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The eval u a tion of con tact hy per sen si tiv ity (CHS) re -

ac tion is one of the meth ods used in the as sess ment of the

im mune sta tus of an or gan ism af ter UV ra di a tion. The

aim of the study was to com pare use ful ness of vi sual

scor ing sys tem and histological morphometry in the as -

sess ment of CHS re sponse af ter ex po sure of hu mans to

so lar sim u lated ra di a tion (SSR). The study in cluded 140

healthy vol un teers, 33 peo ple were ir ra di ated for 2 days,

34 – for 10 days and 33 – for 30 days with SSR. Forty

non-ir ra di ated in di vid u als served as con trols. All the

vol un teers were sen si tized with diphenylocyclo pro pe -

none (DPCP) 24 h af ter fi nal ex po sure. Sta tis ti cal anal y -

sis com par ing in ten sity of CHS re ac tion based on vi sual

score be tween ir ra di ated groups and non-ir ra di ated group

re vealed no dif fer ences (p>0.05). We found a sig nif i cant

dif fer ence in epi der mal thick ness be tween healthy skin

and ir ra di ated groups (p<0.05) and a pos i tive cor re la -

tion be tween in ten sity of spongiosis and clin i cal score for 

CHS re sponse at 3.2 DPCP site (p<0.000001). A neg a tive 

cor re la tion be tween time of ir ra di a tion and spongiosis

score was re vealed (R=-0.28; p<0.001). We con clude that 

histological ex am i na tion of bi op sies taken from one of

the se ries of elic i ta tion sites is a re li able and sen si tive

method in the eval u a tion of CHS re sponse af ter UVR.

In tro duc tion

So lar ul tra vi o let ra di a tion (UVR) is one of the most

im por tant en vi ron men tal fac tors which may cause sun burn,

er y thema and oc u lar dam age [5, 6, 12]. UVR is also in -

volved in cancerogenesis, im pair ment of re sis tance to in fec -

tions and in flu ences cu ta ne ous and sys temic im mu nity [1,

10]. It is proven that mod er ate and high doses of both UVB

and UVA ra di a tions lead to immunosuppression. 

The eval u a tion of con tact hy per sen si tiv ity (CHS) re ac tion 

is one of the meth ods used in the as sess ment of the or gan ism

im mune sta tus. CHS is a very re li able and infor mative mea -

sure of cell-me di ated im mune func tion that is par tially de -

pend ent on UV ra di a tion. 

The CHS re ac tion de pends on the gen er a tion of a de -

layed T-cell re sponse to epicutaneously ap plied sen si tiz -

ing an ti gens or haptens e.g. diphenylocyclopropenone

(DPCP). Spe cif i cally primed T lym pho cytes from the first

con tact are ca pa ble of rec og niz ing the same hapten at

a later date and con duct pow er ful in flam ma tory re ac tion.

Al ler gic re sponse un der phys i o log i cal con di tion ap pears

af ter 48 hours when some weeks later a sub ject is chal -

lenged by sec ond ex po sure to dif fer ent hapten ti tra tions.

In photobiology most hu man stud ies are per formed in

healthy vol un teers, so that in clin i cal prac tice the in ten sity 

of elic i ta tion is mostly de ter mined by vi sual scor ing sys -

tem [7, 8, 11]. Histological ex am i na tion may also bring

many de tails on the in ten sity of CHS re sponse how ever it

is not of ten used in hu mans be cause of eth i cal is sues such

as ne ces sity of bi opsy tak ing. 

The aim of our study was to com pare two meth ods: vi -

sual scor ing sys tem and histological morphometry in the as -

sess ment of CHS re sponse af ter UVR ex po sure. 

Ma te rial and Meth ods

Sub jects

The study group con sisted of 140 healthy vol un teers

aged 19–51 (me dian 25.5 years), who were not pre vi ously
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ex posed to con tact al ler gens (DPCP). Each vol un teer gave

writ ten in formed con sent be fore en try into the study, and the 

ex per i men tal plan was ap proved by the lo cal Eth ics Com -

mit tee.

One hun dred in di vid u als were ir ra di ated (whole body

ir ra di a tion in two half-walls cab i nets) and di vided into

three groups. Thirty three peo ple (17 women, 16 men;

mean age 26.1 years) were ir ra di ated for 2 con sec u tive

days (2-day group), 34 (13 women, 21 men; mean age 24.3 

years) – for 10 con sec u tive days (10-day group) and 33

(16 women, 17 men; mean age 26.7 years) for 30 con sec u -

tive days (30-day group) by so lar sim u lated ra di a tion

(SSR) with a daily dose of 1.2 SED (stan dard er y thema

dose when 1 SED is equiv a lent to an erythemal ra dial ex -

po sure of 100 J/m2) [4]. 

Ad di tion ally 40 non-ir ra di ated in di vid u als (17 wo -

men, 23 men; mean age 25) were as sessed as a con trol

group. All the sub jects from four groups were sen si tized us -

ing DPCP (pro to col de scribed be low). 

For histological anal y sis we also de signed an other 25

in di vid ual group, age and sex matched (12 women, 13 men,

mean age 25.4) who were nei ther ir ra di ated nor sen si tized.

The skin sam ples were taken from the same body site as in

the other groups and served as con trol for the histological

ex am i na tion. 

UV ir ra di a tion

The SSR was gen er ated by 100 W Cleo Nat u ral lamps

(Philips, Eindhoven, the Neth er lands) giv ing an even field

of irradiance (4% UVB 280–315 nm; 96% UVA

315–400 nm) of about 4.95 mW/cm2 (280–400 nm) on the

skin sur face at the dis tance of 20 cm from the source. Mea -

sure ment of the in ten sity of the Cleo lamps was per formed

with the So lar Light 3D UV me ter (So lar Light co., Phil a del -

phia, USA).

Hapten, sen si ti za tion and elic i ta tion

DPCP was ob tained from Fluka Chemie GmbH, Buchs,

Swit zer land. The hapten so lu tions were made up freshly be -

fore use.

For sen si ti za tion 50 mg of DPCP was di luted to 50 ml

in ac e tone (20 µg/20 µl). The sub jects were sen si tized on

left ir ra di ated or non-ir ra di ated (con trol group) but tock skin

us ing two 7 mm pet ro la tum-backed fil ter discs, one soaked

in 20 µl of 0.1% DPCP. The ir ra di ated sub jects were sen si -

tized 24 h af ter a fi nal ex po sure to SSR. The fil ters were

mounted in side 8 mm alu mi num Finn cham bers (Epitest

Ltd, Tuusula, Fin land) and two cham bers were taped to the

skin with hypo-al ler genic scanpore tape and left for 48 h.

Vol un teers were re quested to keep the patch dry for 48 h, af -

ter which the patch was re moved. For elic i ta tion three weeks 

later all the vol un teers from ir ra di ated groups re ceived an

an ti genic chal lenge on unirradiated up per in ner left arm skin 

with ti tra tion se ries of DPCP. Pet ro la tum-backed 7 mm fil -

ter discs were placed in 8 mm alu mi num Finn chambers

soaked with 20 µl of hapten so lu tion of var i ous strengths.

The patches con tained in cre men tal doses of DPCP: 0.4 µg

(20 µl of 20 µg of DPCP in 1 ml of ac e tone), 0.8 µg (20 µl of

40 µg of DPCP in 1 ml of ac e tone), 1.6 µg (20 µl of 80 µg of

DPCP in 1 ml of ac e tone), 3.2 µg (20 µl of 160 µg of DPCP

in 1 ml of ac e tone). One patch was only soaked with ac e tone 

con trol. Five patches were placed on the left arm and re -

mained there for 6 h. The elic i ta tion sites were marked on

each arm with sur gi cal marker. At 48 h elic i ta tion sites were

clin i cally eval u ated.

Histological ex am i na tion

A 3 mm-punch skin bi opsy was taken from the sen si -

tized by 3.2 µg of DPCP site in each of the chal lenged sub -

jects. Ad di tion ally, 3 mm punch skin bi op sies were taken

from 25 non-sen si tized, non-ir ra di ated vol un teers. The tis -

sue spec i mens were fixed in 10% buf fered form al de hyde

and rou tinely pro cessed for par af fin em bed ding and cut.

Then the sec tions were dewaxed and sub jected to typ i cal

hematoxylin and eosin stain ing. Sec tions 3–4 µm thick were 

cut. The skin spec i mens were eval u ated by two in de pend ent

pa thol o gists (400× high power fields Olym pus Bx sys tem

mi cro scope in ten se quences). 

Histological morphometry was per formed by means

of an im age anal y sis sys tem con sist ing of IBM-com pat i -

ble com puter equipped with an op ti cal mouse, Indeo Fast

card (frame grab ber, true-col our, real-time), pro duced by

Indeco (Tai wan) and col our TV cam era Panasonic (Ja pan) 

linked to a Carl Zeiss Jeneval mi cro scope (Ger many).

This sys tem was pro grammed (pro gram MultiScan 8.08,

Com puter Scan ning sys tem, Po land) to cal cu late the in -

ten sity of spongiosis in the whole spec i men and the min i -

mum, max i mum and mean thick ness of the epi der mis in

the whole spec i men.

In each group of the vol un teers histological anal y sis

in cluded the as sess ment of the fol low ing pa ram e ters: to tal

thick ness of the epi der mis (mean value ob tained from 10

se quences) and in ten sity of spongiosis (0 – no spongiosis,

1 – slight intracellular edema, no intraepidermal ves i cles,

2 – edema and sin gle intraepidermal ves i cles, 3 – se vere

edema and mul ti ple intraepidermal ves i cles) cal cu lated

from 10 se quences.

All ob tained re sults were com pared be tween sen si -

tized-ir ra di ated and sen si tized-unirradiated in di vid u als. The 

same an a lyzed pa ram e ters were mea sured in healthy,

non-ir ra di ated-non-sen si tized volunteers.
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Sta tis ti cal anal y sis

Sta tis ti cal anal y sis of data was per formed us ing

Mann-Whit ney test, Wilcoxon pair test, chi2 test and non

para met ric cor re la tion of Spearman. A p value less than 0.05 

was con sid ered as sta tis ti cally sig nif i cant. 

Re sults

Char ac ter is tics of vol un teers from ir ra di ated groups

and con trols are shown in Table 1.

Vi sual as sess ment of al ler gic re sponses 

The in ten sity of con tact hy per sen si tiv ity elic i ta tion re -

sponse was vi su ally as sessed us ing sub jec tive scor ing sys -

tem: (0) = no re ac tion, (1) = macular er y thema, (2) =

er y thema with in fil tra tion, (3) = er y thema with in fil tra tion

and papules or ves i cles, (4) = bullous re ac tion. In the con trol 

group, 36 in di vid u als (78.5%) were suc cess fully sen si tized

with DPCP at the low est con cen tra tion of DPCP, and 90% –

at the stron gest one (3.2 µg). Blis ter ing re ac tion was ob -

served in 1 vol un teer (2.5%) at 0.4 µg DPCP site and in 6

vol un teers (15%) at 3.2 µg DPCP one. In the 2-, 10- and

30-day groups the num ber of non-sen si tized sub jects at the

low est con cen tra tion of DPCP was: 8 (24.2%), 12 (35.3), 18 

(54.5%), re spec tively. At the stron gest ti tra tion of DPCP no

re ac tion was ob served in 5 sub jects (15.1%) in the 2-day

group, in 4 (11.8%) in the 10-day group and in 9 vol un teers

(27.3%) in the 30-day group. De tailed re sults of CHS re -

sponse at 3.2 DPCP site in all the vol un teers are dem on -

strated in Fig ure 1.

Sta tis ti cal anal y sis com par ing in ten sity of CHS re ac -

tion, based on vi sual score, be tween ir ra di ated groups:

2-day, 10-day or 30-day and non-ir ra di ated group re vealed

no dif fer ences (p>0.05). Sum clin i cal score (re sult ob tained

from all DPCP con cen tra tions in all vol un teers) from

UV-ex posed and non-ex posed groups and its com par i son

with time of ir ra di a tion showed no correlation (p>0.05).

Histological anal y sis

In sen si tized and unirradiated in di vid u als (con trol

group) the mean thick ness of the epi der mis was

0.207 mm, which was sig nif i cantly higher than in the

com pletely healthy skin (non-sen si tized, non-ir ra di ated)

(mean value 0.061). In a 2-day ir ra di ated group the mean

thick ness of the epi der mis was: 0.166 mm, in a 10-day:

0.163 mm and in a 30-day: 0.108 mm. We found a sig nif i -

cant dif fer ence in epi der mal thick ness be tween con trol

group and healthy skin, and be tween the lat ter one and ir -

ra di ated groups (p<0.05). There was a ten dency to neg a -

tive cor re la tion be tween mean thick ness of the epi der mis

and time of ir ra di a tion but the dif fer ence did not reach sta -

tis ti cal sig nif i cance (p>0.05). The mean thick ness of epi -

der mis cor re lated pos i tively with the sum score of CHS

re sponse in all the groups (p<0.05).
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TABLE 1
Char ac ter is tics of the vol un teers  

No of

group

No of 

subjects

Mean

age

years

Gender

F/M

Mean

MED

J/cm2

Phototype

II/III

Control 40 25 17/23 0.18 19/21

2-day

group
33 26.1 17/16 0.16 17/16

10-day

group
34 24.3 13/21 0.16 22/12

30-day

group
33 26.7 16/17 0.15 22/11
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Fig. 1. Fre quency of oc cur rence of CHS re sponse at 3.2 DPCP site in all the vol un teers: a) Con trols  (group 4)  n=40

0 = no re ac tion; 1 = macular er y thema; 2 = er y thema with in fil tra tion; 3 = er y thema with in fil tra tion and papules or ves i cles; 4 = bullous re ac tion.



The high est in ten sity of spongiosis (Fig. 2) was ob -

served in sen si tized and unirradiated vol un teers from con -

trol group (34/40). The lon ger ir ra di a tion time, the lower

in ten sity of spongiosis was ob served. In a 2-day group no

fea ture of spongiosis was ob served in 26/33, in a 10-day

group in 26/34 and in a 30-day group – in 19/33 cases. No

spongiosis was found in skin sam ples taken from com -

pletely healthy skin (non-sen si tized, non-ir ra di ated).

Histological pic tures obtai ned from sep a rate groups are

shown as Fig ures 3–7.

We found a pos i tive, sta tis ti cally sig nif i cant cor re la -

tion be tween in ten sity of spongiosis and clin i cal score for

CHS re sponse at 3.2 DPCP site (p<0.000001). More over

the same cor re la tion be tween sum clin i cal score for CHS

re sponse (from all DPCP con cen tra tions in all the vol un -

teers) and 3.2 DPCP spongiosis in ten sity was ob served

(p=0.00004). 

When both pa ram e ters (time of ir ra di a tion and spon -

giosis score at 3.2 DPCP site) were treated as con tin u ous

vari ables we re vealed a neg a tive cor re la tion be tween these

two pa ram e ters (R=-0.28; p<0.001). 
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Fig. 2. In ten sity of spongiosis at 3.2 DPCP site in re gard to time of ir ra di a tion:  0 – no spongiosis;  1 – slight edema no intraepidermal ves i cles;  2 – edema and 

sin gle intraepidermal ves i cles;  3 – se vere edema and mul ti ple intraepidermal ves i cles.

Fig. 3. Non-sen si tized, non-ir ra di ated skin. HE. Magn. 400×.

Fig. 4. Sen si tized, non-ir ra di ated group. HE. Magn. 400×.

Fig. 5. 2-day ir ra di ated, sen si tized group. HE. Magn. 400x.



Dis cus sion

In our study we fo cused on com par i son and use ful ness 

of two meth ods: vi sual scor ing sys tem and histological

morphometry in the eval u a tion of CHS in ten sity af ter UVR.

As our ex per i ment was car ried out in healthy hu man sub -

jects, we were ob li gated to de sign the most ac cu rate pro to -

col, still ac cept able by local ethics committee. 

It should be stressed that a uni form method of CHS as -

sess ment re sponse has not been es tab lished for hu man sub -

jects, as yet. The stan dard pro to col in mice for mon i tor ing

the in ten sity of CHS is to mea sure edema in the ear or foot -

pad us ing a spring mi crom e ter [11]. The most com mon

method used by cli ni cians is a vi sual score re flect ing the

mag ni tude of the CHS re sponse. How ever it is not ob jec tive

and sen si tive enough and it is pos si ble that two dif fer ent re -

search ers may clas sify the same re sponse in a lit tle dif fer ent

way. Two re search groups: i.e. Coo per et al. [2] and Skov et

al. [13] em ployed skin-fold thick ness for eval u a tion of CHS

re sponse, but such mea sure ments are time-con sum ing and

may vary with the op er a tor, in ad di tion to being problematic 

when edema and blistering are present.

An other method is a reflectance spec trom e ter which

mea sures er y thema, and skin pig men ta tion. Such ref lec -

tance de vices have been used suc cess fully in mea sur ing the

CHS re sponse to nickel [3, 9]. How ever, er y thema mea sure -

ment, es pe cially when se vere CHS re ac tion oc curs may be

quite un re li able be cause the edema and blis ters may in flu -

ence the ac cu racy of read ings. Kelly et al. [7] rec om mended

the use of a high-fre quency ul tra sound scan ner to de ter mine

the ex tent of CHS re sponse. Un for tu nately, be cause of eco -

nom i cal rea sons this equip ment is not widely used in der -

matological practice.  

To ver ify clin i cal CHS as sess ment we per formed

histo logical anal y sis of thick ness of the epi der mis and the

in ten sity of spongiosis based on its main fea tures (i.e. the

pres ence of edema and intraepidermal ves i cles). The thick -

ness of the epi der mis cor re lated pos i tively with the sum

score of CHS re sponse in all the groups (p<0.05). Sig nif i -

cant cor re la tion be tween in ten sity of spongiosis and clin i cal

score for CHS re sponse was also ob served. We also found a

neg a tive cor re la tion be tween time of ir ra di a tion and

spongiosis score at 3.2 DPCP site (p<0.001). 

Based on the ob tained re sults we con clude that

histological ex am i na tion of bi op sies taken from one of the

se ries of elic i ta tion sites is a re li able and sen si tive method in

the eval u a tion of CHS re sponse af ter UVR. This method

seems to be more pre cise than clin i cal as sess ment alone,

how ever eth i cal rea sons when sci en tific ex per i ment is car -

ried out in healthy subjects limit its use.
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