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LAMP assay for specific detection of Asian and African lineage
Zika virus: will it meet the expectations?
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The current Zika virus (ZIKV) outbreak started in 2015
in Brazil and since then has spread to over 70 countries in
South and Central America, Africa and Asia (1). One of
the major issues of concern with respect to ZIKV infection
is the increased risk, especially during the first trimester
of pregnancy, of congenital central nervous system
malformation including microcephaly (2,3). Since sexual
transmission of ZIKV has been reported (3) in addition to
the primary route of infection through mosquitoes (4), there
is significant importance to accurately and rapidly diagnose
ZIKV infections not only in pregnant women who are at
risk of bearing children with severe birth defects, but also in
their male partners.

ZIKV is a mosquito-borne positive stranded RNA virus
belonging to the genus flavivirus (family Flaviviridae)
(1,4). Clinical diagnosis of ZIKV infection is difficult due
to similar clinical symptoms of other human pathogenic
Arboviruses such as Dengue and Chikungunya which
are co-circulating in many ZIKV endemic countries (1).
Serological laboratory diagnosis is also challenging due
to high cross-reactivity of ZIKV with other flavivirus
antibodies (5,6). Therefore, molecular diagnosis by nucleic
acid amplification tests (NAATS), primarily quantitative
real-time (qRT) PCR, to detect viral RNA in plasma,
is currently considered the “gold standard” to confirm
ZIKV infection, although the window of detection of
ZIKV RNA is relatively short (7-9). Zika virus is currently
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spreading primarily in developing countries lacking modern
laboratory infrastructure and expensive instruments
required for the multi-step assay (QRT-PCR). Moreover,
the time for transportation of the samples to a remote, well
equipped laboratory may reduce sample quality due to RNA
degradation and hamper preventive efforts.

The recent study by Chotiwan ez 4/. (10), describes the
development of a Loop Mediated Isothermal Amplification
(LAMP) for specific detection of the Asian and African
lineages of ZIKV RNA. The main advantage of the LAMP
technology, which was developed in 2000 (11), compared
to qRT-PCR is that it is performed in one constant
temperature using simple inexpensive equipment (heat
block for the reaction and visual observation of turbidity
for detection), and therefore can be conducted in the field.
Specifically in this study the assay was shortened to one
step by using Bst DNA polymerase for reverse transcription
of viral RNA during amplification instead of using a
dedicated reverse transcription step and body fluids were
directly tested without RNA isolation. This resulted in an
assay which is both rapid and simple for use. In addition,
Chotiwan er a/. (10) reported the development of two
LAMP assays to distinguish between Asian- and African-
lineage Zika viruses. These African and American ZIKV
assays are suggested to be used for two purposes: mosquito
surveillance and clinical diagnosis. While under clinical
setting there seems to be no advantage in lineage specific
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identification, especially since the ZIKV lineages are
currently circulating in different regions, it is important for
mosquito surveillance and for research purposes particularly
if co-circulation of these lineages occur.

Impressively, this study includes a thorough examination
of all parameters and possible applications of the LAMP
assay including directly comparing it to qRT-PCR using
ZIKV infected cell culture and by testing whole and
dissected ZIKV orally infected mosquitoes, ZIKV spiked
samples of human blood, plasma, saliva, urine and semen
and clinical samples from ZIKV infected persons. In the
case of ZIKV laboratory infected mosquitoes the assay
performed as expected under the experimental conditions:
direct detection in mosquito homogenates without prior
RNA extraction was comparable to tissue culture isolation,
as all infected mosquitoes were identified and non-infected
mosquitoes were negative. While this is very promising, it
still remains to prove that this assay will be as sensitive as
gRT-PCR for detection of ZIKV in mosquitoes captured in
nature. Direct detection of ZIKV from ZIKV infected cell
culture using the LAMP assay was comparable to qRT-PCR
from RNA extracted ZIKV infected cell culture, However,
since body fluids needed to be diluted 1:100 when taken
directly to the LAMP assay, direct detection of clinical
samples (without RNA extraction with the LAMP assay)
was significantly less sensitive than qRT-PCR and in
addition, yielded some false positive results. Indeed RNA
extraction of the samples before LAMP, substantially
improved the sensitivity of detection of the LAMP assay.
This result seems to weaken the potential of the LAMP
assay as a useful rapid and sensitive field test for clinical
diagnosis. Given the limitations of this part of the study:
low quality of the clinical samples (frozen samples), testing
by two different laboratories in two different countries and
unidentified reference methods, more controlled studies
seem to be required to further elucidate the true potential
of this test for clinical diagnosis.

Lastly, the use of the LAMP assay as a field test in
remote areas and developing countries would still require
transportation and maintenance of highly sensitive reagents
(primers, nucleotides, enzymes etc.) keeping a cold chain
throughout. Experiments with pre-dried reagents that will
allow less stringent transportation conditions as described
by Ganguli ez a/. (12) would be very useful.

Molecular detection of ZIKV infection by LAMP assay
was previously developed (13), however, the sensitivity
of the assay was only compared to conventional reverse
transcriptase PCR with gel detection and no clinical samples
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from ZIKV infected patients were assessed. Following the
study by Chotiwan ez 4/. (10), two other studies developed a
LAMP assay for ZIKV RNA detection which is preceded by
both RNA extraction and an external reverse transcriptase
step (RT-LAMP) (14,15). Both studies concluded that the
assay has high specificity and sensitivity and despite the fact
that the RT-LAMP is still approximately 1 log less sensitive
than qRT-PCR, it could be used for clinical diagnosis. This
is a very challenging conclusion by the authors as patient
samples can have low level of ZIKV RNA and therefore
detection can be missed, thus mandating a secondary
confirmation test to be used to complement the result of the
RT-LAMP assay.

In conclusion, QRT-PCR is currently the most sensitive
method for detection of ZIKV RNA from clinical samples
and should continue to be used as the molecular “gold
standard” tool in a diagnostic laboratory. The studies by
Chotiwan et /. as well as others (10,13-15) demonstrate that
LAMP can be used as a frontline screening tool of ZIKV
in areas where expensive and sophisticated instruments are
limited—currently many places where ZIKV is circulating.

The development of ZIKV LAMP assays are relatively
new and once improvement in the assay specificity and
sensitivity is achieved and well established, its ease of use
and inexpensive price has the potential to revolutionize
molecular detection and bring high standard clinical
diagnosis everywhere.

Acknowledgements

None.

Footnote

Conflicts of Interest: The authors have no conflicts of interest
to declare.

References

1. Song BH, Yun SI, Woolley M, et al. Zika virus: History,
epidemiology, transmission, and clinical presentation. ]
Neuroimmunol 2017;308:50-64.

2. Rasmussen SA, Jamieson DJ, Honein MA, et al. Zika Virus
and Birth Defects--Reviewing the Evidence for Causality.
N Engl ] Med 2016;374:1981-7.

3. D'Ortenzio E, Matheron S, Yazdanpanah Y, et al. Evidence
of Sexual Transmission of Zika Virus. N Engl ] Med
2016;374:2195-8.

atm.amegroups.com Ann Transl Med 2018;6(3):53



Annals of Translational Medicine, Vol 6, No 3 February 2018

4. Petersen LR, Jamieson DJ, Powers AM, et al. Zika Virus.
N Engl ] Med 2016;374:1552-63.

5. Lanciotti RS, Kosoy OL, Laven JJ, et al. Genetic and
serologic properties of Zika virus associated with an
epidemic, Yap State, Micronesia, 2007. Emerg Infect Dis
2008;14:1232-9.

6. Lustig Y, Zelena H, Venturi G, et al. Sensitivity and
Kinetics of an NS1-Based Zika Virus Enzyme-Linked
Immunosorbent Assay in Zika Virus-Infected Travelers
from Israel, the Czech Republic, Italy, Belgium, Germany,
and Chile. J Clin Microbiol 2017;55:1894-901.

7.  Gourinat AC, O'Connor O, Calvez E, et al. Detection of
Zika virus in urine. Emerg Infect Dis 2015;21:84-6.

8. Lustig Y, Mendelson E, Paran N, et al. 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).

9. Paz-Bailey G, Rosenberg ES, Doyle K, et al. Persistence
of Zika Virus in Body Fluids - Preliminary Report. N Engl
J Med 2017. [Epub ahead of prin].

10. Chotiwan N, Brewster CD, Magalhaes T, et al. Rapid

Cite this article as: Lustig Y, Sofer D, Hindiyeh M,
Mendelson E. LAMP assay for specific detection of Asian and
African lineage Zika virus: will it meet the expectations? Ann
Transl Med 2018;6(3):53. doi: 10.21037/atm.2017.11.25

© Annals of Translational Medicine. All rights reserved.

11.

12.

13.

14.

15.

Page 3 of 3

and specific detection of Asian- and African-lineage Zika
viruses. Sci Transl Med 2017;9. pii: eaag0538.

Notomi T, Okayama H, Masubuchi H, et al. Loop-
mediated isothermal amplification of DNA. Nucleic Acids
Res 2000;28:E63.

Ganguli A, Ornob A, Yu H, et al. Hands-free smartphone-
based diagnostics for simultaneous detection of Zika,
Chikungunya, and Dengue at point-of-care. Biomed
Microdevices 2017;19:73.

Wang X, Yin F, Bi Y, et al. Rapid and sensitive detection
of Zika virus by reverse transcription loop-mediated
isothermal amplification. J Virol Methods 2016;238:86-93.
Calvert AE, Biggerstaff BJ, Tanner NA, et al. Rapid
colorimetric detection of Zika virus from serum and

urine specimens by reverse transcription loop-mediated
isothermal amplification (RT-LAMP). PLoS One
2017;12:e0185340.

Kurosaki Y, Martins DBG, Kimura M, et al. Development
and evaluation of a rapid molecular diagnostic test for Zika
virus infection by reverse transcription loop-mediated
isothermal amplification. Sci Rep 2017;7:13503.

atm.amegroups.com Ann Transl Med 2018;6(3):53



