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Background.  Infants born at 33–35 completed weeks’ gestational age (wGA) aged <6 months at the start of or born during res-
piratory syncytial virus (RSV) season and classified as moderate/high risk of severe RSV disease were included in a palivizumab RSV 
prophylaxis program in the province of Quebec, Canada, until 2014–2015. We assessed the impact of withdrawal of this indication 
on lower respiratory tract infection (LRTI)/RSV hospitalizations (H) in this population.

Methods.  We conducted a 4-year, retrospective, cohort study in 25 Quebec hospitals (2 seasons with and 2 without palivizumab 
prophylaxis for moderate- to high-risk infants). Our primary outcome was LRTI/RSV-H incidence. We compared LRTI/RSV-H in-
cidence before (2013–2015; seasons 1 + 2 [S1/2]) and after (2015–2017; S3/4) the change in indication.

Results.  We identified 6457 33–35 wGA births. LRTI/RSV-H occurred in 105/3353 infants (3.13%) in S1/2 and 130/3104 
(4.19%) in S3/4. Among LRTI/RSV-H, 86.4% were laboratory-confirmed RSV-H. Adjusting for sex, wGA, and birth month, S3/4 
was significantly associated with increased LRTI/RSV-H incidence (adjusted odds ratio [aOR], 1.36; 95% confidence interval [CI], 
1.04–1.76) but not with laboratory-confirmed RSV-H (aOR, 1.19; 95% CI, 0.90–1.58). Mean duration of LRTI/RSV-H was 5.6 days; 
22.6% required intensive care unit admission. Comparing S3/4 with S1/2, infant percentage with LRTI/RSV-H classified as mod-
erate/high risk increased from 27.8% to 41.9% (P = .11).

Conclusions.  In a province-wide study, we observed a significant increase in LRTI/RSV-H incidence among infants born at 
33–35 wGA in the 2 years after withdrawal of RSV prophylaxis.

Keywords.   hospitalization; palivizumab; premature infant; public health; respiratory syncytial virus.

Respiratory syncytial virus (RSV) is the leading cause of hos-
pitalizations for acute lower respiratory tract infection (LRTI) 
among infants and young children worldwide [1–4]. In North 
America, approximately 2% of children aged <12  months are 
admitted yearly for RSV LRTI, with most hospitalizations 

occurring in those aged <6 months [4, 5]. Preterm infants, de-
fined as those born at <36 weeks’ completed gestational age 
(wGA), are at higher risk of severe RSV infection requiring 
hospitalization because of incomplete pulmonary maturation 
and a relatively immature immune system. In clinical trials, 
passive immunoprophylaxis with palivizumab (SYNAGIS, 
AbbVie Inc., Saint-Laurent, Quebec, Canada) has been shown 
to be safe and effective at preventing RSV-associated hospital-
ization in the following specific high-risk infant groups: those 
with bronchopulmonary dysplasia, a history of prematurity 
(≤35 wGA), or hemodynamically significant congenital heart 
disease [6–8]. In Canada, palivizumab has been approved for 
the prevention of severe RSV disease in these high-risk popula-
tions since 2002 [9].

In 2015, the Canadian Paediatric Society modified their re-
commendations to limit palivizumab immunoprophylaxis to 
infants born at <30 weeks and 0  days unless they have other 
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significant comorbidities [10]. Because healthcare is a provin-
cial/territorial jurisdiction in Canada, each province/territory 
defines their palivizumab immunoprophylaxis eligibility cri-
teria. Before the 2015–2016 RSV season, Quebec infants born 
at 33–35 wGA (33 weeks and 0  days through 35 weeks and 
6 days of GA) without other qualifying comorbidities and aged 
<6 months at the start of RSV season or born during the RSV 
season were eligible for palivizumab immunoprophylaxis if 
they scored moderate to high risk on a Canadian risk scoring 
tool for RSV hospitalization (RSV-H) (Supplementary Table 1), 
developed and validated in this population [11, 12]. Effective 
September 2015, the Quebec Ministry of Health revised the 
immunoprophylaxis program, and infants born at 33–35 wGA 
without other qualifying comorbidities were no longer eligible 
[13, 14].

We assessed the impact of withdrawal of this indication 
on the incidence of presumed or confirmed RSV-associated 
LRTI hospitalizations (LRTI/RSV-H; defined as laboratory-
confirmed RSV-associated hospitalization or LRTI hospitali-
zation when RSV was circulating in the community and for 
which no RSV testing was performed) in Quebec infants born 
at 33–35 wGA without other qualifying comorbidities and aged 
<6 months at the start of or born during the RSV season. We 
hypothesized that the change in provincial immunoprophylaxis 
inclusion criteria would result in an increase in LRTI/RSV-H 
incidence. Our primary objective was to compare the inci-
dence of LRTI/RSV-H among Quebec infants born at 33–35 
wGA and aged <6 months at the start of or born during the 
RSV season for 2015–2016 (RSV season 3)  and 2016–2017 
(RSV season 4) vs 2013–2014 (RSV season 1) and 2014–2015 
(RSV season 2). Our secondary objectives were to compare 
the incidence of laboratory-confirmed RSV-H in RSV seasons 
3/4 with RSV seasons 1/2 and to describe the clinical course of 
LRTI/RSV-H.

METHODS

Study Design and Setting

We performed a multicenter, retrospective, cohort study in 
25 hospitals from various geographic regions in the province 
of Quebec, Canada, during 4 RSV seasons, from 2013 to 2017. 
As per Quebec’s Ministry of Health RSV immunoprophylaxis 
guidelines, the start of RSV season was defined as 1 November 
of a given year and end-of-season as 30 April of the following 
year. Thus, season 1 was defined as 1 November 2013 to 30 April 
2014, season 2 as 1 November 2014 to 30 April 2015, season 3 as 
1 November 2015 to 30 April 2016, and season 4 as 1 November 
2016 to 30 April 2017. Seasons 1/2 were jointly considered the 
period of palivizumab immunoprophylaxis, whereas seasons 
3/4 were jointly considered the period without palivizumab 
immunoprophylaxis.

Five of the 25 study hospitals were “birthing” hospitals, as 
they perform deliveries but do not readmit infants after birth 
hospitalization discharge. The 5 birthing hospitals are in the 
catchment areas of the 20 other study centers that perform de-
liveries and also admit children outside the newborn period. 
Infants born at any of the study hospitals are thus reasonably ex-
pected to be hospitalized at a study hospital should they require 
medical admission. All 4 pediatric university-affiliated tertiary/
quaternary care centers in Quebec participated in the study.

Study Population

We included all otherwise healthy infants born at 33–35 wGA 
and aged <6 months at the start of or born during RSV seasons 
1, 2, 3, or 4 and hospitalized to 1 of the study centers for LRTI/
RSV-H (presumed or confirmed RSV-associated LRTI hospital-
ization) during study seasons 1 to 4. We defined LRTI/RSV-H as 
laboratory-confirmed RSV-associated hospitalization or LRTI 
hospitalization when RSV was circulating in the community and 
for which no RSV testing was performed. Cases of LRTI/RSV-H 
were identified by querying hospital discharge abstract data-
bases using LRTI- and RSV-specific International Classification 
of Diseases-10 discharge diagnosis codes for nonspecific bron-
chiolitis, bronchitis, or pneumonia and for RSV bronchiolitis, 
RSV acute bronchitis, RSV pneumonia, RSV apnea, or RSV as 
a cause of disease classified elsewhere. We excluded patients 
with medical conditions that could otherwise be an indication 
for palivizumab prophylaxis, such as bronchopulmonary dys-
plasia, hemodynamically significant congenital heart disease, 
trisomy 21, cystic fibrosis, immunodeficiency, and neuromus-
cular disease with difficulty in handling secretions. To estimate 
the number of late preterm births in our study population, all 
infants born at 33–35 wGA and aged <6 months at the start of 
or born during 1 of the 4 RSV seasons (2013–2017) were identi-
fied from discharge abstract databases from the 25 participating 
hospitals.

Outcomes and Exposures

Our primary outcome was the incidence of LRTI/RSV-H. The 
secondary outcome was laboratory-confirmed RSV-H. Other 
secondary outcomes relating to LRTI/RSV-H included hospital 
length of stay (LOS), admission and LOS in a pediatric intensive 
care unit (PICU) or other special care unit, use of oxygen sup-
plementation, and respiratory support.

Our primary exposure variable was the time period, com-
paring seasons 1/2 (palivizumab immunoprophylaxis) with sea-
sons 3/4 (absence of immunoprophylaxis). Patient demographic 
and baseline characteristics (sex, gestational age at birth, birth 
month, Canadian RSV risk scoring tool classification [low vs 
moderate/high]) and intensity of the RSV season (defined as 
the area under the provincial laboratory surveillance epidemic 
curve of the weekly proportion of positive RSV tests reported to 
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the Quebec provincial respiratory virus laboratory surveillance 
program for each season [15]), were considered covariates.

Data Collection

Trained research personnel extracted data from the medical 
charts pertaining to patient demographics and birth hospi-
talization characteristics, presenting clinical manifestations, 
medical management, diagnostic tests, final disposition, and 
mortality. A  letter from the treating physician was sent to the 
parents or legal guardians of LRTI/RSV-H cases to inform them 
of the study and to obtain their approval to receive and com-
plete questionnaires about the LRTI/RSV-H and their child’s 
risk factors pertinent to the Canadian RSV risk scoring tool 
classification.

Sample Size Calculation

Our sample size calculation was predicated on practical and 
statistical considerations. We anticipated 20 participating study 
sites. Knowing that approximately 2400 preterm infants are 
born at 33–35 wGA in Quebec per year [16], we conservatively 
estimated that during each of the 4 RSV study seasons, there 
would be approximately 850 eligible 33–35 wGA births identi-
fied. Assuming an incidence of LRTI/RSV-H in study partici-
pants of 2% in seasons 1/2 and 4% in seasons 3/4, we calculated 
91% power for the assessment of the difference in LRTI/RSV-H 
incidences between study periods using a 2-sided χ 2 test with 
an α of 0.05.

Statistical Analyses

Statistical analyses were performed in SAS version 9.4 (SAS 
Institute, Cary, NC). Descriptive statistics were performed, 
including number of observations, mean (with standard devi-
ation), median (with interquartile range) for continuous vari-
ables, and absolute and relative frequencies for categorical 
variables. Data were described separately for each of the 2 time 
periods (RSV seasons 1/2 and RSV seasons 3/4). In addition, the 
subgroup of moderate- to high-risk late preterm births as per 
the Canadian RSV risk scoring tool were analyzed descriptively.

Multivariable logistic regression was performed to eval-
uate the association between the study period (seasons 1/2 vs 
seasons 3/4) and the hospitalization outcomes (LRTI/RSV-H 
and RSV-H) after adjusting for relevant confounders deter-
mined a priori (sex, gestational age at birth, birth month). 
Sensitivity analyses were performed that were adjusted for 
RSV season intensity using that season’s epidemic curve’s 
area under the curve (AUC) (calculated using the logarithmic 
trapezoidal method applied to weekly provincial RSV sur-
veillance data); restricted to male infants born in November–
December–January (these infants are attributed at least 36 of 
a possible 100 points on the Canadian RSV risk scoring tool); 
or restricted to calendar weeks where provincial RSV test 
positivity was ≥10%. Adjusted odds ratios (aOR) and 95% 

confidence intervals (CIs) were calculated. The χ 2 test was 
used to compare proportions where appropriate. A 2-tailed P 
value < .05 was considered statistically significant.

Ethics

The McGill University Health Centre Research Ethics Board, 
Montreal, Canada, approved the study; authorization to con-
duct the research was obtained from each participating insti-
tution. The requirement of informed consent was waived for 
medical records review. Parents or legal guardians needed to 
provide consent to answer the questionnaire on underlying 
RSV disease severity risk factors.

RESULTS

Incidence of LRTI/RSV-H and RSV-H

We identified 6457 eligible 33–35 wGA births (Table 1) repre-
senting approximately 67% of all 33–35 wGA births in Quebec 
during the 4-year study period. LRTI/RSV-H occurred in 105 of 
3353 infants (3.13%) in seasons 1/2 compared with 130 of 3104 
(4.19%) in seasons 3/4 (OR, 1.36; 95% CI, 1.04–1.77). Overall, 
86.4% of LRTI/RSV-H were laboratory-confirmed RSV-H (97 
of 105 [92.4%] in seasons 1/2 vs 106 of 130 [81.5%] in seasons 
3/4; P = .16), representing an RSV-H incidence of 2.89% in sea-
sons 1/2 compared with 3.41% in seasons 3/4 (OR, 1.19; 95% 
CI, 0.90–1.75).

Patient Demographics and Baseline Characteristics

Patient demographics and birth hospitalization characteristics 
were similar in seasons 1/2 and seasons 3/4 (Table 2). Overall, 
57.4% were male, mean birth weight was 2351 g, 18.5% were 
born at 33 0/7–33 6/7 wGA, 32.7% were born at 34 0/7–34 6/7 
wGA, 48.8% were born at 35 0/7–35 6/7 wGA, and 68.1% were 
singleton births.

A questionnaire to assess the study patient’s risk of RSV-H 
by the Canadian RSV risk scoring tool was completed by the 
parent or guardian of 54 of 105 infants (51.4%) in seasons 1/2 

Table 1.  Incidence of Lower Respiratory Tract Infection/Respiratory 
Syncytial Virus Hospitalizations (RSV-H) and Laboratory-Confirmed RSV-H 
by Season Among Preterm Infants Born at 33 to 35 Completed Weeks’ 
Gestational Age

Characteristic Season 1 Season 2 Season 3 Season 4

Total LRTI/RSV-H 45 60 58 72

  Total births (33–35 wGA) 1697 1656 1633 1471

  Incidence by season, % 2.65 3.62 3.55 4.89

  Incidence by period, % 3.13 4.19

Total laboratory-confirmed RSV-H 42 55 41 65

  Total births (33–35 wGA) 1697 1656 1633 1471

  Incidence by season, % 2.47 3.32 2.51 4.42

  Incidence by period, % 2.89 3.41

Abbreviation: LRTI/RSV-H, lower respiratory tract infection/respiratory syncytial virus hospitalizations; wGA, 
weeks’ gestational age.
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and 62 of 130 infants (47.7%) in seasons 3/4. According to the 
risk scoring tool [12], in seasons 1/2 and seasons 3/4, respec-
tively, 68.5% and 56.5% were considered low risk, 14.8% and 
19.4% moderate risk, 13.0% and 22.6% high risk. The per-
centage of infants with LRTI/RSV-H classified as moderate to 
high risk increased from 27.8% to 41.9% (P = .11) when com-
paring seasons 1/2 with seasons 3/4.

LRTI/RSV-H Characteristics

Mean ages at LRTI/RSV-H were 16.9 weeks and 15.3 weeks in 
seasons 1/2 and 3/4, respectively (Table  3). Mean LOSs were 
5.2 days and 6.0 days in seasons 1/2 and 3/4, respectively. Mean 
PICU admissions were 21.0% and 19.2% in seasons 1/2 and 3/4, 
respectively. Overall, approximately half of all infants required 
oxygen supplementation. In seasons 1/2 and seasons 3/4, re-
spectively, 12.4% and 10.0% of infants required invasive me-
chanical ventilation and 9.5% and 11.5% required noninvasive 
continuous positive airway pressure (Table  4). No in-hospital 
deaths were observed.

Among infants known to be moderate to high risk, we 
found similar hospitalization courses in seasons 1/2 and 
seasons 3/4, respectively, for total LOS (7.5 and 7.8  days), 
PICU admission (26.7% and 26.9%), mechanical ventilation 
(20.0% and 15.4%), and oxygen supplementation (66.7% 
and 65.4%).

Overall, the primary LRTI/RSV-H discharge diagnosis was 
pneumonia in 8.1% and bronchiolitis in 87.6%. Additional 
medical care received during LRTI/RSV-H, including tests, 
procedures, treatment, and professional consultations, are de-
scribed in Supplementary Table 2.

Consistent with 3 study hospital laboratories adopting pol-
ymerase chain reaction (PCR)–based RSV diagnostic testing 
during 2015–2017, the proportion of RSV-H cases tested 
by PCR increased modestly in seasons 3/4 (37.1% vs 48.1%; 
P = .11).

Impact of Withdrawal of Palivizumab Immunoprophylaxis on LRTI/RSV-H 
and RSV-H

In multivariable logistic regression analyses adjusting for clin-
ically relevant confounders selected a priori (Table 5), infants 
born at 33–35 wGA were at significantly greater odds of LRTI/
RSV-H in seasons 3/4 compared with seasons 1/2 (aOR, 1.36; 
95% CI, 1.04–1.76). Birth month of November–December–
January was the only other variable significantly associated 
with LRTI/RSV-H (aOR, 1.62; 95% CI, 1.23–2.14). The odds of 
RSV-H were greater in seasons 3/4, but this association did not 
reach statistical significance (aOR, 1.19; 95% CI, 0.90–1.58).

In sensitivity analyses, logistic regression models (Table 5) 
that additionally adjusted for the intensity of RSV circula-
tion in Quebec during each season (Supplementary Figure 1) 
showed a significant increase in the odds of LRTI/RSV-H in 
seasons 3/4 compared with seasons 1/2 (aOR, 1.57; 95% CI, 
1.18–2.11). Similarly, after adjusting for seasonal intensity, we 
found the odds of RSV-H to be significantly greater in seasons 
3/4 (aOR, 1.50; 95% CI, 1.11–2.03). Further sensitivity analyses 
(Supplementary Tables 3–6) all showed similar point estimates 
consistent with increased risk of LRTI/RSV-H and RSV-H in 
seasons 3/4 but with wider 95% CIs when restricting to males 
born in November–December–January due to a much smaller 
sample size.

DISCUSSION

In this Quebec-wide cohort study, in the 2 seasons following 
the provincial withdrawal of eligibility for palivizumab 
immunoprophylaxis among infants born 33–35 wGA aged 
<6 months at the start of or born during RSV season, we ob-
served an increase of approximately 30% in LRTI/RSV-H inci-
dence (aOR, 1.36; 95% CI, 1.04–1.76), thereby demonstrating a 
significant impact of the change in recommendations.

A smaller increase in laboratory-confirmed RSV-H that did 
not reach statistical significance (aOR, 1.19; 95% CI, 0.90–1.58) 
was seen in multivariable regression analyses adjusting for 
prespecified confounders. Sensitivity analyses that also ad-
justed for RSV seasonal intensity in Quebec showed a signifi-
cant increase in the incidence of LRTI/RSV-H (aOR, 1.57; 95% 
CI, 1.18–2.11) and of laboratory-confirmed RSV-H (aOR, 1.50; 
95% CI, 1.11–2.03) in seasons 3/4.

The percentage of LRTI/RSV-H that were laboratory-
confirmed RSV-H declined from 92.4% in seasons 1/2 to 81.5% 
in seasons 3/4. We hypothesize that this increase in the propor-
tion of untested and unconfirmed LRTI cases coincides with 

Table 2.  Patient Demographics and Baseline Characteristics Among 
Preterm Infants Born at 33 to 35 Completed Weeks’ Gestational Age With 
Subsequent Lower Respiratory Tract Infection/Respiratory Syncytial Virus 
Hospitalizations 

Characteristic
Seasons 1 and 2 

(n = 105)
Seasons 3 and  

4 (n = 130)

Male sex 62 (59.0) 73 (56.2)

Birth weight, mean (SD), g 2363.5 (424.6) 2341.1 (500.7)

Gestational age at birth, weeks’ gestational age   

  33 0/7–33 6/7 20 (19.0) 22 (16.9)

  34 0/7–34 6/7 34 (32.4) 46 (35.4)

  35 0/7–35 6/7 51 (48.6) 62 (47.7)

Singleton birth 75 (71.4) 85 (65.4)

Respiratory support needed during hospitalizationa 37 (35.2) 47 (36.2)

Length of stay, mean (SD), days 13.5 (10.1) 14.8 (10.7)

Birth month (November, December, January) 30 (28.6) 50 (38.5)

Moderate to high risk of respiratory syncytial virus 
severe diseaseb

15/54 (27.8) 26/62 (41.9)

Values are presented as n (%) of patients unless otherwise noted.
Abbreviation: SD, standard deviation.
aDefined as invasive or noninvasive mechanical ventilation or high-flow air (>2 L/min) by nasal cannula/nasal 
prongs.
bCanadian respiratory syncytial virus risk scoring tool classification [12]. Among patients whose parent/
guardian responded to a questionnaire: 54 of 105 infants in seasons 1/2 and 62 of 130 infants in seasons 3/4.

http://academic.oup.com/jpids/article-lookup/doi/10.1093/jpids/piaa046#supplementary-data
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a directive from the Quebec College of Physicians issued in 
November 2015 to stop routine screening for RSV in cases of 
hospitalized bronchiolitis [17], as recommended by bronchi-
olitis clinical practice guidelines [18]. This directive regarding 
diagnostic testing in bronchiolitis was also evidenced in our 
population by a decrease in ordering of tests for other respiratory 

viruses from 58% in seasons 1/2 to 42% in seasons 3/4. These 
recommendations likely decreased our ability to detect RSV-H 
in seasons 3/4, as laboratory confirmation was dependent on 
clinician testing. On the other hand, RSV-H detection may 
have been enhanced in seasons 3/4 because 3 hospital labora-
tories changed RSV diagnostics from rapid antigen testing to 

Table 4.  Use of Respiratory Support in Lower Respiratory Tract Infection/Respiratory Syncytial Virus Hospitalizations Among Preterm Infants Born at 33 
to 35 Completed Weeks’ Gestational Age

Characteristic
All Lower Respiratory Tract Infection/Respiratory Syncytial Virus 

Hospitalizations Known Moderate/High Riska

 Seasons 1 and 2 (n = 105) Seasons 3 and 4 (n = 130) Seasons 1 and 2 (n = 15) Seasons 3 and 4 (n = 26)

Respiratory support neededb 43 (41.0) 46 (35.4) 9 (60.0) 14 (53.8)

Conventional mechanical ventilation 13 (12.4) 13 (10.0) 3 (20.0) 4 (15.4)

  Mean number of days 4.8 6.1 2.7 7.0

CPAP (invasive) 3 (2.9) 3 (2.3) 1 (6.7) –

  Mean number of days 1.7 1.3 2.0 …

CPAP (noninvasive) 10 (9.5) 15 (11.5) 6 (23.1) 8 (19.5)

  Mean number of days 3.1 5.3 8.0 3.5

High-frequency oscillatory ventilation 0 3 (2.3) 0 1 (3.8)

  Mean number of days … 3.0 … 2.0

High-flow air 10 (9.5) 19 (14.6) 0 4 (15.4)

  Mean number of days 2.0 2.2 … 1.8

Other (not intubated) 24 (22.9) 24 (18.5) 7 (46.7) 12 (46.2)

  Mean number of days 3.3 3.6 3.0 4.7

Oxygen supplementation needed 52 (49.5) 69 (53.1) 10 (66.7) 17 (65.4)

  Mean number of days 4.0 4.4 4.4 6.4

All values are presented as n (%) of patients unless otherwise noted.
Abbreviation: CPAP, continuous positive airway pressure. 
aCanadian respiratory syncytial virus risk scoring tool classification [12]. Classification performed among patients whose parent/guardian responded to a questionnaire: 54 of 105 infants in seasons 1/2 and 62 of 130 infants in 
seasons 3/4. All other data are from the patients’ hospitalization records.
bDefined as invasive or noninvasive mechanical ventilation or high-flow air (>2 L/min) by nasal cannula/nasal prongs.

Table 3.  Level and Duration of Hospital Care of Lower Respiratory Tract Infection/Respiratory Syncytial Virus Hospitalizations Among Preterm Infants 
Born at 33 to 35 Completed Weeks’ Gestational Age 

Characteristic
All Lower Respiratory Tract Infection/Respiratory Syncytial Virus 

Hospitalizations Known Moderate/High Riska

 Seasons 1 and 2 (n = 105) Seasons 3 and 4 (n = 130) Seasons 1 and 2 (n = 15) Seasons 3 and 4 (n = 26)

Age at index hospitalization, mean, wk 16.9 15.3 10.8 12.9

Age at index hospitalization, median (IQR), wk 16 (7–24) 13 (8–23) 8.5 (4–15.5) 10 (7–12)

Total LOS, mean, days 5.2 6.0 7.5 7.8

Total LOS, median (IQR), days 4.0 (2–7) 4.0 (2–7) 7 (4–11) 5.5 (3–12)

Pediatric unit 96 (91.4) 120 (92.3) 15 (100) 23 (88.5)

  Median (IQR) number of days 3 (2–5) 3 (2–5) 5 (4–7) 3 (2–7)

Pediatric intensive care unit 22 (21.0) 25 (19.2) 4 (26.7) 7 (26.9)

  Median (IQR) number of days 4.5 (2–9) 6 (4–9) 5 (3.5–8) 6 (4–10)

Neonatal intensive care unit 1 (1.0) 5 (3.8) 1 (6.7) 1 (3.8)

  Median (IQR) number of days 4 (4–4) 19 (3–55) 4 (4–4) 19 (19–19)

Short stay unit 12 (11.4) 6 (4.6) 2 (13.3) 1 (3.8)

  Median (IQR) number of days 2 (1.5–2) 2 (1–2) 2 (2–2) 1 (1–1)

Other (emergency) 26 (24.8) 21 (16.2) 7 (46.7) 10 (38.5)

  Median (IQR) number of days 1 (1–1) 2 (1–2) 1 (1–2) 2 (2–2)

Values are presented as n (%) of patients unless otherwise noted.
Abbreviations: IQR, interquartile range; LOS, length of stay.
aCanadian respiratory syncytial virus risk scoring tool classification [12]. Classification performed among patients whose parent/guardian responded to a questionnaire: 54 of 105 infants in seasons 1/2 and 62 of 130 infants in sea-
sons 3/4. All other data are from the patients’ hospitalization records.
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more sensitive PCR-based methods during 2015–2017 [19, 20],  
resulting in an increase in PCR-confirmed RSV-H (from 
37.1% to 48.1%). It is unclear if the net result of these temporal 
changes in S3/S4 (decreased number of children tested, imple-
mentation of molecular testing for RSV) led to a net increase 
or a net decrease in the ability to detect laboratory-confirmed 
RSV-H compared with the first 2 seasons of our study. However, 
the primary study outcome of LRTI/RSV-H should not be bi-
ased by temporal changes in RSV test ordering or by laboratory 
methods used.

In the absence of immunoprophylaxis in seasons 3 and 4, 
we observed incidences of LRTI/RSV-H of 3.6% and 4.9%, re-
spectively, for a weighted average of 4.2%. Incidences reported 
for infants born at 33–35 wGA not receiving palivizumab 
from studies performed in Europe and North America have 
ranged from 2.1% to 14.7% [8, 11, 21–28], with several recent 
estimates centered around 4% [29–31]. Taken together, these 
findings show that despite significant advances in the neonatal 
care of premature infants, LRTI/RSV-H remains an important 
burden during the first year of life among 33–35 wGA infants. 
Moreover, LRTI/RSV-H presented substantial morbidity in our 
population, with 1 in 5 cases requiring PICU admission and ap-
proximately 10% requiring mechanical ventilation.

Given that the reported efficacy of palivizumab in prema-
ture infants without significant comorbidities is approximately 
80% [6, 8], we had conservatively anticipated an LRTI/RSV-H 
incidence of 2% in seasons 1/2, or approximately 50% of our 
expected incidence without prophylaxis. This would also be 
in line with 2006–2011 data from the Canadian Registry 
of Palivizumab (CARESS), which reported an RSV-H inci-
dence of 1.4% in healthy infants born at 33–35 wGA receiving 
palivizumab prophylaxis [32]. Our observed LRTI/RSV-H in-
cidences were 2.7% and 3.6% for seasons 1 and 2, respectively 
(weighted average of 3.1%). In our study, only a minority of 
infants in seasons 1/2 would have received palivizumab as in-
dicated by the Canadian risk scoring tool [12]. Unfortunately, 
we had no means by which to reliably collect individual patient 

data on palivizumab immunoprophylaxis in our cohort of 6457 
births at 33–35 wGA. However, province-wide among the esti-
mated 2400 births at 33–35 wGA yearly in Quebec, an average 
of only 305 infants without other qualifying comorbidities re-
ceived palivizumab yearly during 2013–2014 to 2014–2015 [14]. 
Among these 2400 births, in the absence of other qualifying 
comorbidities, only those aged <6  months at the start of or 
born during the RSV season would have been evaluated for 
palivizumab eligibility. Using the Canadian risk scoring tool, 
Canadian studies of infants born at 33–35 wGA have reported 
that 19%–30% were classified as moderate to high risk [11, 33]. 
Because the data required for risk scoring are not available in 
a patient’s birth hospitalization or LRTI/RSV-H medical chart, 
we do not know the distribution of risk categories in our base 
population or among all of our hospitalized cases. Nonetheless, 
data collected by parental questionnaire were available for ap-
proximately half of our LRTI/RSV-H. Among respondents, the 
percentage classified as moderate to high risk increased from 
28% to 42% in the latter 2 seasons. Healthcare utilization was 
particularly high among this subgroup in terms of hospital LOS 
(7.7 days) and percentage requiring PICU admission (27%) or 
mechanical ventilation (17%), suggesting that these infants are 
at risk of a more complicated hospital course.

This study is limited by its retrospective nature; the validity 
of our estimates relies on the accuracy of discharge diagnosis 
coding and on physician testing for RSV. Expected year-to-year 
variation in RSV burden may also confound results of before 
and after studies such as ours; however, sensitivity analyses 
adjusting for RSV season intensity confirmed our primary 
findings. Also, movement of children either into or out of the 
catchment areas of the 25 study hospitals could potentially af-
fect calculated hospitalization rates. However, there is no reason 
to believe that such movement would have been differential 
between S1/S2 and S3/4; consequently, it would not affect the 
observed impact of the change in recommendations. Finally, 
we could not ascertain from medical records the actual num-
bers of 33–35 wGA eligible births that received palivizumab 

Table 5.  Multivariable Logistic Regression Models for Lower Respiratory Tract Infection/Respiratory Syncytial Virus Hospitalizations (RSV-H) and for 
Laboratory-Confirmed RSV-H Among Preterm Infants Born at 33 to 35 Completed Weeks’ Gestational Age

Covariate LRTI/RSV-H Primary Model LRTI/RSV-H Adjustment for Season Intensity RSV-H RSV-H Adjustment for Season Intensity

Season intensity in Quebeca NA 4.42 (1.07–18.23) NA 12.15 (2.47–59.82)

Season group     

  Seasons 3 and 4 vs. seasons 1 and 2 1.36 (1.04–1.76) 1.57 (1.18–2.11) 1.19 (0.9–1.58) 1.50 (1.11–2.03)

wGA: 33 vs 35 0.99 (0.69–1.42) 0.98 (0.68–1.41) 0.98 (0.68–1.47) 0.98 (0.67–1.45)

wGA: 34 vs 35 1.05 (0.79–1.41) 1.06 (0.79–1.42) 1.10 (0.81–1.50) 1.11 (0.81–1.52)

Male sex 1.17 (0.90–1.54) 1.18 (0.91–1.54) 1.16 (0.87–1.54) 1.17 (0.88–1.55)

Birth month group of November, December, 
January vs other months

1.62 (1.23–2.14) 1.62 (1.23–2.14) 1.69 (1.26–2.26) 1.69 (1.26–2.27)

Values are presented as adjusted odds ratio (95% confidence interval).
Abbreviations: LRTI/RSV-H, lower respiratory tract infection/respiratory syncytial virus hospitalizations; NA, not applicable; wGA, weeks’ gestational age.
aDefined as the area under the provincial laboratory surveillance epidemic curve of the weekly proportion of positive RSV tests reported to the Quebec provincial respiratory virus laboratory surveillance program for each season. 
[https://www.canada.ca/en/public-health/services/surveillance/respiratory-virus-detections-canada.html]
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prophylaxis during seasons 1/2, nor their adherence to the 
dosing regimen. During that time, RSV immunoprophylaxis 
nurse coordinators working in centers that deliver and care for 
late preterm newborns were charged with identifying, enrolling, 
ordering, and sometimes providing injections for eligible in-
fants in Quebec. Because of this active program within Quebec’s 
publicly funded healthcare system, we expect that adherence to 
the palivizumab immunoprophylaxis program would have been 
high during seasons 1/2. In the CARESS registry, 83.8%–92.7% 
of Canadian infants receiving palivizumab were adherent to the 
recommended 5 injection intervals [34]. During seasons 3/4, no 
infants in the province of Quebec received palivizumab for the 
sole indication of 33–35 wGA birth (AbbVie, internal data).

In summary, in a province-wide study of more than 6000 
births and 235 LRTI/RSV-H among healthy infants born at 
33–35 wGA and aged <6 months at the start of or born during 
4 consecutive RSV seasons in Quebec, we observed a signifi-
cant increase in LRTI/RSV-H incidence that correlated with 
the timing of changes in provincial RSV immunoprophylaxis 
guidelines. The substantial burden of disease in this population 
warrants consideration for public health preventive strategies.

Supplementary Data
Supplementary materials are available at Journal of the Pediatric Infectious 
Diseases Society online.
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