEC levels is widely recommended in targeted
selective therapy control programs in both ruminants and equines
(Kenyon et al., 2009; Nielsen et al., 2014). These recommendations
make huge demands on current FEC techniques, which require
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microscopes, other laboratory equipment and trained personnel,
and are thus rarely performed on-site. As a result, egg counting
has been historically under utilised as a diagnostic and monitoring
tool in human and animal parasite control, and the consequence
has been a tendency to address parasite infection by rote prophy
lactic treatment (Vercruysse et al., 2012; Leathwick and Besier,
2014; Robert et al., 2015). The resulting evolution of anthelmintic
resistance is now a global problem in parasite populations present
across all domesticated animal species (Kaplan, 2004; Howell et al.,
2008; Cezar et al., 2010; da Cruz et al., 2010; Peregrine et al., 2014)
and a growing concern in humans (Alum et al., 2010; Vercruysse
et al., 2011). This trend is all the more worrying due to the slow
pace of development of new anthelmintic drug classes (Kaplan,
2004).
Despite this burgeoning need and the development of sophisti
cated diagnostics in other areas of human and veterinary medicine,
egg counting has remained relatively unchanged since the first
method descriptions almost a century ago (Stoll, 1930; Gordon
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