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Abstract To evaluate a possible association between
infection with human papillomavirus (HPV) and cervical
cancer, we performed a mullicenter case—control study
in Latin America of 759 cases of invasive cervical cancer
and 1467 randomly selected age-matched controls. Dam-
ographic, sexual, behavioral, and other clinical data
were obtained by interview, and HPY DNA was assayedin
cervical-swab specimens with use of filter in situ hybridi-
zation,

Cervical infection with HPV 16 or 18 or both was strong-
Iy associated with cervical cancer. HPV DMNA was detect-
ed in 62 percent of the cases but only 32 percent of the
controls, and the relative risk of cancer increased from 2.1

VIDENCE derived from maolecular hiology and

clhinical imvestigations has established an associ-
ation between specific tvpes of human papillomavicus
(HPV} and cancer of the cervix.'™” DNA from HPY
165, HPW 18, or both (hereafter, HPY 16/18) haz been
found in the majority of cases of cervical cancer ex-
armined, and specific viral mechanisms have heen pos-
tulared o account for che malignant conversion of
these tumors.'™ However, there is insufficient infor-
mation i epidemiologic studies 1o support strongly
the hypothesis that HPY causes invasive cervical
cancer. For example, a study of the presence of
HPW 16/18 DINA in women from populations with
markedly different cancer rates failed to show dJdif-
ferences in viral prevalence.’ In addition, two small
case—control studies that adjusied for age and other
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(95 percent confidence interval, 1.6 to 2.8) to 9.1 (6.1 to
13.6) with hybridization reactions of increasing strength.
Although the number of sexual parners, age at first inter-
course, number of live births, and Pap-smear history were
also significant risk factors, the strong associations be-
tween infection with HPY 16 or 18 or both and cervical
cancer persisted atter we adjusted for these variables.

These observations are consistent with the hypothesis
that genital infection with HPV 18 or 18 may have a role in
the pathogenesis of cervical cancer. Other well-known risk
factors were also identified in the study, but they did nof
affect the associgtion between HPY and cervical cancer.
(M Engl J Med 1989; 320:1437-41.)

relevant risk factors have revealed only slight relatve
risks in associaton with the detection of DNA from
HPV 16/18.%°

A number of other risk factors for cervical cancer
have been identified — sexual behavior, exposare w
sexually transmitted agents, sociocconomic factors,
Pap-smear screening history, smoking, and the nse of
oral contraceptives,” The relations of these risk faclars
tor the presence of HPY are unknown. It 1s also un-
clear wo what extent factors such as smoking or oral
contraceptives may enhance the effects of HPV.! To
assess these relavons, we undertook a large mult-
center study, involving incident cases of invasive cer-
vical cancer and marched controls from four high-risk
areas in Latin America

MerTHons
Study Populations
Cases

We enrolled patienrz with invasive cecvical cancer at fooe study
sirear the Insrinen Macional de Oncologia in Panama, w whick 90
pereent of all such patients in it countey ave ulimarely referred®;
the tertiary care hespitals (San Juan de Dios, Calderon Guardia,
amd Hospital Mexivo) of the Caja Costarvicense de Segurs Social
Linidad Macional de Cancerologia in San Joze, Cozta Bica, toowhich
80 pereent of all Costa Rican patients with invasive cervical cancer
ave velereed™ the Tostitote Nacional de Cancerolosiz in Buogold,
Colombia, which is responsible for all medically indigent patients
with cancer in thar civy; and the Hospital de Oneologian Nacional,
[ostituto Mexicano de Segorn Social, in Mexico Civy, which s re-

Heprinted from the New England Jeurnal of Medicine
320:1437-1441 (Jume 13, 1989
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spomsible o all paticnts with cancer whao have secial security cover-
g el Tive i Moexiea [':il.j\..

All new panents presumed 1o have invasive cervical cancer whio
preaented tooa collishorating center from [anoary D986 through June
1987 weere identihed . When her diagresis (on the basis of hi.n]]:',!.'f-
and elmibility were confirmed, each woman was invited 1o partici-
pate it the stadv, Eligible sobjects were between 18 and 6% vears of
age hadl newly disgnused cervical cancer with no previons (rear-
ety andd had resided inothe eatchment ares for at least six monzhs.

Confrals

Two contrnls, marchee arcording o fee-vear e group, were
envalled for cack vase pavent In Bogotd and Mexico, bath canienls
were selectid from amuong patients at hespital Inpatient services o
outpatient chnics. In Paname and Costa Bien, one control was
selected fem e haspital and aosevond was selected feom che gener-
al population,

[in Parama and Costa Wi, the hospatal comtrnls were aelecied
from the hospizal thar Bac refereed the paient, Tn Bogotd, they were
sclected frimm wmong esghn teriary-level government hospils tha
refier patients i the Institure Macional de Canceralogia, In Mexico
Cioy, the hospital coonrals were selected rom among three social
security hospitals serving the population from which the cases were
derived. The hospital conrels were selected randomly eom liss of
current patients. Cnee the comteal patient was selected, her chart
was reviewed o detcrmine eligibility, Women under evaluation for
gvnecolugic or endocrine diseazes or diseases related w0 smoking,
whe hiad & previens disgnosis of cancer or wha had had a hysier-
ety were neligible and were replaced in the sy popula-
tien. Eligible contrals wha chose not o participate were not re-
prlacrl.

Clonrrols frem the comerunity in Panama and Costa Rica were
selected randomly from census lists of women with the same county
ol residener and age group as the case patient. We wisited the
potential concrals ar theiv homes) i a2 wornan had had a hvstereo-
oy or a previows diagnesis of cervical cancer, anoher control was
selected, The women wha chase nol o participace a8 conrols were
ELCsl r':'_:'l]:-ll"l":l.

Although the women with & previous diagnesis of cervical cancer
and those under eviduation for specified condioons ar bogpitals were
inetigible as controls, the exisieners of previously unrecogrnized gyn-
coadogae discase wis ol o criterion fer exclusion, Sixteen contraly
(1.2 pereeni ] haul evielogic evidenee of cervical intracpithelial neo-
plazia on examinarion afice coeellment. They were retained in the
sthily.

Beven
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hundred simey-six paticnts with cervical cancer and 1532
iiggibale for stody; 739 (99 percend) and 1467 (96 per-
cent, respectively, agreed o paniicipate. Specimens adequate for
{for 47 case pancms (98 peeoent) and
1296 comtrods (83 pereencl The coevent anslvsts was lmited to the
TR emse patienis and 30 controls whoe repotted peevicns sexual
{'}:F)Erit‘!ii:(:. The ﬂ['ul.’]‘_.' [PRAFTCEDAN DS were !_:i".'l_"rl_ astandardized inter-
wiew fapprosimately B0 munutes longd by wrained intcrvicwsrs,
They then had a pelvic examination, during which cells from the
uterine corvix were vollected for oviolegle examingtion (oontrols
only) and for analysis of I DMNAL The interviewers were gradu-
ate social workers, nurses, or physicians who had received a ane-
week training course and participated i pilot stadv,” Qualioyg-
contral measures included Interview logs, second intceviews of
subjects chosen at vandom, seview of Imierviews, and periodic visits
v atall members of Gorgas Memorial Laboratory o obaeree field
vperations il each collaborating cenrer.

Jl:l‘\;“u .-'Igﬁ.g'l:\.':ﬂ. were! I::II':I{ It

Irifarmed Consent

All study protcals were evaluated and approved by the Gorgas
Mermerial Laloratory Human Subjects Committee and then by
buman subjects commitiees an eaeh collaborating center; these com-
mittees were cunstituted according to the standzreds of the National
Tnstizures of Elealth [MIH]) and were approved by WIH. Al study
participants were velunceers who gave fally informed consent, The
infermed-consent dociments were prepared by principal investiga-
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lors (gyvnecolomic oncolngisia) feom each cellaborating center, whe
made & special effert e ensure that the intended soady partcipants
wonld understand the docwments, The foems were reviewed and
modificd by the MIH O0Tice of Protection for Bescarch Suhjecis

Detection of HPY DNA Sequences

Matexial was collecred for the assavs of HIY DNA with wse of a
cotiom-tipped swab wicth which the surlace of the Lesion [in ease
patients) or the corvical ne (in controls] was scraped gently, The
swabs were suzpended in phesphate-butfered saline and stoved
at = 20°C,

HPY DA was detected by Gleer in sicu hvbridizacion. ™ Cine
probe detected DA Trom FUPY TGS TH, and aosecond probe detected
DMA framn HEV 6, HPV 11, or both (hereafter designated HPV
A1) Cells from cach sample weree lilesed oot three nitrocellulese
papers {one for HPY 1678, one for HPY G711, and one for pRR
322). DNA-DMNA hybridization was carvied oulat 42°0 in 50 per-
eent feemarmide (Tm - 17°C) with o pBR 322 plasmid alone or with
inserts of HFY L6 and 08 ar HPV Ganed 11 DNA The probes were
lzheled, with use of 2 commercial nick-translation svatem ( Bethesda
Rescarch Laboratories, Gaithersburg, M), with [¥Pdeaxvevii-
dine triphosphate oo spocific activite of more than =08 Cpm ey
micrograrm. Aller hybridization, the filters were washed foue tmes
for one hour at 5370 (Tm - 15307 and then expozed tox-ray film ina
Kaodak intensilving sereen at = 70°C for one o theee days, The
sutoradiographs were examined independenthy by three abssrvers
Blirvded with respect to case or control status, Reactions recazeed by
it least two ohacrvers were wsed i the analvsis, Reaction intensity
was scorel as negative {no signall, +/— [dizcernible signal, bt
insufficiently intense o define the limis of the spot clearly?,
L+ (sufficicnily diffuse signal o define the limits of the spo
ar clusters of strong signals within 1, 2+ (soeang signal confined
te the spot), 3+ (srrong signal extending bevond the limits of
the spot}, or 4+ (strong signal excending e the barders of aidja-
cent spots). Specimens that reacted pozitively 1o pBR 322 (4 pereent
al’ cases anil B percent of contrels] were considered in & sepasane
CALATOTY.

Gtatistical Analysis

To estimate the risk of cervical cancer associziel with selected
exposures, we caloulated edds raios as approximations of relative
risks, Multivariate logistic regression was naed o adjus G poten-
tial i.'.l:u'l:l-.‘:lt]]:ldil'l__r; variables'! in derteing the maximal lkelihood eso-
mates of combined relative risks and 93 percent confidenes inter-
vals, In the logistic amalyses, tesis for tend were performed by
calegarizing the exposure vartable and teeating the seored variable
as continuous. Logiatic-regression @nalvais was also used o e the
statstical significance of mulopheacive interacions. The resulis ob-
tained with conditional egastic regression'™ were similar o those in
the unmitched analyses that have been chosen lor presemaiion,

RresurTs

In order to standardize the interpretation of the
filter in situ-hybridization assays, three readers inter-
preted the avtoradiograms independently o evaluate
the ntensity of the reaction (g, 1), and they reached
43 pereent agreement. To estimate the interlaboratory
variation in the assay, we obtained a second cervical-
swaly specirmen from 20 percent of the patients and
controls who were enrolled between November 15986
and June 1987, The two specimens from each patient
were pooled, and duplicate aliquols were assayed by
Dr. L. Gisgsmann (Heidelberg, Germany) and our-
selves, With respect to the 27% specimens, there was 76
percent agreement about the presence of HPV 16/18:
there were 213 specimens for which the results were
concordant, ¢4 in which we found DNA but Dir. Giss-
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Figure 1. Autoradiogram of a Nitrocellulose Filter That Was Spot-
ted with Cenvical Samples, Processed as Descrited in the Meth-
ods Section, and Probed with **P-Labeled HPY 1618 DNA,
The reactions were scored according to the intengity of 1he signal,
on & scale from 0 to 4, defined in Methods and exemplified in the
figura as follows: 0 (A-8), +/— (E-4), 1 (H-10), 2 (A-%), 3
(3-8), and 4 (B-3)

mann's laboratory did not, and 22 that we classilied as
negative but he classified as positive, There was 93
percent agreement in the assavs of HPY 6711 There
wag disagreement about 13 specimens; we coded 12 as
positive that Dir, Gissmann’s laboratory found o he
negative or questionably positive. Other studies com-
paring the interlaboratory variability of this assay (or
that of Southern Blotting) have not yet been pub-
lished,

Infection with HPV 16/18 was strongly associated
with cervical cancer. Sixty-two percent of the patients
butanly 32 percent of the controls had detectable viral
DNA (Table ). Infection with PV 6/11 was less
strongly associated with cervical cancer (only 17 per-
cent of the patients and 7 percent of the controls were
positive),

As i other studies, associations with the sk ol
cervical cancer were found for the number of sexual
partners (relative risk for four or more partners as

Table 1, Prevalence of HPY DA in Patients with Carvical Cancer
and Confrols,*

HPY 611

Leves or HEY T8
ﬁf;igﬁ:_f CASEE TEMTRILS CASES CEENTRINK
Aumder [oerceny)
Magitive 27335 33 AE.0) 95 (25 | 142 (93,3
+i— L {151 173 {141} 70T 3 (4.8
1= 231 {41.5) 177 (14.4) a4 (&.1] 20160
-3+ 112 {15.5) 42 (34 S (1T 3002

STwentysix caees 20d 71 panieels weree limingtad [rom the analysis because of positive
reactions b the pBE 312 prabe. Twelve cases and 134 comrals dad nul hawt samales adoguaie
o pest o [INA

“Rraclion invensily was sooned as eegave deo siprall, = /- idiscemible signal, b tnsufii
cigilly inense to deline the limils af the spot cleady), B+ (aficssily GilTuse signal o deline
the linants af i apat <r clusters af sirong sipnzls anthin id, 2+ {srang signal confinad s e
sptd, 3+ (azrang signal exiemdiag bavand U limils of the spell, ord = (simng signal exiend-
e tar the bonders of adjacent spos).
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comparcd with one, 1.6 95 percent conlidence mier-
val, L1 to 270, voung age ar first incercourse (relatyve
risk for 16 yvears or under as compared with 20 or
older, 2.1; 95 percent conhidence terval, 1.5 w 283,
no previous Pap-smear soreening (relative risk, 3.0; 95
pereent confidence interval, 2.3 w0 387, and molhiple
live births (relative nisk [or eight or more deliveries as
compared with three or fower, 1.4 95 percent confi-
dence interval, 1.1 o 1.9, Adter adjusoment for these
factors, neicher smoking, oral contraceplive use, nor
limited educarion was a significant risk factor for cor-
vical cancer. No relation was [ound between these risk
factors and the presence of HPY DNA (Table 23
Although the rates of HPV 16718 positivity varied
somewhat with age, the relation was not strong. These
relations were similar at all lour astudy sites and

Table 2 Percentage of Contrals with a Positive HPY 16718 Assay -~
According 10 Selacted Risk Factors and Magnitude of Associated
Rizk of Carvical Cancer.

CoNTRILS PosSITIVE KIsE oF CEavival

Riak Favions rag HFY 1157 AMOEE
% EET T O

Ay (vr)

<A} 9.7

Al}-du 285

S-54 L]

F=tl 591
Maonths since Pap smear

AR W5 1.1

=AE 2hd Tad (1 2-2.2]

MNever b1 s 252538
Educznom (vrl

=7 i 1.

1-h iz 118 (09— 161

Mo LI 1.21 (0.8-1.8)
Mo of sexuzal parners

L 4.1

2 e

i T80

4 7.3
At ! sl imferoonmse [wr)

=10 156 1.0

15 or 1% il L34 gt 18

1&ar 17 iy :

L 1) 6.4
Mo, of live births

0-3 314

4-7 2

=R 344

e porcentages of he vonloeis leslong posilive wene adpested for age. Sunjscs withoo:
Apecionens af with & poailive pER Iest wire (acluded from analysis

tRelalive risks were adjuseed for all fecrors shown. 25 wall 25 for the resalis of me HPY
WD msay. WS Ol denctes condidence interval

were nol aflected by the amount of HPY O 1DINA
(hvbridizaton intensity ).

The crude and adjusied relative risks of cervical
cancer associated with either HPV 16718 or HHIPY 6711
were similar [ Table 33 These relatve risks inereased
significantly with the increasing intensity of the HPV
LG/ 18 DNA hyhridization reaction, from 2.1 (95 per-
cent confidence mterval, 1.6 w 200 i minimally de-
tectable reactons tw 9.1 (95 percent confidence inter-
val, b1 o 13.6) with signal strengrhs of 24 or more,
These relations were simalar at the [our study sites and
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did noe differ when cases were com-
pared with either hospital or com-

June 1, 1984

Table 4, Relative Risks of Cervical Cancer Associated with the Combinad Hesults of
DMA Hybridization Assays for HPY 16718 and 611.7

munity controls.

4 BsuLTs or

Although HPV 6/11 was associ- 1P 18013
ated less strongly with cervical can- e
cer than HIPY 16/18 and was de-
tected less frequently overall, many Megative
subjects reacred positively to bach
probes. The highest risks were ob- -
served among those who reacted L

positvely o bath probes, but there

RESULTE OF HFY 11 Ay
HEGATIYE +i= -4+

silaier eisk (98 perrea confidence dnerved i1

1.0 180 ((h.9=3.4) 486 12 2- 105
1237, 7911 [20. 29] [16. 13]
1G5 {1.4-2.7) 530 (20-14.2) 1201 (31479
[85, 163§ L3, 71 |11, 3]
15 (40-6.0) God (3T7-11.2.) 12,689 (5.0-32.00
[£73, 1549]

f34, 23] 133,

was evidence of an Increase in risk
associated with HPV 6/11 even
among subjects negative lor HPV Table-1
16/18 (Table 4).

Table 5 shows the interactions of
various risk factors for cervical cancer with the detec-
von of HEY 16/18 DINAL Although smaoking and che
use of oral conlraceptives were not important risk fac-
tors in this study, we included them in the analvsis
because they have been sugpested as possible cofactors
with HP'V in the causation of cervical cancer. There
was some suggestion of an enhanced effect of HPW
among women with multiple sexual partners and early
age at fiest intercourse, but the interaction terms were
nol stavstucally significant (P = 00.32 and 0049, respec-
vvely). There was no evidence of an interaction be-
tween HPV infection and oral contraceptive use.

Sixty-one of the case patients (8.2 pereent) were
classificd histologically as having adenocarcinomas,
and HPV LG/ infection was assoctated with similar
elevations in the relative risk for both adenocarcine-
mas and squamous-cell carcinomas. Finally, the same
trind (and general s1ze of relative risk) was seen for
HPV 16/14 in all clinical stages of disease,

Discussion

Numerous studies bave lound HPY DNA in cervi-
cal cancer tissue.? Coupled with the ability of the viras
to transform rodent cells in vitra, ' these observations
provide circumnstanial evidence for the hyvpochesis
that HFV is an ctologic agenl of cervical cancer, Char
large populadon-based case—control study examined
the interrelation berween the presence of HPV DNA

Table 3. Ralative Risks of Carvical Cancer, According o Results
of OMA Hybridization for HPY 1618 and HFY @711,

HPY 16018

Aoisar Rrsust HEY 611
LTRULIE KISk ADILETED RIZK CELIDE RISK ADILSTED AR5E
1955 S R O
Panzalivie 1.0k 1.0 1.040 L.
f5— 1.4 2101.8-2.5) 2.51 LIE(LS-2 1
1+ 3,4 A 15 (3.2-5.4) 424 43T (LE-1.1)
1-4- B35 Sk 08 1-15.a) 312 LA (DR-1TS

*Relative risks were wljusted loe age. number of seomd parines, ags an (i) sexoal nler-
wndizss . purkeer of live Baghs | ienereal sonce last Pap sweear, and years of educazion. C1 dencoes
aeftfidnss inseneal

tFor defimitions of the lesels of reastion miensity, s the Famrosss o Table |,

*Relative risks were adjussed for age, numier al scgval pamnen, ags an lies seoal sercourse, sumber of live birhs,
imtgaval sinee bast Pap simcar, soad yeass of educaninn. For defindions of the levels of reaclion inlensity. sec the foctiales t

tWumbers in brackels am the nuisscrs of cases aed conrels, respecnvely, inowhich the resolt was ablained

in cervical cells and other potenoal nisk factors for
cervical cancer. We found a siznihicant risk associared
with detectable FIPY 16/18 DNA; the relative nisks
increased from 2.1 o 9.1 with increasing intensity of
the hybridization reaction and persisted after adjust-
ment for other major risk factors,

Sixty-twa percent of our case patients had HIV
6718 DINA, as derected by filter in situ hybridization
— a prevalence similar w the 67 percent rate reported
for HPV in our earlier Latin American pilot study.”
These rates are similar to those found 1o other Latin
American studies with Southern blot analbysis of can-
cer biopsy specimens: 60 percent in Panama,'® 75 per-
cent in Pern,' and 35 percent in Brazil.'®

We also found that 32 percent of the women ran-
domly selected as controls were infected with HPV
16/18, which 15 similar to the 43 percont prevalenee
rate in the controls in our pilot Etlltly.ﬁ Howewver, the
rates of detection of HPV 16/18 i the Lann Ameri-
can controls were higher than those reported 1 other
large popularion-hased survevs that have used filter in
situ hybridization: 2 1o 13 percent among normal
women in Germany,'’ and 6 1o 13 percent among
women in Denmark and Greenland.? Part of the dis-
crepancy may be due o the inclusion in our control
sample of women with cervical abawrmalities. The
higher rates we observed could also represent an aciu-
al increase in the prevalence of HPY among Latin
American women, who have an exceptionally high
risk of cervical cancer.

Despite this high rate of background infection, the
detection of HPV DNA was strongly associated with
cervical cancer, Sexual behavior was also a significant
risk factor for corvical cancer, but not for HPV TINA
positivity — an unexpected finding. It has been tacitly
assumed that most genital HPYs are venercally trans-
mitted, but this may not be the case in all setings.
Finally, the detection of HFV DNA with our assay
system may not simply indicate the presence of infec-
tion but may reflect the current expression of a persist-
ent or latent infection, The extent to which the results
of warious hybridization tests are allected by the form
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Tabla & Realative Risks of Cervical Cancer Associated with HEY
1618, According to Selected Risk Factors. s

Hy¥azimzating STRESGTH o0F HFY [l E DMAY

Risk Facasoas

HEGATING +i— I-d+

walissred’ elaioed il dee o vases soereidl

Ay
=4} 1005 (1D 128 (29 4 05 [REY
Alf- 28 95 (HI 213 (it 4.5 [R5
J0-59 078 [(56) 252 134) 4.7 [EO2
el 075 xh 20T E.hE (B4
Cigareites smokediday
Mane 1000 (L 2P (T 4 66 (22T
] U3 [ T (24 R ]
=10 1.0 {25 ER LR 800 45
Kexual pacinees G
| 1. 0K% {105} L9 {4 4.7 {1471}
2 d E.36 {129} 135 0 (145
w=d L35 {4y 3,96 (X B 30
Age al Arst infercourss
=18 MR 130 38y 4.535 (137
16 or 17 L35 6T RNt H 53 (R
<16 LAk ey 4. 348 (42} 1L 38 {47y
Oral conlraseptives
Mever peed LAY 19 1.6 (Rd) 3,31 (2600
Used L35 (1 .40k 25) &34 (T8}

*Relanivs asks wong sdjusted for age. nomber of sexual pamners, 2ge @ first sexunl incer-
ooaarse, nunyser of live hinhs, isgseeal soaoe bl Pap smear, sl vears af edugation .

FEar dermitims ol the Jovels of reaclion inlensicy, see zhe foocnaizs o Table | Colamnn grals
vary because some subpeots conld net respemd o e guestians,
$Rcferns calegory Tor each risk factor shoam,

of expression of the HPV genome in patents i3 un-
krnown.

Interestingly, 3 percent of the case patients and 0.5
percent of the controls reacted strongly to both HEY
16/18 and HPV 6/11 probes, Dositive reactions to
multiple probes on Olter in sitn bhybridization have
been noted in other surveys for genital HPV. 5 The
interpretation of these reactions requires caution,
since the viral DNA of one type may cross-react with
that of other types, even under stringent hyvbridization
conditions, Thus, multiple reacdvity could be the re-
sult of any ol several phenomena — infection with
more than one type of HPV, the presence of large
quantities of DNA Trom a virus type o which the
other probes cross-react or of an HPW varian with
genomic regions that share sequence homology with
the DNA probes, or lack of specificity due to insuffi-
clent soringency in the hybridizadon reaction. We
found a high risk of cancer associated with dual reac-
tions, and stratification revealed that a significant risk
of cervical cancer was associated with HPV 6/11
among women with o negative reaction for HPV
16/18. The meaning of this is unclear, because 0
15 difficult to infer specificity from the results of the
assay used.

Filter in situ hybridization has several advantages
that make 1t an attractive assay for use in large popu-
lation studies. As compared with Southern bloting, it
requires sinaller amounts of material, eliminares the
labor-intensive step of DINA extraction hefore testing,
and appears o have cqual sensitivity,"™"™ In situ tests
do not have cthe same implied specificity as Southern
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blots, however, and the amount of cellular DNA in-
cluded in the assavs s not standardized. Thus, part of
the difference noted berween pur study groups in reac-
tivity 1o HPY probes may reflect variations in the
DNA content of che specimens. This seems unlikely,
since in a previous siudy we found no correlations
between the number ol cells in the specimen and HPY
IINA positivity," Tn addition, we found no correlation
in Lhis study between the prevalence of HPY DNA
and the clinical stage [data not shown).

Other well-controlled studies should be conducted
to confirm and extend these observatons. Fure
studies should apply newly emerging laboratory meth-
ods, such as the polvmerase chain reaction,'™ and
should define the sensitivity and specilicity ol these
A5SAYS €A r‘li't"u”}'.m
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