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Little is known of the natural history of genital buman papillemavicus (HPV) infections
i wornen from high-risk populations, Samples were collected from 183 Panama City prosti-
tutes and assessed for HPY (filter in situ DNA hybridization) and for sexually transmicied
apents. The cohort was followed for 8 mo: 31% of subjects completed four monthly refurn
wisits and 16% were sampled sight times. The proportion of women found infected with
HPY increased signaficantly with increasing nunmmbers of consecutive samples tested; 38 (21%)
of 183 women were positive after one visit and 46 (82%) of 56 who completed six visics
were infected. The pattern of viral detection over time was ool mandom, which implicd that
most prostinees were persistently infected with genital HPVs ancd that cither scattercd focd
al infection or periedic reactivation of latent virus oceurred, Cur findings suggest that multiple
sampling & necessary to accurately estimate HPY intection rates and wo define whether

patterns of 13MNA expression are present.

Human papillomaviruses (HPVs) are increasingly
recognized as important and complex human patho-
gens. HPV has been suggested as an etiologic agent
inthe genesis of cervical neoplasia [1]. Genital HPVs
are associated with condyloma accuminata, atvpi-
cal condylomas, and cervical intracpithelial neopla-
sia [2-4]; HPY infection also cccurs in anatomically
normal genital mucosal epithelinm [4-6].
Attemnpts to define the mechanisms by which spe-
cific types of HPY cause disease have been limited
because infection must be estimated by assays for
viral DINA, These assavs are constrained by sampling
errars and by poorly defined sensitivity, In addition,
published studics associating HPY with cervical dis-

Received Tor publication 14 Novemnber 1988 and o revised form
22 May 1989,

Informed consent was obtained from all participants, wha wers
volunteers, The protocol used was reviewed and approved by the
Fanamarizn Ministry of Health and by the Goress Memorial 1Lab-
oratory Human Suhjects Committes.

This study was supported in part by grant € A-42042 from the
Mational Cancer Institare, U5A, and by a graot frem the National
Cancer Insticnte of Canada,

The authors thank the medical direerors and nursing staffs ar
the Chaorrilla, Rio Abkgjo, Emilianc Ponog, and Booa la Caja Dis-
trict Health Centers; snct Maria Majels Brenes, [on Manoe] Guer-
rera, Lavla de Perer, Edmundo Chandler, Basilio Gomes, Adaluz
de [nce, Maritea Famos, Maritza de Bernel, Berta Cedeno, all
Gargas Memerial Labormiory Division of Epidemiology.

Please address caquests Tor seprints o Dr. W O Reeves at lis
present address: Vieal Exanthems and Ferpesvirus Brancl, Dhivi-
sion of Wiral Diseases, Cenrer for [nfectious Dissases, CDOC, At-
lapta, GA 30333

04

case have not addressed issues such as viral persis-
tence, latency, or reactivation. We attempied (o as-
sess the natural history of genital HPV infections
by repeatedly sampling g cohort of prostitutes in
Panama City, Republic of Panama. The women were
interviewed to ascertain risk factors and had serial
samples taken to define HPY infection,

Subjecis and Methods

Study population.  We enrolled 133 prostitures
between January and May 1986 as they attended
mandatory weekly Ministry of Health Social Hy-
giene Clinics at the Chorrille, Rio Abajo, Emiliano
Ponce, and Boca la Caja Dhstrict Health Centers [7],
We then followed this cohort during monthly rou-
Linee clinie visits,

Detection of HPY DNA, Material for HPY
DMNA assays was collected at each visit by scraping
the cervical os with a cotton-tipped swab. The ma-
terial was suspended in 2 ml of phosphate-buffered
saling, then centrifuged at 40 g for 10 min at 4°C;
the pellet was then resuspended in 0.3 mlof 6 stan-
dard saline citrate (55C) {1 x S5C is 0.15 M NaCl
and 0015 M sadium citrate, pH 7.00 containing 3
pgSml of denatured salmon sperm DNA, The sam-
ples were then stored at —20°C until tested.

HPV DNA was detected by filter in situ hvbrid-
ization [8, 9]. Briefly, cells were filtered onto three
nitrocellulose filters {prebybridized with denatured
salmon sperm DNA)Y and denatured by two 3-min
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treatments with & solution of 1 M NaCl and 0.5 M
MNadH followed by two 5-min treatments with 0.3
A Tris buffer and 3 A NaCl (pH 7.4), The filters
were then baked at 90°C for 10 min lollowed by
digestion with [0 ml of proteinase K (2 mg/ml in
10 mM Tris, pH 7.8, 0.5% sodium dodecy] sulfate,
and 0.5 mA EDTA)} at 37°C for |5 min, After
deproteinization with chlaroform, the filters were
washed twice with 2 55C and baked again at 90°C
for 90 min.

DNA-DNA hybridization was carried out using
pBE 322 and the vector containing inserts of HPY
16 and 18 or HPV 6¢ and 11 DNA. One set of
nitrocellulose filters was probed with HEY 16 and
I8, one set with 6c and 11, and one set with pBR
322, The probes were labeled with #P dCTP o a
specific activity of | x 10* counts per minute
{epm)/ue using a commercial nick translation sys-
tem {Bethesda Research Laboratories, Gaithersburg,
Md). Hybridization was conducted at 42°C in a so-
lution containing 50% formamide, 5x 85C, §x
Denhart’s solution, 250 pg/ml of denatured salmen
spermn DINA, and 5 = 10° cpmysml of YPlabeled spe-
cific DNA probe,

After hybridization, Tilters were washed four times
for | heachat 65°C in 2= 55C with 0.1% sodium
dodecyl sulfate and then exposed 1o x-ray film in &
Kodak intensifving screen, at —70°C for 1-3 4. All
®-ray [ilms were examined independently by three ob-
servers; films rated positive by two were considered
positive, Less than 1% of specimens were positive
in the pBR 322 assay; these were considered HPV-
negative.

Resulis

We collected 741 HPY specimens from 183 prosti-
tutes. Overall detection rates for HPV 16418 and
HFY 6711 DNA were 23% and 2%, respectively,
Of the samples, 10% were pasitive against both HPY
16718 and HPY 6711 probes; this could represent in-
fections with more than one virus type, infection with
a cross-hybridizing HPV type, or insufficient con-
ditions of stringency. Because the filter in situ hy-
bridization cannot distinguish between these possi-
bilities, the remaining data analvsis classified a
positive hyvbridization reaction as any HPY. DNA,

Detection of HPY infection increased significantly
according to the number of consecutive specimens
tested, OF the 183 women, 94 (51%) were seen on
four consecutive visits and 30 (16%) completed eight
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Table 1. Human papillomavirus, infection rates in
Panamanian prostitutes by number of samples taken.

Mo, consective Mo, (T) positive

wisils Mo, subjects For HEY [3NAY
1 183 A8 (21)
2 138 56 (41)
A 119 59 (50)
4 o4 S0
5 Th 54 (71)
f 5 46 (82
7 43 3B (84)
& 30 24 (80)

* HPY DNA-positive refers to DNA detecred at Least once
un 1o the indicated mumber of visits.

follow-up visits over 8 mo. As shown in table 1, only
21%0 were positive after a single visit, 41% were posi-
tive at least once during their [irst two visits, and
>80% of the sampled six times or more had HPV
DNA detected at least once. This patiern suggested
persistent HPV infection with periodic viral shedding,

shedding from persistent viral infections should
acour in a nonrandom pattern. To test this hypothe-
sis, we analyzed the distribution of HPV DNA-posi-
tive samples as a function of clinie visits. Among
wormen sampled on three, four, or five consecutive
visits, significantly more were consistently free of
HPV DNA and more were posilive in three or more
samples than expected by chance (table 2). Not sur-
prisingly, the HPV DNA positivity rate was higher
in samples taken subsequent to a positive sample;
T4 (44 %) of 167 specimens taken immediately after
& positive sample were positive versus 108 positive
samples immediately following 399 (27%) negative
specimens (x* = 5.3, P < .001). This pattern sug-
gests that most of the prostitutes were persistently
infected with genital HPVs, characterized by either
scattered foci of infection that were inconsistently
swabbed or by periodic reactivation of latent virus.

We obtained genital cultures for gonorrhea,
chlamydia, mycoplasma, herpes simplex virus
(H5V}, and cytomegalovirus (CMVY} from women
during their first clinic visit, We isolated gonorrhea
from & of 164 subjects (5%}, chlamydia from 20 of
137 (15%), mycoplasma from 40 of 162 (25%), and
HSY and CMV from 1% and 3%, respectively, There
was no association between isolation of any sexu-
ally transmitted disease agent and detection of HPY
DNA,

Table 3 summarizes demographic, socioeconomic,
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Table 2,
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Distribution of human papillemayirus—positive samples by nu-

I 3 wisits I 4 wisils In 5 vissts
Mo, samples S ——
nasitive Observed  Expected  Observed  Expected  Observed  Expocted
0 ] 2.0 35 5.7 22 122
1 37 45,6 27 194 21 277
2 17 157 20 22.6 I 21.2
i 3 1.7 11 3B I w7
4 - - L (5 £ 2.0
g — — — — 1 .2
Taal 114 04 6
% analveis L0 {2 diy L2743 iy 209 (4 dn)
Po= 005 o 0] P (¥s

MOTE.  Expected resclis are estimated by binemial distribution.

and behavioral characteristics of study participants,
which were similar to those documented in a previ-
ous study of this population [7], Mo significant as-
sociations were observed belween these variables and
detaction of HFY DNA, Also, there were no differ-
ences in the distribution of these characteristics by
the number of follow-up visits completed.

Discussion

Wost investigators have detected a high prevalence
rate of HPV DMA in specimens tom condyloma-
tous, dysplastic, or invasive cervical lesions. How-
ever, viral DINA has also been detected in specimens
from women without avtalogic or histologie evidence
of disease [5, &, 10-19]. Clinical studies have shown
that natural regression or therapeutic eradication of
local lesions 1s not always accampanied by elimina-
tion of the virus [10, 20].

The presence of viral DNA in anatomically nor-
mal tissue could result from sampling during the in-
cubation period of the infection or the persistence
of the virus in an occult form not associated with
a proliferative response ol infected epithelial cells.
Onur finding of HPV DN A in samples obtained from
prostitutes who were followed at sufficient monthly
intervals to encompass the expected incubation
period supports the concept of the virus persisting
in an occult form.

In addition to persistent HPY infections, there are
other explanations for the pattern of genital HPY
DMNA detection observed in our study population,
The filter in situ hybridization assay might have
vielded random positive reactions that were not spe-

cific lor HPY DNA, This seems unlikely since the
probability of a positive reaclion among women
repeatedly sampled was influenced by the positivity
status of prior samples, and the tme-dependent pat-
tern of HPY DNA detection among the prostitures
was not that expected by random chance,

A biased sample population, in which women with
genital HPY infections were more likely to remain
in the study, could increase the frequency of HEY
detection with repeat testing. We do not believe this
occurred.

Weekly attendance at Ministry of Health Social
Hyvgiene Clinics is mandatory for all women who
work in houses of prostitution, hars, cantings, mas-
sage parlors, and similar establishments. Compliance
iz enforced by inspections and stift fines for women
who lack current clinic documentation and for the
establishment in which she is working, During clinic
visits women are examined for gross signs of genor-
rhea and Gram’s stained cervical smear 15 examined
lor evidence of gonorrheal infection, Infected wom-
en are treated and not allowed to work until treat-
ment is completed. The clinics do not routinely
screen for dyvsplasia or genital warts and do not pro-
vide treatment for such conditions.

The Panama City prostitute population is quite
maobile. Eighty per cent were non-Panamanian na-
tionals temporarily residing in the city, The “drop
out" rate we observed is similar to the general turn-
over within ¢linics, Finally, there was no association
between specific demographic, sociocconomic, or be-
havioral characteristics and either detection of HPY
DMA or duration of follow-up in the study.

The periodic detection of HPY DNA in the geni-
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Table 3. Demographic, socioeconomic, and behavioral
characteristics of prostitutes in Panama studied for hu-
man papillomavirus,

Ma, (%)
Country af birch:
Colembia L7 (588
Panama AT £20.3)
Dominican Republic 14 (7.7
Costa Rica 1 {5.5)
Hrazil 7 3.
Othert T (3.8)
Race:
Mestizo 93 (51.1)
White 65 (35T
Black L& (9.9}
Asian 6 (3.3)
Number cusiomers/wesk:|
1-3 62 (49.2)
b-L0) 13 (10.3])
11-24 4 [3.2)
21-50 3B (30
=50 9 {71
Amount charged:=
=33 1 &3
6514 323
FL1-520 T4 (18]
21-530 21 [16.1)
331-550 L% [14.6)
=350 43 (3L
Range  {Averape + 502)
A [yodrs) 16-57 (28 = 7.0
Years living in Panama® JR-20 (g = 3.1
Years as prostituce AE-30 (39 + 4.8
Age al [irst intercourse {vearsy [2-27 (182 + 2.9
Age began prostilmion (vears) 15-53 {24.1 £ 5.5}

* thher councries af birth; Chile, 2; USA, Peru, Honduras,
El Salvader, and Hait, | cach.

T Answers wers provided by 126 subjects; 14 denied prostita-
tien and 32 did not respond 1o the gquestion,

t Answers were provied by 130 subjects; 24 denicd prostite-
tion and 28 did not respond 1o the questions.

§ Inchedes 145 foreign-born waomen.

tal tract of these high-risk women could result from
repeated reinfection by male sexual partners. In such
instances, positive results would reflect virus depo-
sition from the male genital tract or focal replica-
tion in the cervical epithelium. The sensitivity of the
hybridization assay is probably not sufficient to de-
tect virus introduced via semen; however, we can-
not exclude repeated occult reinfections.

The distinction between reinfection and persistent
virus infections in terms of natural history has im-
portant implications. Repeat sampling of our pros-

Reeves of al.

titute population revealed that ~~80% of women seen
repeatedly for B mo were positive for HPV DNA an
one or more gccasions. 11 this was due to reinfee-
tion then the presence or absence of HPV DNA in
genital secretions of low-risk women should reason-
ably predict their HPV infection status.

However, if the high detection rates on repeat sam-
pling of the prostitutes represents persistent infec-
tion or reactivation of latent virus, our findings im-
ply that a single sampling of cervical cells will be
inadeguate 1o accurately assess genital HPV infec-
tion, This latter interpretation is supported hy the
lindings of Schneider and coworkers [21]. They noted
that a greater proportion of pregnant than nonpres-
nant women were positive for cervical HPV DNA:
also HPV-positive pregnant women had larger quan-
tities of viral DNA than positive nonpregnant wom-
en, These findings suggest that factors associated
with pregnancy influence expression of persistent
HPV infections.

A potential limitation of our observation is the
reliance on the filter in situ hybridization assay to
detect HPV DNA. The simplicity of this methad per-
mits its use in large epidemiologic surveys [13, 18],
A comparison of filter in sity with other hybridiza-
tion methods, using samples from patients with
histologically confirmed lesions, suggests that it is
adequately sensitive and specific for this purpose [9].
However, information on comparative studies of
specimens from women without detectable lesions
15 not available,

HPFV DNA detection rates in exfoliated cervical
cells from women without cervical abnormalities
have generally been similar regardless of the assay
used. For example, the filter in situ hyvbridization
method has yielded positivity rates of 2% [11],
2%-13% [15], and 7%-13% [18]. Southern blot anal-
wiis of similarly obtained specimens has yvielded rates
of 11% [22] and [2% and 28T, respectively, amonsg
nonpregnant and pregnant women [21]. Although
these reports sugpest comparable sensitivity of the
assay methads, the specificity of the filter in sitn
method is suspect since there is no inherent charac-
teristic of the reaction patterns that identifics the tar-
get of the probe as HPY DNA,

Our study design contralled for reactions with
plasmid DNA but spurious reactions with other sub-
stances cannol be excluded. Clearly, additional in-
vestigations into the shedding patterns of genital
papillomavirus among groups of women at varying
risks of sexually transmitted infections are needed.
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