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Objective. Although healthcare-associated (HA) viral respiratory infections (VRIs) are common in pediatrics, no benchmark 
for comparison exists. We aimed to determine, compare, and assess determinants of unit-specific HA-VRI incidence rates in 2 chil-
dren’s hospitals.

Methods. This study was a retrospective comparison of prospective cohorts. The Montreal Children’s Hospital and the Cohen 
Children’s Medical Center of New York perform prospective surveillance for HA-VRI using standardized definitions that require the 
presence of symptoms compatible with VRI and virus detection. Cases detected between April 1, 2010, and March 31, 2013, were 
identified using surveillance databases. Annual incidence rates were calculated, and a generalized estimating equation model was 
used to assess determinants of HA-VRI rates.

Results. The overall HA-VRI rate during the 3-year study period was significantly higher at Montreal Children’s Hospital than 
that at Cohen Children’s Medical Center of New York (1.91 vs 0.80 per 1000 patient-days, respectively; P < .0001). Overall, the 
HA-VRI incidence rate was lowest in the neonatal intensive care unit. Rates in the pediatric intensive care, oncology, and medical/
surgical units were similar. The most common etiology of HA-VRI at both institutions was rhinovirus (49% of cases), followed by 
parainfluenza virus and respiratory syncytial virus. Hospitals with less than 50% single rooms had HA-VRI rates 1.33 (95% confi-
dence interval, 1.29–1.37) times higher than hospitals with more than 50% single rooms for a given unit type.

Conclusions. HA-VRI rates were substantial but different among 2 children’s hospitals. Future studies should examine the effect 
of HA-VRI and evaluate best practices for preventing such infections.
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INTRODUCTION

Surveillance for healthcare-associated infections (HAIs) is now 
a mandatory requirement in many states and jurisdictions and 
allows for internal and external comparisons with benchmarks 
[1–9]. However, most programs focus on device- and pro-
cedure-associated infections, such as central line–associated 
bloodstream infection or surgical-site infection.

Although central line–associated bloodstream infections 
represent a major burden in pediatrics and have been a focus of 
infection-prevention efforts [1, 8], healthcare-associated (HA) 
viral respiratory tract infection (VRI) should not be overlooked. 
The availability of multiplex nucleic acid amplification tests that 
detect a panel of respiratory viruses has made laboratory-based 
surveillance of HA-VRIs feasible and less time-consuming. In 

pediatric wards and hospitals, HA-VRI often mirrors com-
munity-acquired VRI in patients admitted for care. HA-VRIs 
represented 10% of HAIs in pediatric wards in a recent 
point-prevalence survey [8], whereas in another study, close to 
20% of infants and toddlers admitted to a tertiary-care pediatric 
hospital had a virus detected in their nasopharyngeal specimen 
[10]. Although the overall burdens of HA-VRI and outbreaks of 
specific viruses were reported previously [11–19], benchmarks 
for comparison are not readily available. Our objective was to 
determine, compare, and assess determinants of unit-specific 
HA-VRI incidence rates in 2 children’s hospitals.

METHODS

Study Setting and Population

Montreal Children’s Hospital (MCH) (Quebec, Canada) is a 121-
bed tertiary-care pediatric teaching hospital with a bone marrow 
transplant unit, a pediatric intensive care unit (PICU), a level-4 
neonatal intensive care unit (NICU), a hematology/oncology 
ward, and general medical/surgical wards that serves the greater 
Montreal area (Table 1). Total hospital surveillance for all HAIs 
has been done prospectively and routinely since 1985 using 
standardized definitions from the National Healthcare Safety 
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Network [20–23]. Laboratory testing is done for patients with 
new respiratory symptoms regardless of fever. The nursing teams 
flag patients with new-onset symptoms (fever, respiratory symp-
toms, wound discharge) on a standardized form during their 
daily rounds. Infection preventionists review laboratory data, 
new-symptom-onset forms, and medical records to determine 
the occurrence of HAI and complete a standardized case-report 
form. The infection-control physician adjudicates cases.

The Steven and Alexandra Cohen Children’s Medical Center 
(CCMC) of New York is a 171-bed tertiary-care pediatric 
teaching hospital with a bone marrow transplant unit, a PICU, 
a level-4 NICU, a hematology/oncology ward, and general med-
ical/surgical wards (Table 1). Targeted HAI surveillance is done 
prospectively. Infection preventionists prospectively monitor 
patients for febrile and nonfebrile HA-VRI using laboratory 
detection-based surveillance.

Study Design and Definitions

Infection prevention and control (IPAC) surveillance databases 
were used to identify HA-VRIs that occurred between April 1, 
2010, and March 31, 2013, in either of the 2 hospitals. Patient-
days were defined as the total number of days that patients 
spent on a given unit and were calculated on an annual basis. 
In both hospitals, HAIs were attributed to the unit to which the 
patient was admitted at the time of transmission on the basis of 
definitions (Table 2). An HA-VRI with an onset of symptoms 
after hospital discharge would be detected and included only for 
patients who presented to the emergency department or were 
readmitted for VRI and tested.

At MCH, an HA-VRI was defined as onset of symptoms 
after a minimum number of days after admission to hospital 
(etiology dependent) (Table 2) with at least 2 of the following 

clinical findings: new onset of fever (temperature of >38.5°C 
rectally), sore throat, nasal discharge or stuffiness, cough, 
hoarseness, and/or pharyngeal erythema or purulent exudate 
in the throat, except for intubated patients and those with 
chronic respiratory disease in whom a change in consistency 
or quantity of respiratory secretions was required to be iden-
tified as HA-VRI. For patients aged <1 year, fever could be 
replaced by hypothermia (rectal temperature of <37°C), apnea, 
or bradycardia. Moreover, symptoms needed to be present for 
≥24 hours with at least 1 of the following: (1) virus cultured 
from a respiratory tract site, (2) positive results for nucleic 
acid amplification test on respiratory secretions, and/or (3) 
physician diagnosis of respiratory tract infection. HA-VRIs 
with negative viral identification or that were not tested were 
classified as syndromic cases and excluded from the pooled 
analysis. Even if the index patient was a parent or sibling, we 
considered the infection to be healthcare associated.

At the CCMC, an HA-VRI was defined as a new-onset fever 
and/or respiratory symptoms that were not present at admission, 
after a minimum number of days after admission to hospital (eti-
ology dependent) (Table 2), and a positive result on a nucleic 
acid amplification test for a viral respiratory pathogen on respi-
ratory secretions. Syndromic surveillance was not performed.

Laboratory Testing

Both hospitals used a multiplex nucleic acid amplification test 
for respiratory virus detection on nasopharyngeal swabs or 
aspirates. The MCH used an in-house assay that detects ade-
novirus, human metapneumovirus (hMPV), influenza A and 
B viruses, parainfluenza virus (PIV) types 1, 2, and 3, respira-
tory syncytial virus (RSV), enterovirus, rhinovirus, and coro-
naviruses 229E and OC43. The lower limit of detection of the 

Table 1. Hospital Bed Configurations

Hospital Ward

Beds in CCMC (n [%]) Beds in MCH (n [%])

Total Single Double Multiple Total Single Double Multiple

PICU 28 20 (71) 0 8 (28)
(two 4-bed rooms)

12 4 (33) 0 8 (66)
(one 8-bed room)

NICU 57 0 24 (42) 20 (35)
(five 4-bed-bed rooms)

24 0 0 20 (83)
(two 10-bed rooms)

7 (12)
(one 7-bed room)

4 (17)
(one 4-bed room)

6 (10)
(one 6-bed room)

H/Onc 18 2 (11) 16 (89) 0 9 9 (100) 0 0

BMT 4 4 (100) 0 0 3 3 (100)   0 0

Med/Surg 64 12 (19) 40 (63) 4 (6)
(one 4-bed rooms)

73 6 (8) 59 (81) 8 (11)
(two 4-bed rooms)

8 (12)
(one 8 bed-bed room)

Total 171 38 (22) 80 (47) 53 (31) 121 22 (18) 59 (49) 40 (33)

Abbreviations: BMT, bone marrow transplant; CCMC, Cohen Children’s Medical Center; H/Onc, hematology/oncology; MCH, Montreal Children’s Hospital; Med/Surg, medical/surgical; PICU, pediatric intensive care unit; NICU, 
neonatal intensive care unit.



20 • JPIDS 2018:7 (March) • Quach et al

in-house assay is 10 to 100 copies of influenza A and 100 to 
1000 viral copies of all other viruses targeted in the panel. The 
field sensitivity is 95% compared to culture. The specificity is 
85% for enterovirus and 100% for all other viruses in the panel.

The CCMC used a commercial multiplex nucleic acid ampli-
fication test (xTAG respiratory viral panel [Luminex]) that 
detects the same viruses as the MCH assay, except it does not 
detect coronavirus and does not differentiate between entero-
virus and rhinovirus; a supplemental nucleic acid amplification 
test was used to differentiate enterovirus from rhinovirus.

Infection Prevention and Control Practices

Isolation Practices

At the MCH, patients with clinical symptoms compatible with 
respiratory infection were placed on droplet and contact pre-
cautions year-round, regardless of etiology. Precautions were 
continued for the duration of symptoms.

At the CCMC, during the respiratory illness season (ie, 
December through April), isolation precautions included 
droplet and contact precautions for symptomatic patients 
while respiratory viral pathogen tests were pending; from May 
through November, contact precautions alone were imple-
mented for such patients. At the discretion of the patient’s 
nurse, supplemental precautions might have been discontinued 
for patients with results negative for respiratory viral pathogens. 
Except for the NICU, in which contact precautions were used, 
the following precautions were used for specific respiratory 
viral pathogens: droplet and contact precautions for adenovi-
rus, droplet precautions for influenza virus, contact precautions 
for hMPV, PIV, and RSV, and standard precautions for rhinovi-
rus. Precautions were continued for the duration of symptoms.

Visitation Policy

The MCH had a written policy that required sick persons to 
refrain from visiting. This policy was rarely enforced. There was 
no age restriction for visitors, except for the NICU, where the 
NICU staff required that children not be allowed to visit.

The CCMC had a written policy that restricted visitation 
from children (other than siblings) younger than 12 years and 
persons with a contagious disease and required screening of vis-
itors on arrival to a hospital unit. However, this policy was not 
enforced. A  health screening was performed on siblings who 
visited the NICU.

In each hospital, the bedside nurse had the primary respon-
sibility for screening visitors, and all staff who were ill with 
respiratory symptoms were instructed to stay home.

Adherence to Infection-Prevention Practices

Between January 2011 and March 2013 at the CCMC, hand- 
hygiene audits of all persons entering a patient’s room were  
performed and tabulated on a monthly basis.

Ethics

The MCH Research Ethics Board and the North Shore-LIJ 
Health System Institutional Review Board approved the study.

Statistical Analysis

We calculated the overall HA-VRI rates per 1000 patient-
days ([number of HA-VRI episodes/number of patient-days] 
× 1000) and 95% confidence intervals (CIs) using Poisson 
regression. Virus- and unit-specific incidence rates were cal-
culated also. Patients with an HA-VRI caused by coronavirus 
and those who tested negative for respiratory viruses (syn-
dromic) were excluded from the pooled analysis. Only cases 
of HA-VRI that occurred in admitted patients were systemat-
ically captured.

We used a generalized-estimating-equation model to account 
for correlation of rates within a hospital, given that policies are 
hospital-wide educational activities (PROC GENMOD; Poisson 
distribution; link = log), and to assess determinants of HA-VRI 
rates in a multivariable regression model. Variables included in 
the model were hospital site, units with a proportion of single 
rooms <50%, and unit type. Statistical significance was deter-
mined using 2-sided P values (P < .05). All statistical analyses 
were performed using SAS 9.3 (SAS Institute, Cary, NC).

RESULTS

During the 3-year study period, the mean (range) annual 
patient-days at the CCMC and MCH were 46 529 (45 787–
47 816) and 36 815 (37 983–39 577), respectively, for annual 
average patient-days per available bed of 272 and 304, respec-
tively. The overall HA-VRI rate for the 6 virus groups studied in 
the 3-year study period was significantly higher at MCH than 
at the CCMC (1.91 vs 0.80 per 1000 patient-days, respectively; 
P <  .0001). At the CCMC, the unit with the lowest HA-VRI 
incidence rate was the NICU, whereas at MCH, the hematol-
ogy/oncology ward had the lowest rate. Overall, the HA-VRI 
incidence rate was the lowest in the NICU. The rank orders of 
identified viral pathogens were similar at both hospitals. The 

Table 2. Criteria for Classifying a Respiratory Viral Infection as 
Healthcare Associated

Respiratory Virus

Minimum Duration of Hospitalization 
Before Onset of Symptoms to Classify 

as Nosocomial (Days)

CCMC MCH

Adenovirus 3 3

Human metapneumovirus 4 3

Influenza A and B 2 1

Parainfluenza virus 3 2

Respiratory syncytial virus 3 4

Rhinovirus 3 2

Abbreviations: CCMC, Cohen Children’s Medical Center of New York; MCH, Montreal Children’s Hospital.
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most commonly identified viral pathogen in both hospitals 
was rhinovirus, followed by PIV and RSV (Table  3). In the 
PICU, the viral pathogen with the highest incidence rate was 
rhinovirus, followed by adenovirus in both hospitals, whereas 
on the hematology/oncology wards, the incidence rate of rhi-
novirus was followed by that of PIV (Table 4).

At the CCMC, the monthly rate of adherence to hand-hy-
giene practices was 94.4% (range, 86.0%–98.2%), assessed with 
a mean of 160 observations per month.

Proportion of Single Rooms

Adjusting for unit type (PICU vs NICU vs medical/surgical vs 
hematology/oncology) and taking into account the correlation 
of HA-VRI rates within a hospital, having less than 50% single 
rooms in a given unit was associated statistically significantly 
with a higher rate of HA-VRI. The model predicted that units 

with less than 50% single rooms have 1.33 (95% CI, 1.29–1.37) 
times higher HA-VRI rates than units with at least 50% single 
rooms, regardless of unit type (Table 5). There was no single 
room in any of the NICUs.

DISCUSSION

Our data show that HA-VRIs are common HAIs in pediatric 
hospitals, and the overall incidence rate of laboratory-con-
firmed HA-VRI in our population was 1.29 per 1000 patient-
days (95% CI, 1.15–1.44 per 1000 patient-days). This incidence 
rate is the same order of magnitude or higher than published 
rates of HA bloodstream infections: between 0.67 and 0.84 per 
1000 patient-days for the same time period in hospitals of the 
University of North Carolina [24] and 0.51 and 0.65 per 1000 
patient-days in 2014 in 2 pediatric hospitals [25, 26].

Table 3. Numbers and Rates of Healthcare-Associated Viral Respiratory Infections (per 1000 Patient-Days) According to Virus and Hospital Unit

Virus or Hospital Unit

CCMC MCH

na Rate (95% CI) n Rate (95% CI) Overall Rate (95% CI)

Respiratory virus 1

 Adenovirus 7 0.05 (0.01–0.09) 20 0.18 (0.10–0.26) 0.11 (0.07–0.15)

 hMPV 7 0.05 (0.01–0.09) 9 0.08 (0.03–0.13) 0.06 (0.04–0.10)

 Influenza A/B 7 0.05 (0.01–0.09) 12 0.11 (0.05–0.17) 0.08 (0.05–0.12)

 PIV 23 0.16 (0.10–0.23) 38 0.34 (0.23–0.45) 0.24 (0.19–0.31)

 RSV 17 0.12 (0.06–0.18) 28 0.25 (0.16–0.35) 0.18 (0.13–0.24)

 Rhinovirusb 51 0.49 (0.35–0.62) 104 0.94 (0.76–1.12) 0.72 (0.61–0.83)

 Coronavirus NA — 15 0.14 (0.07–0.20) —

 Syndromic NA — 11 0.10 (0.04–0.16) —

Unit

 PICU 20 1.47 (1.00–2.09) 17 1.67 (0.97–2.68) 1.54 (1.13–2.04)

 NICU 5 0.23 (0.12–0.42) 31 1.37 (0.93–1.95) 0.60 (0.44–0.82)

 Med/Surg 33 0.69 (0.49–0.95) 152 2.22 (1.88–2.61) 1.55 (1.34–1.79)

 H/Onc 28 1.84 (1.27–2.59) 11 1.17 (0.59–2.10) 1.61 (1.17–2.16)

Total 112 0.80 (0.66–0.97) 211 1.91 (1.66–2.19) 1.29 (1.15–1.44)

Abbreviations: CCMC, Cohen Children’s Medical Center; CI, confidence interval; hMPV, human metapneumovirus; MCH, Montreal Children’s Hospital; NA, not applicable; NICU, neonatal intensive care unit; PICU, pediatric inten-
sive care unit; PIV, parainfluenza virus; RSV, respiratory syncytial virus; Med/Surg, medical/surgical; H/Onc, hematology/oncology.
aNumber of episodes during 36-month study period.
bRhinovirus was detected in the last 3 months of the first year at the CCMC; the denominator used was 105 043 patient-days.

Table 4. Incidence Rates (per 1000 Patient-Days) of Healthcare-Associated Viral Respiratory Infection According to Virus and Hospital Unit

Virus

Cohen Children’s Medical Center Montreal Children’s Hospital

PICU NICU Med/Surg H/Onc PICU NICU Med/Surg H/Onc

Adenovirus 0.19a 0 0.04 0.06 0.49a 0 0.22 0

hMPV 0.10 0 0.06 0.11 0.10 0.10a 0.09 0

Influenza A/B 0.05 0 0.02 0.06 0 0 0.16 0

PIV 0.14 0.06a 0.21b 0.34a 0.30 0.04 0.45a 0.32a

RSV 0.10 0.02 0.17a 0.28 0.20 0.04 0.34 0.21

Rhinovirus 0.90b 0.15b 0.15 0.95b 0.59b 1.15b 0.97b 0.64b

Total 1.47 0.23 0.69 1.84 1.67 1.37 2.22 1.17

Abbreviations: H/Onc, hematology/oncology ward; Med/Surg, medical/surgical ward; NICU, neonatal intensive care unit; PICU, pediatric intensive care unit.
aRespiratory virus with second highest incidence for a given unit type.
bRespiratory virus with highest incidence for a given unit type. 
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The Canadian Nosocomial Infection Surveillance Program 
[27] reported results of a prospective surveillance of febrile 
respiratory illnesses that was performed between January and 
April 2005 in 8 acute-care pediatric hospitals across Canada. 
Their overall bacterial and viral hospital-acquired febrile respi-
ratory infection incidence rate was 0.97 per 1000 patient-days 
(95% CI, 0.78–1.18 per 1000 patient-days), and a viral pathogen 
was isolated from 79.5% (70 of 88) of the patients tested. This 
rate was lower than the currently reported incidence rates. These 
differences might be explained by differences in the number 
of hospital days before the onset of symptoms required by the 
HA-VRI definition and the fact that our study included all VRIs, 
not only febrile HA-VRIs. Moreover, nucleic acid amplification 
tests were used in our study rather than viral culture or an anti-
gen-detection test, which are known to be less sensitive [28, 29].

The lowest HA-VRI incidence rates were found in the NICU. 
Other types of units had similar rates. It is possible that visi-
tor restrictions contributed to this difference, but another con-
tributor might be the fact that the reservoir of patients with 
(mainly community-acquired) VRI is likely lowest in the NICU 
compared to other units, thus decreasing the risk of nosoco-
mial transmission. It is also interesting to note that units with 
less than 50% single rooms had higher HA-VRI rates when we 
adjusted for confounders and accounted for correlation of data 
within a hospital. A 50% cutoff was chosen because healthcare 
workers who evaluated the impact of 100% single rooms in new 
facilities considered the ideal room mix on a ward to be 50% sin-
gle-bed rooms and 50% multiple-beds room [30]. However, this 
should not be translated to mean that, regardless of the unit type 
or category, a higher proportion of single rooms would correlate 
with a lower HA-VRI rate. For instance, the proportion of single 
rooms was 0% in both NICUs in our study, yet these NICUs had 
the lowest overall HA-VRI rates. Although single-patient rooms 
are the goal in most new hospital designs, no evidence-based 
consensus currently exists on the efficacy of that setup in pre-
venting the acquisition of HA multidrug-resistant organisms 
transmitted by direct or indirect contact (e.g., methicillin-resis-
tant Staphylococcus aureus, vancomycin-resistant Enterococcus 
and Clostridium difficile). Teltsch et al [31] found that changing 

the ICU layout from multibed rooms to single rooms decreased 
the multidrug-resistant organism acquisition rate by 54% (95% 
CI, 29%–70%), but Ellison et al [32] did not find any differ-
ence associated with a similar change in layout on a general 
internal medicine ward. Organisms acquired through direct 
or indirect contact are also transmitted on healthcare workers’ 
hands, shared equipment, and fomites; therefore, single rooms 
might not be sufficient to prevent nosocomial acquisition in the 
absence of diligent hand hygiene and housekeeping. Similar to 
multidrug-resistant HA organisms, HA-VRIs are transmitted 
by direct and indirect contact and also via droplets; therefore, 
single rooms might be more efficacious in preventing HA-VRI 
transmission through decreased crowding.

Rhinovirus was the most frequently identified virus in cases 
of HA-VRI in both hospitals (48% [155 of 323] of all HA-VRIs) 
for all but 1 unit type; the overall incidence rate was 0.72 per 
1000 patient-days (95% CI, 0.61–0.83 per 1000 patient-days). 
Previous studies reported that the proportion of community-ac-
quired acute respiratory infections caused by rhinovirus was, on 
average, 20% in children who required hospital admission [33, 
34]. However, for children with a more severe presentation who 
required admission to the PICU for community-acquired lower 
respiratory tract infection and in whom a virus was identified, 
rhinovirus represented the etiological agent in 49% of the cases 
[35]. However, given the prolonged shedding of rhinovirus 
and its detection with nucleic acid amplification–based testing, 
it is difficult to tease out the proportion of positive tests that 
are clinically significant and the etiological role of rhinovirus 
in community- and healthcare-acquired respiratory infections. 
For instance, in an adult cohort of patients who presented with 
acute respiratory infection, rhinovirus was identified by poly-
merase chain reaction in 18% (444 of 2485) of the cases, and 
prolonged shedding was identified in 35% of the patients [36]. 
In a case-control study, rhinovirus was associated with commu-
nity-acquired pneumonia in adults (adjusted odds ratio, 13.4 
[95% CI, 3.04–59.1]) but not in children (adjusted odds ratio, 
1.13 [95% CI, 0.84–1.51]) [34]. Management guidelines for 
febrile infants aged less than 90 days of life who present to the 
emergency department have recommended that the presence of 
rhinovirus in a nasopharyngeal specimen be disregarded and 
that these patients be managed as if they were respiratory virus 
negative because the presence of rhinovirus does not seem to 
decrease the likelihood of severe bacterial infection [37]. In 
the current study, although some patients with HA rhinovirus 
had a negative respiratory polymerase chain reaction result on 
hospital admission, the high prevalence of rhinovirus should be 
interpreted with caution.

Other viruses usually associated with HA-VRI, such as RSV, 
PIV, and influenza, accounted for 14% (45), 19% (61), and 6% 
(19) of isolated viruses, respectively. Our results are similar to 
those from a prospective surveillance for HA febrile respira-
tory infection in pediatric hospitals; RSV was identified in 25% 

Table 5. Determinants of Healthcare-Associated Viral Respiratory 
Infection Rates According to Multivariable Analysis

Parameter Estimate 95% CI P Value

Fewer than 50% single rooms 1.33 1.29–1.37 <.0001

Hospital unit

 PICU 1.04 1.03–1.05 <.0001

 NICU 0.47 0.16–1.38 .17

 Med/Surg 0.85 0.37–1.94 .70

 H/Onc Reference — —

Abbreviations: CI, confidence interval; H/Onc, hematology/oncology unit; Med/Surg, medical/surgical ward; 
NICU, neonatal intensive care unit; PICU, pediatric intensive care unit.
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(38 of 153), PIV in 7% (11 of 153), and influenza in 11% (17 of 
153) of cases of febrile HA-VRI [27].

Limitations

Our study had several limitations that could explain the differ-
ence in HA-VRI rates between the 2 participating hospitals. First, 
no standardized definition for HA-VRI currently exists, and the 
IPAC services at each hospital used slightly different criteria. 
However, although the surveillance definitions differed slightly, 
both of them required a new onset of similar symptoms, and 1 
definition (MCH) was more precise as to what was considered a 
respiratory symptom, which made it more operational and less 
subject to interpretation. Second, minimum durations of hos-
pitalization before the onset of symptoms required to classify 
an infection as nosocomial were based on published incubation 
periods for each virus type; these durations were similar but not 
identical between hospitals and generally were at the lower end 
of the range for each virus type. These definitions were designed 
to be sensitive for the detection of HAIs and possible outbreaks. 
However, a potential exists for misclassification of some com-
munity-acquired infections as HAI. Third, the surveillance 
procedures for HA-VRI differed; 1 hospital was more aggres-
sive in actively finding cases (including syndromic surveillance 
for which viral testing was either negative or not requested), 
whereas the other hospital was using a surveillance system that 
was laboratory based, which again potentially explains the dif-
ference in rates. This difference in case findings, however, is the 
Achille’s heel of all surveillance programs. Fourth, the case mix 
of patients in both hospitals also differed; chronically ventila-
tor-dependent patients who attended out-of-hospital daycare 
were accounted for in HAI surveillance at the MCH. IPAC 
guidelines for additional precautions and visitation policies 
also differed. Last, another limitation to our study was that the 
detection of HA-VRI that manifested after hospital discharge 
was incomplete, because no systematic surveillance for HA-VRI 
is performed after discharge. The only children with HA-VRI 
with symptom onset after hospital discharge who were likely 
to be identified were those who presented to the emergency 
department or were readmitted because of a VRI.

Future studies should examine the effect of HA-VRIs and 
evaluate best practices for preventing such infections, including 
compliance to influenza vaccination of patients and healthcare 
workers. The effects of viral testing, visitation policies, person-
nel work policy with regard to acute respiratory illness, and the 
proportion of single-patient rooms for given units on HA-VRIs 
rates should be evaluated also.

Notes
Acknowledgments. We thank Susan Nullet, Margaret Hill, Chantal 

Perpête, Lina Moisan, and Evelyn Sarmiento for compiling and providing 
healthcare-associated viral infection data.

Author contributions. Dr Quach contributed to study design and design 
of the data-collection instrument, supervised data collection for her site, 

performed the data analysis, wrote the manuscript, and approved the final 
manuscript as submitted; Dr Shah contributed to study design, designed the 
data-collection instrument, performed the data collection for her site, and 
critically reviewed and approved the final manuscript as submitted; and Dr 
Rubin conceptualized the study, supervised the data collection for his site, 
and critically reviewed and approved the final manuscript as submitted.

Potential conflicts of interest. Dr Quach has received funding from 
GlaxoSmithKline, Pfizer, Sage, and AbbVie (all for research grant or support 
for an unrelated research project). The remaining authors have no financial 
relationship to disclose.

All authors have submitted the ICMJE Form for Potential Conflicts of 
Interest. Conflicts that the editors consider relevant to the content of the 
manuscript have been disclosed.

References
1. Dudeck MA, Edwards JR, Allen-Bridson K, et  al. National Healthcare Safety 

Network report, data summary for 2013, device-associated module. Am J Infect 
Control 2015; 43:206–21.

2. Dudeck MA, Horan TC, Peterson KD, et al. National Healthcare Safety Network 
report, data summary for 2011, device-associated module. Am J Infect Control 
2013; 41:286–300.

3. Dudeck MA, Horan TC, Peterson KD, et al. National Healthcare Safety Network 
(NHSN) report, data summary for 2010, device-associated module. Am J Infect 
Control 2011; 39:798–816.

4. Dudeck MA, Horan TC, Peterson KD, et al. National Healthcare Safety Network 
(NHSN) report, data summary for 2009, device-associated module. Am J Infect 
Control 2011; 39:349–67.

5. Dudeck MA, Weiner LM, Allen-Bridson K, et  al. National Healthcare Safety 
Network (NHSN) report, data summary for 2012, device-associated module. Am 
J Infect Control 2013; 41:1148–66.

6. Gravel D, Matlow A, Ofner-Agostini M, et  al; Canadian Nosocomial Infection 
Surveillance Program. A point prevalence survey of health care-associated infec-
tions in pediatric populations in major Canadian acute care hospitals. Am J Infect 
Control 2007; 35:157–62.

7. Gravel D, Taylor G, Ofner M, et al; Canadian Nosocomial Infection Surveillance 
Program. Point prevalence survey for healthcare-associated infections within 
Canadian adult acute-care hospitals. J Hosp Infect 2007; 66:243–8.

8. Rutledge-Taylor K, Matlow A, Gravel D, et  al; Canadian Nosocomial Infection 
Surveillance Program. A point prevalence survey of health care-associated infec-
tions in Canadian pediatric inpatients. Am J Infect Control 2012; 40:491–6.

9. Taylor G, Gravel D, Johnston L, et al; Canadian Hospital Epidemiology Committee; 
Canadian Nosocomial Infection Surveillance Program. Prospective surveillance 
for primary bloodstream infections occurring in Canadian hemodialysis units. 
Infect Control Hosp Epidemiol 2002; 23:716–20.

10. Milstone AM, Perl TM, Valsamakis A. Epidemiology of respiratory viruses 
in children admitted to an infant/toddler unit. Am J Infect Control 2012; 
40:462–4.

11. de-Paris F, Beck C, Pires MR, et al. Viral epidemiology of respiratory infections 
among children at a tertiary hospital in southern Brazil. Rev Soc Bras Med Trop 
2014; 47:223–6.

12. Goldmann DA. Epidemiology and prevention of pediatric viral respiratory infec-
tions in health-care institutions. Emerg Infect Dis 2001; 7:249–53.

13. Goldwater PN, Martin AJ, Ryan B, et  al. A survey of nosocomial respiratory 
viral infections in a children’s hospital: occult respiratory infection in patients 
admitted during an epidemic season. Infect Control Hosp Epidemiol 1991; 
12:231–8.

14. Langley JM, LeBlanc JC, Wang EE, et al. Nosocomial respiratory syncytial virus 
infection in Canadian pediatric hospitals: a Pediatric Investigators Collaborative 
Network on Infections in Canada study. Pediatrics 1997; 100:943–6.

15. Ostovar GA, Kohn N, Yu KO, Nullet S, Rubin LG. Nosocomial influenza in a 
pediatric hospital: comparison of rates of seasonal and pandemic 2009 influenza 
A/H1N1 infection. Infect Control Hosp Epidemiol 2012; 33:292–4.

16. Sidler JA, Haberthür C, Dumoulin A, et al. A retrospective analysis of nosocomial 
viral gastrointestinal and respiratory tract infections. Pediatr Infect Dis J 2012; 
31:1233–8.

17. Tran TT, Gonzalez IA, Tekin A, McLaughlin GE. Lower respiratory tract viral 
infections in pediatric abdominal organ transplant recipients: a single hospital 
inpatient cohort study. Pediatr Transplant 2013; 17:461–5.

18. Valenti WM, Menegus MA, Hall CB, et  al. Nosocomial viral infections: 
I. Epidemiology and significance. Infect Control 1980; 1:33–7.

19. Wenzel RP, Deal EC, Hendley JO. Hospital-acquired viral respiratory illness on a 
pediatric ward. Pediatrics 1977; 60:367–71.



24 • JPIDS 2018:7 (March) • Quach et al

20. Horan TC, Andrus M, Dudeck MA. CDC/NHSN surveillance definition of health 
care-associated infection and criteria for specific types of infections in the acute 
care setting. Am J Infect Control 2008; 36:309–32.

21. Horan TC, Arnold KE, Rebmann CA, Fridkin SK. Network approach for prevention 
of healthcare-associated infections. Infect Control Hosp Epidemiol 2011; 32:1143–4.

22. Horan TC, Emori TG. Definitions of key terms used in the NNIS system. Am J 
Infect Control 1997; 25:112–6.

23. Horan TC, Lee TB. Surveillance: into the next millennium. Am J Infect Control 
1997; 25:73–6.

24. Kanamori H, Weber DJ, DiBiase LM, et  al. Longitudinal trends in all health-
care-associated infections through comprehensive hospital-wide surveillance and 
infection control measures over the past 12 years: substantial burden of health-
care-associated infections outside of intensive care units and “other” types of 
infection. Infect Control Hosp Epidemiol. 2015; 36:1–9.

25. Fortin E, Rocher I, Frenette C, et al. Healthcare-associated bloodstream infections 
secondary to a urinary focus: the Québec provincial surveillance results. Infect 
Control Hosp Epidemiol 2012; 33:456–62.

26. Comité de surveillance provinciale des infections nosocomiales (SPIN). Bactériémies 
nosocomiales panhospitalières, Québec 2014–2015. In: Travail Ddrbedlsa, ed. Vol 3. 
Québec: Institut national de santé publique du Québec; 2015:15.

27. Vayalumkal JV, Gravel D, Moore D, Matlow A; Canadian Nosocomial Infection 
Surveillance Program. Surveillance for healthcare-acquired febrile respira-
tory infection in pediatric hospitals participating in the Canadian Nosocomial 
Infection Surveillance Program. Infect Control Hosp Epidemiol 2009; 30:652–8.

28. Cho CH, Chulten B, Lee CK, et al. Evaluation of a novel real-time RT-PCR using 
TOCE technology compared with culture and Seeplex RV15 for simultaneous 
detection of respiratory viruses. J Clin Virol 2013; 57:338–42.

29. Papenburg J, Buckeridge DL, De Serres G, Boivin G. Host and viral factors affect-
ing clinical performance of a rapid diagnostic test for respiratory syncytial virus 
in hospitalized children. J Pediatr 2013; 163:911–3.

30. Maben J, Griffiths P, Penfold C, et al. One size fits all? Mixed methods evaluation 
of the impact of 100% single-room accommodation on staff and patient experi-
ence, safety and costs. BMJ Qual Saf 2016; 25:241–56.

31. Teltsch DY, Hanley J, Loo V, et al. Infection acquisition following intensive care 
unit room privatization. Arch Intern Med 2011; 171:32–8.

32. Ellison J, Southern D, Holton D, et al. Hospital ward design and prevention of 
hospital-acquired infections: a prospective clinical trial. Can J Infect Dis Med 
Microbiol 2014; 25:265–70.

33. Simusika P, Bateman AC, Theo A, et  al. Identification of viral and bacterial 
pathogens from hospitalized children with severe acute respiratory illness in 
Lusaka, Zambia, 2011–2012: a cross-sectional study. BMC Infect Dis 2015; 
15:52.

34. Self WH, Williams DJ, Zhu Y, et al. Respiratory viral detection in children and 
adults: comparing asymptomatic controls and patients with community-acquired 
pneumonia. J Infect Dis 2016; 213:584–91.

35. Louie JK, Roy-Burman A, Guardia-Labar L, et  al. Rhinovirus associated with 
severe lower respiratory tract infections in children. Pediatr Infect Dis J 2009; 
28:337–9.

36. Zlateva KT, de Vries JJ, Coenjaerts FE, et  al; GRACE Study Group. Prolonged 
shedding of rhinovirus and re-infection in adults with respiratory tract illness. 
Eur Respir J 2014; 44:169–77.

37. Byington CL, Reynolds CC, Korgenski K, et al. Costs and infant outcomes after 
implementation of a care process model for febrile infants. Pediatrics 2012; 
130:e16–24.


