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The recent emergence of a severe respiratory disease caused by enterovirus D68 prompted investigation into whether Ca-
nadian hospital and provincial laboratories can detect this virus using commercial and laboratory-developed assays. This
study demonstrated analytical sensitivity differences between commercial and laboratory-developed assays for the detec-
tion of enterovirus D68.

Enterovirus type D68 (EV-D68) was first isolated from children
with respiratory disease in 1962 (1, 2). While outbreaks have

occurred sporadically worldwide since 2008, EV-D68 was infre-
quently reported in the United States and Canada (3). In the late
summer and early fall of 2014, widespread EV-D68 activity was
described across North America, with severe cases described in
Illinois and Missouri (4–6). Of particular concern, EV-D68 infec-
tion has been associated with acute flaccid paralysis, and fatal cases
have been documented (7, 8). In most cases of respiratory infec-
tion, clinical specimens test positive for enterovirus (or rhinovi-
rus) using nucleic acid amplification tests (NAATs), and the
specimens are subsequently identified as EV-D68 using sequence-
based typing (4–6).

While NAATs have become the method of choice for the de-
tection of respiratory viruses, there is evidence that assays vary in
their performance characteristics, including analytical sensitivity
(9–11). Given the diversity of laboratory tests utilized, it is impor-
tant to verify the ability of laboratory-developed tests (LDTs) and
commercially available NAATs to accurately detect emerging
pathogens (9–14). This study compared the analytical sensitivities
of LDTs and commercial NAATs used in hospital-based and pro-
vincial public health laboratories across Canada for the detection
of EV-D68.

The lower limit of detection (LoD) of each method was deter-
mined by testing serial dilutions of RNA extracted from the pro-
totypic Fermon strain of EV-D68 (ATCC VR1076). To reduce
interlaboratory variability, specimen preparation, nucleic acid ex-
traction, and dilutions were carried out at the National Microbi-
ology Laboratory (NML) in Winnipeg (Manitoba, Canada). The
virus was cultured on human rhabdomyosarcoma cells (Centers
for Disease Control and Prevention, Atlanta, GA), and the viral
stock titer was determined by a 50% tissue culture infective dose
(TCID50) assay and the Kärber-Spearman calculation method.

The viral stock (200 �l) was extracted using the NucliSENS easy-
MAG (bioMérieux, Canada), as recommended by the manufac-
turer. A 10-fold dilution of RNA was prepared in RNA storage
solution (Ambion) as a single batch. Five replicates of each dilu-
tion were shipped on dry ice to participating sites in volumes
sufficient to ensure that there would be only a single freeze-thaw
cycle for each of the five independent experiments. The viral RNA
was maintained at �70°C until tested. All commercial assays were
performed as recommended by the respective manufacturers, and
the various LDTs were performed as summarized in Table 1. Us-
ing StatPlus 2009 professional version 5.7.8, the estimated LoD
was defined by Probit analysis (15) using a probability of 95%, and
values were expressed as the number of target copies per milliliter
(Table 1).

Our data show that different assays have variable sensitivities
for the detection of EV-D68 (Table 1). The LoDs for most com-
mercial NAATs and LDTs spanned a 2-log10 range. Of particular
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interest, the Anyplex II RV16 detection assay failed to detect EV-
D68 at any viral concentrations except those exceeding 109 copies/
ml. Similarly, both laboratories using the Seeplex RV15 OneStep
ACE detection assay were unable to detect EV-D68 with the en-
terovirus-specific primers in the kit, but a positive amplicon was
observed in the human rhinovirus reaction at high viral concen-
trations (�108 copies/ml). The results for the RV15 assays are
consistent with the experience in the Netherlands (11). Compared
to other enteroviruses, EV-D68 shares many characteristics with
rhinoviruses, including acid lability and optimal growth condi-
tions (1, 16), and cross-reactivity among enterovirus and rhinovi-
rus is known for many molecular detection assays (17–19). Genet-
ically, rhinovirus and enteroviruses are also quite similar, and the
NAAT targets influence whether or not the two viruses can be
differentiated. For example, the xTAG respiratory viral panel
(RVP) classic and fast assays cannot differentiate between the two
viruses. Previous reports suggest that both the classic and fast RVP
formats offer good sensitivity for these viruses compared to other
respiratory viruses, but the ability to detect EV-D68 was not spe-
cifically addressed (18, 19). In the present study, the LoD for the
RVP classic assay displayed good sensitivity for EV-D68 compared
to other NAATs, and the results were comparable to those
achieved by two laboratories using the fast version (Table 1). In-
terestingly, a third laboratory using the RVP fast assay obtained a
much higher LoD; the reasons for this reduced sensitivity are still
under investigation (Table 1). It should be noted that differences
were also observed between two laboratories using the AnDiaTec
enterovirus kit (Table 1). Variation between laboratories using the
same method would not be surprising if the specimen processing
and nucleic extraction techniques differed (11); however, this
study used normalized quantities of template RNA which was sent
to all laboratories for amplification. Some degree of difference in
LoD might be attributed to the different instrumentation used for
nucleic acid amplification and detection (Table 1).

A limitation of this study was that the analytical sensitivity of
LDTs and commercial NAATs was only assessed using a proto-
typic strain of EV-D68 that was commercially available (1, 11).
This study was initiated and completed prior to the identification
of multiple lineages within North America (4, 12–14). It is possi-
ble that the performance characteristics of molecular assays differ
with genetic differences between the currently circulating lineages
of EV-D68, and studies are under way to investigate this possibil-
ity. However, when comparing the prototypic Farmon strain and
currently circulating EV-D68, little sequence differences were ob-
served in the 5= nontranslated region (NTR) and viral capsid pro-
tein 1 (VP1) target regions (see Fig. S1 in the supplemental mate-
rial). Previous studies reported poor sensitivity for the detection
of enterovirus with some molecular methods, but the reason was
not specifically addressed (5, 18). In 2006, a quality assurance
study, including 125 participating laboratories, demonstrated that
only 54% of enterovirus-specific NAATs could detect EV-D68
(11). Interestingly, the performance was improved to 82% if the
virus concentration was increased 100-fold, suggesting that the
analytical sensitivity is affected by the degree of primer mismatch.

In this study, no conclusions could be drawn from a compar-
ison of the molecular targets used by the commercial NAATs used
in this study, since the target sequences are proprietary. The LDTs
targeted sequences within the highly conserved regions of the 5=
NTR or VP1 that showed no or little sequence mismatches (see
Fig. S1 in the supplemental material) (3, 11, 16–20). It should be

noted that the LDT-SK3 target was much less sensitive than LDT-
SK4 (Table 1). The difference in sensitivity between these targets is
expected, as the primers and probe for LDT-SK4 are pan-entero-
virus/rhinovirus designs with sequence mismatches in compari-
son to EV-D68, whereas LDT-SK3 is identical to EV-D68 (see Fig.
S1). Interestingly, when using the same targets with a different
assay and a different instrument (LDT-SK2 and LDT-SK1, respec-
tively), both assays were much more sensitive. Based on the EV-
D68 genomic sequences available in the GenBank database, two
LDTs were also optimized by using modified primers, and they
showed better sensitivity for EV-D68 detection (compare LDT-
ON6 with LDT-ON2 and LDT-ON with LDT-ON5) (Table 1). A
third laboratory optimized sequences targeting the VP1 region of
EV-D68 (LDT-BC2) and increased the sensitivity approximately
10-fold over that of their previous assay targeting the 5= NTR
(LDT-BC1). While EV-D68 is more readily detected with these
optimized assays, the performance characteristics for other en-
teroviruses and specificity analyses have yet to be reported. Over-
all, the reason for the analytical sensitivity differences between
laboratory methods is likely multifactorial and is the subject of
further investigation.

It is important to recognize that, regardless of the method used
to identify enterovirus in clinical specimens, positive results re-
quire supplemental sequence-based analyses for confirmation and
characterization of the virus as EV-D68. Such analyses are avail-
able at reference facilities like the National Microbiology Labora-
tory (NML). Of note, the two-step seminested reverse transcrip-
tase (RT)-PCR used by the NML prior to sequencing was no more
sensitive than other methods used in this study (Table 1). This
suggests that some enterovirus-positive results obtained with
NAATs or LDTs may not be confirmed by the NML (11, 20).
Failure to confirm or type the positive enterovirus results could
also be due to differences in the performance characteristic for
enteroviruses other than EV-D68 or, possibly, cross-reactions
with closely related rhinoviruses (1, 20). Ideally, the development
of sensitive and specific assays for the direct detection and typing
of EV-D68 would reduce turnaround times for the identifica-
tion of this emerging pathogen and eliminate the need for se-
quence-based typing.

Overall, this study demonstrated the considerable variability in
performance characteristics of assays used to detect EVD68 across
Canada. While a clear definition of molecular assay performance
is important for the laboratory, a broader understanding of the
comparability of assays offered by reference-testing services is es-
sential in the context of emerging agents of disease with public
health importance. As with the Seegene RV15 and RV16 assays
which failed to detect EV-D68, it is important to understand the
limitations of each molecular assay for the detection of this emerg-
ing pathogen. Coordinated surveillance and detection algorithms
are keys to the understanding of the scope of spread and spectrum
of EV-D68 disease, and this study provides the first report com-
paring the analytical sensitivities of LDTs and commercial NAATs
used in Canadian laboratories.

ACKNOWLEDGMENTS

We thank the many individuals who participated in laboratory testing and
data collection, including Kathy Adie, Nursrin Dewsi, Christine Franz,
Farhad Gharabaghi, John Ng, Janice Pettipas, Colleen Jackson, Lily Law,
Monique Maillet, Carrie Phillips, Vanessa Porter, Catherine Roberts, Dar-
ren Sarty, and Emily Schleihauf; the ProvLab Alberta staff at Calgary and

Hatchette et al.

1750 jcm.asm.org May 2015 Volume 53 Number 5Journal of Clinical Microbiology

http://jcm.asm.org


Edmonton sites for undertaking the molecular testing; the Genomics
Core Facility at the NML; and Dionne Drolet and all the members of the
Pandemic Influenza Laboratory Preparedness Network (PILPN) within
the Canadian Public Health Laboratory Network (CPHLN), who were
instrumental in the planning and completion of this study.

REFERENCES
1. Oberste MS, Maher K, Schnurr D, Flemister MR, Lovchik JC, Peters H,

Sessions W, Kirk C, Chatterjee N, Fuller S, Hanauer JM, Pallansch MA.
2004. Enterovirus 68 is associated with respiratory illness and shares bio-
logical features with both the enteroviruses and the rhinoviruses. J Gen
Virol 85:2577–2584. http://dx.doi.org/10.1099/vir.0.79925-0.

2. Schieble JH, Fox VL, Lennette EH. 1967. A probable new human picor-
navirus associated with respiratory disease. Am J Epidemiol 85:297–310.

3. Centers for Disease Control and Prevention (CDC). 2011. Clusters of
acute respiratory illness associated with human enterovirus 68: Asia, Eu-
rope, and United States, 2008 to 2010. MMWR Morb Mortal Wkly Rep
60:1301–1304.

4. Brown BA, Nix WA, Sheth M, Frace M, Oberste MS. 2014. Seven strains
of enterovirus D68 detected in the United States during the 2014 severe
respiratory disease outbreak. Genome Announc 2:e01201–14.

5. Midgley KCM, Jackson MA, Selvarangan R, Turabelidze G, Obringer E,
Johnson D, Giles BL, Patel A, Echols F, Oberste MS, Nix WA, Watson
JT, Gerber SI. 2014. Severe respiratory illness associated with enterovirus
D68: Missouri and Illinois, 2014. MMWR Morb Mortal Wkly Rep 63:
798 –799.

6. Stephenson J. 2014. CDC tracking enterovirus D-68 outbreak causing
severe respiratory illness in children in the Midwest. JAMA 312:1290. http:
//dx.doi.org/10.1001/jama.2014.13256.

7. Maloney JA, Mirsky DM, Messacar K, Dominguez SR, Schreiner T,
Stence NV. 2015. MRI findings in children with acute flaccid paralysis and
cranial nerve dysfunction occurring during the 2014 enterovirus D68 out-
break. AJNR Am J Neuroradiol 36:245–250. http://dx.doi.org/10.3174
/ajnr.A4188.

8. Kreuter JD, Barnes A, McCarthy JE, Schwartzman JD, Oberste MS,
Rhodes CH, Modlin JF, Wright PF. 2011. A fatal central nervous system
enterovirus 68 infection. Arch Pathol Lab Med 135:793–796.

9. Mahony JB, Petrich A, Smieja M. 2011. Molecular diagnosis of respira-
tory virus infections. Crit Rev Clin Lab Sci 48:217–249. http://dx.doi.org
/10.3109/10408363.2011.640976.

10. Hatchette TF, Drews SJ, Bastien N, Li Y, German G, Antonishyn N,
Charest H, Mazzulli T, Fonseca K, Krajden M, Petric M, Dust K,
LeBlanc JJ. 2013. Detection of influenza H7N9 virus: all molecular tests
are not equal. J Clin Microbiol 51:3835–3838. http://dx.doi.org/10.1128
/JCM.01808-13.

11. Jaramillo-Gutierrez G, Benschop KS, Claas EC, de Jong AS, van Loon
AM, Pas SD, Pontesilli O, Rossen JW, Swanink CM, Thijsen S, van der
Zanden AG, van der Avoort HG, Koopmans MP, Meijer A. 2013.
September through October 2010 multicentre study in the Netherlands
examining laboratory ability to detect enterovirus 68, an emerging respi-
ratory pathogen. J Virol Methods 190:53– 62. http://dx.doi.org/10.1016/j
.jviromet.2013.02.010.

12. Opanda SM, Wamunyokoli F, Khamadi S, Coldren R, Bulimo WD.
2014. Genetic diversity of human enterovirus 68 strains isolated in Kenya
using the hypervariable 3=-end of VP1 gene. PLoS One 9:e102866. http:
//dx.doi.org/10.1371/journal.pone.0102866.

13. Tokarz R, Firth C, Madhi SA, Howie SR, Wu W, Sall AA, Haq S,
Briese T, Lipkin WI. 2012. Worldwide emergence of multiple clades of
enterovirus 68. J Gen Virol 93:1952–1958. http://dx.doi.org/10.1099
/vir.0.043935-0.

14. Lauinger IL, Bible JM, Halligan EP, Aarons EJ, MacMahon E, Tong
CY. 2012. Lineages, sublineages and variants of enterovirus 68 in re-
cent outbreaks. PLoS One 7:e36005. http://dx.doi.org/10.1371/journal
.pone.0036005.

15. Finney DJ. 1971. Probit analysis (ed 3). Cambridge University Press,
Cambridge, United Kingdom.

16. Tapparel C, Cordey S, Van Belle S, Turin L, Lee W-M, Regamey N,
Meylan P, Mühlemann K, Gobbini F, Kaiser L. 2009. New molecular
detection tools adapted to emerging rhinoviruses and enteroviruses. J Clin
Microbiol 47:1742–1749. http://dx.doi.org/10.1128/JCM.02339-08.

17. Pabbaraju K, Wong S, Wong A, Tellier R. 11 Feb 2015. Detection of
enteroviruses and paraechoviruses by a multiplex real-time RT-PCR as-
say. Mol Cell Probes http://dx.doi.org/10.1016/j.mcp.2015.02.001.

18. Pabbaraju K, Wong S, Tokaryk KL, Fonseca K, Drews SJ. 2011. Com-
parison of the Luminex xTAG respiratory viral panel with xTAG respira-
tory viral panel fast for diagnosis of respiratory virus infections. J Clin
Microbiol 49:1738 –1744. http://dx.doi.org/10.1128/JCM.02090-10.

19. Gharabaghi F, Hawan A, Drews SJ, Richardson SE. 2011. Evaluation of
multiple commercial molecular and conventional diagnostic assays for the
detection of respiratory viruses in children. Clin Microbiol Infect 17:
1900 –1906. http://dx.doi.org/10.1111/j.1469-0691.2011.03529.x.

20. Nix WA, Oberste MS, Pallansch MA. 2006. Sensitive, seminested PCR
amplification of VP1 sequences for direct identification of all enterovirus
serotypes from original clinical specimens. J Clin Microbiol 44:2698 –
2704. http://dx.doi.org/10.1128/JCM.00542-06.

21. Oberste MS, Peñaranda S, Rogers SL, Henderson E, Nix WA. 2010.
Comparative evaluation of Taqman real-time PCR and seminested VP1
PCR for detection of enteroviruses in clinical specimens. J Clin Virol 49:
73–74. http://dx.doi.org/10.1016/j.jcv.2010.06.022.

22. Reference deleted.
23. Gregory JB, Litaker RW, Noble RT. 2006. Rapid one-step quantitative

reverse transcriptase PCR assay with competitive internal positive control
for detection of enteroviruses in environmental samples. Appl Environ
Microbiol 72:3960 –3967. http://dx.doi.org/10.1128/AEM.02291-05.

24. Rotbart HA, Sawyer MH, Fast S, Lewinski C, Murphy N, Keyser EF,
Spadoro J, Kao SY, Loeffelholz M. 1994. Diagnosis of enteroviral men-
ingitis by using PCR with a colorimetric microwell detection assay. J Clin
Microbiol 32:2590 –2592.

25. Rotbart HA. 1990. Enzymatic RNA amplification of the enteroviruses. J
Clin Microbiol 28:438 – 442.

26. Verstrepen WA, Bruynseels P, Mertens AH. 2002. Evaluation of a rapid
real-time RT-PCR assay for detection of enterovirus RNA in cerebrospinal
fluid specimens. J Clin Virol 25(Suppl 1):S39 –S43.

EV-D68 Detection Using Molecular Assays

May 2015 Volume 53 Number 5 jcm.asm.org 1751Journal of Clinical Microbiology

http://dx.doi.org/10.1099/vir.0.79925-0
http://dx.doi.org/10.1001/jama.2014.13256
http://dx.doi.org/10.1001/jama.2014.13256
http://dx.doi.org/10.3174/ajnr.A4188
http://dx.doi.org/10.3174/ajnr.A4188
http://dx.doi.org/10.3109/10408363.2011.640976
http://dx.doi.org/10.3109/10408363.2011.640976
http://dx.doi.org/10.1128/JCM.01808-13
http://dx.doi.org/10.1128/JCM.01808-13
http://dx.doi.org/10.1016/j.jviromet.2013.02.010
http://dx.doi.org/10.1016/j.jviromet.2013.02.010
http://dx.doi.org/10.1371/journal.pone.0102866
http://dx.doi.org/10.1371/journal.pone.0102866
http://dx.doi.org/10.1099/vir.0.043935-0
http://dx.doi.org/10.1099/vir.0.043935-0
http://dx.doi.org/10.1371/journal.pone.0036005
http://dx.doi.org/10.1371/journal.pone.0036005
http://dx.doi.org/10.1128/JCM.02339-08
http://dx.doi.org/10.1016/j.mcp.2015.02.001
http://dx.doi.org/10.1128/JCM.02090-10
http://dx.doi.org/10.1111/j.1469-0691.2011.03529.x
http://dx.doi.org/10.1128/JCM.00542-06
http://dx.doi.org/10.1016/j.jcv.2010.06.022
http://dx.doi.org/10.1128/AEM.02291-05
http://jcm.asm.org

	Detection of Enterovirus D68 in Canadian Laboratories
	ACKNOWLEDGMENTS
	REFERENCES


