
similar for the 109 patients who died more than a
week after the last visit and were discovered to have
treatable conditions.
Those who died received more treatment than did

survivors (table II). Seventeen (3 1%) of those who died
within a week were receiving chemotherapy and 43
(80%) hormone treatment, and the findings in those
who died after more than a week were similar. The
prevalence of chemotherapy among those who died
within a week was 2 6 times that among those alive
with recurrent disease (31% v 12%). Generally, the
intensity of treatment for cancer increased the closer
the patients were to death. In addition, of all those who
died, two thirds were receiving analgesics and two
fifths were receiving psychoactive drugs.

Discussion
Patients in the terminal stages of breast cancer were

being intensively treated for both their disease and
their symptoms. Indeed, they were being more in-
tensively treated for their disease than those patients
who were not in the terminal stages but may have had
recurrent disease. Many of the patients in the terminal
stages were also being investigated for other conditions
but only three of 54 would have been likely to benefit.

It is difficult to predict when a patient is in the
terminal stages of a disease, but our analysis of the
notes suggested that death had been adequately pre-
dicted. The case notes showed that 53 of the 54
terminally ill patients had been assessed to have

progressive disease that responded poorly to treatment.
Treatment may have been intensified in the hope of
extending the patient's life. It is well established,
however, that treatment does not extend the average
survival at this stage,25 so that if some patients are
having their lives extended others must be having their
lives shortened. Sometimes treatment may be given for
palliation. This is especially true of radiotherapy, but
in our study a higher proportion of women who died
than survived were being given chemotherapy, which
often has side effects even when drugs are taken to
ameliorate those effects. Such palliation might be more
easily and less expensively achieved with pain killing or
psychoactive drugs.
Our findings suggest that more attention was being

paid to the cancer than to the patient. More emphasis
on the care and comfort of patients in the terminal
stages of cancer than on continuing diagnostic activity
and treatment of the cancer would increase the
patient's quality of life and conserve hospital resources.

1 Fimothv AR. Cost versus benefit in non-surgical management of patients with
cancer. BrMAfed7 1988;297:471-2.

2 Powels TJ, Coombes RC, Smith IE, Jones JM, Ford HT. Failure of
chemotherapy to prolong survival in a group of patients with metastatic
breast cancer. Lancet 1980;i:580-2.

3 Bonadonna G, Valagussa P. Chemotherapy of breast cancer: current views and
rcsults. Int7 Rad Oncol Biol Phvs 1982 ;9:279-97.

4 Todd M1, Shoag Si, Cadman E. Survival of women with metastatic breast cancer
at Yale from 1920 to 1980.7 Clin Oncol 1983;1:406-8.

5 Patel JK, Nemoto , Vezeridis M, et al. Does more intense palliative treatment
improve oserall survival in metastatic breast cancer patients? Cancer
1986;57:567-70.
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The polymerase chain reaction: a new epidemiological tool for
investigating cervical human papillomavirus infection

L S Young, I S Bevan, M A Johnson, P I Blomfield, T Bromidge, N J Maitland,
C B J Woodman

Abstract
The polymerase chain reaction is an in vitro method
for primer directed enzymatic amplification of
specific target DNA sequences. The technique was
used to detect human papillomavirus types 11 and
16 simultaneously in cellular DNA recovered from
cervical smears in 38 women referred for colposcopy
to evaluate cytological abnormality and 10 women
with no history of cytological abnormality. The
polymerase chain reaction was shown to be both
specific and sensitive in detecting human papilloma-
virus DNA such that a single human papillomavirus
molecule was detected in 105 cells. Of the 38 women
with cytological abnormality, all were positive for
human papillomavirus on testing with the polymerase
chain reaction; 36 were infected with human papillo-
mavirus type 16 and 22 dually infected with human
papillomavirus types 11 and 16. Seven of the 10
women with no cytological abnormality were also
infected with human papillomavirus type 11 or 16.
The use of the polymerase chain reaction will

facilitate epidemiological investigation of the aetio-
logical role of human papillomavirus in cervical
neoplasia. This preliminary analysis suggests that
the prevalence of human papiliomavirus infection is
greater than previously reported.

Introduction
Though the precise aetiology of cervical neoplasia is

unknown, the epidemiological profile of the disease

makes it almost certain that oncogenesis is the result of
sexual transmission of an infectious agent.' 2 Cyto-
logical, histological, and immunohistochemical studies
have shown an association between human papilloma-
virus infection and cervical neoplasia.3-5 This has been
confirmed by the cloning of various human papilloma-
virus genotypes from genital lesions (human papilloma-
virus types 6, 11, 16, 18, 31, 33, and 35) and the
subsequent detection of these virus types in intra-
epithelial and invasive cervical lesions.6'4 Human
papillomavirus types 6 and 11 are associated pre-
dominantly with benign lesions (condylomas) or low
grade dysplasias whereas types 16 and 18 occur in most
invasive cervical carcinomas'4; human papillomavirus
types 31, 33, and 35 have been less commonly found in
carcinomatous tissue."'1'4

Recent reports have cast doubt on the role ofhuman
papillomavirus in cervical cancer; human papilloma-
virus type 16 DNA has been detected in normal
cervical tissue,s'2 and the results of one study have
suggested that the apparent association between this
virus type and cervical neoplasia disappears after
adjustment for age.'9 One of the main factors con-
tributing to the difficulties in obtaining clear epidemio-
logical evidence of the role ofhuman papillomavirus in
cervical neoplasia is the lack of an appropriate method
for assessing type specific human papillomavirus in-
fection. The techniques of Southern, dot-blot, and
"filter in situ" hybridisation have problems of sen-
sitivity and specificity, particularly when DNA ex-
tracted from cervical smears is examined.22 Thus

14 BMJ VOLUME 298 7 JANUARY 1989
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new or improved methodologies for assessing human
papillomavirus infection are essential if valid epidemio-
logical studies are to be performed.
The polymerase chain reaction is an in vitro method

for primer directed enzymatic amplification of specific
target DNA sequences." The technique can amplify a
specific target sequence present only once in a sample
of 10-106 cells. We aimed at establishing whether the
technique could be used to detect human papilloma-
virus types 11 and 16 in cellular DNA extracted from
cervical smears.

Subjects and methods
Study population-We studied 48 women: 38 women

aged 19-63 (median 29) in one group and 10 women
aged 20-45 (27) in another. The 38 women in the first
group had been referred to the colposcopy clinics at
Birmingham and Midland Hospital for Women for
investigation of cytological abnormality. In every case
two cytological samples were taken from the cervical
transformation zone after colposcopic examination of
the cervix and before the application of acetic acid. The
first of these smears was sent for routine cytological
examination and the second, taken with the same
spatula, was placed in 10 ml of cold phosphate buffered
saline for subsequent DNA extraction in the depart-
ment of cancer studies by the standard sodium dodecyl
sulphate-proteinase K lysis technique. A colposcopic-
allv directed punch biopsy specimen was then taken
from the area of greatest abnormality for histological

TABLE I-Sequiences ofoligonuicleotide primers

Human Size of amplified
papillomavirus Gjenomic product (base
typc Sequcnce 5 -3' location pairs)

A (CGCAGAGATATATGCATATG 221-240 90
B AGTTCTAA(iCAA(CAGGCA(CA 291-301

16 A TF(AAAAGCCACTGTGTCCJTG 421-440 120
B CGTGTTCTrTGATGATrCTGCA 521-540

18 A ACCTTAATGAAAAACCACGA 371-390 100
B CGTCGTTGGAGTCGTTCCTG 451-470

FIG; 1-Comparison and specificitN? ofamplification products ofhuman papillomavirus tvpes 16, 1
obtained by polvmerase chain reaction. Polvacr-lamide gel electrophoresis and ethidium bromide si
products obtained with specific oligonuicleotide primers and celluilar DNA (50 ng)from CaSki orH
or plasmid DNA (20 ng containing human papillomavirus type 16, type I1, or tvpe 18 DNA). II
and J8pr=Specific primers f'or human papillomaviru4s types 11, 16, and 18, respectivelv; HPI'
papillomavirus; 2AI =DAA size markers

assessment. The severity of cervical intraepithelial
neoplasia was graded as cervical intraepithelial neo-
plasia 1, 2, or 3, according to the criteria of Ferenczy.24
A histological diagnosis of human papillomavirus
infection was recorded if koilocytes were present. The
10 women in the second group were attending either
gynaecology outpatient clinics for investigation of
benign disorders unrelated to cervical neoplasia or
family planning clinics for contraceptive advice. Two
cervical smears were taken in every case and treated as
above.

Polymerase chain reaction-Various concentrations
of purified plasmid cloned DNA (of human papilloma-
virus types 11, 16, and 18); DNA from CaSki or HeLa
cells; or 0 5 tg DNA from cervical cells were amplified
in a 100 il reaction mixture containing (a) 16 6 mmol/l
ammonium sulphate, 6 7 mmol/l magnesium chloride,
and 67 mmol/l trometamol (pH 8-8); (b) 1.5 mmol/l
each of deoxyadenosine triphosphate, deoxycytosine
triphosphate, deoxyguanosine triphosphate, and de-
oxythymidine triphosphate; (c) 10 mmol/l 2-mercap-
toethanol and 10% (v/v) dimethyl sulphoxide; (d) 200
tg/l gelatin, (e) 1 tmol/l human papillomavirus
type specific oligonucleotide primer; and (f) 2 units
thermostable DNA polymerase (Taq polymerase).
The samples were overlaid with mineral oil, denatured
for 7 minutes at 94°C, and subjected to 30 cycles of
amplification. A cycle represents (a) primer extension
for two minutes at 70°C, (b) denaturation for one
minute at 92°C, and (c) reannealing for two minutes at
room temperature followed by primer extension as in
(a). The requirement for additional Taq polymerase
during the amplification varied with the source and
batch of enzyme. After the last cycle samples were
incubated for 5-10 minutes at 70°C; 15 t1 of the
reaction mixture was analysed by electrophoresis on
12% (w/v) polyacrylamide gels, and the amplified
products were visualised by staining with ethidium
bromide. When no bands were visible the remaining
sample was precipitated with ethanol and reanalysed
by polyacrylamide gel electrophoresis. Southern
blotting of the amplified samples was performed
as described"5 with an oligonucleotide probe of 40
nucleotides to the internal portion of the amplified
sequence.

Results
VALIDATION OF THE POLYMERASE CHAIN REACTION

Selective amplification of a target DNA sequence
with the polymerase chain reaction is achieved through
repeated cycles of denaturation of the DNA, annealing
with two oligonucleotide primers complementary to
regions flanking the target sequence, and extension of
the primers with Taq polymerase. In applying this
technique to detecting human papillomavirus types 11,
16, and 18 we designed oligonucleotide primers com-
plementary to sequences in the E6 region of these
human papillomavirus types (table I). We chose the
primers so that target sequences of different sizes
would be amplified according to human papillomavirus
type. Cell lines containing human papillomavirus type

- 1 153 t) 16 (CaSki containing about 400-500 copies of human
papillomavirus DNA per cell) or type 18 (HeLa
containing about 10-50 copies per cell) and plasmids

-7) F)containing cloned human papillomavirus DNA or
DNA isolated from tumour biopsy specimens were
used to test the validity of the polymerase chain
reaction with these primers. Figure 1 shows that the
sizes of the amplified products were as predicted from

1, and 18 the design of the primers-that is, 123 base pairs for
taining of CaSki cells and human papillomavirus tvpe 16, 90 base
eLa c6ells pairs for human papillomavirus type 11, and 100 base
'=human pairs for HeLa cells and human papillomavirus type

18. The specificity ofthe reaction was further confirmed
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by the absence of bands when human papillomavirus
type specific primers were used in reactions containing
human papillomavirus DNA of a different type-that
is, with.human papillomavirus type. 16 specific primers
and DNA from human papillomavirus type. 11 or.
HeLa cells, human papillomavirus type 11 specific
primers and DNA from CaSki cells, or human papillo-
mavirus type 18 specific primers with DNA from
CaSki cells (fig 1). Furthermore, no bands were seen
when these primers were used in polymerase chain
reactions with DNA isolated from cell lines that do
not contain human papillomavirus (that is, in B cell
and neuroblastoma cell lines) or with DNA isolated
from fetal tissue (cervix, skin, and liver). Southern
blot analysis of the amplified products with appro-
priate human papillomavirus probes labelled with
phosphorus-32 further confirmed the specificity of the
polymerase chain reaction (fig 2), as did diagnostic
restriction digests of the amplified products (data not
shown).

TABLE iI-Prevalence of human papillomavirus types 11 and 16 in women with and without possible
cervical cytological abnormality

Polymerase chain reac

Human papillomavirus Human papill
Histological abnormality type 11 alone type 16 a

Women attending colposcopy
clinics (n=38):
None (n=6) 1 3
Human papillomavirus alone
(n= 14) 1 4

Cervical intraepithelial neoplasia
1 and human papiliomavirus
(n=5) 2

Cervical intraepithelial neoplasia
2 and human papillomavirus
(n=7) 4

Cervical intraepithelial neoplasia
3 and human papiliomavirus
(n=6) 1

Women attending other clinics
(n= 10) 2

0 X o. D < <
0 0 0 > 0 0

123 bp

FIG 2-Amplification of DNA from human tissue with human
oligonucleotide primers by polymerase chain reaction. Top panel: poly
ethidium bromide staining ofproducts ofpolymerase chain reaction on
specimens and cell cultures. M=DNA size markers, OC-C (H145)=
human acanthoma, OPAP=oralpapilloma, VULU=vulvalleucoplaA
cervical carcinoma, CXCA-M=moderately differentiated cervical carc
Raji+HPV 16=positive control with one copy per cell of cloned hur

ction positive for:

Inmavinic T-Timnn n-qnillnm2virnlc

FIG 3-Sensitivity of amplification bypolymerase chain reaction with
human papilJomavirus type 16 specific oligonucleotide primers and
different concentrations ofDNA from CaSki cells (300 ng-0-15 pg)
diluted inDNA from Raji cells (final DNA concentration OS pg)

ivsasav*srimO. ....,, mMv"sv

lone types 11 and 16 The sensitivity of the polymerase chain reaction was
assessed with various concentrations of either cellular
or plasmid DNA containing human papillomavirus

2 DNA. Figure 3 shows the results of one such study
using dilutions ofDNA from CaSki cells in DNA from
the Raii cell line that does not contain human papillo-
mavirus type 16. As little as 0-15 pg of DNA from

3 CaSki cells could be detected by direct visualisation of
gel stained with ethidium bromide. Assuming that

3 CaSki cells contain 500 copies ofhuman papillomavirus
type 16 DNA per haploid genome and that a diploid

5 cell contains 7 pgDNA, this implies that the polymerase
s chain reaction can detect around 10 copies of human

papillomavirus type 16 DNA without the need for
subsequent Southern blotting. With the additional
sensitivity afforded by blotting a single copy of human

rr c E > papillomavirus type 16 DNA could be detected. A
+ < <x similar degree of sensitivity has been observed with the

0 0>z x~ >x polymerase chain reaction for detecting other human
o 0 0 c: papillomavirus types.

Preliminary analysis of DNA of cervical smears
taken at colposcopy clinics by the polymerase chain
reaction with human papillomavirus type 16 specific
primers showed that one sample (sample 47) was
negative (fig 4a) even after ethanol precipitation of the
remaining reaction solution and repeat polyacrylamide
gel electrophdresis. The other samples gave the human
papillomavirus 16 specific 120 base pair amplified
product, but this band was of varying intensity, (fig 4
(top)). Amplification ofhuman papillomavirus type- 1
plasmid DNA and DNA in cervical smear samples 38,
43, and 47 with the human papillomavirus type 11
specific primers gave the predicted 90 base pair band
(fig 4 (bottom)). The polymerase chain reaction on a

R~<x: >S mixture ofDNA from CaSki cells and human papillo-
: mavirus type 11 plasmid DNA and on cervical smear

samples 1, 7, and 87 with a mixture of human
papillomavirus type 11 and type 16 specific primers
showed both the 90 base pair and 120 base pair

papillomavirus type 16 specific amplified products, suggesting that multiple primer
vacrylamide gel electrophoresis ad reactions can be used for simultaneously detecting
DNA isolatedfrom various biopsy different human papillomavirus types. Southern blot
=oral carcinoma culture, CXAC= analysis further confirmed that the ainplified products
tia, CXCA-W=welldifferentiated from cervical smear samples were specific for humaninoma, CXiloma vi x., A pillomavirusC(daata -neot shown).nan papillomaviruts type 16 DNA paploaiu dt o hw)

added to DNA from Burkitt's lymphoma cell line negative for human papillomavirus type 16, bp=base
pair. Lower panel: Southern blot of amplified polymerase chain reaction products from gel confirming
specificity for human papillomavirus type 16 DNA. (Amplified products from gel were immobilised on PREVALENCE OF HUMAN PAPILLOMAVIRUS
Genescreen membrane (DuPont) and hybridised with oligonucleotide probe of40 nucleotides end labelled
with phosphorus-32 and taken from region between the two human papillomavirus type 16 E6 region Histological examiation of the biopsy specimens
primers) from the 38 women in the first group showed no ab-
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normality in six cases, human papillomavirus in- hybridisation techniques, though generally accepted to
fection alone in 14, and human papillomavirus in- be the gold standard for diagnosing human papilloma-
fection associated with cervical intraepithelial neo- virus infection, have problems of specificity and
plasia in 18 (table II). There were no cases of cervical sensitivity and may underestimate the prevalence of
intraepithelial neoplasia without associated human infection." 22 25
papillomavirus infection. All 10 women in the other We report on the validation and application of the
group had had at least two consecutive negative polymerase chain reaction in detecting human papillo-
smears; two had three negative repeat smears, and one mavirus DNA in cytological samples. The sensitivity
had four negative repeat smears. Thirty six samples of the technique is such that a single molecule of
(95%) from women in the first group were positive for human papillomavirus DNA can be detected in 105
human papillomavirus 16, 24 (63%) were positive for cells. Thus the polymerase chain reaction is at least 105-
human papillomavirus 11, and 22 (58%) were positive fold more sensitive than Southern blotting, in which
for both. Dual human papillomavirus infection was the detection of less than one copy of viral DNA per
also seen in the other group, in which seven of 10 haploid cell genome is difficult. The specificity of the
samples were positive for human papillomavirus. polymerase chain reaction is shown by (a) the detection

of an amplified band consistent in size with that pre-
dicted from the design of the oligonucleotide primers,

Discussion (b) the absence of amplification with human papillo-
The lack of a serological test for human papilloma- mavirus type specific primers with either cells contain-

virus infection together with the inability to cultivate ing another human papillomavirus type or cellular
human papillomavirus in vitro has necessitated the DNA not containing human papillomavirus DNA,
developmentofDNA hybridisationmethods to identify and (c) the confirmation by Southern blotting that
subjects infected with the virus. The existing DNA the amplified bands were specific for human papillo-

mavirus type. The technique has additional advantages:
routine analysis requires only 0 5 tgg of cellular DNA,
simultaneous detection of more than one human
papillomavirus type is possible, the test can be com-
pleted in a day once the DNA has been extracted,
and steps to mechanise the process are already well
advanced.
With increasingly widespread application of the

polymerase chain reaction many workers are ex-
periencing problems with false positive results due to
contamination of either the samples or the primers by
DNA.26 Thus the advantage of the technique (that is,
its exquisite sensitivity) can also be its disadvantage.

1 ?0 5 - _ l _
The problem is easily resolved by careful handling of
all DNA samples and by including negative control
DNA.

In all women in whom cervical cytology was ab-
normal human papillomavirus infection was detected
by the polymerase chain reaction. The infection was
with human papillomavirus type 16 either alone or in
association with type 11 but never type 11 infection
alone. In the light of previous studies using Southern
blotting or in situ hybridisation27-29 this prevalence of
human papillomavirus infection in cervical intra-

(x) ,̂z epithelial neoplasia is not surprising given the greater
sensitivity of the polymerase chain reaction. Although
the numbers are small, our data do not support the
opinion that human papillomavirus type 16 is more
likely to be associated with more severely dysplastic
lesions.'4 They do, however, confirm reports suggesting
that the prevalence of human papillomavirus infection
in normal cervical tissue is greater than previously
suspected.'81`0 Thus we found that 7 women (70%)
(95% confidence interval 53% to 98%) with no history
of cytological abnormality were positive for human
papillomavirus type 11 or 16. Gergely et aP0 with a

-- 120 tf) less sensitive technique found that the prevalence of
human papillomavirus type 11 or 16 in a similar group

90 - -- 90 Pp ofwomen was 54% (39%-79%).
Two recent reports concluded that clear epidemio-

logical evidence supporting an aetiological role for
human papillomavirus in cervical neoplasia is still
lacking.2225 This deficiency can in part be explained
by the absence of a sensitive, specific, and widely
applicable test for human papillomavirus infection.

Type 11 primersT 1pe 11 + type 16 primrf s The polymerase chain reaction meets many of the
requirements of such a test and should greatly

FIG 4-Amplfication ofDNA isolated from cervical smear. Top: polymerase chain reaction with human facilitate future epidemiological investigations of
peptllomavirus type 16 specific pnmers andDNA from CaSki cells (C) and on 05 ptgDNA from cervical the oncogenic potential of human papillomavirus in
swears (samples 47, 57, 75, 76, 77, 80, and 84); bottom: polymerase chain reaction with human
papillomavirus type 11 specific primers and mixed human papillomavirus type 11 and type 16 specific cervical epithelium. We are usmg the technique in a
prmers with controlDNA (human papillomavirus type 11 plasmid DNA orCaSki cellDNA (C), or both) longitudinal study of young women who have recently
and 05 pg DNA from cervical smears (samples 1, 7, 38, 43, 47, and 87) become sexually active and will make sequential ob-
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servations on the natural course of cervical intra-
epithelial neoplasia in relation to human papilloma-
virus infection.
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Abstract
To assess the prevalence of both diagnosed and
undiagnosed diabetes mellitus in an area of pre-
dominantly Asian population the Coventry diabetes
study is carrying out house to house screening for
diabetes in people aged 20 and over in Foleshill,
Coventry. In the first five of 12 areas to be studied
2130 of 2283 Asian (93.3%) and 1242 of 1710 white
subjects (72.6%) aged 20-79 agreed to be screened.
The prevalence of diabetes adjusted to 1987 demo-
graphic estimates was 11-2% in Asian men and 8-9%
in Asian women whereas it was 2-8% in white men
and 4-3% in white women. The excess of diabetes in
Asian subjects was predominantly of non-insulin-
dependent diabetes, and no significant differences in
body mass were found to account for the higher
prevalence.

Diabetes had not been diagnosed previously in at
least 26% of the white and 30% of the Asian diabetics
screened, and it is estimated that in this community
the condition remains undiagnosed in 42% of white
and 40% of Asian diabetics.

Introduction
The Southall diabetes study showed that the preval-

ence of known diabetes in Asian people was four times
that in white people,' but the proportion of diabetics in
whom the condition remains undiagnosed among
Asians is unknown and may differ from that among

whites. To investigate this further the Coventry
diabetes study was established to screen the adults in
Foleshill, Coventry, an area with a predominantly
Asian population. We report the preliminary findings.

Methods
The electoral ward of Foleshill has a population of

18 500, of whom 11 000 are aged 20 and over. It has
traditionally been the area of initial immigration into
Coventry: earlier this century from the north of
England and from Ireland, then from eastern Europe,
and more recently by Asians from either the Indian
subcontinent or Africa. More than a quarter of the
population is unemployed, and over 2500 residents
leave and enter Foleshill each year. It is one of the most
underprivileged wards in England and Wales.2

For the survey Foleshill was divided into 12 areas,
and our results are of the first five areas screened. All
people resident in the area for more than four months
each year and aged 20 and over were included. The
survey was given extensive publicity in the local press,
on radio and television, and by the display of posters in
prominent places. Residents were notified by multi-
language leaflets distributed the day before the visit of
the reasons for the survey and the expected arrival time
of the team. They were visited at home by two of 15
fieldworkers who had been recruited from the local
population; half of the fieldworkers could speak an
Asian language. The information obtained from the
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