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Summary Messages
· Tragically, flu-associated deaths occur each year among children of all ages. While the flu is usually a self-limited illness, severe complications, including pneumonia, encephalitis (inflammation of the brain) and myocarditis (inflammation of the heart muscle), can result following flu infection. 
· This study conducted by flu experts within CDC’s Influenza Division analyzed laboratory-confirmed flu-associated pediatric deaths that were reported during eight flu seasons: 2004-05 through 2011-12. 
· Data were collected through the National Notifiable Diseases Surveillance System (NNDSS). This surveillance system began tracking flu-associated deaths in children in 2004. The NNDSS only reports deaths in children that are laboratory confirmed as associated with influenza infection. 
· Note that laboratory confirmed deaths as tracked through the NNDSS likely underestimate the true number of flu associated deaths in children that occur each flu season. Laboratory confirmed flu deaths can miss flu-associated deaths where flu testing results weren’t available or routinely performed. 

· This study highlights the fact that flu illness can be fatal in children both with and without high-risk medical conditions. Over 40% of the children with a known medical history who died had no high-risk medical conditions.
· Parents and clinicians should be aware that the flu can be associated with severe complications in otherwise healthy children, especially those who are younger than 2 years of age.
· This underscores the importance of CDC’s recommendation that all children 6 months of age and older should receive annual flu vaccination to prevent flu illness. Most of these deaths occurred among children who were NOT vaccinated.
· Overall, few children received the seasonal flu vaccine during the season they died, and during the 2009 H1N1 pandemic in 2009-10, very few children who died had received the pandemic flu vaccine (pH1N1 monovalent vaccine).
· Flu-associated deaths in children often occurred quickly. Over one-third of children died outside the hospital or in the emergency department, and most children died within one week of symptom onset. 
· Deaths for most seasons peaked in February or March. 

· Pneumonia was the most frequently reported complication among children who died.

· Bacterial co-infections also were a complication identified in many children who died. The most commonly identified bacterial co-infections were staph and strep. 

· CDC recommends that children who are hospitalized, who have severe illness, or who are at high risk of complications (due to being younger than 2 years of age or because of medical conditions) should receive influenza antiviral treatment as early as possible. Antiviral treatment was reported in less than half of the children who died during the 2010-11 and 2011-12 seasons in this study.
Methods
· Since October 2004, flu-associated pediatric deaths have been a nationally notifiable condition in the National Notifiable Diseases Surveillance System (NNDSS).
· Deaths in children younger than 18 years old with laboratory confirmed flu infection were reported to CDC using a case report form. 
· Data on demographics, medical conditions, clinical course, and laboratory results were collected.
· Characteristics of children with no high-risk medical conditions were compared with those of children with high-risk medical conditions.

· High-risk medical conditions for flu include: asthma, neurologic/neurodevelopmental disorders, chronic lung disease, heart disease (including congenital heart disease), blood disorders, endocrine disorders, kidney disorders, liver disorders, metabolic disorders, immunosuppression, and pregnancy.
Results
· From October 2004 through September 2012, 830 flu-associated deaths in children were reported. 

· The median age was 7 years (interquartile range 1-12 years).
· 53% of children who died were male.

· 35% of children died before admission to a hospital. Overall, over a third of children died before hospital admission, including 18% who died in the emergency department and 16% who died outside the hospital.
· Of 794 children with a known medical history: 

· 43% had no high-risk medical conditions

· 57% had one or more high high-risk medical conditions

· 33% had neurologic disorders

· 12% had genetic or chromosomal disorders

· 26% had a pulmonary disorder, including 16% with asthma

· 11% had congenital heart disease or other cardiac disease

· Children without high-risk medical conditions were more likely to die before hospital admission (RR 1.9; 95% CI 1.6-2.4) and within three days of symptom onset (RR 1.6, 95% CI 1.3-2.0) than those with high-risk medical conditions.
· The median duration of illness was 5 days.

· The most deaths reported in one season, 282 (3.8 deaths per 1 million children), occurred during the 2009-2010 season when the 2009 H1N1 pandemic virus was circulating, and the fewest deaths, 35 (0.5 deaths per 1 million children), occurred during the 2011-2012 season.

· Influenza A virus infection was associated with 649 (78%) of the deaths in children, and influenza B virus infection was associated with 165 (20%) of the deaths in children. (The flu virus type was not distinguished in 2% of deaths.) Of children who had a bacterial culture performed, 40% (154) had one or more bacterial co-infections. 
· Almost half (49%) of those with bacterial co-infections (i.e., 76 children out of 154 with bacterial co-infections) had Staph infections.
· 14% had Streptococcus pneumonia infections (i.e., 22 children out of 154 with bacterial co-infections).

· Bacterial co-infection was more common among children without high-risk medical conditions.
· Among 769 children with information on complications, the most common complication was pneumonia (51%). Other complications included seizures (11%), inflammation of the brain (i.e., encephalopathy/encephalitis, 9%), and co-infection with non-influenza viruses (5%).

· Of 511 children 6 months of age or older whose vaccination status was known, only 84 (16%) had been fully vaccinated with seasonal influenza vaccine.

· During the 2009–2010 season, of 66 children ≥6 months of age whose pH1N1 vaccination status was known and who died on or after November 1, 2009, 2 (3%) had been fully vaccinated with pH1N1 monovalent vaccine.
· This article is available http://pediatrics.aappublications.org/content/early/2013/10/23/peds.2013-1493.abstract. 
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