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In the late summer and fall of 2014, the province of Alberta,
Canada (4.1 million people), was in the midst of peak entero-

rhinovirus (ERV) activity, as descriptions of enterovirus D68 (EV-
D68) activity were being publicized (1, 2). This analysis was un-
dertaken with several goals: (i) to understand the burden of
respiratory illness in emergency department (ED) visits on �18-
year-old Albertans in the periods from 14 August to 10 September
in both 2013 and 2014; (ii) to understand the impact of enterovi-
ruses, including EV-D68, on pediatric hospital patients (from 14
August to 10 September 2014, when rates of ERV activity were
increasing); and (iii) to determine whether those infected with
EV-D68 are more likely to have asthma or other respiratory illness
than those with EV of a strain other than D68. This analysis was
initiated as a public health investigation and did not require ethics
approval, and all clinical specimens and data were collected for the
purposes of routine ongoing diagnostics and surveillance.

To compare the burdens of respiratory illness in Alberta, we
analyzed the ED data for �18-year-old Albertans visiting ED fa-
cilities in Edmonton and Calgary, Canada. Data for ED visitors
who screened positive for influenza-like illness (ILI) and whose
chief complaints were shortness of breath, cough/congestion, and
wheezing were extracted from the Alberta Real Time Syndromic
Surveillance Net (ARTSSN) (3) for the periods from 14 August to
10 September in both 2013 and 2014. The numbers of ED visits per
day were analyzed using Poisson regression to assess if the differ-
ences were statistically significant. All analyses were performed
using SAS version 14. Case definitions for ERV are not standard-
ized; however, within this investigation, they were defined as an
acute symptom(s) of respiratory tract infection and laboratory
confirmation of EV-D68 from the first clinical specimen.

For the time period from 14 August to 10 September 2014, as
per routine testing approaches, all specimens received at the Pro-
vincial Laboratory for Public Health (ProvLab) were routinely
tested for influenza A and influenza B viruses and then excluded
from further testing if they were readily identifiable as collected
from community settings. This time period was chosen for further
EV-D68 analysis, as this was the period in our jurisdiction when
public health services noticed increased ERV activity. Respiratory
testing was dependent on clinician-directed ordering and was fo-
cused primarily on hospitalized patients. All specimens were
tested for influenza A and influenza B viruses; if specimens were
found to be negative, they were tested by the xTAG respiratory
viral panel (RVP; Luminex, Austin, TX, USA) (4). All ERV-posi-
tive specimens were then tested by a real-time enterovirus/
parechovirus (EPV) assay that does not cross-detect rhinoviruses;

when a specimen was enterovirus positive, a sequencing assay was
used to type EV-D68 (2, 5).

Prior to this analysis, we had tested the EV-D68 specimens
stored in our laboratory with both the Luminex RVP and entero-
virus reverse transcription (RT)-PCR, and in both assays, speci-
mens were reactive. We were also part of a collaborative project
across Canada using the Fermon strain of EV-D68 (ATCC
VR1076) and found that the analytical sensitivities of both meth-
ods using Probit regression are roughly equivalent to each other
(real-time enterovirus assay, 3.45 log10 copies/ml; RVP classic as-
say, 3.43 log10 copies/ml). Both assays also performed well in com-
parison to other technologies (unpublished data).

Cases were grouped into three categories: (i) ERV positive but
enterovirus negative, (ii) enterovirus positive but not for strain
D68, and (iii) EV-D68 positive. Hospitalizations, stays in an in-
tensive care unit (ICU), asthma, and respiratory conditions were
assessed via linkage to the Supplemental Enhanced Service Event
(SESE) system (physician claims) and the Morbidity and Ambu-
latory Care Abstract Reporting (MACAR) databases held by the
Alberta Ministry of Health. Asthma was identified using a vali-
dated case definition for asthma that has been modified to ensure
that two or more physician claims are used to identify a case and
that the claims are at least 30 days apart (6). Respiratory condi-
tions were defined as an inpatient visit with an International Sta-
tistical Classification of Diseases and Related Health Problems of
ICD-9 (diagnostic codes 460 to 519 [diseases of the respiratory
system]) in the previous year but prior to 30 days before the pa-
tient was identified as having ERV, enterovirus of a strain other
than D68, or EV-D68 and excludes any asthma diagnoses (ICD-9
diagnostic code 460).

Compared to daily ED visits in the 2013 period, daily ED visits
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during the study period in 2014 were significantly higher for ILI
(in 2013, n � 922; in 2014, n � 1,078; relative risk [RR] � 1.17;
95% confidence intervals [95% CIs] � 1.07, 1.28), shortness of
breath (in 2013, n � 519; in 2014, n � 645; RR � 1.24; 95% CIs �
1.11, 1.40), and cough/congestion (in 2013, n � 1,005; in 2014,
n � 1,195; RR � 1.19; 95% CIs � 1.09, 1.14).

ERV-positive specimen counts and relative positivity rates are
shown in Fig. 1. Following conversion of ERV specimen counts to
case counts, ERV cases were further categorized in Table 1, and
they exhibited a trend toward an increased risk for asthma in EV-
D68 cases regardless of analysis approach.

From the time period of 14 August to 10 September 2014, 210

pediatric cases of ERV were identified and are characterized in
Tables 1 and 2. In Table 1, of the 210 cases, 61% (n � 128) were
ERV negative, 16% (n � 33) were enterovirus positive but not for
strain D68, and 23% (n � 49) were EV-D68 positive. Of those
positive for enterovirus but not for D68 (n � 33), 11 specimens
could be typed as coxsackievirus A6 (n � 7), echovirus 18 (n � 1),
echovirus 25 (n � 1), EV 104 (n � 1), and EV 71 (n � 1). Twelve
specimens were enterovirus positive but could not be typed be-
cause of the low viral load. A further 10 specimens contained
enteroviruses, with 1 specimen containing a mixture of coxsacki-
evirus A6 and rhinovirus A and the remaining 9 specimens con-
taining an enterovirus that could not be typed, as well as rhinovi-

FIG 1 Distribution of non-influenza A/B respiratory viruses detected by the Luminex RVP from 2010 to 2014.

TABLE 1 Characterization of laboratory-confirmed EPV-negative, untypeable non-D68 EV-positive, and EV-D68-positive casesa

Group (n � 210)
Median age
(mo)

No. of cases
(% males)

No. (%)
hospitalized

No. (%) admitted
to ICU

No. (%) with
asthma

No. (%) with
respiratory disease

Enterovirus/parechovirus negative (n � 128) 13 70 (55) 78 (61) 18 (14) 10 (8) 53 (41)
Non-D68 enterovirus (n � 33) 12 18 (55) 19 (58) 2 (6) 6 (18) 0
EV-D68 (n � 49) 72 27 (55) 38 (78) 2 (4) 15 (31) 36 (73)
a Data are for cases tested for respiratory viral pathogens from 14 August to 10 September 2014 in Alberta, Canada. Specimens were not available for the same time period in 2013.
Of the non-D68 enterovirus cases (n � 33), 12 could be typed as coxsackievirus A6 (n � 7), echovirus 18 (n � 1), echovirus 25 (n � 1), EV 104 (n � 1), EV 71 (n � 1), and a
mixture of coxsackievirus A6 and rhinovirus A (n � 1). The remaining enterovirus-positive cases could not be typed because of the low viral load.
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rus C (n � 6), rhinovirus A12 (n � 1), rhinovirus A19 (n � 1), and
rhinovirus A44 (n � 1).

When the 33 non-D68 enterovirus cases from Table 1 were
analyzed as a group and compared to EV-D68 cases, the odds of
presenting with asthma for EV-D68 was greater than for non-D68
enterovirus (odds ratio [OR], 2.0; 95% CIs, 0.7, 5.8). Due to a
selection bias for RVP testing in hospitalized patients, they were
oversampled in this analysis. However, not all cases were hospital-
ized; 38/49 (78%) EV-D68 cases and 19/33 (58%) non-D68 en-
terovirus cases were hospitalized. EV-D68 cases were no more at
risk for ICU admission (ICU admission, 2/49 [4%]) than patients
infected with non-D68 enterovirus (ICU admission, 2/36 [6%])
(Fisher’s exact test, P � 0.53). None of these children were placed
on a ventilator or died.

Due to concerns that some of the untyped enteroviruses in-
cluded in Table 1 might in fact be low titers of enterovirus D-68,
the untypeable enteroviruses were removed from the non-D68
enterovirus group and are presented in Table 2. When the non-
typeable enterovirus cases were removed from the analysis, 189
cases remained in the study for analysis (Table 2). This step re-
moved all specimens that were non-D68 enterovirus from the
ICU, asthma, and respiratory disease categories; consequently, the
OR comparison between this group and the EV-D68 group for
these categories could not be done. In this analysis, we also stress
that the “untypeable” EVs could not be typed solely because of a
low viral load. However, Table 2 clearly shows that patients in-
fected with EV-D68 were more likely to have asthma or an under-
lying respiratory illness than patients infected with non-D68 EV.

The period from 14 August to 10 September 2014 was selected
as a time frame for analysis, as this was a time period prior to
extensive press and public health communication on EV-D68 ac-
tivity. Our study indicates an increase in daily ED visits for �18-
year-old Albertans for ILI, shortness of breath, and cough/conges-
tion that was significantly higher (RR, 1.24; 95% CIs, 1.11, 1.40) in
2014 than during the same period of time in 2013. Previous studies
have identified increases in asthma admissions in Canada and
other countries during the period of July to October (7, 8). Sea-
sonal upswings in ERV activity, while other respiratory viral
pathogens are routinely at negligible levels, in time frames match-
ing increases in ERV activity have been identified in our province,
as seen in Fig. 1 and in other locations (9). Much of the originally
released information on emergency department or hospital visits
as a result of ILI during August and September 2014 was based on
reports from individual hospitals or groups of hospitals identify-
ing increases in ILI or asthma exacerbation visits to emergency
departments (1). Although it may be that ILI increases in our
region may not have been as dramatic as in other regions (10), we
did see significant increases that also occurred at the same time
that physicians were individually notifying public health officials
that there was a perceived increase as well. We feel that our ap-

proach is warranted, as simple fold increases compared across
jurisdictions may not take into account differences in baseline
health care delivery, where that health care is delivered, and
whether universal health care systems are utilized.

In our study, we note that although the study numbers were
too low to determine a difference in illness between patients with
EV-D68 and non-D68 enteroviruses for many of the categories,
there seemed to be a trend toward asthma that was greater in
patients with EV-D68 than in patients with non-D68 enterovirus.
This is comparable to other trends identified in the U.S. Midwest
(1) and in other locations prior to 2014 (11). Unlike with other
reports in the United States (1), we saw relatively few ICU admis-
sions for EV-D68 patients and no deaths or clusters of severe ill-
ness (12).

Limitations in the study include the selection bias for a high
proportion of hospitalized cases. This is due to the testing ap-
proach in our jurisdiction, which utilizes RVP testing primarily
for hospitalized cases while undertesting community patients. De-
spite this, there were cases of EV-D68 found in the community,
indicating that mild cases exist. From this analysis, it is evident
that we must clearly define how these viral infections are diag-
nosed, characterized, and categorized. In some specimens, entero-
viruses were detected due to the high sensitivity of the assay used
but could not be typed, chiefly because of the low viral load. Since
it is unclear what fraction of these isolates are EV-D68 and since
EV-D68 has been shown to cocirculate with other enteroviruses,
we have used two different approaches for analysis. Groups un-
dertaking these types of analyses should be aware that different
diagnostic approaches may impact our ability to clearly identify
EV-D68 and rule out its presence in specimens from comparator
groups containing enterovirus. Although numbers were low and it
was difficult to make strong statistical conclusions, similar trends
were shown for the increased presence of EV-D68 in asthma pa-
tients regardless of the categorization approach for non-D68 en-
terovirus patients.

This analysis described the presence of EV-D68 in our province
during an increase in ERV activity as well as an increase in respi-
ratory disease visits to EDs. As in other locations, there is a spec-
trum of illness, with cases ranging from those found in commu-
nity settings to ED visits due to respiratory disease and severe
illness, with some patients being admitted to the ICU (1, 13).
Although the ILI increases were not as large as in other regions in
2014, we also noted an increase in ERV positivity in September
2014 (45 to 50% increases in September 2014 versus 35 to 40%
increases in the same period in other years). Specimen loads in
September also increased approximately 50% compared to loads
in other years. In contrast, the number of August 2014 specimens
tested and ERV positivity were similar to those in other years (Fig.
1). We cannot confidently determine whether this is a unique
presentation of this virus in Alberta, Canada. Due to our different

TABLE 2 Characterization of laboratory-confirmed EPV-negative, typeable non-D68 enterovirus-positive, and EV-D68-positive casesa

Group (n � 189)
Median age
(mo)

No. of cases
(% males)

No. (%)
hospitalized

No. (%) admitted
to ICU

No. (%) with
asthma

No. (%) with
respiratory disease

Enterovirus/parechovirus negative (n � 128) 13 70 (55) 78 (61) 18 (14) 10 (8) 53 (41)
Non-D68 enterovirus (n � 12) 12 4 (33) 7 (58) 0* 0* 0*
EV-D68 (n � 49) 72 27 (55) 38 (78) 2 (4) 15 (31) 36 (73)
a Data are for cases tested for respiratory viral pathogens from 14 August to 10 September 2014 in Alberta, Canada. Specimens were not available for the same time period in 2013.
Untypeable enteroviruses were removed from the analysis to avoid the potential of missing a low-titer D68 enterovirus. *, numbers are too small for statistical analysis.
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testing approaches over time (EV-D68 testing was done only in
2014) it is unclear in what proportions EPVs and EV-D68 have
existed within our province historically. Additionally, a lack of
nonbiased historical specimens in pediatric patients from our
province makes retrospective analysis difficult. We note that EV-
D68, non-D68 enterovirus, and ERV are not routinely reportable
to public health agencies on a case-by-case basis, although public
health officials do track general trends of ERV in Alberta on a
routine basis. In our province, the chief medical officer of health
has the authority to track emerging pathogens of public health
concern, and we believe that this investigation will act as a frame-
work for future public health investigations linking the various
arms of public health, including diagnostic virology laboratories
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