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Aercalletgens in Dairy Barns near Coopertown, New York
and Rochester, Minnesota'-3
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SUMMARY We sampled atmospheric barn air using a volumelric air sampler in len barns ne

CoopeBlown, NY and six barns near Rocheater, MN, and, with redioimmunoassays' measuied alll

gens of Aspcrgrrtus lumÍgatus,Thcrmodctinomyces vulgaris, l ', ictopotlspoti latti, short rag$ree

rye grass group I pollen, Allcrnerla (Alt-l), Detmatophagoidcs sp, Lapidoglyphus doslfucfor, col

mon Insect ellergen, mouse urlne, rat urine, and cattle epithelium. The most abundant allerg,

present wes A. fumigatus tollowed by L. deslrucfor. Thls study provldes Initiel data on bern aerobi,

ogy and demonstrsles for thè firsl time the abundance ol L, dcsfructor allergens in North Americ

deiry barns. Morc comprehensivé study ol berns, poultry houses, confinemenl houges lor swir

and other agrlcultural erwironments tfom various geographic locrtlons ls n"èded to deline the alll

gen levels to which millions of larm workeB are expoecd each dry. While mort of the allerge

were expected, lhè pr€sence ol airborne allergens reactive with antlsera lo Defmatophagoides 3t)

gests indireclly that 3ubstantial amounts of pyroglyPhld mites are pr€senl in some barns
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lntroduction

Fur-.r,  who work in barns frequently

deve lop  occr rpa t iona l  as thma or  hvper -

sens i t i v i t y ,  and o ther  a l le rg ic  pa t ien ts  o f -

ten have acute symptoms when they visi t

barns  ( l -7 ) .  Thcrc  a rc  n ìa l ty  sourccs  o l '

a l le rgens  in  barns :  the  an imals  and the i r
feed, weeds, molds and actinonrycetes,
rats and mice, insects, and mites. Bri t ish

and Scand inav ian  inves t iga tors  have ad-

dressed the  issue o f  a l le rgy  in  the  barn
in  a  number  o l  recent  s tud ies  (3 -5 ,  8 ) .
Wi th  ra re  exccpt ions  (9 ) ,  the i r  conc lu -

sions regarding aerclal lcrgens have been

based upc ln  ind i rec t  ev idence der ived
f rom sk in  tes t ing ,  rad ioa l le rgosorbent
test (RAS'I'), and antigen challenges rath-

er than direct measurements of barn air.
The prevalence of a number of potential

al lergens in the barn atmosphere has

not been studied with immunochemical
methods previously. Therefore we sam-
pled barn air in l6 barns and measured
various aeroal lergen levels.

Methods

Air Sampling

Ten barns in Cooperstown, NY and six barns
in Rochester, MN were selected for sampling
by methods previously described (10). They
were representative of large commercial dairy
barns, containing an average of 30 to 50 cows,
cach in an individual stal l .  The stal ls were ar-
ranged in lwo rows running the length of the
barn. The rows were separated by a six- to
eight-foot central walkway with gutters for
manure removal on either side. The animals
faced outward, away from the central area,
and the feeding of the animals took place
along the two lateral walkways-typical ly
about four feet in width. Al l  the barns had
cement floors and hay or straw was used as
bedding in the animal stal ls. A variable num-
ber of windows l ined the side walkways and
venti lat ing fans were located either in the side
walls or at the door at both ends of the barn.
Most of the sampled barns had 7 to 8 foot
cei l ings with large amounts of hay stored in
bales on the f loor direct ly above thc anirrtals.
' fwo 

or more upright si los were attached to
each of the barns by a snral l  "si lo shed" or
"feecl roorn." Inside ofeach barn i t t  ( ìoopers-

town,  lwo vo lumet r ic  a i r  samplers  (A i r  Sen-
t inel '" ;  Quan:Tec-Air,  Inc., Rochester, MN)
were placed at opposite ends on the main
floor. The Rochester barns were sampled
using a single air sampler placed in the mid-
dle of the barn. Samples were col lected for
20 or 60 min at an average flow rate of 3 L/s.
A second sample was col lected at the same
location severaI months later. Although lèed-
ing of moist si lage had recently occurred in
several barns, no overl ly dusty operations were
underway at the t ime of the sampling in any
of  the  barns .

Part icles in the air were col lected on a poly-

tetraf luoroethylene (PTFE) membrane with

a pore size of 0.3 ;rm (Quan-Tec-Air,  tnc.).
Fi l ter membranes were stored in individuat
sealed bags. The bags were opened and the
fi l ters placed on the air sampler only seconds
before sampling began. Upon termination of
sampling, the l i l ters were immediately re-
moved from the sampler, placed back in the

bag, and promptly sealed. All bags and tilters
were numerical ly coded for later identi f ica-
t ion of specif ic barns. After col lect ing the
sample, the f ibrous backing on the PTFE
membrane was str ipped away and the mem-

brane extracted overnight in 2 to 3 ml of 0'l M
phosphate buffer,0.29o bovine serum albu-
min, pH 7.6 and 5090 glycerine. The sample
was then decanted into a Brinkmann vial
(Brinkmann Instruments, Westbury, NY) and
centrifuged at 10,000 rpm for 5 min to remove
the sol id part icles. The supernatant was then
decanfed into a clean vial and stored at
'20"  C un t i l  ana lyzed.

Allereens

1 'hg  1( l l lou ' inp  rvere  oh ta incd  as  Nat iona l  In -

st i lutes of '  Health Research Retètenct
agents: A.spergillus .fumigarus. l\l icro,
spt tr i lae n i, and T hennoat' t ino nt.v<'es v u I.
The Alternario (Alt  I  )  preparation war
from Dr. John Yunginger ( l l ) .  The n
urine allergen was obtained by manual er
sion of mouse bladders. The urine wa:
lyzed against 50 mM ammonium bicarb,
using 3,500 MW cutoff SpectroPor c
(Spectrum Medical Industr ies, Inc., Lo
geles, CA). The retentate was then lyophi
Rat urine was collected in metabolic cage
separated the urine from the feces an<
processed in the same manner as the n
urine. Rye grass pollen was obtained
Hollister-Stier (Spokang WA). The polle
defatted for 4 h with ether in a Soxhl,
tractor (Curt in Matheson Scienti f ic,
Eden Prair ie. MN) and dried at room tel
ature. The pol len was extracfed ( l :10, wl
in 200 mM ammonium bicarbonate ovet
at 4'  C. The pol len extract was dia
against 50 mM ammonium bicarboni
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-1,5m MW cutofl  casing. T'he dialyz-ed extract
was then lyophil ized, assayed for rye Croup
I al lergen content and was assigned 1.7 mg/
rnl.  Short ragweed (SRW) al lergen prepara-
t ion was obtained from Creer Laboratories
(l  cnoir.  NC). l t  was cal ibra(ed in international
refèrence standard units ( lU), and contained
217 antigen E units/ml. Dernratophagoides
pteronyssinus preparation was obtained from
Hol l i s te r -S t ie r .  I t  con ta ined l l7  pg  an t igen
Der pl equivalents per ml as per Dr. Mart in
Chapman,  tJn ivers i ty  o f  V i rg in ia  (12)  o r  7 .2
It) lrnl.  The catt le epithel ium extract obtained
from Holl ister-Stier was labeled l :50 (wtlvol)
ancl was 5090 glycerinated.

Frozen, whole-body (ìerman c<lckroachs
(WB(ìC), Blattella germanlca, were obtained
lronr l lol l istcr-Stier. The WBCC were f lash
l rozen in  l iqu id  n i l rc lgen,  l yoph i l i zed ,  de ta t -
tcd for 4 h with ethcr in a Soxhlet extractor,
crushed in a mortar and pestle, and extracted
l :10  (wt ,zvo l )  in  2 (X)  mM amnron ium b icar -
bonale overnight at 4" C. 

' Ihe 
cockroach ex-

tr i lct was clari f ied by centr i fugation antl  dia-
lyzed against 5() mM ammonium bicarbonate
using 3,-500 MW cutoff casing. The dialyz-cd
extract was again clari f ied by centr i fugation
and d iv ided i r r to  two equa l  a l iquo ts .  'Rr  

one
half.  an equal volume of glycerine was added
rvh i le  the  o thcr  ha l f  was  lyoph i l i z -ed .  Pro te in
(on ten l  o l  thc  g lyccr i l la {cd  ex t rae t  u 'as  l0
rrrg,/rnl by the nrethod ot lowery ( l- ]) .  - l 'he

exlracts wcre storecl ír t  2-5' C. C'ornr-non in-
sect al lergens (CIA) were obtained by apply-
ing the lyophil iz-ed WBCC extract over a
Sephadex G-200 column (Pharmacia Fine
Chemicals, Piscataway, NJ). Three pooled
fractions were obtained from the column. The
second fract ion (protein conîent l2 mg/ml)
containing molecular weights greater than
55K was broadly cross-reactive by radioim-
rnunoassay with insects from the orders
Lepidoplera, Diptera, H-vnrenoptera, and
Ephenreroptera (14, 15). I-lence, this fracrion
is designated CIA.

Storage mites (Itpidoglyphys desÍ ructor)
were obtained fronr Al lergorr Inc. (Uppsala,
Sweden). Whole-body mite was defatted for
4 h with ether in a Soxhlet extractor, and dried
at room temperature. Defatted storage mite
was crushed with a mortar and pestle, and
extracted ( l :10, wt,/vol) in 200 mM ammoni-
um bicarbonate for 48 h at 4o C. The storage
mite extract was clari f ied by centr i fugation,
and dialyzed against 50 mM ammonium bi-
carbonate using 3,500 MW cutoff casing. The
dialyzed extract was again clari f ied by cen-
tr i fugaîion, and divided into two equal al i-
quots. To one-half, an equal volurrre of glycer-
ine was added while the other half  was fro-
zen. Protein content ofthe glycerinated extract
was measured at 1.3 mg/ml by bicinchoninic
acid method (Pierce Chemical Company,
Rockford, IL).

Antibodics

l luman ant ibody  poo ls  conta in ing  lgG were
rrsecl irr  the assays to quanti tate A. fumiga-
lus, ll. Jaeni, T. vulgaris, and L. clestru<:tor.
Senrm from two lcl  eisht individuals with
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farmers' lung or al lergir:  aspcrgi l losis were
used. Theantibody to L. deslruclorwas found
by screening 48 sera from farmers' lung pa-
tients with L. destructor, Acries siro, and'ly 

ro p ha gus pu t rescen t iae. I gE ant ibody pools
from two to eighl individuals who were sen-
sit ive to a specif ic al lergen and who had not
received irnmunotherapy were used in the as-
says to quantitate AIt l, mouse urine, raî uring
rye grass pol len, and SRW The assay for CIA
used sera containing IgE frorn two patients.
While both patients had summer and fal l  rhi-
nitis and positive RAST to molh (Pseudole-
l ia unipuncta), one had rhinit is associated
with swarms of lakefly (Cft ironomus plunto-
sl.s) plus a posit ive RAST and skin test to
midge (serum provided by Dr. Steven Kagen).
Neither was cl inical ly sensit ive to insect ven-
oms! or had been cln immunotherapy ol any
k in t l ,  o r  had l requcnr  exposure  to  insec(s  in
his occupations clr hobbies. The lgE antibody
usecl for the catt le epif  hel iLrm al lergen was ob-
tained frorn a veterinarian who had occupa-
t ional asf hma from cows.

T'he mite assay employed a polyclonal rab-
bit anti D. 1tÍeron-t'ssilnr.r scrum clbtained
lrorn Al-K l ,aboratories ((.openhagen, Den-
mark) .  Rabb i t  an t i -m i te  an t ibod ies  were  ad-
sorbed to  mic ro t i te r  p la tes  as  the  capture  an-
t ihody .  The de tec t ion  an t ibody  r rsed a  rad io
ioi l inatcd af f  ini t  v-puri  l ' iecl preparat i trr ì  () l '  I  l ìc
san le  serur ì .  A f  f in i t y -pur i f ie t i  an t ibody  ivas
obtaíned by passing the rabhit serurn over a
column nreasuring 75 cm in length by l5 mrn
in dianreter containing I g activated Sepharose
48 (Pharmacia Fine Chemicals, Uppsala,
Sweden) to which D. ptercnyssinrrs (ALK
Laboratories) al lergens were coupled. Af ter
washing the column free of unbound protein,
the antibody was eluted with glycine buffer
pH 2.3. The fract ions from the column were
measured for spectr<lphotometric absorption
at  277 nm and a  poo l  was  made w i th  the
highest absorbing fract ions.

Radioimmunoassa_y

IVIost samples were assayed by inhibitiorr anal-
ysis using a microt i ter plate procedure. Such
was similar fcrr al l  al lergens, except that the
sensit ivi ty varied for each system. The micro-
titer plate assay procedure was as follows: l(X)
pl of al lergen containing I pg of protein was
added to an Immulon-2 (Dynatech Labora-
tories, Alexandria, VA) well ,  which was then
incubated overnight in a humidity chamber
at room temperature. The plate was washed
three t imes with RAST wash buffer using a
Nunc Immuno-wash l2 plate washer (Nunc-
Inter Med, Copenhagen, Denmark). A stan-
dard inhibit ion curve was generated with a
reference al lergen standard. To each well ,  50
pl of test al lergen (standard or unknown) was
added fol lowed by 50 pl ofserum containing
appropriate antibody. The plate was gently
agitated for I  min and al lowed to incubate
overnight at room temperature in a humid
box. l t  was washed and the wells were f i l led
with 100 pl containing 100 ng of radioiocl i-
nated 'r ' I  human anti-IgE, or for the IgC anti-
body systenrs, radioioclinated SÍ a p hv I oco<'r'u s

Protein A (Genzyrne Corporation, I loston,
MA). After a second overnight incubation,
the plate was washed and each well  counted
in a gamma counter.

The two-site pyroglyphid mite assay was
perlbrmed in the fol lowing manner: l f i )  pl
of a l :500 di lut ion of the polyclonal rabbit
anti-D. pleron.vssinus rabbit antibody was ad-
sorbed to each well  at pH 9.2, 20 mM car-
bonate buffer. This solut ion was incubated
overníght at room (emperature. Again the
plate was washed, and to each well  50 pl of
test allergen (standard or unknown) was added
fol lowed by 50 pl RAST di luent. Tl"e plate
was gently agitated for I  nrin then al lowed
to  incubate  overn igh t  in  a  humid i l y  cham-
ber, at room tenlperature. l t  was washed and
the wells were f i l led with 100 pl (20 ng) of
rad io labe led  " ' l  a f f in i t y -pur i f ied  rabb i t  an t i
D. pteronyssinrrs and the wells from the mi-
crot i ter plate were counted in a ganrma count-
er. Although thís assay was expressed in terms
clf antigen Der pl equivalents lrom a refer-
errt 'e sl lndard ol I) .  ptaron.v.rslnu.s, extracts
of De r tn a t op ha go id es.f a r i nue cross-react ex-
rensively. 

' l 'he 
assay mcasured al lergens from

De r nt a ! o p ha g,o ides an<l related genera. Stor-
a ge nr i tes. Le p i d o g I -r, p h u s, .4c a r u s, and'l -v ro -
phugus did not cross-react in this assay.

l\I it rtt,st'rt lt i 1 I rle n t i.l'i<'o t i rt n o nd

Quu n t i.fica t iLt n r 1[ M i r t s
in Barn Du,st

After col lect ing the dust from representative
barns. the sanrple was transported to the lab-
oratory in a sealed Petr i  dish and stored in
the refr igerator at 5o C. Dust samples were
sieved using a round copper sieve (mesh size
20) and a copper reservoir of the same size.
The f ine sample recovered from the reservoir
was set aside for further studies. One hun-
dred mil l igrams of the sample was placed in
a l f i )  rnl beaker to which was added 25 ml
of lact ic acid and held overnight at 45" C.
After incubation, f  he beaker was then placed
on a maxi-mix for 2 min and rotated to form
a suspension of mites and dust. After 5 min
(ennugh t ime to al low larger part icles to set-
t le), f ive 5-ml al iquots of supernatant suspen-
sion containing the mites were placed into
small  Petr i  dishes (60 x l5 mm; Falcon, Ox-
nard, CA) and the mites were examined un-
der a dissecting stereoscope at x 25. Al l  the
mites present in each al iquot were mounted
on microscope sl ides in Hoyer's medium for
identi f icat ion and counting. The number of
mites in each sample was determined and
recorded as mites,/g of reservoir dust.

Results

The levels of aeroallergen were quite simi-
lar in barns near Cooperstown, NY and
Rochester, MN (f igure l) .  For compari-
son we have provided information about
the previously measured maximal levels
of sorne of these al lergens in other typi-
cal locaf ions (table |  ) .  

' f  
he concentrat ions

in  barn  a i r  were  qu i te  subs tan t ia l ,  o f ten
n]any  t imes h igher  than o the  r  loca t ions .



n

qt
c

AEROALLERGENS IN DAIRY BARNS
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Ftq.  1.  Averageaeroal lergen levelsandstandarddevia l ionsf romdairybarns inCooperstown,  NY,  Sample 1( l  l ) ,

Sample 2( I ) ;  and Rochester ,  MN, Sample 1(N),  Sample z(Vr l .  A l l  un i ts  are ng/m3 except  number 5 and number

8.  Single hor izonta l  l ines denote maximal  a l lergen levels  obta ined in  other  typ ica l  local ions (see table 1) .  ( t )

Micropolyspora laeni',l2l Thermoactinomyces vulgaris; (3)Aspe/g//us tumigatus: (41Altema(ia alternata, (51Ambro-

sia attemisiitolia: (lU/m3): (6) Lolium perenne. (n common insect allergens,l8l Dermatophagoides ptercnyssinus,

(l g Der pt antigen equivalents x 1 0'6/m3) i (9, Lepidoglyphus destruclor: (10ì, Mus musculus: ( 7 t) Ballus norvegicus:
(12) Bos domesticus.

S i m u l t a n e o u s  S a m p l e s  t a k e n  a t  e a c h  e n d  / u , s .  O t h e r  s p e c i e s  p r e s e n t  w e r e  p r e d a t o r

of the Cooperstown barns were near ly mi tes of  thegenus Cheyletus. In Barn 3,
identical and samples from Rochester the predontinant ntite species was Glyclt-
taken several months apart were also very phagus (Myacarus) ornotus. Other mites
similar. present in smaller numbers belonged to

Dust from five of the ten barns the family Pyemolidae, which are known
(Cooperstown) was collected and exam- to produce severe urticarias in affected
ined microscopically for mites. ln Barn farmers. The hypopi (immature forms of
l, the predominant species was the acarid Glycyphagus ornotus), were also present
mite, Caloglyphus berlesei. Other ntites and belonged to the pilicolous type and
found in smaller numbers were Eurogly- are normally attached to the hairs of rats.
pfurs maynei, Izpidoglyphus deslrucÍor, In Barn 4, the predominant mite species
and Blomiq spp. In Barn 2, the predomi- was Caloglyphus berlesei, present in
nant species was Chortoglyphus orcuo- adult and hypopi stages' In Barn 5, the

TABLE 1

MAXIMAL CONCENTRATIONS OF AEROALLERGENS MEASURED IN

REPRESENTATIVE LOCATIONS

Agent Concentrat ion Location

Cooperstown barn while op€ratang

a bedding chopper
Cooperstown barn while operating

a bedding choPPer
House with decaying studs and

moldy insulat ion in  wal ls

New York tenemenl
Rochesler outdoors in August

Rochesler outdoors in June
Bochoster  ouldoors in  Ju ly

Rochesler  house
Cooperstown barn
Mayo Animal  Ouarters
Mayo Animal  Quarters
Rochesler  barn rn winter

predominant mite species were lcr
siro and Tyrophagus putrescentioe, p
ent in all stages. Pyroglyphid mites r
present in only one sample (Euroglyp
movnei, Barn l). Mites were comm(
found in very large nuntbers. ln all
cases, large colonies were present
more than 10,000 mites/g of dust c<
be counted.

Discussion
It was not surprising to measure ci
epi thel ium in dairy barns;  perhaps s,
of the other results were less predicti
Proteins react ive wi th ant ibocly to t
mophilic actinomycetes were measur
in undisturbed barn air. This was our
exper ience in measur ing these ant i ;
and we have no basis for interpretinl
s ign i f i cance  o I  t l r i s  concen t ra t i o t ì  i n
disturbed barns.  Episodes of  farn
lung usual ly  fo l low act iv i t ies that  ar ,
t remely dusty,  such as opening s i lc
spreading moldy bedding.

Detection of antigens cross-rea(
wi|h Dernratophogoides was uncxl
ecl, for clairy barns are not infc'sted
mites <rf tlre genus [)ernralophugr
(  l6-19).  Presumatr ly  ant igens f rom r
ed genera cross-react with Derntalo,
goides although the only pyrogly
species found in the 5 barns we e>
ined was Euroglyphus. The import
of mites other than Dermllophag(.
in causing allergic disease deserves
ther study.

Patients with farmers' lung develol
t ibodies to many ai rborne anî igeni
sides thermophilic actinoycetes, so ir
not  supr is ing to f ind a pat ient  wi th
antibodies to L. destruclor. We foun
patient with antibodies to .4. siro r
pafrescenliae suggesting that they ar,
abundant in the dairy environmenl
did f ind ai rborne ant igens react ing
antibodies to L. destruclor in what s,
to be high concentrations. This is t
nificant though not surprising fin
since L. destruclor and possibly t
storage mites are increasingly recogl
as an important cause of allergic s1
toms in farm workers (3, 4). Our st
for lgG or IgE antibodies to other g
phagous mites, l. siro and T putre;
tiae,in sera of patie nts with farme rs'
or barn dust asthma has not, as
provided a reagent for assay of ther
lergens. Although Von Hage-Han
(20) descr ibed some cross-react iv i t
tween Z putrescenliaeand L. deslrt
and in some systems cross-ant t1
properties have been found between
maÍophagoides and lvrophogus, ex1

1. Mictopolyspora faeni'

2. Thermoactinomyces vulgeris'

3. Asperigullus lumigatus

4. Alternaria alternata
5. Ambrosia aftemìsiilolia
6. Lolium perenne
7.  Common Insect  Al lergen
8. Dermatophagoides pteronyssinus
g. Lepidoglyphus destructot'

10. Mus Musculus
11.8af tus noNegicus
12 8,os domesticus'

'  
N o t  d e l e r m i n e d  r n  a n y  e n v i r o n q p n i  4 l h e r  r h a n  l h e  b a t n s

2.727 mglm3

187 pg/m3

26 ng/m3

25 ng Eq/ml
0.20 lU/m3
85 nglm3
8 ng/m3
0.4 ng Ag Der p l  Eq/m3
12 t rg/m3
60 ng/m3
1200 ng/m'
16 t rg/m3
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from these mites do not cross-react with
the human or rabbit antibodies to Der-
matophagoides or Lepidoglyphus that we
used.

The concentration of A. fumigatuswas
extremely high. The highest value we have
measured to date in other environments
is 25 ng,/m3 in an obviously moldy house.
l-evels in most houses are less than 5
nglm'. Thus, barns appear to be an im-
portant source of exposure to Aspergil-
Ius. Al lernarla concentrat ion in barn air
were also an order of magnitude higher
than maximal outdoor concentrat ions as
were the rye grass and ragweed pollen al-
lergens. On thc other hand, mouse and
ra l  u r ine  pro le ins ,  a l though present ,  oc -
curred at corìcentrat ions much lower tharr
in laboratory animal care rooms and ap-
pear  un l i ke ly  as  an  impor tan t  causc  o f
al lergic diseases in dairy farmers.

The common insect allergen assay mea-
sures al lergenic epitopes widely distr ibut-
ed anrong insect ordcrs. Concentrat ions
of these insect al lergens vary considera-
bly between barns but occasional barns
were tenfold higher than outdoor air or
a i r  in  Rochcs fer  houses  and werc  in  the
rangc  o f  concent ra t ions  f  ound in  tenc-
ment  dwe l l ings  o f  Har len t ,  a  ne ighbor -
hood of New York City where cockroaclr-
induced as thma is  a  common prob lem.

This study demonstrates the feasibi l i -
ty of direct ly measuring aeroal lergen lev-
els in agricultural work environments
using radioimmunoassays. These mca-
surenìents ref lect the f irst attempt to
quant i f y  d i rec t l y  the  leve ls  o f  a  num-
ber of conlmon al lergcns in the barn
env i ronment .

A. furnigatus and mites appear to be
the most prevalent and abundant aero-
al lergens fol lowed closely by catt le epi-
thel ium, M.faeni, and Z vl lgcrr i .  Next
most abundant al lergens were the rye
grass group I pollen, Ahernaria, and rag-
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wced pol len. These concentrat ions are
higher than maximal concentrat ions out-
doors so they are l ikely to provoke al ler-
gic disease in subjects al lergic to these
allergens who enter barns. The lowest al-
lergen levels were the rat and mouse
urines and the common insect al lergcn,
and they seem unlikely to cause disease
in dairy workers.

A l though a  to ta l  o f  l6  barns  in  two
geographical ly diverse areas were stud-
ied, we st i l l  have a very incomplete un-
derstanding of dairy barn aerobiology.
Detai led studies of dairy barns in other
cl imates coupled with personal air sarn-
plers of farm workers while they are per-
forming specif ic lasks need f o be correlal-
ed  w i th  sy rnp toms and ind iv rdua l  lgE an-
t ibody assays.
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