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ascertainment: active community-based (ALRI cases 
sought by health workers by regular house-to-house visits); 
or passive hospital-based or clinic-based (children with 
ALRI who have sought treatment in hospital or clinic are 
enrolled), which was further stratifi ed as outpatient or 
inpatient. Most studies were passive hospital-based 
(inpatient), with only six studies using active community-
based case ascertainment and two having a passive 
hospital-based (outpatient) approach. In active community-
based studies, investigators reported a raised incidence of 
RSV-associated ALRI compared with passive studies. 
Incidence varied widely across age groups (webappendix 
pp 15–16). Although incidence was usually the highest in 
the 0–5 month age group, some investigators reported a 
higher incidence in children aged 6–11 months. 

All studies (apart from one) from developing countries 
estimating incidence for RSV-associated ALRI used 
active case ascertainment. Investigators using passive 
case ascertainment reported substantially lower 
incidence than did those using an active approach, as 
would be expected in developing country settings in 
which access to health services is limited (table 2; 
webappendix pp 7–11, 18–29). Hence, we based our 
incidence estimate on a summary of data from 
developing country studies with active case 
ascertainment only (table 2), as the most accurate 
refl ection of the true value. We estimated that 
33·8 (95% CI 19·3–46·2) million new cases of non-
severe RSV-associated infection occurred globally in 

Figure 3: Location of the 36 studies by Global Burden of Diseases, Injuries and Risk Factors regions
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Figure 2: Flow diagram for selection of studies

887 records identified through
database searching
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duplicates removed
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79 full-text articles
assessed for eligibility
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not relevant to topic

44 excluded
27 did not satisfy

inclusion criteria
17 reported prevalence

23 full-text articles
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reported mortality
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supplementary data
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2 had insufficient data

for meta-analysis
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Children under 5 years of age in 2015 
◦ estimates based on hospital admission

Acute Lower Respiratory Tract Infection
◦ 33.1 million episodes (21.6-50.3)
◦ 3.2 million hospital admissions (2.7-3.8)
◦ 1.4 million hospital admission <6 months of age (1.2-1.7)

Deaths
◦ 118,200 deaths 
◦ 59,600 deaths in hospital deaths (48000-74500)
◦ 27,300 deaths in hospital <6 months of age (20,700-36,200)



RSV Prevention

- Vaccines
- Monoclonal    
antibodies

RSV Treatment

- Antibodies
- Fusion Inhibitors
- Nucleoside 
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RSV (Prevention) Vaccine Strategies

§ (Elderly)
§ Maternal
§ Toddler
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A B S T R A C T

Background: Respiratory syncytial virus (RSV) is the most important viral cause of pneumonia in children. RSV-
specific antibody (ab) protects infants from disease, and may be increased by a potential strategy of maternal
RSV vaccination.
Objectives: To describe the effect of RSV antibody on RSV infection risk in infants in a resource-limited setting.
Study design: In a prospective study in Nepal, women were enrolled during pregnancy and maternal and infant
cord blood were collected at birth. Weekly surveillance for respiratory illness was performed from birth to
180 days. Nasal swabs were tested for RSV by PCR and serum was tested using an RSV antibody micro-
neutralization assay. Antibody concentrations at time of RSV infection were estimated based on a decay rate of
0.026 log2/day.
Results: Cord:maternal RSV antibody transfer ratio was 1.03 (0.88–1.19), with RSV antibody concentration of
log2 11.3 and log2 11.7 in 310 paired maternal and infant samples, respectively. Cord blood RSV antibody was
log2 12.1 versus 11.6 in those with or without RSV infection (P = 0.86). Among infants with RSV infection,
estimated RSV antibody concentration at time of infection did not differ in infants with upper (n = 8; log2 10.7)
versus lower respiratory tract infection (n = 21; log2 9.8; P = 0.37). Cord blood RSV antibody concentrations
did not correlate with age at primary RSV infection (R = 0.11; P = 0.57).
Conclusions: Transplacental transfer of RSV antibody from mother to the fetus was highly efficient in mother-
infant pairs in rural Nepal, though higher antibody concentrations were not protective against earlier or more
severe RSV infection in infants.

1. Background

Pneumonia is the leading cause of childhood deaths in developing
countries. Respiratory syncytial virus (RSV) is the most important cause
of viral pneumonia in infants worldwide, with an estimated global
burden of 64 million infections and 160,000 deaths annually. There are
limited pharmacologic therapies and no licensed vaccine against RSV
[1]. Advances in immunology and virology have accelerated the RSV
vaccine field significantly in the past decade, and the World Health
Organization has estimated that an RSV vaccine will be in clinical use

within the next 5–10 years [2]. However, infants at high risk of mor-
tality from RSV also have relatively immature immune systems that
might preclude protection from even the most effective vaccine can-
didate [3]. Maternal RSV antibody is protective against severe disease
in neonates, and palivizumab, a high-titered RSV-specific monoclonal
antibody, is administered to high-risk infants in developed countries to
prevent hospitalization [4,5]. However, 99% of deaths due to RSV
occur in resource-limited settings, making vaccine development critical
in preventing RSV-associated mortality [6].

Maternal immunization against RSV has the potential to protect the

http://dx.doi.org/10.1016/j.jcv.2017.08.017
Received 3 July 2017; Received in revised form 30 August 2017; Accepted 31 August 2017

☆ Prior presentation of results: These results have been presented as an oral presentation at the International RSV Symposium in Patagonia, Argentina in October 2016.
⁎ Corresponding author at: 325 9th Ave, MS 359779, Seattle, WA, 98104, USA.
E-mail address: helenchu@uw.edu (H.Y. Chu).

-RXUQDO�RI�&OLQLFDO�9LURORJ\�������������²��

������������������7KH�$XWKRUV��3XEOLVKHG�E\�(OVHYLHU�%�9��7KLV�LV�DQ�RSHQ�DFFHVV�DUWLFOH�XQGHU�WKH�&&�%<�OLFHQVH��KWWS���FUHDWLYHFRPPRQV�RUJ�OLFHQVHV�%<�������

0$5.

Contents lists available at ScienceDirect

Journal of Clinical Virology

journal homepage: www.elsevier.com/locate/jcv

Full length article

Transplacental transfer of maternal respiratory syncytial virus (RSV)
antibody and protection against RSV disease in infants in rural Nepal☆

Helen Y. Chua,⁎, James Tielschb, Joanne Katzc, Amalia S. Magaretd, Subarna Khatrye,
Stephen C. LeClerqe, Laxman Shresthaf, Jane Kuypersd, Mark C. Steinhoffg, Janet A. Englunda,h
a Department of Medicine, University of Washington, Seattle, WA, USA
b Department of Global Health, George Washington University Milliken School of Public Health, Washington, DC, USA
c Department of International Health, Johns Hopkins Bloomberg School of Public Health, Baltimore, MD, USA
d Department of Laboratory Medicine, University of Washington, Seattle, WA, USA
e Nepal Nutrition Intervention Project-Sarlahi, Kathmandu, Nepal
f Institute of Medicine, Tribhuvan University Teaching Hospital, Kathmandu, Nepal
g Department of Global Health, Cincinnati Children's Hospital Medical Center, Cincinnati, OH, USA
h Center for Clinical and Translational Research, Seattle Children’s Research Institute, Seattle, WA, USA

A R T I C L E I N F O

Keywords:
Respiratory syncytial virus
Transplacental antibody transfer
Vaccine
Preterm birth

A B S T R A C T

Background: Respiratory syncytial virus (RSV) is the most important viral cause of pneumonia in children. RSV-
specific antibody (ab) protects infants from disease, and may be increased by a potential strategy of maternal
RSV vaccination.
Objectives: To describe the effect of RSV antibody on RSV infection risk in infants in a resource-limited setting.
Study design: In a prospective study in Nepal, women were enrolled during pregnancy and maternal and infant
cord blood were collected at birth. Weekly surveillance for respiratory illness was performed from birth to
180 days. Nasal swabs were tested for RSV by PCR and serum was tested using an RSV antibody micro-
neutralization assay. Antibody concentrations at time of RSV infection were estimated based on a decay rate of
0.026 log2/day.
Results: Cord:maternal RSV antibody transfer ratio was 1.03 (0.88–1.19), with RSV antibody concentration of
log2 11.3 and log2 11.7 in 310 paired maternal and infant samples, respectively. Cord blood RSV antibody was
log2 12.1 versus 11.6 in those with or without RSV infection (P = 0.86). Among infants with RSV infection,
estimated RSV antibody concentration at time of infection did not differ in infants with upper (n = 8; log2 10.7)
versus lower respiratory tract infection (n = 21; log2 9.8; P = 0.37). Cord blood RSV antibody concentrations
did not correlate with age at primary RSV infection (R = 0.11; P = 0.57).
Conclusions: Transplacental transfer of RSV antibody from mother to the fetus was highly efficient in mother-
infant pairs in rural Nepal, though higher antibody concentrations were not protective against earlier or more
severe RSV infection in infants.

1. Background

Pneumonia is the leading cause of childhood deaths in developing
countries. Respiratory syncytial virus (RSV) is the most important cause
of viral pneumonia in infants worldwide, with an estimated global
burden of 64 million infections and 160,000 deaths annually. There are
limited pharmacologic therapies and no licensed vaccine against RSV
[1]. Advances in immunology and virology have accelerated the RSV
vaccine field significantly in the past decade, and the World Health
Organization has estimated that an RSV vaccine will be in clinical use

within the next 5–10 years [2]. However, infants at high risk of mor-
tality from RSV also have relatively immature immune systems that
might preclude protection from even the most effective vaccine can-
didate [3]. Maternal RSV antibody is protective against severe disease
in neonates, and palivizumab, a high-titered RSV-specific monoclonal
antibody, is administered to high-risk infants in developed countries to
prevent hospitalization [4,5]. However, 99% of deaths due to RSV
occur in resource-limited settings, making vaccine development critical
in preventing RSV-associated mortality [6].

Maternal immunization against RSV has the potential to protect the

http://dx.doi.org/10.1016/j.jcv.2017.08.017
Received 3 July 2017; Received in revised form 30 August 2017; Accepted 31 August 2017

☆ Prior presentation of results: These results have been presented as an oral presentation at the International RSV Symposium in Patagonia, Argentina in October 2016.
⁎ Corresponding author at: 325 9th Ave, MS 359779, Seattle, WA, 98104, USA.
E-mail address: helenchu@uw.edu (H.Y. Chu).

-RXUQDO�RI�&OLQLFDO�9LURORJ\�������������²��

������������������7KH�$XWKRUV��3XEOLVKHG�E\�(OVHYLHU�%�9��7KLV�LV�DQ�RSHQ�DFFHVV�DUWLFOH�XQGHU�WKH�&&�%<�OLFHQVH��KWWS���FUHDWLYHFRPPRQV�RUJ�OLFHQVHV�%<�������

0$5.

correlated (R = 0.77; P < 0.0001; Fig. 1).
Altogether, 30 (9%) infants in the original 310 mother-infant pairs

had a subsequent symptomatic RSV infection. Maternal log2 RSV anti-
body was 11.4 in infants with subsequent RSV infection, and 11.3 in
those without RSV infection (P = 0.30; Table 2). Cord blood RSV an-
tibody was 12.1 in infants with and 11.6 in those without RSV infection
(P = 0.86). Maternal RSV antibody was 11.5 in infants born preterm,
and 11.2 born full-term (P = 0.79). Surprisingly, antibody transfer
ratio was higher in those with versus without RSV infection (1.06
(n = 30) vs. 1.03 (n = 280), respectively; P = 0.025; Table 3). Because
transplacental antibody transfer has been shown to be impacted by
gestational age at birth, we evaluated the frequency of preterm birth in
infants with and without RSV infection. The proportion of those with

preterm birth in infants with RSV infection was 10% (n = 30), and 9%
in those without RSV infection (n = 280). Transfer ratio was not im-
pacted by maternal age, maternal education, maternal parity, breast-
feeding, or smoking in the household. Antibody transfer ratio was sig-
nificantly lower if the infant was male (1.02 vs. 1.05; P = 0.0017), but
did not differ with preterm, low birthweight, or small for gestational
age births. Increasing maternal parity was significantly associated with
increased transplacental antibody transfer ratio. The influence of anti-
body ratio on RSV infection incidence was examined using Poisson
regression with RSV as the outcome, log follow-up time as the exposure,
and antibody ratio as the only predictor. In that model the incidence of
RSV was not found to differ by antibody ratio (p = 0.18). No significant
correlation was found between RSV antibody ratio and gestational age
in weeks at birth (R = 0.05; P = 0.37; Fig. 2). Of 30 infants with RSV
infection, 21 had LRTI. Estimated RSV antibody concentrations at the
time of infection did not differ significantly between infants with URTI
vs. LRTI (10.7 [1.2] vs. 9.8 [1.7], respectively; P = 0.37: Fig. 3A).
Additionally, cord blood RSV antibody concentrations did not correlate
with age at primary RSV infection (R = 0.11; P = 0.57; Fig. 3B)

5. Discussion

In a prospective longitudinal study conducted in rural Nepal, RSV
serum antibody transfer from mother to infant was highly efficient.
However, no relationship was found between RSV antibody con-
centrations and RSV infection risk, severity or timing of infection in
infants.

There is no vaccine for RSV. However, maternal RSV vaccines are
currently in clinical trials with the goal to vaccinate pregnant women to
increase antibody concentration in infants at birth. Previous studies
have shown that disease-specific antibody transfer occurs primarily in
the third trimester and antibody concentrations in the infant often ex-
ceed that of the mother by time of birth [16]. In this study, the majority
of infants had higher antibody concentrations at birth than their mo-
ther, confirming efficient RSV antibody transfer in South Asia. These

Table 2
Maternal and Infant cord RSV antibody concentrations and transfer ratio.

Mother Infant Cord:maternal antibody transfer ratio (95% CI)

Mean log2 Ab (SD) GMT Mean log2 Ab (SD) GMT

Overall 11.3 (1.2) 2480 11.7 (1.3) 3260 1.03 (0.89, 1.19)
RSV-positive 11.4 (1.4) 2710 12.1 (1.3) 4460 1.07 (0.89, 1.26)
RSV-negative 11.3 (1.2) 2450 11.6 (1.3) 3160 1.03 (0.89, 1.18)
Preterm birth (< 37 weeks) 11.5 (1.3) 2990 12.0 (1.3) 3970 1.04 (0.88, 1.20)
Full term birth 11.3 (1.2) 2450 11.6 (1.3) 3200 1.04 (0.89, 1.19)
Small for gestational age 11.2 (1.2) 2430 11.7 (1.3) 3280 1.04 (0.89, 1.19)
Appropriate for gestational age 11.3 (1.3) 2560 11.7 (1.2) 3240 1.03 (0.88, 1.19)

Fig. 1. Comparison of RSV antibody in maternal (x-axis) and infant cord blood (y-axis) at
time of delivery in 310 mother-infant pairs (Pearson’s correlation coefficient 0.77,
p < 0.0001).

Table 3
RSV cord:maternal antibody transfer ratio by baseline covariates utilizing univariable regression.

Covariate Frequency RSV cord:mother antibody ratio if yes RSV cord:mother antibody ratio if no p-value

Maternal characteristics
Mother above median age of 23 years 130 (45%) 1.03 1.04 0.44
Mother above median education of 5 yrs 139 (48%) 1.03 1.03 0.69
Any previous children 183 (59%) 1.02 1.04 0.012
Breastfeeding 265 (85%) 1.03 1.03 0.71
Smoking by household members 118 (40%) 1.03 1.03 0.85

Infant characteristics
Male sex 161 (52%) 1.02 1.05 0.0017
Preterm birth (birth< 37 wks) 26 (9%) 1.04 1.04 0.92
Low birth weight (weight < 2500 g) 51/305 (17%) 1.04 1.03 0.75
Infant above median birthweight of 2800 g 167/305 (55%) 1.03 1.04 0.62
Small for gestational age 154 (50%) 1.04 1.03 0.50
RSV infection, ever 30 (9%) 1.07 1.03 0.025
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The PREPARE Trial –
Novavax RSV-F Maternal Vaccination
◦ Phase III Safety and Efficacy trial
◦ Randomised, placebo controlled, observer blind trial
◦ Single maternal dose at 28-36 weeks gestation

◦ N= 4636 in 11 countries

◦ Primary outcome = 
Incidence of RSV LRTI with hypoxemia in infants up to 90 
days of life 
(SpO2 <95% at sea level or <92% at altitudes >1800 
meters)



Top Line Trial Results (28 February 2019)
§ Did not meet primary outcome
- non significant effect on medically attended RSV 
LRTI (with mild hypoxaemia)
§ BUT did 
- significantly reduce RSV LRTI hospitalization
- significantly reduce RSV LRTI hospitalization with 
severe hypoxaemia

Especially if immunized <33 weeks gestation
- work better in S. Africa than USA

The PREPARE Trial - Novavax



Vaccine Trials in Children

Vaccine N Infected 
(%)

Hospitalised
(%) Deaths

FI-RSV 31 20 (65) 16 (80%) 2

Kim H.W. Am J Epidemiol 1969; 89: 422-434 
(?failure to prime T cells leading to overwhelming RSV once infected)

1960s

RSV vaccine developed 
– formalin inactivated 
Lot 100

4 independent studies

In all studies - no 
protection against RSV



Phase II 
Vaccine Trials in Children

GSK Recombinant Adenovirus 
PreF(usion) vaccine 

Janssen Recombinant Adenovirus 
PreF(usion) vaccine

De-escalating Age, escalating ‘Managed Risk’ : 

◦ RSV positive toddlers, 

◦ then RSV negative toddlers, 

◦ then RSV negative infants

Expected ?2022/23

8 Other trials in Phase I (mostly live attenuated)



Trial Questions
How reliable is 
RSV testing? 

Viral culture (uncommon now) 

Immunoflourescence

Rapid antigen testing 

PCR
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Rapid Tests for Influenza, Respiratory Syncytial Virus, 
and Other Respiratory Viruses: A Systematic Review and 
Meta-analysis
Andrea H. L. Bruning,1 Mariska M. G. Leeflang,2 Johanna M. B. W. Vos,1 Rene Spijker,3 Menno D. de Jong,4 Katja C. Wolthers,4 and Dasja Pajkrt1
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Rapid diagnosis of respiratory virus infections contributes to patient care. This systematic review evaluates the diagnostic accuracy 
of rapid tests for the detection of respiratory viruses. We searched Medline and EMBASE for studies evaluating these tests against 
polymerase chain reaction as the reference standard. Of 179 studies included, 134 evaluated rapid tests for influenza viruses, 32 for 
respiratory syncytial virus (RSV), and 13 for other respiratory viruses. We used the bivariate random effects model for quantitative 
meta-analysis of the results. Most tests detected only influenza viruses or RSV. Summary sensitivity and specificity estimates of tests 
for influenza were 61.1% and 98.9%. For RSV, summary sensitivity was 75.3%, and specificity, 98.7%. We assessed the quality of 
studies using the Quality Assessment of Diagnostic Accuracy Studies (QUADAS-2) checklist. Because of incomplete reporting, the 
risk of bias was often unclear. Despite their intended use at the point of care, 26.3% of tests were evaluated in a laboratory setting. 
Although newly developed tests seem more sensitive, high-quality evaluations of these tests are lacking.

Keywords. rapid test; meta-analysis; respiratory virus; influenza; respiratory syncytial virus.

Acute respiratory tract infections (RTIs) are a leading cause of 
disease and death worldwide [1]. Recent studies suggest more 
than half of RTIs are caused by viruses, even in severely ill 
patients [2–4]. Commonly detected viruses include influenza 
viruses, respiratory syncytial virus (RSV), adenovirus, human 
metapneumovirus (hMPV), human parainfluenza viruses, 
coronaviruses, and rhinoviruses [5, 6].

Clinical signs and symptoms of viral RTIs overlap with those of 
bacterial infections. It is challenging to clinically distinguish bac-
terial from viral infections and different viral pathogens [7]. This 
diagnostic uncertainty leads to overprescription of antibiotics and 
extra diagnostic testing (along with costs) to rule out bacterial 
infections [8, 9]. Rapid detection of viral pathogens could over-
come these disadvantages. Besides, prompt viral diagnosis may 
lead to rapid implementation of infection control measures, early 
administration of antiviral medication, if available, and shorter 
hospital stays, resulting in reduced healthcare costs [10–12].

For this reason, rapid diagnostic or point-of-care tests 
have been developed. Compared with other diagnostic 
modalities—culture, polymerase chain reaction (PCR), or 

immunofluorescence testing—point-of-care tests are often 
faster, less expensive, easier to use and accessible to staff without 
laboratory training. They have the potential to be carried out at 
or near the point of care.

There is a clear trend toward point-of-care testing, and the 
number and quality of rapid diagnostic tests for respiratory 
viruses has rapidly increased [13]. For clinicians, it is important 
to be aware of the diagnostic accuracy of the different rapid viral 
tests, the factors that affect their accuracies, and test perfor-
mances in daily practice. Previous systematic reviews address-
ing the diagnostic accuracy of respiratory tests either evaluated 
only a single respiratory virus (influenza or RSV) or were con-
ducted in specific populations [14–16].

The aim of our review was to provide a state-of-the-art over-
view of all available rapid tests for the detection of respiratory 
viruses in patients of all ages with RTIs. We systematically sum-
marized the available evidence on their diagnostic accuracy for 
virus detection compared with PCR testing. We assessed the 
quality of included studies and quantitatively summarized the 
results in a meta-analysis.

MATERIALS AND METHODS

Protocol

This systematic review was built on a protocol based on 
the Preferred Reporting Items for Systematic Review and 
Meta-Analyses for Protocols 2015 (PRISMA-P 2015), which 
is registered in the Prospero database (registration No. 
CRD42015024581).

R E V I E W  A R T I C L E
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53.3%–68.3%) and 98.9% for specificity (98.4%–99.3%). 
Operating test characteristics of the studies regarding influenza 
are shown in Figure 3A.

For RSV, sensitivity had more variation than specificity, but 
sensitivity estimates were higher than for influenza, ranging 
from 41.2% to 88.6% (Figure 3B). The summary sensitivity and 
specificity for all studies evaluating RSV were 75.3% (95% CI, 
72.6%–77.8%) and 98.7% (97.3%–99.4%), respectively. Owing to 
the small number of included studies for adenovirus, hMPV, and 
parainfluenza virus types 1–3, meta-analysis was not performed.

Investigation of Heterogeneity

The sensitivities of rapid tests for influenza A (68.1%; 95% CI, 
58.9%–76.0%) and influenza B (71.0%; 56.8%–82.1%) were 
comparable. Several studies (n = 58) only evaluated the diag-
nostic accuracy of rapid tests for detecting H1N1. Most of these 
rapid tests were not developed to detect H1N1 specifically. The 
sensitivity for H1N1 was generally lower (54.0%, 95% CI 47.6–
60.3) than for the other virus subtypes (Table 2).

The diagnostic test accuracy for influenza was significantly 
decreased when tests were performed in adults (sensitivity, 
34.1%; 95% CI, 14.0%–54.1%), compared with performance in 
children or a mixed population (P < .01). For RSV, age did not 
significantly influence performance characteristics (P = .20).

To identify the rapid test with the best performance charac-
teristics, we evaluated pooled summary estimates for each test 
separately. This was only possible for tests with ≥4 studies. For 
influenza, mariPOC and Sofia Influenza A+B FIA had the best 
overall performance, with summary sensitivities of 76.1% and 
75.3%, respectively, and summary specificities of 99.4% and 
95.3%, although in some studies [21] the specificity for Sofia 
Influenza A+B FIA was lower. For RSV, an estimated sensitivity 
and specificity per test could be calculated only for BD Veritor 
RSV, Sofia RSV FIA, and BinaxNOW RSV. Sofia RSV FIA had the 
best overall performance. For both influenza and RSV, diagnostic 
test accuracy was not influenced by setting—that is, by whether 
the test was performed at the point of care or in the laboratory.

The risk of bias for studies evaluating influenza was generally 
low. We assessed the difference between studies with low risk 
of bias for the patient domain and those with an unclear risk of 
bias in this domain. Sensitivity was generally lower in studies 
with a low risk of bias (53.3%; 95% CI, 42.1%–64.1%). For RSV, 
the investigated quality criteria did not have a statistically sig-
nificant effect on diagnostic test accuracy.

DISCUSSION

Main Findings of the Study

In this systematic review and meta-analysis we provided an 
overview of the rapid tests that are available for the detection 

Figure 2. Quality assessment of included studies using Quality Assessment of 
Diagnostic Accuracy Studies (QUADAS-2) criteria.

Table 1. Characteristics of Included Studies

Characteristic Studies, No. (%)

Virus evaluated
 Influenza virus (A, B, H1N1, A, and B) 134 (74.9)
 RSV 32 (17.9)
 Adenovirus 6 (3.4)
 Human metapneumovirus 5 (2.8)
 Parainfluenza virus type 1–3 2 (1.1)
Population
 Children 74 (41.3)
 Adults 14 (7.8)
 Mixed/not reported 91 (50.8)
Most frequently studied tests (company)a

 Influenza virus
  QuickVue Influenza A+B (Quidel) 26 (14.5)
  BinaxNOW Influenza A&B (Alere Scarborough) 19 (10.6)
  Directigen EZ FluA+B (Directigen-EZ, Becton 

Dickinson)
16 (8.9)

  Sofia Influenza A+B (Quidel) 9 (5.0)
 RSV
  BinaxNOW RSV (Alere Scarborough) 6 (3.3)
  BD Veritor RSV (BD Diagnostics) 5 (2.8)
  Sofia RSV (Quidel) 4 (2.2)
  Directigen EZ RSV (Becton Dickinson) 3 (1.7)
 Multiplex test
  mariPOC (ArcDia International) 15 (8.4)
 Other rapid tests 77 (43.0)
Point-of-care testing 47 (26.3)

Abbreviation: RSV, respiratory syncytial virus.
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53.3%–68.3%) and 98.9% for specificity (98.4%–99.3%). 
Operating test characteristics of the studies regarding influenza 
are shown in Figure 3A.

For RSV, sensitivity had more variation than specificity, but 
sensitivity estimates were higher than for influenza, ranging 
from 41.2% to 88.6% (Figure 3B). The summary sensitivity and 
specificity for all studies evaluating RSV were 75.3% (95% CI, 
72.6%–77.8%) and 98.7% (97.3%–99.4%), respectively. Owing to 
the small number of included studies for adenovirus, hMPV, and 
parainfluenza virus types 1–3, meta-analysis was not performed.

Investigation of Heterogeneity

The sensitivities of rapid tests for influenza A (68.1%; 95% CI, 
58.9%–76.0%) and influenza B (71.0%; 56.8%–82.1%) were 
comparable. Several studies (n = 58) only evaluated the diag-
nostic accuracy of rapid tests for detecting H1N1. Most of these 
rapid tests were not developed to detect H1N1 specifically. The 
sensitivity for H1N1 was generally lower (54.0%, 95% CI 47.6–
60.3) than for the other virus subtypes (Table 2).

The diagnostic test accuracy for influenza was significantly 
decreased when tests were performed in adults (sensitivity, 
34.1%; 95% CI, 14.0%–54.1%), compared with performance in 
children or a mixed population (P < .01). For RSV, age did not 
significantly influence performance characteristics (P = .20).

To identify the rapid test with the best performance charac-
teristics, we evaluated pooled summary estimates for each test 
separately. This was only possible for tests with ≥4 studies. For 
influenza, mariPOC and Sofia Influenza A+B FIA had the best 
overall performance, with summary sensitivities of 76.1% and 
75.3%, respectively, and summary specificities of 99.4% and 
95.3%, although in some studies [21] the specificity for Sofia 
Influenza A+B FIA was lower. For RSV, an estimated sensitivity 
and specificity per test could be calculated only for BD Veritor 
RSV, Sofia RSV FIA, and BinaxNOW RSV. Sofia RSV FIA had the 
best overall performance. For both influenza and RSV, diagnostic 
test accuracy was not influenced by setting—that is, by whether 
the test was performed at the point of care or in the laboratory.

The risk of bias for studies evaluating influenza was generally 
low. We assessed the difference between studies with low risk 
of bias for the patient domain and those with an unclear risk of 
bias in this domain. Sensitivity was generally lower in studies 
with a low risk of bias (53.3%; 95% CI, 42.1%–64.1%). For RSV, 
the investigated quality criteria did not have a statistically sig-
nificant effect on diagnostic test accuracy.

DISCUSSION

Main Findings of the Study

In this systematic review and meta-analysis we provided an 
overview of the rapid tests that are available for the detection 

Figure 2. Quality assessment of included studies using Quality Assessment of 
Diagnostic Accuracy Studies (QUADAS-2) criteria.
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 Influenza virus (A, B, H1N1, A, and B) 134 (74.9)
 RSV 32 (17.9)
 Adenovirus 6 (3.4)
 Human metapneumovirus 5 (2.8)
 Parainfluenza virus type 1–3 2 (1.1)
Population
 Children 74 (41.3)
 Adults 14 (7.8)
 Mixed/not reported 91 (50.8)
Most frequently studied tests (company)a

 Influenza virus
  QuickVue Influenza A+B (Quidel) 26 (14.5)
  BinaxNOW Influenza A&B (Alere Scarborough) 19 (10.6)
  Directigen EZ FluA+B (Directigen-EZ, Becton 

Dickinson)
16 (8.9)

  Sofia Influenza A+B (Quidel) 9 (5.0)
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  BinaxNOW RSV (Alere Scarborough) 6 (3.3)
  BD Veritor RSV (BD Diagnostics) 5 (2.8)
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of respiratory viruses in patients with RTIs. The sensitivity of 
these tests varied considerably, but specificity was high. With 
the result of the rapid test it is thus possible to rule in a respira-
tory viral infection, but false-negative results are common. The 

performance of rapid tests for RSV was generally superior to the 
performance for influenza. A major advantage of rapid tests is 
their potential to be performed in a nonlaboratory setting, but 
only 26.3% were evaluated at the point of care.

Although diagnosing RTIs requires a syndromic approach 
because symptoms of respiratory viruses infection overlap, 
only few rapid tests currently available can simultaneously 
detect multiple viruses. Most rapid tests solely detect influenza 
viruses or RSV. This is historically understandable, because 
these viruses were considered the most important respiratory 
viruses. Furthermore, availability of antivirals for influenza 
renders rapid diagnostic testing of influenza of high priority. 
However, recent studies indicate that other respiratory viruses, 
such as rhinoviruses and hMPV, can also cause severe respira-
tory illness and are sometimes detected at higher frequencies 
than influenza and RSV [22, 23].

The results of our heterogeneity investigation show that rapid 
test performance is comparable for influenza A and influenza 
B, which is in line with findings of a previous meta-analysis 
[14]. Most of the included studies were performed in children, 
especially those evaluating rapid tests for RSV, which at least 
partly explains the lack of influence of age on the diagnostic 
accuracy estimates for RSV. For influenza, however, rapid test 
performance was significantly better in children, as reported 
elsewhere [24, 25]. Age is inversely associated with viral load, 
which may explain better test results in children.

Testing at the point of care did not influence diagnostic test 
accuracy, although this finding should be interpreted with cau-
tion. In many studies, the test was not evaluated at the point of 
care, nor was the setting or personnel described. Direct head-
to-head comparisons between tests performed at the point 

Figure 3. Hierarchical summary receiver operating characteristic curve plots of studies evaluating rapid tests for influenza (A) and respiratory syncytial virus (RSV) (B). Each 
circle indicates a single included study, with the size of the circle proportionate to the size of the study.

Table 2. Subgroup Analyses: Accuracy Estimates

Pooled Sensitivity 
(95% CI)

Pooled Specificity 
(95% CI)

Influenza
Virus type
 Influenza A 68.1 (58.9–76.0) 99.2 (98.5–99.6)
 H1N1 54.0 (47.6–60.3) 99.1 (98.5–99.5)
 Influenza B 71.0 (56.8–82.1) 99.6 (99.2–99.8)
 Influenza A+B 61.1 (53.3–68.3) 98.9 (98.4–99.3)
Population
 Children 66.1 (52.9–79.3) 98.3 (97.2–99.5)
 Adults 34.1 (14.0–54.1) 99.2 (98.2–100.0)
Point-of-care testing 62.1 (47.6–74.7) 98.4 (96.7–99.2)
Rapid test
 QuickVue Influenza A+B 44.6 (29.1–60.0) 99.3 (98.8–99.9)
 Sofia Influenza A+B 75.3 (59.2–91.5) 95.3 (91.5–99.2)
 BinaxNow Influenza A&B 44.1 (23.3–64.9) 99.4 (98.6–100.0)
 Directigen Flu A+B 35.8 (11.8–59.7) 99.2 (98.0–99.4)
 mariPOC 76.1 (53.5–98.7) 99.4 (98.3–100.0)
RSV
Population
 Children 75.9 (73.1–78.5) 98.5 (968–99.4)
 Mixed 70.9 (63.0–77.8) 99.1 (95.9–99.8)
Point-of-care testing 76.0 (69.8–81.2) 99.1 (95.5–99.8)
Rapid test
 BD Veritor RSV 76.9 (71.0–82.8) 98.9 (97.1–100.0)
 BinaxNOW RSV 72.2 (65.2–79.1) 98.6 (96.5–100.0)
 Sofia RSV 80.0 (73.0–86.9) 97.8 (93.8–100.0)

Abbreviations: CI, confidence interval; RSV, respiratory syncytial virus.
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viruses. Furthermore, availability of antivirals for influenza 
renders rapid diagnostic testing of influenza of high priority. 
However, recent studies indicate that other respiratory viruses, 
such as rhinoviruses and hMPV, can also cause severe respira-
tory illness and are sometimes detected at higher frequencies 
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especially those evaluating rapid tests for RSV, which at least 
partly explains the lack of influence of age on the diagnostic 
accuracy estimates for RSV. For influenza, however, rapid test 
performance was significantly better in children, as reported 
elsewhere [24, 25]. Age is inversely associated with viral load, 
which may explain better test results in children.
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Table 2. Subgroup Analyses: Accuracy Estimates

Pooled Sensitivity 
(95% CI)

Pooled Specificity 
(95% CI)

Influenza
Virus type
 Influenza A 68.1 (58.9–76.0) 99.2 (98.5–99.6)
 H1N1 54.0 (47.6–60.3) 99.1 (98.5–99.5)
 Influenza B 71.0 (56.8–82.1) 99.6 (99.2–99.8)
 Influenza A+B 61.1 (53.3–68.3) 98.9 (98.4–99.3)
Population
 Children 66.1 (52.9–79.3) 98.3 (97.2–99.5)
 Adults 34.1 (14.0–54.1) 99.2 (98.2–100.0)
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Monoclonal antibody ‘vaccines’
Paluvizumab
- limited efficiency 
- monthly injection
Two new advances:

§ Extended life –
YTE substitution of Fc portion

§ Increased efficiency –
targeting best sites



Monoclonal Antibodies for RSV
MEDI-8897 (MEDIMMUNE)

Extended life human monoclonal

Passive immunisation

Phase IIb DBRCT 
29-35 week preterm 
N = 1500 – completed

Phase III DBRCT

Term Healthy Infants

N=3000  - in start up

REGENERON - 2222
Humanised monoclonal antibody

Passive immunisation

Phase III  DBRCT

Preterm (≤35 weeks) and < 6 
months age (1 or 2 doses)

N = 1149

Did not meet primary endpoint 
(medically attended RSV)



Trial Questions
How stable is the RSV genome? 

RSV

RSV-A (16 types) RSV-B (22 types)

Produce 11 proteins 

2 proteins on surface associated with human 
immunity (F and G)

F protein changes from pre (6 antigenic sites) to 
post fusion (3 shared antigenic sites) state. 

F protein is genetically highly conserved, BUT

Selective pressure can occur

Palivizumab/Motivizumab

?Vaccine effect will be seen



What went wrong with 
Regeneron 2222
Differential and notably poorer effect in RSVB than RSVA. 

This was not anticipated from earlier phase studies.

Post study analysis - escape mutations (L172Q/S173L) in 100% 
RSV-B isolates in the season prior to Phase III study
Present over all three seasons 

Responsible for the inability of Subtavumab to neutralise RSV-B.

Development of the product has been discontinued.

Targeting single epitopes on F, particularly in the more variable 
pre fusion state may be a risky strategy.

Figure 3. RSV F interface with D25
Antibody D25 binds a quaternary epitope spanning two protomers at the apex of the 
prefusion F trimer. (A) Close-up of the interface between D25 and RSV F. Side chains of F 
residues interacting with D25 are labeled and shown as sticks. Oxygen atoms are colored red 
and nitrogen atoms are colored blue. Hydrogen bonds are depicted as dotted lines. The two 
images are related by a 90° rotation about the vertical axis. (B) Position and conformation of 
the D25 epitope on the prefusion and postfusion F molecules. RSV F residues at the D25 
interface are colored red; polarity of α4 and α5post indicated with arrows, with fragment N- 
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RSV Treatments
Infants 
Toddlers
Immune Suppressed
Adults



Anti-virals
3 mechanism of action

• Antibody
- ALX0171 Ablynx (nebulised)

• Fusion Inhibitor 
- Presatovir GS-5806
- ReViral RV521
- Zirosevir AK0529

• Nucleoside Analogue 
- Alios Lumacitabine 8176
- Pulmocide PC786 (non nucleotide)
- JNJ-53718678



RSV – Human Challenge Models
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ment effects in the sensitivity analyses were simi-
lar to those reported here (Table S1 in the Sup-
plementary Appendix).

Cohorts 5, 6, and 7
In cohorts 5, 6, and 7, regardless of the treatment 
regimen, mean viral loads, total weights of mu-

Figure 1. Efficacy Results.

The viral load, mucus weight, and change from baseline in total symptom-diary scores to the end of the quarantine period (day 12) were 
plotted for cohorts 1 to 4 (Panel A) and for cohorts 5, 6, and 7 (Panel B). Because participants became infected on different days after 
inoculation with the respiratory syncytial virus (RSV), they began treatment on different study days; all viral-load plots represent partici-
pant data starting from the first measurement performed after the initial dose. Viral loads were determined with the use of a quantita-
tive reverse-transcriptase–polymerase-chain-reaction assay of nasal-wash samples, which were collected twice daily; the plots of viral 
loads and symptom scores begin with the first measurement after dosing. Mucus weights were determined daily and were plotted at the 
time corresponding to the beginning of each day’s mucus-weight collection period (i.e., weights plotted for the first day of treatment are 
from facial tissues collected between the morning of the first day of study treatment and the morning of the second day). The symptom 
diary was completed four times daily. The total symptom scores began with the last assessment made before the first dose of the study 
drug was administered (at baseline). Values are means ±SE.
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participants who received placebo. Mean peak 
viral loads were lower in each ALS-008176 treat-
ment group than in the placebo group (P≤0.001 
for all comparisons). At the time that the peak 
viral load occurred in the placebo group, the 
mean viral load in each of the three ALS-008176 
treatment groups was more than 1000 times as 
low (Fig. 1).

The severity of RSV disease in the three ALS-
008176 treatment groups was lower than that in 
the placebo group as assessed by means of symp-
tom scores and quantity of nasal mucus pro-

duced (Fig. 1). The AUC for the total score for 
RSV symptoms was significantly reduced in each 
of the three ALS-008176 treatment groups as 
compared with placebo (P≤0.05 for all compari-
sons), and symptom scores and mucus weights 
in the treatment groups declined in tandem with 
the decline in viral load.

Sequence analysis of the RSV L gene region 
encoding the polymerase domain did not detect 
any of the amino acid mutations associated with 
in vitro resistance to ALS-008112 (M628L, A789V, 
L795I, and I796V). In addition, no new muta-
tions associated with the potential emergence of 
resistance to ALS-008112 were identified.

Safety
No serious adverse events, premature discontin-
uations of the study drug, or clinically signifi-
cant, treatment-related adverse events were ob-
served in any participants in the ITT population. 
Adverse events were generally balanced in terms 
of frequency and intensity across recipients of 
ALS-008176 and placebo, and all but seven ad-
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Figure 1. Viral Load, Symptom Score, and Daily Mucus 
Weight over Time.

Mean viral loads, symptom scores, and mucus weights 
are shown from the time immediately before adminis-
tration of the first dose until 10 days afterward (i.e., 
study day ≥12) in the intention-to-treat infected popu-
lation. Respiratory syncytial virus (RSV) RNA could not 
be detected in any participant 16 or 28 days after inoc-
ulation. Although participants were inoculated with RSV 
on the same day, they became infected on different 
days; consequently, they also began treatment on dif-
ferent days. Viral loads were determined with the use 
of a quantitative reverse-transcriptase–polymerase-
chain-reaction assay of nasal-wash samples, which were 
collected twice daily and analyzed in a central laboratory. 
Participants recorded symptoms in diaries three times 
daily. Mucus weights were measured daily and plotted 
at the time corresponding to the midpoint of the mucus-
collection period each day (i.e., weights plotted mid-
way between the first and second days of treatment 
are from facial tissues collected between the morning 
of the first day of study treatment and the morning of 
the second day). After the loading doses were adminis-
tered in participants in groups 1 and 2, they received 
maintenance doses every 12 hours until the conclusion 
of treatment. Treatment group 1 received a loading dose 
of 750 mg followed by nine maintenance doses of 500 mg, 
and treatment group 2 received a loading dose of 750 mg 
followed by nine maintenance doses of 150 mg. Treat-
ment group 3 received 375 mg every 12 hours for 5 days. 
Plus–minus values are means ±SE. PFUe denotes 
plaque-forming-unit equivalents.
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BACKGROUND
Respiratory syncytial virus (RSV) infection is a cause of substantial morbidity and 
mortality. There is no known effective therapy.

METHODS
We conducted a randomized, double-blind, clinical trial in healthy adults inocu-
lated with RSV. Participants received the oral nucleoside analogue ALS-008176 or 
placebo 12 hours after confirmation of RSV infection or 6 days after inoculation. 
Treatment was administered every 12 hours for 5 days. Viral load, disease severity, 
resistance, and safety were measured throughout the 28-day study period, with 
measurement beginning before inoculation. The primary end point was the area 
under the curve (AUC) for viral load, which was assessed immediately before ad-
ministration of the first dose through the 12th day after inoculation in partici-
pants infected with RSV.

RESULTS
A total of 62 participants received placebo or one of three ALS-008176 dosing 
regimens: 1 loading dose of 750 mg followed by 9 maintenance doses of 500 mg 
(group 1), 1 loading dose of 750 mg followed by 9 maintenance doses of 150 mg 
(group 2), or 10 doses of 375 mg (group 3). In the 35 infected participants (23 of 
whom were treated with ALS-008176), the AUCs for viral load for groups 1, 2, and 3 
and the placebo group were 59.9, 73.7, 133.4, and 500.9 log10 plaque-forming-unit 
equivalents × hours per milliliter, respectively (P≤0.001). The time to nondetect-
ability on polymerase-chain-reaction assay (P<0.001), the peak viral load (P≤0.001), 
the AUC for symptom score (P<0.05), and the AUC for mucus weight were lower 
in all groups receiving ALS-008176 than in the placebo group. Antiviral activity 
was greatest in the two groups that received a loading dose — viral clearance was 
accelerated (P≤0.05), and the AUC for viral load decreased by 85 to 88% as com-
pared with the placebo group. Within this small trial, no viral rebound or resis-
tance was identified. There were no serious adverse events, and there was no need 
for premature discontinuation of the study drug.

CONCLUSIONS
In this RSV challenge study, more rapid RSV clearance and a greater reduction of 
viral load, with accompanying improvements in the severity of clinical disease, 
were observed in the groups treated with ALS-008176 than in the placebo group. 
(Funded by Alios BioPharma; ClinicalTrials.gov number, NCT02094365.)
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BACKGROUND
Respiratory syncytial virus (RSV) is a common cause of infant hospitalizations and 
is increasingly recognized as a cause of considerable morbidity and mortality. No ac-
cepted antiviral treatment exists.

METHODS
We conducted a double-blind, placebo-controlled study of GS-5806, an oral RSV-
entry inhibitor, in healthy adults who received a clinical challenge strain of RSV 
intranasally. Participants were monitored for 12 days. At the time of a positive test 
for RSV infection or 5 days after inoculation, whichever occurred first, participants 
were randomly assigned to receive GS-5806 or placebo in one of seven sequential 
cohorts. Cohorts 1 to 4 received a first dose of 50 mg of GS-5806 and then 25 mg 
daily for the next 4 days, cohort 5 received a first dose of 50 mg and then 25 mg 
daily for the next 2 days, cohort 6 received one 100-mg dose, and cohort 7 received 
a first dose of 10 mg and then 5 mg daily for the next 4 days. Dose selection for 
cohorts 5, 6, and 7 occurred after an interim analysis of data for cohorts 1 to 4. 
The primary end point was the area under the curve (AUC) for the viral load, which 
was assessed after administration of the first dose through the 12th day after in-
oculation. Secondary end points were mucus weight and symptom scores.

RESULTS
Among the 54 participants in cohorts 1 to 4 who were infected with RSV, active 
treatment was associated with a lower viral load (adjusted mean, 250.7 vs. 757.7 
log10 plaque-forming-unit equivalents [PFUe] × hours per milliliter; P<0.001), lower 
total mucus weight (mean, 6.9 g vs. 15.1 g; P = 0.03), and a lower AUC for the change 
from baseline in symptom scores (adjusted mean, −20.2 vs. 204.9 × hours; P = 0.005). 
The results were similar in cohorts 5, 6, and 7. Adverse events, including low neu-
trophil counts and increased levels of alanine aminotransferase, were more common 
among participants receiving GS-5806.

CONCLUSIONS
Treatment with GS-5806 reduced the viral load and the severity of clinical disease 
in a challenge study of healthy adults. (Funded by Gilead Sciences; ClinicalTrials.gov 
number, NCT01756482.)
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RSV pool was prepared by multiple pas¬
sages in a diploid cell line (MRC-5) with
subsequent safety testing and was shown
to contain 5 log,„ 50% tissue culture infec¬
tious dose (TCID5„) per milliliter of virus.
A pipette was used to drop 0.5 mL into
each naris.

Drug Administration and
Study Design

Volunteers were isolated on a ward in a

facility used for volunteer studies and
were randomly assigned to receive either
drug or placebo (water). Neither the vol¬
unteers nor the examining physicians
knew who received which regimens. The
drug or placebo was administered by aero¬
sol starting on day 3 for a total of 12
hr/day for three days. Our previous use of
this RSV pool has shown that the first day
of viral shedding or clinical symptoms in
any volunteer occurs on day 3. The aerosol
was administered during three intermit¬
tent periods of three, three, and six hours
during each 24-hour cycle. A small-parti¬
cle aerosol of the drug or placebo was
produced by equipment developed by
Knight and co-workers."'6 The method
employs a generator run on compressed
air to produce particles of about 1.2 pm in
diameter that are administered at a rate
of 125 L/min through a face mask. The
concentration of ribavirin in the liquid
reservoir was 20 mg/mL. The dosage has
been calculated by McClung et al (p2671)
as 55 mg/hr of ribavirin deposited in the
respiratory tracts of college students with
influenza B infection. Twelve hours of
treatment would, therefore, provide a

deposited dose of 660 mg per patient.

Evaluation of Efficacy and Toxicity
Clinical Evaluations.—Twice daily, before

and after an aerosol treatment, each sub¬
ject received a physical examination and
was questioned for signs or symptoms of
respiratory illness, systemic complaints,
and any side effects of the aerosol ad¬
ministration. Throughout the study, all
subjects were examined by the same phy¬
sician, who was unaware of which volun¬
teers had received drug or placebo. The
clinical signs and symptoms were graded
1+ to 3+ according to severity by the
following method: All minor complaints,
which included rhinitis, sore throat,
lymphadenopathy, and sneezing, received
one point for 1+ severity, two points for
2+, and three points for 3+ severity. More
major complaints, which included signs of
systemic illness (general myalgia, malaise,
anorexia, and nausea) or tracheobronchi-
tis (coughing, repetitive and/or produc¬
tive, and trachéal tenderness), received
two points for 1+, four points for 2+, and
six points for 3+ severity. Oral tempera¬
tures, which were obtained three times a

Placebo fZ2
-Ribavirin tÊÈ
-
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8
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Fig 1.—Proportion of infected subjects shedding respiratory syncytial virus treated with ribavirin
aerosol compared with those receiving placebo. Significantly fewer ribavirin-treated subjects
shed virus after day 6. (No cultures were obtained on day 7.)

Table 1.—Average Symptom Score of Subjects Treated With
Placebo v Subjects Treated With Ribavirin

Average Score

Placebo-Treated Group Ribavirin-Treated Group
_(N=7)_(N=6)_P^_
Minor symptoms 6.2 9.6 NS
Systemic symptoms 2.9 0.5 <.01
Fever 4.4 0.8 < .01

"Wilcoxon's rank test

day, that were above 37.5 to 37.7 °C
received three points; 37.8 to 38 °C, five
points; and 38.1 °C or higher, seven

points.
Pulmonary Function Tests.—Pulmonary

function tests were performed on all sub¬
jects before inoculation of the virus, as
well as on day 5 (the last day of treatment)
and one month later. Forced flow water
was measured with a 13-L spirometer
(Stead-Wells). The best of the forced flow
maneuvers of each subject was recorded,
and the forced vital capacity (FVC), forced
expiratory volume in 1 s (FEV,), and
the maximal midexpiratory flow rate
(MMEFR) were calculated. After the ini¬
tial spirometry, subjects were challenged
with the standard carbachol aerosol (1%
carbachol in 80% propylene glycol, five
breaths with 5-s breath-hold) delivered in
a small-particle nebulizer. Spirometry was
then repeated, and the data were analyzed
using paired and unpaired t tests. Previous
studies with inoculation of this RSV chal¬
lenge pool in volunteers have shown in¬
fection to have no effect on pulmonary
function."

Virological Methods.—Nasal-wash speci¬
mens using veal infusion broth were

obtained from each subject before inocula¬
tion of the virus and subsequently twice
daily in the morning and night for days 2
through 6 and once on days 8 and 9. The
initial nasal washes on all subjects and
subsequently any wash obtained from a

subject with signs or symptoms of respira¬
tory illness were inoculated onto human
epithelial carcinoma (HEp-2), cynomolgus
kidney, and fibroblastic (WI-38) cell lines
to detect any intercurrent viral infec¬
tion. All nasal washes starting on day 2
were inoculated onto an HEp-2 cell line
sensitive to RSV and titered in triplicate
by serial tenfold dilutions. All cultures
were incubated at 35 °C on a roller drum
and checked daily for typical cytopathic
effect. Serum samples were also obtained
from each volunteer before and four weeks
after inoculation of the virus and were
tested for a rise in specific RSV antibody
by the enzyme-linked immunosorbent as¬

say."
Assay for Determining Sensitivity of RSV

Isolates to Ribavirin.—The RSV isolates
obtained from the volunteers were tested
in a plaque-reduction assay against vary¬
ing concentrations of ribavirin, as previ¬
ously described.14 Harvests of nasal-wash
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HES entries for individual patients were linked to PCT by
general practitioner registration. Admission rates were calculated
per 100 000 children aged under 2 years in each PCT. Mean
LOS (by whole day) was calculated for total admissions in each
PCT. All data were standardised by population of children
under 2 years in each PCT using figures from the Office for
National Statistics.

The degree of variation is presented as the coefficient of vari-
ation (CV) (ie, (SD)/(mean)), which quantifies the variation of
the mean measured rate from the norm (ie, a CV of 0.10 would
show that a PCT’s average rate is 10% above or below the
national average rate).

The Spearman’s rank correlation (r, ranging from 0 to ±1)
was used to elicit the effect of socioeconomic deprivation on
admission rates and LOS using the Indices of Multiple
Deprivations 2010 (IMD 2010) value (http://www.communities.
gov.uk/documents/statistics/pdf/1871208.pdf), a composite
figure for average level of multiple deprivations within
each PCT.

RESULTS
In the 3-year period, there were a total of 75 318 admissions in
children under 2 years old for bronchiolitis (ICD-10:J21) across
all 152 PCTs in England.

There was a 15-fold variation across PCTs in England in the
admission rate for bronchiolitis (351–5140 admissions per
100 000 children aged under 2 years; CV=0.43) (figure 1).
There was a sixfold variation across PCTs in England in LOS for
children with bronchiolitis (0.7–4.1 days; CV=0.27) (figure 2).

Rates of hospital admission by PCTwere positively correlated
with socioeconomic deprivation as measured by IMD2010
values (r=0.332, p<0.0001) (figure 3). LOS showed no correl-
ation with socioeconomic deprivation (IMD 2010) by PCT
(r=0.129, p=0.114).

DISCUSSION
There is significant variation in the rates of admission and LOS
for infants with bronchiolitis across England.

Much of the literature on bronchiolitis has shown that inci-
dence and severity of illness correlate positively with measures
of socioeconomic deprivation. A recent report suggests that it is
the link between multiple deprivations and household smoking
that drives this, rather than deprivation per se.3 Our findings
mirror this, with LOS showing no correlation with deprivation,
suggesting that the sixfold variation is likely to be associated
with other factors.

Although admission rates were positively correlated with
deprivation, the correlation is modest (r=0.332, p<0.0001). In
particular, on interrogating the data for the PCTs at either
extreme of deprivation, we find considerable variation even
among PCTs of similar socioeconomic profile. The magnitude
of variation is over 15-fold even among the 10 most deprived
PCTs (range 351.5–5139.6 admissions per 100 000 children,
CV=0.62) and threefold among the 10 least deprived (range
838.9–2297.5 admissions per 100 000 children, CV=0.35).

Based on these data, socioeconomic deprivation alone does
not account for the magnitude of variation shown. Other
factors known to affect incidence and severity of bronchiolitis
include premature birth, low birth weight, low admission
weight, young age and household smoking.3 Of these, only
young age is not correlated with socioeconomic deprivation, but
it is extremely unlikely that, over the 3-year study period, there
would be significant variation among PCTs of age range for chil-
dren below the age of 2 years.

Other factors must therefore be influencing the variation in
rates of admission and LOS. Variation in clinical management is
one likely factor. Evidence already exists to suggest that vari-
ation in the threshold for oxygen supplementation and criteria
for admission and discharge for bronchiolitis have a significant
impact on LOS.4 More broadly, bed capacity in children’s
inpatient units has been shown to be positively correlated with
rates of discharge from hospital.5 In the absence of other
explanatory causes, we believe that these healthcare provider
factors are likely to contribute to the variation demonstrated.

A major limitation to the study is in the quality of the source
data. Not only is data coding for HES reportedly inconsistent, it

Figure 1 Admissions for bronchiolitis in children per 100 000
population aged under 2 years by Primary Care Trust (PCT) in England,
2007/2008 –2009/2010.

Figure 2 Mean length of stay for bronchiolitis admissions for children
aged under 2 years by Primary Care Trust (PCT) in England, 2007/
2008 –2009/2010.

Figure 3 Correlation between rate of admission for bronchiolitis in
children per 100 000 population aged under 2 years by Primary Care
Trust (PCT) in England, 2007/2008 –2009/2010.

58 Cheung CR, et al. Arch Dis Child 2013;98:57–59. doi:10.1136/archdischild-2012-302277

Short research report

group.bmj.com on April 18, 2016 - Published by http://adc.bmj.com/Downloaded from 

similar patients elsewhere. Excluded from the model for
lack of statistical signiÆcance were congenital heart
disease in the absence of other anomalies, immuno-
compromise, fever on admission, apnea preceding hos-
pitalization, and viral season.

Supportive therapies

Frequencies of utilization of therapies (Table 4) varied
widely among hospitals, even within the same country.
DiÄerences in patient mix were not suÅcient to explain

this interhospital variation. Multivariate analyses re-
vealed that the individual hospital was a leading factor
in the utilization of all therapies studied, independent of
a patient's clinical status or risk factors for severe RSV
disease (data not shown). After adjustment for all sta-
tistically signiÆcant factors, a patient's odds of receiving
a speciÆc RSV therapy depended as much or more on
being treated at a hospital with relatively high- or in-
termediate-use of that therapy as on having clinical signs
or symptoms (such as hypoxemia or a diagnosis of
bacterial pneumonia) or risk factors for severe disease
(such as a chronic underlying illness or very young age).

Table 2 Duration of hospitali-
zation among infants and
young children with RSV LRI
by country (n = 1,563)

Number of
centers

Number of
cases

Median days
in hospital

Interquartilea

range (days)
5th±95th percentile
range (days)

Australia 4 250 4 3±6 2±12
Finland 1 100 4 3±6.5 2±10.5
United Kingdom 4 195 4 3±7 2±12
United States 4 305 4 3±6 2±11

Belgium 5 131 8 6±12 3±19
France 7 199 8 6±11 3±16
Germany 7 149 9 6±14 3±37
Italy 4 72 9 6±11 3±20
The Netherlands 5 162 8 6±11 3±23

Total sample 41 1,563 6 4±9 2±17

a Interquartile range is the range between the 25th and 75th percentiles

Table 3 Factors inØuencing duration of hospitalization among infants and young children with RSV LRI (n = 1,555a)

Variables EÄect estimateb 95% CI P

Patients with no risk factors 3.059 2.905±3.221 0.0001
Hospitalization in continental Europe 1.802 1.685±1.928 0.0001
Diagnosis of bacterial pneumonia 1.482 1.314±1.671 0.0001
Diagnosis of gastroenteritis 1.397 1.290±1.514 0.0001
Multiple congenital anomaliesc 1.394 1.233±1.575 0.0001
Chronic lung disease 1.127 1.042±1.218 0.0028
Respiratory rate above 70/min 1.127 1.035±1.226 0.0057
Radiographic evidence of RSV 1.119 1.062±1.178 0.0001
Per every week prematured 1.051 1.038±1.064 0.0001
Per every week short of 13 weeks olde 1.034 1.024±1.044 0.0001
Per every 1% deÆcit in oxygen saturationf 1.010 1.006±1.013 0.0001
Interaction between prematurity and
age less than 13 weeks

1.006 1.001±1.010 0.0097

Interaction between continental Europe
and age less than 13 weeks

0.978 0.966±0.991 0.0013

Interaction between prematurity and
congenital anomalies

0.954 0.927±0.983 0.0018

Interaction between continental Europe
and bacterial pneumonia

0.858 0.743±0.991 0.0377

a The Ænal regression model was Æt without eight outliers who had
residual values beyond ã4.5 days. The R-square for the model was
0.43
b The estimated length of stay for an RSV LRI can be calculated by
multiplying 3.059 (the number of hospital days for patients with
none of the risk factors) by the eÄect estimates for all variables (and
relevant interactions between variables) that are present. For ex-
ample, a patient aged 4 weeks on admission (9 weeks short of age
13 weeks) who had been born at 31 weeks (6 weeks premature)
would be expected to spend a week in hospital (3.059 ¥
1.0349 ¥ 1.0516 ¥ 1.00654 = 7.6949 days; 95% CI: 4.748±11.784).
However, if this patient were hospitalized in a European country
other than the United Kingdom or Finland, the estimated stay

would be 11 days (3.059 ¥ 1.0349 ¥ 1.0516 ¥ 1.00654 ¥ 1.802
¥ 0.9789=11.349 days; 95% CI: 5.860±20.945)
c Multiple anomalies included Down syndrome and other multi-
system abnormalities but did not include congenital heart disease
alone
d Weeks premature = (37 weeks ) gestational age)
e Weeks short of 13 weeks = (13 weeks ) age in weeks), if younger
than 13 weeks old
f The 372 patients without oximetry on admission were assigned a
value of 100% oxygen saturation in this analysis. It is likely that
oximetry was considered unnecessary for these patients, who had
shorter median hospitalizations than patients who had oximetry
performed
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Discharge

•Feeding orally

•Acceptable oxygen saturation

•Breathing improved

Trial Questions 
How to reduce clinical practice variance?

SpO2

•Acceptable oxygen saturation

•Guideline targets: 90-94% 

(difference = 22 hours in hospital)



Trial Questions 
What is a clinically meaningful change?
Vaccines/Monoclonals

What would be a reasonable reduction in RSV

- ?reduction in out patient RSV

- ?reduction in hospital admissions

Anti-virals

What would be a reasonable treatment 
response?

- Reduction in length of stay

- Reduction to time in no further oxygen

How can we ensure clinicians manage RSV 
bronchiolitis similarly in clinical trials?



Summary
Maternal RSV vaccine trial has just reported
◦ Negative primary outcome
◦ Highly relevant secondary outcomes were positive

Monoclonal long acting antibodies look promising
◦ Single ‘passive’ dose for first winter highly attractive
◦ Antigenic change could render them inactive

Antivirals studies are difficult but several candidates look promising
◦ Not so difficult to demonstrate antiviral activity
◦ Safety is stopping some development
◦ Difficult to demonstrate clinical benefit in highly variable disease management



Thank You

steve.cunningham@nhs.net


