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Abstract:

When a new virus emerges or an old one re-emerges, one of the earliest conversations is about whether there exist
good tests to detect it. Laboratory testing takes different forms but remains key to understanding whether an emerging
virus is or was present in a suspected case of infection. Testing is the first step in understanding how many cases have
occurred, how long they have been occurring, the range of disease outcomes possible or whether there really is any
link between detection of the virus and disease. Virus tests have indeed kept pace with the latest emerging virus
outbreaks, but perhaps virus testing has not.

Main Article:

If a disease is thought to be caused by a virus, laboratory testing is usually needed to confirm the virus is there. Which
patients are sampled for testing, what samples are collected, what tests are used and whether and how the results are
reported are all affected by the same politics of life that are found in any human decision making process.

In recent years there have been lots of news stories about scary-sounding outbreaks of new viruses we knew about,
but ignored. Sometimes the commentary describes the lack of any test for the virus. This may be true when the
outbreak occurs in a region of the world with few resources, limited experience or testing expertise. Sometimes the
message is just confused, misleading or plain wrong.

A primer on human virus testing

Laboratory virus testing usually involves the polymerase chain reaction (PCR) which can detect small amounts of the
virus’ genetic code in a sample from a sick person. Different testing involves finding evidence that the person was
infected previously, by showing a change in their immune response (antibodies) to the virus. A “routine” lab can return
a single result in six to eight hours if the specimen is appropriate, no technical problems occur, no repeat or add-on
testing is required, and if result reporting is straightforward. There is a third group of tests – which can cover virus,
antibody or other chemistry - that can be done at the point of care (POC) – these aim to be fast, inexpensive and more
simple to interpret.

Routine lab tests can be performed in the clinic, as they are created or assembled by the laboratory, or they may come
in ready-to-use commercial kits. Which type of test is used depends on local guidelines and regulations (which vary
around the world) and on the skills and capacity of the laboratory to create, optimise, validate and oversee in-house
testing. A major benefit of using a commercial kit is that reliability is assured. All the hard work of validating the test for
a range of different sample types and conditions has already been done by the company. There can still be a few
issues with kits. For example, supply when demand is high, cost, and requirements for supporting reagents and
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equipment. Kit validation should also (but sometimes does not) consider and account for the impact of region-specific
co-circulating pathogens. For example dengue and chikungunya viruses in areas where Zika virus (ZIKV) transmission
is active.

Recent testing times

When Middle East respiratory syndrome (MERS) emerged, the narrative often focussed on the absence of good testing
for its causal coronavirus (MERS-CoV). In reality, a reliable and robust PCR-based test, still widely used today, was
described almost immediately.[1] Testing was available, but understanding of the importance of testing may have been
the more critical shortfall.[2] Faster POC testing may have helped contain early spread from the very first, or index,
case that triggers an outbreak in a healthcare setting.[3]

Understanding Of The Importance Of Testing May Have
Been The More Critical Shortfall

The Zaire ebolavirus (EBOV) epidemic took place in a part of the world where modern testing was not resourced and
unable to cope with the unexpected speed and ferocity of EBOV transmission.[4] Many good PCR-based tests were in
use or in readiness around the world, but could not be used in West Africa, which lacked the supporting infrastructure
of laboratories, equipment and trained personnel. Here, ready-to-go rapid, inexpensive, sensitive and specific POC
tests would have been very useful for improved triage of suspected cases.[5]

Zika virus tests us more than we test for it 

Forty countries have confirmed local ZIKV transmission since 2015 and once again we see claims that testing is
inadequate.[6, 7] But precisely what about the testing is inadequate?

Whether because of limited resources, habit, mindset or simply the scale of the epidemics, some countries have
reported ZIKV-positive lab results on only a small fraction of suspected positive patients. It is presumably hoped that
these limited data will accurately represent the rise and fall of the epidemic. Clinical assessment is relied upon to
document ZIKV presence. Clinical diagnosis is not accurate because the symptoms are indistinguishable from those
due to other co-circulating viruses such as dengue, chikungunya and others that can cause rash and fever. We also
know from a study in 2007, that up to 80% of ZIKV infected people may not have any signs of acute disease.[8]

ZIKV persists for a shorter time in serum than other viruses, yet serum is the commonly used sample for ZIKV testing.
ZIKV is reportedly found for longer periods in whole blood and urine.[9] So PCR tests need to be performed fairly early
on in the infection. There are good, highly specific ZIKV PCR tests that can detect infection [10, 11] and new ones that
are being developed.[12]

There is a known issue of cross-reactivity in testing antibody responses to infection by flaviviruses, the family of viruses
that ZIKV is part of.[13] A person who has high levels of antibodies against dengue virus [14] or West Nile virus [8, 15]
for example, may show a positive result in a ZIKV antibody test.  It is often hard to be sure whether that is because of
true cross-reaction (the antibodies to different viruses both bind the same substrate used in the test) or because the
person has been infected by both of the viruses, either at the same time, or consecutively. Collecting two serum
samples, two weeks apart is essential. Different antibody detection tests, protocols, laboratories and approaches all
perform differently. Specific ZIKV antibody test results are possible, but they require a good quality method that has
been well validated, ideally with additional testing for other mosquito-borne viruses likely to be in the same geographic
region.[16]
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It is hard to tell how often or exactly which of these tests are being used in the current epidemics because testing
methods or findings are not always reported. There is no POC testing available for ZIKV.

What we need more of

When we read about a lack of tests or testing, what can be meant is that the tests we have are not easily available in
sufficient quantities for the demand, they are not in kit form, they are not rapid, sensitive and specific, competitively
priced or are simply not used. POC testing is a tool ideally suited to help contain outbreaks because it can be used
when and where needed, to inform public health decisions and to aid infection control; for viruses the reality of POC
testing has to date fallen far short of the promise.[17, 18]

That said, we do have the technology for slower but very sensitive and specific testing and a world of expertise in that
space. The major roadblock to improve testing is us; humans make the call as to whether innovative new or trusted
traditional tests for a new or emerging virus are developed, deployed and funded for sufficient use to make it possible
to truly understand a new or emerging disease.

References:

1. Corman VM, Eckerle I, Bleicker T, Zaki A, Landt O, Eschbach-Bludau M, et al. Detection of a novel human
coronavirus by real-time reverse-transcription polymerase chain reaction. EuroSurveill. 2012;17(39).

2. Pereyaslov D, Rosin P, Palm D, Zeller H, Gross D, Brown CS, et al. Laboratory capability and surveillance
testing for Middle East respiratory syndrome coronavirus infection in the WHO European Region, June 2013.
Euro Surveill. 2014;19(40):20923. PubMed PMID: 25323078.

3. Cho SY, Kang JM, Ha YE, Park GE, Lee JY, Ko JH, et al. MERS-CoV outbreak following a single patient
exposure in an emergency room in South Korea: an epidemiological outbreak study. Lancet. 2016. doi:
10.1016/S0140-6736(16)30623-7. PubMed PMID: 27402381.

4. Mbonye AK, Wamala JF, Nanyunja M, Opio A, Makumbi I, Aceng JR. Ebola viral hemorrhagic disease outbreak
in West Africa- lessons from Uganda. Afr Health Sci. 2014;14(3):495-501. doi: 10.4314/ahs.v14i3.1. PubMed
PMID: 25352864; PubMed Central PMCID: PMCPMC4209631.

5. Broadhurst MJ, Kelly JD, Miller A, Semper A, Bailey D, Groppelli E, et al. ReEBOV Antigen Rapid Test kit for
point-of-care and laboratory-based testing for Ebola virus disease: a field validation study. Lancet. 2015. doi:
10.1016/S0140-6736(15)61042-X. PubMed PMID: 26119838.

6. Pan American Health Organization. HomeHealth TopicsProgramsMedia CenterPublicationsDataCountries and
CentersAbout PAHO Regional Zika Epidemiological Update (Americas) - 14 July 2016: Pan American Health
Organization; 2016 [updated 14/7/201616/7/2016]. Available from: 
http://www.paho.org/hq/index.php?option=com_content&view=article&id=11599&Itemid=41691&lang=en.

7. Prada P. Inadequate testing thwarts efforts to measure Zika's impact2016 16/7/2016. Available from: 
http://www.reuters.com/article/us-health-zika-testing-idUSKCN0VD2SH.

8. Duffy MR, Chen TH, Hancock WT, Powers AM, Kool JL, Lanciotti RS, et al. Zika virus outbreak on Yap Island,
Federated States of Micronesia. N Engl J Med. 2009;360(24):2536-43. doi: 10.1056/NEJMoa0805715. PubMed
PMID: 19516034.

9. Lustig Y, Mendelson E, Paran N, Melamed S, Schwartz E. Detection of Zika virus RNA in whole blood of
imported Zika virus disease cases up to 2 months after symptom onset, Israel, December 2015 to April 2016.
Euro Surveill. 2016;21(26). doi: 10.2807/1560-7917.ES.2016.21.26.30269. PubMed PMID: 27386894.

10. Pyke AT, Daly MT, Cameron JN, Moore PR, Taylor CT, Hewitson GR, et al. Imported zika virus infection from
the cook islands into Australia, 2014. PLoS Curr. 2014;6. doi:
10.1371/currents.outbreaks.4635a54dbffba2156fb2fd76dc49f65e. PubMed PMID: 24944843; PubMed Central
PMCID: PMCPMC4055592.

11. Corman VM, Rasche A, Baronti C, Aldabbagh S, Cadar D, Reusken CBEM, et al. Clinical comparison,
standardization and optimization of Zika virus molecular detection. Bull World Health Organ. 2016;[Submitted].
Epub 19/4/2016. doi: http://dx.doi.org/10.2471/BLT.16.175950.

                               3 / 4

http://www.paho.org/hq/index.php?option=com_content&view=article&id=11599&Itemid=41691&lang=en


12. Waggoner JJ, Gresh L, Mohamed-Hadley A, Ballesteros G, Davila MJ, Tellez Y, et al. Single-Reaction Multiplex
Reverse Transcription PCR for Detection of Zika, Chikungunya, and Dengue Viruses. Emerg Infect Dis.
2016;22(7):1295-7. doi: 10.3201/eid2207.160326. PubMed PMID: 27184629; PubMed Central PMCID:
PMCPMC4918162.

13. Johnson AJ, Noga AJ, Kosoy O, Lanciotti RS, Johnson AA, Biggerstaff BJ. Duplex microsphere-based
immunoassay for detection of anti-West Nile virus and anti-St. Louis encephalitis virus immunoglobulin m
antibodies. Clin Diagn Lab Immunol. 2005;12(5):566-74. doi: 10.1128/CDLI.12.5.566-574.2005. PubMed PMID:
15879016; PubMed Central PMCID: PMCPMC1112082.

14. Centers for Disease Control and Prevention. Zika MAC-ELISA2016 16/7/2016. Available from: 
http://www.fda.gov/downloads/MedicalDevices/Safety/EmergencySituations/UCM488044.pdf.

15. AG EML. Anti-Zika Virus ELISA (IgM) Test instruction EUROIMMUN Medizinische Labordiagnostika AG; 2016.
16. Basile AJ, Horiuchi K, Panella AJ, Laven J, Kosoy O, Lanciotti RS, et al. Multiplex microsphere immunoassays

for the detection of IgM and IgG to arboviral diseases. PLoS One. 2013;8(9):e75670. doi:
10.1371/journal.pone.0075670. PubMed PMID: 24086608; PubMed Central PMCID: PMCPMC3783417.

17. Moore C. Point-of-care tests for infection control: should rapid testing be in the laboratory or at the front line? J
Hosp Infect. 2013;85(1):1-7. doi: 10.1016/j.jhin.2013.06.005. PubMed PMID: 23916892.

18. Rozand C. Paper-based analytical devices for point-of-care infectious disease testing. Eur J Clin Microbiol
Infect Dis. 2014;33(2):147-56. doi: 10.1007/s10096-013-1945-2. PubMed PMID: 23982665.

Powered by TCPDF (www.tcpdf.org)

                               4 / 4

http://www.tcpdf.org

