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    Abstract



Background Canada experienced two distinct waves of pandemic (H1N1) influenza during the 2009 pandemic, one in the spring and the second in early fall 2009. We compared the incidence of hospital admissions and severe outcomes (admission to intensive care unit [ICU] and death) during the two waves.




Methods We reviewed data on all laboratory-confirmed cases of pandemic (H1N1) influenza that resulted in hospital admission, ICU admission or death reported to the Public Health Agency of Canada by all provinces and territories from Apr. 18, 2009, to Apr. 3, 2010.




Results A total of 8678 hospital admissions (including 1473 ICU admissions) and 428 deaths related to pandemic (H1N1) influenza were reported during the pandemic and post-peak period. There were 4.8 times more hospital admissions, 4.0 times more ICU admissions and 4.6 times more deaths in the second pandemic wave than in the first wave. ICU admissions and deaths as a proportion of hospital admissions declined in the second wave; there was a 16% proportional decline in ICU admissions and a 6% proportional decline in deaths compared with the first wave. Compared with patients admitted to hospital in the first wave, those admitted in the second wave were older (median age 30 v. 23 years) and more had underlying conditions (59.7% v. 47.5%). Pregnant women and Aboriginal people accounted for proportionally fewer patients who were admitted to hospital or who died in the second wave than in the first.




Interpretation The epidemiologic features of the first and second waves of the 2009 pandemic differed. The second wave was substantially larger and, although the patients admitted to hospital were older and more of them had underlying conditions, a smaller proportion had a severe outcome.


On Apr. 26, 2009, the first six cases of pandemic (H1N1) influenza in Canada were reported: four in Nova Scotia1 and two in British Columbia. Most of the initial cases involved travellers returning from Mexico or people epidemiologically linked to these travellers. However, community-based transmission occurred rapidly, and the virus spread across Canada. By the end of May 2009, more than 1000 laboratory-confirmed cases of pandemic (H1N1) influenza had been reported in Canada, with introduction of the virus into 12 of the 13 provinces and territories. As of Apr. 3, 2010, Canada had experienced two defined waves of the 2009 pandemic, one in the spring and the second in early fall 2009.
We compared the epidemiologic features of all laboratory-confirmed cases of pandemic (H1N1) influenza requiring hospital admission and related deaths reported to the Public Health Agency of Canada during the first wave of the pandemic and during the second wave and post-peak period.

Methods


Population

We compared demographic and clinical characteristics as well as outcomes of patients with pandemic (H1N1) influenza admitted to hospial during the first wave to those admitted during the second wave and post-peak period of the pandemic. The following definitions2 applied throughout the pandemic. A laboratory-confirmed case involved a person with (or without) clinical symptoms whose pandemic (H1N1) influenza was confirmed by reverse transcriptase polymerase chain reaction, viral culture or a four-fold rise in antibodies against the pandemic virus. A hospital admission referred to a person who was admitted to hospital with laboratory-confirmed pandemic (H1N1) influenza. A death related to pandemic (H1N1) influenza referred to a death of a person with laboratory-confirmed pandemic influenza with no period of complete recovery between illness and death. Probable or suspected cases were not reportable to the Public Health Agency of Canada from the beginning of the pandemic.



Data collection

All 13 Canadian provinces and territories conducted surveillance for laboratory-confirmed cases and reported them to the Public Health Agency of Canada. For the first few hundred cases, detailed case report forms were completed. As the pandemic unfolded, abbreviated case-based reporting was established with a set of national core variables as well as modifications to the frequency of reporting (Table 1). By mid-July 2009, only hospital admissions and deaths related to pandemic influenza were reported on a weekly basis. During the peak of the second pandemic wave, some provinces reported only aggregate counts of hospital admissions and deaths.
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Table 1: 
Overview of the collection of data on laboratory-confirmed cases of pandemic (H1N1) influenza during the first wave (Apr. 12 to Aug. 29, 2009) and the second wave and post-peak period (Aug. 30, 2009, to Apr. 3, 2010) of the 2009 pandemic






Data analysis

In this report, the first wave of the pandemic in Canada referred to the period from Apr. 12 to Aug. 29, 2009 (the end of week 34, 2009); the second wave and post-peak period referred to the period from Aug. 30, 2009, to Apr. 3, 2010 (the end of week 13, 2010). All patients admitted to the intensive care unit (ICU) are included in the hospital admission count; however, not all deaths involved patients who had been admitted to hospital.

The national case-based and aggregate databases were the only sources of data for the numerators. Age, sex, and provincial and territorial denominators for population-based rates (per 100 000) were calculated using Statistics Canada’s 2009 population estimates.3

Demographic and clinical characteristics of the patients were examined across hospital admissions, ICU admissions and deaths in each pandemic wave. The magnitude of the differences between the first and second waves were described.



Results

Canada experienced two distinct waves during pandemic (H1N1) 2009 (Figure 1). The first wave peaked between May 31 and June 20, 2009, and accounted for 9.4% of the hospital admissions, 10.1% of the ICU admissions and 10.0% of the deaths. The second wave peaked between Oct. 25 and Nov. 14, 2009, and accounted for 51.0% of the overall hospital admissions, 49.4% of the ICU admissions and 53.0% of the deaths (Table 2).
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Figure 1: 
Epidemic curve of laboratory-confirmed cases of pandemic (H1N1) influenza resulting in hospital admission, admission to an intensive care unit (ICU) or death during the first wave (Apr. 12 to Aug. 29, 2009) and the second wave and post-peak period (Aug. 30, 2009, to Apr. 3, 2010) in Canada, by date of symptom onset or collection of specimen.
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Table 2: 
Characteristics of 8678 hospital admissions* and 428 deaths related to laboratory-confirmed pandemic (H1N1) influenza reported to the Public Health Agency of Canada during the first wave (Apr. 12 to Aug. 29, 2009) and the second wave and post-peak period (Aug. 30, 2009, to Apr. 3, 2010) of the 2009 pandemic




From Apr. 12, 2009, to Apr. 3, 2010, a total of 8678 laboratory-confirmed cases of pandemic (H1N1) influenza requiring admission to hospital (including 1473 [17.0%] ICU admissions) and 428 (4.9%) deaths related to pandemic (H1N1) influenza were reported (Table 2). Among the 1117 ICU admissions that had detailed information regarding ventilation status, 654 (58.5%) required ventilation. Among all reported cases, core data were available for 8227 (94.8%) hospital admissions, 1473 (100%) ICU admissions and 423 (98.8%) deaths.

There were 4.8 times more hospital admissions reported in the second wave than in the first wave (7188 v. 1490); 4.0 times more ICU admissions (1181 v. 292) and 4.6 times more deaths (351 v. 77). ICU admissions and deaths as a proportion of hospital admissions declined in the second wave; there was a 16% proportional decline in ICU admissions (from 19.6% [292/1490] to 16.4% [1181/7188]) and a 6% proportional decline in deaths (from 5.2% [77/1490] to 4.9% [351/7188]) compared with the first wave (Table 2).


Geographic distribution

In the first wave, Manitoba, Quebec and Nunavut experienced the highest incidence rates of hospital admission. Disease burden in Saskatchewan was also comparatively high in the first wave, as exhibited by its rates of ICU admission and death (Table 3). Higher levels of transmission were reported during the second wave and post-peak period than during the first wave in all of the provinces and territories except Manitoba and Nunavut; the rate in the first wave was 8.4 times higher in Nunavut and 1.3 times higher in Manitoba. Compared with the first wave, British Columbia, Alberta, the Maritimes, Yukon and the Northwest Territories experienced substantially higher rates of hospital admission during the second wave (Table 3). Overall, Quebec reported by far the most hospital admissions, whereas Ontario reported the most deaths.
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Table 3: 
Incidence of laboratory-confirmed pandemic (H1N1) influenza in Canada during the first wave (Apr. 12 to Aug. 29, 2009) and the second wave and post-peak period (Aug. 30, 2009, to Apr. 3, 2010) of the 2009 pandemic






Age distribution

The median ages in both pandemic waves increased with severity of illness. In the first wave, the median age was 23 years for hospital admissions, 37 years for ICU admissions and 51 years for deaths; in the second wave, it was 30 years for hospital admissions, 47 years for ICU admissions and 54 years for deaths.

All age groups had higher rates of pandemic (H1N1) influenza per 100 000 in the second wave than in the first wave: 3.8 to 6.5 times higher for hospital admissions, 2.6 to 5.6 times higher for ICU admissions and 1.5 to 6.0 times higher for deaths. The greatest increase in rates of hospital admission occurred among people 45 years of age and older (6.5 times greater in the second wave); the lowest increase occurred among patients aged 5–19 years (3.8 times greater in the second wave). The greatest difference in population-based rates of death between the two waves and the age groups occurred among patients between 45 and 64 years of age (6.0 times greater in the second wave) (Table 3).



Sex distribution

Overall, the population-based incidence rates were similar among men and women (Table 3). During the first pandemic wave, however, females represented 51.4% of hospital admissions, 57.2% of ICU admissions and 62.3% of deaths (Table 2). During the second wave, slightly more males than females were affected, accounting for 50.3% of all hospital admissions, 50.6% of ICU admissions and 53.2% of deaths.



Underlying medical conditions

The proportion of patients with underlying medical conditions increased with severity of illness during both pandemic waves. In the first wave, they accounted for 47.5% of patients admitted to hospital, 60.2% of those admitted to ICU and 73.3% of those who died; the corresponding proportions in the second wave were 59.7%, 73.9% and 85.5% (Table 2). The proportion of patients with underlying conditions was significantly higher in the second wave than in the first wave (p < 0.001 for hospital and ICU admissions, p = 0.013 for deaths).

Chronic pulmonary disease (including asthma) was the most commonly reported underlying medical condition among patients admitted to hospital and those who died in both pandemic waves, varying from 33.7% to 54.3%. The proportion of patients with diabetes, immunosuppression (including cancer) and chronic heart disease were relatively similar in both waves and increased by level of severity (hospital admissions: 11.9%–12.3% in the first wave and 15.3%–17.4% in the second wave; deaths: 26.6%–34.5% in the first wave and 32.4%–42.4% in the second wave). Of note, underlying renal disease was reported in 26.2% of deaths in the second wave, as compared with 11.3% in the first wave.



Pregnancy

Of the 272 women of child-bearing age (15–44 years) who were admitted to hospital with pandemic (H1N1) influenza in the first pandemic wave, 75 (27.6%) were pregnant. Pregnant women represented 19.7% (15/76) of those admitted to ICU and 28.6% (4/14) of those who died during that period. In the second wave, fewer women of child-bearing age were pregnant (18.6% of those admitted to hospital, 9.4% of those admitted to ICU and none of those who died).

Compared with women of child-bearing age admitted to hospital, pregnant women were slightly younger (median age 28 v. 30 years) and reported underlying medical conditions less frequently. The most commonly reported conditions in pregnant women were chronic pulmonary disease (including asthma) and diabetes.

For the duration of the pandemic, trimester data were available for 50.4% of the pregnant women admitted to hospital; 61.2% of them were in the third trimester. Four deaths among pregnant women were reported in the first wave, and none in the second wave. The four deaths involved women between 17 and 24 years of age who were in their third trimester; two of the women were of Aboriginal origin, and none had an underlying medical condition.



Aboriginal people

During the first pandemic wave, 299 hospital admissions involving patients of Aboriginal origin (188 First Nations, 89 Inuit, 17 Métis and 5 of unknown Aboriginal ethnicity) were reported in Canada (excluding Ontario and Nova Scotia because they did not report on Aboriginal status). During the second wave and the post-peak period, 308 Aboriginal people were admitted to hospital (245 First Nations, 23 Inuit, 31 Métis and 9 of unknown Aboriginal ethnicity). The proportion of hospital admissions and deaths involving Aboriginal people decreased from the first wave to the second wave (from 27.8% to 6.1% of hospital admissions, and from 17.6% to 8.9% of deaths) (Table 2).

The demographic and clinical characteristics of the Aboriginal people admitted to hospital differed between the two pandemic waves. Whereas Inuit accounted for nearly one-third of the Aboriginal patients in the first wave, they represented 7.5% of them in the second wave. As well, in the first wave, most Aboriginal patients were from Manitoba (46%) and Nunavut (25%), and they were young (median age 11.0 years). In the second wave, hospital admissions involving Aboriginal people were reported from 10 provinces and territories, although mainly from Alberta (48%), and the median age was higher (median age 26 years). In addition, the proportion of Aboriginal patients who had underlying medical conditions was higher and the proportion of women of child-bearing age who were pregnant was lower in the second wave than in the first wave.



Interpretation

Canada experienced two distinct and relatively different waves of pandemic (H1N1) influenza during the 2009 pandemic. The first was in spring and early summer, when influenza transmission is typically minimal, and the second was earlier in fall than usual. The first wave affected mainly Saskatchewan, Manitoba, Quebec, the Northwest Territories and Nunavut. However, in the second wave, transmission spread rapidly across the country, with nearly all provinces and territories experiencing their peak activity within a three-week period, as compared with an average peak period of nine weeks during the last 15 influenza seasons. The second wave was substantially larger than the first, with 4.8 times more hospital admissions and 4.6 times more deaths.

Whereas the rate of hospital admission increased in all age groups in the second wave, the largest increase occurred among those 45–64 years of age and the smallest among school-aged children 5–19 years of age. This pattern is consistent with the pattern of influenza transmission in communities from school-aged children to older populations.4–7 Not unexpectedly, the increased median age among patients admitted to hospital in the second wave was associated with a higher proportion of them having at least one underlying medical condition. However, given these increases, it is surprising that Canada experienced a relative decline in severity among patients admitted to hospital between the first and second pandemic waves.

Pregnant women were overrepresented among the patients admitted to hospital in both pandemic waves: they accounted for 3.1% of hospital admissions during the pandemic and only 1.0%–1.5% of the general population. Aboriginal people were also disproportionally affected, accounting for 10.0% of the patients admitted to hospital and only 4.6% of the general population in the provinces and territories reporting on Aboriginal status. However, the relative proportion of pregnant women and Aboriginal people decreased considerably from the first to the second wave. A number of factors may have contributed to these improvements: an increased awareness among clinicians and the public about groups at risk of pandemic (H1N1) influenza and about clinical signs associated with severe outcomes; increased and earlier use of antiviral treatment, earlier admission to hospital and specialized care; and targeted interventions for populations living in remote and isolated communities, such as easy and prompt access to antiviral agents. The mass vaccination campaign, which began from Oct. 22 to Nov. 1, 2009, across the country, may also have played a role.

The epidemiologic features of the hospital admissions and deaths reported in Canada are similar to those reported in many other countries in terms of demographic characteristics8–11 and most at-risk populations, particularly with regard to underlying conditions,8–15 pregnant women9,16,17 and indigenous populations.12,17–20 The proportion of patients admitted to hospital who had severe outcomes is consistent with proportions reported in other countries (ranging from 12% to 20%).21 The burden of death associated with pandemic (H1N1) influenza varied considerably across continents and hemispheres, especially where only one winter wave occurred. For example, North American countries reported higher rates of death (Canada 1.3 per 100 000, Mexico 1.2 per 100 00022 and United States an estimated 3.96 per 100 00023) than some countries in Europe (e.g., United Kingdom 0.77 per 100 00024). Although the cumulative mortality in Canada was higher than the mortality reported in Australia (0.93 per 100 00025) and Chile (0.92 per 100 00026), the rates in those two countries were similar to the rate observed during the winter wave in Canada (1.1 per 100 000).

Besides the variation in attack rates among the different regions of the world and the age groups (and consequently health status) of the population most affected, differences in surveillance systems, particularly case ascertainment and definitions, likely explain some of the disparities observed. Finally, when more accurate assessment of the mortality burden and risk are available, these disparities may change.27


Limitations

Although a standardized surveillance system was established at the national level, there were some differences in case detection among the provinces and territories. Also, as for most population-based surveillance systems, a certain degree of underreporting probably occurred. The degree of completeness of data was a challenge for underlying conditions (57% complete) and Aboriginal origin (62% complete). The number of patients of Aboriginal origin reported in this analysis represents an underestimate, because Aboriginal status is self-reported in many jurisdictions and two provinces did not report on this variable. Finally, certain detailed variables may have been incompletely captured or collected only for severe cases.



Conclusion

The second wave of pandemic (H1N1) 2009 in Canada was substantially greater than the first. The proportion of severe cases (ICU admissions and deaths) was lower in the second wave than in the first, even though patients in the second wave were older and more had an underlying medical condition. Although pregnant women and Aboriginal people were still at increased risk of severe disease in the second wave, they made up proportionally fewer of all hospital admissions and deaths in the second wave than in the first.

These differences are thought to be due mainly to public health and clinical interventions implemented between the first and second waves. Although the epidemiologic features of the hospital admissions reported in Canada is quite similar to what occurred in many other countries in terms of groups at risk, the mortality burden due to pandemic (H1N1) influenza in Canada appears to be higher than in many countries to date.

A national seroprevalence survey at the end of the first wave would have allowed us to better qualify the severity of the cases in Canada and permitted a more accurate comparison with other countries.
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