
J ALLERGY CLIN IMMUNOL

AUGUST 2016

630 LETTERS TO THE EDITOR
Amy P. Hsu, BAa

Robert R. West, PhDb

Katherine R. Calvo, MD, PhDc

Jennifer Cuellar-Rodriguez, MDd

Mark Parta, MDe

Susan J. Kelly, PhDf

Nancy J. Ganson, PhDf

Michael S. Hershfield, MDf,g

Steven M. Holland, MDa*

Dennis D. Hickstein, MDb*

From athe Laboratory of Clinical Infectious Diseases, National Institute of Allergy and

Infectious Diseases, National Institutes of Health, bthe Experimental Transplantation

and Immunology Branch, National Cancer Institute, National Institutes of Health, and
cHematology Section, Department of Laboratory Medicine, National Institutes of

Health Clinical Center, Bethesda, Md; dthe Department of Infectious Diseases, Insti-

tuto Nacional de Ciencias M�edicas y Nutrici�on Salvador Zubiran, Mexico City,

Mexico; ethe Clinical Research Directorate/Clinical Monitoring Research Program,

Leidos Biomedical Research, Inc, Frederick National Laboratory for Cancer

Research, Frederick, Md; and the Departments of fMedicine and gBiochemistry,

Duke University School of Medicine, Durham, NC. E-mail: hicksted@mail.nih.gov.

*These authors contributed equally to this work.

This work was supported by the Intramural Research Program of the National Institute of Al-

lergy and Infectious Diseases and the National Cancer Institute, National Institutes of

Health.This project has been funded inwhole or in partwith federal funds from theNational

Cancer Institute, National Institutes of Health, under contract no. HHSN261200800001E.

The content of this publication does not necessarily reflect the views or policies of the

Department of Health and Human Services, nor does mention of trade names, commercial

products, or organizations imply endorsement by the US government.

Disclosure of potential conflict of interest: The authors declare that they have no relevant

conflicts of interests.

REFERENCES

1. Hsu AP, Sampaio EP, Khan J, Calvo KR, Lemieux JE, Patel SY, et al. Mutations in

GATA2 are associated with the autosomal dominant and sporadic monocytopenia

and mycobacterial infection (MonoMAC) syndrome. Blood 2011;118:2653-5.

2. NavonElkan P, PierceSB,SegelR,WalshT,Barash J, PadehS, et al.Mutant adenosine

deaminase 2 in a polyarteritis nodosa vasculopathy. N Engl J Med 2014;370:921-31.

3. Zhou Q, Yang D, Ombrello AK, Zavialov AV, Toro C, Zavialov AV, et al. Early-

onset stroke and vasculopathy associated with mutations in ADA2. N Engl J

Med 2014;370:911-20.

4. Ganapathi KA, Townsley DM, Hsu AP, Arthur DC, Zerbe CS, Cuellar-Rodriguez J,

et al. GATA2 deficiency-associated bone marrow disorder differs from idiopathic

aplastic anemia. Blood 2015;125:56-70.

5. Pasquet M, Bellanne-Chantelot C, Tavitian S, Prade N, Beaupain B, Larochelle O,

et al. High frequency of GATA2 mutations in patients with mild chronic neutrope-

nia evolving to MonoMac syndrome, myelodysplasia, and acute myeloid leukemia.

Blood 2013;121:822-9.

6. Poursharifi P, Saghiri R, Ebrahimi-Rad M, Nazem H, Pourpak Z, Moin M, et al.

Adenosine deaminase in patients with primary immunodeficiency syndromes:

the analysis of serum ADA1 and ADA2 activities. Clin Biochem 2009;42:1438-43.

7. Gonzalez Santiago TM, Zavialov A, Saarela J, Seppanen M, Reed AM, Abraham

RS, et al. Dermatologic features of ADA2 deficiency in cutaneous polyarteritis no-

dosa. JAMA Dermatol 2015;151:1230-4.

8. Van Eyck L Jr, Hershfield MS, Pombal D, Kelly SJ, Ganson NJ, Moens L, et al.

Hematopoietic stem cell transplantation rescues the immunologic phenotype and

prevents vasculopathy in patients with adenosine deaminase 2 deficiency.

J Allergy Clin Immunol 2015;135:283-7.e5.

9. van Montfrans J, Zavialov A, Zhou Q. Mutant ADA2 in vasculopathies. N Engl J

Med 2014;371:478.

Available online April 6, 2016.
http://dx.doi.org/10.1016/j.jaci.2016.03.016
Adult but no pediatric anaphylaxis-
related deaths in the Finnish popu-
lation from 1996 to 2013
To the Editor:
The incidence of anaphylaxis-related deaths is estimated at

0.5 to 5.5 per million.1 This corresponds to 0.65% to 2% of
anaphylaxis-related deaths among patients experiencing severe
reactions.2 We previously reported an increasing incidence of
pediatric anaphylaxis-related hospitalizations in Sweden and
Finland.3 However, the number of anaphylaxis-related deaths in
these countries is not known.

To this end, we now aimed to investigate the epidemiology of
anaphylaxis-related deaths in the Finnish population between
1996 and 2013 and to describe the causes of fatal anaphylaxis and
the substances involved.

This study is based on the death certificates that form the basis of
the Finnish Official Cause-of-Death Database. In Finland, the
determination of the cause-of-death is based on medical or forensic
evidence. The Finnish Official Cause-of-Death statistics are, in
practice, 100% complete, as each death, its certificate, and the
corresponding personal information in the Finnish computerized
population register are cross-checked. The accuracy of the death
certificates and their cause-of-death codes are further verified by
autopsies,which are performed in94% to97%of accidental deaths.4

The cause-of-death codes used are based on the International
Classification of Diseases. Herein, we included death certificates
during the time period of version International Classification of
Diseases, Tenth Revision (ICD-10), which was introduced in 1996.

From Statistics Finland, we obtained copies of the death
certificates of all Finnish people who died between 1996 and
2013 because of anaphylaxis and/or allergic reactions (ICD-10
codes: T78.0-T78.4, T63, T88.6, and T88.7). The information in
the death certificates was retrospectively analyzed to ascertain the
proportion of the cases that fulfill the anaphylaxis criteria created
by Sampson et al.5

The annual age-specific populations were obtained from
Official Statistics of Finland. The incidence of anaphylaxis-
related deaths (per 1,000,000 persons) was based on the results of
the entire population of children and adults in Finland, rather than
cohort- or sample-based estimates. As pediatricians in Finland
treat mainly patients younger than age 16 years, herein, the term
‘‘child’’ refers to people younger than 16 years. Incidence rates of
anaphylaxis deaths were estimated per 1,000,000 person-years
along with 95%CIs by dividing the number of anaphylaxis deaths
by the total number of person-years. Poisson regression was used
to calculate statistical differences in incidences. Sex differences
were compared using the chi-square test. The level of statistical
difference was set at P less than .05. Statistical analysis was
performed using SPSS 21.0 for Windows software (SPSS Inc,
Chicago, Ill).

During the 18-year study period, 56 Finnish adults and no
children died from anaphylaxis. The annual number of
anaphylaxis-related deaths among the Finnish population ranged
from 1 to 7 and the incidence of deaths ranged from 0.19 to 1.28
per million person-years (Fig 1). Therewas a secular trend toward
an increased incidence of anaphylaxis-related deaths during
the period (P < .04). The analysis of data in 3-year periods
indicated a trend toward an increased incidence of anaphylaxis
deaths in the latter years of the study (2005-2013) (Fig 1). The
cumulative incidence of anaphylaxis deaths was 0.59 per million
person-years.

In total, the proportion of anaphylaxis-related deaths was 61%
in men and 39% in women, most of which occurred at health care
units (29%), homes (25%), and summer cottages (13%). The
mean age at the time of death was 59.0 years (range, 17-83 years).
Only 1 patient was younger than 20 years (a 17-year-old Finnish
girl who died while abroad as a result of a food-induced
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FIG 1. Annual number of anaphylaxis-related deaths (A) and the number, incidence (per 1,000,000

person-years), and 95% CIs of anaphylaxis-related deaths in the Finnish population between 1996 and

2013, in 3-year periods (B).

TABLE I. The causes of anaphylaxis-related deaths and distribution by age in the Finnish population from 1996 to 2013

Agents Age < 16 y, n (%) Age 16-64 y, n (%) Age >_ 65 y, n (%) Total, n (%)

Pharmaceuticals 0 (0.0) 14 (37.8) 8 (42.1) 22 (39.3)

Analgesics — 2 (5.4) — 2 (3.6)

Anesthetics — 4 (10.8) — 4 (7.1)

Antibiotics — 1 (2.7) 3 (15.8) 4 (7.1)

Antineoplastic and immunomodulating agents — 1 (2.7) — 1 (1.8)

Cardiovascular system — 1 (2.7) — 1 (1.8)

Contrast agents — 2 (5.4) 2 (10.5) 4 (7.1)

Blood and blood-forming organs — — 1 (5.3) 1 (1.8)

Local anesthetic — 2 (5.4) — 2 (3.6)

Other pharmaceutical — 1 (2.7) 2 (10.5) 3 (5.4)

Nonpharmaceuticals 0 (0.0) 23 (62.1) 11 (57.9) 34 (60.7)

Insect stings — 16 (43.2) 7 (36.8) 23 (41.1)

Food — 3 (8.1) 2 (10.5) 5 (8.9)

Snake bite — — 1 (5.3) 1 (1.8)

Plant — — 1 (5.3) 1 (1.8)

Unknown — 4 (10.8) — 4 (7.1)

Total 0 (0.0) 37 (66.1) 19 (33.9) 56 (100.0)

Pharmaceutical agents were classified according to the Anatomical Therapeutic Chemical Classification System.
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anaphylaxis). The most common cause of anaphylaxis-related
deaths was insect stings (41%). Other common causes were food
(9%), antibiotics (7%), and contrast agents used in radiology (7%)
(Table I). Anaphylaxis-related deaths resulting from wasp stings
were more common among men (53%) than among women
(18%) (P 5 .03).

Most patients had sudden loss of conscious (89%) after allergen
exposure and suffered from respiratory compromise (70%).
Persistent gastrointestinal symptoms were present in 55% of the
patients. In total, 93% of the patients fulfilled the anaphylaxis
criteria created by Sampson et al.5

The present study shows low, but slightly increasing incidence
of anaphylaxis and an absence of anaphylaxis-related pediatric
deaths in Finland between 1996 and 2013. In a previous study of
pediatric out-of-hospital cardiac arrests in Finland between 1985
and 1994, none of these deaths was attributable to anaphylaxis,6

thereby providing further evidence that anaphylaxis-related
deaths in the Finnish pediatric population are very rare. Likewise,
asthma mortality in Finnish children is also rare.7 The reason for
the absence of fatal anaphylaxis among children is unclear, but it
is tempting to speculate that this is partly attributable to good
asthma care among pediatric population.8 The slightly increasing
trend of anaphylaxis-related deaths may relate to the increasing
burden of allergic diseases among Finnish adults.9

This study also provides important information on the trends in
anaphylaxis-related deaths in a well-defined population. Compa-
rable studies from other countries investigating the secular trends
of anaphylaxis-related deaths are scarce.1 One major strength of
our study is that 93% of the patients fulfilled the anaphylaxis
criteria created by Sampson et al,5 despite the fact that our study
period predates these criteria by a decade. Furthermore, the
internationally recognized Anatomical Therapeutic Chemical
classification system was used to classify the pharmaceutical
agents. Moreover, our study is based on nationwide data because
the death certificates for anaphylaxis-related deaths were
extracted from a registry that covers virtually all deaths in
Finland.

The present study also has some limitations. Anaphylaxis is
often an unclear event. We acknowledge that ICD-10 coding may
not have identified all cases. Similarly, it has been estimated that
even Sampson et al’s criteria will not capture all cases of
anaphylaxis.5 Moreover, severe anaphylaxis events may not
always be witnessed and/or the causing substance may be
unidentified. Furthermore, because data were based on death
certificates, information on the circumstances surrounding
anaphylaxis-related deaths was somewhat limited.

In conclusion, a total of 56 Finnish adults, but no children, died
from anaphylaxis between 1996 and 2013. This corresponds to a
total incidence of 0.59 per million person-years. There was
evidence of slightly increasing trend over time. Slightly more
Finnish men than women died from anaphylaxis during this time.
Medications and insect stings caused 80% of anaphylaxis deaths.
Most anaphylaxis-related deaths occurred at home or a health care
unit.
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