
Institute of Medicine
Committee on Implementation of Antiviral Medication
Strategies for an Influenza Pandemic

Diagnosis of Influenza in Children

John Bradley, MD, FAAP
Member, Committee on Infectious Diseases

American Academy of Pediatrics
Children’s Hospital

San Diego, California
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•• How How isis influenza currently diagnosed in influenza currently diagnosed in 
children by primary care practitioners?children by primary care practitioners?

•• How will pandemic influenza differ from How will pandemic influenza differ from 
epidemic influenza?epidemic influenza?
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1.1. Access to medical care for childrenAccess to medical care for children

2.2. Clinical diagnosis of influenza in childrenClinical diagnosis of influenza in children

3.3. Laboratory diagnosis of diagnosis of Laboratory diagnosis of diagnosis of 
influenza in childreninfluenza in children
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Prevalence Of Prevalence Of 
Influenza In The Influenza In The 

CommunityCommunity

Symptom Complex Symptom Complex 
of Influenza (ILI):of Influenza (ILI):

Epidemic vs Epidemic vs 
PandemicPandemic

Skill of Examiner in  Skill of Examiner in  
Clinical DiagnosisClinical Diagnosis

Resources Resources 
Available Available 

To To 
ClinicianClinician

Rapid Viral Rapid Viral 
Tests:Tests:

Which One is Which One is 
Best?Best?

Age Of The Child: Age Of The Child: 
Neonate, Infant, Neonate, Infant, 

School agedSchool aged
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Variables: Symptoms of InfluenzaVariables: Symptoms of Influenza

•• Studies differ in definitionsStudies differ in definitions
–– Any feverAny fever

•• Higher sensitivity, lower specificityHigher sensitivity, lower specificity

–– Fever to 40 C, Fever to 40 C, coryzacoryza, cough, headache, cough, headache
•• Lower sensitivity, but higher specificityLower sensitivity, but higher specificity
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Variables: Symptoms of InfluenzaVariables: Symptoms of Influenza

•• Children acquire many seasonal lower Children acquire many seasonal lower 
respiratory tract viral infections that respiratory tract viral infections that 
mimic epidemic influenza symptoms:mimic epidemic influenza symptoms:
–– RSVRSV
–– MetapneumovirusMetapneumovirus
–– ParainfluenzaParainfluenza
–– AdenovirusAdenovirus
–– RhinovirusRhinovirus
–– etcetc
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Variables: Skill of ExaminerVariables: Skill of Examiner

•• PediatricianPediatrician
–– NPNP

–– PAPA

•• Emergency Medicine staff in the EDEmergency Medicine staff in the ED

•• Family Practice staffFamily Practice staff



Diagnosis of Influenza in ChildrenDiagnosis of Influenza in Children
Variables: Prevalence in CommunityVariables: Prevalence in Community

•• We wish to diagnose EARLY in a We wish to diagnose EARLY in a 
Pandemic for epidemiology, when the Pandemic for epidemiology, when the 
sensitivity and specificity of both clinical sensitivity and specificity of both clinical 
and laboratory diagnosis are least and laboratory diagnosis are least 
accurateaccurate

•• We also wish to diagnose DURING the We also wish to diagnose DURING the 
Pandemic for treatment, when positive Pandemic for treatment, when positive 
and negative predictive values are most and negative predictive values are most 
accurateaccurate
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Variables:  Resources AvailableVariables:  Resources Available

•• Resources in medical offices are Resources in medical offices are highlyhighly
variable: hiring competent personnel variable: hiring competent personnel 
(from MD(from MD’’s to MAs to MA’’s), laboratory support, s), laboratory support, 
availability of POC test kits in clinic, availability of POC test kits in clinic, 
hospital/ED support for additional studieshospital/ED support for additional studies
–– Scripps ClinicScripps Clinic

–– HMO (Kaiser system in California)HMO (Kaiser system in California)

–– ChildrenChildren’’s Hospital (ED, Clinics)s Hospital (ED, Clinics)

–– SD County Community ClinicsSD County Community Clinics
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Variables:  Rapid Viral TestsVariables:  Rapid Viral Tests

•• Which test is best for children?Which test is best for children?
–– DirectogenDirectogen? ? BiostarBiostar? ? QuickvueQuickvue? Etc?? Etc?

•• Which sample is obtained?Which sample is obtained?
–– Nasopharyngeal swab, nasal wash, throat swab Nasopharyngeal swab, nasal wash, throat swab 

•• Who gets the sample and how competent Who gets the sample and how competent 
are they?are they?

•• Which lab runs the test for your patient?Which lab runs the test for your patient?
–– Clinic personnel: results impact managementClinic personnel: results impact management

–– Hospital or reference lab: not timelyHospital or reference lab: not timely



How the Child Gets to the PractitionerHow the Child Gets to the Practitioner

•• Child develops symptoms of influenzaChild develops symptoms of influenza
•• Parent (school/daycare) assesses need Parent (school/daycare) assesses need 

for medical carefor medical care
–– How accurate is the parent/school/daycare?How accurate is the parent/school/daycare?

•• Parent takes child to clinic for Parent takes child to clinic for DxDx, Rx, Rx
–– Other points of diagnosis, less centralized, Other points of diagnosis, less centralized, 

during a pandemic?during a pandemic?

•• Clinician diagnoses influenza (clinical/lab)Clinician diagnoses influenza (clinical/lab)
•• Treatment initiated, if appropriateTreatment initiated, if appropriate

–– Pandemic antiviral distribution mechanisms?Pandemic antiviral distribution mechanisms?



Need to Decrease Exposures of Need to Decrease Exposures of 
Children to Pandemic FluChildren to Pandemic Flu

•• Traditionally, the most costTraditionally, the most cost--efficient and efficient and 
best care: bring all children to a central best care: bring all children to a central 
clinic (the medical home) for Dx and Rxclinic (the medical home) for Dx and Rx
–– One way to spread influenza is a crowded One way to spread influenza is a crowded 

waiting room (most clinics do not have waiting room (most clinics do not have ““sicksick””
waiting rooms; all sick children in the waiting rooms; all sick children in the ““sicksick””
waiting room wonwaiting room won’’t have influenza)t have influenza)

•• DeDe--centralize pointcentralize point--ofof--care testing:  care testing:  
schools, daycare centers, pharmacies, schools, daycare centers, pharmacies, 
households (for the households (for the pandemicpandemic).).
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How Good Are We at Diagnosis?How Good Are We at Diagnosis?

•• Of Children with Of Children with ““ILI,ILI,”” what percent what percent 
actually have Influenza?actually have Influenza?

•• Of Children diagnosed with Influenza, Of Children diagnosed with Influenza, 
what is the spectrum of symptoms?what is the spectrum of symptoms?



How Good Are We at Diagnosis?How Good Are We at Diagnosis?
““HighHigh”” Sensitivity ILI ScreeningSensitivity ILI Screening

•• Whitley 2001 (oseltamivir trial):Whitley 2001 (oseltamivir trial):
–– When surveillance indicated epidemic was When surveillance indicated epidemic was 

present:present:

–– Children 1Children 1--12 years, with less than 48 hours 12 years, with less than 48 hours 
of illness, were screened for:of illness, were screened for:

•• Oral/otic temp Oral/otic temp ≥≥ 37.8 C37.8 C

•• One respiratory symptom (cough, One respiratory symptom (cough, coryzacoryza))

•• RSVRSV--negative by rapid testing negative by rapid testing 

–– Multiple symptoms recorded and trackedMultiple symptoms recorded and tracked

Whitley RJ et al. PIDJ 2001;20:127Whitley RJ et al. PIDJ 2001;20:127--3333



How Good Are We at Diagnosis?How Good Are We at Diagnosis?
““HigherHigher”” Sensitivity ILI ScreeningSensitivity ILI Screening

•• Hedrick 2000 (zanamivir trial):Hedrick 2000 (zanamivir trial):
–– When surveillance indicated epidemic was When surveillance indicated epidemic was 

present:present:

–– Children 5Children 5--12 years, with less than 36 hours 12 years, with less than 36 hours 
of influenzaof influenza--likelike--illness (not further defined), illness (not further defined), 
were screened for:were screened for:

•• Temp Temp ≥≥ 37.8 C (only)37.8 C (only)

–– Multiple symptoms recorded and trackedMultiple symptoms recorded and tracked

Hedrick JA et al. PIDJ 2000;19:410Hedrick JA et al. PIDJ 2000;19:410--17.17.



How Good Are We at Diagnosis?How Good Are We at Diagnosis?

OhmitOhmit SE and SE and MontoMonto AS. CID 2006;43:564AS. CID 2006;43:564--8.8.

PPV for single and for PPV for single and for 
combined combined sxsx::



Clinical Prediction Clinical Prediction 
RuleRule

ED settingED setting
Pediatric Hospital, 2002Pediatric Hospital, 2002--33

Age 6.2 yrs (Age 6.2 yrs (±± 5.2 yrs)5.2 yrs)

Friedman MJ 2004Friedman MJ 2004
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Clinical Prediction RuleClinical Prediction Rule

• The triad of cough and headache by 
history and clinical finding of pharyngitis

• Sensitivity: 80% (95% CI, 69%-91%)
• Specificity of 78% (95% CI, 67%-89%)
• PPV of 77% (95% CI, 61%-88%)
• NPV of 81% (95% CI, 70%-92%)

Friedman MJ, Friedman MJ, AttiaAttia MW. Arch MW. Arch PediatrPediatr AdolescAdolesc Med 2004;158:391Med 2004;158:391-
44



Influenza Influenza 
Hospitalization Hospitalization 

in Childrenin Children
New Vaccine New Vaccine 
Surveillance Surveillance 

NetworkNetwork

PoehlingPoehling
NEJM 2006NEJM 2006



How Good Are We at Diagnosis?How Good Are We at Diagnosis?
New Vaccine Surveillance NetworkNew Vaccine Surveillance Network

•• Of children admitted to a hospital with Of children admitted to a hospital with 
proven influenza, only 24 to 34% had a proven influenza, only 24 to 34% had a 
discharge diagnosis of influenzadischarge diagnosis of influenza
–– Pediatricians donPediatricians don’’t know influenza when they t know influenza when they 

see it?see it?

–– Pediatricians are inaccurate at coding?Pediatricians are inaccurate at coding?

PoehlingPoehling KA et al. NEJM 2006;355:31KA et al. NEJM 2006;355:31--40.40.
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Rapid TestsRapid Tests

•• PointPoint--ofof--Contact test for pandemic Contact test for pandemic 
diagnosis/epidemiology, early treatment diagnosis/epidemiology, early treatment 
–– Many technologies currently availableMany technologies currently available

–– New technologies being developed (PCR, New technologies being developed (PCR, 
gene chip array)gene chip array)

–– Sampling techniques vary: Sampling techniques vary: npnp swab, nasal swab, nasal 
wash, throat swab (mucus in a tissue?)wash, throat swab (mucus in a tissue?)

–– Comparisons usually between rapid test and Comparisons usually between rapid test and 
culture (or PCR)culture (or PCR)



Rapid TestsRapid Tests

UyekiUyeki T PIDJ 2003T PIDJ 2003
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Rapid Tests (Rapid Tests (UyekiUyeki 2003)2003)

NOW Flu ANOW Flu A

QuickVueQuickVue

Flu OIAFlu OIA

DirectogenDirectogen

DFADFA

TestTest

9999

8989--9494

6565--9696

8585--100100

9292--100100

SpecSpec

5858

7676--9393

7272--8888

6464--9595

5757--8080

SensSens

9494--1001006262--100100

8686--91914949--9494

89899494

8989--99997272--8585

NPVNPVPPVPPV



6 Rapid Flu A Tests in Children6 Rapid Flu A Tests in Children
Melbourne, AustraliaMelbourne, Australia

SmitSmit M et al. M et al. DiagDiag Micro Infect Dis 2007;57:67Micro Infect Dis 2007;57:67--7070

SensitivitySensitivity



Rapid Pediatric Tests for the Rapid Pediatric Tests for the 
PandemicPandemic

Gene Array vs PCR vs ImmunoassayGene Array vs PCR vs Immunoassay

MehlmannMehlmann M et al. J Clin Micro 2007;455:1234M et al. J Clin Micro 2007;455:1234--37.37.
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SummarySummary

•• Clinical diagnosis of influenza is about Clinical diagnosis of influenza is about 
6060--70% sensitivity, with PPV about 7070% sensitivity, with PPV about 70--80% 80% 
across all pediatric age groups; lowest in across all pediatric age groups; lowest in 
young infantsyoung infants

•• Rapid viral tests (current) demonstrate Rapid viral tests (current) demonstrate 
about 70about 70--80% sensitivity, with PPV about 80% sensitivity, with PPV about 
8080--90%  across all tests and sample 90%  across all tests and sample 
acquisition techniquesacquisition techniques

•• In a pandemic, social distancing would In a pandemic, social distancing would 
support decentralized POC lab support decentralized POC lab dxdx in in 
locations other than the doctorlocations other than the doctor’’s offices office
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•• Thank you for your efforts on behalf of Thank you for your efforts on behalf of 
children!children!


