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Trends in mortality due to haemophagocytic
lymphohistiocytosis across 29 European countries from
2011 to 2021: a retrospective, international, population-
based study

Leher Gumber, Reza Omidvar, Francesca Gonnelli, Adam Taylor, Thomas Trimble, Mark Bishton, Matthew Collin, Richard Hubbard,
Peter C Lanyon, Rachel S Tattersall, Jessica ) Manson, Fiona A Pearce

Summary

Background Previous research has suggested that the incidence of haemophagocytic lymphobhistiocytosis is increasing
in Europe. We aimed to examine rates of mortality due to haemophagocytic lymphohistiocytosis across 29 European
countries from 2011 to 2021.

Methods In this retrospective, population-based, descriptive study, we applied to EUROSTAT for publicly available
death certificate data for mortality due to haemophagocytic lymphohistiocytosis in countries in Europe. We defined
haemophagocytic lymphohistiocytosis mortality as any death recorded with ICD-10 codes of D76.1 or D76.2 as the
underlying cause. We calculated age-specific and sex-specific death registration rates from Jan 1, 2011, to Dec 31, 2021,
for each country and used Poisson regression to compare Europe-wide rates over time. We used direct standardisation
to compare rates between countries. We also searched Scopus Analytics to establish the number of haemophagocytic
lymphohistiocytosis publications for each country from Jan 1, 2000, to June 11, 2024, and analysed the correlation
between mortality rates and research activity measured by the number of relevant publications.

Findings Of 34 European countries that provided data, five were excluded from the analysis because the data had been
censored due to small numbers of deaths. Analysis of 3345 deaths from the remaining 29 countries showed that
crude haemophagocytic lymphohistiocytosis mortality increased from 3-9 per 10000 000 person-years in 2011, to 6-6
per 10000000 person-years population in 2021. The age-sex-standardised mortality rate across Europe was 4.7
(95% CI 3-0-6-4) per 10000000 person-years, with the highest recorded rate in France (10-1, 0-0-27-3) and the
lowest in Romania (0-5, 0-0-13-6). Crude mortality rates were highest in infants aged 0-4 years (17-5, 95% CI
16-1-19-0) and adults aged 80-85 years (15-6, 13-7-17-6). Mortality was higher in male than in female individuals
(adjusted rate ratio 1-5, 95% CI 1-4-1-6). Increased haemophagocytic lymphohistiocytosis-related research activity
often occurred in countries with higher rates of mortality recorded due to haemophagocytic lymphohistiocytosis than
countries with lower rates (Pearson’s correlation coefficient 0-4968; p=0-012).

Interpretation Recorded rates of mortality due to haemophagocytic lymphohistiocytosis have nearly doubled over the
past decade in Europe. Deaths were most common at the extremes of age and were more common in male than in
female individuals. Age-standardised rates between countries differed substantially, suggesting potential under-
recognition of the diagnosis of haemophagocytic lymphohistiocytosis. There is a need to increase awareness among
clinicians together with implementation of evidence-based guidelines for diagnosis and urgent treatment.

Funding Medical Research Council Rare Disease Platform Node for Histiocytic Disorders.

Copyright © 2025 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY 4.0
license.

Introduction cytotoxic T cells. Secondary haemophagocytic lympho-

Haemophagocytic lymphohistiocytosis or macrophage
activation syndrome is a rare disorder characterised by
dysregulated immune activity resulting in systemic
inflammation and multiorgan failure. It arises from
inappropriate activation of natural killer cells, cytotoxic
T cells, and macrophages. Primary haemophagocytic
lymphohistiocytosis presents in early childhood and
rarely later in life and is caused by genetic mutations
affecting the typical functions of natural killer and

histiocytosis occurs in adults when their immune
tolerance is breached with trigger factors, including
infection, malignancy (especially haematological), drugs
or medications, and autoimmune or autoinflammatory
disorders.™*

Haemophagocytic lymphohistiocytosis can have diverse
clinical manifestations. Common symptoms and signs
include fever, hepatosplenomegaly, raised ferritin of more
than 2000 ng/mL, cytopenias, and presence of activated
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For EUROSTAT see https://ec.
europa.eu/eurostat/web/main/
home

Research in context

Evidence before this study

We did a literature search for population-level observational
studies on the epidemiology of haemophagocytic
lymphohistiocytosis. We searched PubMed for articles
published from database inception to July 22, 2025, with no
language restrictions, using the MESH term
“Lymphohistiocytosis, Hemophagocytic “ OR the terms
“Hemophagocytic Lymphohistiocytosis” OR “Haemophagocytic
Lymphohistiocytosis” OR "HLH" in the title or abstract AND the
terms “epidemiology” OR “incidence” OR “prevalence” OR
“mortality” OR “fatality” OR “trend*” OR “population-based”
OR “registry”. There were few population-based studies and
these were restricted to a single nation (eg, England, Germany,
Sweden, and the USA). There were no studies comparing the
occurrence or rates of mortality due to haemophagocytic
lymphohistiocytosis across Europe.

Added value of this study

This analysis of haemophagocytic lymphohistiocytosis as the
underlying cause of death in 29 countries across Europe
provides important insights into variation over time by age,
sex, and country. We found that the recorded crude mortality
rates of haemophagocytic lymphohistiocytosis have doubled
over the past decade from 3-9 per 10 000 000 to 6-6 per

macrophages in affected organs.' Patients can present with
signs related to pulmonary, renal, or cardiac involvement.'
For this reason, it is often mistaken for severe sepsis and
there is evidence to suggest that haemophagocytic lympho-
histiocytosis remains under-recognised.’ 1-year survival
rates vary substantially and can be as low as 30% in adults
older than 75 years.® Therefore, early identification and
aggressive treatment of hyperinflammation and triggers
are needed in most cases.

The annual incidence of haemophagocytic lympho-
histiocytosis in England is approximately 2 per million
people in the adult population, with mean age at
presentation of 50 years,® although accurate estimates are
difficult to obtain in such a rare disease. The overall
l-year survival rates for adults are approximately 50%,
with lower rates observed in older adults than in infants
and younger adults.” Similar rates have been reported in
other studies, including the USA}® Germany’ and
Sweden.” However, these studies focused on single
nations and specific subpopulations, so there remains a
paucity of epidemiological data on global incidence.

Understanding the epidemiology of haemophagocytic
lymphohistiocytosis is key to improving outcomes through
increased recognition and service provision. Previous
estimates of mortality rates are scarce and usually based on
a small sample size in a single nation. We therefore
conducted a descriptive study using publicly available data
from death registrations to examine the trends in mortality
due to haemophagocytic lymphohistiocytosis across

10000 000. These results highlight age and sex differences with
atrend towards higher recorded mortality at the extremes of
ages and in male individuals compared with female individuals.
We show substantial variation in deaths and research activity
between countries.

Implications of all the available evidence

There are country-specific disparities in recorded mortality rates
and this study could not explain whether these were due to
differences in incidence of haemophagocytic
lymphobhistiocytosis and its underlying risk factors, differences
in recognition of the diagnosis, or differences in case fatality.
However, other evidence suggests that recorded incidence
(influenced by recognition and true incidence) is increasing and
case fatality rates are stable. Circumstantial evidence suggests
underdiagnosis to some extent in all countries and this theory
was supported by the association between research
publications in haemophagocytic lymphohistiocytosis and
increased recorded mortality due to haemophagocytic
lymphobhistiocytosis in this study. Increasing awareness among
health-care professionals and development and
implementation of guidelines at local and national levels is
essential to respond to the high mortality associated with this
disease.

Europe between 2011 and 2021, and presented these data
next to the research output about haemophagocytic
lymphohistiocytosis from each country.

Methods
Study design and data sources
This retrospective, international, population-based,

descriptive study obtained data from 34 countries across
Europe (Austria, Belgium, Bulgaria, Croatia, Cyprus,
Czechia, Denmark, Estonia, Finland, France, Germany,
Greece, Hungary, Iceland, Ireland, Italy, Latvia,
Liechtenstein, Lithuania, Luxembourg, Malta,
the Netherlands, Norway, Poland, Portugal, Romania,
Serbia, Slovakia, Slovenia, Spain, Sweden, Switzerland,
Turkiye, and the UK) to analyse mortality rates due to
haemophagocytic lymphohistiocytosis.

The number of deaths recorded with haemophagocytic
lymphohistiocytosis as the underlying cause was
obtained from EUROSTAT, the statistical office of the
EU, for the period Jan 1, 2011, to Dec 31, 2021. EUROSTAT
compiles data across the EU in partnership with EU
member states and states from the wider European
Economic Area. We wrote the manuscript in accordance
with the Reporting of Studies Conducted using
Observational  Routinely Collected Health Data
statement."” EUROSTAT data include cause of mortality
derived from death certificates and are publicly available
by application. We received data stratified by 5-year age
bands, sex, and country. EUROSTAT also provides
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contemporary data on the total population of the country
to act as the denominator. Because these data are publicly
available, the Faculty of the Medicine and Health Sciences
Research Ethics Committee of the University of
Nottingham (Nottingham, UK) established that ethical
approval was not required. Patient and public
involvement undertaken through the Rare Disease Node
for Histiocytic Disorders included engagement with
haemophagocytic lymphohistiocytosis survivors and
family members, who expressed a strong desire to
contribute to research that improves understanding of
the disease and helps prevent others from experiencing
the severe illness and long-term effects that they have
faced.

Procedures

We defined haemophagocytic lymphohistiocytosis mor-
tality as any death recorded with ICD-10 codes of D76.1
(haemophagocytic ~ lymphobhistiocytosis) or  D76.2
(haemophagocytic syndrome, infection-associated) as the
underlying cause of death. All European countries follow
WHO guidelines on assigning the underlying cause of
death on the basis of the death certificate.” Identifying
haemophagocytic lymphohistiocytosis from these codes
on death certificates has been validated in a previous UK
study with accuracy of 98- 6% from 2014 onwards."

We also examined how rates of mortality due to haemo-
phagocytic lymphohistiocytosis correlate with published
research in each country, for which we used the search
terms “haemophagocytic AND lymphohistiocytosis” in
Scopus Analytics (language restrictions were not
available). The search was conducted on June 11, 2025. In
the analysis, we included all publications conducted in
each European country, excluding case reports, published
between Jan 1, 2000, and the most recently indexed.

Statistical analysis

We pooled data from all years (2011-21) for each country
included in the analysis, and calculated crude rates of
mortality due to haemophagocytic lymphohistiocytosis
using each country’s annual population during the study
period. Direct standardisation was then applied to the
European Standard Population 2013 to calculate
standardised mortality rates for each country.* Poisson
confidence intervals were used for both crude and
standardised rates. We pooled data from all countries,
displayed the crude mortality rate for each year, and used
Poisson regression (using log of population as offset) to
calculate changes in mortality rates over time. We then
presented the annual crude mortality rate for each
country reporting more than 100 deaths due to
haemophagocytic lymphohistiocytosis over the 10-year
time period. Additionally, we pooled the data from all
countries and all years and calculated the crude mortality
rate stratified by 5-year age band (0—4, 5-9, 10-14, 15-19,
20-24, 25-29, 30-34, 35-39, 4044, 45-49, 50-54, 55-59,
60-64, 65-69, 70-74, 75-79, 80-84, 85-89, and =90 years)

and sex (male and female). We used Poisson regression
to calculate mortality rate ratios by sex and age band.
Regarding research activity, we present the number of
publications per country and the rate of publications
per country normalised to the population size using the
2013 European Standard Population as the reference
population. We plotted the mortality rate against the
publication rate for each country and calculated Pearson’s
correlation coefficient and its p-value to assess strength
of correlation.

Some data were missing from some years for some
countries; in those cases, the total number of deaths
from that particular country was lower than if they had
contributed data from all years, but the rates are
unaffected because the years with no data were com-
pletely excluded. All statistical analyses were conducted
using Python version 3.12 or Stata version 18.

Role of the funding source

The funder of the study had no role in study design, data
collection, data analysis, data interpretation, or writing of
the manuscript.

Results

Data were available for the period of interest for most
European countries; however, data from Liechtenstein,
Bulgaria, Malta, Cyprus, and Serbia were censored by
EUROSTAT due to the small number of deaths in those
countries, to prevent de-anonymisation. We analysed
3345 deaths due to haemophagocytic lymphohistiocytosis
from the remaining 29 European countries from 2011 to
2021. The total death counts, crude mortality rates due to
haemophagocytic lymphohistiocytosis, and standardised
mortality rates due to haemophagocytic lymphohistio-
cytosis for each country are shown in the table. The
following countries had missing data for some years:
the UK (2019-21 due to leaving the EU), Greece (2011-13),
and Tiirkiye (2020). Seven countries (Estonia, Iceland,
Lithuania, Luxembourg, Latvia, Slovenia, and Slovakia)
each recorded fewer than ten deaths due to haemophago-
cytic lymphohistiocytosis, and data from these countries
should be interpreted with caution due to wide confidence
intervals.

The crude mortality rate per 10000000 person-years
across Europe was 5-3 (95% CI 5-2-5-5) and
the  age-sex-standardised  mortality — rate  per
10000000 person-years across Europe was 4-7 (3-0-6-4).
In the countries recording more than ten deaths due to
haemophagocytic lymphohistiocytosis, which we consider
to provide more reliable estimates, we observed the
highest mortality rate in France (age—sex-standardised
mortality rate 10-1 [95% CI 0-0-27-3]) and the lowest in
Romania (0-5 [0-0-13-6]).

We observed increasing crude reported mortality rates
for haemophagocytic lymphohistiocytosis in Europe
during the 10-year period, from 3-9 per 10000000
person-years in 2011 to 6-6 per 10000 000 person-years in
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See Online for appendix

2021. The Poisson regression modelling of mortality
rates found a 5% increase per year (mortality rate ratio
1.05 [95% CI 1-04-1-00]), equating to a 1-7 times
increase in the reported mortality of haemophagocytic
lymphohistiocytosis over the whole study period
(figure 1). The exception was in 2020, whereby mortality
rates declined rapidly and temporarily during the
COVID-19 pandemic, as has been seen in other
conditions. When we looked at mortality trends in
different age groups from 2011 to 2021 (appendix p 3), we
found a decrease in death rates due to haemophagocytic
lymphohistiocytosis in those aged 0-19 years (mortality
rate ratio of 0-94 [95% CI 0-92-0-96]; 6% decrease
per year); an increase in death rates due to
haemophagocytic lymphohistiocytosis in those aged
2049 years (1-09 [1-06-1-12]; 9% increase per year); and
an increase in mortality rates due to haemophagocytic

Deaths Crude mortality ~ Standardised
rate per mortality rate per
10000000 10000000
person-years person-years
Austria 39 1(2:8-5-4) 4-1(0-0-18-2)
Belgium 91 3(5:9-8-8) 7:5(0:0-22.7)
Croatia 13 -9 (1-3-4:6) -8 (0-0-13-7)
Czechia 27 3(15-33) 3(0-0-13-6)
Denmark 49 -8 (57-10-0) -9 (0-0-22.7)
Estonia 4 -8(0:7-62) -6 (0-0-13-6)
Finland 23 -8 (2:3-55) -6 (0-0-18-2)
France 705 6(89-10-4) 101 (0-0-27-3)
Germany 271 -0 (2:7-3-4) -9 (0-0-18-2)
Greece 52 -1(4-4-7-8) -6 (0-0-25-0)
Hungary 17 1.6 (0-8-24) -6 (0-0-13-7)
Iceland 1 2.7 (0-01-0-7) -9 (0-0-18-2)
Ireland 39 7-4(51-9-9) 3(0:0-273)
Italy 265 4.0 (3-5-4-5) -9 (0-0-18-2)
Latvia 1.9 (0-5-4-2) -9 (0-0-13-6)
Lithuania 2:8 (1:3-5-1) 5 (0-0-18-2)
Luxembourg 6 9-4 (3:1-18-8) 11-3 (0-0-31-8)
Netherlands 111 5:9 (4-9-7-0) -2 (0-0-22-7)
Norway 19 3:3(1:9-4-9) 1(0-0-18-2)
Poland 61 1.5 (1-1-1:9) 1.5 (0-0-13-6)
Portugal 72 63 (4-9-7-8) 6-4 (0-0-22-7)
Romania 10 0-5(0-2-0-8) 0-5(0-0-13-6)
Slovakia 4 0.7 (0-2-15) 0-7 (0-0-13-6)
Slovenia 2 0-9 (0-0-2:6) 11(0-0-13-6)
Spain 359 7:0 (6:3-7-7) 7-1(0-0-22.7)
Sweden 81 7-4(5-9-9-1) 7-8(0:0-227)
Switzerland 31 3-4(2:3-4-7) 3.7 (0-0-18-2)
Torkiye 612 7:0 (6:5-7-6) 5.6 (0-0-22-9)
UK 368 7-1(6-4-7-8) 7:5(0-0-25:0)
All Europe 3345 53 (52-5'5) 47 (3:0-6-4)
Data are n or mortality rate (95% Cl).
Table 1: Mortality rate for haemophagocytic lymphohistiocytosis
between 2011 and 2021, by country

lymphobhistiocytosis in those aged 50 years and older
(1-09 [1-07-1-10]; 9% increase per year).

Mortality rates of haemophagocytic lymphohistiocytosis
varied across different age groups and by sex (figure 2).
Mortality rates were highest in infants aged 04 years
(17-5 [95% CI 16-1-19-0 per 10000000 person-years])
and adults aged 70 years and older (for all age bands
=70 years, mortality was >10 per 10000000 person-years;
appendix p 4). Large differences were observed between
male and female individuals, with higher rates in males
than in females (age-adjusted mortality rate ratio 1-51
[95% CI 1-41-1-62]; appendix p 4). The greatest
differences in mortality rates were in males and females
aged 60 years and older (figure 2).

Figure 3 provides an overview of the trends in
haemophagocytic lymphohistiocytosis mortality between
2011 and 2021 in the seven European countries with
more than 100 deaths due to haemophagocytic lympho-
histiocytosis. The trend in most countries suggests a
steady increase in the mortality rate of haemophagocytic
lymphohistiocytosis across Europe over the 10-year
period, although a large increase was observed in France
between 2017 and 2019. Important differences in
haemophagocytic lymphohistiocytosis mortality exist
between countries. We observed increasing mortality
rates over time across all countries except for Tiirkiye, in
which mortality rates remained unchanged across the
10-year period.

There were notable age and sex differences in mortality
rates between individual countries (appendix p 2).
Germany, the UK, Italy, and Spain had similar trends,
with the highest number of deaths in older age groups as
well as in the youngest age group (children aged
0—4 years), and in older men (270 years) particularly.
Mortality rates were highest in infants in Turkiye
(children aged 0—4 years), with very few deaths in older
age. Conversely, mortality rates in France were
predominantly in people older than 65 years with very
few deaths in infants, children, and young adults.

Crude mortality rate per 10000000
person-years
E
1

T T T T T T T T T T 1
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Year

Figure 1: Trends in crude mortality rates of haemophagocytic
lymphohistiocytosis in Europe (2011-21)
Bars are 95% Cl.
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A total of 2275 haemophagocytic lymphohistiocytosis
research articles were identified as published across
Europe from Jan 1, 2000, to June 11, 2024. The publication
output for each country is depicted in figure 4, alongside
the corresponding standardised mortality rate for
haemophagocytic lymphohistiocytosis. Mortality rate and
publication rate for each country showed moderate
positive correlation (Pearson’s correlation coefficient
0-4968; 23 degrees of freedom, p=0-012; appendix p 5).
Most haemophagocytic lymphohistiocytosis research
publications were in the UK, France, Germany, Italy,
Sweden, Spain, and Tirkiye. Generally, the volume of
haemophagocytic lymphohistiocytosis research in each
country reflected its mortality rate. However, some
countries had substantially fewer research publications
compared with their standardised mortality rate (Ireland
11 publications, standardised mortality rate 9-3 per
100000000 population; Denmark 30 publications, 7-9;
and Portugal 35 publications, 6-4).

Discussion

In this large, population-based study across 29 European
countries over a 10-year period, we observed that
mortality due to haemophagocytic lymphohistiocytosis
being recorded as the underlying cause of death
remained rare, but nearly doubled during the study
period. Age-standardised mortality rates were higher in
male than in female individuals, with the highest
mortality in young children (aged 0—4 years) and adults
aged 65 years and older. There was marked variation
across countries, with France reporting the highest age-
standardised mortality rates that were 20-times higher
than Romania, which had the lowest rates. However, due
to the small numbers of deaths in each country, the age-
standardised rates were not significantly different
(established by overlapping confidence intervals). To our
knowledge, this study provides the most comprehensive
description of haemophagocytic lymphohistiocytosis
mortality patterns in Europe to date.

These findings are broadly consistent with previous
studies showing that haemophagocytic lymphohistio-
cytosis, although uncommon, is increasingly being
diagnosed.®*** Mortality is influenced by true incidence,
diagnostic recognition, and case fatality. Few previous
studies have reported mortality or compared rates across
countries. Single-country incidence studies from
England, Germany, and the USA have shown similar
increasing trends over time and similar age and sex
distributions to this study.**** The case fatality rate has
remained stable over timeS " suggesting that the
increasing mortality reported is likely driven by rising
diagnosed incidence.

There is evidence that true incidence of haemo-
phagocytic lymphohistiocytosis is increasing due to
increasing incidence of malignancies and autoimmune
diseases that can trigger it. The ageing population in
Europe means a rising prevalence of haematological and

[ Female
3 Male
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Crude mortality rates per 10 000 000 person-years

N S A
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AT TS S ST
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;\%
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Bars are 95% Cl.

— Germany —— France Netherlands

— Turkiye

—— Spain
— UK

— ltaly

Crude mortality rate per 10000000 person-years

0 T T T T T T T T T 1
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

Year

Figure 3: Crude annual mortality rate for haemophagocytic
lymphohistiocytosis in European countries with more than 100 deaths
(2011-21)

Turkiye has a dotted line between 2019 and 2021 because no data was
submitted in 2020. No data were submitted by Greece in 2011-13 and no data
were submitted by the UK after 2018.

other malignancies, as well as increased use of immuno-
modulatory therapies (eg, checkpoint inhibitors) that
can trigger haemophagocytic lymphohistiocytosis."*
There has also been an increase in the prevalence of
autoimmune diseases, including rheumatological
diseases.” However, improved rates of diagnosis by
clinicians are also likely. Previous studies provide
indirect evidence for historical underdiagnosis: in US
inpatients between 2010 and 2014, 86% of patients with
haemophagocytic lymphohistiocytosis were treated at
teaching hospitals,® despite these hospitals treating only
around 50% of common diagnoses, such as myocardial
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A
Standardised mortality rate

123 45 6 7 8 910

B

Publication rate

Figure 4: Choropleth maps of haemophagocytic lymphohistiocytosis
mortality and research publications across Europe

(A) Standardised mortality rate of haemophagocytic lymphohistiocytosis per
10000 000 person-years for each European country reporting ten or more
deaths due to haemophagocytic lymphohistiocytosis from 2011 to 2021.
(B) Number of publications in the 10-year period on haemophagocytic
lymphobhistiocytosis per 10 000 000 population for each European country.
AT=Austria. BE=Belgium. CH=Switzerland. CZ=Czechia. DE=Germany.
DK=Denmark. EL=Greece. ES=Spain. FI=Finland. FR=France. HR=Croatia.
HU=Hungary. IE=Ireland. IT=ltaly. LT=Lithuania. LU= Luxembourg.
NL=Netherlands. NO=Norway. PL=Poland. PT=Portugal. RO=Romania.
SE=Sweden. SI=Slovenia. TR=Turkiye.

infarction.” This disproportionate concentration of cases
in teaching hospitals suggests that the condition might
have been under-recognised and underdiagnosed in
non-teaching hospitals, where specialist expertise and
diagnostic resources are less widely available. In this
study, countries with greater research activity, which is
likely associated with higher clinician awareness, tended
to have higher recorded mortality rates than those with
less research activity.

The differences between countries were striking and are
likely multifactorial. True variation in incidence could be a
contributor, but differences in case ascertainment, coding
practices, and treatment are also probable. The most
pronounced contrasts were between France and Tirkiye.
France reported the highest mortality in adults and the
lowest in infants, whereas Tirkiye had the opposite
pattern. Genetic factors likely explain some of the higher
infant mortality rates in Tiirkiye, where haemophagocytic
lymphobhistiocytosis is often hereditary and consanguinity
is more common.”” France has had a strong focus on
haemophagocytic lymphohistiocytosis research, including
a prospective registry (2012-19) and the development of
the widely used HScore.” These initiatives might have
increased rates of diagnosis at all ages, but only increased
the coding of adult deaths due to haemophagocytic
lymphohistiocytosis. This is because, in France, bone
marrow transplants are offered to all infants with primary
haemophagocytic lymphohistiocytosis, and deaths after
bone marrow transplantation are recorded with
transplantation as the underlying cause of death
(unpublished data).

A major strength of this study is the use of a large,
harmonised mortality dataset covering almost the entire
European population. The EUROSTAT database applies
WHO rules for standardised ICD-10 coding of death
certificates, enabling comparability between countries
and over time. The inclusion of all certified deaths
provides a population-level perspective and avoids the
selection bias inherent to hospital-based or registry
studies. ICD-10 coding is standardised through the WHO
process: conditions listed on death certificates are coded
and one is designated as the underlying cause of death.”
Validation work in the UK found good positive predictive
value for haemophagocytic lymphohistiocytosis diag-
nosis on death certificates (80-4% before and 98-6%
after the introduction of the IRIS automated coding
software in 2014)," and IRIS is now used in at least
13 European countries.”

Several limitations should be considered. Haemo-
phagocytic  lymphohistiocytosis is a challenging
diagnosis, particularly in older adults with non-specific
features, and under-recognition of the diagnosis is likely.
Death certificate data only capture haemophagocytic
lymphohistiocytosis when recorded as the underlying
cause of death; we could not identify cases in which
haemophagocytic lymphohistiocytosis was contributory
but not coded as the primary cause. Coding practices
differ between countries and over time, which might
have affected the rates of death attributed to haemo-
phagocytic lymphohistiocytosis. The ICD-10 system used
for EUROSTAT mortality data does not distinguish
between primary and secondary haemophagocytic
lymphohistiocytosis and, because death certificate data
do not capture the diagnostic criteria applied by certifying
clinicians, we cannot establish whether standardised
tools such as the HScore or HLH-2004 criteria were used.
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Finally, the absence of clinical data prevented analyses of
underlying triggers or treatment outcomes.

Despite the limitations, these findings highlight the
need to increase awareness among clinicians of
haemophagocytic lymphohistiocytosis, especially in
older adults and in countries with low reported
haemophagocytic lymphohistiocytosis mortality. Under-
recognition of rare diseases is well documented”* and
affected individuals often have unmet health-care needs,
such as delayed diagnosis, little access to specialist
expertise, and restricted access to treatment. Improving
awareness and infrastructure for rare diseases has been
an EU priority for two decades.” International guidelines
from the past 6 years®” and national initiatives, such as
the National Health Service England’s Getting It Right
First Time programme cross-specialty consensus
pathway (2024),"" aim to raise awareness and promote
increased and earlier diagnosis. Standardising
diagnostic criteria and death certification could
strengthen surveillance and allow better understanding
of international differences. Linking mortality data with
clinical registries and hospital discharge data would
further clarify the contribution of triggers, comorbidities,
and treatment outcomes. Future research should
explore whether observed mortality trends reflect true
changes in incidence or improved recognition and
reporting.
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