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are only occasionally encountered
by man.2 Cockroach belongs to the
class Insecta, order Orthoptera. and
family, Blattida. The tîost com-
monly encountr'red roach es are Bla-
Iel la gennonica.German); the most
coulmon in tbe Unìted Strrle-s, Per-
i;tlaneta emt,rit'eno (.A,rncrii;,r n) and
tlre oi-iental cochru;n, h. l]lti;t,l la or-
ientuli.s.3-5 ,{ nen,r'oa,-'lr dcscribe.l in
t '  c 1980s, I l iatel la rt : t t l r inai(, \sian).
l . .rs demonstratcd corisidt:rable
cross-rcacting al lr :1gcn js compo-
nenls ro the Genlarr nnd, to a lesser
degru,: the America,i and Oriental
roach,  but  c l in ica l  s ignr  -ance in
cockroach s.rnsit ive irrdi, ,duals re-
tt:;; 'ttS tO be rJctr r tnili,.-d.5

In urlran dr'. 'ellings r:ar1icularll, in
Ion.er  soc ioecorruni  i t , tommuni t ies.
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cockroach debris can be a major
component of house dust allergen.6
Numerous investigators havc impli-
cated cockroach allergy in patients
u'ith asthrna in lower socioeco-
f lor i i ic  cr- lndi t ions,  for  exai l rp le,  in
.\t lanta, Lexinglon, N€rv York, Chi-
r'&go, Washingtt:n. DC. Kausas
(litf ' . I)ctroit, Charlofie sr,i l le and
Tain'an.6-'? Cockro;:r. lr-spccifi c trgl--
an1iLro,l1' Ievels are inarkcdll- ele-
valed in the sera of  the se
pat ientsr 'e ' r2-ró and t ì re associat ion
of skin se nsítir,,ity to cockrt,ra;h an-
tige:n with aller:gic bronchial a.sihma
hrs been demr., 'nstrated by brorr,- ' l i ial
p jo \ joca t ion  tes t ing . r3 ' r7 ' r8  Th is
cr;ckroach-induced asthmatic re-
sp0nse to chal lenge appears to be
speci f ic .  consider ing that nrt  bron-
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bronchlal asthma or reattive airuay disease. The greates.t preualence of cockroaèh sensiniry 1427"1 wa\ for chíldren
baween 7 and I2. vears .of a-ge. This rate- was sisníJicantly'higher than iì at oiii, 

"ié;r;;p; 
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ii i1iiiiì". since cockroachmay !,e aslnmagenlc. sttnllar lo dusl,m.il.e ia dotnestic infestation and respirable house dust, we suggest that

cockroach antigen.needs ro be included in the routine batierl, of inhatanr slkin ieit joi aliiàarti ffd chitdren of altages and geographic locations.

TI\TRODUCTION
Insects have been recognized as in-
halant allergens long before nìites
came to the foreground.' The cock-
roaCll has received incre&sed atten-
lion ovcr the last three decaries as
nn inipoilant aeroallc-rgcn.r Al-
tlrough there have been described
over 4.000 silrrcies of cor.kr'oílch
r',,orldrr,irje. tìlost arc iir thc',r' i ld and



chospasm was appreciated in either
i l le astnmatic or nonatopic group of

nai ients studied with ncgatire skin
iests.e' '3 Kang et u1r3'te demon-
strated that cóckroach antigen in-
halation produced acute immediate
asthmatió reactions in 90% of the
cockroach-sensitive asthmatic pa-

tients and late asthmatic reactions
in 68% of the Patients studied, sug-
gesting that cockroach antigen in-
éucesl dual asthmatic response fol-
lorving experimental antigen expo-
sit re.

Our study was undertaken in a
retrospective fashion to evaluate the
frequéncy of prick and intradermal
skin test ieactivity to cockroach ex-
tract in patients derived from both
a university allergy clinic and a pri-
vate allergy practice patient popu-
lation,2 investigate the age and geo-
graphic distribution of the patient

óopulations tested and the relation-
rfiip, if any, to skin test results, and3
inrestigaté the relationship, if any,
of senlitivity to cockroach and al-
leryic respiratory diagnoses.

PATIENTS AND METHODS
A l0-year  (1981-1991)  ret rosPec-
five chart review was undertaken
from a PoPulation derived from the
Univeriiti of Louisville School of
Medicine, Section of AllergY and
knmunologY, and a Louisville
based private Practice devoted to
clinicaf allergY and immunologY
with hve outl.ving satellite offices'
All records were systernalically re-
viewed rrith particular ;ittentton 1o
the patient's age, sex, skin tcslil;g
mt-'thorJs, and their inteipretation'
Criterja for positive skìn tests were
a prick skin test using a l:20 u't/vol
exlract of mixcd cockroach antigcn
(l' loilistcr-Stier. Spol:ane, Yfl of
g,realer than 5 tnm rvhcal il'ith flarel
ót tn iirtradcrmal skin tesÎ of greater

tlian 10"mm wheal u'ith flare using
a l:1000 wt/vol concenÎration' A
total of 7Î9 patients \A'ere sttldied
and ,iividecl geographically bl' zip
codcs. R.esults of all skin icsÎs lr'ere
c{\:rlputerized and dividd into in-
n., .:ity (Louisviile), subtrrban and
rural/small town PoPulations'

)r1rr..'*j':.- ::,:a,ì''3}'î, .li'to,'io'""'li:1lij Tff. r'-',.' ìf
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Pttl it'rtl.;
The pnvate Practice subgrouP in-
cluded a total of 246 Patrents com-
posed of seven inner citY. 5l sub'
urban, and 188 rural/small town'
The clinic PoPulation comPrised a

total of 553 patients. with 281 sub'
jects being inner cit;-, 269 suburban
ind the remaining 249 Patients
being derived lrom rural/small lo-
calitfus (Table I ). Patient ages
ranged from 7 months lo 77 )'ears'

Skin Test Resrt/ts by Patient
Source
Positive skin test reactii ' it1' was ob-
icrued in ahnost 4A% (9512a6) of
the private patients tested' Tltis
nrmùet rePresented 39 of 246 Pa-
tients being Positive bY Prick
rnethod with the remaining 56 of
207 patients testing positive. by in-

tradermal tests. Of the university
oatients. 36.2% (200/553) demon-
strated positive results by either
orick $61553\ or intradermal meth-
àOr ( tl 'qlSZll. Overall, 36.9va (2951

799jof all patients surveyed in both
patient PoPulations (P' '9S) were'positive-by 

either pri+ or intrader-
mal skin tests (Table 2).

Skin Test Results bY Age
The greatest Prevalence of cock-
roach-sensitivity was observed in the
7 -12 year age group (Table 3 and

Fie l). This Positive Proportion

(41.q%) w'as s ignihcant ly  h igher  (P

< .05) than the perccntage posrtlve

in other age groups. ')f the 52 -t!il-
tJren undei the age ol '3 Years, l6'6%
.nO f 2.5% of tlie Private and uni-
versity patients, respectively,. were
positive-by skin test criteria, with an

òverall positivitY of 15,0%'

Skin Test Restt/rs bY GeograPhic
Dislribulion
When analYzed bY geograPhic.dis-
tribution, tÉe inner city populations
in both groups of patienls-were^ti*-
ilar witÀ $.7% and 40.3% of the
orivate and university patients. re-

snectively, testing positive, with an

overall óositivit-v ol 41.0% for all

irt-i .liv-patienis. Of the suburban
erouD. li.S7o of the private patients

inA )g.SZ of the university patients

had reactive skin test results with an

overall positivit-v of 30.1%. This was

rienlii.àntly lower than both inner
cily (P < .05) and rural/small town
puíi .ntt  (P <.01). Inner citY and

iural small town PoPulations for

both study groups demonstrated al-

most identical reactivity wtth 4l%
and 437a PositivitY, resPectivelY,
(Table 2).
Correlation of Skín Test Reactivity
and PrimarY Diagnosis
Table 4 demonstrates the skin test
reactivity of the total patient popu-

lation in relation to Prim* diqs-
nosis (the suspected diag-nosis for
which theY wère referred). In the

Tab|e1'PatientPopu|ationandGeographicDistr ibution
Private
6 = 2 4 6

UniversitY
6 = $ 5 3

Total
p = 7 9 9

Inner city (n)
Suhrurbi' {rr)
Rura!-s: ,.rii ir:tvn (n)

lnrrer city (n - 281)

3Ll[Lrl .eo (n : 269)

Rurel alltclvn (ri '= 249)

Sui ' i  r  , , ty

:'t.

7
51

1 8 8

43.7"h

37.570

41.50/o
r?..60/o

:-s''l1ftf'

40.3%

?8.8/ "

45.7o/"
36.27o

2t1
2fjg
24.9

274
218
61

Tabte 2. prevaier,c,: of ccckroach $ir:r:i'iìr4tt-U-9lllrql|l9ltl I9Ì1i! q:!€,?qli* !ry{9!!
Private UniversitY 

{ 
Overt l l

%Pos %Pos 
o/"Pog

o/o

0o/o

1o/o

.6Yo

4 1 .

30

43

p < . 0 5

p < . 0 1

3t'.9o/o

'l

I

I
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Table 3. Prevalence of Cockroach Sensitivity by A99-919-t1Ou-tlon reactivi t !  fbr the Palicnts uith
asthma. Al l  six patients under the
age of 3 1'ears in the Private PoPu-
tition u'ho demonstrated reactivity
to cockroach antigen. had asthme
as their diagnosis. Of the 295 skin
reactors in the studY. 140 (47 '6%)
subjects had asthma as their diag-
nosis as oPPosed to 154 Patients
with AR (52.2%). In summary, al-
most 50Vo ol all subjects with skin
test positivit-v to mixed cockroach
antigen extract had asthma as their
diagiosis and the Prevalence of
cockroach sensitivity had greater
signifrcance in the asthmatic popu-
laiion when contpared *'ith patients
w'ith allergic rhinitis onl-v.

DISCUSSIOIi
Insect h1'persensitivity is a term that
is used to describe an allergY to a
variety of insects and arthropods, to
include mites, ticks, spiders. bees,
cockroaches. and others.' Sensitiza-
tion to these insects ma1'be b."" oc-
cupational or home exposure. Over
thé last 25-30 r*ears, the cockroach
has received a great deal of attention
as an imPortant source of antigen
for the déveloprnent of a variety of
disorders, including asthma and al-
lereic rhi nitis. ro' r3'r7're

Íh*t. have been numerous at-
tempts to isolate and characterize
the maior allergens of the cock-
rOaCh.2.8 . '  

r . r l , r4 .10- :3  Three majOr  an-

tigenic fractions designated as Cr-I,
Ci-lt, and Cr-III have been de-
scribed with respective weights of
64.000. 

-:5.000, 
and 10,000 dal-

tons.2a Subsequent studies have
confirmed these results' and it has
been fourtd that Cr-I contriins three
sub,fractions and was capable of elic-
iting reaclions in lttt:% of cti':k-
,orfJ,-rr,,rsitive atr-1llic subjtcts.r0
I-lc' r ei :r.12 using gi:l elrctruphoresis
i t n, . i ri n cri-',l r:t a n a I 1'si s s il gg'-'s1cd th at
the allrrget:ic cttl-,-'porte n1s u'i1h mo-
lecuJar * 'eights of 25.000 and
67,000 daltons in bolh Asian and
Gcrltan rvhole"body extracts may
be sìnrilar to the c(irnponents clc-
scri l .ed in the earl ier studies of
'fu'arog et al,2a and that cockroach
a.llrigrirs u'iih apparent molecular

Age Ranges, yr Private

(n = 52) 16 60,,; (6/36)

University

12.5"/; (2/ 1 6)
33.71o (32/95)
40.9Yo (1141279)'
40.0% (34/85)
21 .6o/" (13/60)
27 .8 /o  (5 /18)
36.2"/o (200/553)

Overal l

3  t o  6  ( n :  1 4 2 )
7  t o  12  (n  =  317 )

13 to  21 (n  = 102)
22 ro 45 (n : 132)
45 (n : 54)

33.3oro (16i47)
50.0?; (19/38)
35.3% (6/17)
50.07o (36[2\
33 37o (1 2/36)

15.Ooio

34 .0oo
42.0t"

29.0,b
37.00io
31.0e;
36.9%

o

,6
o
o.
c
o
o
o
o.

Summary (n = 799) 38.6"/o (95/246)
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Figure l. Distribution of private and univenity skin teS positive patients by age. Solid

in,Cicate the private patients, open bars indicate the universit-v population'

Table 4. Correlation of Skin Test Reactivity and Diagnosis

Private
# pot

University
# pos

Total
# pog

BA.RAD'
ARÎ
othe$
Total

58/1 13 (51 .3olo)
36/131 (27 .5oio)

112 (50.0"/")

82/169 (48.5%)
1181377 (31.3oó)

017 (0.0"/")

1401282 (49.6%)
1s4/508 (30 3%)

1/9 (1 1 '1olo)

295/7gg t36.9"/e)

. BA-RAD: asthnra or reactive airway dis€''r$€'

t AB: ailergic rhinitis.

I Cror.rp, NARES, r,r'Ìicaria, chr"onic i-t'Ltgh.

private group of I 13 patir:nts u'ith
ihe diagnosis of asthrrra/reactive air-
way disr:ase, 51.3% (58 of I  l3 Pa-
tieirts) h;rd positive cockroach skin
lests cornpared with 48.5% (82 oÎ
i 69 p:rtients) ol- the clinic popula-
tion lvith the s;i' ite diagnosis, rvith
;11 ,-rverell rale of reactivitY of
:+9.( '%. Of pati ,- ' r ts u' i th the diag-

nosis  of  a l lerg, ;  rh inr t is ,  27.5% \36
o f  l 3 l  pa t ien is )  rnd  31 .3% (  I  I  I  o f
3'/7 patients) ,,rf the private and uni-
versity sulijects, respectii tl-v. wcre
rlositive with an overall 3A3To (154
l',f >OS patients) i-eactive rate in pa-
t ients with the diagnosis of AF (P <
.001). Thesc rcsults 11:rIÈ signih-
cantll ' lower ihan the 19.6% overall

:tr'3:
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weights of 25.000. 36.000. 67.000.
and 91.000 daltcrns rnav bc c(rnsid-
ered as the principle cockrc'rach an-
tigens. Using monoclonal antibody'
teihnique. it has been demonstrated
that commercial extracts vary sig-
nificantly',in the content of major
antrgens. '"

Human exposure to tlie cock-
roach ma,"- be in the home or work-
place even without overt evidence
of infestation.rr The Gernran cock-
roach has breen regarded as the most
widespread of all roaches and has
the highest immunogenic potential:
horverer. exposure to any species of
cockroach can Plal' an irnPortant
role in cockroach hl'persenstttvtly'-
Cockroaches can Produce a vanetY
of materials that may' have potential
allergenic consequence. Various se-
cretions. egg casings, bodl''parts, as
well as excrelnent, all can be incor-
porated into dusl and could contrib-
ute to cockroach allergY. [n fact.
fecal material maY be a more im-
ponant source of cockroach allergen
ihan decayed bodY Parts, since de-
siccated cockroach excrement is
more likely to crumble and become
airborne 

"i 
ditt.*inated dust.25 Al-

though there is significant cross-re-
activlty of whole body and fecal al-
lergens.rs whole body extracts may
contain unique allergens or aller-
gens in concentrations different
irom concentrations in fecal ex-
tracts.23'25

Although cockroach infestation is
ubiquitous, it is greatest in urban
areas"'t6 and numerous studies
have confirnre'd tlie lacl that cock-
roach allergens PlaY a significant
role as sensitizing agents fclr Îhe in-
cJuction and exat:erbation of i-riban
&i.1,.h tî&. 

ì :. I l, I e.: '1.27- 30 
Stai-t kUSt3 d Crn -

oi,sirate.J that ncarly 5i:' ló of inner
cit-v atopic patienls w'lt.' : tested to
commercial or prcpared r, ilolr body
extracts of tlre German and A;neri-
can cockroach had ir,imsdiate
rvheal-and-flare reactions. and of
the atopic asthmatit: patie n1s testcti,
as many as 7A% were Positive.' '

\ l though the oPlimal treatment
oi cockroach aìlergies is avoidance'

thc' prcsence of cclckroitch antigen
in respirable house dust has been
vcri l ìedt 's r ' r ' ' ì l ' r '1 and may bc' a sig-
nificant allergen even without overt
evidence of cockroach infestation. I I

It therefore becomes increasingly
diffrcult for the cockroach allergìc
patient whose dwelling is infested to
minimize exposure despite pcst con-
trol rnancu\e rs and individual
cleanl iness.

Kang et al35 studied the role of
cockroach-specifi c imm unotherapy
in 28 cockroach-sensitive aslhtnat-
ics and found a significant redtrction
in both s)'mptom and medication
scores and tlrat cockroach irnmu-
notherapy resuhed in specific cock-
roach biocking antibodl' of the IgG
type and reduced anaphl'lactic lcu-
kocy'te sensitivity. In addition, it was
demonstrated that toward the end
of the first year of therap.v. the num-
ber of emergency room visits and
hospitalizations were signifìcantll '
reduced and after the third -vear all
steroid-dependent patiettts were
subsequently tapered off their med-
ication.

In agreement with Previous stud-
ies. our investigation demonstrates
that cockroach antigen was not
equall-v allergenic in inner citv
(41.0%) and suburban (30 ' l  %.  P <
.05) populations and is presumably
refleòtive of the variable rates of
home infestation and PoPulation
densities. In addition, it was inter-
esting to note that of the Patients
livinf in rural small town locations,
43.6% were skin tcst Pcsitive to
c.ockroach. Thc overall rai': of pr:si-
tivity for all three paticnt ptr-pula-
tìoni surve,r'ed rvas 36.9% (295 of
799 patients).

Of the 52 pai icnts si 'uiJir:d undir
the age of three '\ 'eiìrs' cockrcll""h
' , \as nttt found iu be a colì ' l l i  ' l l"ì

; i l l i : igcn, rvith k'ss l lran l5% tlf pa-

tie nti tlemonstt'ating positive wlreal-

arrd-flare reac:tions. These r esults

\\ 'ere sinti lar 1o lhose of Bcrnton'-'8

and al though this may si iggcst  skin

t(Ìsts are sometinies lcss useful in

children in this age grc-ruP.3ó \\ e

knon, that children del'elrrp i irì irr-

crcased capacity to cl ici t  skin sensi-
t izine antibodies rvith increasing age
and I rposure. r '  Scnsi t izat ion h1 '  ar r
inhalant al lergen is probabl,v a more
gradual process than for exanrPle
Ingestanf allergens.3s After birth IgE
levels have bee n shown to rise along
with other immunoglobulins with
maximal values aPParent in normal
chi ldren betueen the ages of l0-15
years,oO and atopic inlants have. an
éarlier and steeper rise in serum IgE
levels during the earl-v years of life
as compared with nonatopic con-
trols.ao

Berntons8 in 1970 studied the age
of onset of cock:'oach skin sensitir'-
ity under tlre age of 4 Years and
démonstrated I8% reactivity in
atopic children rn'ith no skin reactors
in fhe nonallergic group of 46 chil-
dren. Of the reactors found (six out
of 3l patients). all were between 36
and 48 months of age. The clinical
evaluation of sPecific IgE bY skin
testing should be, therefore'. the
principal rnethod by which environ-
mental causes of lgE-dependent dis-
eases are identifred and should still
constitute an essential step toward
proper diagnosis and management.

When reviewing the overall Prev-
alence of positive skin tests by age
(Table 3), it can be noted that the
1-12 year age group was signifì-
cantly higher than other age groups
g2v;, P < .05). These results are in
asreement with HannawaY and
Fíud." who, when testing 250 Pa-
tients from L-21 Years of age with a
battery of common inhalants, found
thrl the greatest number of reactors
to rnost allergcns lested were in the
7 -15 year age PoPulation.

Of tlre ?.82 asthmatic Paticnts
( l  l 3  p r  ; i ' a îe  and  169  c l i n i c ) ,  140
were pr,: ; i1i l 'e l ipon skin test ing 1o
cockroach'i,trltigen represcntlllg an
ovcrall pcsitivitl' of 49.6Vo among
the asthnratic population (Table 4).
Of the 508 patients with AR from
both patie nt populal ions ( l3l p{t

r vate, 508 cl inic), 154 0r 30.3%
shrnved positive skin tests' Thus. a
significantly li igher sensitivity tcr
cocl l , 'ach anl igen existed in thost

; i l l i " .{ :  .r l  ' f f i f f i$l l . ,* l ; ; :  '

:. . -';:*l:1r:11 . -':Í'' ::
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tr3ticnts having asthnra I'erses al-
icrgic rhinit is as their diagnosis (P<
í)01) .  These f ind ings are a lmost
i ,Jentical to Kang.r( 'who reported a
greater than 50Vo reactivit.v rate
among 385 asthmatic patients
tested to cockroach antigen.

CONCLUSION
In ccnclusion^ lrom the prc:sent ret-
rospective study af 799 patients sur-
vey'ed for inhalant allergies lrom
both a private and university prac-
tice population, we conclude that
cockroach allergies are prevalent be-
cause of the ubiquitous existence of
cockroacl es, and that cockroach al-
lergy ma1 play an important role in
nearly 40% of patients in both ur-
ban and rural Kentucky with al-
lergic airway disease. In addition,
cockroach skin hypersensitivity is
more prevalent in patients with
asthma, cockroach allerg-v may be
asthmagenic in young children sim-
iiar to dust mite via donrestic infes-
tation and respirable house dust. Be-
cause recognition and identification
of cockroach allergy is uecessary to
guide proper management of cock-
roach-induced atopic diseases, es-
pecially aslhma, we suggest that
cockroach antigen should be in-
cluded in the routine battery of in-
halant skin tests for both adults and
children of all ages, and geographic
locations.
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