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2009 Novel H1N1 Influenza - Disease Characteristics

Identification

The 2009 novel H1N1 (nH1N1) influenza (also called 2009 H1N1, pandemic H1N1 or pH1N1) is a viral disease characterized by acute febrile respiratory illness. Recognition of the disease is commonly by epidemiological characteristics. Confirmed cases are only identified through laboratory tests using RT-PCR or viral culture.
  However, for the week ending January 9, 2010, all sub-typed influenza A viruses from the CDC’s national surveillance system were nH1N1
, so cases of flu can be presumed to be nH1N1.

Rapid influenza diagnostic tests (RIDT) should not be relied upon to rule out nH1N1.  See “Lab Testing Guidance for Health Care Providers” (below).
Symptoms

The symptoms for nH1N1 are similar to the symptoms of seasonal flu. The symptoms include: fever, cough, sore throat, runny or stuffy nose, body aches, headaches, chills and fatigue, and sometimes diarrhea and vomiting.
  Since the outbreak in April 2009, it has been shown that people can be infected and have respiratory symptoms without fever.
 

Prevalence of Symptoms

During the early US nH1N1 outbreak, the CDC reported symptom prevalence from among 272 hospitalized US cases of nH1N1.
  Symptoms of 44 confirmed cases at a New York City high school were also reported.

Table 1: Prevalence of symptoms in community and hospitalized nH1N1 cases


44 NYC cases
272 hospitalized US cases 
Cough 
98%
88%

Subjective fever 
96%
95%

Fatigue 
89%
43%

Headache 
82%
34%

Sore throat 
82%
31%

Runny nose 
82%
38%

Chills 
80%
40%

Muscle aches 
80%
36%

Nausea 
55%
29% (vomiting)

Stomach ache 
50%
N/A

Diarrhea 
48%
24%

Shortness of breath 
48%
60%

Joint pain 
46%
N/A

Wheezing 
N/A
26%

Transmission

Mode of Transmission

The transmission of nH1N1 virus is thought to occur in the same way as seasonal flu. People infected with influenza mainly transmit flu viruses through coughing or sneezing. Sometimes, touching a contaminated surface or object and then touching their mouth or nose may infect someone.
  More specifically, per the CDC,

Seasonal human influenza viruses are thought to spread from person to person primarily through large-particle respiratory droplet transmission (e.g., when an infected person coughs or sneezes near a susceptible person). Transmission via large-particle droplets requires close contact between source and recipient persons because droplets do not remain suspended in the air and generally travel only a short distance (< 6 feet). Contact with contaminated surfaces is another possible source of transmission. …[Transmission may also occur] via droplet nuclei, [which may remain suspended in the air for long periods of time] (also called “airborne” transmission).

Interspecies Transmission

Most influenza strains are adapted to a particular host and do not readily infect hosts of a different group, e.g. cat influenza does not infect dogs and vice versa.
 Nevertheless, there have been numerous sporadic cases reported of interspecies transmission.   Since pigs can be infected with both human and avian (bird) influenza A viruses, they have been considered to be a potential "mixing vessel" for viral reassortants - one of which could be a new pandemic strain.
  The nH1N1 pandemic strain has avian, human, and swine genetic elements.  It is not clear where this reassortant originated though many consider it to be of swine origin. The pandemic strain was not circulating in commercial pigs in North America. 

There have been several instances of transmission of nH1N1 from humans to other animals – notably swine, domestic turkeys, pet ferrets and cats
, 
, 
  China announced that 2 of 52 sick dogs at the veterinary clinic of the College of Veterinary Medicine at the China Agricultural University tested positive for nH1N1.
  On December 21, it was announced that a pet dog in New York had contracted nH1N1 from its owner.
  There was transmission of nH1N1 from pigs to two members of a Canadian Food Inspection Agency team who removed their masks while investigating an outbreak of the virus in a herd of Alberta swine.
  

Though we have only a few instances of direct transmission of the current virus between humans and their pets or domestic animals, it is clear that precautions should be taken to prevent such transmission.  Avoiding close contact, respiratory hygiene, and good hand washing practices will decrease the possibility of transmission.  Infection through contact with pigs or other non-human animal is not the way the current pandemic has spread; it has spread through human-to-human transmission.  Swine influenza is a respiratory disease in pigs, spread by respiratory droplets; humans do not become infected by eating pork.

Secondary Attack Rates

The secondary attack rate reflects the risk of being infected with a disease by an ill close contact. nH1N1 appears to be more contagious than seasonal influenza. The secondary attack rates for seasonal influenza ranges from 5 to 15 percent.16 Current estimates of the secondary attack rates of nH1N1 range from 22 percent to 33 percent.
 One study estimated the secondary attack rate for nH1N1 to be 27.3% based on reported case clusters in the US. Based on school outbreaks, the study also estimated that a school child infects 2.4 other children within the school.
 The use of antiviral medication to treat influenza cases helps to reduce viral shedding, decreasing the secondary attack rate.
 

The basic reproduction number, R0, is another estimate of transmissibility that can be used to forecast the spread of infection, the likely effect of public health interventions, and the likelihood of another wave of the disease.  R0 is the number of secondary cases caused by exposure to the primary case.  There have been a number of estimates given for the R0 for H1N1.  Based on the references below we have decided to use an R0 of 1.6.

Fraser based his estimates on characteristics of the outbreak in Mexico.

http://www.ncbi.nlm.nih.gov/sites/entrez?db=pubmed&cmd=Search&doptcmdl=Citation&defaultField=Title%20Word&term=Fraser%5Bauthor%5D%20AND%20Pandemic%20Potential%20of%20a%20Strain%20of%20Influenza%20A%20%28H1N1%29%3A%20Early%20Findings.

an der Heiden modeled impact of public health measures on a subsequent wave using Fraser's parameters and examined the effect of R0 using 1.34, 1.58, and 2.04.

http://www.plosone.org/article/info%3Adoi%2F10.1371%2Fjournal.pone.0008356
Yang, using data from the first US clusters, estimated R0 between 1.3 and 1.7.

http://www.ncbi.nlm.nih.gov/sites/entrez?db=pubmed&cmd=Search&doptcmdl=Citation&defaultField=Title%20Word&term=Yang%5Bauthor%5D%20AND%20The%20Transmissibility%20and%20Control%20of%20Pandemic%20Influenza%20A%20%28H1N1%29%20Virus.

Boelle estimated R0 as less than 2.2 - 3.1 in Mexico, and noted that the estimates decreased with increasing time and that the estimates were sensitive to estimates of generation time.

http://www.eurosurveillance.org/ViewArticle.aspx?ArticleId=19205
Coburn's review compares estimates of R0 for nH1N1 with the 1918 pandemic strain (~2; 1.4 - 2.8) and seasonal strains (1.3; 0.9 - 2.1).

http://www.biomedcentral.com/1741-7015/7/30/abstract
PanINFORM uses an R0 of 1.5 in discussing their modeling.

http://www.cmaj.ca/cgi/content/full/181/3-4/171
Age-Related Risk of nH1N1 Infection

The following table presents approximate relative risks of H1N1 infection by age, based on US counts reported to the CDC between April 15 and July 24, 2009.  Relative risks express the risk of one group as a proportion of the risk of another group.  In the table, the estimated risk for each age group is presented as a proportion of the risk among 25 to 49 year olds.  So the table indicates that 5 to 24 year olds were 3.82 times as likely to be an H1N1 case as were 25 to 49 year olds, while 50 to 64 year olds had 56% of the risk that 25 to 49 year olds had.

Table 2: Approximated relative risk of being a novel H1N1-related case, by age, compared to the 25 to 49 years age group, USA


Approximated relative risk

 of being a reported case, 
Age (years)
among the general population
0-4
3.28 
5-24
3.82 
25-49
(reference group) 1.00 
50-64
0.56 
65+
0.19

Base on counts abstracted 2009-08-13 from http://www.cdc.gov/H1N1FLU/surveillanceqa.htm and 2008 Census Bureau estimates http://www.census.gov/popest/national/asrh/files/NC-EST2007-ALLDATA-R-File24.csv 
Groups at High Risk for nH1N1 infection

Children and young adults: In most countries the majority of nH1N1 cases have occurred in children and young adults. The mean age of reported cases were found to be 12 to 17 years (based on data from Canada, Chile, Japan, UK and the United States of America).
 

Pregnant Women: An nH1N1 study estimated that, in the 4th to 7th weeks of the US nH1N1 outbreak, pregnant women had 4 times the reported case rate of the general population.

Groups at Low Risk for nH1N1 infection

Adults over the age of 50: Of the cases detected, the age group above 50 years has the lowest number of cases. This epidemiological data supports laboratory serology studies that indicate that older people may have pre-existing immunity to the novel H1N1 flu virus and may be less susceptible in acquiring the influenza A (H1N1) infection.  However, older adults who do get the H1N1 virus are more likely to die of the disease.

Incubation Period

The seasonal influenza incubation period is 1 to 3 days.
  The incubation period for nH1N1 is thought to be similar to that of seasonal influenza. The CDC states that it could range from 1-7 days, and more likely 1-4 days. 

Period of Communicability

The duration of shedding with nH1N1 virus is not completely known, however it is thought to be similar to that of seasonal influenza virus. A case of nH1N1 is assumed to have an infectious period from one day prior to the case’s illness onset to 7 days after illness onset.  In a CDC study conducted from May – June 2009 in Pennsylvania, the median period of viral shedding was found to be 6 days (range 1 – 13 days) after the onset of fever.  Virus was detected by rRT-PCR a median of 3 days after resolution of fever.  Younger children were observed to have prolonged viral shedding compared to older children and adults.

Several studies, using sensitive PCR tests, detected influenza virus in nasal cavities of half or more of nH1N1 infected persons a week or more after symptoms first appeared.  The researchers suggested novel H1N1 might be contagious longer than seasonal flu, although the studies did not include subjects with seasonal flu, for comparison.

Susceptibility

It appears that most people less than age 50 years have little immunity to nH1N1. Older people may have pre-existing immunity to the new influenza A (H1N1) and may be less susceptible in acquiring the influenza A (H1N1) infection.

Case Fatality

In early August 2009, the fatality rate among reported nH1N1 cases from the USA was 0.4%,
 and was 0.3% in the United Kingdom.  Because of under-reporting of mild cases, the true fatality rate was likely to be closer to 0.1% to 0.2% of symptomatic cases,
 roughly similar to that of seasonal influenza.
  

CDC has developed new methodology to provide more accurate estimates of nH1N1 cases, and associated hospitalizations and deaths in the US.
  Using the mid-level for these estimates from April 1 to Nov. 14, 2009 – 47 million estimated cases and 9,820 estimated deaths, one can calculate an estimated case fatality rate of 0.021% or about 210 deaths per million persons with symptomatic illness from the virus.

A study of 574 H1N1-related deaths worldwide found that the fatality rate among reported cases was 0.6 percent and varied from 0.1 percent to 5.1 percent depending on the country and the accuracy of the counts.  There was underlying disease in at least half of the fatal cases.  Two important risk factors were pregnancy and metabolic condition (including obesity, which has not been considered as a risk factor in previous pandemics or seasonal influenza).

Severity

Mutations in the nH1N1 Virus

Researchers at the Norwegian Institute of Public Health found a variant of the nH1N1 virus that they theorize may cause more severe disease.  The mutation was found in three of 70 cases.  Two of those patients were the first to die from nH1N1 in Norway.  The other patient had severe influenza disease.
   The World Health Organization review of sequences in GenBank finds that this mutation, D222G, has been reported before in viruses from several different countries and has been found in mild cases as well as severe.

Groups at high risk for complications or severe nH1N1 illness

Although the risk factors for nH1N1 complications are not known definitively, they appear to be similar to those of seasonal influenza. 

The following groups are at high risk for complications of seasonal influenza, and have been found to be at risk for complications of nH1N1:
 

· Children younger than 5, but especially children younger than 2 years old

· Adults 65 years of age and older

· Pregnant women

· People who have:

· Blood disorders, including sickle cell disease

· Chronic lung disease, such as asthma or chronic obstructive pulmonary disease

· Diabetes

· Heart disease

· Kidney or Liver disorders

· Neurological disorders, such as epilepsy, cerebral palsy, brain or spinal cord injuries, multiple sclerosis, moderate to profound intellectual disability [mental retardation] or developmental delay

· Neuromuscular disorders, such as muscular dystrophy 

· Weakened immune systems, such as people with HIV or AIDS or who are on medications that weaken the immune system

Studies mentioned below indicate the following may also be risk factors for nH1N1 complications.

· Being a member of some minority populations

· Obesity

A few preliminary reports suggest increased risk of severe disease may be elevated in some minority populations, but the potential contributions of cultural, economic and social risk factors are not clear.
  Among the hospitalized patients in Chicago during April 24th to May 15th, hospitalization rates were higher for non-Hispanic Blacks (nine per 100,000), Asian/Pacific Islanders (eight per 100,000), and Hispanics (eight per 100,000), versus non-Hispanic Whites (two per 100,000).

From April 15 to November 13, American Indian/Alaskan Natives (AI/AN) accounted for 42 (9.9%) of the 426 H1N1 deaths reported by 12 states that, combined, contain 50% of the AI/AN population in the U.S.  The population of AI/AN is approximately 3% of the total population in the 12 states.  The overall AI/AN H1N1-related death rate per 100,000 was 3.7 compared with 0.9 for all other racial/ethnic populations combined.  Comorbidities were present in 81% of AI/AN and 77.6% of all other racial/ethnic populations combined.

Obesity and Chronic Disease: A chart review in 21 Spanish hospitals found 32 ICU patients with severe complications due to H1N1 flu.  Ten (31%) were obese, (6%) pregnant and 16 (50%) had pre-existing medical complications.  Twenty-nine (91%) had primary viral pneumonitis, (6%) exacerbation of structural respiratory disease and 1 (3%) secondary bacterial pneumonia.  Six patients died within 28 days, with two additional late deaths.

Pregnant Women: An nH1N1 study estimated that, in the 4th to 7th weeks of the US nH1N1 outbreak, 32% of pregnant women infected with the H1N1 virus were hospitalized.

Children: nH1N1 data from the first wave of the U.S. outbreak, April – July, 2009, indicates that children ages 0-4 had the highest rates of hospitalization, followed by children ages 5 to 24.
  However, this risk group is less likely to die from nH1N1 infection.

In a published study, researchers examined whether epitopes present in the seasonal flu strains between 1988 and 2008 also are found in the existing H1N1 strain.  The researchers found major genetic differences between the pandemic H1N1 strain and seasonal strains, potentially explaining why children and young adults are more susceptible to the H1N1 strain now circulating worldwide.

People with underlying health conditions: Having an underlying health condition increases the severity of the Novel Influenza A (H1N1) virus in both children and adults. A study of 574 nH1N1-related deaths worldwide found that at least half of the fatal cases were associated with an underlying disease.
  28% of 272 hospitalized cases in the US had asthma, compared to 8% of the US population.

Clinical Experience with Severe H1N1 Disease

There has been a report of 116 cases of encephalopathy due to Pandemic (H1N1) from Japan.  Cases occurred predominantly (95.5%) in children under 15 years.  Of 60 cases for whom detailed information is given, disturbance of consciousness began a median of 1 day after the onset of fever and an abnormal electroencephalogram was obtained from 35/47 (74%).  Most were treated with antivirals - Tamiflu( 63%, Relenza( 22%, both 15%, and 12 of 60 (20%) required mechanical ventilation.  Death occurred in 3 of 59 (5%), 7 of 59 (12%) had long-term sequelae, but most were recovering – 49/59 (83%).

Three studies, published in JAMA online October 12, 2009, focus on critically ill patients with nH1N1. In the Canadian study, there were 215 critically ill patients with confirmed, probable, or suspected nH1N1 admitted to 38 study ICUs between April 16 and July 13, 2009.  Approximately 19% of those hospitalized were admitted to the ICU.  The mean age of the 168 ICU patients with confirmed or probable nH1N1 was 32.3 years; 50 (29.8%) were children.  Of the 168, 136 (81%) required mechanical ventilation.  Mean duration of ventilation was 12 days.  Many patients required advanced therapies for oxygenation failure including neuromuscular blockade, inhaled nitric oxide, high-frequency oscillatory ventilation, extracorporeal membrane oxygenation (ECMO), and prone position ventilation.  Twenty-nine of the 168 patients died (17.3%).

In the study from Mexico, all critically ill patients with confirmed, probable, or suspected nH1N1 infection admitted to 6 referral hospitals for influenza were observed (58 of 899 nH1N1 hospitalized patients or 6.5%).  Median age of the patients was 44 years (range 10 – 83 years).  At least one comorbidity, including ever smoker, hypertension, and obesity, was present in 84.5% of the patients.  Obesity (36%) was the most common.  Mechanical ventilation was required by 54 of 58 patients.  Mean duration of ventilation was 15 days in survivors and 7.5 days for those that died.  Hypotension requiring inotropic or vasoactive support was common at day1 (34 patients), and at days 3, 7, and 14.  Twenty-four of 58 patients (41.4%) died.

The third paper from Australia and New Zealand focused on a subset of ICU patients with confirmed or probable nH1N1, those requiring ECMO in 15 ICUs between June1 and August 31, 2009.  Median age of the 68 patients was 34.4 years.  Patients had severe respiratory failure despite advanced mechanical ventilation.  Fourteen (23%) of the 68 patients died, 13 while receiving ECMO and 1 after having been weaned from ECMO.
 

Autopsies performed on 34 nH1N1 deaths in New York City; between May 15 and July 9 found tracheitis and/or bronchitis in all cases, with diffuse alveolar disorder-associated viral pneumonia as the primary pathology.  Most cases (62%) were between 25 and 49 years old (median, 41.5 years).  Bacterial pneumonia was found in 55% of cases and comorbidities in 91% of adult and adolescent decedents (with obesity in 72%).  These pathologic findings are strikingly similar to those of published autopsy studies from the 1918 and 1957 pandemics.

Age-Related Risk of nH1N1 Complications

The following tables present approximate relative risks of H1N1 infection, hospitalization, or death, based on US counts reported to the CDC between April 15 and July 24, 2009.  Relative risks express the risk of one group as a proportion of the risk of another group.  In each table, the estimated risk for each age group is presented as a proportion of the risk among 25 to 49 year olds.  So the 2nd column of Table 3 indicates that 5 to 24 year olds were 3.82 times as likely to be an H1N1 case as were 25 to 49 year olds, while 50 to 64 year olds had 56% of the risk that 25 to 49 year olds had.

Table 3: Approximated relative risk of being a novel H1N1-related case, hospitalization, or death, by age, compared to the 25 to 49 years age group, USA


[image: image1.wmf]Age (years)

Approximated relative risk of 

being a reported case, 

among the general population

Approximated relative risk of 

being hospitalized, 

among the general population

Approximated relative risk of 

death, 

among the general population

0-4

3.28

                                            

 

4.07

                                            

 

0.29

                                            

 

5-24

3.82

                                            

 

1.87

                                            

 

0.50

                                            

 

25-49

(reference group) 1.00

(reference group) 1.00

(reference group) 1.00

50-64

0.56

                                            

 

1.07

                                            

 

1.10

                                            

 

65+

0.19

                                            

 

0.52

                                            

 

0.57

                                            

 

Base on counts abstracted 2009-08-13 from http://www.cdc.gov/H1N1FLU/surveillanceqa.htm and 2008 Census Bureau estimates http://www.census.gov/popest/national/asrh/files/NC-EST2007-ALLDATA-R-File24.csv 
Per Table 3, while youth were much more likely to be reported cases, US deaths per population were greatest in 25 to 64 year olds.

Table 4: Approximated relative risk of hospitalization or death among reported H1N1 cases, by age, compared to the 25 to 49 years age group, USA

	Age (years)
	Relative risk of hospitalization

 among reported H1N1 cases
	Relative risk of death 

among reported H1N1 cases

	0-4
	1.24
	  0.09 

	5-24
	0.49
	  0.13 

	25-49
	(reference group) 1.00
	 (reference group)  1.00 

	50-64
	1.89
	  1.95 

	65+
	2.75
	3.04


Base on counts abstracted 2009-08-13 from http://www.cdc.gov/H1N1FLU/surveillanceqa.htm
Per Table 4, cases were most likely to be hospitalized if they were over 50 years old, and the risk of death among cases increased with age.

Table 5: Approximated relative risk of death among hospitalized H1N1 cases, by age, compared to the 25 to 49 years age group, USA

	Age (years)
	Relative risk of death

among persons hospitalized for H1N1

	0-4
	                          0.07 

	5-24
	                          0.27 

	25-49
	(reference group)   1.00 

	50-64
	                          1.03 

	65+
	                          1.10 


Base on counts abstracted 2009-08-13 from http://www.cdc.gov/H1N1FLU/surveillanceqa.htm
Per Table 5, of those hospitalized, youth were much less likely to die than persons older than 24.

Limitations

The likelihood reporting of cases, hospitalization, and deaths may have varied between age groups.  For instance, because hospitalization is much less likely among the very young than it is among the very old, young people hospitalized with flu symptoms may have been more likely to be tested for the novel H1N1 virus.  This would decrease the accuracy of the ratios presented above, probably leading to a slight overestimate of risk among the young, relative to older persons.

All of the H1N1 counts upon which these statistics are based are likely to have been lower than the actual number of occurrences.  The counts of deaths were probably the most accurate, followed by the counts of hospitalizations.  The reported case count was certainly much less than the actual number of cases in the United States; CDC estimates indicate that roughly 5% of actual cases were included in their reported case count.   However, these inaccuracies only decrease the validity of the relative risks if the proportion of actual occurrences counted varied between age groups. Similarly, it was unclear in the source of this data whether the count of H1N1-related deaths was drawn from the same time period as the count of cases and hospitalizations.  But, again, because relative risk statistics are based on ratios comparing similar types of counts, this has little effect on the validity of the relative risks, assuming the same time period was used in counting the deaths for each age group.

Spread of Influenza A (H1N1) Virus

International

The first reported nH1N1 cases worldwide occurred in California, and had symptom onset on March 29 and 30, 2009.
  Soon afterward, cases were detected in Mexico.  In the next weeks, there was much confusion about the number of cases and deaths in Mexico.  Initially, a very large number of deaths in Mexico were suggested to be associated with nH1N1, suggesting a very high case-fatality rate.  Consequently, severe, very conservative measures were implemented in various places, including travel restrictions, school closures, and, in some parts of Mexico, temporary suspension of commerce.  Eventually it became clear that the actual number of deaths associated with nH1N1 was not excessively greater than would be expected from usual seasonal influenza strains, but that most people had little immunity to the new influenza subtype.  As that became clearer, the more extreme precautions were abandoned, and more moderate preventive measures were taken.

From late April through mid-July, the World Health Organization (WHO) encouraged countries to maintain comprehensive counts of likely nH1N1 cases.  By early June, nH1N1 cases had been reported in all continents except Antarctica.
  In mid-June, it was clear that nH1N1 had spread to much of the world, so comprehensive counting was ended in most countries.  Less resource-intensive surveillance was used instead.  

From April through June, the great majority of cases occurred in Mexico, the United States, and Canada.

The southern hemisphere’s temperate areas experience their influenza season during the northern hemisphere’s summer and early fall.  The nH1N1 virus was the dominant sub-strain in the southern hemisphere after May.  Many countries there experienced unusually high incidence of influenza.  There was great variation in nH1N1 incidence (as measured by health service use) within and between the countries.  The resulting need for health care services generally strained but did not overwhelm health systems in most areas of most of the countries that reported their status to the WHO.  The greatest strain was reported to occur in Intensive Care Units.  By the end of September, influenza incidence in most temperate southern hemisphere countries was approaching or had returned to usual baseline levels.

In North America, levels of influenza activity began to climb shortly after the opening of schools in late August.  Laboratory results revealed that over 99% of the influenza viruses tested were nH1N1.  Influenza activity quickly surpassed levels seen during the spring of 2009.  In Canada, activity was seen first in the western provinces and then spread eastward.  In Europe, activity increased first in several western countries (Ireland, Northern Ireland, Iceland, Belgium, and the Netherlands), then spread to northern and eastern countries by the end of October 2009. In Japan, influenza activity was reported above baseline from August 16 – 22, 2009, and continued to intensify especially in the urban centers.

In North America, peak influenza activity occurred in early, mid, and late October in Mexico, the United States, and Canada respectively.  As of January 10, 2010, ILI activity in Europe continued to decrease since early November.  In East Asia, ILI is declining overall, including in Japan where activity peaked in late November 2009.  In South Asia, increasing ILI or acute respiratory illness have been reported from Nepal, SriLanka, and parts of India.  There is evidence of widespread transmission with the pandemic strain throughout North Africa though activity may have peaked in late December 2009 in many countries.
  

USA

Surveillance: Novel influenza A (H1N1) activity is monitored through CDC’s routine influenza surveillance systems and reported weekly in FluView. CDC tracks U.S. influenza activity through multiple systems across five categories. 

During June and July of 2009, the overall influenza activity was decreasing in the United States, however, isolated nH1N1 outbreaks continued to occur throughout the U.S

In June through August, nH1N1 cases were higher than normal for that time of year, but below epidemic levels.
 From the week ending August 23, 2009, ILI activity increased in the US, reaching a peak the week ending October 24, 2009.  As of January 9, 2010, outpatient ILI activity has decreased to 1.9%, which is below the national baseline of 2.3%.

For the week ending January 9, 2010, only 3.6% of respiratory specimens tested were positive for influenza.  However, 100% of the subtyped influenza A viruses were novel H1N1 viruses.

Doctor visits: ILI visits increased nationally from August 23, 2009 through October 24, 2009.  Visits tapered off slightly for a week and for the past eleven weeks, through January 9,2010, have been declining, except for a slight artifactual increased percentage during the holidays due to decreased routine visits.   The percent of outpatient visits for ILI is now below the national baseline of 2.3%. Of the 10 US regions, only Region 9 (AZ, CA, Guam, HI, NV) reported ILI above their regional base.

Hospitalizations: As of January 9, 2010, influenza hospitalization rates for ages 0 – 64 years remain higher than rates during past influenza seasons.  Rates for ages 65 and over were similar to or lower than seasonal influenza hospital rates, but were higher than expected for this time of year. From August 30, 2009 - January, 2010, there have been 38,454 laboratory-confirmed influenza associated hospitalizations.

Deaths: From August 30 - November 14, 2009, there have been 1,779 

 laboratory-confirmed influenza associated deaths reported to CDC. 

Since August 30, 2009, CDC has received 236 reports of influenza-associated pediatric deaths that occurred during the current influenza season (43 deaths in children less than 2 years, 26 deaths in children 2-4 years, 87 deaths in children 5-11 years, and 80 deaths in individuals 12-17 years). One hundred ninety-five(83%) of the 236 deaths were due to 2009 influenza A (H1N1) virus, 40 were influenza A of undertermined subtype, and one was associated with an influenza B infection.  A total of 255 deaths in children associated with 2009 H1N1 virus have been reported to CDC.

Widespread influenza activity states: No state is reporting widespread influenza activity as of January 9, 2010.  Regional activity was reported by 9 states.  Local influenza activity was reported by the District of Columbia, Puerto Rico, and 15 states, and sporadic activity was reported by Guam, and 24 states, including Indiana.  The US Virgin Islands, and two states reported no activity.

Indiana

Indiana confirmed its first nH1N1 case on April 30th 2009, after a patient was seen with influenza-like illness (ILI) at a flu sentinel site and had routine testing as part of this surveillance system.  Since the pandemic was declared in June 2009, the State Health Department has increased the number of sentinel sites across the state to improve surveillance. There are currently 58 sentinel sites distributed around Indiana.

As of August 13th the Indiana State Department of Health reported a total of 314 cases of nH1N1 in the state that had been confirmed by PCR sub-typing. However, many more cases have occurred; after laboratory testing confirmed that nH1N1 was fairly prevalent in Indiana, there was little reason to do sub-typing on more than a small sample of cases for ongoing population surveillance.  

During the week of January 3 through January 9, 2010, one confirmed nH1N1 flu-related deaths in Indiana was reported to ISDH.  There have been a total of 37 nH1N1 deaths confirmed in Indiana since June1, 2009.

ILI reported from emergency departments began increasing from September 19, 2009 and peaked during the week of October 25 – 31, considerably surpassing the peaks of the past two years.  ILI activity from ED surveillance has decreased for the past 12 weeks from the high of 12.7%. The current rate (1.8% as of January 9, 2010) is now at levels seen at the same time during previous seasons.  Absentee rates in the health care workforce due to ILI increased from September 9, 2009 through the last week of October, and have decreased since then.  For the week ending January 9, 2010, ILI-related absentee rates among health care workers decreased 18% compared to the weighted moving average of the previous three weeks. Since September 1, 2009, 98.5% (464/471) of Indiana specimens that were positive for influenza were nH1N1.  Of those 464 for whom age was known, 84% were ages 0 to 24 years.  Only 18 were older than 50.
 
Marion County:

On May 1, 2009, a case of nH1N1 was first confirmed in Marion County.  By June 1, there were 79 confirmed cases, and certainly many more unconfirmed cases.  From May through mid-August, the incidence of emergency department visits for influenza-like illness in Marion County was slightly high, but usually less than twice the usual baseline incidence of five to ten per day.  Laboratory tests confirmed a slightly higher than usual incidence of influenza.

Laboratory and emergency department data indicate that the incidence began a notable increase in the 2nd week of August, reached an unseasonably high level by late August, and at the start of September was at levels approaching or exceeding those reached at the peak of most past flu seasons.  A further acceleration of this increase began around Monday, September 28.  From mid-August until September 28, the percent of emergency department visits in Marion County that were for flu symptoms rose at about one-third of a percent per week, to 2.7%.  From September 28 to October 15, it rose at over seven times that rate (2.8% per week, from 2.7% to 9.6%).  Since October 15 the percent of visits for ILI declined to 1.4% on December 10: there was a slight increase during the holidays, which ended by January 4,2010.  The current percentage (1.4%) is within the range expected for this time of year.
  The number of samples submitted for influenza testing and the percent of those testing positive has had a similar acceleration and subsequent decline.
  See http://www.mchd.com/H1N1/H1N1_situational_reports.htm for graphs indicating Marion County’s nH1N1 incidence over time.  There have been five confirmed nH1N1 deaths in Marion County, all of them adults.

Prevention and Control 

Until later in 2010, personal behaviors rather than nH1N1 vaccine will be the primary protection against nH1N1 for most of the US population.  Distribution of nH1N1 vaccine began the week of September 28, with a very small amount of vaccine and the amount of vaccine remained limiting throughout the fall season.  As of January 22, 2010, vaccine is plentiful and those who have not yet been vaccinated, including the general public, are encouraged to do so.  Immunity to nH1N1 will occur for most vaccinated people about two weeks after vaccination.  So until later in the new year, less than half of the US population will have nH1N1 protection from the vaccine.  In the meantime, personal behaviors like covering coughs and sneezes, washing hands, and staying home if sick, will be the primary protection against nH1N1 for most people.

The seasonal flu vaccine is not expected to protect against the 2009 H1N1 flu.

CDC Prevention Recommendations

· Get the seasonal flu vaccine and the nH1N1 vaccine.

· Clean surface areas or items that are more likely to have hand contact 

· Cover your nose and mouth with a tissue when you cough or sneeze. Throw the tissue in the trash after you use it. 

· Wash your hands often with soap and water. If soap and water are not available, use an alcohol-based hand rub.* 

· Avoid touching your eyes, nose or mouth. 

· Try to avoid close contact with sick people. 

The CDC recommends that sick persons stay home for at least 24 hours after their fever is gone, except for trips to get medical care or for other necessities.
  The fever should be gone for 24 hours without the use of a fever-reducing medication.  Sick persons should keep away from others as much as possible to keep others from getting sick.
  Persons who are at high risk of complications from nH1N1 infection should consider their risk of exposure to nH1N1 if they attend public gatherings.

Infection Prevention in Healthcare Settings

CDC recommends a tiered approach to prevent influenza transmission in healthcare settings: 1. Elimination of potential exposures; 2. Engineering controls; 3. Administrative controls; and 4. Personal protective equipment.  The CDC updated its mask guidelines on Oct. 16 and continues to recommend N95 respirators.

A JAMA study found similar rates of influenza infection for surgical versus N95 masks in 446 nurses in 8 Canadian hospitals.  Adherence was 100% for surgical masks and 87.5% for N95 masks.
  An association of infection control clinicians, recommended that N95 masks be reserved for aerosol-generating procedures.

N95 respirators may not be as superior to surgical masks as once thought.  MacIntyre and colleagues presented a reanalysis of their unpublished study, which had been said to show clear superiority of N95 masks over surgical masks when originally presented at a medical conference in September, at the Infectious Diseases Society of America last week.  When changes suggested by reviewers were made, the difference between N95 and surgical masks were no longer significant.  MacIntyre was a member of the committee that wrote the recent IOM report recommending N95 respirators for health care personnel taking care of patients with nH1N1.

Lab Testing Guidance for Health Care Providers

Rapid influenza diagnostic tests (RIDT) should not be relied upon to rule out nH1N1.  A total of 63 patients from two schools were tested for influenza at a hospital in Connecticut during May 2009.  Of the 63 patients tested by RIDT, 49 patients were found to have nH1N1 infection by rRT-PCR.  Of the 49 patients with confirmed infection, 23 (47%) tested positive for nH1N1 by RIDT.  The overall sensitivity of the RIDT was 47%, and the specificity was 86%.  The positive predictive value was 92%, and the negative predictive value was 32%.

The Indiana State Department of Health Laboratory will only accept samples from the following high-risk groups for influenza testing:

· Hospitalized patients

· Pregnant women

· Health care workers

· Immunosuppressed

· 5 years of age or younger

· 65 years of age or older

· Any death associated with ILI. 

A virology form is available on the ISDH website that can be used to indicate what high-risk population the patient represents. A face sheet is also included to explain the revised submission procedures. http://www.in.gov/isdh/files/InfluenzaLabInstructions.pdf 

Sites in Indiana’s influenza sentinel surveillance system may also submit samples. 

Antiviral Treatment of Influenza A (H1N1) Cases

nH1N1 is susceptible to oseltamivir (
Tamiflu® 
) and zanamivir (
Relenza® 
). The priority use for these drugs this season is to treat people who are very sick (hospitalized) or people who are sick with flu symptoms and who are at increased risk of serious flu complications, such as pregnant women, young children, people 65 and older and people with chronic health conditions.  The CDC advises that antiviral treatment be initiated as soon as possible after the decision to treat has been made, as these antivirals are most effective when given within 48 hours of symptom onset and have been found to decrease the severity and mortality of nH1N1 infection.
  Note: hospitalized patients presenting more than 48 hours into their illness should still be treated with antivirals as some benefit of decreased morbidity and mortality has been shown.  The CDC released a health advisory November 6, 2009 noting that antiviral use has not increased as much as expected and urging that all patients for whom antiviral treatment is recommended be treated.

Evidence that neuraminidase inhibitors (in particular, oseltamivir) decrease secondary complications of influenza in healthy adults has been called into question by a recent systematic review published in the British Medical Journal.  The authors found that virtually all the evidence for prevention of complications by oseltamivir rested upon a single metastudy analyzing 10 trials of which only 2 had ever been published, and the results from the 8 unpublished trials were held by the manufacturer who would not readily release them to the authors for their independent analysis.  The authors conclude that there is not sufficient evidence for a decrease in complications, though there is evidence of a modest effect on symptoms and shortening of the length of illness.


Intravenous (IV) peramivir 
 has been authorized for use by the US Food and Drug Administration (FDA), subject to the Emergency Use Authorization (EUA) terms and conditions.  IV peramivir may be appropriate for certain hospitalized and critically ill patients with suspected or confirmed 2009 H1N1 influenza, such as patients not responding to either an oral or inhaled antiviral therapy and patients without a dependable oral or inhaled route of drug delivery (e.g. patients unable or unlikely to absorb oseltamivir due to ileus or high nasogastric tube output). Information for requesting peramivir is included in the CDC guidance.

In an update on the shortage of Tamiflu® oral suspension, the FDA noted: ”Roche reported 12/2/09 they have begun shipping additional quantities of Tamiflu® (oseltamivir phosphate) oral suspension (liquid).  Roche continues to make all forms of Tamiflu, and increasing quantities of Tamiflu oral suspension will become available through the beginning of 2010.” The FDA has posted guidelines for providers and pharmacist for emergency compounding of an oral suspension from Tamiflu® 75mg capsules.
  http://www.fda.gov/Drugs/DrugSafety/InformationbyDrugClass/ucm100228.htm  
For Clinicians

 For information see:  http://www.cdc.gov/h1n1flu/recommendations.htm  (updated 10-16-2009)

An FDA alert advises care in Tamiflu® oral dosing, as it would be easy to confuse ml with mg.
 Following the death of a patient treated with Relenza( that was solubilized and administered by mechanical ventilation, the FDA issued an alert warning that Relenza( (zanamivir) Inhalation Powder must not be reconstituted in liquid formulation or used in any nebulizer or mechanical ventilator.

CDC guidance was updated October 16, 2009, stating that empiric antiviral treatment “should be considered” rather than “is recommended” for certain high risk populations.
  Antiviral recommendations for obstetric use
 and for young children
 were also updated.  For a list of CDC guidance documents with release dates, see http://www.mchd.com/swine_flu/swineflu_info.htm .

Pharmacists

For information see: http://www.cdc.gov/H1N1flu/pharmacist/pharmacist_info.htm
Antiviral Resistance

No sustained transmission of oseltamivir-resistant nH1N1 has been identified.  WHO reports 206 virus isolates of oseltamivir resistant influenza virus worldwide, all with the same H275Y oseltamivir resistant mutation, not resistant to zanamivir.  Worldwide, over 20,000 isolates of nH1N1 have been tested and found to be sensitive to oseltamivir.  Since September 1, 2009, 44 cases of oseltamivir resistant nH1N1 viruses have been identified in the United States, and a total of 54 cases have been identified in the United States since April 2009. Of the 54 patients, 42 had documented exposure to oseltamivir through either treatment or chemoprophylaxis, eight patients are under investigation to determine exposure to oseltamivir, three had no known oseltamivir exposure, and exposure could not be determined for one patient. Occasional development of oseltamivir resistance during treatment or prophylaxis is not unexpected. Enhanced surveillance is expected to detect additional cases of oseltamivir resistant 2009 influenza A (H1N1) viruses, and such cases will be investigated to assess the spread of resistant strains in the community.
  Transmission of resistant virus from one patient to another is suspected in two outbreaks in immunocompromised hospitalized patients in North Carolina and in Wales.
  The WHO antiviral drug use guidance has not changed.
 

High-risk Situations for Developing Antiviral Resistant nH1N1

WHO encourages clinicians to be alert to two situations that carry a high risk for oseltamivir resistant H1N1 viruses: 

1. Patients with severely compromised or suppressed immune systems who have prolonged illness, received oseltamivir treatment (especially for an extended period), but still have evidence of persistent viral replication. 

2. People who receive oseltamivir for “post-exposure prophylaxis” following exposure to someone with influenza, and who then develop illness despite taking oseltamivir. 

If presented with these high-risk groups, laboratory investigation is recommended to determine whether resistant virus is present and appropriate infection control measures should be implemented or re-enforced to prevent spread of the resistant virus. 

Case Studies of nH1N1 Virus Antiviral Resistance

Oseltamivir-Resistant 2009 Pandemic Influenza A (H1N1) Virus Infection in Two Summer Campers Receiving Prophylaxis --- North Carolina, 2009 : http://www.cdc.gov/mmwr/preview/mmwrhtml/mm5835a1.htm
Oseltamivir-Resistant Novel Influenza A (H1N1) Virus Infection in Two Immunosuppressed Patients --- Seattle, Washington,2009 : http://www.cdc.gov/mmwr/preview/mmwrhtml/mm5832a3.htm
First cases of spread of oseltamivir resistant swine flu between patients are reported in Wales. Anne Gulland:  BMJ 2009;339:b4975

http://www.bmj.com/cgi/content/full/339/nov23_2/b4975?view=long&pmid=19933735 

nH1N1 Vaccine 

Guidelines 

Now that the supply of vaccine in the US is ample, vaccine is recommended for all members of the general population.  Because the supply earlier was limited, CDC’s Advisory Committee on Immunization Practices (ACIP) had recommended that certain groups of the population receive the 2009 H1N1 vaccine when it first became available. 

Initial H1N1 vaccination efforts targeted five groups: 

· pregnant women, 

· persons who live with or provide care for infants aged <6 months, 

· health-care and emergency medical services personnel [who have direct contact with patients or infectious material*], 

· children and young adults aged 6 months–24 years [6 months–4 years*], and 

· persons aged 25–64 years [5-18 years*] with medical conditions putting them at higher risk for influenza-related complications.

* If the initial vaccine supply was not adequate to meet demand among these five groups, only the groups indicated in the bracketed text would be targeted (17% of US population).

The U.S. FDA has approved four (4) vaccines against nH1N1.
 Dose and route options include: 

· 2 injectable doses (separated by 1 month) for persons age 6 months to 9 years 

· 2 nasal spray doses (separated by 1 month) for persons age 2 to 9 years without certain health conditions

· 1 injectable dose for persons age 10 or older

· 1 nasal spray dose for persons 10 – 49 years without certain health conditions

Package inserts: http://www.fda.gov/BiologicsBloodVaccines/Vaccines/ApprovedProducts/ucm181950.htm 

There is a clear, simple table listing nH1N1 vaccine types for the US at http://www.cdc.gov/mmwr/preview/mmwrhtml/mm5839a3.htm?s_cid=mm5839a3_e#tab 

LAIV vs. injectable: A large study found attenuated seasonal influenza vaccine (LAIV) was associated with twice as much subsequent influenza as was inactivated vaccine (6.9% PCR positive symptomatic cases vs. 3.4%), in a flu season with a low level of antigenic drift between the vaccine and circulating influenza viruses.  The difference might be due to an inability of LAIV to infect persons who had prior exposure to similar strains.  If so, the results may not be relevant to nH1N1, as non-elderly will not have had prior exposure to similar viruses.

Co-administration of Seasonal and nH1N1 vaccine

The results of a National Institutes of Allergy and Infectious Diseases trial indicate that co-administration of the two injectable vaccines of inactivated virus does not impair the immune response to either one.  Among 25 adults aged 18-64, 76% showed a robust immune response.
   CDC recommends that seasonal FluMist and nH1N1 LAIV nasal spray be separated by one month.

Vaccine Distribution

The federal government is distributing H1N1 vaccine for the H1N1 influenza through state and local health departments.  Health departments will work with local organizations and health care providers to distribute the vaccine.  Clients will not be charged for the vaccine itself, although providers may be permitted to charge administration fees.
  Marion County physicians may request nH1N1 vaccine by clicking the “H1N1 Vaccine Request Form for Healthcare Providers” link at http://www.mchd.com.

Seasonal vaccine delay, not shortage: There have been rumors of a shortage of seasonal vaccine.  Information from the CDC indicates that there has been a delay in some manufacturers’ delivery of seasonal vaccine, but that the amount that will eventually be delivered will be what was initially expected.  However, increased demand for seasonal vaccine may exceed that supply.  Currently there is adequate seasonal flu vaccine available in Marion County.  For seasonal flu information go to:  http://www.mchd.com/seasonalflu/seasonalflu_info.htm   or call 221-3366.

Safety

For detailed vaccine safety information, see the package inserts for the vaccines, at http://www.fda.gov/BiologicsBloodVaccines/Vaccines/ApprovedProducts/ucm181950.htm .

Both non-clinical and clinical trials are being conducted to gather important information on immune response and safety.  Current outcomes of trials suggest that H1N1 vaccines are as safe as seasonal influenza vaccines.
  The CDC released a report on the safety of the nH1N1 vaccine from October 1, 2009 through November 24, 2009 using reports filed through the Vaccine Adverse Event Reporting System (VAERS) and the Vaccine Safety Datalink reporting system.  There was no difference in the type or proportion of serious adverse reports from that seen with seasonal flu, though the number of minor reports was increased for H1N1.
  In the most recent weekly update of nH1N1 vaccine data from the VAERS (data through January 15, 2010), 8294 reports of adverse events had been received with the vast majority (94%) of these being non-serious.  Of the 8294 reports, 523 (6%) were reports that were classified as “serious” health events (defined as life threatening or resulting in death, major disability, abnormal conditions at birth, hospitalization, or extension of an existing hospitalization).  Among the 523 serious events there were 40 deaths.  Preliminary investigation has shown no similarities or pattern to suggest that these deaths were associated with the vaccine.
 

Side effects appear to be similar to those observed with seasonal influenza.  Common side effects of seasonal influenza vaccine include: local reactions at injection site (soreness, swelling, redness), possibly some systemic reactions (fever, headache, muscle or joint aches).  These symptoms are usually mild and last up to two days.
  Rare side effects are unknown at this time but could occur.

People who have a severe (life-threatening) allergy to chicken eggs or to any other substance in the vaccine should not be vaccinated.70
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				Counts										Proprtions																Relative Risks, compared to 25-49 year old age group
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		Age (years)		reported case		hospitalization		death		population				Age (years)		reported cases		hospitalizations		deaths		hospitalizations		deaths		deaths				Age (years)		reported case		hospitalization		death		hospitalization		death		death				Age (years)		Approximated relative risk of 
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		Numerators abstracted 2009-08-13 from

		http://www.cdc.gov/H1N1FLU/surveillanceqa.htm

		denominator summed from

		http://www.census.gov/popest/national/asrh/files/NC-EST2007-ALLDATA-R-File24.csv

		LIMITATIONS

		Far fewer H1N1 cases were reported that actually occurred.  H1N1-related hospitalizations were almost certainly much more likely to be reported, and counts of H1N1-related deaths were probably even more complete.  So ratios of reported deaths per hospitalization or case, or ratios of reported hospitalizations per case greatly overestimate the true rate, and ratios of cases per population underestimate the disease incidence.  Furthermore, the reported case and hospitalization counts on this spreadsheet are from April 15 to July 24 2009, while the death counts are from “early in the outbreak” (no dates given, but presumably a shorter period), biasing comparisons among these toward lower death rates.  So the ratios on this spreadsheet are very inexact, and are probably only valuable in estimating relative risks.

		All of the H1N1 counts upon which these statistics are based are likely to have been lower that the actual number of occurrences.  The counts of deaths were probably the most accurate, followed by the counts of hospitalizations.  The reported case count was certainly much less than the actual number of cases in the United States; CDC estimates indicate that roughly 5% of actual cases were included in their reported case count.  However, these inaccuracies only decrease the validity of the relative risks if the proportion of actual occurrences counted varied between age groups.

		Similarly, it was unclear in the source of this data whether the count of H1N1-related deaths was drawn from the same time period as the count of cases and hospitalizations.  But, again, because relative risk statistics are based on ratios comparing similar types of counts, this has little effect on the validity of the relative risks, assuming the same time period was used in counting the deaths for each age group.
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Far fewer H1N1 cases were reported that actually occurred.  H1N1-related hospitalizations were almost certainly much more likely to be reported, and counts of H1N1-related deaths were probably even more complete.  So ratios of reported deaths per hospitalization or case, or ratios of reported hospitalizations per case greatly overestimate the true rate, and ratios of cases per population underestimate the disease incidence.  Furthermore, the reported case and hospitalization counts on this spreadsheet are from April 15 to July 24 2009, while the death counts are from “early in the outbreak” (no dates given, but presumably a shorter period), biasing comparisons among these toward lower death rates.  So the ratios on this spreadsheet are very inexact, and are probably only valuable in estimating relative risks.
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