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Abstract
Remote and rural communities in low- and middle-income countries (LMICs) are 
disproportionately affected by infectious animal diseases due to their close contact 
with livestock and limited access to animal health personnel). However, animal dis-
ease surveillance and diagnosis in LMICs is often challenging, and turnaround times 
between sample submission and diagnosis can take days to weeks. This diagnostic 
gap and subsequent disease under-reporting can allow emerging and transboundary 
animal pathogens to spread, with potentially serious and far-reaching consequences. 
Point-of-care tests (POCTs), which allow for rapid diagnosis of infectious diseases 
in non-laboratory settings, have the potential to significantly disrupt traditional ani-
mal health surveillance paradigms in LMICs. This literature review sought to identify 
POCTs currently available for diagnosing infectious animal diseases and to deter-
mine facilitators and barriers to their use and uptake in LMICs. Results indicated that 
some veterinary POCTs have been used for field-based animal disease diagnosis in 
LMICs with good results. However, many POCTs target a small number of key ag-
ricultural and zoonotic animal diseases, while few exist for other important animal 
diseases. POCT evaluation is rarely taken beyond the laboratory and into the field 
where they are predicted to have the greatest impact, and where conditions can 
greatly affect test performance. A lack of mandated test validation regulations for 
veterinary POCTs has allowed tests of varying quality to enter the market, presenting 
challenges for potential customers. The use of substandard, improperly validated or 
unsuitable POCTs in LMICs can greatly undermine their true potential and can have 
far-reaching negative impacts on disease control. To successfully implement novel 
rapid diagnostic pathways for animal disease in LMICs, technical, regulatory, socio-
political and economic challenges must be overcome, and further research is urgently 
needed before the potential of animal disease POCTs can be fully realized.
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1  | INTRODUC TION

In many low- and middle-income countries (LMICs), accurate and 
timely diagnosis of infectious diseases in human, let alone animal, 
populations remains challenging. Infectious agricultural and zoonotic 
diseases do not respect wealth or borders, and outbreaks of novel, 
re-emerging and transboundary animal diseases can have devas-
tating impacts on individual, community, regional and even global 
levels—as has become all too apparent with the ongoing African 
swine fever (ASF) epidemic, and the global COVID-19 pandemic that 
is currently upending the lives and livelihoods of billions of people 
worldwide.

Livestock and poultry provide food, agricultural labour, cloth-
ing, fertilizers and social status and act as wealth assets to more 
than 600 million livestock-dependent people around the world 
(Grace et al., 2012; Randolph et al., 2007). However, this depen-
dence comes with a disproportionately high burden of zoonotic 
infections and leaves the health and livelihoods of many rural com-
munities particularly vulnerable to incursions of animal diseases 
(WHO, Dfid, FAO, & OIE, 2006). Global urbanization is also caus-
ing increasingly frequent contact between wildlife, human and 
domestic animal populations, with resultant increases in zoonotic 
disease spillover from wildlife populations: 71.8% of recently iden-
tified emerging zoonotic disease events had a wildlife origin (e.g., 
severe acute respiratory syndrome, Ebola, Nipah), and such events 
have significantly increased in recent times (Jones et al., 2008). 
Animal rearing, slaughter, preparation and food consumption 
practices in many LMICs can further promote transmission of in-
fectious animal and zoonotic diseases. Throughout Asia for exam-
ple, live “wet” animal and seafood markets facilitate high-density 
mixing of people and multiple domestic and wild animal host spe-
cies from diverse geographical locations and can drive transmis-
sion, amplification and recombination of circulating viruses that 
may give rise to new strains with pandemic potential (Offeddu 
et al., 2016; Schar et al., 2019), including zoonotic swine- and avi-
an-origin influenzas and the more recent novel coronavirus SARS-
CoV-2 (WHO, 2020b).

Accurate and rapid field diagnosis of infectious and zoonotic an-
imal diseases in LMICs has many benefits. Early identification and 
management (e.g., treatment, isolation or culling) of infected animals 
can avert future medical costs associated with advanced disease in 
both animals and people, thereby benefiting health and livelihoods 
of subsistence farmers, communities and resource-limited govern-
ment services. From a global perspective, such early diagnosis and 
management decisions can prevent onward transmission of infec-
tious pathogens, protecting the health and wellbeing of human and 
animal populations worldwide, and potentially containing epidemics 
that would otherwise have serious and far-reaching consequences.

Few infectious diseases have pathognomonic clinical signs 
or syndromes, which makes presumptive diagnosis, treatment or 
management based on clinical appearance alone inadvisable. One 
study evaluated the diagnostic accuracy of Bangladeshi veterinari-
ans identifying foot and mouth disease (FMD) and peste des petits 

ruminants (PPR) in cattle and goats based on clinical presentation 
and reported overall sensitivity and specificity of 54% and 81%, 
respectively, compared to polymerase chain reaction (PCR) testing 
(Haider et al., 2017). Unfortunately, improved diagnostic and surveil-
lance capacity for animal diseases in many LMICs is severely ham-
pered by a combination of factors, including under-resourced field 
veterinary services, difficulties in sending samples to animal health 
laboratories (that may also be limited in the tests they can perform), 
and a general lack of investment by governments (WHO, Dfid, FAO, 
& OIE, 2006). Well-meaning international donors donate special-
ized laboratory equipment and vehicles to government veterinary 
services that may not have sufficient budgets or resources to keep 
them adequately staffed, equipped or maintained (OIE, 2011). In 
many LMICs, long transport distances and unreliable sample referral 
logistics (e.g., poorly maintained roads and vehicles, fuel shortages, 
inadequate courier networks, seasonally inaccessible roads), difficul-
ties maintaining cold chain, under-equipped laboratories, shortages 
of trained personnel and prohibitively expensive operating costs 
contribute to long turnaround times between sampling, laboratory 
diagnosis and medical follow-up. In Vietnam for example, suspected 
avian influenza samples take an average of 6–24 hr to reach a diag-
nostic laboratory, with total turnaround times from submission to 
result averaging 2.5 days (Inui et al., 2019). In Uganda, prior to the 
implementation of strengthening interventions, the median trans-
port time of human diagnostic tuberculosis samples was 12 days 
(range 1 to 240 days), with only 9% of specimens reaching the cen-
tral laboratory within the three-day target transport time (Joloba 
et al., 2016). For highly infectious animal diseases of agricultural and 
zoonotic significance, such delays can have catastrophic outcomes. 
Rapid, on-the-spot diagnosis of infectious animal diseases in LMICs, 
therefore, could potentially avert or mitigate these constraints and 
consequences.

Point-of-care tests (POCTs) are defined as, “a fully or partially 
automated table-top, portable or disposable device able to be op-
erated in a non-laboratory environment by non-technical staff to 
deliver a same-day, on-site, clinically relevant, diagnostic test result” 
(Lehe et al., 2012). POCTs, also known as “rapid diagnostic tests”, 
“point of need tests” and “near patient tests”, come in a range of dif-
ferent formats, and are currently being used by human, animal and 
plant industries for a range of applications worldwide. They are de-
signed to be portable, user-friendly, simple to use, and usually have 
a turnaround time from sample to result in under an hour, allowing 
diagnosis and management decisions to be initiated within the same 
encounter. Many different POCT platforms and formats exist, rang-
ing from paper-based lateral flow assays (LFAs) and dipsticks like the 
globally recognized urine pregnancy test, to portable nucleic acid 
detection systems (e.g., loop-mediated isothermal assays (LAMP), 
recombinase polymerase assays, portable and/or isothermal PCR 
devices), to handheld nanopore sequencing devices, wearable elec-
tronic sensors, “smart” textiles and more (Nayak et al., 2017; St John 
& Price, 2014; Vashist, 2017; Yager et al., 2008; Zarei, 2018). Some 
POCTs detect a single analyte or disease agent and others allow mul-
tiplexing to incorporate testing for two or more targets; some are 
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disposable single-use cartridges or cassettes, while others provide 
a portable platform on which a suite of different assays can be run. 
POCTs may be applicable to a range of different clinical purposes, 
including screening, diagnosis, monitoring, prognosis, surveillance 
or staging (WHO, 2019a). Many POCTs utilize smartphones, Wi-Fi 
and/or Bluetooth connections to allow data transmission between 
remote field sites and central databases (Peeling & McNerney, 2014; 
St John & Price, 2014). POCTs typically require very small sample 
volumes, allowing minimally or non-invasive sampling methods such 
as capillary blood sampling or swabbing techniques that may in-
crease testing compliance in some cultural settings where invasive 
sampling methods such as venepuncture are poorly tolerated.

Recent years have seen POCT development and commercial-
ization increase exponentially—a PubMed search for “point of care 
test” returned over 17,500 results at the time of writing—and the 
trend is predicted to continue as methodologies are refined and 
new technologies emerge. In the human medical space alone, the 
global market for diagnostic POCTs was valued at $24 billion USD 
in 2018 and is expected to more than double by 2026 (Reports & 
Data, 2019). While clinical chemistry POCTs dominate at present 
(Frost & Sullivan, 2016), infectious disease POCTs are predicted to 
grow at the fastest rate over the next 5–10 years, thanks in part to 
a number of high profile funding calls, mergers and collaborations 
in recent times (Reports & Data, 2019). The veterinary diagnostic 
POCT market is similarly predicted to increase, based largely on 
adoption of developments and technologies from the human POCT 
sector, coupled with increases in livestock ownership and per capita 
income, particularly in emerging Asian economies such as China and 
India (TechNavio Insights, 2014).

For infectious diseases, the biggest potential for POCTs is to sig-
nificantly disrupt traditional laboratory-based diagnostic pathways in 
LMICs, especially in decentralized rural settings where maintenance 
of cold chain and transport of field-collected samples to the nearest 
capable laboratory is particularly challenging. When employed at 
critical disease transmission points, POCTs have the potential to pre-
vent or curtail emerging or future epidemics, aid in contact tracing 
and facilitate mapping of the geographical distribution and evolution 
of infectious diseases in essentially real time. Studies demonstrat-
ing this potential in developing countries are increasing. Cepheid’s 
Ebola GeneXpert POCT, for example, which reduces the turnaround 
time for Ebola sample testing from days to hours, was credited by 
researchers and health officials as helping to contain the disease 
spread during a 2018 outbreak in the Democratic Republic of the 
Congo (Butler, 2018). Diagnostic POCTs could be used to great ef-
fect in live “wet” animal markets, allowing rapid identification of 
novel or emerging pathogens in domestic and wild animals as well 
as humans, enabling traceback of pathogens up the supply chain to 
determine the geographic location of disease emergence, and po-
tentially providing essential early warning of disease spillover into 
susceptible human populations in high-risk areas. POCTs could also 
be used effectively at border crossings, airports and other points 
of entry, where rapid identification of infected animals or animal 

products is crucial to prevent disease incursions beyond prescribed 
borders.

Despite the abundance of POCTs on the commercial market and 
clear role for POCTs in remote and rural settings, their true potential 
in LMICs is still far from being realized. To explore possible reasons 
for this gap, this literature review sought to investigate whether 
POCTs are currently being used in LMICs for diagnosis of infectious 
and zoonotic animal diseases, to determine characteristics of “ideal” 
POCTs that would facilitate their use and to identify any barriers to 
uptake in these settings.

2  | MATERIAL S AND METHODS

This narrative literature review used a hermeneutic approach that 
emphasized continuous engagement with and the gradual develop-
ment of a large body of literature, to develop understanding and 
insights related to this broad and complex topic (Boell & Cecez-
Kecmanovic, 2014). The interpretation and critique that this narra-
tive form of review would bring to this topic was preferred over a 
systematic approach more suited for addressing narrowly focussed 
research questions (Greenhalgh et al., 2018; Thorne, 2018). We 
used an iterative search strategy of electronic databases, including 
PubMed, Web of Science and Google Scholar, using different com-
binations of the following words and phrases to identify relevant 
publications: POC [point-of-care], “point of care tests”, POCT, “field 
test”, “rapid test”, “rapid diagnostic test”, zoonoses, infectious, vet-
erinary, livestock, animal, “developing countries”, “low and middle in-
come countries”, socioeconomic, impacts, acceptability, barriers and 
innovations. We also searched reference lists from key reviews and 
articles to identify additional publications of interest.

We did not attempt a formal, comprehensive systematic review 
of the literature due to the breadth and complexity of the topic, 
and the large variety in the type of reference materials examined. 
Nevertheless, we screened articles based on titles, abstracts and full 
texts, and purposively selected representative articles for inclusion 
in this review based on the following criteria:

(i) Inclusion criteria: Any publications relating to the testing, valida-
tion, review and commentary of diagnostic POCTs for infec-
tious animal diseases (including zoonoses) in LMICs, published 
in English, in any year through and including January 2020. We 
selected studies that were relevant under the following catego-
ries: 1) usage, including reviews, trials and comparative studies of 
diagnostic infectious animal disease POCTs in LMICs; 2) consid-
erations for aspects of the “ideal” POCT, with particular empha-
sis on applications in LMICs; 3) barriers to usage and uptake of 
infectious animal disease POCTs in LMICs.

(ii) Exclusion criteria: Any publications involving non-diagnostic 
POCTs, or POCTs for diagnosis of non-infectious diseases in 
animals or of human-only diseases; publications relating to non-
POCT animal diagnostic methods; any media in any languages 
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other than English. Foreign language material was excluded be-
cause of the cost and time required for translation.

Where specific examples of publications regarding usage, im-
plementation or impact of veterinary POCTs in LMICs were miss-
ing from the literature, we searched for relevant examples from 
the medical literature in order to provide a comparison for discus-
sion. We also searched organizational websites including the World 
Organisation for Animal Health (OIE) and Food and Agriculture 
Organization of the United Nations (FAO) for information relating to 
POCTs for diagnosis of animal diseases. We also identified manufac-
turers of POCTs from key publications and documents and searched 
the internet for additional POCT manufacturers to identify those 
currently producing commercial diagnostic veterinary POCTs, and 
to obtain validation data and test kit inserts for infectious animal 
disease POCTs where available. The final bibliography included 567 
documents (including journal articles, reports and guidelines) and 19 
commercial POCT kit inserts from 11 manufacturers.

3  | RESULTS

3.1 | Are diagnostic POCTs currently being used for 
infectious animal diseases in LMICs? What are their 
impacts?

There have been increasing numbers of studies reviewing POCTs 
for diagnosis of infectious animal diseases published in recent years, 
and reports of their application in LMICs have also been on the 
rise. POCTs for rapid detection of infectious animal diseases with 
important zoonotic and/or economic impacts are the most com-
monly reported and often a range of different POCT formats have 
been developed, including for FMD (Abd El Wahed et al., 2013; Bath 
et al., 2020; Dukes et al., 2006; Madi et al., 2012; Reid et al., 2001; 
Yamazaki et al., 2013), highly pathogenic avian influenza (HPAI) 
(Boland et al., 2006; Imai et al., 2007; Postel et al., 2010; Slomka 
et al., 2012; Takekawa et al., 2010), canine rabies (Léchenne 
et al., 2016; Rupprecht et al., 2018; Tenzin et al., 2020) and ASF 
(Cappai et al., 2017; Sastre, Gallardo, et al., 2016; Sastre, Pérez, 
et al., 2016). Other target diseases for diagnostic veterinary POCTs 
include anthrax (Kurosaki et al., 2009; Muller et al., 2015; Pillai 
et al., 2019), PPR (Brüning-Richardson et al., 2011; Rajko-Nenow 
et al., 2019; Yang et al., 2017), bovine tuberculosis in cattle and in 
various wildlife species (Fresco-Taboada et al., 2019; Lyashchenko 
et al., 2008; Tschopp et al., 2010), animal African trypanosomiasis 
(Boulangé et al., 2017) and a variety of parasites including Anaplasma 
marginale (Giglioti et al., 2019), Trichenella (Li et al., 2019) and 
Haemonchus contortus (Melville et al., 2014). Many of the published 
studies report the development and evaluation of these diagnostic 
POCTs, and although most remark on their potential to be used in 
remote and resource-limited settings, few actually take the tests out 
of laboratory environment and into the field.

Some notable examples do exist in the literature. Field studies in 
eastern Africa used a commercially available, pan-serotype-specific 
PCR-based assay for detection of FMD using lyophilized reagents 
and a portable, field-ready thermocycler, and obtained diagnostic 
accuracy comparable to that of an OIE-recommended laborato-
ry-based test (Howson et al., 2018). The POCT was further able to 
reliably detect different serotypes of FMD viral material in a variety 
of samples taken from pre-clinical, clinical and clinically recovered 
cattle, with results available in under 90 min (Howson et al., 2018). 
A LAMP assay has also been developed and validated for rapid field 
detection of FMD, specifically designed to optimize the speed and 
operability of the test by non-laboratory personnel on unextracted 
field samples (Bath et al., 2020). Loth et al. (2008) conducted field 
testing of two LFAs for detection of HPAI in oropharyngeal swabs 
taken from free-ranging village chickens in Indonesia, and PCR test-
ing on replicate swabs confirmed diagnostic sensitivities and spec-
ificities of the POCTs as 69%–71% and 98%, respectively. More 
recently, a Vietnamese pilot study reportedly took portable nucleic 
acid extraction and insulated isothermal PCR platforms into live bird 
markets to conduct rapid, on-the-spot testing of oropharyngeal 
swabs from poultry for detection of HPAI (Schar et al., 2019). A LFA 
for the detection of PPR virus in ocular and nasal swabs was trialled 
in field sites in Pakistan, Ethiopia, Ivory Coast and Uganda, and the 
test results obtained within 15–30 min reported diagnostic sensitiv-
ity and specificity of 84% and 95%, respectively, compared to PCR 
(Baron et al., 2014). The authors of this study also reported feedback 
from the field trials as being uniformly positive, with the portability 
of the tests and ease of use particularly emphasized.

Impacts of these POCTs on in-country disease control or surveil-
lance were not readily available from the literature.

3.2 | What are the “ideal” characteristics for 
diagnostic infectious animal disease POCTs in LMICs?

3.2.1 | Fitness for purpose

While POCTs are designed to be simple and easy to use, their un-
derlying biochemical processes are nevertheless highly sophisti-
cated, and results need to be interpreted with due consideration of 
the tests’ fitness for purpose, including strengths, limitations and 
applications in various settings (Gardner et al., 2019). Estimates 
of diagnostic validity depend on several factors, including speci-
men type and quality, stage of infection (pre-clinical versus clinical 
phase), strain of pathogen and pathogen load in the host, and host 
characteristics including age, sex, vaccination status, pregnancy and 
species (Gardner et al., 2019). POCTs that detect circulating host an-
tibodies can only confirm an animal’s exposure to a pathogen rather 
than a current infection and may return false-negative results if the 
samples were collected before a detectable immune response was 
developed. Pathogen-derived nucleic acids may be detectable in ani-
mals that appear clinically well, allowing identification of early or late 
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stages of infection when clinical symptoms are not yet present or 
have already disappeared. This is of particular relevance for chronic 
or sub-clinical diseases. Sample contamination and non-specific re-
actions to non-target pathogens or matrix components may also lead 
to false-positive results.

All these factors should be considered prior to the develop-
ment of a new POCT. Like any diagnostic test, a POCT should, 
above all, be fit for its intended purpose; that is, it should meet 
clearly defined, pre-decided criteria for its intended use (e.g., to 
confirm suspect or clinical cases of disease in an individual or de-
fined population, to estimate prevalence of infection or exposure 
to facilitate risk analysis, to determine immune status of individu-
als or defined populations, to demonstrate freedom from infection 
in an individual or defined population, etc) and other desired attri-
butes including characteristics of safety and efficacy (OIE, 2018a). 
An ASF POCT with low diagnostic sensitivity, for example, would 
be unsuitable as a standalone test for screening live pigs but may 
be sufficiently sensitive to be used as a herd test, or to confirm 
infection in individual pigs that died from ASF, in which large 
amounts of virus are present (Oura et al., 2013). Target product 
profiles (TPPs) outline the desired “profile” or performance char-
acteristics of a new product (including diagnostics, drugs and 
vaccines) and are used by organizations such as the WHO, United 
States Food and Drug Administration (FDA), and Foundation for 
Innovative New Diagnostics (FIND) as planning tools to identify 
key test criteria, guide test development and set research and de-
velopment (R&D) targets for funders and developers (FIND, 2019; 
WHO, 2019b). Ideally, TPPs for each novel POCT should be de-
fined through several rounds of discussions with key stakeholders 
including disease experts, target users and manufacturers.

Once these characteristics have been established to ensure fit-
ness for purpose, other considerations should also be addressed. 
The “ASSURED” criteria set out by the World Health Organisation 
(WHO) state the ideal characteristics for a field-ready diagnos-
tic test as Affordable, Sensitive (few false negatives), Specific (few 
false positives), User-friendly (able to be performed in a few steps 
with minimal training), Robust (no cold storage needed) and rapid 
(results available in under 30 min), Equipment-free and Deliverable 
to those who need it (Kosack et al., 2017). Social studies have indi-
cated that shorter diagnostic turnaround times (up to 20 min), high 
diagnostic accuracy (sensitivity and specificity above 90%), low cost 
and ease of use are particularly important factors for some public 
health workers (Asiimwe et al., 2012; Hsieh et al., 2011). It should 
be emphasized that there can be no “one size fits all” description of 
the ideal diagnostic POCT, as fitness for purpose will be determined 
by the needs, intentions and resources of the veterinary services in 
each distinct geopolitical setting.

3.2.2 | Additional considerations for LMICs

To be truly deliverable to remote locations, POCTs should be port-
able, self-contained and either equipment-free or battery-operated, 

with thermostable, lyophilized reagents that do not require cold 
chain or reconstitution with high-quality solutions. As target users 
of POCTs are expected to have minimal laboratory training, POCT 
protocols should require minimal preparatory or extraction steps 
prior to sample testing (Crowther et al., 2006; Pai et al., 2012). POCT 
devices would ideally include internal quality controls, with out-of-
range results clearly identifiable to POCT operators.

POCTs that have multiplexing ability, enabling samples to be 
tested against several diseases in parallel, would be expected to 
significantly improve acceptance by farmers and livestock owners. 
Notable examples of multiplexed veterinary diagnostic POCTs in-
clude LAMP assays that detect all seven distinct FMD serotypes 
(Yamazaki et al., 2013), and an in-development LFA for the simulta-
neous testing of ASF and classical swine fever viruses in pig blood 
(Sastre, Pérez et al., 2016). POCTs able to differentiate infected 
from vaccinated animals, for example non-structural protein FMD 
LFAs (Bionote, 2020; King et al., 2015) would also be instrumental 
for monitoring the progress of disease elimination or eradication 
campaigns, such as the OIE’s mission to eradicate PPR by 2030 
(OIE, 2019).

Cost and cost-effectiveness are important factors to consider 
when evaluating POCTs for potential introduction into LMICs. 
While costs of individual tests can be higher for POCTs compared to 
high-throughput laboratories, POCTs are likely to appeal to govern-
ment veterinary services in LMICs due to their lower initial purchase 
price, as well as decreased ongoing costs for operation, maintenance 
and personnel training. Modifying testing strategies where appro-
priate can provide additional savings, such as pooling of samples 
to reduce numbers of test runs; this was successfully implemented 
in Vietnamese live poultry markets, in which oropharyngeal swabs 
from five birds were pooled for testing with HPAI POCTs, at a cost 
of $10 USD per test run (Schar et al., 2019). Other considerations in-
clude costs of manpower, equipment and reagent storage, and trans-
port for veterinary staff implementing POCTs in the field. Indirect 
costs include effects of POCTs on policy, trade and the economy, as 
well as on public health, welfare and trust (Greiner & Gardner, 2000).

POCTs can also provide interim diagnostic solutions while lon-
ger-term laboratory capacity is being developed. Portable, field-
ready LAMP and PCR platforms, for example, are currently being 
used for animal disease testing in Timor-Leste while the country’s 
PCR laboratory capability is progressing [personal observation, JA]. 
However, it should be stated that POCTs are rarely intended to re-
place traditional laboratory testing altogether, as representative 
samples will typically still require laboratory testing to confirm and 
genetically characterize the disease agent, particularly for outbreaks 
of notifiable or reportable diseases. Effective sample transport net-
works and suitably equipped and staffed laboratories will therefore 
still be needed in LMICs for the foreseeable future (Dowdy, 2016; 
Fonjungo et al., 2017). In developed countries such as Australia, 
POCTs are being used as frontline surveillance tools for prelimi-
nary diagnosis of important livestock diseases including FMD and 
ASF, with the condition that all samples, including those that test 
negative by POCTs, will continue to be tested in accredited state 
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laboratories using OIE-approved “reference standard” methods 
(Bath et al., 2020).

3.3 | What are the barriers for usage and uptake of 
infectious animal disease Pocts in LMICs?

3.3.1 | Lack of validated and affordable diagnostic 
POCTs for infectious animal diseases

While some commercially available POCTs for diagnosis of infec-
tious animal diseases have been described above, there are still many 
pathogens for which no rapid, field-ready tests are available. The 
R&D process for a new diagnostic (human) test costs $2–10 million 
USD and takes 5–10 years (Peeling & Mabey, 2010). Products are 
market driven, thus more POCTs are available for those diseases that 
are commonly seen in developed nations, where affordability is not 
an issue. Neglected zoonotic and agricultural diseases affect mainly 
impoverished, marginalized communities that have little purchasing 
potential for novel diagnostic tests (WHO, Dfid, FAO, & OIE, 2006), 
making them unattractive product targets for commercial investors. 
New test development is largely supported by a handful of public 
and philanthropic organizations, but investment is often insufficient 
and unevenly distributed: of the $3.5 billion USD invested in R&D 
for neglected diseases in 2017, 70% was allocated to HIV/AIDS, tu-
berculosis and malaria (Chapman et al., 2019; Moran, 2011), and as 
of July 2019 less than 0.5% of global health-related products in the 
development pipeline were targeting neglected tropical diseases 
(WHO, 2019b).

Test developers in LMICs may be more motivated to invest in 
POCT R&D for animal diseases that are prevalent in their regions, 
however may be hampered by a lack of funding, personnel and re-
sources, or global recognition of POCTs if developed.

3.3.2 | Lack of mandated central 
register of approved POCTs for detection of 
infectious animal diseases

The WHO publishes R&D Blueprints for priority human diseases 
in which ideal product specifications for POCTs are described 
(WHO, 2020a). They also provide a service for the evaluation of 
novel POCTs for a range of human diseases, with favourably evalu-
ated assays included in their widely used “model list of essential in 
vitro diagnostics” (WHO, 2018, 2019a). The OIE offers a formal vali-
dation and certification process for diagnostic animal disease tests, 
including (but not specifically) POCTs, and also maintains a register 
of diagnostic veterinary kits that have been certified as fit for pur-
pose (https://www.oie.int/scien tific -exper tise/regis trati on-of-diagn 
ostic -kits/the-regis ter-of-diagn ostic -kits/). The assessment process 
takes an estimated 135 days and costs 4,500 Euros. While generally 
accepted as “best practice” for veterinary diagnostics, as of August 
2020 only 14 kits are registered for a total of 11 pathogens, and only 

two are POCTs. Because this process is not mandatory, and because 
the register is not widely used, manufacturers—particularly smaller, 
underfunded POCT manufacturers in LMICs—may see little value 
in registering. This lack of a comprehensive, widely used reference 
point for approved diagnostic animal disease POCTs makes it dif-
ficult for LMICs and other users to differentiate reliable POCTs from 
cheaper, unvalidated tests that are entering the market at present. 
Without reliable evidence of a test’s diagnostic accuracy or fitness 
for purpose, many LMICs may simply be selecting POCTs based on 
purchase price alone.

3.3.3 | Current limitations to POCT validation and 
regulatory processes

Lack of consistency and transparency of POCT validation data
The OIE Terrestrial Manual has a section outlining the recommended 
validation pathway for novel diagnostic tests for infectious animal 
diseases (OIE, 2018c), including assessment of analytical and diagnos-
tic characteristics, repeatability and reproducibility, for independent 
evaluation of test performance under varying environmental and 
operator conditions. There are separate chapters specifically ad-
dressing the development and optimization of antibody, antigen and 
nucleic acid detection assays; while generally comprehensive docu-
ments, none of these extend to or include requirements for those as-
says to be used in field settings (i.e., POCTs). Several other checklists 
and guidelines have been created for validation of diagnostic assays 
and to facilitate transparency of reporting diagnostic accuracy stud-
ies (Cohen et al., 2016; Huddy et al., 2015; Shabir, 2004; Whiting 
et al., 2011). In some countries, such as Germany (FLI, 2019), POCTs 
for the detection of notifiable and reportable animal diseases must 
be evaluated and approved by the national licensing authority. For 
most countries however, adherence with “best practice” guidelines 
for manufacturers of animal disease POCTs is neither mandatory nor 
regulated.

Without regulations enforcing test validation, animal disease 
diagnostics—including POCTs—of varying quality and effectiveness 
can be sold and used, often in the developing world, with limited, 
misleading or incorrect data about their diagnostic validity in the 
target population (Peeling & Mabey, 2010). Indeed, some disturb-
ing trends are observable from available literature. Studies reporting 
diagnostic test accuracy in general often fail to transparently and 
completely describe essential information about core elements in-
cluding study design (e.g., differences between the study and target 
population, and patient selection), and tend to be overly generous 
and optimistic about tests’ value (Cohen et al., 2016). POCT kit in-
serts generally include some validation data obtained from small, 
carefully regulated laboratory studies, which are unlikely to rep-
resent real-world conditions, and while diagnostic sensitivity and 
specificity values are often stated, they rarely include confidence 
intervals which would provide end users with data about sample 
sizes or test power. Positive test controls are often negative sam-
ples “spiked” with pathogenic material at concentrations higher than 

https://www.oie.int/scientific-expertise/registration-of-diagnostic-kits/the-register-of-diagnostic-kits/
https://www.oie.int/scientific-expertise/registration-of-diagnostic-kits/the-register-of-diagnostic-kits/
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in clinical samples and may not include typical sample matrices or 
common contaminants (e.g., blood, mucus, soil), thereby artificially 
inflating test performance (Crowther et al., 2006). Host-pathogen 
interactions may be different in experimental animal species and 
breeds (e.g., Landrace pigs, commercial layer chickens) than in native 
animal populations. Experience from the field showed that levels 
of Newcastle disease virus shed in native Bhutanese chickens are 
detectable by POCTs in oropharyngeal secretions but not in fae-
ces, yet commercial POCT kit inserts recommend testing on both 
sample types [personal observation, RBG]. Testing panels of posi-
tive and negative samples typically represent disease prevalence 
far above or below what would be expected in natural populations, 
which can also artificially inflate indicators of test accuracy (Banoo 
et al., 2006; Dowdy et al., 2011). Manufacturer quoted predictive 
values are likely to be inflated by artificially high prevalence in val-
idation test populations, meaning the tests will produce more false 
positives in real-world settings where disease prevalence is usually 
lower (Crowther et al., 2006). Many POCT users with limited diag-
nostic and epidemiological experience will not have the knowledge 
or understanding to correctly interpret and apply these data to their 
own environments; consequently, regulations should be developed 
for manufacturers to standardize the validation data published in 
test kit literature.

Lack and limitations of field validation studies for infectious animal 
disease POCTs
Typically, POCTs are utilized in the field under varying environmen-
tal conditions, on a range of sample types collected in non-sterile 
settings by operators with a diverse range of experience, training 
and proficiency. Storage conditions of POCT devices and reagents 
may be subject to a higher variability than in an accredited labora-
tory. Consequently, in addition to general validation requirements 
for diagnostic assays, POCT-specific parameters such as robustness 
and ruggedness need to be defined and addressed during the valida-
tion process.

Intra- and inter-operator variation need to be assessed in POCT 
validation studies under a range of realistic field conditions that are 
representative for each intended target location. For example, if a 
test has been validated for use with oropharyngeal swabs but field 
operators are only able to take cloacal swabs, the results obtained 
for these specimens may not be reliable. Experience and compe-
tence of operators, as well as variations in sample types and quality, 
and environmental factors including exposure to direct sunlight, hu-
midity, temperature, dust, soiling and other physical impacts are all 
key factors that will impact on a POCT’s fitness for purpose. Results 
will help to detect robustness against internal variation (repeatabil-
ity), and ruggedness against external conditions such as climatic 
conditions and levels of proficiency (reproducibility). To assess and 
monitor reliability, it is important to include internal quality controls 
to confirm the basic functioning of the device; for example a weak 
positive control (to confirm sensitivity of device and avoid false-neg-
ative results); a negative control (to confirm that test reagents are 

not contaminated producing false-positive results); and for nucleic 
acid detection assays, an internal control to identify the presence of 
matrix inhibitors.

With some notable exceptions, including some described earlier 
(Bath et al., 2020; Certoma et al., 2018; Howson et al., 2018), many 
validation studies fail to conduct actual field testing of novel POCTs. 
Outside the laboratory environment, suboptimal testing conditions 
including variations in temperature, humidity, operator ability, water 
and reagent quality, inadequate cold chain, and poor or non-existent 
quality assurance systems can all contribute to lower test accuracies 
than those reported by POCT manufacturers. Diagnostic sensitivi-
ties of six commercially available LFAs for detection of rabies virus 
in brain tissue, for example, reportedly ranged from 0% to 100% for 
field samples, with a maximum sensitivity of 32% for samples taken 
from experimentally infected animals (Eggerbauer et al., 2016). The 
authors of that comparative study also noted that POCT kit in-
structions failed to specify the requisite volume and collection lo-
cations of brain tissue, which could substantially affect test results 
(Eggerbauer et al., 2016). One of the rabies POCTs was subsequently 
improved (diagnostic sensitivity and specificity approaching 100%) 
by omitting the first dilution step recommended by the manufac-
turer (Léchenne et al., 2016), suggesting the assay’s development 
and validation processes may not have been suitably rigorous.

Any application of a POCT outside the strict workflow in which it 
was validated (including sample types or non-target host species) can 
cause incorrect and unspecific reactions that could affect treatment 
and management decisions and may undermine user confidence in 
POCTs. Several LFAs for detecting rabies in brain material showed 
better diagnostic performance on samples from South Africa than 
from Eurasia and northern America (Eggerbauer et al., 2016), which 
could reflect differences in viral strains, sample preparation methods 
or a range of other factors. Some HPAI POCTs demonstrated higher 
diagnostic sensitivities with samples from chickens (65%–85%) than 
from ducks (33%–53%) (Slomka et al., 2012). Accuracy of test re-
sults may also depend on strict sample collection, extraction and/or 
storage requirements, including maximum storage times. Rapid FMD 
PCR assays trialled in eastern Africa, for example, showed reduced 
diagnostic accuracy in field samples taken from older (four days 
and older) than from fresh (one- to three-day-old) lesions (Howson 
et al., 2018). One rabies LFA requires brain samples to be tested im-
mediately after collection (Léchenne et al., 2016), while another ASF 
LFA allows blood, collected into any anticoagulant, to be refrigerated 
for up to four days prior to testing (Ingenasa, 2019). Despite the im-
portance of these factors to end users, data about POCTs’ validation 
pathways, applicability to other species and sample types, and gen-
eral fitness for purpose in field settings is largely lacking.

Difficulties conducting full validation for some infectious animal 
disease POCTs
Some situations exist in which full independent validation of novel 
diagnostic POCTs is not feasible. During the early stages of the 
2013–2016 west African Ebola epidemic, for example, there were 
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no validated devices available for rapid disease diagnosis. However, 
emergency use authorizations issued by the US FDA enabled sev-
eral POCTs that had undergone initial validation to be used in the 
field, thus helping to contain the spread of Ebola during subsequent 
outbreaks (Butler, 2018; Dhillon et al., 2018). Similarly, several coun-
tries’ authorities, including Australia, have granted emergency ap-
proval for use of POCTs detecting SARS-CoV-2 during the current 
COVID-19 pandemic, including Cepheid’s GeneXpert nucleic acid 
test and a number of LFAs (TGA, 2020).

Disease investigation in wildlife presents unique challenges, 
due to often limited data on wildlife physiology and pathogen be-
haviour, as well as logistic and regulatory considerations around 
collection, use and international transport of wildlife and their tis-
sues (OIE, 2018b). A recent review from Jia et al. (2020) about val-
idation of laboratory tests for infectious diseases in wild mammals 
revealed incomplete or absent information about sampled animals 
and/or species, case definition criteria and source and target pop-
ulations that would impact test validity and inform applicability 
of test results, including their status as naturally infected captive, 
free-ranging or experimentally challenged animals. Sampling is often 
opportunistic, and individual capture and follow-up frequently un-
achievable. Given these limitations, the OIE provides guidelines for 
provisional validation of diagnostic wildlife disease tests, which can 
provide confidence in results (OIE, 2018b). An extension of this was 
the development of a network approach for provisional validation of 
Hendra virus laboratory diagnostics due to limited numbers of pos-
itive samples (Colling et al., 2018); this may also be successful for 
validation of wildlife diagnostic POCTs, and/or for POCT developers 
in disease-free regions where import restrictions obstruct access to 
viable samples for validation studies. Australian biosecurity laws, for 
example, prohibiting the importation of live FMD virus prompted 
Bath et al (Bath et al., 2020) to conduct preliminary validation of a 
novel FMD LAMP assay on inactivated FMD samples in Australia, 
followed by field testing of live samples in Bhutan and Thailand 
where the disease is endemic.

3.4 | Socioeconomic considerations for animal 
disease Pocts at the community level

Early identification and management (treatment, isolation or 
culling, for example) of infected animals can avert future medi-
cal costs associated with advanced disease in both animals and 
people, thereby protecting the livelihoods and wellbeing of sub-
sistence farmers and their communities and reducing burdens on 
resource-limited medical and veterinary services. Increased em-
powerment of farmers with regard to animal treatment and man-
agement decisions may particularly benefit women and children, 
who are the primary carers of pigs, poultry and small ruminants in 
many developing countries (Donadeu et al., 2019), provided they 
are also empowered to spend money on their animals. For test 
results to translate into tangible benefits for communities, robust 

reporting and capable veterinary follow-up must support the out-
comes of POCTs, otherwise positive test results will be of little 
benefit to livestock owners, who may prefer to spend their money 
on antibiotics or other potentially curative treatments. The capa-
bility of veterinary services to conduct and follow-up from POCTs 
in field settings will be determined by a range of factors, including 
workloads, training and the availability and sustainability of sup-
plies (Osorio et al., 2018), and a breakdown in any of these areas 
may undermine community perception of the value of POCTs. 
In situations where test-positive animals will lose market value 
(such as pigs who test positive for porcine cysticercosis (Hobbs 
et al., 2018)), require confirmatory testing and/or culling, owners 
must be suitably compensated. Failure to adequately compensate 
animal owners is likely to decrease compliance with testing or 
reporting of unwell livestock, and may lead to the unauthorized 
movement, hiding or salvage selling of these animals, potentially 
exacerbating disease transmission and undermining disease con-
trol efforts (Fèvre et al., 2006). Compensation for testing, and de-
valued or culled animals, however, is highly variable and entirely 
dependent on animal health policies of each country.

Target users of POCT in LMICs are typically not laboratory per-
sonnel and are likely to have limited capacity building opportunities 
necessary for using, interpreting and applying results of diagnostic 
tests (Nichols, 2007). Furthermore, POCTs are likely to be used in 
remote field sites, where experienced personnel for supervision or 
training of POCT users may be in short supply. Responsibility for 
interpreting POCT results and instigating treatment or manage-
ment decisions may vary, based on the available staff resources 
in each area, and on the nature of the disease or pathogen being 
tested. Testing for notifiable diseases or pathogens of pandemic 
potential, for example, may increase the level of oversight or con-
firmatory testing needed. Technology could be leveraged to assist 
in remote sites, or in areas where technical personnel are lacking; 
some POCTs have inbuilt connectivity such as Wi-Fi and Bluetooth, 
and smartphones can be used to photograph test results, allowing 
information to be transmitted and received between remote field 
sites and central veterinary offices or laboratories.

Other social considerations include community perception and 
acceptability of POCTs, which can influence POCT uptake in dif-
ferent settings. Communities may have traditional or cultural be-
liefs that make them averse to particular sampling methods, such 
as needle use in pigs (Hobbs et al., 2020). A lack of trust in a test’s 
accuracy, or misperceptions about the extent of a test’s scope can 
undermine success of POCT implementation, as demonstrated 
in social studies evaluating the use of malaria POCTs in human 
health settings: malaria treatment was reportedly often prescribed 
despite a negative result (Johansson et al., 2016) and …respondents 
also believed the tests could identify any cause of illness, beyond ma-
laria (Ansah et al., 2013). Without community support, even fully 
validated and effective diagnostic POCTs are unlikely to be suc-
cessfully implemented in animal disease control or surveillance 
programs in LMICs.
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4  | DISCUSSION

Economic impacts of infectious animal and zoonotic diseases can be 
severe and far-reaching, as has become all too apparent during the 
global COVID-19 pandemic—a zoonotic virus that is widely accepted 
to have a wildlife origin (Zhou et al., 2020). The current Asian ASF ep-
idemic is causing further heavy losses to agricultural and trade sec-
tors, and impacting the daily lives of millions of consumers, livestock 
and crop producers and policymakers worldwide (Hamaide, 2019; 
ProMED-mail, 2019). Social impacts can also be substantial, although 
complex and difficult to quantify. Even in large-scale outbreaks of 
non-zoonotic animal diseases such as FMD and ASF, psychological 
distress can be experienced on individual, household and commu-
nity levels due to uncertainty about income and livelihoods, witness-
ing or involvement in mass livestock culling, social isolation due to 
movement restrictions, loss of trust in authority, altered relationship 
dynamics and a loss of social cohesion (Buetre et al., 2013; Mort 
et al., 2005). The 2001 FMD outbreak in the United Kingdom has 
been described as a traumatic and devastating experience for all those 
who were affected by it…a national crisis…probably one of the great-
est social upheavals since the war (Mort et al., 2005). Misdiagnosis of 
zoonotic diseases can further impact individuals, families and com-
munities, potentially leading to fear, stigma and a loss of rights, such 
as for patients incorrectly diagnosed with Ebola who are unable to 
be cared for by family members, and who in the event of their deaths 
are unable to be buried according to traditional cultural practices 
(Pellecchia et al., 2015).

POCTs have the potential to significantly disrupt traditional 
laboratory-based diagnostic pathways, especially in remote decen-
tralized settings where sample referral networks and adequately 
equipped laboratories are particularly lacking. Diagnostic medi-
cal and veterinary POCTs are being used in LMICs and show clear 
benefits for disease diagnosis and surveillance, particularly when 
supported by policymakers (Mabey et al., 2012). However, despite 
the abundance of POCTs on the commercial market and their clear 
benefits in remote and rural settings, the potential benefits of these 
tests in LMICs remain largely unrealized.

Inadequate regulatory guidance and poor industry oversight has 
led to a proliferation of POCTs of varying quality and fitness for pur-
pose released onto the market, presenting challenges to potential 
end users who are, by design, expected to have limited diagnostic 
experience. Accurate, independent test validation data for commer-
cial POCTs are often incomplete or absent. Even after robust ini-
tial validation testing, POCTs that demonstrate excellent diagnostic 
performance in the laboratory can show markedly lower accuracy 
under field conditions, for a variety of reasons. Similarly, incorpora-
tion of POCTs in diagnostic pathways and disease testing algorithms 
that are successful in one setting may not have adequate uptake in 
others due to the varying and complex interplays between political, 
sociocultural and geographic factors, among others. Government 
veterinary services in LMICs should be aware of the costs, impacts, 
cost-effectiveness and operational feasibility of incorporating 
POCTs into diagnostic workflows in their specific country context, 

and invest their resources accordingly. However, the lack of clear 
POCT-specific validation guidelines promoted by an independent 
organization such as the OIE, the absence of a mandated or widely 
used centralized register of approved POCTs, and the dearth of inde-
pendently validated field studies in the literature at present means 
that many LMICs may simply be selecting POCTs based on purchase 
price alone—a practice which may be creating more problems than 
solutions.

Urgent action is needed. Public and philanthropic funding 
agencies need encouragement to engage with stakeholders for de-
velopment of TPPs, and to invest in the subsequent development 
and independent validation of targeted animal disease POCTs for 
use in field settings, especially for diseases that are only present 
in developing countries and consequently for which commercial 
manufacturing interest is low. The international community should 
be urged to adopt regulatory frameworks for the manufacture and 
commercialization of diagnostic POCTs, and to mandate transparent 
publication of comprehensive, independent POCT validation data 
about test accuracy and fitness for purpose. Standardized techni-
cal guidance and training should be made available for POCT users 
and policymakers in the developing world, with advice for evaluating 
POCT characteristics based on manufacturer information and avail-
able literature, conducting in-house field validation and verification 
of diagnostic POCTS, and correctly interpreting and applying POCT 
results according to the relevant clinical setting.

Without government and community support, even the most ac-
curate and cost-effective diagnostics will fail to have any substantial 
or sustained impact in LMICs. Sociological research and user needs 
analyses are required to understand the drivers of animal disease 
transmission in LMICs, to investigate local knowledge, attitudes and 
practices relating to animal disease diagnosis and surveillance, to 
identify barriers and facilitators to POCTs use in regional contexts 
and to develop strategies for implementing POCTs in the most im-
pactful way to benefit animals, people and communities. Even with 
reliable access to properly validated, fit for purpose POCTs, for dis-
eases of high importance there will still be a need for confirmatory 
laboratory diagnosis and pathogen typing in LMICs for the foresee-
able future. Therefore, support should also be given to initiatives 
that strengthen national veterinary and laboratory capacity, such 
as the Performance of Veterinary Services and laboratory twinning 
programs supported by the OIE and other international partners. 
Advances in and increasing accessibility to technology should also 
be utilized, for example using drones to assist with sample trans-
port in remote locations (Mitchell, 2014; MSF, 2014) and dried tube 
specimens for proficiency testing in resource-constrained settings 
(Parekh et al., 2010).

Infectious animal and zoonotic diseases have been increasing 
in incidence in recent times, particularly in LMICs with high human 
and animal density (Bordier & Roger, 2013), and are increasingly 
posing global threats. Rapid, on-the-spot diagnosis of infectious 
pathogens using POCTs can play an important role in containing 
these outbreaks, however concerted action must be taken by indus-
try, governments, regulators and key stakeholders to overcome the 
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challenges identified in this review in order to realize their potential 
benefits to animal and human populations worldwide.

ACKNOWLEDG EMENTS
This study was funded by the Australian Centre for International 
Agricultural Research (ACIAR, https://www.aciar.gov.au/) small re-
search and development activity LS/2018/203, with support from 
the Commonwealth Scientific and Industrial Research Organisation 
(CSIRO)’s Australian Centre for Disease Preparedness (ACDP, for-
merly AAHL, https://www.csiro.au/en/Resea rch/Facil ities/ ACDP). 
The funders had no role in study design, data collection and analysis, 
decision to publish, or preparation of the manuscript. The authors 
would like to thank Debbie Eagles, Kim Halpin and Dwane O’Brien 
for their contributions.

CONFLIC T OF INTERE S T
The authors have no conflicts of interests to declare.

E THIC AL APPROVAL
The authors confirm that the ethical policies of the journal, as noted 
on the journal’s author guidelines page, have been adhered to. No 
ethical approval was required as this is a review article with no origi-
nal research data.

DATA AVAIL ABILIT Y S TATEMENT
Data sharing is not applicable to this article as no new data were cre-
ated or analysed in this study.

ORCID
Emma C. Hobbs  https://orcid.org/0000-0002-3363-0223 
Ratna B. Gurung  https://orcid.org/0000-0002-3569-6007 

R E FE R E N C E S
Abd El Wahed, A., El-Deeb, A., El-Tholoth, M., Abd El Kader, H., Ahmed, 

A., Hassan, S., Hoffmann, B., Haas, B., Shalaby, M. A., Hufert, F. 
T., & Weidmann, M. (2013). A portable reverse transcription re-
combinase polymerase amplification assay for rapid detection of 
foot-and-mouth disease virus. PLoS One, 8(8), e71642. https://doi.
org/10.1371/journ al.pone.0071642. Available from: https://www.
ncbi.nlm.nih.gov/pmc/artic les/PMC37 48043/

Ansah, E. K., Reynolds, J., Akanpigbiam, S., Whitty, C. J. M., & Chandler, 
C. I. R. (2013). "Even if the test result is negative, they should be able 
to tell us what is wrong with us": A qualitative study of patient expec-
tations of rapid diagnostic tests for malaria. Malaria Journal, 12, 258. 
https://doi.org/10.1186/1475-2875-12-258 Available from: https://
www.ncbi.nlm.nih.gov/pmc/artic les/PMC37 23648/

Asiimwe, C., Kyabayinze, D. J., Kyalisiima, Z., Nabakooza, J., Bajabaite, 
M., Counihan, H., & Tibenderana, J. K. (2012). Early experiences 
on the feasibility, acceptability, and use of malaria rapid diagnos-
tic tests at peripheral health centres in Uganda- insights into some 
barriers and facilitators. Implementation Science, 7, 12. https://doi.
org/10.1186/1748-5908-7-5 Available from: https://www.ncbi.nlm.
nih.gov/pmc/artic les/PMC33 98266/

Banoo, S., Bell, D., Bossuyt, P., Herring, A., Mabey, D., Poole, F., Smith, P. 
G., Sriram, N., Wongsrichanalai, C., Linke, R., O'Brien, R., Perkins, M., 
Cunningham, J., Matsoso, P., Nathanson, C. M., Olliaro, P., Peeling, R. 
W., & Ramsay, A. (2006). Evaluation of diagnostic tests for infectious 

diseases: General principles. Nature Reviews Microbiology, 4(9), S21–
S31. https://doi.org/10.1038/nrmic ro1523

Baron, J., Fishbourne, E., Couacy-Hyman, E., Abubakar, M., Jones, B. 
A., Frost, L., Herbert, R., Chibssa, T. R., Van't Klooster, G., Afzal, 
M., Ayebazibwe, C., Toye, P., Bashiruddin, J., & Baron, M. D. (2014). 
Development and testing of a field diagnostic assay for peste des 
petits ruminants virus. Transboundary and Emerging Diseases, 61(5), 
390–396. https://doi.org/10.1111/tbed.12266. Available from: 
https://www.ncbi.nlm.nih.gov/pmc/artic les/PMC42 83758/

Bath, C., Scott, M., Sharma, P. M., Gurung, R. B., Phuentshok, Y., Pefanis, 
S., Colling, A., Singanallur Balasubramanian, N., Firestone, S. M., 
Ungvanijban, S., Ratthanophart, J., Allen, J., Rawlin, G., Fegan, M., 
& Rodoni, B. (2020). Further development of a reverse-transcription 
loop-mediated isothermal amplification (RT-LAMP) assay for the de-
tection of foot-and-mouth disease virus and validation in the field 
with use of an internal positive control. Transboundary and Emerging 
Diseases, 2020, 1–13. https://doi.org/10.1111/tbed.13589. Available 
from: https://onlin elibr ary.wiley.com/doi/abs/10.1111/tbed.13589

Bionote. (2020). Rapid FMD NSP Ab [html]. : Bionote. Available from: 
http://biono te.co.kr/eng/board/ rapid/ board_view.asp?search_categ 
ory=5&page=1&num=365

Boell, S. K., & Cecez-Kecmanovic, D. (2014). A hermeneutic ap-
proach for conducting literature reviews and literature searches. 
Communications of the Association for Information Systems, 34, 257–
286. https://doi.org/10.17705/ 1cais.03412. Available from: https://
www.seman ticsc holar.org/paper/ A-Herme neuti c-Appro ach-for-
Condu cting -Liter ature -Boell -Cecez -Kecma novic/ c1ba8 52995 c927e 
89751 750f9 86803 33ac0 f4020

Boland, P., Weaver, J., Usman, T. B., Moss, A., & Selleck, P. (2006). Field 
evaluation of rapid antigen tests for highly pathogenic avian influ-
enza. In 11th International Symposium on Veterinary Epidemiology and 
Economics (ISVEE), August 2006. .

Bordier, M., & Roger, F. (2013). Zoonoses in south-east Asia: A regional 
burden, a global threat. Animal Health Research Reviews, 14(1), 40–
67. https://doi.org/10.1017/S1466 25231 3000017 Available from: 
https://www.cambr idge.org/core/artic le/zoono ses-in-south east-
asia-a-regio nal-burde n-a-globa l-threa t/882E6 23035 581BA F34D4 
12747 49F89AC

Boulangé, A., Pillay, D., Chevtzoff, C., Biteau, N., Comé de Graça, V., 
Rempeters, L., Theodoridis, D., & Baltz, T. (2017). Development of 
a rapid antibody test for point-of-care diagnosis of animal African 
trypanosomosis. Veterinary Parasitology, 233, 32–38. https://doi.
org/10.1016/j.vetpar.2016.11.017. Available from: https://pubmed.
ncbi.nlm.nih.gov/28043 385/

Brüning-Richardson, A., Akerblom, L., Klingeborn, B., & Anderson, J. 
(2011). Improvement and development of rapid chromatographic 
strip-tests for the diagnosis of rinderpest and peste des petits rumi-
nants viruses. Journal of Virological Methods, 174(1), 42–46. https://
doi.org/10.1016/j.jviro met.2011.03.016. Available from: http://
www.scien cedir ect.com/scien ce/artic le/pii/S0166 09341 1001078

Buetre, B., Wicks, S., Kruger, H., Millist, N., Yainshet, A., Garner, G., 
Duncan, A., Ali, A., Trestrail, C., Hatt, M., Thompson, L.-J., & Symes, 
M. (2013). Potential socio-economic impacts of an outbreak of foot-and-
mouth disease in Australia. (Research report 13.11). : Australian Bureau 
of Agricultural and Resource Economics and Sciences (ABARES). 
Available from: https://www.agric ulture.gov.au/sites/ defau lt/files/ 
abare s/docum ents/RR13.11Pot SocEc oImpc tOfFMD_v1.0.0.pdf

Butler, D. (2018). Fast Ebola test limits outbreak. Nature, 558(2018), 
172. https://doi.org/10.1038/d4158 6-018-05389 -2 Available from: 
https://www.nature.com/magaz ine-asset s/d4158 6-018-05389 -2/
d4158 6-018-05389 -2.pdf

Cappai, S., Loi, F., Coccollone, A., Cocco, M., Falconi, C., Dettori, 
G., Feliziani, F., Sanna, M. L., Oggiano, A., & Rolesu, S. (2017). 
Evaluation of a commercial field test to detect African swine 
fever. Journal of Wildlife Diseases, 53(3), 602–606. https://doi.

https://www.aciar.gov.au/
https://www.csiro.au/en/Research/Facilities/ACDP
https://orcid.org/0000-0002-3363-0223
https://orcid.org/0000-0002-3363-0223
https://orcid.org/0000-0002-3569-6007
https://orcid.org/0000-0002-3569-6007
https://doi.org/10.1371/journal.pone.0071642
https://doi.org/10.1371/journal.pone.0071642
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3748043/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3748043/
https://doi.org/10.1186/1475-2875-12-258
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3723648/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3723648/
https://doi.org/10.1186/1748-5908-7-5
https://doi.org/10.1186/1748-5908-7-5
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3398266/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3398266/
https://doi.org/10.1038/nrmicro1523
https://doi.org/10.1111/tbed.12266
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4283758/
https://doi.org/10.1111/tbed.13589
https://onlinelibrary.wiley.com/doi/abs/10.1111/tbed.13589
http://bionote.co.kr/eng/board/rapid/board_view.asp?search_category=5&page=1&num=365
http://bionote.co.kr/eng/board/rapid/board_view.asp?search_category=5&page=1&num=365
https://doi.org/10.17705/1cais.03412
https://www.semanticscholar.org/paper/A-Hermeneutic-Approach-for-Conducting-Literature-Boell-Cecez-Kecmanovic/c1ba852995c927e89751750f98680333ac0f4020
https://www.semanticscholar.org/paper/A-Hermeneutic-Approach-for-Conducting-Literature-Boell-Cecez-Kecmanovic/c1ba852995c927e89751750f98680333ac0f4020
https://www.semanticscholar.org/paper/A-Hermeneutic-Approach-for-Conducting-Literature-Boell-Cecez-Kecmanovic/c1ba852995c927e89751750f98680333ac0f4020
https://www.semanticscholar.org/paper/A-Hermeneutic-Approach-for-Conducting-Literature-Boell-Cecez-Kecmanovic/c1ba852995c927e89751750f98680333ac0f4020
https://doi.org/10.1017/S1466252313000017
https://www.cambridge.org/core/article/zoonoses-in-southeast-asia-a-regional-burden-a-global-threat/882E623035581BAF34D41274749F89AC
https://www.cambridge.org/core/article/zoonoses-in-southeast-asia-a-regional-burden-a-global-threat/882E623035581BAF34D41274749F89AC
https://www.cambridge.org/core/article/zoonoses-in-southeast-asia-a-regional-burden-a-global-threat/882E623035581BAF34D41274749F89AC
https://doi.org/10.1016/j.vetpar.2016.11.017
https://doi.org/10.1016/j.vetpar.2016.11.017
https://pubmed.ncbi.nlm.nih.gov/28043385/
https://pubmed.ncbi.nlm.nih.gov/28043385/
https://doi.org/10.1016/j.jviromet.2011.03.016
https://doi.org/10.1016/j.jviromet.2011.03.016
http://www.sciencedirect.com/science/article/pii/S0166093411001078
http://www.sciencedirect.com/science/article/pii/S0166093411001078
https://www.agriculture.gov.au/sites/default/files/abares/documents/RR13.11PotSocEcoImpctOfFMD_v1.0.0.pdf
https://www.agriculture.gov.au/sites/default/files/abares/documents/RR13.11PotSocEcoImpctOfFMD_v1.0.0.pdf
https://doi.org/10.1038/d41586-018-05389-2
https://www.nature.com/magazine-assets/d41586-018-05389-2/d41586-018-05389-2.pdf
https://www.nature.com/magazine-assets/d41586-018-05389-2/d41586-018-05389-2.pdf
https://doi.org/10.7589/2016-05-112


     |  11HOBBS et al.

org/10.7589/2016-05-112 Available from: https://bioone.org/journ 
als/journ al-of-wildl ife-disea ses/volum e-53/issue -3/2016-05-112/
Evalu ation -of-a-Comme rcial -Field -Test-to-Detec t-Afric an-Swine/ 
10.7589/2016-05-112.full

Certoma, A., Lunt, R. A., Vosloo, W., Smith, I., Colling, A., Williams, 
D. T., Tran, T., & Blacksell, S. D. (2018). Assessment of a rabies 
virus rapid diagnostic test for the detection of Australian bat ly-
ssavirus. Tropical Medicine and Infectious Disease, 3(4), https://doi.
org/10.3390/tropi calme d3040109 Available from: https://www.
ncbi.nlm.nih.gov/pmc/artic les/PMC63 06826/ pdf/tropi calme 
d-03-00109.pdf

Chapman, N., Doubell, A., Oversteegen, L., Barnsley, P., Chowdhary, V., 
Rugarabamu, G., Ong, M., & Borri, J. (2019). G-Finder 2018: Neglected 
disease research and development: Reaching new heights. Policy Cures 
Research Ltd. Available from: https://www.polic ycure srese arch.org/
wp-conte nt/uploa ds/Y11_G-FINDER_Full_report_Reach ing_new_
heigh ts.pdf

Cohen, J. F., Korevaar, D. A., Altman, D. G., Bruns, D. E., Gatsonis, C. 
A., Hooft, L., Irwig, L., Levine, D., Reitsma, J. B., de Vet, H. C. W., & 
Bossuyt, P. M. M. (2016). STARD 2015 guidelines for reporting diag-
nostic accuracy studies: Explanation and elaboration. British Medical 
Journal Open, 6(11), e012799. https://doi.org/10.1136/bmjop en-
2016-012799 Available from: https://bmjop en.bmj.com/conte nt/
bmjop en/6/11/e0127 99.full.pdf

Colling, A., Lunt, R., Bergfeld, J., McNabb, L., Halpin, K., Juzva, S., 
Newberry, K., Morrissy, C., Loomes, C., Warner, S., Diallo, I., 
Kirkland, P., Broder, C. C., Carlile, G., Loh, M. H., Waugh, C., Wright, 
L., Watson, J., Eagles, D., … Daniels, P. (2018). A network approach 
for provisional assay recognition of a Hendra virus antibody ELISA: 
Test validation with low sample numbers from infected horses. 
Journal of Veterinary Diagnostic Investigation, 30(3), 362–369. https://
doi.org/10.1177/10406 38718 760102 Available from: https://www.
ncbi.nlm.nih.gov/pmc/artic les/PMC65 05820/

Crowther, J. R., Unger, H., & Viljoen, G. J. (2006). Aspects of kit vali-
dation for tests used for the diagnosis and surveillance of livestock 
diseases: Producer and end-user responsibilities. Revue Scientifique 
Et Technique (Office International Des Epizooties), 25(3), 913–935. 
https://doi.org/10.20506/ rst.25.3.1706. Available from: https://doc.
oie.int/dyn/porta l/index.seam?page=alo&aloId =30602

de La Hamaide, S. (2019). China faces long struggle to tackle African swine 
fever: OIE [html]. : Reuters. Available at: https://www.reute rs.com/
artic le/us-china -swine fever -oie/china -faces -long-strug gle-to-tackl 
e-afric an-swine -fever -oie-idUSK CN1SY1SA

Dhillon, R. S., Srikrishna, D., & Kelly, J. D. (2018). Deploying RDTs in the 
DRC Ebola outbreak. The Lancet, 391(10139), 2499–2500. https://
doi.org/10.1016/S0140 -6736(18)31315 -1.

Donadeu, M., Nwankpa, N., Abela-Ridder, B., & Dungu, B. (2019). 
Strategies to increase adoption of animal vaccines by smallholder 
farmers with focus on neglected diseases and marginalized popula-
tions. PLOS Neglected Tropical Diseases, 13(2), e0006989. https://doi.
org/10.1371/journ al.pntd.0006989. Available from: https://www.
ncbi.nlm.nih.gov/pmc/artic les/PMC63 66725/

Dowdy, D. W. (2016). Minding the gap: Specimen referral systems for 
diagnosis of infectious diseases. Clinical Infectious Diseases, 64(6), 
804–805. https://doi.org/10.1093/cid/ciw820

Dowdy, D. W., Cattamanchi, A., Steingart, K. R., & Pai, M. (2011). Is 
scale-up worth it? Challenges in economic analysis of diagnostic tests 
for tuberculosis. PLoS Med, 8(7), e1001063. https://doi.org/10.1371/
journ al.pmed.1001063

Dukes, J. P., King, D. P., & Alexandersen, S. (2006). Novel reverse tran-
scription loop-mediated isothermal amplification for rapid detection 
of foot-and-mouth disease virus. Archives of Virology, 151(6), 1093–
1106. https://doi.org/10.1007/s0070 5-005-0708-5

Eggerbauer, E., de Benedictis, P., Hoffmann, B., Mettenleiter, T. C., 
Schlottau, K., Ngoepe, E. C., Sabeta, C. T., Freuling, C. M., Müller, T., 

& Williams, M. (2016). Evaluation of six commercially available rapid 
immunochromatographic tests for the diagnosis of rabies in brain 
material. PLOS Neglected Tropical Diseases, 10(6), e0004776. https://
doi.org/10.1371/journ al.pntd.0004776. Available from: https://
pubmed.ncbi.nlm.nih.gov/27336 943/

Fèvre, E. M., Bronsvoort, B. M. D. C., Hamilton, K. A., & Cleaveland, 
S.(2006). Animal movements and the spread of infectious diseases. 
Trends in Microbiology, 14(3), 125–131. https://doi.org/10.1016/j.
tim.2006.01.004. Available from: http://www.scien cedir ect.com/
scien ce/artic le/pii/S0966 842X0 6000175

FIND. (2019). Target product profiles [html]. : Foundation for Innovative 
New Diagnostics (FIND). Available from: https://www.finddx.org/
tpps/

FLI. (2019). Licensing authority for in vitro diagnostics for detection of noti-
fiable and reportable animal diseases [html]. : Friedrich Loeffler Institut 
(FLI). Available from: https://www.fli.de/en/servi ces/licen sing-autho 
rity/

Fonjungo, P. N., Alemnji, G. A., Kebede, Y., Opio, A., Mwangi, C., Spira, 
T. J., Beard, R. S., & Nkengasong, J. N. (2017). Combatting global in-
fectious diseases: A network effect of specimen referral systems. 
Clinical Infectious Diseases, 64(6), 796–803. https://doi.org/10.1093/
cid/ciw817

Fresco-Taboada, A., Risalde, M. A., Gortázar, C., Tapia, I., González, 
I., Venteo, Á., Sanz, A., & Rueda, P. (2019). A lateral flow assay for 
the rapid diagnosis of Mycobacterium bovis infection in wild boar. 
Transboundary and Emerging Diseases, 66(5), 2175–2179. https://doi.
org/10.1111/tbed.13260. Available from: https://onlin elibr ary.wiley.
com/doi/abs/10.1111/tbed.13260

Frost & Sullivan. (2016). Analysis of the global in vitro diagnostics and point-
of-care testing market. : Frost & Sullivan. Available from: http://frost 
-apac.com/BDS/white paper/ PCL_20160 118.pdf

Gardner, I. A., Colling, A., & Greiner, M. (2019). Design, statistical anal-
ysis and reporting standards for test accuracy studies for infectious 
diseases in animals: Progress, challenges and recommendations. 
Preventive Veterinary Medicine, 162, 46–55. https://doi.org/10.1016/j.
preve tmed.2018.10.023. Available from: http://www.scien cedir ect.
com/scien ce/artic le/pii/S0167 58771 8301971

Giglioti, R., Bassetto, C. C., Okino, C. H., de Oliveira, H. N., & de Sena 
Oliveira, M. C. (2019). Development of a loop-mediated isothermal 
amplification (LAMP) assay for the detection of Anaplasma margin-
ale. Experimental and Applied Acarology, 77(1), 65–72. https://doi.
org/10.1007/s1049 3-018-0327-y Available from: https://pubmed.
ncbi.nlm.nih.gov/30478 537/

Grace, D., Mutua, F., Ochungo, P., Kruska, R., Jones, K., Brierley, L., Lapar, 
L., Said, M., Herrero, M., Phuc, P. M., Thao, N. B., Akuku, I., & Ogutu, 
F. (2012). Mapping of poverty and likely zoonoses hotspots. (Zoonoses 
Project 4: Report to Department for International Development, 
UK). : International Livestock Research Institute (ILRI). Available 
from: https://cgspa ce.cgiar.org/handl e/10568/ 21161

Greenhalgh, T., Thorne, S., & Malterud, K. (2018). Time to challenge 
the spurious hierarchy of systematic over narrative reviews? 
European Journal of Clinical Investigation, 48(6), e12931. https://doi.
org/10.1111/eci.12931. Available from: https://onlin elibr ary.wiley.
com/doi/abs/10.1111/eci.12931

Greiner, M., & Gardner, I. A. (2000). Epidemiologic issues in the validation 
of veterinary diagnostic tests. Preventive Veterinary Medicine, 45(1), 
3–22. https://doi.org/10.1016/S0167 -5877(00)00114 -8 Available 
from: http://www.scien cedir ect.com/scien ce/artic le/pii/S0167 58770 
0001148

Haider, N., Khan, S. U., Islam, A., Osmani, M. G., Rahman, M. Z., Epstein, J. 
H., Daszak, P., & Zeidner, N. S. (2017). Efficiency of the clinical veter-
inary diagnostic practices and drug choices for infectious diseases in 
livestock in Bangladesh. Transboundary and Emerging Diseases, 64(4), 
1329–1333. https://doi.org/10.1111/tbed.12502. Available from: 
https://www.ncbi.nlm.nih.gov/pubme d/27062143

https://doi.org/10.7589/2016-05-112
https://bioone.org/journals/journal-of-wildlife-diseases/volume-53/issue-3/2016-05-112/Evaluation-of-a-Commercial-Field-Test-to-Detect-African-Swine/10.7589/2016-05-112.full
https://bioone.org/journals/journal-of-wildlife-diseases/volume-53/issue-3/2016-05-112/Evaluation-of-a-Commercial-Field-Test-to-Detect-African-Swine/10.7589/2016-05-112.full
https://bioone.org/journals/journal-of-wildlife-diseases/volume-53/issue-3/2016-05-112/Evaluation-of-a-Commercial-Field-Test-to-Detect-African-Swine/10.7589/2016-05-112.full
https://bioone.org/journals/journal-of-wildlife-diseases/volume-53/issue-3/2016-05-112/Evaluation-of-a-Commercial-Field-Test-to-Detect-African-Swine/10.7589/2016-05-112.full
https://doi.org/10.3390/tropicalmed3040109
https://doi.org/10.3390/tropicalmed3040109
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6306826/pdf/tropicalmed-03-00109.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6306826/pdf/tropicalmed-03-00109.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6306826/pdf/tropicalmed-03-00109.pdf
https://www.policycuresresearch.org/wp-content/uploads/Y11_G-FINDER_Full_report_Reaching_new_heights.pdf
https://www.policycuresresearch.org/wp-content/uploads/Y11_G-FINDER_Full_report_Reaching_new_heights.pdf
https://www.policycuresresearch.org/wp-content/uploads/Y11_G-FINDER_Full_report_Reaching_new_heights.pdf
https://doi.org/10.1136/bmjopen-2016-012799
https://doi.org/10.1136/bmjopen-2016-012799
https://bmjopen.bmj.com/content/bmjopen/6/11/e012799.full.pdf
https://bmjopen.bmj.com/content/bmjopen/6/11/e012799.full.pdf
https://doi.org/10.1177/1040638718760102
https://doi.org/10.1177/1040638718760102
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6505820/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6505820/
https://doi.org/10.20506/rst.25.3.1706
https://doc.oie.int/dyn/portal/index.seam?page=alo&aloId=30602
https://doc.oie.int/dyn/portal/index.seam?page=alo&aloId=30602
https://www.reuters.com/article/us-china-swinefever-oie/china-faces-long-struggle-to-tackle-african-swine-fever-oie-idUSKCN1SY1SA
https://www.reuters.com/article/us-china-swinefever-oie/china-faces-long-struggle-to-tackle-african-swine-fever-oie-idUSKCN1SY1SA
https://www.reuters.com/article/us-china-swinefever-oie/china-faces-long-struggle-to-tackle-african-swine-fever-oie-idUSKCN1SY1SA
https://doi.org/10.1016/S0140-6736(18)31315-1.
https://doi.org/10.1016/S0140-6736(18)31315-1.
https://doi.org/10.1371/journal.pntd.0006989
https://doi.org/10.1371/journal.pntd.0006989
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6366725/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6366725/
https://doi.org/10.1093/cid/ciw820
https://doi.org/10.1371/journal.pmed.1001063
https://doi.org/10.1371/journal.pmed.1001063
https://doi.org/10.1007/s00705-005-0708-5
https://doi.org/10.1371/journal.pntd.0004776
https://doi.org/10.1371/journal.pntd.0004776
https://pubmed.ncbi.nlm.nih.gov/27336943/
https://pubmed.ncbi.nlm.nih.gov/27336943/
https://doi.org/10.1016/j.tim.2006.01.004
https://doi.org/10.1016/j.tim.2006.01.004
http://www.sciencedirect.com/science/article/pii/S0966842X06000175
http://www.sciencedirect.com/science/article/pii/S0966842X06000175
https://www.finddx.org/tpps/
https://www.finddx.org/tpps/
https://www.fli.de/en/services/licensing-authority/
https://www.fli.de/en/services/licensing-authority/
https://doi.org/10.1093/cid/ciw817
https://doi.org/10.1093/cid/ciw817
https://doi.org/10.1111/tbed.13260
https://doi.org/10.1111/tbed.13260
https://onlinelibrary.wiley.com/doi/abs/10.1111/tbed.13260
https://onlinelibrary.wiley.com/doi/abs/10.1111/tbed.13260
http://frost-apac.com/BDS/whitepaper/PCL_20160118.pdf
http://frost-apac.com/BDS/whitepaper/PCL_20160118.pdf
https://doi.org/10.1016/j.prevetmed.2018.10.023
https://doi.org/10.1016/j.prevetmed.2018.10.023
http://www.sciencedirect.com/science/article/pii/S0167587718301971
http://www.sciencedirect.com/science/article/pii/S0167587718301971
https://doi.org/10.1007/s10493-018-0327-y
https://doi.org/10.1007/s10493-018-0327-y
https://pubmed.ncbi.nlm.nih.gov/30478537/
https://pubmed.ncbi.nlm.nih.gov/30478537/
https://cgspace.cgiar.org/handle/10568/21161
https://doi.org/10.1111/eci.12931
https://doi.org/10.1111/eci.12931
https://onlinelibrary.wiley.com/doi/abs/10.1111/eci.12931
https://onlinelibrary.wiley.com/doi/abs/10.1111/eci.12931
https://doi.org/10.1016/S0167-5877(00)00114-8
http://www.sciencedirect.com/science/article/pii/S0167587700001148
http://www.sciencedirect.com/science/article/pii/S0167587700001148
https://doi.org/10.1111/tbed.12502
https://www.ncbi.nlm.nih.gov/pubmed/27062143


12  |     HOBBS et al.

Hobbs, E. C., Mwape, K. E., Devleesschauwer, B., Gabriel, S., 
Chembensofu, M., Mambwe, M., Phiri, I. K., Masuku, M., Zulu, G., 
Colston, A., Willingham, A. L., Berkvens, D., Dorny, P., Bottieau, 
E., & Speybroeck, N. (2018). Taenia solium from a community per-
spective: Preliminary costing data in the Katete and Sinda districts 
in Eastern Zambia. Veterinary Parasitology, 251, 63–67. https://doi.
org/10.1016/j.vetpar.2018.01.001. Available from: https://www.
ncbi.nlm.nih.gov/pubme d/29426478

Hobbs, E. C., Mwape, K. E., Phiri, A. M., Mambwe, M., Mambo, R., Thys, 
S., Zulu, G., Chembensofu, M., Trevisan, C., Van Damme, I., Phiri, I. 
K., Devleesschauwer, B., Ketzis, J., Dorny, P., Willingham, A. L., & 
Gabriel, S. (2020). Perceptions and acceptability of piloted Taenia 
solium control and elimination interventions in two endemic com-
munities in eastern Zambia. Transboundary and Emerging Diseases, 
67(S2), 69–81. https://doi.org/10.1111/tbed.13214. Available from: 
https://www.ncbi.nlm.nih.gov/pubme d/31231968

Howson, E. L. A., Armson, B., Lyons, N. A., Chepkwony, E., Kasanga, C. 
J., Kandusi, S., Ndusilo, N., Yamazaki, W., Gizaw, D., Cleaveland, S., 
Lembo, T., Rauh, R., Nelson, W. M., Wood, B. A., Mioulet, V., & King, 
D. P. (2018). Direct detection and characterization of foot-and-mouth 
disease virus in East Africa using a field-ready real-time PCR plat-
form. Transboundary and Emerging Diseases, 65(1), 221–231. https://
doi.org/10.1111/tbed.12684. Available from: https://pubmed.ncbi.
nlm.nih.gov/28758 346/

Hsieh, Y.-H., Gaydos, C. A., Hogan, M. T., Uy, O. M., Jackman, J., Jett-
Goheen, M., Albertie, A., Dangerfield, D. T. 2nd, Neustadt, C. R., 
Wiener, Z. S., & Rompalo, A. M. (2011). What qualities are most 
important to making a point of care test desirable for clinicians 
and others offering sexually transmitted infection testing? PLoS 
One, 6(4), e19263. https://doi.org/10.1371/journ al.pone.0019263. 
Available from: https://www.ncbi.nlm.nih.gov/pmc/artic les/
PMC30 84795/

Huddy, J. R., Ni, M., Mavroveli, S., Barlow, J., Williams, D.-A., & Hanna, 
G. B. (2015). A research protocol for developing a Point-Of-Care Key 
Evidence Tool ‘POCKET’: A checklist for multidimensional evidence 
reporting on point-of-care in vitro diagnostics. British Medical Journal 
Open, 5(7), e007840. https://doi.org/10.1136/bmjop en-2015-
007840 Available from: https://bmjop en.bmj.com/conte nt/bmjop 
en/5/7/e0078 40.full.pdf

Imai, M., Ninomiya, A., Minekawa, H., Notomi, T., Ishizaki, T., Van Tu, P., 
Tien, N. T. K., Tashiro, M., & Odagiri, T. (2007). Rapid diagnosis of 
H5N1 avian influenza virus infection by newly developed influenza 
H5 hemagglutinin gene-specific loop-mediated isothermal amplifica-
tion method. Journal of Virological Methods, 141(2), 173–180. https://
doi.org/10.1016/j.jviro met.2006.12.004. Available from: http://
www.scien cedir ect.com/scien ce/artic le/pii/S0166 09340 6004484

Ingenasa. (2019). Ingezim ASFV CROM Ag: One-step immunochromato-
graphic assay for African swine fever virus detection in porcine blood 
samples [test kit insert]. : Immunologia y Genetica Aplicada, S.A..

Inui, K., Nguyen, T., Tseng, H.-J., Tsai, C. M., Tsai, Y.-L., Chung, S., 
Padungtod, P., Zhu, H., Guan, Y., Kalpravidh, W., & Claes, F. (2019). 
A field-deployable insulated isothermal RT-PCR assay for identifica-
tion of influenza A (H7N9) shows good performance in the labora-
tory. Influenza and Other Respiratory Viruses, 2019, 1–8. https://doi.
org/10.1111/irv.12646. Available from: https://onlin elibr ary.wiley.
com/doi/abs/10.1111/irv.12646

Jia, B., Colling, A., Stallknecht, D. E., Blehert, D., Bingham, J., Crossley, B., 
Eagles, D., & Gardner, I. A. (2020). Validation of laboratory tests for 
infectious diseases in wild mammals: Review and recommendations. 
Journal of Veterinary Diagnostic Investigation, 2020, 1–17. https://doi.
org/10.1177/10406 38720 920346 Available from: https://journ als.
sagep ub.com/doi/abs/10.1177/10406 38720 920346

Johansson, E. W., Kitutu, F. E., Mayora, C., Awor, P., Peterson, S. S., 
Wamani, H., & Hildenwall, H. (2016). It could be viral but you don't 
know, you have not diagnosed it: Health worker challenges in 

managing non-malaria paediatric fevers in the low transmission area 
of Mbarara District. Uganda. Malaria Journal, 15, 197. https://doi.
org/10.1186/s1293 6-016-1257-y Available from: https://www.ncbi.
nlm.nih.gov/pmc/artic les/PMC48 27217/

Joloba, M., Mwangi, C., Alexander, H., Nadunga, D., Bwanga, F., Modi, 
N., Downing, R., Nabasirye, A., Adatu, F. E., Shrivastava, R., Gadde, 
R., & Nkengasong, J. N. (2016). Strengthening the tuberculosis spec-
imen referral network in Uganda: The role of public-private partner-
ships. Journal of Infectious Diseases, 213(S2), S41–S46. https://doi.
org/10.1093/infdi s/jiw035. Available from: https://www.ncbi.nlm.
nih.gov/pmc/artic les/PMC49 14746/

Jones, K. E., Patel, N. G., Levy, M. A., Storeygard, A., Balk, D., Gittleman, J. 
L., & Daszak, P. (2008). Global trends in emerging infectious diseases. 
Nature, 451(7181), 990–993. https://doi.org/10.1038/natur e06536 
Available from: https://www.ncbi.nlm.nih.gov/pubme d/18288193

King, D. P., Ludi, A., Wilsden, G., Parida, S., & Paton, D. J. (2015). The use 
of non-structural proteins to differentiate between vaccinated and 
infected animals. In 13th Conference of the OIE Regional Commission 
for the Middle East. : World Organisation for Animal Health (OIE).

Kosack, C. S., Page, A. L., & Klatser, P. R. (2017). A guide to aid the se-
lection of diagnostic tests. Bulletin of the World Health Organization, 
95(9), 639–645. https://doi.org/10.2471/blt.16.187468. Available 
from: https://www.who.int/bulle tin/volum es/95/9/16-18746 8/en/

Kurosaki, Y., Sakuma, T., Fukuma, A., Fujinami, Y., Kawamoto, K., 
Kamo, N., Makino, S.-I., & Yasuda, J. (2009). A simple and sensi-
tive method for detection of Bacillus anthracis by loop-mediated 
isothermal amplification. Journal of Applied Microbiology, 107(6), 
1947–1956. https://doi.org/10.1111/j.1365-2672.2009.04379.x. 
Available from: https://sfamj ourna ls.onlin elibr ary.wiley.com/doi/
abs/10.1111/j.1365-2672.2009.04379.x

Léchenne, M., Naïssengar, K., Lepelletier, A., Alfaroukh, I. O., Bourhy, H., 
Zinsstag, J., & Dacheux, L. (2016). Validation of a rapid rabies diagnos-
tic tool for field surveillance in developing countries. PLOS Neglected 
Tropical Diseases, 10(10), e0005010. https://doi.org/10.1371/journ 
al.pntd.0005010

Lehe, J. D., Sitoe, N. E., Tobaiwa, O., Loquiha, O., Quevedo, J. I., Peter, T. 
F., & Jani, I. V. (2012). Evaluating operational specifications of point-
of-care diagnostic tests: A standardized scorecard. PLoS One, 7(10), 
e47459. https://doi.org/10.1371/journ al.pone.0047459

Li, T.-T., Wang, J.-L., Zhang, N.-Z., Li, W.-H., Yan, H.-B., Li, L., Jia, W.-Z., & 
Fu, B.-Q. (2019). Rapid and visual detection of Trichinella spp. using 
a lateral flow strip-based recombinase polymerase amplification 
(LF-RPA) assay. Frontiers in Cellular and Infection Microbiology, 9(1). 
https://doi.org/10.3389/fcimb.2019.00001. Available from: https://
www.front iersin.org/artic le/10.3389/fcimb.2019.00001

Loth, L., Prijono, W. B., Wibawa, H., & Usman, T. B. (2008). Evaluation 
of two avian influenza type A rapid antigen tests under Indonesian 
field conditions. Journal of Veterinary Diagnostic Investigation, 20(5), 
642–644. https://doi.org/10.1177/10406 38708 02000519 Available 
from: https://pubmed.ncbi.nlm.nih.gov/18776 101/

Lyashchenko, K. P., Greenwald, R., Esfandiari, J., Chambers, M. A., 
Vicente, J., Gortazar, C., Santos, N., Correia-Neves, M., Buddle, B. M., 
Jackson, R., O’Brien, D. J., Schmitt, S., Palmer, M. V., Delahay, R. J., & 
Waters, W. R. (2008). Animal-side serologic assay for rapid detection 
of Mycobacterium bovis infection in multiple species of free-rang-
ing wildlife. Veterinary Microbiology, 132(3), 283–292. https://doi.
org/10.1016/j.vetmic.2008.05.029. Available from: http://www.
scien cedir ect.com/scien ce/artic le/pii/S0378 11350 8002046

Mabey, D. C., Sollis, K. A., Kelly, H. A., Benzaken, A. S., Bitarakwate, 
E., Changalucha, J., Chen, X.-S., Yin, Y.-P., Garcia, P. J., Strasser, S., 
Chintu, N., Pang, T., Terris-Prestholt, F., Sweeney, S., & Peeling, R. 
W. (2012). Point-of-care tests to strengthen health systems and 
save newborn lives: The case of syphilis. PLoS Med, 9(6), e1001233. 
https://doi.org/10.1371/journ al.pmed.1001233. Available from: 
https://www.ncbi.nlm.nih.gov/pmc/artic les/PMC33 73627/

https://doi.org/10.1016/j.vetpar.2018.01.001
https://doi.org/10.1016/j.vetpar.2018.01.001
https://www.ncbi.nlm.nih.gov/pubmed/29426478
https://www.ncbi.nlm.nih.gov/pubmed/29426478
https://doi.org/10.1111/tbed.13214
https://www.ncbi.nlm.nih.gov/pubmed/31231968
https://doi.org/10.1111/tbed.12684
https://doi.org/10.1111/tbed.12684
https://pubmed.ncbi.nlm.nih.gov/28758346/
https://pubmed.ncbi.nlm.nih.gov/28758346/
https://doi.org/10.1371/journal.pone.0019263
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3084795/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3084795/
https://doi.org/10.1136/bmjopen-2015-007840
https://doi.org/10.1136/bmjopen-2015-007840
https://bmjopen.bmj.com/content/bmjopen/5/7/e007840.full.pdf
https://bmjopen.bmj.com/content/bmjopen/5/7/e007840.full.pdf
https://doi.org/10.1016/j.jviromet.2006.12.004
https://doi.org/10.1016/j.jviromet.2006.12.004
http://www.sciencedirect.com/science/article/pii/S0166093406004484
http://www.sciencedirect.com/science/article/pii/S0166093406004484
https://doi.org/10.1111/irv.12646
https://doi.org/10.1111/irv.12646
https://onlinelibrary.wiley.com/doi/abs/10.1111/irv.12646
https://onlinelibrary.wiley.com/doi/abs/10.1111/irv.12646
https://doi.org/10.1177/1040638720920346
https://doi.org/10.1177/1040638720920346
https://journals.sagepub.com/doi/abs/10.1177/1040638720920346
https://journals.sagepub.com/doi/abs/10.1177/1040638720920346
https://doi.org/10.1186/s12936-016-1257-y
https://doi.org/10.1186/s12936-016-1257-y
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4827217/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4827217/
https://doi.org/10.1093/infdis/jiw035
https://doi.org/10.1093/infdis/jiw035
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4914746/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4914746/
https://doi.org/10.1038/nature06536
https://www.ncbi.nlm.nih.gov/pubmed/18288193
https://doi.org/10.2471/blt.16.187468
https://www.who.int/bulletin/volumes/95/9/16-187468/en/
https://doi.org/10.1111/j.1365-2672.2009.04379.x
https://sfamjournals.onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2672.2009.04379.x
https://sfamjournals.onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2672.2009.04379.x
https://doi.org/10.1371/journal.pntd.0005010
https://doi.org/10.1371/journal.pntd.0005010
https://doi.org/10.1371/journal.pone.0047459
https://doi.org/10.3389/fcimb.2019.00001
https://www.frontiersin.org/article/10.3389/fcimb.2019.00001
https://www.frontiersin.org/article/10.3389/fcimb.2019.00001
https://doi.org/10.1177/104063870802000519
https://pubmed.ncbi.nlm.nih.gov/18776101/
https://doi.org/10.1016/j.vetmic.2008.05.029
https://doi.org/10.1016/j.vetmic.2008.05.029
http://www.sciencedirect.com/science/article/pii/S0378113508002046
http://www.sciencedirect.com/science/article/pii/S0378113508002046
https://doi.org/10.1371/journal.pmed.1001233
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3373627/


     |  13HOBBS et al.

Madi, M., Hamilton, A., Squirrell, D., Mioulet, V., Evans, P., Lee, M., & 
King, D. P. (2012). Rapid detection of foot-and-mouth disease virus 
using a field-portable nucleic acid extraction and real-time PCR am-
plification platform. The Veterinary Journal, 193(1), 67–72. https://doi.
org/10.1016/j.tvjl.2011.10.017. Available from: https://europ epmc.
org/artic le/med/22115952

Melville, L., Kenyon, F., Javed, S., McElarney, I., Demeler, J., & Skuce, P. 
(2014). Development of a loop-mediated isothermal amplification 
(LAMP) assay for the sensitive detection of Haemonchus contortus 
eggs in ovine faecal samples. Veterinary Parasitology, 206(3), 308–
312. https://doi.org/10.1016/j.vetpar.2014.10.022. Available from: 
http://www.scien cedir ect.com/scien ce/artic le/pii/S0304 40171 
4005494

Mitchell, S. (2014, 3 December). Drones are being tested in the fight against 
a tuberculosis epidemic in Papua New Guinea [html]. : Vice News. 
Available at: https://www.vice.com/en_us/artic le/7xj3g d/drone 
s-are-being -teste d-in-the-fight -again st-a-tuber culos is-epide mic-in-
papua -new-guinea

Moran, M. (2011). Global funding of new products for neglected tropical 
diseases. In The Causes and Impacts of Neglected Tropical and Zoonotic 
Diseases: Opportunities for Integrated Intervention Strategies; Chapter 
A16. : National Academies Press (US). Available at: https://www.
ncbi.nlm.nih.gov/books/ NBK62 528/

Mort, M., Convery, I., Baxter, J., & Bailey, C. (2005). Psychosocial 
effects of the 2001 UK foot and mouth disease epidemic in a 
rural population: Qualitative diary based study. BMJ (Clinical 
Research ed.), 331(7527), 133–148. https://doi.org/10.1136/
bmj.38603.375856.68. Available from: https://www.ncbi.nlm.nih.
gov/pmc/artic les/PMC12 89318/

MSF. (2014, 14 November). Innovating to reach remote TB patients and im-
prove access to treatment [html], : Medecins Sans Frontieres (MSF). 
Available at: https://www.msf.org/papua -new-guine a-innov ating 
-reach -remot e-tb-patie nts-and-impro ve-acces s-treat ment

Muller, J., Gwozdz, J., Hodgeman, R., Ainsworth, C., Kluver, P., Czarnecki, 
J., Warner, S., & Fegan, M. (2015). Diagnostic performance char-
acteristics of a rapid field test for anthrax in cattle. Preventive 
Veterinary Medicine, 120(3), 277–282. https://doi.org/10.1016/j.
preve tmed.2015.03.016. Available from: http://www.scien cedir ect.
com/scien ce/artic le/pii/S0167 58771 5001117

Nayak, S., Blumenfeld, N. R., Laksanasopin, T., & Sia, S. K. (2017). Point-
of-care diagnostics: Recent developments in a connected age. 
Analytical Chemistry, 89(1), 102–123. https://doi.org/10.1021/acs.
analc hem.6b04630

Nichols, J. H. (2007). Point of care testing. Clinics in Laboratory Medicine, 27(4), 
893–908. https://doi.org/10.1016/j.cll.2007.07.003. Available from: 
http://www.scien cedir ect.com/scien ce/artic le/pii/S0272 27120 7000935

Offeddu, V., Cowling, B. J., & Peiris, J. S. M. (2016). Interventions in 
live poultry markets for the control of avian influenza: A system-
atic review. One Health, 2, 55–64. https://doi.org/10.1016/j.one-
hlt.2016.03.002. Available from: http://www.scien cedir ect.com/
scien ce/artic le/pii/S2352 77141 5300112

OIE. (2011). PVS pathway follow-up mission report: Lao Peoples’ Democratic 
Republic. Paris, France: https://www.oie.int/filea dmin/Home/eng/
Suppo rt_to_OIE_Membe rs/pdf/PVS-FU_Repor t-Lao.pdf

OIE. (2018a). Principles and methods of validation of diagnostic assays 
for infectious diseases. In: Manual of Diagnostic Tests and Vaccines 
for Terrestrial Animals (Terrestrial Manual); Chapter 1.1.6. : World 
Organisation for Animal Health (OIE). Available at: http://www.oie.
int/filea dmin/Home/eng/Health_stand ards/tahm/1.01.06_VALID 
ATION.pdf

OIE. (2018b). Principles and methods for the validation of diagnostic tests 
for infectious diseases applicable to wildlife. In Manual of Diagnostic 
Tests and Vaccines for Terrestrial Animals (Terrestrial Manual); Chapter 
2.2.7. : World Organisation for Animal Health (OIE). Available at: 

https://www.oie.int/filea dmin/Home/eng/Health_stand ards/
tahm/2.02.07_WILDL IFE.pdf

OIE. (2018c). Validation of diagnostic tests. In Manual of Diagnostic Tests 
and Vaccines for Terrestrial Animals (Terrestrial Manual); Chapter 2.2. : 
World Organisation for Animal Health (OIE).

OIE. (2019). Peste des petits ruminants portal [html]. : World Organisation 
for Animal Health (OIE). Available from: https://www.oie.int/en/
anima l-healt h-in-the-world/ ppr-porta l/

Osorio, L., Garcia, J. A., Parra, L. G., Garcia, V., Torres, L., Degroote, S., 
& Ridde, V. (2018). A scoping review on the field validation and im-
plementation of rapid diagnostic tests for vector-borne and other 
infectious diseases of poverty in urban areas. Infectious Diseases 
of Poverty, 7(2018). https://doi.org/10.1186/s4024 9-018-0474-
8 Available from: https://idpjo urnal.biome dcent ral.com/track/ 
pdf/10.1186/s4024 9-018-0474-8

Oura, C. A. L., Edwards, L., & Batten, C. A. (2013). Virological diagno-
sis of African swine fever- comparative study of available tests. 
Virus Research, 173(1), 150–158. https://doi.org/10.1016/j.virus 
res.2012.10.022. Available from: http://www.scien cedir ect.com/
scien ce/artic le/pii/S0168 17021 200411X

Pai, N. P., Vadnais, C., Denkinger, C., Engel, N., & Pai, M. (2012). Point-of-
care testing for infectious diseases: Diversity, complexity, and barri-
ers in low- and middle-income countries. PLoS Med, 9(9), e1001306. 
https://doi.org/10.1371/journ al.pmed.1001306

Parekh, B. S., Anyanwu, J., Patel, H., Downer, M., Kalou, M., Gichimu, 
C., Keipkerich, B. S., Clement, N., Omondi, M., Mayer, O., Ou, C.-Y., 
& Nkengasong, J. N. (2010). Dried tube specimens: A simple and 
cost-effective method for preparation of HIV proficiency testing 
panels and quality control materials for use in resource-limited set-
tings. Journal of Virological Methods, 163(2), 295–300. https://doi.
org/10.1016/j.jviro met.2009.10.013. Available from: http://www.
scien cedir ect.com/scien ce/artic le/pii/S0166 09340 9004522

Peeling, R. W., & Mabey, D. (2010). Point-of-care tests for diagnos-
ing infections in the developing world. Clinical Microbiology and 
Infection, 16(8), 1062–1069. https://doi.org/10.1111/j.1469-
0691.2010.03279.x. Available from: https://www.scien cedir ect.
com/scien ce/artic le/pii/S1198 743X1 46419 51?via%3Dihub

Peeling, R. W., & McNerney, R. (2014). Emerging technologies in 
point-of-care molecular diagnostics for resource-limited settings. 
Expert Review of Molecular Diagnostics, 14(5), 525–534. https://doi.
org/10.1586/14737 159.2014.915748. Available from: https://www.
tandf online.com/doi/pdf/10.1586/14737 159.2014.91574 8?needA 
ccess =true

Pellecchia, U., Crestani, R., Decroo, T., Van den Bergh, R., & Al-Kourdi, 
Y. (2015). Social consequences of Ebola containment measures in 
Liberia. PLoS One, 10(12), e0143036. https://doi.org/10.1371/journ 
al.pone.0143036. Available from: https://journ als.plos.org/ploso ne/
artic le?id=10.1371/journ al.pone.0143036

Pillai, S. P., Prentice, K. W., Ramage, J. G., DePalma, L., Sarwar, J., 
Parameswaran, N., Bell, M., Plummer, A., Santos, A., Singh, A., Pillai, 
C. A., Thirunavvukarasu, N., Manickam, G., Avila, J. R., Sharma, S. 
K., Hoffmaster, A., Anderson, K., Morse, S. A., Venkateswaran, K. V., 
& Hodge, D. R. (2019). Rapid presumptive identification of Bacillus 
anthracis isolates using the Tetracore RedLine Alert™ test. Health 
Security, 17(4), 334–343. https://doi.org/10.1089/hs.2019.0038. 
Available from: https://www.ncbi.nlm.nih.gov/pmc/artic les/PMC67 
08271/

Postel, A., Letzel, T., Frischmann, S., Grund, C., Beer, M., & Harder, T. 
(2010). Evaluation of two commercial loop-mediated isothermal am-
plification assays for detection of avian influenza H5 and H7 hem-
agglutinin genes. Journal of Veterinary Diagnostic Investigation, 22(1), 
61–66. https://doi.org/10.1177/10406 38710 02200110 Available 
from: https://journ als.sagep ub.com/doi/abs/10.1177/10406 38710 
02200110

https://doi.org/10.1016/j.tvjl.2011.10.017
https://doi.org/10.1016/j.tvjl.2011.10.017
https://europepmc.org/article/med/22115952
https://europepmc.org/article/med/22115952
https://doi.org/10.1016/j.vetpar.2014.10.022
http://www.sciencedirect.com/science/article/pii/S0304401714005494
http://www.sciencedirect.com/science/article/pii/S0304401714005494
https://www.vice.com/en_us/article/7xj3gd/drones-are-being-tested-in-the-fight-against-a-tuberculosis-epidemic-in-papua-new-guinea
https://www.vice.com/en_us/article/7xj3gd/drones-are-being-tested-in-the-fight-against-a-tuberculosis-epidemic-in-papua-new-guinea
https://www.vice.com/en_us/article/7xj3gd/drones-are-being-tested-in-the-fight-against-a-tuberculosis-epidemic-in-papua-new-guinea
https://www.ncbi.nlm.nih.gov/books/NBK62528/
https://www.ncbi.nlm.nih.gov/books/NBK62528/
https://doi.org/10.1136/bmj.38603.375856.68
https://doi.org/10.1136/bmj.38603.375856.68
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1289318/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1289318/
https://www.msf.org/papua-new-guinea-innovating-reach-remote-tb-patients-and-improve-access-treatment
https://www.msf.org/papua-new-guinea-innovating-reach-remote-tb-patients-and-improve-access-treatment
https://doi.org/10.1016/j.prevetmed.2015.03.016
https://doi.org/10.1016/j.prevetmed.2015.03.016
http://www.sciencedirect.com/science/article/pii/S0167587715001117
http://www.sciencedirect.com/science/article/pii/S0167587715001117
https://doi.org/10.1021/acs.analchem.6b04630
https://doi.org/10.1021/acs.analchem.6b04630
https://doi.org/10.1016/j.cll.2007.07.003
http://www.sciencedirect.com/science/article/pii/S0272271207000935
https://doi.org/10.1016/j.onehlt.2016.03.002
https://doi.org/10.1016/j.onehlt.2016.03.002
http://www.sciencedirect.com/science/article/pii/S2352771415300112
http://www.sciencedirect.com/science/article/pii/S2352771415300112
https://www.oie.int/fileadmin/Home/eng/Support_to_OIE_Members/pdf/PVS-FU_Report-Lao.pdf
https://www.oie.int/fileadmin/Home/eng/Support_to_OIE_Members/pdf/PVS-FU_Report-Lao.pdf
http://www.oie.int/fileadmin/Home/eng/Health_standards/tahm/1.01.06_VALIDATION.pdf
http://www.oie.int/fileadmin/Home/eng/Health_standards/tahm/1.01.06_VALIDATION.pdf
http://www.oie.int/fileadmin/Home/eng/Health_standards/tahm/1.01.06_VALIDATION.pdf
https://www.oie.int/fileadmin/Home/eng/Health_standards/tahm/2.02.07_WILDLIFE.pdf
https://www.oie.int/fileadmin/Home/eng/Health_standards/tahm/2.02.07_WILDLIFE.pdf
https://www.oie.int/en/animal-health-in-the-world/ppr-portal/
https://www.oie.int/en/animal-health-in-the-world/ppr-portal/
https://doi.org/10.1186/s40249-018-0474-8
https://doi.org/10.1186/s40249-018-0474-8
https://idpjournal.biomedcentral.com/track/pdf/10.1186/s40249-018-0474-8
https://idpjournal.biomedcentral.com/track/pdf/10.1186/s40249-018-0474-8
https://doi.org/10.1016/j.virusres.2012.10.022
https://doi.org/10.1016/j.virusres.2012.10.022
http://www.sciencedirect.com/science/article/pii/S016817021200411X
http://www.sciencedirect.com/science/article/pii/S016817021200411X
https://doi.org/10.1371/journal.pmed.1001306
https://doi.org/10.1016/j.jviromet.2009.10.013
https://doi.org/10.1016/j.jviromet.2009.10.013
http://www.sciencedirect.com/science/article/pii/S0166093409004522
http://www.sciencedirect.com/science/article/pii/S0166093409004522
https://doi.org/10.1111/j.1469-0691.2010.03279.x
https://doi.org/10.1111/j.1469-0691.2010.03279.x
https://www.sciencedirect.com/science/article/pii/S1198743X14641951?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1198743X14641951?via%3Dihub
https://doi.org/10.1586/14737159.2014.915748
https://doi.org/10.1586/14737159.2014.915748
https://www.tandfonline.com/doi/pdf/10.1586/14737159.2014.915748?needAccess=true
https://www.tandfonline.com/doi/pdf/10.1586/14737159.2014.915748?needAccess=true
https://www.tandfonline.com/doi/pdf/10.1586/14737159.2014.915748?needAccess=true
https://doi.org/10.1371/journal.pone.0143036
https://doi.org/10.1371/journal.pone.0143036
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0143036
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0143036
https://doi.org/10.1089/hs.2019.0038
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6708271/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6708271/
https://doi.org/10.1177/104063871002200110
https://journals.sagepub.com/doi/abs/10.1177/104063871002200110
https://journals.sagepub.com/doi/abs/10.1177/104063871002200110


14  |     HOBBS et al.

ProMED-mail. (2019). PRO/AH/EDR> African swine fever - Asia (76): East 
Timor, Australia concern. (20191001.6702803). : International Society 
for Infectious Diseases. Available from: https://www.prome dmail.
org/post/20191 001.6702803

Rajko-Nenow, P., Flannery, J., Arnold, H., Howson, E. L. A., Darpel, K., 
Stedman, A., Corla, A., & Batten, C. (2019). A rapid RT-LAMP assay 
for the detection of all four lineages of peste des petits ruminants 
virus. Journal of Virological Methods, 274, 113730. https://doi.
org/10.1016/j.jviro met.2019.113730. Available from: http://www.
scien cedir ect.com/scien ce/artic le/pii/S0166 09341 9302988

Randolph, T. F., Schelling, E., Grace, D., Nicholson, C. F., Leroy, J. L., Cole, 
D. C., Demment, M. W., Omore, A., Zinsstag, J., & Ruel, M. (2007). 
Role of livestock in human nutrition and health for poverty reduc-
tion in developing countries. Journal of Animal Science, 85(11), 2788–
2800. https://doi.org/10.2527/jas.2007-0467

Reid, S. M., Ferris, N. P., Brüning, A., Hutchings, G. H., Kowalska, Z., & 
Akerblom, L. (2001). Development of a rapid chromatographic strip 
test for the pen-side detection of foot-and-mouth disease virus 
antigen. Journal of Virological Methods, 96(2), 189–202. https://doi.
org/10.1016/s0166 -0934(01)00334 -2 Available from: https://
pubmed.ncbi.nlm.nih.gov/11445 149/

Reports and Data. (2019). Point of care (PoC) diagnostics market analysis, 
by product type (glucose monitoring, cardiometabolic testing, infectious 
disease), by platform type (lateral flow assays, biosensors), by prescrip-
tion mode, by end user, forecasts to 2026: Market summary. Reports 
and Data. .https://www.repor tsand data.com/repor t-detai l/point -of-
care-poc-diagn ostic s-market

Rupprecht, C. E., Xiang, Z., Servat, A., Franka, R., Kirby, J., & Ertl, H. C. 
J. (2018). Additional progress in the development and application 
of a direct, rapid immunohistochemical test for rabies diagnosis. 
Veterinary Sciences, 5(2), 59. https://doi.org/10.3390/vetsc i5020059 
Available from: https://www.ncbi.nlm.nih.gov/pmc/artic les/PMC60 
24515/

Sastre, P., Gallardo, C., Monedero, A., Ruiz, T., Arias, M., Sanz, A., & 
Rueda, P. (2016). Development of a novel lateral flow assay for de-
tection of African swine fever in blood. BMC Veterinary Research, 12, 
206. https://doi.org/10.1186/s1291 7-016-0831-4 Available from: 
https://www.ncbi.nlm.nih.gov/pmc/artic les/PMC50 25629/

Sastre, P., Pérez, T., Costa, S., Yang, X., Räber, A., Blome, S., Goller, K. 
V., Gallardo, C., Tapia, I., García, J., Sanz, A., & Rueda, P. (2016). 
Development of a duplex lateral flow assay for simultaneous detec-
tion of antibodies against African and classical swine fever viruses. 
Journal of Veterinary Diagnostic Investigation, 28(5), 543–549. https://
doi.org/10.1177/10406 38716 654942 Available from: https://journ 
als.sagep ub.com/doi/abs/10.1177/10406 38716 654942

Schar, D., Padungtod, P., Tung, N., O'Leary, M., Kalpravidh, W., & Claes, 
F. (2019). New frontiers in applied veterinary point-of-capture diag-
nostics: Toward early detection and control of zoonotic influenza. 
Influenza and Other Respiratory Viruses, https://doi.org/10.1111/
irv.12648 Available from: https://onlin elibr ary.wiley.com/doi/
full/10.1111/irv.12648

Shabir, G. A. (2004). Step-by-step analytical methods validation and pro-
tocol in the quality system compliance industry. Journal of Validation 
Technology, 10(4), Available from https://pdfs.seman ticsc holar.
org/6871/8039e d3644 5c5e0 2c110 0f216 32f68 58eff1.pdf

Slomka, M. J., To, T. L., Tong, H. H., Coward, V. J., Mawhinney, I. C., 
Banks, J., & Brown, I. H. (2012). Evaluation of lateral flow devices 
for identification of infected poultry by testing swab and feather 
specimens during H5N1 highly pathogenic avian influenza outbreaks 
in Vietnam. Influenza and Other Respiratory Viruses, 6(5), 318–327. 
https://doi.org/10.1111/j.1750-2659.2011.00317.x. Available from: 
https://www.ncbi.nlm.nih.gov/pmc/artic les/pmid/22151 025/

St John, A., & Price, C. P. (2014). Existing and emerging technologies for 
point-of-care testing. The Clinical Biochemist Reviews, 35(3), 155–167. 
Available from https://www.ncbi.nlm.nih.gov/pubme d/25336761

Takekawa, J. Y., Iverson, S. A., Schultz, A. K., Hill, N. J., Cardona, C. J., 
Boyce, W. M., & Dudley, J. P. (2010). Field detection of avian influ-
enza virus in wild birds: Evaluation of a portable rRT-PCR system and 
freeze-dried reagents. Journal of Virological Methods, 166(1), 92–97. 
https://doi.org/10.1016/j.jviro met.2010.02.029. Available from: 
http://www.scien cedir ect.com/scien ce/artic le/pii/S0166 09341 
0000807

TechNavio Insights. (2014). 2014–2018 Global veterinary diagnostics mar-
ket. Ontario, Canadahttps://www.techn avio.com/

Tenzin, T., Lhamo, K., Rai, P. B., Tshering, D., Jamtsho, P., Namgyal, 
J., Wangdi, T., Letho, S., Rai, T., Jamtsho, S., Dorji, C., Rinchen, S., 
Lungten, L., Wangmo, K., Lungten, L., Wangchuk, P., Gempo, T., 
Jigme, K., Phuntshok, K., … Dukpa, K. (2020). Evaluation of a rapid im-
munochromatographic test kit to the gold standard fluorescent anti-
body test for diagnosis of rabies in animals in Bhutan. BMC Veterinary 
Research, 16(1), 183. https://doi.org/10.1186/s1291 7-020-02405 -4 
Available from: https://pubmed.ncbi.nlm.nih.gov/32513 172/

TGA (2020). COVID-19 test kits included on the ARTG for legal supply 
in Australia [html]. : Department of Health, Therapeutic Goods 
Administration. Available from: https://www.tga.gov.au/covid 
-19-test-kits-inclu ded-artg-legal -suppl y-austr alia

Thorne, S. (2018). Rediscovering the “narrative” review. Nursing Inquiry, 
25(3), e12257. https://doi.org/10.1111/nin.12257. Available from: 
https://onlin elibr ary.wiley.com/doi/abs/10.1111/nin.12257

Tschopp, R., Berg, S., Argaw, K., Gadisa, E., Habtamu, M., Schelling, E., 
Young, D., Aseffa, A., & Zinsstag, J. (2010). Bovine tuberculosis in 
Ethiopian wildlife. Journal of Wildlife Diseases, 46(3), 753–762. https://
doi.org/10.7589/0090-3558-46.3.753. Available from: https://
www.jwild lifed is.org/doi/abs/10.7589/0090-3558-46.3.753

Vashist, S. K. (2017). Point-of-care diagnostics: Recent advances and 
trends. Biosensors (Basel), 7(4), 62. https://doi.org/10.3390/bios7 
040062 Available from: https://www.ncbi.nlm.nih.gov/pmc/artic 
les/PMC57 46785/

Whiting, P. F., Rutjes, A. W. S., Westwood, M. E., Mallett, S., Deeks, J. J., 
Reitsma, J. B., Leeflang, M. M. G., Sterne, J. A. C., Bossuyt, P. M. M., 
& Group, T. Q. (2011). QUADAS-2: A revised tool for the quality as-
sessment of diagnostic accuracy studies. Annals of Internal Medicine, 
155(8), 529–536. https://doi.org/10.7326/0003-4819-155-8-20111 
0180-00009

WHO. (2018). World Health Organization model list of essential in vitro diag-
nostics. : World Health Organization (WHO). Available from: https://
www.who.int/medic al_devic es/diagn ostic s/WHO_EDL_2018.pdf

WHO. (2019a). Second WHO model list of essential in vitro diagnostics. 
(WHO/MVP/EMP/2019.05). : World Health Organization (WHO). 
Available from: https://www.who.int/medic al_devic es/publi catio ns/
Stand alone_docum ent_v8.pdf?ua=1

WHO. (2019b). Global observatory on health R&D [html]. World Health 
Organization (WHO). Available from: https://www.who.int/resea 
rch-obser vator y/en/

WHO. (2020a). A research and development Blueprint for action to prevent 
epidemics [html]. World Health Organization (WHO). Available from 
https://www.who.int/bluep rint/en/

WHO. (2020b). Coronavirus disease (COVID-19) outbreak [html]. World 
Health Organization (WHO). Available from: https://www.who.int/
emerg encie s/disea ses/novel -coron aviru s-2019

WHO, Dfid, FAO, and OIE. (2006). The control of neglected zoonotic dis-
eases: A route to poverty alleviation. Report of a joint WHO/DFID-AHP 
meeting with the participation of FAO and OIE, 20–21 September 
2005: World Health Organisation (WHO), United Kingdom Dept. 
for International Development (DFID), Food and Agriculture 
Organization of the United Nations (FAO), World Organisation for 
Animal Health (OIE). Available from: https://apps.who.int/iris/handl 
e/10665/ 43485

Yager, P., Domingo, G. J., & Gerdes, J. (2008). Point-of-care diagnostics for 
global health. Annual Review of Biomedical Engineering, 10(1), 107–144. 

https://www.promedmail.org/post/20191001.6702803
https://www.promedmail.org/post/20191001.6702803
https://doi.org/10.1016/j.jviromet.2019.113730
https://doi.org/10.1016/j.jviromet.2019.113730
http://www.sciencedirect.com/science/article/pii/S0166093419302988
http://www.sciencedirect.com/science/article/pii/S0166093419302988
https://doi.org/10.2527/jas.2007-0467
https://doi.org/10.1016/s0166-0934(01)00334-2
https://doi.org/10.1016/s0166-0934(01)00334-2
https://pubmed.ncbi.nlm.nih.gov/11445149/
https://pubmed.ncbi.nlm.nih.gov/11445149/
https://www.reportsanddata.com/report-detail/point-of-care-poc-diagnostics-market
https://www.reportsanddata.com/report-detail/point-of-care-poc-diagnostics-market
https://doi.org/10.3390/vetsci5020059
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6024515/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6024515/
https://doi.org/10.1186/s12917-016-0831-4
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5025629/
https://doi.org/10.1177/1040638716654942
https://doi.org/10.1177/1040638716654942
https://journals.sagepub.com/doi/abs/10.1177/1040638716654942
https://journals.sagepub.com/doi/abs/10.1177/1040638716654942
https://doi.org/10.1111/irv.12648
https://doi.org/10.1111/irv.12648
https://onlinelibrary.wiley.com/doi/full/10.1111/irv.12648
https://onlinelibrary.wiley.com/doi/full/10.1111/irv.12648
https://pdfs.semanticscholar.org/6871/8039ed36445c5e02c1100f21632f6858eff1.pdf
https://pdfs.semanticscholar.org/6871/8039ed36445c5e02c1100f21632f6858eff1.pdf
https://doi.org/10.1111/j.1750-2659.2011.00317.x
https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/22151025/
https://www.ncbi.nlm.nih.gov/pubmed/25336761
https://doi.org/10.1016/j.jviromet.2010.02.029
http://www.sciencedirect.com/science/article/pii/S0166093410000807
http://www.sciencedirect.com/science/article/pii/S0166093410000807
https://www.technavio.com/
https://doi.org/10.1186/s12917-020-02405-4
https://pubmed.ncbi.nlm.nih.gov/32513172/
https://www.tga.gov.au/covid-19-test-kits-included-artg-legal-supply-australia
https://www.tga.gov.au/covid-19-test-kits-included-artg-legal-supply-australia
https://doi.org/10.1111/nin.12257
https://onlinelibrary.wiley.com/doi/abs/10.1111/nin.12257
https://doi.org/10.7589/0090-3558-46.3.753
https://doi.org/10.7589/0090-3558-46.3.753
https://www.jwildlifedis.org/doi/abs/10.7589/0090-3558-46.3.753
https://www.jwildlifedis.org/doi/abs/10.7589/0090-3558-46.3.753
https://doi.org/10.3390/bios7040062
https://doi.org/10.3390/bios7040062
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5746785/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5746785/
https://doi.org/10.7326/0003-4819-155-8-201110180-00009
https://doi.org/10.7326/0003-4819-155-8-201110180-00009
https://www.who.int/medical_devices/diagnostics/WHO_EDL_2018.pdf
https://www.who.int/medical_devices/diagnostics/WHO_EDL_2018.pdf
https://www.who.int/medical_devices/publications/Standalone_document_v8.pdf?ua=1
https://www.who.int/medical_devices/publications/Standalone_document_v8.pdf?ua=1
https://www.who.int/research-observatory/en/
https://www.who.int/research-observatory/en/
https://www.who.int/blueprint/en/
https://www.who.int/emergencies/diseases/novel-coronavirus-2019
https://www.who.int/emergencies/diseases/novel-coronavirus-2019
https://apps.who.int/iris/handle/10665/43485
https://apps.who.int/iris/handle/10665/43485


     |  15HOBBS et al.

https://doi.org/10.1146/annur ev.bioeng.10.061807.160524. 
Available from: https://www.annua lrevi ews.org/doi/abs/10.1146/
annur ev.bioeng.10.061807.160524

Yamazaki, W., Mioulet, V., Murray, L., Madi, M., Haga, T., Misawa, N., 
Horii, Y., & King, D. P. (2013). Development and evaluation of multi-
plex RT-LAMP assays for rapid and sensitive detection of foot-and-
mouth disease virus. Journal of Virological Methods, 192(1–2), 18–24. 
https://doi.org/10.1016/j.jviro met.2013.03.018. Available from: 
https://pubmed.ncbi.nlm.nih.gov/23583 488/

Yang, Y., Qin, X., Song, Y., Zhang, W., Hu, G., Dou, Y., Li, Y., & Zhang, 
Z. (2017). Development of real-time and lateral flow strip reverse 
transcription recombinase polymerase amplification assays for rapid 
detection of peste des petits ruminants virus. Virology Journal, 14(1), 
24. https://doi.org/10.1186/s1298 5-017-0688-6 Available from: 
https://www.ncbi.nlm.nih.gov/pmc/artic les/PMC52 97045/

Zarei, M. (2018). Infectious pathogens meet point-of-care diagnos-
tics. Biosensors and Bioelectronics, 106, 193–203. https://doi.
org/10.1016/j.bios.2018.02.007. Available from: http://www.scien 
cedir ect.com/scien ce/artic le/pii/S0956 56631 8300952

Zhou, P., Yang, X.-L., Wang, X.-G., Hu, B., Zhang, L., Zhang, W., Si, H.-
R., Zhu, Y., Li, B., Huang, C.-L., Chen, H.-D., Chen, J., Luo, Y., Guo, 
H., Jiang, R.-D., Liu, M.-Q., Chen, Y., Shen, X.-R., Wang, X., … Shi, 
Z.-L. (2020). A pneumonia outbreak associated with a new coronavi-
rus of probable bat origin. Nature, 579(7798), 270–273. https://doi.
org/10.1038/s4158 6-020-2012-7

How to cite this article: Hobbs EC, Colling A, Gurung RB, 
Allen J. The potential of diagnostic point-of-care tests 
(POCTs) for infectious and zoonotic animal diseases in 
developing countries: Technical, regulatory and sociocultural 
considerations. Transbound Emerg Dis. 2020;00:1–15. https://
doi.org/10.1111/tbed.13880

View publication statsView publication stats

https://doi.org/10.1146/annurev.bioeng.10.061807.160524
https://www.annualreviews.org/doi/abs/10.1146/annurev.bioeng.10.061807.160524
https://www.annualreviews.org/doi/abs/10.1146/annurev.bioeng.10.061807.160524
https://doi.org/10.1016/j.jviromet.2013.03.018
https://pubmed.ncbi.nlm.nih.gov/23583488/
https://doi.org/10.1186/s12985-017-0688-6
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5297045/
https://doi.org/10.1016/j.bios.2018.02.007
https://doi.org/10.1016/j.bios.2018.02.007
http://www.sciencedirect.com/science/article/pii/S0956566318300952
http://www.sciencedirect.com/science/article/pii/S0956566318300952
https://doi.org/10.1038/s41586-020-2012-7
https://doi.org/10.1038/s41586-020-2012-7
https://doi.org/10.1111/tbed.13880
https://doi.org/10.1111/tbed.13880
https://www.researchgate.net/publication/344618194

