Lo L

P

1\

o LN A D

Lessons from the past: Familial aggregation analysis
of fatal pandemic influenza (Spanish flu) in

Iceland in 1918

Magnus Gottfredsson***, Bjarni V. Halldorsson$, Stefan JonssonST, Mar Kristjansson*, Kristleifur Kristjanssons,
Karl G. Kristinsson**, Arthur Love**, Thorsteinn Blondal*, Cécile Viboud!, Sverrir Thorvaldsson$, Agnar Helgason's,
Jeffrey R. Gulcher$, Kari Stefansson'$, and Ingileif Jonsdottir*T+S

*Landspitali University Hospital, 108 Reykjavik, Iceland; Faculty of Medicine, *University of Iceland, 101 Reykjavik, Iceland; SdeCODE Genetics,
101 Reykjavik, Iceland; and HFogarty International Center, National Institutes of Health, Bethesda, MD 20892

Edited by Burton H. Singer, Princeton University, Princeton, NJ, and approved November 21, 2007 (received for review August 14, 2007)

The pandemic influenza of 1918 (Spanish flu) killed 21-50 million
people globally, including in Iceland, where the characteristics and
spread of the epidemic were well documented. It has been postu-
lated that genetic host factors may have contributed to this high
mortality. We identified 455 individuals who died of the Spanish
flu in Iceland during a 6-week period during the winter of 1918,
representing >92% of all fatal domestic cases mentioned by
historical accounts. The highest case fatality proportion was 2.8%,
and peak excess mortality was 162/100,000/week. Fatality propor-
tions were highest among infants, young adults, and the elderly.
A genealogical database was used to study relatedness and rela-
tive risk (RR) of the fatal influenza victims and relatives of their
unaffected mates. The significance of these RR computations was
assessed by drawing samples randomly from the genealogical
database matched for age, sex, and geographical distribution.
Familial aggregation of fatalities was seen, with RRs for death
ranging from 3.75 for first-degree relatives (P < 0.0001) to 1.82 (P =
0.005), 1.12 (P = 0.252), and 1.47 (P = 0.0001) for second- to
fourth-degree relatives of fatal influenza victims, respectively. The
RRs within the families of unaffected mates of fatal influenza
victims were 2.95 (P < 0.0001), 1.27 (P = 0.267), 1.35 (P = 0.04), and
1.42 (P = 0.001), for first- to fourth-degree relatives, respectively.
In conclusion, the risk of death from the Spanish flu was similar
within families of patients who succumbed to the illness and
within families of their mates who survived. Our data do not
provide conclusive evidence for the role of genetic factors in
susceptibility to the Spanish flu.
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I nfluenza pandemics have occurred at least two to three times
each century since the sixteenth century. Another pandemic
of influenza is therefore considered to be inevitable (1). In
the twentieth century, three influenza A pandemics occurred,
the “Spanish influenza” caused by an HIN1 virus in 1918, the
“Asian flu” caused by H2N2 in 1957, and the “Hong Kong flu”
caused by H3N2 in 1968. Of these, the 1918 influenza virus was
by far the most virulent, killing 21-50 million individuals globally
(2). Recent molecular studies suggest that the 1918 pandemic
strain was an avian-like virus that adapted to humans through
gradual mutations (3, 4). At present, new strains of avian
influenza bearing the HS5N1 surface antigens have reached
endemic levels among poultry in Southeast Asia and spread
through birds to Europe and Africa. Although human infections
with the H5N1 viruses are still rare, the severity and mortality
associated with these infections is extremely high (5), although
mild disease has also been described (6). Certain similarities
between the HIN1 influenza virus of 1918 and the current avian
HS5N1 influenza virus have prompted governments all over the
world to prepare against an influenza pandemic. Although
clusters of cases in families are due to common exposures, it has
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been suggested that, for the H5N1 influenza, other factors,
possibly genetic, may affect a host’s susceptibility to disease (7).
The exceptionally high case fatality proportion among young
adults clearly distinguishes the epidemic pattern of 1918 from
subsequent pandemics, rather than an unusually high transmis-
sibility of the influenza strain (8). The ability of the virus to
induce severe hemorrhagic pneumonia in healthy young adults
suggests that host factors other than immune status may have
contributed to the severity of illness and outcome. A particularly
intriguing possibility is that the 1918 strain may have exploited
a weakness rooted in a relatively common variant(s) in the
sequence of the human genome. Although epidemiological data
on fatalities due to the Spanish flu have been published (9, 10),
the details about the pandemic at the individual or familial level
are largely unknown. Reykjavik, the capital of Iceland, was hit by
the Spanish flu on October 19, 1918, and details of the epidemic
are well described in historical newspaper and medical reports
(11, 12). By using epidemiological data sources from 1918 and a
nationwide genealogical database, we were able to identify 455
fatal cases of the influenza pandemic. The genealogical database
has proven to be a valuable tool for studying familial aggregation
of several disorders (13, 14). We used this tool to study familial
aggregation of influenza-related deaths during the 1918 pan-
demic in Iceland in an attempt to discover genetic factors that
might have contributed to outcomes from the Spanish flu.

Results

Historical Description of the 1918 Epidemic. According to health
reports, the Spanish flu killed 484 people in Iceland, thereof 476
Icelanders, with an attack rate of at least 63% in Reykjavik
(9,016/15,176), and possibly as high as 80-90% (11). The case
fatality proportion in Reykjavik was an estimated 2.8% (258/
9,016), but lower in other parts of the country (11). A remarkably
detailed account of the epidemic was written by a medical
practitioner in Reykjavik who personally attended to 1,232
patients during a 40-day period (12). The time distribution of
morbidity among his patients is shown in Fig. 14.
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Morbidity and fatality from the Spanish flu. (A) Morbidity in Reykjavik, Iceland, from October 28 to December 6, 1918. The number of new patient visits

due to the illness is shown (n = 1,232), based on data from ref. 12. (B) Number of fatalities in Iceland from October 26 to December 6, 1918 (n = 448 with known

date of death).

Reconstruction of Patient Cohort. Through the use of relatively
stringent criteria we were able to identify 455 individuals who
died of influenza during the period October 26 to December 6,
1918. Initially, a list of 521 individuals was compiled on the
potential victims of the Spanish flu. This number was lowered by
66 by using exclusion criteria. In comparison, 85 and 86 indi-
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Fig.2. Age of fatal cases. (A) Age distribution of patients with fatal influenza
in Iceland 1918. (B) Age-specific fatality proportion (%) of patients with fatal
Spanish fluin Iceland, 1918 (n = 452). Three individuals had an unknown date
of birth and are thus not included.
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viduals died during October 26 to December 6, 1917 and 1919,
respectively. It can therefore be approximated that of the 455
patients that were included in our familial aggregation analysis,
close to 436 died of the Spanish flu, or 92% of all domestic fatal
cases. The reconstructed cohort had 207 males and 248 females
(1:1.20). The time distribution of fatalities is shown in Fig. 1B,
peaking on November 17, 1918, with an excess mortality rate of
162 cases/week/100,000 inhabitants. The age distribution of fatal
cases and age-specific mortality is shown in Fig. 2.

Transmissibility. Estimates of transmissibility (reproduction ratio,
R) based on increasing phases of the epidemic are shown for
morbidity and mortality in Table 1. Sensitivity analysis using the
entire morbidity epidemic curve yielded an estimate of R = 2.2
(95% C.I. 1.7-2.7). The extreme R was 3.5, based on the
maximum log increase in weekly deaths and a serial interval of
4.1 days between symptoms in two successive cases.

Geographical Distribution. Of the 455 cases of fatal influenza,
residency by county and parish could be determined for 437
cases; residency by county only could be determined for an
additional 17 cases, leaving only one patient with no residency
information. The incidence of fatalities differed notably within
the southern and western parts of Iceland, both of which were
known to be exposed (11, 12). Relative risk of death was
calculated after correcting for residency by dividing Iceland into
eight regions, based on percentage of inhabitants who died
within the parishes. The number of fatal cases and fatality
proportions, given as a percentage within different parishes, are
shown in Fig. 3.

Familial Aggregation. Familial aggregation analysis was per-
formed for the 437 fatal influenza cases where residency could
be established up to parish level and for the additional 17 cases
where residency could be established up to county level. For both
cohorts, familial aggregation analysis for the unaffected mates
was also performed to help distinguish the impact of genetic

Table 1. Estimates of transmissibility of the Spanish flu epidemic
in Iceland, 1918

Weeks in computation, n R mortality* R morbidity*
4 1.37 1.33
3 2.37 1.89
2 2.21 2.36

*Estimates of transmissibility (R) based on the increasing phase of the Spanish
flu epidemic (weeks 1-4) in Iceland, 1918.
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