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predominance of g.70A>G mutation in Finnish patients can
result in milder presentations.

Consistent with previous reports,6 measured laboratory values
correlated poorly with any assessed symptoms and despite
clearly abnormal laboratory indices, few patients developed
serious complications. Worldwide, of the 30 subjects with
CHH and hematopoietic stem cell transplantation (HSCT)
whose genotype has been reported, only 6 patients were homo-
zygous for g.70A>G mutation.6-9 Only 1 Finnish child with
CHH, homozygote for g.70A>G mutation, has required HSCT
for severe hypoplastic anemia, not for immunodeficiency.
Thus, selection of patients who would benefit from HSCT based
on routinely available laboratory parameters is highly cumber-
some in a cohort carrying predominantly RMRP g.70A>G
mutations.

The major limitation of this study is the retrospective nature of
clinical data. Inclusion of only living patients left out those with
CHH who had died of cancer or severe infections. Another
limitation is the use of a single laboratory measurement per
patient. Results of immunologic tests fluctuate over time and
predicting any clinical course on the basis of cross-sectional
laboratory values remains challenging.

The observed high number of asymptomatic patients and
individuals with clinical signs of humoral immunodeficiency
only should be interpreted with caution because clinical features
may occur and cumulate with time. Follow-up studies should
assess the applicability of clinical and immunological phenotype
correlations, including the potential to predict a more severe
course (CID) in patients with lower CD31, CD81, and RTE
counts.

In summary, we demonstrated that approximately one-fourth
of the surviving Finnish patients with CHH included in this
study manifested clinical signs of CID, while another one-
fourth showed no signs of immunodeficiency despite labora-
tory immunologic abnormalities. This is the first report
describing high prevalence of SAD and a specific pattern of
abnormalities in B- and T-cell compartments in patients with
CHH.

Svetlana Kostjukovits, MDa,b,c

Paula Klemetti, MD, PhDa

Helena Valta, MD, PhDa

Timi Martelius, MD, PhDa,d

Luigi D. Notarangelo, MDe

Mikko Sepp€anen, MD, PhDa,d

Mervi Taskinen, MD, PhDa

Outi M€akitie, MD, PhDa,b,f

From aChildren’s Hospital, University of Helsinki and Helsinki University Hospital,

Helsinki, Finland; bFolkh€alsan Research Center, Helsinki, Finland; cthe Department

of Pediatrics, Malmi District Hospital, Pietarsaari, Finland; dthe Adult Immunodefi-

ciency Unit, Inflammation Center, University of Helsinki and Helsinki University

Hospital, Helsinki, Finland; ethe Laboratory of Host Defenses, Division of Intramural

Research, National Institute of Allergy and Infectious Diseases, National Institutes of

Health, Bethesda, Md; and fthe Center for Molecular Medicine, Karolinska Institutet

and Clinical Genetics, Karolinska University Hospital, Stockholm, Sweden. E-mail:

outi.makitie@helsinki.fi.

The study was funded by the Sigrid Jus�elius Foundation (O.M.), the Academy of Finland

(O.M.), the Folkh€alsan Research Foundation (O.M.), the Helsinki University Hospital

Research Funds (O.M. and M.T.), the Swedish Childhood Cancer Foundation (O.M.),

the Foundation for Pediatric Research (O.M. and M.T.), the Finnish Medical Founda-

tion (S.K.), and the Doctoral School in Health Sciences at the University of Helsinki

(S.K.). The research was supported in part by the Intramural Research program of the

National Institutes of Health, National Institute of Allergy and Infectious Diseases.

Disclosure of potential conflict of interest: P. Klemetti has received a grant from the Foun-

dation for Pediatric Research for this work. T. Martelius has received a grant from
Sanguin; lecture fees fromMSD and CSL Behring; and travel grants from Octapharma,

CSL Behring, Sanguin, Gilead, and MSD. L. D. Notarangelo has received board mem-

bership from the Journal of Clinical Immunology,Clinical Immunology, and Frontiers in

Immunology; is employed by the National Institutes of Health and received royalties

from UpToDate. M. Sepp€anen has received financial support for travel from CSL Behr-

ing and Octapharma for this work. M. Taskinen has received a grant from Helsinki Uni-

versity Hospital Research fund for this work. O. M€akitie’s institution has received grants

from the Sigrid Jus�elius Foundation, the Academy of Finland, the Folkh€alsan Research

Foundation, Helsinki University Hospital Research Funds, the Swedish Childhood Can-

cer Foundation, and the Foundation for Pediatric Research for this work. The rest of the

authors state that they have no relevant conflict of interest.
REFERENCES

1. de la Fuente MA, Recher M, Rider NL, Strauss KA, Morton DH, Adair M, et al.

Reduced thymic output, cell cycle abnormalities, and increased apoptosis of T

lymphocytes in patients with cartilage-hair hypoplasia. J Allergy Clin Immunol

2011;128:139-46.

2. DriessenGJ, vanZelmMC, vanHagenPM,HartwigNG,TripM,WarrisA, et al. B-cell

replication history and somatic hypermutation status identify distinct pathophysiologic

backgrounds in common variable immunodeficiency. Blood 2011;118:6814-23.

3. Sugita K, Owada Y, Ozawa T, Sakakibara H, Eguchi M, Furukawa T, et al. An in-

fant with both autoimmune neutropenia and idiopathic thrombocytopenia with

IgG2/IgA deficiency. Int J Hematol 1993;57:27-30.

4. M€akitie O, Pukkala E, Kaitila I. Increased mortality in cartilage–hair hypoplasia.

Arch Dis Child 2001;84:65-7.

5. Thiel CT, Mortier G, Kaitila I, Reis A, Rauch A. Type and level of RMRP func-

tional impairment predicts phenotype in the cartilage hair hypoplasia-anauxetic

dysplasia spectrum. Am J Hum Genet 2007;81:519-29.

6. Rider NL, Morton DH, Puffenberger E, Hendrickson CL, Robinson DL, Strauss

KA. Immunologic and clinical features of 25 Amish patients with RMRP 70

A–>G cartilage hair hypoplasia. Clin Immunol 2009;131:119-28.

7. Guggenheim R, Somech R, Grunebaum E, Atkinson A, Roifman CM. Bone

marrow transplantation for cartilage-hair-hypoplasia. Bone Marrow Transplant

2006;38:751-6.

8. Bordon V, Gennery AR, Slatter MA, Vandecruys E, Laureys G, Veys P, et al. Inborn

ErrorWorking Party of the European BoneMarrow Transplantation (EBMT) Group.

Clinical and immunologic outcome of patients with cartilage hair hypoplasia after

hematopoietic stem cell transplantation. Blood 2010;116:27-35.

9. Ip W, Gaspar HB, Kleta R, Chanudet E, Bacchelli C, Pitts A, et al. Variable pheno-

type of severe immunodeficiencies associated with RMRP gene mutations. J Clin

Immunol 2015;35:147-57.

Available online March 9, 2017.
http://dx.doi.org/10.1016/j.jaci.2017.02.016
Allergic rhinitis increases the risk
of driving accidents
To the Editor:
Allergic rhinitis (AR) disturbs patients’ quality of life with

consequences on their occupational and daily activities; it also
reduces quality of sleep and induces daytime drowsiness,1 which
can increase the risk of driving accidents. Connor et al2 showed
that when people complained of feeling very drowsy while
driving, the risk of having a traffic accident compared with a
nondrowsy person was multiplied by 8.2. Some authors have hy-
pothesized that drowsiness due to poor sleep may be a more
common cause of accidents than alcohol and reported that
studies are urgently needed.3 Therefore, we conducted the
‘‘EVEIL’’ national survey. The main aim was to assess the con-
sequences of AR on daytime awareness and driving and to iden-
tify through cluster analysis methodology the existence of a
patient group at increased risk of car accidents on the basis of
the features of their AR.

We conducted a cross-sectional observational national survey
in primary care allergy medicine and general practice on a
randomized sample stratified geographically (quotas method).
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We involved 976 practitioners who were required to include the
next 4 consecutive patients older than 18 years driving a vehicle
and consulting for untreated AR or AR poorly controlled with a
previous treatment.

The consequences of AR on daytime awareness were assessed
by the EPWORTH drowsiness score4 and awareness at the wheel
by the Karolinska Sleepiness Scale (KSS) score.5 The EP-
WORTH scale is made up of 8 questions scored from 0 to 3, giv-
ing a sum of 0 to 24, which reflects the severity of daytime
drowsiness. The KSS scale is made up of 9 awareness/asleep
graduation scales varying from 1 (‘‘extremely aware’’) to 9
(‘‘very sleepy, considerable effort needed to remain awake and
stop going to sleep’’). An ascending hierarchical cluster analysis
(Ward method)6 was used to identify the existence of groups at
high risk of drowsiness and driving accidents incorporating the
EPWORTH and KSS scores.

In our study, 3850 patients, average age 39 6 14 years, with a
sex ratio close to 1, were included.

In 25.4%, the ARwas intermittent andmild; in 8.8%, persistent
and mild; in 17.9%, intermittent and moderate to severe; and in
48.0%, persistent and moderate to severe. Half of the patients
(53.3%) had a family history of allergy and 84.8% had a personal
history of not only AR but also asthma (23.6%) and/or atopic
dermatitis (18.2%). Allergy had been confirmed by tests in 46.9%
of the patients. The allergens, which were found in 61.0% of these
patients, were predominantly pollens (79.3%), moulds and dust
mites (44.1%), and animals (14.5%).

The EPWORTH scorewas 7.66 5.4 (out of 24). On the basis of
this score, 30.3% of the patients had moderate (25.9%; 95% CI,
24.5-27.3) or severe (4.4%; 95% CI, 3.7-5.0) drowsiness. The
KSS scorewas 3.96 1.8, which showed that not only were 39.4%
(95% CI, 37.8-40.9) of the patients at risk of reduced awareness
when driving, 24.4% were also at high risk of having an accident:
18.8% had signs of sleepiness, 3.6% felt sleepy but remained
awake without efforts, and 2.0% felt sleepy and needed to make
efforts to remain awake.

In addition, 63.8% of the patients described on questioning that
their AR had an effect on driving, some of which had been
dangerous including not having the right reflex in some
situations (18.9%), having made an unusual driving error
(13.6%), or falling asleep for a fraction of a second (9.5%).
Almost one-fifth of the patients (17.5%) also reported that they
had needed to stop on the edge of the road or even that they did not
feel capable of driving (16.4%) and 0.7% reported they had a car
accident.

The cluster analysis of the whole population using Ward’s
ascending hierarchy method identified 2 almost equivalent sized
patient groups: cluster 1 (n 5 1739 [47.7%]) and cluster 2
(n 5 1910 [52.3%]). This methodology overcomes one of the
limitations of the study of not having a control group. The
comparisons of their features show that cluster 1 contained
patients experiencing drowsiness and lack of awareness when
driving, which was far more severe than in cluster 2: EPWORTH
score 12.2 6 3.4 versus 3.2 6 2.6 (P < .0001) and KSS score:
4.8 6 1.6 versus 3.1 6 1.5 (P < .0001). The effect of AR on
driving statistically differs between clusters 1 and 2. In particular,
85.2% versus 45.3% of the patients described that their AR had an
effect on driving, 26.2% versus 12.4% that they had not the right
reflex in some situations, 18.6% versus 9.7% that they made an
unusual driving error, 15.2% versus 4.3% that they fell asleep
for a fraction of a second, 23.7% versus 11.9% that they had
needed to stop on the edge of the road, 23.5% versus 9.9% that
they did not feel capable of driving, and 0.9% versus 0.6% re-
ported that they had a car accident.

Cluster 1 could also be distinguished on the ARIA classifica-
tion by more persistent (60.9% vs 51.9%; P < .0001) and moder-
ate to severeAR (76.7%vs 54.8%;P<.0001). The group at risk of
drowsiness and accident (cluster 1) not only had more severe
nasal symptoms than the other patients but also had eye, pharyn-
geal, and respiratory signs, fatigue, and headaches, which were
1.5 to 2 times as common. As a consequence of their more severe
nasal symptoms and more frequent ocular symptoms, they were
also more often treated with oral and ocular H1 antihistamine.
One limitation of the study is that the type of antihistamines,
and especially the proportion of first-generation sedating antihis-
tamines, was not reported.

These results show the impact of AR on the risk of sleeping
while driving. Drowsiness is responsible for 1 out of 5 cases of
road accidents. It affects all drivers, although some conditions
increase the risk. The case of sleep apnea syndrome is well
known7: when untreated, it triples the accident rate compared
with the general population. This risk is not known today for
AR but the fact that almost 50% of the patients with AR
were at increased risk of a driving accident confers a level of
seriousness that is usually not acknowledged. A case control
study should be conducted to evaluate the ratio of incidence
rate of motor vehicle crashes in patients with AR by comparison
to a nonrhinitis population of drivers. This study should also
more precisely document the allergic origin of the rhinitis,
which is also a limitation of our study. However, the present
results, describing an increase in the driving problems described
by the patients themselves, justify active management and
increased patient information about the risks they run if they
are not appropriately treated and adhere correctly to their
treatment. They confirm the experimental work of Vuurman
et al8 on a small number of patients who conclude that untreated
AR can impair driving ability and put patients at risk and that
drug therapy could reduce this impairment. In particular, it is
recommended9 to adapt treatment according to the severity
and level of management of the AR and not using sedatives,
particularly first-generation H1 antihistamines, which affect
driving. Information strategies should also be developed for
dispensing pharmacists who are increasingly being consulted
directly by patients because of the apparently mild nature of
the disorder.

Our study points out the extent of the consequences of AR on
daytime drowsiness and awareness when driving and identifies
the existence of a homogeneous group of patients at high risk of
reduced awareness and driving accidents, characterized by a
profile involving severe nasal, ocular, pharyngeal, and respiratory
symptoms. These patients should be informed of this risk and
managed specifically.
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Absence of functional fetal regula-
tory T cells in humans causes in
utero organ-specific autoimmunity
To the Editor:
Fetal T regulatory (Treg) cells are present by 13 weeks

gestation, but their role during the fetal period is unclear.Maternal
Treg cells clearly are critical for fetal tolerance. Human fetal Treg
cells promote tolerance to noninherited maternal antigens in
utero,1 but whether tissue-specific self-tolerance is needed in
utero is unknown. During pregnancy, fetuses with the genetic dis-
order Immune dysregulation Polyendocrinopathy Enteropathy X-
linked (IPEX) syndrome lack functional Treg cells, but maternal
Treg cells remain functional. Patients with IPEX syndrome often
appear healthy at birth, but develop early systemic autoimmunity
including early-onset diabetes, enteropathy, thyroiditis, and
dermatitis. Timing of the initial organ-specific inflammation re-
mains unclear. Early fetal or perinatal IPEX presentations are re-
ported,2-4 but evidence for in utero organ-specific autoimmunity
is lacking. In this study, we report 2 patients with IPEX syndrome
who died shortly after birth with histological evidence for tertiary
lymphoid structures, chronic inflammatory changes, and targeted
exocrine pancreas autoimmunity in the absence of clinical dia-
betes. Repertoire analysis demonstrated clonal enrichment within
the pancreas consistent with an antigen-driven germinal center re-
action. A murine model with inducible inactivation of Treg cells
demonstrated similar exocrine-dominant lymphocytic infiltrates
in the pancreas. Thus, absence of functional Treg cells promotes
organ-specific, exocrine pancreas autoimmunity in utero.

Patient 1 was prenatally diagnosed with IPEX syndrome
secondary to a family history of a known pathogenic missense
mutation in FOXP3 (c.1087A>G, p.I363V) (see Fig E1 in this ar-
ticle’s Online Repository at www.jacionline.org). Maternal
polyhydramnios developed in the absence of fetal hydrops or
growth restriction. Prenatal ultrasound detected hyperechoic
skin, butwas otherwise reassuring. Laborwas induced at 39weeks
and immediately the infant developed unexpected respiratory
failure requiring intubation. Blood glucose level was normal
(57 mg/dL). Hematocrit was 43%, platelets 194,000/mL, and
WBCs 10.24 thousand/mL, with only 1% immature granulocytes.
Despite oscillatory ventilation, the child lived only 29 hours and
died from respiratory failure. Blood cultures and viral infectious
screening were negative and placental pathology was normal.
A complete autopsy was performed and revealed severe pulmo-
nary hypoplasia as the etiology for respiratory failure. Treg-cell
phenotyping performed on cord blood confirmed a lack of
CD41FOXP3hi CD25hi T cells. Histologic evaluation revealed
prominent lymphocytic infiltrates in the pancreas, gastric mucosa,
and thyroid glands but a lack of inflammation in the testes and ad-
renal and pituitary glands, a pattern typical for IPEX syndrome
(see Fig E2 in this article’s Online Repository at www.
jacionline.org). The pancreas infiltrate showed tertiary
lymphoid-like structures with extensive T-cell (CD31) zones,
including mixed CD41 and CD81 cells, surrounding distinct B-
cell (CD201) aggregates (Fig 1). Chronic inflammatory changes
were present including squamous ductal metaplasia, acinar atro-
phy, and stromal fibrosis.We screened inflamed pancreas sections
using interphase fluorescence in situ hybridization for X and Y
chromosomes (200 cells analyzed) and found an exclusively
male (XY) karyotype with no maternal (XX) cells. The histologic
findings indicate chronic in utero inflammation, rarely described
in fetal tissues.

An additional neonatal IPEX autopsy case, patient 2, revealed
similar findings. Patient 2 was the proband with several family
cases (FOXP3 c.1189C>T, p.R397W) (see Fig E1). He died at
day 19 from peritonitis. Pancreas histology also showed a
lymphocyte-rich mononuclear infiltrate within the pancreas, but
with more advanced fibrosis (Fig 1). Focal clusters of CD201 B
cells were surrounded by dense CD31 T-cell zones, with mixed
CD41 and CD81 staining, as seen in patient 1. In contrast to
the 2 patients with IPEX syndrome, control neonatal pancreas tis-
sue obtained from age-matched autopsy cases (n5 5) showed no
lymphocytic infiltrates regardless of the cause of death (Fig 1).
RNA-seq analysis from patient 1 pancreas tissue showed
increased expression of CCL19, CCL21, CCL22, and LTB (lym-
photoxin beta) transcripts known to be involved in tertiary
lymphoid organization and type 1 diabetes, and interferon-
driven proinflammatory chemokines (CXCL9, CXCL10,
CXCL11) known to recruit CXCR31 activated T cells (see Fig
E3 in this article’s Online Repository at www.jacionline.org).
Overall, the chronic and organized nature of the pancreatic
inflammation in both subjects with IPEX syndrome suggests a
role for Treg cells in restraining self-reactive T-cell responsive-
ness before microbial colonization.

Interestingly, islets were structurally intact and there were no
significant inflammatory infiltrates in or directly surrounding
islets despite the presence of extensive inflammation within
surrounding exocrine tissue (Fig 1, columns 1-2). Indeed, there
was preferential loss of exocrine tissue compared with age-
matched control tissue. Quantitative measurement of insulin-
staining islet tissue in both patients with IPEX syndrome revealed
sparing of the islets with an insulin-staining area similar to control
autopsy pancreas (see Fig E4 in this article’s Online Repository at
www.jacionline.org). Even in the 19-day-old infant (patient 2)
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