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COMMON RESPIRATORY VIRUSES:COMMON RESPIRATORY VIRUSES:

YOU KNOW THESE ALREADY YOU KNOW THESE ALREADY 

�� Respiratory Syncytial Virus (RSV)Respiratory Syncytial Virus (RSV)

�� Influenza A and BInfluenza A and B

�� ParainfluenzaParainfluenza viruses 1viruses 1--33

�� THE RESTTHE REST



NEW AND EMERGING RESPIRATORY NEW AND EMERGING RESPIRATORY 

VIRAL INFECTIONSVIRAL INFECTIONS

�� APPRECIATION OF IMPORTANT APPRECIATION OF IMPORTANT ““OLDOLD”” VIRUSES:VIRUSES:

–– AdenovirusAdenovirus

–– RhinovirusRhinovirus

�� EPIDEMIOLOGY OF NEW VIRUSES EPIDEMIOLOGY OF NEW VIRUSES 

–– HUMAN METAPNEUMOVIRUSHUMAN METAPNEUMOVIRUS

–– CORONAVIRUS (new types)CORONAVIRUS (new types)

–– HUMAN BOCAVIRUSHUMAN BOCAVIRUS

–– AVIAN INFLUENZAAVIAN INFLUENZA



WHAT IS MOST IMPORTANT FACTOR WHAT IS MOST IMPORTANT FACTOR 

IN CLINICAL VIROLOGICAL IN CLINICAL VIROLOGICAL 

TESTING?TESTING?



A GOOD SPECIMENA GOOD SPECIMEN

�� Good clinical specimen obtained MOST Good clinical specimen obtained MOST 
critical factor in accurate diagnosiscritical factor in accurate diagnosis..

�� Specimen collection should be performed by Specimen collection should be performed by 
trained personnel.trained personnel.

�� Nasal wash is well tolerated in cooperative adults Nasal wash is well tolerated in cooperative adults 
and does not result in bleeding.and does not result in bleeding.

�� BAL is specimen of choice in patient with lower BAL is specimen of choice in patient with lower 
respiratory tract disease.respiratory tract disease.

�� Nasal swab preferred in uncooperative adults.Nasal swab preferred in uncooperative adults.

�� Throat swabs are inferior Throat swabs are inferior -- why not flip a coin?why not flip a coin?



RSV:  EPIDEMIOLOGYRSV:  EPIDEMIOLOGYRSV:  EPIDEMIOLOGY

�� Transmission via direct or close contact with Transmission via direct or close contact with 

secretions, droplets, secretions, droplets, fomitesfomites

�� Virus may persist on surfaces for hoursVirus may persist on surfaces for hours

�� Annual midwinter epidemicsAnnual midwinter epidemics

�� Nearly all children infected by 3 years of ageNearly all children infected by 3 years of age

�� Shedding in young children up to 1 monthShedding in young children up to 1 month

�� Even longer shedding in immunocompromised Even longer shedding in immunocompromised 

childrenchildren



THE BEST RSV STUDY EVER:THE BEST RSV STUDY EVER:

RSV Transmission Study*RSV Transmission Study*

CuddlersCuddlers TouchersTouchers SittersSitters

No. exposedNo. exposed 77 1010 1414

No. infectedNo. infected 55 44 00

CuddlersCuddlers andand TouchersTouchers transmit RSV, sitters dontransmit RSV, sitters don’’tt

Small particle aerosol not major Small particle aerosol not major 

means of spreadmeans of spread
* Hall & Douglas, J Pediatrics 1991



HOW TO PREVENT SPREAD OF HOW TO PREVENT SPREAD OF 

RESPIRATORY VIRUSESRESPIRATORY VIRUSES

�� Isolate based on Isolate based on 
symptoms, not symptoms, not 
diagnosisdiagnosis

�� Hand washingHand washing

�� Hand washingHand washing

�� Hand washingHand washing

�� Consider gown and Consider gown and 
glove in certain glove in certain 
conditionsconditions……



RESPIRATORY SYNCTYIAL 
VIRUS (RSV) CLINICAL DISEASE

RESPIRATORY SYNCTYIAL RESPIRATORY SYNCTYIAL 

VIRUS (RSV) CLINICAL DISEASEVIRUS (RSV) CLINICAL DISEASE

�� Any age:Any age:

acute respiratory illness, including cold acute respiratory illness, including cold 
symptoms only, fever, symptoms only, fever, rhinorrhearhinorrhea, sore throat, , sore throat, 
coryza, cough  (in any combination)coryza, cough  (in any combination)

�� Infants and young children:Infants and young children:

most frequent cause of bronchiolitis, most frequent cause of bronchiolitis, 
pneumonia, otitispneumonia, otitis

�� Premature infants:Premature infants:

respiratory signs are minimal but apnea, respiratory signs are minimal but apnea, 
lethargy, irritability commonlethargy, irritability common

�� Immunocompromised individuals:Immunocompromised individuals:

fever, pneumonia, sinusitis, otitis, ARDSfever, pneumonia, sinusitis, otitis, ARDS



RSV:  Long-Term SequelaeRSV:  LongRSV:  Long--TermTerm SequelaeSequelae

�� LongLong--termterm sequelaesequelae of RSV infection in of RSV infection in 

children:children:

–– Some children with severe RSV disease Some children with severe RSV disease 

develop longdevelop long--term abnormalities term abnormalities 

–– Genetic predisposition to abnormal Genetic predisposition to abnormal 

airways, small airway size (male gender);airways, small airway size (male gender);

also associated with also associated with predelectionpredelection forfor

persistent reactive airway abnormalities*persistent reactive airway abnormalities*

–– Development of Development of bronchiectasisbronchiectasis andand

persistent pulmonary disease in persistent pulmonary disease in 

subpopulationssubpopulations
* Martinez et al, NEJM 1995



� Bronchiolitis hospitalizations 
increasing

� 1980-1996:  1.65 million hospitalizations

– 7 million inpatient days

– 57% in children <6 months of age

– 81% in children <1 year of age

– 239% increase in bronchiolitis 
hospitalizations in children <6 months old

Recent Trends in RSV 
Hospitalizations

(Shay DK et al. Bronchiolitis-Associated Hospitalizations Among US Children, 1980-1996. 

JAMA Vol 282, No 15 1999.)



PREVENTION OF RSVPREVENTION OF RSV

�� AtAt--risk preterm infants or those with chronic lung risk preterm infants or those with chronic lung 
or heart disease:or heart disease:

–– RSV monoclonal antibody prophylaxis RSV monoclonal antibody prophylaxis 
(monthly Synagis)(monthly Synagis)

–– Consider type of childcareConsider type of childcare

�� Healthy term infants:  80% of hospitalized babies Healthy term infants:  80% of hospitalized babies 
with RSV are > 36 weeks gestationwith RSV are > 36 weeks gestation

–– Recommend hand washingRecommend hand washing

–– Deliver your baby in June or July (this might Deliver your baby in June or July (this might 
not work in Alaska)not work in Alaska)

–– ????????????????????????????



AAP Guidelines: RSV Prophylaxis*AAP Guidelines: RSV Prophylaxis*

�� Candidates for SynagisCandidates for Synagis®® (palivizumab) prophylaxis:(palivizumab) prophylaxis:

–– Infants with chronic lung disease <2 years of age Infants with chronic lung disease <2 years of age 
at onset of RSV season with medical management at onset of RSV season with medical management 
of lung disease within 6 M.of lung disease within 6 M.

–– Infants born at Infants born at �� 28 weeks gestation up to one 28 weeks gestation up to one 
year of age at the onset of RSV seasonyear of age at the onset of RSV season

–– Infants born at 29Infants born at 29--32 weeks gestation up to six 32 weeks gestation up to six 
months of age at the onset of RSV seasonmonths of age at the onset of RSV season

–– Infants born at 32Infants born at 32--35 weeks gestation with 35 weeks gestation with 
additional risk factors for severe RSV diseaseadditional risk factors for severe RSV disease

–– Infants with symptomatic congenital heart disease Infants with symptomatic congenital heart disease 

Pediatrics 2003;112:1442Pediatrics 2003;112:1442--6; 2003 REDBOOK: p5256; 2003 REDBOOK: p525



FORMULATION OF NEW RSVFORMULATION OF NEW RSV--

SPECIFIC MONOCLONAL ANTIBODYSPECIFIC MONOCLONAL ANTIBODY
�� Multicenter clinical studies ongoing for new version Multicenter clinical studies ongoing for new version 

of  palivizumab sponsored by of  palivizumab sponsored by MedImmuneMedImmune::

–– 33rdrd generation, antigeneration, anti--RSV molecule offering RSV molecule offering 
significant advantages (higher significant advantages (higher ““potencypotency””))

–– 2002:    New antibody  selected:2002:    New antibody  selected: ““NumaxNumax””

�� 2003:  MedImmune submitted IND application to 2003:  MedImmune submitted IND application to 
FDA to evaluate FDA to evaluate NumaxNumax..

�� 2006:  Clinical studies with 2006:  Clinical studies with NumaxNumax in children with in children with 
BPD and cardiac disease completed and submitted BPD and cardiac disease completed and submitted 
to FDA; request for further study in cardiac patientsto FDA; request for further study in cardiac patients

�� 2008:  Cardiac study year 2 completed2008:  Cardiac study year 2 completed

�� ?IS MONTHLY DOSING GOING TO BE ?IS MONTHLY DOSING GOING TO BE 
NECESSARY??NECESSARY??
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DFA is a great test for RSVDFA is a great test for RSV

Using PCR as the Gold Standard Using PCR as the Gold Standard 

DFADFA --

DFA +DFA +

DFA +DFA +

ResultResult

PCR +PCR +

PCRPCR --

PCR +PCR +

20 (3)20 (3)

6 (1)6 (1)

257 (37)257 (37)

Number (%) of samplesNumber (%) of samples

(Total = 687)(Total = 687)

Sensitivity of DFA = 93%      Specificity of DFA = 98%



Relationship between RSV Viral Load and 
Other Covariates

�� RSV viral load inversely correlated with ageRSV viral load inversely correlated with age

�� No correlation was found between viral load and No correlation was found between viral load and severity of severity of 

disease, admission to hospital or admission to ICU.disease, admission to hospital or admission to ICU.

2
4

6
8

1
0

lo
g

 R
S

V
 V

ir
a

l 
L

o
a

d
 (

lo
g

 c
o

p
ie

s
/m

L
)

0 5 10 15 20
Age (years)

log RSV Viral Load by Age

2
4

6
8

1
0

lo
g

 R
S

V
 V

ir
a

l 
L

o
a

d
 (

lo
g

 c
o

p
ie

s
/m

L
)

0 20 40 60 80 100
Duration of Hospitalization (Days)

log RSV Viral Load by Duration of Hospitalization



RSV and VIRAL LOAD of RSV (N=418) and RSV and VIRAL LOAD of RSV (N=418) and 

HMPV (N= ) in Hospitalized Children*HMPV (N= ) in Hospitalized Children*
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Sequential HMPV Viral Loads Over Time in Sequential HMPV Viral Loads Over Time in 

Outpatient Infants*Outpatient Infants*
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Impact of BronchiolitisImpact of Bronchiolitis

�� Most frequent manifestation of lower respiratory Most frequent manifestation of lower respiratory 

tract infection in young children. tract infection in young children. 

�� Results in the hospitalization of 2Results in the hospitalization of 2--3% of children 3% of children 

under the age of 1 yearunder the age of 1 year11; up to 10% in certain ; up to 10% in certain 

high risk populationshigh risk populations22

�� Estimated annual cost of Estimated annual cost of 

1Lancet 2006;368:312, 2 Singleton PIDJ 3Pediatrics 2006;118:1774

hospitalization for hospitalization for 

bronchiolitis in children bronchiolitis in children 

less than 1 year of age is less than 1 year of age is 

over $700 millionover $700 million33..



Viral Pathogens of BronchiolitisViral Pathogens of Bronchiolitis

�� RSV, the most common virus associated RSV, the most common virus associated 

with bronchiolitis, accounts for 40with bronchiolitis, accounts for 40--80% of 80% of 

casescases11..

�� Other viral pathogens include:Other viral pathogens include:

–– ParainfluenzaParainfluenza

–– AdenovirusAdenovirus

–– InfluenzaInfluenza

–– Human metapneumovirusHuman metapneumovirus

1Principles and Practice of Infectious Diseases 2005;6th ed:812

Lancet 2006;368:312



BRONCHIOLITIS:  2006 BRONCHIOLITIS:  2006 

AAP GuidelinesAAP Guidelines

�� Diagnose bronchiolitis on basis of history Diagnose bronchiolitis on basis of history 
and physical.and physical.

�� Routine viral testing is not recommended Routine viral testing is not recommended 

–– ““The knowledge gained from such testing The knowledge gained from such testing 
rarely alters management decisions or rarely alters management decisions or 
outcomes for the vast majority of children outcomes for the vast majority of children 
with clinically diagnosed bronchiolitis.with clinically diagnosed bronchiolitis.””

–– ““VirologicVirologic testing may be useful when testing may be useful when 
cohorting of patients is feasible.cohorting of patients is feasible.””

Pediatrics 2006;118:1774 



What are the Viral Pathogens of What are the Viral Pathogens of 

Bronchiolitis?*Bronchiolitis?*

Methods:Methods:
�� DirectDirect immunofluorescentimmunofluorescent antibody assay antibody assay 

conducted realconducted real--time on NW, BAL samples: time on NW, BAL samples: 

–– RSV,RSV, parainfluenzaparainfluenza (types 1(types 1--3)3)

–– Influenza A and BInfluenza A and B

–– AdenovirusAdenovirus

�� Multiplex RealMultiplex Real--Time PCR performed for Time PCR performed for 
the above viruses, HMPV, the above viruses, HMPV, coronaviruscoronavirus

�� Limitation:  Rhinovirus NOT Limitation:  Rhinovirus NOT 
testedtested



Results*Results*

�� 189/831 (23%) of samples collected were from 189/831 (23%) of samples collected were from 

children between 0children between 0--36 months evaluated for 36 months evaluated for 

bronchiolitis.bronchiolitis.

–– Median age: 6.7 monthsMedian age: 6.7 months

–– 54% were male54% were male

–– 26% had an underlying disease26% had an underlying disease

�� Samples were acquired from:Samples were acquired from:

–– General pediatric ward:  72%General pediatric ward:  72%

–– Emergency Department:  21% Emergency Department:  21% 

–– Intensive Care Unit:   7%Intensive Care Unit:   7%

*Stempel et al Acta Paediatrica 2008



Results: Viral Pathogens in Children Results: Viral Pathogens in Children 

with Clinical Bronchiolitis*with Clinical Bronchiolitis*

177 (94%) children 

had viruses detected 

134 with 

single virus 

(71%)

43 with 

multiple

viruses

(23%)

189 children 
with bronchiolitis

11InfluenzaInfluenza

1212ParainfluenzaParainfluenza

1414CoronavirusCoronavirus

2020hMPVhMPV

2828AdenovirusAdenovirus

145145RSVRSV

NumberNumber

detecteddetected

(n=220)(n=220)

VirusVirus

*Stempel et al Acta Paediatrica 2008



Respiratory Pathogens in Children with Bronchiolitis, Respiratory Pathogens in Children with Bronchiolitis, 

By Age GroupBy Age Group

• Influenza was only detected in one child who was 21 mo

Age RSV AdV hMPV CoV PIV 
No virus 
detected

< 6 mo 
   n= 83 

84% 5% 10% 6% 2% 5% 

6 mo - 1 yr 
   n= 51 

73% 22% 14% 6% 12% 6% 

1 - 2 yr 
   n= 46 

70% 22% 9% 13% 4% 13% 

2 - 3 yr 
   n= 9 

68% 11% 11% 0 22% 0 

TOTAL:  189 Children



CoinfectionsCoinfections

� 43 samples had 2 or 
more viruses detected, 
35 (81%) of these 
involved RSV

� 1 sample had a three-
way infection: RSV, 
hMPV, and adenovirus

� 8 other coinfections:

� hMPV + PIV (n = 4)

� hMPV + AdV (n=3)

� PIV + AdV (n=1)

Coinfections with RSV

RSV + Influenza

RSV + hMPV

RSV + 

Adenovirus

RSV + 

Coronavirus

RSV + PIV



BRONCHIOLITIS:  SummaryBRONCHIOLITIS:  Summary

�� High rate of viral detectionHigh rate of viral detection

–– At least one virus was identified in 94% At least one virus was identified in 94% 

of childrenof children

�� RSV is the most predominant pathogen RSV is the most predominant pathogen 

associated with bronchiolitis but 40% of associated with bronchiolitis but 40% of 

children were infected with other viruseschildren were infected with other viruses

�� 12% of patients had a single infection with 12% of patients had a single infection with 

a virus other than RSVa virus other than RSV

Images: AAP Red Book Online



Influenza Makes Headlines…..

Epidemic (annual)  influenza outbreaks are a Epidemic (annual)  influenza outbreaks are a 

regular and important problem here and regular and important problem here and 

worldwideworldwide…………

Feb. 2007



InfluenzaInfluenza--Attributable Outpatient Attributable Outpatient 

Events Per 100 ChildrenEvents Per 100 Children

Neuzil et al. NEJM 2000;342:225-231.

Antibiotic Courses
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2008:  INFLUENZA and MRSA2008:  INFLUENZA and MRSA

Fatal influenza pneumonia, 6 year old previously healthy child



US ACIP Influenza Vaccine US ACIP Influenza Vaccine 

Recommendations: 2009Recommendations: 2009

�� Children >6 months with chronic conditions:Children >6 months with chronic conditions:

–– CardiacCardiac PulmonaryPulmonary

–– RenalRenal HepaticHepatic

–– MetabolicMetabolic Neuromuscular disorderNeuromuscular disorder

–– HematologicHematologic Immune compromiseImmune compromise

�� Children 6Children 6--59 months of age59 months of age

�� Healthy household contacts of highHealthy household contacts of high--risk groupsrisk groups

�� ETC. ETCETC. ETC

�ALL CHILDREN 6 MONTHS-18 YEARS



Influenza Vaccine: Influenza Vaccine: 

2 choices2 choices

Live attenuatedLive attenuated

�� NasalNasal

�� Indicated for:Indicated for:

–– 22--49 yrs of age49 yrs of age

–– GenerallyGenerally

healthyhealthy

�� Need 2 doses first Need 2 doses first 

time for children time for children 

<9 (maybe)<9 (maybe)

Trivalent inactivatedTrivalent inactivated

�� InjectionInjection

�� Indicated for:Indicated for:

–– >6 months>6 months

–– Anyone *Anyone *

�� Need 2 doses first Need 2 doses first 

year for children <9 year for children <9 

(really!!)(really!!)

*except egg allergy, Guillain Barre



Challenges of Influenza Vaccination Challenges of Influenza Vaccination 

in Childrenin Children

�� Annual vaccination requiredAnnual vaccination required

�� Logistics (2 doses in short time Logistics (2 doses in short time 
in fall)in fall)

�� Vaccine supplyVaccine supply

�� CostsCosts

�� Public perceptionPublic perception

�� Practical issues (clinic volume, Practical issues (clinic volume, 
crowded immunization crowded immunization 
schedule, family inconvenience)schedule, family inconvenience)

�� LOTS OF VACCINE THIS YEAR LOTS OF VACCINE THIS YEAR 
AND ITAND IT’’S BEING DELIVERED!S BEING DELIVERED!

�� PREPARE NOW FOR 2009 PREPARE NOW FOR 2009 
Diane Kinnunen, RN, with 

study participants 



SARS OUTBREAK 2003:

THE MOST DEADLY 
CORONAVIRUS

Artist:  Peter Scott, Age 8

Tsang et al.  NEJM 3/31/03

The SARS-
Associated
Coronavirus

Identified cooperatively 
using new scientific tools 
and old fashioned 
epidemiology…

Chinese horseshoe 
bat reported as 
reservoir for SARS 
(*Yuen et al, PNAS 
2005)



NEW CORONAVIRUSESNEW CORONAVIRUSES

HCoVHCoV--0C43 (OLD)0C43 (OLD)

SARSSARS--CoVCoV

Group 3Group 3-- IBVIBV

CoVCoV--HKU1HKU1

Group 2Group 2

HCoVHCoV--NL63NL63

HCoVHCoV--229 E (OLD)229 E (OLD)

Group 1:Group 1:

CORONAVIRUSCORONAVIRUS

www.pmarneffei.hku.hk

Crown = spike protein



ALL FOUR CORONAVIRUS SUBTYPES ALL FOUR CORONAVIRUS SUBTYPES 

DETECTED IN FALL/WINTER, 2003DETECTED IN FALL/WINTER, 2003--44

Coronavirus Subtypes
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CORONAVIRUSCORONAVIRUS--ASSOCIATEDASSOCIATED

PNEUMONIA IN NORMAL CHILDREN*PNEUMONIA IN NORMAL CHILDREN*

�� Most hospitalized children with Most hospitalized children with 

coronaviruscoronavirus (14/21, 81%) had (14/21, 81%) had 

underlying diseasesunderlying diseases

�� 4 previously healthy children with 4 previously healthy children with 

CoVCoV as sole respiratory pathogen; as sole respiratory pathogen; 

2 had CXR taken2 had CXR taken

�� RadiographicallyRadiographically confirmedconfirmed

pneumonia demonstrated in both pneumonia demonstrated in both 

patients :patients :

–– 14 M girl with RLL 14 M girl with RLL 

consolidationconsolidation

–– 3 M boy with pleural effusion3 M boy with pleural effusion

14-month girl with “round 

pneumonia” and coronavirus

as sole pathogen

Kuypers et al Pediatrics 2007;119:e70;  Heugel et al PIDJ 2007; 26:753 



Who’s the first researcher to have coronavirus

disease in my group?  I can’t tell due to 

HIPPA…



BOCAVIRUSBOCAVIRUS

�� New virus discovered by investigators at New virus discovered by investigators at KarolinskaKarolinska
Institute, Sweden, using molecular detection methods in Institute, Sweden, using molecular detection methods in 
respiratory secretions from symptomatic children in whom respiratory secretions from symptomatic children in whom 
no other viruses detectedno other viruses detected

�� DNA virus related to DNA virus related to BOBOvinevine andand CACAninenine parvovirus (parvovirus (BOCABOCA))

�� Associated with pneumonia, diarrhea, URI symptoms in Associated with pneumonia, diarrhea, URI symptoms in 
multiple published studies, most of which are ER studies or multiple published studies, most of which are ER studies or 
incidence studies in symptomatic hosts.incidence studies in symptomatic hosts.

�� IN SEATTLE LONGITUDINAL STUDIES*: IN SEATTLE LONGITUDINAL STUDIES*: 

–– Detected in young infants and it never goes away*Detected in young infants and it never goes away*……

–– Detected in NW of bone marrow transplant patients Detected in NW of bone marrow transplant patients 
without any correlation with respiratory symptoms**without any correlation with respiratory symptoms**……

–– Is it a true pathogen?Is it a true pathogen?

*Martin et al , abstract IDSA 2008; ** Campbell et al, abstract IDSA 2008



WHAT IS THE IMPORTANCE OF ALL WHAT IS THE IMPORTANCE OF ALL 

THESE VIRUSES?THESE VIRUSES?

�� We now have sensitive, reliable We now have sensitive, reliable 

methods to detect lots and lots of methods to detect lots and lots of 

viruses BUT:viruses BUT:

–– Which viruses are most important Which viruses are most important 

to children?to children?

–– Which viruses are most important Which viruses are most important 

to the medical care system?to the medical care system?

–– Which viruses cause absenteeism Which viruses cause absenteeism 

in children or their parents?in children or their parents?

–– What impact does day care have on What impact does day care have on 

the spread of respiratory viruses?the spread of respiratory viruses?



Madigan Army Medical Center Day Care Madigan Army Medical Center Day Care 

Study, 2006Study, 2006--2008*2008*

�� Prospective, longitudinal Prospective, longitudinal 
cohort study of the cohort study of the 
epidemiology and clinical epidemiology and clinical 
characteristics of  viral characteristics of  viral 
respiratory tract infections in respiratory tract infections in 
children < 3 years of age children < 3 years of age 
attending daycare centers at attending daycare centers at 
Ft. Lewis, WA.Ft. Lewis, WA.

�� ActiveActive followupfollowup facilitated by facilitated by 
study nurse on sitestudy nurse on site

�� RealReal--time reverse transcription time reverse transcription 
(RT) polymerase chain (RT) polymerase chain 
reaction (PCR) panel utilized to reaction (PCR) panel utilized to 
detect 15 respiratory viruses detect 15 respiratory viruses 
from nasal swabs in from nasal swabs in 
symptomatic children symptomatic children *Fairchok M, et al. IDSA, 2007.

Toddler room, Ft. Lewis 

Day Care Center, 2007



DAYCARE STUDY:  MethodsDAYCARE STUDY:  Methods

��Respiratory tract infection defined as the Respiratory tract infection defined as the 

presence of 2 of 5 symptoms (cough, presence of 2 of 5 symptoms (cough, 

rhinorhearhinorhea, wheezing, fever, or nasal , wheezing, fever, or nasal 

congestion).congestion).

��Posterior nasal swab obtained at enrollment, Posterior nasal swab obtained at enrollment, 

and weekly during each respiratory illness until and weekly during each respiratory illness until 

symptoms resolved.symptoms resolved.

��Daily symptom diary completed by childDaily symptom diary completed by child’’ss

caretaker until illness resolved. caretaker until illness resolved. 

��Standardized form completed by MD at clinic Standardized form completed by MD at clinic 

visitvisit



Laboratory MethodsLaboratory Methods
��Nylon flocked swab (Copan Diagnostics, Nylon flocked swab (Copan Diagnostics, 

Corona, CA) applied in the posterior Corona, CA) applied in the posterior 
nasopharynxnasopharynx, rinsed vigorously in 0.5 ml of , rinsed vigorously in 0.5 ml of 
lysislysis buffer, and discardedbuffer, and discarded

��Total nucleic acid was extracted from the Total nucleic acid was extracted from the 
buffer using previously described techniques buffer using previously described techniques 
(Kuypers et al, J (Kuypers et al, J ClinClin Micro 2007) Micro 2007) 

��RTRT--PCR detected:PCR detected:

–– RSV A/B RSV A/B 

–– Human metapneumovirus (HMPV),Human metapneumovirus (HMPV),

–– PIV 1PIV 1--44

–– Influenza A/BInfluenza A/B

–– Rhinovirus (Rhinovirus (RhVRhV))

–– HumanHuman coronavirusescoronaviruses (4 types)(4 types)

–– Adenoviruses (Adenoviruses (AdVAdV);); BocavirusBocavirus



Burden of Respiratory Illness in Burden of Respiratory Illness in 

Daycare Attendees < 30 MDaycare Attendees < 30 M

7.4 days (17.4 days (1--64)64)Duration of symptoms Duration of symptoms 

20% (020% (0--89%)89%)% days with respiratory % days with respiratory 

symptomssymptoms

12.112.1Symptomatic episodes per Symptomatic episodes per 

100 child100 child--weeksweeks

6.2 (06.2 (0--9)9)Symptomatic episodes per Symptomatic episodes per 

child per yearchild per year

Mean (RangeMean (Range))



Results: Virus IdentificationResults: Virus Identification
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Impact of Viral InfectionImpact of Viral Infection

1.8   (p=.02)1.8   (p=.02)1.71.723  (82)23  (82)RSV  (28)RSV  (28)

6   (60)6   (60)

19  (63)19  (63)

19  (58)19  (58)

25  (53)25  (53)

40   (53)40   (53)

123 (51)123 (51)

MedicalMedical

Care VisitsCare Visits

N   (%)N   (%)

HMPV (10)HMPV (10)

PIV    (30)PIV    (30)

CoV    (33)CoV    (33)

AdV    (47)AdV    (47)

RhVRhV (75)(75)

All  Illness All  Illness 

Episodes   (242)Episodes   (242)

1.11.11.61.6

.9.9.9.9

1.31.31.71.7

1.11.11.41.4

1.11.11.11.1

1.31.31.41.4

Mean Parental Mean Parental 

Days of Work Days of Work 

MissedMissed

MeanMean

Days of Days of 

Day Care Day Care 

MissedMissed



Spread of RSV in Day Care  ModulesSpread of RSV in Day Care  Modules

��At least one RSV infection was At least one RSV infection was 
observed in children attending 7/13 observed in children attending 7/13 
separate classroom modulesseparate classroom modules

�� Subsequent RSV cases documented Subsequent RSV cases documented 
in 4/7 of these rooms, occurring in 4/7 of these rooms, occurring 
from 1 to 10 days later.from 1 to 10 days later.

�� In rooms with 5In rooms with 5--15 children 15 children 
enrolled, the rate of RSV infection enrolled, the rate of RSV infection 
rapidly increases:rapidly increases:

–– After first case:  31%After first case:  31%--57%    of 57%    of 
study children in the same room study children in the same room 
are symptomatically infected with are symptomatically infected with 
RSV within one monthRSV within one month



DAYCARE STUDY:  Conclusions

� Similar frequency of symptomatic respiratory tract 
infections in daycare attendees now compared with 30 
years ago

� Multiple respiratory viruses, including RSV, parainfluenza, 
and other viruses not previously detectable (rhino, HMPV) 
were responsible for substantial disease. 

� RSV had the greatest clinical impact of all viruses, as 
measured by febrile episodes, medical visits, missed days 
of day care and parental absenteeism from work. 

� Symptomatic RSV disease within individual rooms 
increased rapidly with infection rates within individual 
rooms of 31% to 57% one month later



Future QuestionsFuture Questions

�� What is the role of specific pathogens in What is the role of specific pathogens in 

viral respiratory disease progression and viral respiratory disease progression and 

severity?severity?

�� How do viral How do viral coinfectionscoinfections impact disease impact disease 

course?course?

�� What is the utility of viral diagnosis for What is the utility of viral diagnosis for 

cohorting and management?cohorting and management?
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INFLUENZA:  AGEINFLUENZA:  AGE--RELATEDRELATED

DISEASEDISEASE

�� Young children are at high Young children are at high 
risk for influenzarisk for influenza--relatedrelated
disease and complications.disease and complications.

�� Children < 6 months of age Children < 6 months of age 
have the highest rates of have the highest rates of 
hospitalization and hospitalization and 
medicallymedically--attendedattended
illnesses of any age group, illnesses of any age group, 
but no licensed influenza but no licensed influenza 
vaccine for this age group.vaccine for this age group.

�� No licensed effective No licensed effective 
antiviral available for this antiviral available for this 
population.population.
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* Glezen et al. Am Rev Respir Dis 1987;155:1119-26; 

Neuzil et al.  NEJM 2000;342:225-231; 

Neuzil et al. J Pediatr 2000;137:856-864.

InfluenzaInfluenza--associated Hospitalizations associated Hospitalizations 

per 10,000 Healthy and High Risk per 10,000 Healthy and High Risk 

Persons by Age Group*Persons by Age Group*



RSV Acquisition in Day Care SettingsRSV Acquisition in Day Care Settings

Rates of children becoming infected with RSV in Rates of children becoming infected with RSV in 

individual classrooms over time, based on Kaplanindividual classrooms over time, based on Kaplan--

Meier Failure estimatesMeier Failure estimates
(Note:  failure = infection)(Note:  failure = infection)
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Unique Features of Respiratory Infections Unique Features of Respiratory Infections 

and RSV in Alaska:and RSV in Alaska:

Rosalyn Singleton MD,Rosalyn Singleton MD,

ANTHCANTHC

AIPAIP--CDCCDC

Anchorage, AlaskaAnchorage, Alaska

729729--34183418

ris2@cdc.govris2@cdc.gov



OutlineOutline

�� RSV BackgroundRSV Background

–– Active surveillance (1993Active surveillance (1993--1996)1996)

–– CaseCase--control Studycontrol Study

–– RSV FollowRSV Follow--up Studyup Study

�� RSVRSV –– Impact of SynagisImpact of Synagis

�� RSV Disease  and Seasonality RSV Disease  and Seasonality -- AlaskaAlaska

�� Effect of water service on Effect of water service on LRTIsLRTIs and RSVand RSV

�� Viral etiology of Respiratory InfectionsViral etiology of Respiratory Infections

�� Synagis recommendations in AlaskaSynagis recommendations in Alaska



Trends in Respiratory hospitalizations among AI/AN & US infantsTrends in Respiratory hospitalizations among AI/AN & US infants
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•LRTI hospitalizations decreased for AI/AN infants in Alaska and Southwest, and 
the general US population of infants.
•However, the LRTI hospitalization rate for Alaska Native infants is still three-fold 

higher than the rate for US infants.



#
#

Yukon Kuskokwim 
     Service Unit Anchorage

   ANMC
 Bethel
YKDRH

#
 Fairbanks 

Background: YK DeltaBackground: YK Delta

�� 195,000 square km195,000 square km

�� PopulationPopulation –– 25,00025,000

�� 52 villages ranging in size 50 52 villages ranging in size 50 
to 1,000 personsto 1,000 persons

�� Regional HubRegional Hub--Bethel ~6,000 Bethel ~6,000 
personspersons

�� Subsistence lifestyleSubsistence lifestyle

�� Lowest per capita incomeLowest per capita income

�� Highest household densityHighest household density

�� Lowest % running waterLowest % running water



RSV Surveillance Study 1993RSV Surveillance Study 1993--1996:1996:
YK Delta RSV hospitalization rateYK Delta RSV hospitalization rate
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YK Delta RSV hospitalization rate was the highest reported in the literature.

Karron RA. J Infect Dis 1999;180:41-49.



RSV Hospitalizations: YK 1993RSV Hospitalizations: YK 1993--9696
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Over 15% of all YK Delta infants and over 40% of high risk YK Delta 

infants (premature, CLD, CHD) were hospitalized yearly with RSV.



Cause of HospitalizationCause of Hospitalization
YK Delta children < 3 years old, 1993YK Delta children < 3 years old, 1993--9696

RSV infection

31%

Non 

Respiratory

32%

Respiratory:

non-RSV

37%



RSV Case Control StudyRSV Case Control Study

19931993--9696

0.0360.0362.202.20Shares bed (age Shares bed (age >>6 months)6 months)

0.0040.0040.440.44Breastfed within 8 wksBreastfed within 8 wks

0.0110.0112.132.13>>4 children in home4 children in home

0.0240.0241.721.72>>2 persons/room2 persons/room

<0.001<0.0016.636.63High Risk infant (premature, CLD, High Risk infant (premature, CLD, 

CHD)CHD)

<0.001<0.0010.250.25Any Breastfeeding (age Any Breastfeeding (age >>6 mo.)6 mo.)

0.0010.0010.380.38Breastfed >half feedsBreastfed >half feeds

P valueP valueOROR

Bulkow L, Singleton R, Karron R, Harrison L. Pediatrics 2002;109:210-216.



Why is RSV hospitalization higher in YK Delta?Why is RSV hospitalization higher in YK Delta?

6.56.54.74.761%61%YK DeltaYK Delta

19.819.83.13.198%98%SoutheastSoutheast

9.89.83.83.875%75%Norton SoundNorton Sound

14.714.74.44.488%88%KotzebueKotzebue

14.914.93.13.195%95%InteriorInterior

17.017.03.43.490%90%Bristol BayBristol Bay

17.417.43.93.9100%100%BarrowBarrow

17.817.83.33.399%99%Anchorage (rural)Anchorage (rural)

20.020.03.23.2Assume 100%Assume 100%Anchorage (municipality)Anchorage (municipality)

Per Capita IncomePer Capita IncomeHH SizeHH Size

SocioSocio--economic Factors economic Factors aaH20 Service H20 Service 

LevelLevel
Service UnitService Unit



Hospitalization Rates for Hospitalization Rates for ““HighHigh”” andand ““LowLow”” Water Service Water Service 

Regions, Alaska, 2000Regions, Alaska, 2000--20042004
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Hospitalization rates for infants by village water service, 1999Hospitalization rates for infants by village water service, 1999--

2004, YK region, all Alaska Native and U.S. infants, 20002004, YK region, all Alaska Native and U.S. infants, 2000--2001.2001.
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Mean number of visits with wheezing Mean number of visits with wheezing 

per child by yearper child by year
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Singleton RJ et al. PEDIATRICS 2003;112:285-90.



RSV FollowRSV Follow--up Study:up Study:
Chest xChest x--ray findings: ray findings: 

�� 58% had at least one  pneumonia before 58% had at least one  pneumonia before 

2 yrs. 2 yrs. 

�� 11% had x11% had x--ray findings of ray findings of 

bronchiectasis after 2 years. bronchiectasis after 2 years. 

�� Children with pneumonias were more Children with pneumonias were more 

likely to develop bronchiectasis.likely to develop bronchiectasis.

�� RSV cases were not more likely to RSV cases were not more likely to 

develop bronchiectasisdevelop bronchiectasis

pneumonia

Normal lung    bronchiectasis



NonNon--CF CF BronchiectasisBronchiectasis

in Indigenous Children in Indigenous Children 

�� Indigenous children from developed Indigenous children from developed 

countries have disproportionate rates of countries have disproportionate rates of 

bronchiectasisbronchiectasis

��The main common risk factor is early and The main common risk factor is early and 

recurrent pneumoniasrecurrent pneumonias

�� International collaboration to study International collaboration to study 

bronchiectasisbronchiectasis prevention and treatmentprevention and treatment

0.4 per 100,000 children0.4 per 100,000 childrenFinlandFinland

50 per 100,000 children50 per 100,000 childrenNew Zealand New Zealand 

Maori/Pacific IslandersMaori/Pacific Islanders

14.7 per 1,000 children14.7 per 1,000 childrenAustralian AboriginesAustralian Aborigines

1111--20 per 1,000 births20 per 1,000 birthsAlaska Natives (YK)Alaska Natives (YK)



AK Native Synagis Study:AK Native Synagis Study:
RSV Hospitalization Rate, RSV Hospitalization Rate, 

YK infants, before and after SynagisYK infants, before and after Synagis
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After Synagis, the rate in premies decreased 3-fold, while the rate in non-premies was stable.

Singleton et al. Pediatr Inf Dis J. 2003;22:540-6



Community Health Aide SynagisCommunity Health Aide Synagis®® ProjectProject

�� Problem:Problem: Poor compliance in SynagisPoor compliance in Synagis®® recipientsrecipients

–– protected 67% of the RSV season protected 67% of the RSV season 

–– received 74% of projected dosesreceived 74% of projected doses

�� Reason:Reason:

–– Community Health Aides Infants uncomfortable giving Community Health Aides Infants uncomfortable giving 

SynagisSynagis®®

–– Infants flown to Bethel for dosesInfants flown to Bethel for doses

�� SynagisSynagis®® Project:Project:

1.1. TrainTrain CHAsCHAs to mix and administer Synagisto mix and administer Synagis®® in villagein village

2.2. Set up database and reminders for SynagisSet up database and reminders for Synagis®® infantsinfants

3.3. Evaluate compliance before and after projectEvaluate compliance before and after project



YK Delta Synagis Compliance:YK Delta Synagis Compliance:
““BEFOREBEFORE”” ANDAND ““AFTERAFTER”” Health Aide projectHealth Aide project

20032003 ––20042004

““AFTER ProjectAFTER Project””

19981998 ––20012001

““BEFORE ProjectBEFORE Project””

*83.2%*83.2%

69.7%69.7%

% of days protected% of days protected

* Protected days are < 32 days of Synagis between Oct 1 and May 31.

87.8% of all projected Synagis doses were given in the 2003-4 vs.74% in 1998-2001

Singleton et al. Int J Circumpolar Health 2006:65:4-7



Age Distribution of RSV Hospitalizations, Age Distribution of RSV Hospitalizations, 

YKDYKD

1994-2004: 10% of RSV hospitalizations in children <1 month.
50% of RSV hospitalizations in children <6 months.
79% of RSV hospitalizations in children < 12 months.
97% of RSV hospitalizations in children < 24 months
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RSV SeasonalityRSV Seasonality

�� RSV season varies widely by yearRSV season varies widely by year

�� There are consistently 4 low RSV months There are consistently 4 low RSV months 

(June(June--September)September)

�� We calculated RSV seasonality using the We calculated RSV seasonality using the 

analysis published by Mullins.  YK Delta analysis published by Mullins.  YK Delta 

median RSV season was 31 weeks median RSV season was 31 weeks 

compared with 15 weeks for the U.S.compared with 15 weeks for the U.S.



RSV Hospitalizations, YK DeltaRSV Hospitalizations, YK Delta

by month, 1994by month, 1994--20072007

0

10

20

30

40

50

60

70

80

90

J
a

n
-9

4

J
a

n
-9

5

J
a

n
-9

6

J
a

n
-9

7

J
a

n
-9

8

J
a

n
-9

9

J
a

n
-0

0

J
a

n
-0

1

J
a

n
-0

2

J
a

n
-0

3

J
a

n
-0

4

J
a

n
-0

5

J
a

n
-0

6

J
a

n
-0

7

Month and Year

N
u
m

b
e
r 

o
f 
R

S
V

 P
o
s
iti

v
e
 T

e
s
ts

December

February

February

March
March

April

April

January

May

January

May

March

April



Percent of RSV hospitalizations by month, Percent of RSV hospitalizations by month, 

19941994--20042004

RSV Seasons 1994-2004
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RSV SEASONALITYRSV SEASONALITY::

YK Delta vs. Lower 48YK Delta vs. Lower 48

3131May 19May 19--2525Feb 20Feb 20--2626Oct 14Oct 14--2020YK DeltaYK Delta

1616Mid MarMid MarEarly JanEarly JanLate NovLate Nov*South*South

1414End MarEnd MarMidMid--FebFebEnd DecEnd Dec*West*West

1515end Marend Marearly Febearly Feblate Declate Dec*Nation*Nation

DurationDuration

(wk)(wk)
OffsetOffset

(median)(median)

PeakPeak

(median)(median)

OnsetOnset

(median)(median)
LocationLocation

* Mullins JA et al. Pediatr Infect Dis J, 2003;22:857-62



RSV and LRTI Hospitalization Rates YK Delta; RSV and LRTI Hospitalization Rates YK Delta; 

1994 to present1994 to present
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Hospitalized Cases, Oct 2005Hospitalized Cases, Oct 2005--Sep 2006Sep 2006
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Clinical Presentation by VirusClinical Presentation by Virus
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RSV:RSV:
Comparison RSV Comparison RSV BinaxBinax with Study PCRwith Study PCR

Respiratory Virus StudyRespiratory Virus Study

1881882222BinaxBinax --

554747BinaxBinax ++

PCRPCR --**PCR +PCR +

Rapid test EIA compared with PCR:
•Sensitivity : 68%

•Specificity:  97%

* NP Wash closest to Swab.



RSV Test Results, YKDRH: 7/2004RSV Test Results, YKDRH: 7/2004--6/2008 by year6/2008 by year
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RSV positive RSV test
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RSV outbreak, YKD RSV outbreak, YKD 1/1/081/1/08 –– 3/8/083/8/08
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RSV hospitalizations by week

• Over 80 YK infants were hospitalized with RSV during Jan-March 2008

• The State activated the Emergency Operations Center 

• YK personnel participated in teleconferences and communication with 

the State and other hospitals

• Hospitals filled up, but no babies were transferred out of the State



RSV and PH PreparednessRSV and PH Preparedness

�� Increase in rural disease filled Anchorage Increase in rural disease filled Anchorage 

pediatric beds to capacity (2007)pediatric beds to capacity (2007)

�� Partnership with AAPP to improve ability Partnership with AAPP to improve ability 

to care for children: supplies, equipment, to care for children: supplies, equipment, 

and staff (2008)and staff (2008)

�� Working with rural and Anchorage Working with rural and Anchorage 

hospitals to improving tracking of RSV; hospitals to improving tracking of RSV; 

assist rural & Anchorage hospitalsassist rural & Anchorage hospitals



Bulletin No. 15 07/27/2006 

Respiratory Syncytial Virus Seasonality in Alaska: 
Implications for Palivizumab Administration

Recommendations for Alaska:
2. Health-care providers should administer palivizumab 

monthly between October 1 and May 31 to high-risk 

infants and children who meet the American Academy of 

Pediatrics criteria.



Synagis Recommendations for AlaskaSynagis Recommendations for Alaska

• Administer palivizumab monthly between October 1 and May 31 to high-
risk infants and children who meet criteria. 

•• Prophylaxis should be considered for infants 32Prophylaxis should be considered for infants 32--35 weeks of gestation 35 weeks of gestation 
born after April 1, 2008 if 2 or more risk factors are present. born after April 1, 2008 if 2 or more risk factors are present. 

�� Multiple birthsMultiple births

�� Crowded living environmentCrowded living environment

>= 3 people per child>= 3 people per child’’s bedroom, s bedroom, 

>= 7 people per household)>= 7 people per household)

�� Birth weight < 2500 gramsBirth weight < 2500 grams

�� Lack of running waterLack of running water

��School aged siblingsSchool aged siblings

��Daycare attendance (>= 2 unrelated Daycare attendance (>= 2 unrelated 

kids, >=4 hours/week)kids, >=4 hours/week)

��Congenital airway abnormalities Congenital airway abnormalities 

��Neuromuscular disease Neuromuscular disease 

��Exposure to tobacco smoke/ Exposure to tobacco smoke/ 

environmental air pollutants environmental air pollutants 

Other recognized risk factorsOther recognized risk factorsAAP CriteriaAAP Criteria


