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SUMMARY

It is difficult to assess the mortality burden of influenza epidemics in tropical countries.

Until recently, the burden of influenza was believed to be negligible in Africa. We assessed

the impact of the 2009 influenza epidemic on mortality in Madagascar by conducting Poisson

regression analysis on mortality data from the deaths registry, after the first wave of the 2009

A(H1N1) virus pandemic. There were 20% more human deaths than expected in Antananarivo,

Madagascar in November 2009, with excess mortality in the o50 years age group (relative risk

1.41). Furthermore, the number of deaths from pulmonary disease was significantly higher than

the number of deaths from other causes during this pandemic period. These results suggest that

the A(H1N1) 2009 virus pandemic may have been accompanied by an increase in mortality.
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INTRODUCTION

Influenza has a considerable morbidity and mortality

burden, causing an estimated one million deaths

per annum, worldwide [1]. However, the number of

deaths is probably greater during pandemics [2, 3],

such as those caused by the pandemic A(H1N1) 2009

virus, which emerged in Mexico in March 2009 [4].

It is difficult to estimate the burden of influenza

in terms of the number of deaths, even in temperate

countries, and this task is even more challenging in

developing countries [2]. Influenza infection is not

confined to well-defined periods and is rarely

confirmed by laboratory testing [5, 6]. Thus, until re-

cently, the burden of influenza was believed to be

negligible in Africa. Some countries, including

Madagascar [7], have set up a sentinel surveillance

network, to estimate trends and the burden of influ-

enza. The occurrence of pandemic infections has

made it possible to test these networks.

The first cases of pandemic A(H1N1) 2009 virus

infection in Madagascar were confirmed in August

2009. All confirmed cases had a history of travel to

an affected area. Transmission of pandemic A(H1N1)

2009 virus within the community began in October

2009, in the capital, Antananarivo. The sentinel sur-

veillance system was used to monitor the spatial and

temporal progression of the outbreak, but could not

estimate its burden, as most cases of influenza were

not confirmed by laboratory testing. Epidemic reports
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also lack numerical data from which the severity of

a particular epidemic can be determined. We therefore

investigated the impact of the recent pandemic

A(H1N1) 2009 virus infection on mortality among the

inhabitants of Antananarivo.

METHODS

The study was performed in Antananarivo, the capi-

tal city of Madagascar, which is located in the central

highlands. According to data from the civic auth-

orities, the city had a population of about 1.5 million

in 2004. Antananarivo consists of administrative,

commercial, industrial and residential areas, with

patches of agricultural land, mostly rice fields. The

city is divided into six administrative districts.

Influenza surveillance in this city is based on data

collected from sentinel general practitioners (SGPs)

working at four primary healthcare centres. Each

participating SGP reported the number of influenza-

like illnesses (ILIs) meeting the case definition criteria

and the total number of patient visits for each day

of reporting. The ILI case definition criteria were

fever and a cough or sore throat. SGPs were asked

to communicate encrypted data via their mobile tele-

phones (encrypted SMS), at least once daily, from

Monday to Friday, notwithstanding occasional

clinic closures programmed in routine week-

day–weekend schedules. Virological and epidemi-

ological surveillance was linked for identification and

characterization of the influenza viruses circulating

in Madagascar. Specimens were collected by members

of the sentinel network. Suspected cases were tested

for the various influenza viruses [B, seasonal A(H1N1)

and A(H3N2), and pandemic A(H1N1)pdm09]

with the CDC real-time RT–PCR protocol for the

detection and characterization of human and swine

influenza. This detection kit includes panels of oligo-

nucleotide primers and double-labelled (Taqman1)

probes. We used the Ag-Path One-Step RT–PCR kit

(P/N: 4387391, Ambion, USA) for amplification.

We obtained death certificate data, for 2007 to

2009, from the three urban centres in Antananarivo at

which all deaths are recorded in paper-based registers.

In Antananarivo and its suburbs, a death certificate

must be obtained before casketing of the body.

Laboratory confirmation of influenza infection was

obtained for a few cases of acute respiratory disease

in hospital, but for none of the deaths. Furthermore,

mortality data are not routinely analysed in Mada-

gascar.

Each death certificate, including the deceased’s

date of birth, sex, date of death, address and the

recorded cause of death, was classified according

to the International Classification of Diseases

(10th revision). Data were input into Access1

(Microsoft, USA) and analysed with the R statistical

package [8].

Mortality was assessed as the number of deaths

per month or per year, for the total population or for

a given age group. We defined six age groups (<10,

10–19, 20–29, 30–39, 40–49, o50). Rates were calcu-

lated with an estimated population growth rate of

4.8%, taking into account the natural rate of popu-

lation growth for the whole of Madagascar (2.8%

according to the National Institute for Statistics,

Madagascar) and population growth specific to

Antananarivo due to the movement of individuals

from rural areas to the city.

We analysed all deaths reported in 2009 and com-

pared the actual number of deaths with the number

expected based on the mean death rate for the two

preceding years (2007, 2008). Mortality in the total

population or in defined subpopulations, by calendar

month and calendar year, were studied by regression

analysis in which we assumed that deaths occurred

independently and at random within populations,

thereby following a Poisson distribution. A Poisson

distribution is, by definition, the distribution of the

number of events over a fixed time interval, provided

that the events occur randomly and independently

over time, and at a constant rate. This distribution

may be seen as a limiting form of binomial distri-

bution. Poisson regression analysis can be applied to

count data and is based on the assumption that the

event concerned is rare [9, 10].

RESULTS

From 1 January 2007 to 31 December 2009, 24 516

deaths were reported. The median age at death was

48 years (interquartile range 22–66 years). The o50

years age group accounted for 46.7% of all deaths.

No statistical differences were found between age

groups based on calendar years (P=0.16). None of

the deaths recorded during these three years were

declared as influenza-associated.

The sex ratio (M/F) was 1.24 and no significant

difference in death rate was found between the sexes,

on the basis of calendar year (P=0.3). We plotted the

number of deaths per week in Antananarivo in 2009

against the numbers of deaths per week in 2007 and
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2008 (Fig. 1), and the ILI data collected by sentinel

surveillance methods in 2009. Virological surveillance

showed that the pandemic A(H1N1) 2009 virus was

circulating in the community in Antananarivo be-

tween weeks 42 and 53.

There were 7929 deaths [crude mortality rate

(CMR) 6.8/1000)] reported in 2007, 8285 (CMR 6.8/

1000) in 2008, and 8302 (CMR 6.5/1000) in 2009. The

annual number of deaths observed was significantly

lower in 2009 than expected (n=8696) from the mean

CMR for 2007 and 2008 [relative risk (RR) 0.95,

95% confidence interval (CI) 0.92–0.98]. Sentinel

surveillance showed an increase in pandemic

A(H1N1) 2009 virus infection in the population in

November 2009 (Fig. 1), with an epidemic peak

occurring in week 47. A similar trend was observed for

the number of deaths. The number of deaths observed

(n=784) in November 2009 was significantly larger

(RR 1.11, 95% CI 1.01–1.23) than expected (n=699).

No significant difference was found for any other

month except February, for which there were fewer

deaths reported in 2009 (RR 0.86, 95% CI 0.82–0.90)

due to underreporting as a result of the civil crisis in

Madagascar [11].

By comparing the number of deaths occurring

each week, we were able to identify weeks in which

significantly more deaths occurred in 2009 than

expected from the data for 2007–2008 (P<0.01) : week

46 (RR 1.42, 95% CI 1.16–1.77), week 48 (RR 1.23,

95% CI 1.01–1.52).

Differences were also found for age group and

year of death (P<0.01), with more deaths observed

[n=358, mortality rate 2.4/1000] than expected

(n=250, mean mortality rate for November

2007–November 2008; 1.7/1000) in November 2009

for the >50 years age group (RR 1.41, 95% CI

1.21–1.68). No significant differences were found be-

tween 2008 and 2007 for week or age group (Fig. 2).

Statistically significant excess mortality was ob-

served for the period during which pandemic

A(H1N1) 2009 virus was circulating (Fig. 3).

We compared the causes of death during November

between the three years (Table 1). The frequency of

death from pneumonia and other pulmonary diseases

was significantly higher (17.3%) in November 2009

than in the November of the previous years (P=0.04).

DISCUSSION

Despite a lower annualmortality rate for 2009 than for

2007–2008, due to the political crisis in Madagascar

during the first quarter of 2009 and an underreporting

of deaths in February 2009, our findings suggest
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Fig. 1.Numbers of deaths per week registered from 2007 to 2009 and of influenza-like illness (ILI) reported, based on weekly

visits, in 2009 in Antananarivo.
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that mortality rates in adults aged o50 years were

significantly higher than expected in November 2009.

This increase in mortality coincided with the circu-

lation of the A(H1N1)v influenza virus in the com-

munity during the 2009 pandemic. Most of the excess

deaths in our study were not identified as influenza-

related deaths, because influenza infections were

generally not confirmed virologically or specified on

hospital discharge forms or death certificates, despite

the systematic testing of cases with acute respiratory

disease requiring hospital admission, including a sub-

stantial number of patients in primary and emergency

care, during the pandemic period. Thus, studies

focusing on the deaths of individuals with laboratory-

confirmed influenza A(H1N1)v might not have

picked up this increase in mortality. Many of these

deaths probably occurred in the community, as is

generally observed in Madagascar, because family

incomes are low and the costs of hospitalization

are high.
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This increase in mortality during periods of viral

circulation is consistent with the increase in mortality

during this period being due to influenza virus. A high

mortality rate was previously reported in 2002, during

an outbreak of seasonal influenza A(H3N2). This

outbreak occurred in the province of Fianarantsoa

and mostly affected children aged <5 years and

adults aged >60 years [12]. Another study of an in-

fluenza outbreak reported a mortality rate of 6/1000

in the Democratic Republic of the Congo [13].

During seasonal epidemics of influenza, mortality

rates are generally highest in the elderly population.

Conversely, during pandemic influenza, mortality

rates tend to be higher in younger age groups. This

shift in mortality towards younger age groups is con-

sidered to be a signature feature of pandemics [14].

The shift in the age signature during the last wave

of the influenza pandemic was highlighted by data

for the USA and France, in which mortality rates

were relatively high in young people (aged<20 years)

infected with the 2009 pandemic influenza A(H1N1)

virus [15]. We obtained different results. We found

no difference in mortality between 2009 and the two

previous years for young people. Instead, mortality

rates were highest for older adults (agedo50 years) in

2009, a pattern closer to that for seasonal influenza,

in which the elderly are considered to be at the highest

risk of complications and death [16].

The genetic similarity between the viruses respon-

sible for the 1918 and 2009 pandemics is believed

to have resulted in higher levels of protection in in-

dividuals who were alive during the emergence of the

1918 pandemic virus [16]. However, the higher mor-

tality rates recorded for older adults in Madagascar

suggests that levels of protection are low in the mem-

bers of this age group in Madagascar.

The mortality burden of influenza remains largely

undocumented in developing countries but it is un-

doubtedly great in Africa, owing to underlying trop-

ical diseases, immunosuppression and malnutrition,

which greatly complicate the infection [17, 18]. Non-

specific factors related to poverty may have con-

tributed, at least in part, to the excess mortality

observed in Madagascar. Our findings are consistent

with the notion that African populations may be at

higher risk of death from pandemic influenza [17].

The method of analysis used in this study does not

provide a complete picture of the impact of pandemic

A(H1N1) influenza virus on mortality, because

none of the deaths were confirmed by laboratory tests

to be due to influenza infection. The actual number

of influenza-related deaths is therefore unknown.

However, the coincidence of the period of excess

mortality with the period of virus circulation provides

support for the hypothesis that these excess deaths

were due to pandemic influenza. There may have been

other factors affecting mortality rates during the ref-

erence periods in the previous 2 years, potentially

attenuating the excess mortality detected in 2009. On

the basis of these findings, we recommend the weekly

collection of data concerning excess deaths due to

influenza pneumonia. This information could then

be used for the early recognition of influenza epi-

demics and assessments of the geographical location

and relative magnitude of on the outbreak on a week-

by-week basis [19].

This study has several limitations. During the

pandemic period, the influenza laboratory activities

focused on influenza viruses, largely ignoring other

viruses, due to logistic constraints and a lack of

human resources. This may have resulted in an under-

diagnosis of other respiratory virus infections. Viro-

logical surveillance in 2008–2009 in Antananarivo

[20] demonstrated a co-existence of influenza and

other viruses in the population, with high rates of

viral co-infection (29.4%). However, Chan et al. [21]

found the rate of co-infection to be <1.5% during

the pandemic period. They also found that morta-

lity rates were higher in patients infected with

A(H1N1)pdm09 than in patients infected with other

respiratory viruses.

Some other biases must also be considered. The

numbers of deaths attributed to respiratory causes

may have been overestimated during this period, due

to media coverage of this health problem. Finally, the

increase in the population of Antananarivo between

Table 1. Mortality causes in November 2007, 2008 and 2009

Causes of death 2007 2008 2009

Pneumonia, other lung diseases 87 (13.7) 86 (12.9) 136 (17.3)
Other underlying causes 547 (86.3) 578 (87.1) 648 (82.7)

Values given are n (%).
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2007 and 2009 was estimated at 4.8% on the basis of

findings from health and demographic surveys in 2004

and 2008, whereas the annual population growth

rate in Madagascar was estimated at 2.8% (National

Institute for Statistics, Madagascar). This explains the

differences between the results expressed in absolute

numbers and rates, with mostly upward trends in

the absolute numbers of deaths in both younger and

older groups (Fig. 2).

Our findings show a correlation between excess

mortality and circulation of the influenza virus and

suggest that the 2009 pandemic influenza A(H1N1)v

virus may have caused an increase in mortality in

Antananarivo. This increase in mortality would not

have been detected in investigations of cases of acute

respiratory disease in hospitals, as hospital records

are generally not well kept in developing countries

and most patients do not initially seek assistance from

hospitals. Moreover, a large number of the deaths

occurred in the community. In Madagascar, as in

many developing countries, problems such as malnu-

trition, poor access to healthcare, crowded living

conditions and a shortage of antibiotics to treat sec-

ondary bacterial complications, contribute to the

burden of influenza. These findings highlight the im-

portance of accurate diagnosis and early treatment

for influenza infection.
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