
Alternaria is associated with asthma

symptoms and exhaled NO among

NYC children

To the Editor:

The imp ortance of do mestic ex posure to allergicAlternaria

disease in urban communities i s underrecognized re lative to
cock ro ach, d ust mite, an d mouse expo su res. Co ncentrations
of are high er in o utdoo r than in ind oor air;Alternaria

howev er, d ampne ss, le aks, and resident beh aviors c an influenc e
funga l pe netrance an d se cond ary growth in doo rs. Mo reove r,
given the a moun t o f t im e children sp end ind oors, do mestic
expo sure may contribu te more th an outdo or exp osure to asth ma
morbidity.

Byprod ucts from fossil fu el co mbustion are co mmon in
urban air a nd are the most well-established anthro poge nic
env ir o nment al ad ju vant s o f a ll e r g ic s e n s i t iz a t io n . Black carb on
and eleme ntal carbo n (EC), indi cators of co mbustion exposure,
vary across c ities such as N ew York (NYC) b ecause of veh icle
and residen tial hea ting so urces. Among NYC children,
we previo usly de monstrated an in te ra ctio n b etwee n exp osure to
comb ustio n bypro ducts and co ckroach a llerge n on cock roach
s e n s i ti z a ti o n and an asso ciatio n b etwee n black carbo n mea su red
inside homes and fractional exhaled nitric oxide (F EN O), a marker
of airwa y inflammation . Therefore, co mbustion by produ cts
might e nhan ce t he effect o f fung al expo su re on alle rg ic disease
outco mes among NYC c hildren.

We hypothesized that, among NYC children, (1 ) sensitization
to wo uld b e associated with increasedAlternaria alternata

asthma symptoms, (2) domestic exposure to A alternata

wo uld b e associated with increased F EN O, an d (3) t he association
with F EN O would be modified by neighb orhoo d E C
conc entrations.

The NYC Neighborhood Asthma and Allergy S tu dy is an
asthma c ase-control stud y. S even - t o eigh t -y ear-old children were
recruited throu gh a hea lth i nsuran ce provide r p rima rily servin g
middle-income families. S t udy details and demo graphic
characteristics (see Tab l e E 1 in this article’s Online R epository
at www. jacionline.org) fo r children in cluded (n 270) are5

available in t his article’s Online Repository at www.jacionline.
org. FEN O an d se ru m Ig E t o i nha la nt allergens, includ ing
A alternata and mixed funga l species (Mx 2, Ph adia, Uppsala,
Sweden ), we re m easured. A alternata was measured b y
quan titative PCR from siev ed se ttled dust samp l es collected
f ro m t he c hild ’s bed ro om floor. Children ’s n eighb orhoo d an nual
airborne EC was estimated using published d ata.
A alternata was d etected in 85% of home s, ran ging fro m less

than 10 to 33, 158 spore equiv alents/m g du st collected (g eome tric
mean 5 7 spo re s eq uivalen ts/mg), which wa s app ro ximately5

60% high er tha n was measured in a study of US h omes. In
bivariate analyses, conc entrations were associatedA alternata

with n eig hbo rh ood asth ma preva le nce, hou sin g type, carpeting ,
and househ old an d n eig hbo rh ood incom e (all . 001 ;P <

see Tab les E 2 and E 3 in this article’s Online Repository at
www. jacionline.org). Higher con centrations wereA alternata

observe d with we t mopp ing ( .0 20) and i nverse ly correlatedP 5

with neighborhood EC ( .029) . In multivariable a nalyses,P 5

only the presen ce o f ca rp et remain ed indep end ently assoc ia te d
with ( . 00 3; seeA alternata P 5 Tab l e E4 in this article’s Online
Re pository at ww w. ja cio nl i ne. org).

IgE to was de te cted in 6. 3% of ch ild re n (n 269 )Alternaria 5

using the standa rd cutoff p oint of greater th an o r equ al to
0.35 international units (IU)/mL. Howeve r, a n ad ditional 1 0%
of ch ild re n h ad IgE detec tib le in the grea ter th an or equa l to 0. 1
to less than 0.35 IU/mL range (ie, 16% had IgE >_0 .1 IU /m L) .
Se nsitiza tion at both lower an d h ig her c utoff po ints was mo re
co mmon amon g asthma ca se s th an amo ng n onasthm atic controls
( . 016) and was a sso cia te d with a similar likelihoo d of h avingP5

de te ctib le IgE 3 years later (see th is article’s Online R epository at
www.jacionline.org). Am ong asthma cases, children sensitized to
A alternata we re more likely than nonse nsitized children to report
frequ ent wh eeze ( >_4 episodes) in the past year ( ), includingF i g 1
those with sensitization in the greater th an or equal to 0.1 to less
than 0.35 IU/mL range. T hese fin dings supp ort lowering the
co mmonly used IgE cu to ff point o f 0 .3 5 to 0 .1 IU/mL to id entify
c h ild re n p o te n t i a l ly susceptible to greate r asthma morbidity with
A alternata sensitization for epid emiological studies.

In multivariable models controlling for sex, African
American race, Hisp anic ethn ic ity, maternal asthm a, sm oker
in th e home, and seaso n, sensitization to (A alternata >_0 .1
IU/m L) was associated with freque nt wheeze (prevalence
ratio 3. 7; 95% CI, 1. 8-7. 8; . 00 1) an d oth er asth ma5 P <

ou tcomes (see Tab le E 5 in th is article’s Online R epository at
www.jacionline.org). Th is prevalence ratio remain ed signific ant
in mod els that also adjusted for se nsitiza tion to oth er co mmon
inh alant allergen s (e g, other fu ngi, coc kroach , m ouse, du st
mite, a nd cat; see in th is article’s Online R epositoryF ig E 1
at www.jacionline.org). These resu lts su gge st th at A alternata

may be a relevant contributor to asthma morbid ity in this u rb an
co mmunity, lik e co ckroac h, mou se , and dust mite.

A alternata i n h o u s e d u s t w a s n o t a s s o c i a t e d w i t h
s e n s i t i z a t i o n t o A alternata, f r e q u e n t wh e e z e , o r l u n g f u n c t i o n
( s e e t h i s a r t i c l e ’s O n l i n e R e p o s i t o r y a n d Ta b l e E 6 i n t h i s
a r t i c l e ’s O n l i n e R e p o s i t o r y a t w w w. j a c i o n l i n e . o r g ). Ho we ver,
i n m u l t i va r i a b l e m o d e l s , A alternata i n d u s t w a s m a r g i n a l l y
a s s o c i a t e d w i t h FE N O ( 5 . 0 4 3 ; P 5 . 0 7 8 ) . U n e x p e c t e d l y,
this a ssoci atio n appea red to be s t r o n g e r am o n g t h e ch i l d r e n
not se nsi tiz ed to A alternata ( s e e t h e R e s u l t s s e c t i o n i n t h i s
a r t i c l e ’s O n l i n e R e p o s i t o r y a t w w w. j a c i o n l i n e . o rg ) . I n s t r a t ifie d
a n a l y s i s , n o a s s o c i a t i o n w a s o b s e r v e d a m o n g t h e c h i l d r e n
l i v i n g i n l owe r E C n e i g h b o r h o o d s ( 5 20 . 0 2 1 ; P 5 . 5 9 ) ,
but a re la t ively we ak, b u t sta tis tic all y sig n ific an t p osi tiv e
a s s o c i a t i o n w a s o b s e r  v e d a m o n g c h i l d r e n i n h i g h e r E C
n e i g h b o r h o o d s ( 5 0 . 0 8 9 ; P 5 . 0 0 8 ; P 5 . 0 2 8 ;

FIG 1. Prevalence of frequent wheeze symptoms among children with

asthma by IgE response to and other inhalant allergensA alternata

(n 157). Asterisks denote statistical differences in frequency between5

IgE groups. * .05, ** .01, *** .001.P < P < P <
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F i g 2 ) . We a l s o o b s e r v e d a s i m i l a r , i n d e p e n d e n t , i n t e r a c t i o n
wi t h E C o n t h e a s s o c i a t i o n b e t w e e  n c o c k r  o a c h a l l e rg e n a n d
FE N O , b u t n o t o n a s s o c i a t i o n s w i t h o t h e r a l l e r g e n s ( s e e t h e
R e s u l t s s e c t i o n a n d Ta b l e E 7 i n t h i s a r t i c l e ’s O n l i n e R e p o s i t o r y
a t w w w. j a c i o n l i n e . o r g ) . T h i s s t u d y f u r t h e r i m p li c a t e s
c o m b u s t i o n b y p r o d u c t s a s r e l ev an t t o t h e a l l e r g i c p a t h w a y i n
u r b a n c o m m u n i t i e s , l e n d i n g s u p p o r t t o l a r g e - s c a l e p u b l i c
hea lth i n te rv en tio ns, like NY C’s Cle a n H eat In iti a tive.

C r o s s - s e c t i o n a l d e s i g n a n d a f o c u s o n 1 f u n g a l s p e c i e s w e r e
l i m i t a t i o n s o f t h i s s t u d y. O t h e r m o l d t a x a t h a t w e d i d n o t
m e a s u r e m a y a l s o a f f e c t t h e r i s k o f a l l e r g i c s e n s i t i z a t i o n t o
A alternata a n d a s t h m a m o r b i d i t y, e s p e c i a l l y b e c a u s e
h o m o l o g s o f t h e m a j o r a l l e r g e n f r o m A alternata, A l t a 1 , a r e
a l s o p r o d u c e d b y o t h e r s p e c i e s i n t h e Pleosporaceae

f a m i l y. T h u s , o ur s p e c i e s - s p e c ific n u c l e i c a c i d – b a s e  d
m e a s u r e m e n t o f A alternata h a s i m p l i c a t i o n s f o r e x p o s u r e
m i s c l a s s ific a t i o n .

I n s u m m a r y, A alternata a p p e a r s t o b e r e l e va n t t o a s t h m a
m o r b i d i t y f o r c h i l d r e n l iv i n g i n N Y C . U s i n g q u a n t i t a t iv e
P C R , w e d e t e c t e d A alternata i n s e t t l e d d u s t i n m o s t N Y C
h o m e s , s u g g e s t i n g t h a t d o m e s t i c e x p o s u r e i s c o m m o n .
S e n s i t i z a t i o n t o A alternata, i n c l u d i n g a t c  o n c e n t r a t i o n s
o f I g E p r e v i o u s l y c o n s i d e r e d t o b e n e g l i g i b l e ( 0 . 1 -<0 . 3 5
I U / m L ) , w a s a  s s o c i a t e d w i t h a s t h m a m o r b i d i t y, i n d e p e n d e n t
o f s e n s i t  i z a t i o n t o o t h e r c o m m o n i n h a l a n t a l l e r g e n s . A alternata

m e a s u r e d i n s e t t l e d d u s t w a s a s s o c i a t e d w i t h i n c r e  a s e d F E N O ,
e s p e c i a l l y a m o n g c h i l d r e n l i v i n g i n n e i g h b o r h o o d s w i t h h i g h e r
E C ex p o s u r e , i n d i c a t i n g t h a t e x p o s u r e t o c o m b u s t i o n
b y p r o d u c t s m a y h e i g h t e n t h e e f f e c t o f A alternata e x p o s u  r  e
o n u r b a n a s t h m a m o r b i d i t y. T h e r e l a t i ve l y m o d e s t a s s o c i a t i o n s
a n d t h e o b s e r v e d a s s o c i a t i o n b e t w e e n e x p o s u r e a n d F E N O

a m o n g t h e n o n s e n s i t i z e d c h i l d r e n c a l l f o r b o t h c a u t i o n i n
d r a w i n g c o n c l u s i o n s a n d f u t u r e s t u d i e s t o c l a r i f y t h e r o l e o f
A alternata i n u r b a n a s t h m a m  o r b i d i t y.

We t h an k t he p ar t i ci p at i n g m ot h er s an d ch i l dr en . T h is w or k w o ul d no t ha v e

b ee n po s si b le w it h ou t t he ha r d wo rk an d de d i ca t io n of t h e r es e ar c h w or k er s

a nd fie l d t ec h ni c ia n s. Th e fin d in g s a nd t h e co n cl u si o n s i n t hi s r ep o rt a r e th o se

o f t h e a ut h or s an d d o n o t n ec e ss ar i l y r e pr e se n t t h e vi e ws of th e N at i o na l
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The beta value was statistically significantly greater among children in higher versus lower EC

neighborhoods (P 5 .028).
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Evaluation of food allergy candidate

loci in the Genetics of Food Allergy

study

To the Editor:

Foo d a llerg y (FA) is a commo n h ealth prob le m with a stro ng
genetic etiology. Twin studies es timated FA heritability at about
80%, but our knowledge o f t he genes underlying FA is still
sparse. A recen t geno me-wid e association study (GWAS ) o n FA
published in the Journal of Allergy and Clinical Immunology

investigated 850 cases fro m the C anad ia n Pea nut Allergy
Re gistry (CanPA R) and 9 26 Australian controls. Th e Ca nPAR
study successfully identified a new FA lo cus on chro mosome
11q 13, near the g enes (c hromoso me 11 op enC11orf30

reading frame 30 ) an d (le ucine-rich repe at-c ontainingLRRC32

32), a nd propo sed additiona l risk variants fo r further
investigation t hat did not meet th e th re sh old of geno me-wid e
significan ce.

Here, we aimed to evaluate the findin gs of t he Ca nPAR study in
an in depe nden t stud y p opulation , th e Ge rm an G enetics o f F ood
Allergy (GOFA) st udy. Th e GOFA study consists of 902 cases
with FA, including 342 with peanu t al l er gy, and 36 68 contr ol
individu als of unkn own p heno type fro m 2 German
pop ulatio n-based stu dies, t he He in z N ix dorf Re call Study
(n 26 82) an d t he S tu dy of H ealth in P omeran i a (n 986).5 5

A GWAS on th e GOFA stu dy has recen tly be en pub lishe d and
identified 5 geno me-wid e sign ificant susceptibility loci for FA
and p eanu t allergy. Most GOFA stud y ca se s were diag nosed b y

do uble-blind , place bo-co ntro lle d foo d challeng es ( Table I), the
current gold standard for the diagnosis of FA. Detailed
informa tion o n c linica l ph enotyp es, study po pulation,
ge notyp in g, a nd sta tistical anal yses is provided in this article’s
Meth ods www. ja cionline.se ctio n in the Online R epository at
org . After q uality co ntro l, 866 cases includ in g 33 6
pe anut-allergic c hildren and 33 58 controls were in cluded in our
ca se -c ontrol association study on FA.

In line with the C anPAR stu dy, we h ave previou sly re ported
ge nome -wide significa nt a ss oc ia ti o n o f the C11orf30/LRRC32

locus with FA. Analyzing the CanPAR lead single nucleotide
po lymorph ism (S NP ), rs79 364 34, in the GOFA study revealed as-
sociation with FA ( 1. 6 10P 5 3 ) a nd with peanut allergy
( . 00 24;P 5 Table II), wh ic h was significant a fter correction fo r
the numb er of mark ers tested. Sin ce rs793 6434 is in high lin kage
disequilibrium (LD) with the previously reported, best-a ssocia te d
SNP of the GOFA study, rs22 124 34 (r 5 0. 89), b oth variants
represen t th e same locu s. In add ition, we investigated the other
7 indep ende nt S NP s, rs1 152 1828 9, rs72 8278 54, rs14 4897 250 ,
rs747 521 7, rs744 597 , rs5238 65, and rs7 804 8444 , which were
suggestive o f association with FA i n t h e Ca n PAR GWAS . Two
ad ditio nal v ariants reported in th at study (rs561 5106 8 and
rs139 462 954) were in very h ig h LD with th e lead v ariant
rs728 278 54 (r > 0. 92) o n c hromoso me 1 7, thus re presenting
the same association. All candidate SNPs we re either genotyped
or im puted with high quality (r > 0. 75 ) in the GOFA stu dy. Non e
of th e 7 ca ndidate SNPs was associated with FA in our stud y
(Tab le II). Becau se all C anPAR c ases were recruited throug h p ea-
nu t allergy, we th en te sted whether th e repo rted association s were
pe anut-specific. Ho wever, restricting the analysis to the subset of
pe anut-allergic c hildren from th e GOFA study did no t chan ge th e
results (Table II) . We u se d t h e Ge n e t i c P owe r c alculator to assess
the power of o ur study sample fo r re plication. Based o n the a llele
frequ encies and the re ported effect sizes, the GOFA stud y pro-
vid ed n early 1 00% p owe r to d etect association of the cand id ate
va rian ts with FA at the B onferroni-corrected sig nifican ce
thresho ld of .0 0714 . T he p ower to d etect a peanu t-sp ecificP <

effect was reduc ed fo r on ly 2 low-fre quen cy variants
(rs115 2182 89 and rs78 048 444) but still exce eded 8 0% fo r a
no minal sign ificance level (see Table E 1 i n t h i s a r t ic le ’s On l in e
Repository at www. jacion line .o rg).

In the CanPAR study, 7 loci su ggestive for association with FA
were repo rted , which we re n ot c onfirme d in in depe nden t stud y
po pulation s include d in the original re port. Because

TABLE I. Characterization of the GOFA study

Characteristic GOFA study

To t al n um be r o f s am p le s 9 02

S ex 6 4% m a le s

Ag e (y ) , me a n SD 4 .8 3 .66 * 6

Dia g no sis , n (% )

Do ub l e -b l i nd , p la c eb o -c o nt r ol l e d f o od ch a ll e ng e 6 50 ( 72 )

Or a l f o od ch a ll e n ge 1 2 5 ( 14 )

Se ver e al l e rg i c r e ac t i on pl u s el e vat e d

al l e rg e n- s pe c ific s e ru m I g E ( 0 .3 5 k U/ L )>

1 27 ( 14 )

F oo d a l l er g i es , n (% )

He n’s eg g 50 4 ( 5 6)

Pe a nu t 35 2 (3 9 )

C o w ’s mi l k 27 6 ( 3 1)

* M ean ag e a t l as t visit.
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