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SUMMARY

Background: The WHO is exploring the value of adding RSV testing to existing influenza
surveillance systems to inform RSV control programs. We evaluate the usefulness of four
commonly used influenza surveillance case-definitions for influenza and RSV surveillance.

Methods: SHIVERS, a multi-institutional collaboration, conducted surveillance for influenza
and RSV in four New Zealand hospitals. Nurses reviewed admission logs, enrolled patients with
suspected acute respiratory infections (ARI), and obtained nasopharyngeal swabs for RT-PCR. We
compared the performance characteristics for identifying laboratory-confirmed influenza and RSV
severe acute respiratory infection (SARI), defined as persons admitted with measured or reported
fever and cough within 10 days of illness, to three other case definitions: 1. reported fever and
cough or shortness of breath, 2. cough and shortness of breath, or 3. cough.

Results: During April-September 2012-2016, SHIVERS identified 16,055 admissions with ARI;
of 6374 cases consented and tested for influenza or RSV, 5437 (85%) had SARI and 937 (15%)
did not. SARI had the highest specificity in detecting influenza (40.6%) and RSV (40.8%) but the
lowest sensitivity (influenza 78.8%, RSV 60.3%) among patients of all ages. Cough or shortness
of breath had the highest sensitivity (influenza 99.3%, RSV 99.9%) but the lowest specificity
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(influenza 1.6%, RSV 1.9%). SARI sensitivity among children aged <3 months was 60.8% for
influenza and 43.6% for RSV-both lower than in other age groups.

Conclusions: While SARI had the highest specificity, its sensitivity was limited, especially
among children aged <3 months. Cough or shortness of breath was the most sensitive.

Keywords

Respiratory syncytial virus; Influenza; WHO; Clinical; Symptoms; Case definition; Shivers; New
Zealand

Background

The World Health Organization (WHO) is exploring the value of adding respiratory
syncytial virus (RSV) testing to existing influenza surveillance systems.l: 2 RSV and
influenza cause severe disease and mortality worldwide especially among those at the
extremes of age.3> Influenza vaccines are used to prevent influenza,® and several influenza
antiviral medications are available for treatment.” Immunoprophylaxis through humanized
monoclonal antibody (mAb) palivizumab is currently the only licensed preventative strategy
for RSV. However, due to its requirement of monthly dosing and high costs, its use is limited
to high-risk infants.8 There are however several RSV vaccines, new mAbs, and treatments in
clinical trials and preclinical development.? In anticipation of new technologies to prevent or
treat RSV, there has been a call to strengthen global RSV surveillance?; however, the utility
of using existing influenza surveillance systems to monitor RSV is not well understood.

The Global Influenza Surveillance and Response System (GISRS) network comprises 143
institutions in 115 WHO member states.11 The objectives of GISRS are to monitor and
characterize influenza viruses globally, identify candidate vaccine viruses for seasonal and
pandemic vaccines, and serve as an alert system for the deployment of countermeasures to
mitigate epidemics. Surveillance efforts can be costly and require use of case definitions that
balance sensitivity and specificity to identify viruses and generate epidemiologic signals to
guide response at minimal cost. WHO defines severe acute respiratory infection (SARI) as
an illness with measured or reported fever AND a cough with onset within the last 10 days
requiring hospitalization, and it recommends the use of this SARI case definition to identify
influenza-like illness or illness due to influenza among hospitalized patients.12 13

WHO is piloting the use of GISRS to monitor RSV.2 14 The primary objectives of the WHO
Global RSV surveillance pilot are to test case definitions for RSV infection in different age
groups, assess incremental costs of RSV testing, standardize laboratory procedures, identify
RSV seasonality, determine age and risk groups for severe illness, and generate evidence
for policy-making. Using a successful, long-established influenza surveillance platform to
monitor RSV might cost-effectively accomplish some objectives without disrupting ongoing
influenza surveillance. Limited data from phase 1 of the WHO pilot suggest that SARI case
definitions are not optimal for RSV surveillance,1® and few other published studies have
investigated the performance of influenza surveillance case definitions for the detection of
RSV illnesses.
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The WHO pilot data and cohorts in South Africa, Kenya, and India suggest that the

SARI case definition fever criterion might exclude 20%-50% of laboratory-confirmed
hospitalized influenza and RSV illnesses among very young children,15-18 and a substantive
proportion of RSV illnesses among older adults.1® 20 SARI and other commonly used
influenza surveillance case definitions might therefore be of limited utility for some WHO
Global RSV Surveillance objectives. We used data from the Southern Hemisphere Influenza
and Vaccine Effectiveness Research and Surveillance (SHIVERS) study to evaluate the
sensitivity and specificity of four variants of the WHO SARI case definition; as secondary
objectives, we sought to identify those best suited to monitor influenza viruses sustainably
among persons of all ages while fulfilling other RSV pilot objectives.

The shivers study

SHIVERS data offer an opportunity to evaluate case definitions for inpatient surveillance of
laboratory-confirmed RSV and influenza. SHIVERS was a 5-year (2012-2016) multiagency
and multidisciplinary study of influenza and other respiratory pathogens in Auckland, New
Zealand.?! SHIVERS conducted hospital-based surveillance for influenza and RSV during
the April-September austral winter in four hospitals in the Auckland region, as described
previously.?! New Zealand has a government-subsidized healthcare system and integrated
data systems that allowed SHIVERS to account for every acute respiratory overnight
hospital admission in the study population.

SHIVERS enrollment and consent processes

During 2012-2016, SHIVERS sought to enroll all patients of any age who met the SARI
case definition (measured or history of fever and cough within the previous 10 days), and
a systematic sample of up to 50% of those with suspected acute respiratory infection (ARI)
who did not meet the SARI case definition (non-SARI ARI). Study nurses working in
each hospital reviewed patient logs daily to identify suspected ARI cases using admission
diagnoses and clinical judgement.

For all identified ARI case patients (suspected SARI and suspected non-SARI), verbal
consent was sought for participation in the study, a case report form was completed,

and nasopharyngeal specimens collected for laboratory testing. Laboratory testing of

swabs for RSV and influenza detection was conducted at ESR using the US Centers for
Disease Control and Prevention’s (CDC) RT-PCR protocol; additional influenza testing was
conducted using AusDiagnostic PCR.22 Recruitment of cases occurred during the last week
of April through the end of September each year, coinciding with the annual influenza?® and
RSV epidemic periods in New Zealand.24

Case definitions used in this analysis

We evaluated variations of the SARI case definition proposed by WHO or used in the
literature for influenza and RSV identification.l: 11 The 2014 WHO definition of SARI cases
was persons admitted to hospital with measured or reported fever AND a cough within 10
days of illness onset.13 We tested three alternate case definitions (Table 1). The first was
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Modified SARI case definition: persons admitted to hospital with measured or reported fever
AND cough or shortness of breath (heretofore: fever-plus-cough-or-shortness of breath). The
second was hospitalized illness with cough, which WHO calls Extended SAR/ in their pilot
for Global Respiratory Syncytial Virus Surveillance (heretofore: cough).! The third was the
Modified ARI case definition: persons admitted to hospital with cough OR shortness of
breath (defined as increased work of breathing). All three required hospitalization within 10
days of illness onset. These last two case definitions exclude fever as a condition for case
status. Case definitions were ascertained by study nurses, who used the case report form,
observations, interview with the patient or a proxy and medical charts to determine which
case definitions were met.

Statistical analysis

We analyzed overnight admissions with ARI that consented, were tested for influenza or
RSV, had symptom onset within 10 days of hospital admission, and had no missing data for
fever, cough or shortness of breath.

We stratified descriptive analyses by age (< or >= 5 years) and all other analyses by the
following age categories: <3 months, 3-5 months, 6-11 months, 12-23 months, 24-59
months, and 5-17, 18-64, and =65 years, as presentation of influenza and RSV varies by
age.16 We compared the numbers of cases tested and positive for influenza and RSV by
age, sex, ethnicity, underlying medical conditions, time from symptom onset to hospital
admission, influenza type/subtype/lineage, and RSV subtype using chi-square tests with the
surveyfreq procedure in SAS.

Analyses of the association between specific symptoms and PCR positivity, and of the
performance characteristics of the case definitions were weighted to account for the higher
proportion consented, tested, and with complete data among those with suspected SARI than
those with suspected non-SARI (See Fig. 1 and appendix for calculations). We estimated
the relative risk (RR) of PCR-confirmed influenza or RSV for patients with versus without
specific symptoms, signs, or combinations of these used in case definitions. We calculated
sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV)
of each case definition for detection of PCR-confirmed influenza and RSV. We compared
these performance characteristics for each case definition across all age groups using chi-
square values calculated in the SAS surveyfreq procedure; the null hypothesis was that

for each case definition (e.g., SARI), the value for each characteristic (e.g., sensitivity)

was the same for each age group. Point estimates and confidence intervals for these
analyses were estimated using a bootstrap method by 1) sampling from the original dataset
with replacement to create 10,000 pseudo datasets of 16,055 records each, 2) calculating
sampling weights and point estimates for case definition performance characteristics in
each pseudo dataset, 3) generating distributions of the point estimates from 10,000 datasets,
and 4) using the 2.5 and 97.5 percentiles of distribution of the point estimate as the 95%
confidence interval. Data management and analyses were performed using SAS® 9.4 (SAS
Institute Inc., Cary, NC, USA).
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Ethics approval

Results

The New Zealand Ministry of Health Northern A Health and Disability Ethics Committee
(HDEC) approved the SHIVERS study (Ethics ref: NTX/11/11/102). CDC’s Internal
Review Board granted reliance on the Northern A HDEC approval (CDC protocol 6270).

Of 16,055 overnight admissions with ARI, 6374 consented, were tested for influenza or
RSV, had symptom onset within 10 days of hospital admission, and had no missing data for
fever, cough or shortness of breath. The analytic fractions included 5437 confirmed SARI
and 937 confirmed non-SARI cases (6374 total) that were tested for influenza and 5206
confirmed SARI and 920 confirmed non-SARI cases that were tested for RSV (6126 total)
(Fig. 1, Table 2). Proportions of RSV- and influenza-positive cases varied by age-group,
ethnicity, case definition, underlying medical conditions, time from symptom onset to
hospital admission, influenza type/subtype/lineage, and RSV subtype (Table 2).

The RR of laboratory-confirmed influenza and RSV varied by symptoms reported by the
patient within several age groups (Table 3). In children aged under 3 months, fever was not
associated with RSV (RR 0.9, 95%CI 0.7-1.1), although fever was associated with RSV
for all other age groups under 5 years. For children aged under 3 months, cough, difficulty
breathing runny nose, and wheezing were all associated with RSV (cough RR 13 0.5 95%
Cl 2.5-39.3; difficulty breathing RR 2.3 95% CI 1.4-4.0; runny nose RR 1.5 95%CI 1.0-
2.3; wheezing RR 2.1 95%CI 1.5-3.0). These symptoms were not associated with RSV in
other age groups. Conversely, fever was associated with influenza for children aged under 3
months (RR 4.2 95%CI 1.5-11.7), as well as all other age groups under 5 years, except for
3-5 months.

The majority (7= 5437 [85%]) of the 6374 persons tested for RSV and/or influenza met the
WHO SARI case definition of measured or history of fever and cough. Larger proportions of
tested patients met the three other case definitions under investigation; 86% (/7= 5486) met
the fever-plus-cough-or-shortness of breath case definition, 99% had cough (7= 6286), and
99% (n=6338) met the cough or shortness of breath case definition.

For both RSV and influenza, case definitions that included fever were more specific, while
case definitions that did not include fever were more sensitive. SARI was the most specific
case definition for the detection of influenza- and RSV-positive cases, followed by fever plus
cough or shortness of breath (SARI specificity = 40.6% and 40.8%, respectively, fever plus
cough or shortness of breath specificity = 38.3% and 38.3%, respectively) (Table 4). The
cough or shortness of breath case definition was the most sensitive for detection of influenza
and RSV across all age groups. For both influenza and RSV, sensitivity of SARI was lowest
and specificity was highest in the youngest and oldest age groups (influenza age <3 months:
sensitivity [61%, 95% CI: 40-78] specificity [57%, 95% CI: 55-65]; influenza age > 65
years: sensitivity [63%, 95% ClI: 51-77] specificity [52%, 95% CI: 45-57]; RSV age <3
months: sensitivity [60%, 95% CI: 68-76] specificity [41%, 95% CI: 38-43]; RSV age > 65
years: sensitivity [54%, 95% CI: 38—74] specificity [49%, 95% CI: 43-54].
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Chi squared tests indicated that values for each performance characteristic (e.g., sensitivity)
were not the same across all age groups for each case definition for influenza or for RSV (p
< 0.001 for each performance characteristic).

Conclusion

We evaluated the performance characteristics of four influenza surveillance case definitions
in identifying hospitalized patients with laboratory-confirmed Influenza or RSV illness. The
SARIand fever plus cough or shortness of breath case definitions, both of which include
fever, had the highest specificity to identify absence of influenza and RSV illnesses and the
highest PPV. Surveillance systems designed to primarily identify viruses for vaccine strain
selection might benefit from using these more specific case definitions because samples
from these case-patients would be more likely to test positive and yield viruses for vaccine
strain selection than those of patients meeting more sensitive case definitions.! Systems
using such specific case definitions to identify patients for respiratory sampling may require
fewer resources to identify a similar number of viruses than systems using more sensitive
case definitions. Although less sensitive, specific case definitions still allow public health
officials to pursue common surveillance objectives like timing influenza and RSV activity,
establishing epidemic thresholds, and identifying risk groups disproportionately seeking
care.

Although definitions including fever had the highest specificity, specificity was relatively
low for these case definitions in all age groups for both influenza and RSV, including

the youngest age group, which is the group of most concern. Utility of these definitions

for surveillance for purposes other than virus identification might be improved by adding
additional symptoms or testing all children in the highest risk age group for RSV. The public
health community should continue to explore the fitness of these and other case-definitions
in order to optimize surveillance systems.

The cough and cough or shortness of breath case definitions, neither of which include
fever, had the highest sensitivity for both influenza and RSV. Sensitive case definitions

are useful for detecting the majority of influenza or RSV cases. They are useful in cohort
studies designed to quantify influenza and RSV burden and cost-effectiveness of prevention
or treatment modalities.2®> Highly sensitive case definitions, however, require additional
sampling to identify the same number of virus-positive cases compared to more specific
case definitions. The relatively low specificity of case definitions like the fever plus cough
or shortness of breath and cough might substantially increase testing cost of virologic
surveillance systems, affecting their sustainability.

Our data also indicate lower sensitivity of all four case definitions for influenza and RSV
for the youngest and oldest age groups, compared with other age groups. We recommend
that persons using respiratory case definitions to estimate influenza and/or RSV burden
adjust incidence calculations for the age-appropriate proportion of non-respiratory cases
missed by respiratory illness case definitions. Such adjustments will avoid substantially
underestimating the potentially preventable or treatable fraction of influenza and RSV
infections and cost/benefit ratios of interventions.
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Inclusion of measured or history of fever increases the specificity but decreases the
sensitivity of case definitions for influenza illnesses.13 Conversely, adding fever to a

case definition lowers sensitivity to identify PCR-confirmed influenza and RSV disease.
Platforms currently using respiratory illness case definitions that include measured fever (i.e.
SARI or fever plus cough or shortness of breath) should anticipate missing a proportion of
cases, especially among very young children, where RSV and influenza burden is typically
highest.* 16:19 A recent study in South Africa estimated the sensitivity for SARI for RSV

to be 55%-81% and specificity 27%-54% for all ages, with lowest sensitivity for infants
aged < 6 months.18 Our findings of sensitivity (60%, 95% Cl: 68-76) and specificity (41%,
95% Cl: 38-43) are similar, as are our findings of SARI having the lowest sensitivity in the
youngest age group. Analysis of data from the WHO RSV pilot study found that in infants
<6 months, fever was associated with lower odds of testing positive for RSV (OR 0.7; 95%
Cl: 0.6-0.9)1° ; similar findings were reported from studies in South Africa and Portugal.18:
26 1n our study in infants aged < 3 months, we found a similar but not statistically significant
association between fever and RSV (RR 0.9, 95% CI: 0.7-1.1).

In our study, SARI sensitivity for RSV was only 44% among children aged <3 months,
suggesting that in burden of disease estimates, case definitions including fever would result
in under-ascertainment of RSV for young age groups. Case definitions with fever, however,
have minimal impact on key WHO influenza surveillance objectives such as identifying
novel viruses with pandemic potential and establishing epidemic thresholds, timing, and
severity. As such, data with fewer false positives, i.e. from more specific case definitions,
may be more useful for these surveillance objectives.13

Our data suggest clinical diagnosis, based solely on a single symptom or a surveillance
case definition, are of limited utility for diagnosing influenza and/or RSV if not followed
by laboratory confirmation even during epidemics when their positive predictive value is
highest. For example, only one-quarter of persons admitted to the hospital with febrile
respiratory illnesses during New Zealand’s influenza epidemic period had PCR-confirmed
influenza?’; the other three quarters likely included persons with other etiologies for their
respiratory illness and a few influenza false negatives. Conversely, assuming afebrile cases
were not influenza illnesses would have misled clinicians into concluding that these cases
would not have benefited from influenza antivirals.

Previously published analyses of New Zealand surveillance data from 2012 to 2016 confirm
that influenza and RSV viruses cause substantial disease burden.3 24 During the New
Zealand winter, approximately 2 out of 5 hospitalized children aged <5 years with ARI
were RSV positive and more than half (55%) of RSV-positive hospital admissions occurred
among infants aged <1 year. These findings are consistent with our data and global models
suggesting that young infants aged <6 months have the highest burden of acute lower
respiratory infections attributable to RSV.3 An additional quarter of SHIVERS-enrolled
hospitalized patients aged =5 years had a laboratory-confirmed influenza ARI. These
hospitalizations were likely associated with substantive direct and indirect medical cost

to affected families and New Zealand’s single-payer healthcare system. Influenza and RSV
disease burden estimates can also be used to evaluate the cost benefit of prevention and
mitigation practices for other age groups, empiric antivirals for persons hospitalized with
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respiratory illness during influenza season, and current or future monoclonal antibodies and
vaccines for infants.

Our analyses have important limitations. SHIVERS identified 16,055 overnight admissions
with suspected ARIs, of which half did not meet the SARI case definition. Fewer than

one in eight non-SARI patients were enrolled and tested in our study. We weighted our
analyses to compensate for this differential enrollment, but the weighting required assuming
that records with full data were representative of those with missing data, and the validity
of this assumption is unknown. Enrolling a greater proportion of non-SARI cases would
have improved the accuracy of results. Enrolling only patients who were admitted overnight
was done to reduce potential misclassification in hospitalization status, but it might bias

the results towards more severe illnesses than if we had not included this condition. The
probability of testing positive for influenza might be slightly lower in a set of more

severe cases compared with those who seek only outpatient care. Although the four case
definitions we studied captured the majority (>80%) of hospitalized patients with suspected
ARI, they relied on only three signs and/or symptoms (i.e., fever, cough, and difficulty
breathing). Case definitions based on other symptoms were not considered because the
literature at the 2012 start of our study suggested these three symptoms were most likely

to predict influenza ARI.2L It is possible that including signs and symptoms like apneal: 1°
might have identified additional RSV and influenza case patients among the very young,
including SPO, might have improved case definition performance, and including respiratory
rate would be useful to explore the subset of cases that might have lower tract disease.
However, the tradeoff is creating a more complicated case definition that may be difficult

to implement systematically on a global scale. Although the cough or shortness of breath
case definition and cough are sensitive for identifying influenza, some very young or old
individuals with influenza illness can present for care without respiratory symptoms,28: 29
Multi-country cohort data suggest that one-third of hospitalized influenza-positive infants
are discharged with non-respiratory diagnoses including like febrile seizures, sepsis-like-
syndrome, or dehydration.1” Similarly, adults with influenza might not present with fever or
have respiratory complaints,3 and present to hospitals too late to test positive for respiratory
viruses through rt-PCR. Presentation of RSV disease can also vary with age; very young
children tend to present with lower respiratory tract illness symptoms and wheezing, and
fever is less common in this age group compared with older children and adults.18: 31 Older
children tend to present with upper respiratory tract illness symptoms. RSV tends to have
less fever and fewer systemic symptoms than influenza thus, clinical case definitions may
perform differently for influenza and RSV.3!

Respiratory virus surveillance is useful in monitoring and anticipating influenza and RSV
epidemics, assessing epidemic severity, and evaluating the value of programs to prevent
and/or mitigate associated illnesses.1® Respiratory case definitions typically used or piloted
by global stakeholders perform significantly differently among different age groups.12
16,19 Clinicians, public health officials, and research investigators might benefit from
understanding their different sensitivity and specificity. Public health officials operating
surveillance systems whose primary purpose is to identify viruses for vaccine strain
selection might choose case definitions with a high PPV such as SAR/ that are more likely
to include laboratory-confirmed influenza and RSV. Conversely, investigators primarily
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interested in estimating influenza and/or RSV burden might choose sensitive respiratory
(e.g., cough or cough or shortness of breath case definitions) or even non-respiratory illness
case definitions that miss few illnesses, followed by serologic and/or molecular laboratory
confirmation. Such a choice is particularly important in platforms designed primarily to
assess cost-effectiveness of influenza and RSV prevention or treatment modalities.
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Appendix: Calculations of weights to account for higher consenting and
testing of those with suspected SARI than those with suspected non-SARI.
Note that weights did not differ by age group among those with suspected
SARI, so one weight was used for all ages

C5: C7: Non-
Where C6: missing
Ca: symptom  Estimated dataon
Symptom  duration  number age, C10:
C2: C3: onset known, with symptoms, C8: C9: Weight
Symptom  Symptom unknown fraction symptoms and Consented  Consented for

Cl: All onset 0- onset >10 or 0-10 0-10, symptom and tested  and tested  analysis

admissions 10 days days missing days days duration for flu for RSV of flu
Suspected
SARI
All ages 7660 5694 34 1925 0.99 7615 5651 5393 5162 141
Suspected
non-
SARI
<1 year 1703 475 119 1109 0.80 1362 468 434 424 3.14
1-17 1458 288 114 1056 0.72 1045 287 252 248 4.14
years
18-64 2122 148 184 1790 0.45 946 147 144 143 6.57
years
>—65 3084 155 139 2790 0.53 1626 153 151 149 10.77
years
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C5: C7: Non-
Where C6: missing
C4: symptom Estimated dataon
Symptom  duration  number age, C10:
C2: C3: onset known, with symptoms, C8: Co: Weight
Symptom  Symptom unknown fraction symptoms  and Consented Consented for
C1: All onset 0— onset >10 or 0-10 0-10, symptom and tested  and tested  analysis
admissions 10 days days missing days days duration for flu for RSV of flu

Missing 28 10 0 25 0 0 0

Subtotal 8395 1076 556 6770 1055 981 964

Total 16,055 6770 590 8695 6706 6374 6126
*

Assumes that the proportion with symptoms 0-10 days is the same in those with missing data as those with non-missing
data
*Kk

Calculations
C5 = C2/(C2+C3)
C6 = C1*C5
C10 =C6/C8
C11=C6/C9
References

1. WHO. WHO Global Respiratory Syncytial Virus Surveillance. 2018.
2. Broor Shobha, Campbell Harry, Hirve Siddhivinayak, Hague Siri, Jackson Sandra, Moen Ann, et

al. Leveraging the global influenza surveillance and response system for global respiratory syncytial
virus surveillance-opportunities and challenges. Influenza Other Respir Viruses 2019. doi: 10.1111/
irv.12672.

. Seibt Silvia, Gilchrist Catherine A, Reed Peter W, Best Emma J, Harnden Anthony, Camargo Carlos

A Jr, et al. Hospital readmissions with acute infectious diseases in New Zealand children < 2 years
of age. BMC Pediatr 2018; 18 (1):98. doi: 10.1186/s12887-018-1079-x. [PubMed: 29506511]

. Shi Ting, McAllister David A, O’Brien Katherine L, Simoes Eric AF, Madhi Shabir A,

Gessner Bradford D, et al. Global, regional, and national disease burden estimates of acute

lower respiratory infections due to respiratory syncytial virus in young children in 2015: a
systematic review and modelling study. Lancet Lond Engl 2017; 390 (10098):946-58. doi: 10.1016/
S0140-6736(17)30938-8.

. Danielle luliano A, Roguski Katherine M, Chang Howard H, Muscatello David J, Palekar

Rakhee, Tempia Stefano, et al. Estimates of global seasonal influenza-associated respiratory
mortality: a modelling study. Lancet Lond Engl 2018; 391 (10127):1285-300. doi: 10.1016/
S0140-6736(17)33293-2.

. Rotrosen Elizabeth T, Neuzil Kathleen M. Influenza: a global perspective. Pediatr Clin North Am

2017; 64 (4):911-36. doi: 10.1016/j.pcl.2017.03.007. [PubMed: 28734518]

. AGrohskopf Lisa, Elif Alyanak, Broder Karen R, Blanton Lenee H, Fry Alicia M, Daniel BJernigan,

et al. Prevention and control of seasonal influenza with vaccines: recommendations of the advisory
committee on immunization practices - United States, 2020-21 influenza season. MMWR Recomm
Rep Morb Mortal Wkly Rep Recomm Rep 2020; 69 (8):1-24. doi: 10.15585/mmwr.rr6908al.

. Updated guidance for palivizumab prophylaxis among infants and young children at increased risk

of hospitalization for respiratory syncytial virus infection. Pediatrics 2014; 134 (2):415-20. doi:
10.1542/peds.2014-1665. [PubMed: 25070315]

. Mazur Natalie I, Deborah Higgins, Nunes Marta C, Melero José A, Langedijk Annefleur

C, Horsley Nicole, et al. The respiratory syncytial virus vaccine landscape: lessons from the
graveyard and promising candidates. Lancet Infect Dis 2018; 18 (10):e295-311. doi: 10.1016/
S1473-3099(18)30292-5. [PubMed: 29914800]

J Infect. Author manuscript; available in PMC 2025 January 22.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Davis et al.

10.

11.
12.
13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.
25.

26.

Page 11

lwane Marika K, Farnon Eileen C, Gerber Susan I. Importance of global surveillance for
respiratory syncytial virus. J Infect Dis 2013; 208 (3):S165-6 Suppl Doi:. doi: 10.1093/infdis/
jitd84. [PubMed: 24265473]

WHO. Global influenza surveillance and response system. 2017.

WHO. Global Epidemiological Surveillance Standards for Influenza. 2013.

Fitzner Julia, Qasmieh Saba, Mounts Anthony Wayne, Alexander Burmaa, Besselaar Terry,
Briand Sylvie, et al. Revision of clinical case definitions: influenza-like illness and severe acute
respiratory infection. Bull World Health Organ 2018; 96 (2):122-8. doi: 10.2471/BLT.17.194514.
[PubMed: 29403115]

WHO. WHO strategy for global respiratory syncytial virus surveillance based on the influenza
platform. WHO; 2019.

Hirve Siddhivinayak, Crawford Nigel, Palekar Rakhee, Zhang Wenging. Clinical characteristics,
predictors, and performance of case definition-Interim results from the WHO global respiratory
syncytial virus surveillance pilot. Influenza Other Respir Viruses 2019. doi: 10.1111/irv.12688.

Nyawanda Bryan O, Mott Joshua A, Njuguna Henry N, Mayieka Lilian, Khagayi Sammy, Onkoba
Reuben, et al. Evaluation of case definitions to detect respiratory syncytial virus infection in
hospitalized children below 5 years in Rural Western Kenya, 2009-2013. BMC Infect Dis 2016;
16 :218. doi: 10.1186/s12879-016-1532-0. [PubMed: 27207342]

Li You, Reeves Rachel M, Wang Xin, Bassat Quique, Abdullah Brooks W, Cohen Cheryl, et al.
Global patterns in monthly activity of influenza virus, respiratory syncytial virus, parainfluenza
virus, and metapneumovirus: a systematic analysis. Lancet Glob Health 2019; 7 (8):e1031-45. doi:
10.1016/S2214-109X(19)30264-5. [PubMed: 31303294]

Rha Brian, Dahl Rebecca M, Jocelyn Moyes, Binder Alison M, Stefano Tempia, Walaza Sibongile,
et al. Performance of surveillance case definitions in detecting respiratory syncytial virus infection
among young children hospitalized with severe respiratory illness-South Africa, 2009-2014. J
Pediatr Infect Dis Soc 2019; 8 (4):325-33. doi: 10.1093/jpids/piy055.

Kim Lindsay, Rha Brian, Abramson Jon S, Anderson Larry J, Byington Carrie L, Chen Grace L, et
al. Identifying gaps in respiratory syncytial virus disease epidemiology in the United States prior
to the introduction of vaccines. Clin Infect Dis Off Publ Infect Dis Soc Am 2017; 65 (6):1020-5.
doi: 10.1093/cid/cix432.

Alroy Karen A, Do Trang Thuy, Tran Phu Dac, Dang Tan Quang, Vu Long Ngoc, Le Nga Thi
Hang, et al. Expanding severe acute respiratory infection (SARI) surveillance beyond influenza:
the process and data from 1 year of implementation in Vietnam. Influenza Other Respir Viruses
2018; 12 (5):632-42. doi: 10.1111/irv.12571. [PubMed: 29754431]

Qiu Sue Turner Huang, Baker Nikki, Michael G, Williamson Deborah A, Conroy Wong, Richard
Webby, et al. Southern hemisphere influenza and vaccine effectiveness research and surveillance.
Influenza Other Respir Viruses 2015; 9 (4):179-90. doi: 10.1111/irv.12315. [PubMed: 25912617]

Sue Huang Q, Baker Michael, McArthur Colin, Roberts Sally, Williamson Deborah, Grant
Cameron, et al. Implementing hospital-based surveillance for severe acute respiratory infections
caused by influenza and other respiratory pathogens in New Zealand. West Pac Surveill Response
JWPSAR 2014; 5 (2):23-30. doi: 10.5365/WPSAR.2014.5.1.004.

Cowling Benjamin J, Caini Saverio, Chotpitayasunondh Tawee, Djauzi Samsuridjal, Gatchalian
Salvacion R, Sue Huang Q, et al. Influenza in the AsiaPacific region: findings and
recommendations from the global influenza initiative. Vaccine 2017; 35 (6):856—64. doi: 10.1016/
j.vaccine.2016.12.064. [PubMed: 28081970]

Bocacao J, Huang Q Virology Annual Report-2011. 2011.

Thompson Mark G, Levine Min Z, Bino Silvia, RDanielle Hunt, MTareq AlSanouri, Simdes Eric
AF, et al. Underdetection of laboratoryconfirmed influenza-associated hospital admissions among
infants: a multicentre, prospective study. Lancet Child Adolesc Health 2019; 3 (11):781-94. doi:
10.1016/S2352-4642(19)30246-9. [PubMed: 31492594]

Emma Saez-L6pez Pedro Pechirra, Costa Inés, Paula Cristévao Patricia Conde, Machado Ausenda,
et al. Performance of surveillance case definitions for respiratory syncytial virus infections through
the sentinel influenza surveillance system, Portugal, 2010 to 2018. Euro Surveill Bull Eur Sur Mal
Transm Eur Commun Dis Bull 2019; 24 (45). doi: 10.2807/1560-7917.ES.2019.24.45.1900140.

J Infect. Author manuscript; available in PMC 2025 January 22.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Davis et al.

27.

28.

29.

30.

31.

Page 12

ESR. 2019 Annual influenza summary. New Zealand: Institute of Environmental Science and
Research Limited; 2019.

Kerr AA, McQuillin J, Downham MA, Gardner PS. Gastric “flu influenza B causing

abdominal symptoms in children. Lancet Lond Engl 1975; 1 (7902):291-5. doi: 10.1016/
s0140-6736(75)91205-2.

Boyd Mark, Clezy Kate, Lindley Richard, Pearce Rod. Pandemic influenza: clinical issues. Med J
Aust 2006; 185(S10):S44—7. [PubMed: 17115951]

Hayward Andrew C, Fragaszy Ellen B, Bermingham Alison, Wang Lili, Copas Andrew, John
Edmunds W, et al. Comparative community burden and severity of seasonal and pandemic
influenza: results of the flu watch cohort study. Lancet Respir Med 2014; 2 (6):445-54. doi:
10.1016/S2213-2600(14)70034-7. [PubMed: 24717637]

Hall Caroline B, Sim&es Eric AF, Anderson Larry J. Clinical and epidemiologic
features of respiratory syncytial virus. Curr Top Microbiol Immunol 2013; 372:39-57. doi:
10.1007/978-3-642-38919-1_2. [PubMed: 24362683]

J Infect. Author manuscript; available in PMC 2025 January 22.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Davis et al.

Page 13

All overnight admissions

Suspected SARI: 7,660
Suspected non-SARI: 8,395
Total 116,055

Duration of symptoms

l

v

>10 days or missing: 9,285

ARI (symptom duration 0-10 days)
Suspected SARI: 5,701

Suspected non-SARI: 1,069
Total 16,770

Age or symptom data (fever, cough,

l

* | trouble breathing) missing, n=49

Complete age/symptom data
Suspected SARI: 5,666
Suspected non-SARI: 1,055
Total . 6,721

Consented and tested for Influenza

Total __Influenza positive (%
5,393 1,169(21.7

Consented and tested for RSV
Total RSV positive (%)

Suspected SARI: Suspected SARI: 5162  1,286(24.9)
Suspected non-SARI 981 84 (8.6% Suspected non-SARI: 964 197 (20.4)
Total » 6,374 1,253 (19.7) Total : 6,126 1,483 (24.2)

Confirmed SARI Confirmed SARI

Total  Influenza positive (% Total RSV positive (%)
Confirmed SARI: 5,437 1,180(21.7 Confirmed SARI: 5,206 1,294 (24.9)
Confirmed non-SARI: 937 73 (7.8%) Confirmed non-SARI: 920 189 (20.5)
Total . 6,374 1,253 (19.7) Total . 6,126  1,483(24.2)

Fig. 1.

Overnight respiratory disease hospital admissions and SHIVERS enrollment in the

Auckland region, April-September 2012-2016.
aSARI = severe acute respiratory illness
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