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Objectives. We examined the diagnostic utility of the presence of oral lesions, individually and in combination, in
identifying severe immunosuppression, defined as CD4 cell count under 200.

Study design. Data were collected on 82 HIV-seropositive homosexual men and 82 HIV-seropositive injection drug users
who volunteered to participate in a longitudinal study of HIV infection. CD4 cell counts were measured within 24 hours

of oral examination.

Methods. Sensitivity, specificity, positive predictive value, negative predictive value, and the odds ratio were computed
to assess the association between oral lesions and CD4 less than 200. In addition to the individual lesions, we studied
the diagnostic properties of sets of three to six lesions. For each set of lesions, a patient was classified as positive for the

set if he or she had one or more lesions in that set.

Results. In homosexual men and injection drug users, individual lesions had low sensitivity, high specificity, and
moderate positive and negative predictive values. Odds ratios reflected weak correlation to immunosuppression. When
lesion sets were considered in homosexual men, sensitivity rose dramatically with only modest decreases in specificity.
The positive and negative predictive values remained almost the same. Similar results for lesion sets were obtained in
injection drug users, with greater reduction in specificity but stable positive and negative predictive values. Odds ratios
indicated that for homosexual men, the more lesions included in the set, the stronger the correlation with
immunosuppression. For injection drug users, strong correlations were observed for all lesion sets.

Conclusions. Analysis of sensitivities and odds ratios in homosexual men suggest that it may be valid to note the
occurrence of a greater number of oral lesions than is currently done in staging patients with HIV infection. Among
injection drug users, monitoring a larger number of lesions neither improves nor reduces the correlation to severe

immunosuppression.

(Oral Surg Oral Med Oral Pathol Oral Radiol Endod 1996;82;276-83)

A wide array of clinical signs and symptoms is used
to monitor the progression of disease in HIV-infected
persons. In addition to CD4 cell count, the staging
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system proposed by the Centers for Disease Control
and Prevention! advises the recording of such clini-
cal manifestations as fever, night sweats, weight loss,
diarrhea lasting more than 1 month, and the develop-
ment of oral lesions (hairy leukoplakia, oral candid-
iasis, and oral Kaposi’s sarcoma). Although the
measurement of CD4 cell count requires a blood
sample and laboratory analysis, the identification of
oral lesions such as hairy leukoplakia and oral
candidiasis can be made during the course of a phys-
ical examination. (Although detection of Epstein-
Barr virus is required for definitive diagnosis of hairy
leukoplakia, diagnosis is often made based on clini-
cal appearance.) If the development of these or other
oral lesions was found to be highly correlated with
immunosuppression (defined as CD4 <200 cells per
cubic millimeter), then oral lesions could be used as
markers of immunosuppression, serving as a prompt
to the patient’s physician that disease has progressed,
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that the degree of immunosuppression needs to be re-
assessed, or that a specific treatment should be initi-
ated. It is the purpose of this article to explore the
utility and accuracy of oral lesions as markers of im-
munosuppression in HIV-infected subjects.

According to the CDC staging system for HIV dis-
ease,! the occurrence of hairy leukoplakia or oral
candidiasis signals the progression of disease to clin-
ical category B (the stage of disease that directly pre-
cedes the onset of AIDS). Oral Kaposi’s sarcoma, less
common than either of the other two lesions, is one
of the malignant conditions that meets the criteria for
the case definition of AIDS. The prognostic signifi-
cance of these three oral lesions has been well doc-
umented,?> primarily in cohorts of HIV-infected ho-
mosexual men. In addition to these lesions, there is a
host of other lesions that occur in association with the
development of HIV disease. These include necrotiz-
ing ulcerative gingivitis (NUG), necrotizing ulcer-
ative periodontitis (NUP), oral ulcers (varicella-
zoster, herpes simplex, or major aphthous-like), linear
marginal erythema (previously referred to as HIV-
associated gingivitis), noncandidal oral ery-
thematous lesions, and papilloma-like lesions.

The immediate goal of this analysis is to compare
individual lesions with sets of lesions with respect to
their correlation with severe immunosuppression, but
our broader aim is to develop recommendations for
the use of oral lesions in staging patients with HIV
disease. We attempt to identify a constellation of oral
manifestations of HIV infection that would be indic-
ative of current immune status that might be useful to
a primary care physician faced with the complex
problem of treating a newly encountered HIV-in-
fected patient in the absence of an accurate detailed
medical history. As the HIV epidemic spreads into
underserved populations, individual medical records
may be unobtainable or nonexistent as a result of
limited access of health care, and patient self-report-
ing may be less reliable in subjects who do not enjoy
the benefits of a stable home and family and commu-
nity support. Thus we will likely see increasing
dependence on simple markers of disease status that

can be observed on physical examination for accurate

staging and appropriate treatment decisions.

Glick et al.® examined the correlation of a wide ar-
ray of individual lesions to immunosuppression (as
measured by CD4 less than 200 and measured within
2 months of oral examination). This article expands
on these earlier findings by evaluating the relation-
ship of oral lesions, both alone and in combination,
to immunosuppression, as measured by CD4 cell
count. Analyses of diagnostic accuracy were con-
ducted separately in HIV-positive homosexual men,
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and in male and female HIV-positive injection drug
users (IDU) to assess whether the same individual le-
sions, and sets of lesions achieved comparable levels
of correlation to CD4 in the two cohorts.

METHODS
Study design

A longitudinal study of the oral manifestations of
HIV disease was initiated in two cohorts of volunteers
(homosexual men and IDU men and women) in New
York City. The sample included both HIV-negative
and HIV-positive subjects, with symptoms that range
from absent to severe to AIDS in the latter group.
Assignment to cohort was based on the probable
routes of infection for cohort members. These two
cohorts were markedly different with respect to
demographic profile, overall health status, oral health,
and manifestations of HIV disease. A description of
study design and patient characteristics was presented
earlier.” Detailed information on oral, medical, and
laboratory parameters was collected at 6-month in-
tervals over the next 3 years. The data presented in
this article come from the baseline oral examinations,
most of which occurred between March 1991 and
March 1992.

In addition to recording incidence of hairy leuko-
plakia, oral candidiasis, and oral Kaposi’s sarcoma,
the oral pathology data collection instrument incor-
porated a wide range of possible oral manifestations
of disease. All medical and laboratory data (including
CD4 cell count) were collected within 24 hours of the
oral examination. Aside from the aforementioned
three lesions, the most commonly observed lesions
included gingival lesions (linear marginal erythema,
NUP, NUG), noncandidal oral erythematous lesions,
and oral ulcers. Although most studies of the pro-
gression of HIV disease have focused on homosexual
men (because it was in this group that AIDS was first
identified), it is not at all clear that the clinical man-
ifestations of HIV identified in homosexual men will
parallel those identified in a growing segment of the
HIV-infected population—IDU men and women—
who comprise 25% of cumulative national AIDS di-
agnoses as of June 30, 1995.8 In fact, recent work®
suggests that these distinct groups differ with respect
to the course and duration of HIV disease.

A total of 272 subjects were enrolled in the longi-
tudinal study. This included 48 HIV-negative and 82
HIV-positive homosexual men, and 60 HIV-negative
and 82 HIV-positive IDUs. (These totals differ
slightly from the totals given in the baseline article’
because of the addition of data from several subjects
who entered later.) Medical evaluation of subjects
included a physical examination for current signs and
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Table I. Prevalence of oral lesions among HIV-positive subjects by cohort and CD4 cell count

September 1996

Homosexual men CD4 count

IDU CD4 count

0-199 200-499 >499 0-199 200-499 >499

Lesion (n=34) (n=237) (n=11) (n=22) (n=237) (n=20)
Oral candidiasis 8 (24)* 8(22) 0 15 (68) 14 (38) 6 30)t
Other leukoplakia (lateral tongue) 4(12) 2(5) 19 6(27) 6 (16) 3(15)
Hairy leukoplakia 10 (29) 7(19) 19 5(23) 4(11) 0
Oral ulcer 721 411 2 (18) 29) 3(8) 109
Kaposi’s sarcoma 39 0 0 0 0 0
Linear marginal erythemai 6(18) 5(14) 0 6(32) 11(37) 7(39)
NUP/NUG# 4(12) 13 0 0 3010 1(6)

*Table entries are frequency (percentage).
tp < 0.05 by Mantel-Haenszel test for trend within cohort.

$Note that sample sizes for gingival lesions among IDU by CD4 group are 19/30/18, after deletion of 12 edentulous subjects.

Table II. Relationship between presence of individual lesions and CD4 cell count (<200 versus >= 200)

among HIV-positive subjects

Lesion OR 95% CI Sensitivity Specificity J PPV T NPV
Homosexual Men
Oral candidiasis 1.5 (0.5, 4.6) 23.5 83.3 50.0 60.6
Other leukoplakia 2.0 0.4, 9.6) 11.8 93.8 57.1 60.0
(lateral tongue)
Hairy leukoplakia 2.1 (0.7, 6.0) 294 83.3 55.6 62.5
Oral ulcer 1.8 (0.6, 6.0) 20.6 87.5 53.9 60.9
Kaposi’s sarcoma 10.8 (0.5, 216) 8.8 100.0 100.0 60.8
Linear marginal 1.8 (0.5, 6.6) 17.6 89.6 54.5 60.6
erythema
NUP/NUG 6.3 (0.7, 58.8) 11.8 97.9 80.0 61.0
IDU
Oral candidiasis 3.9 (14, 11.3) 68.2 64.9 429 84.1
Other leukoplakia 2.0 (0.6, 6.5) 273 84.2 40.0 75.0
(lateral tongue)
Hairy leukoplakia 3.9 (0.9, 16.2) 22.7 93.0 55.6 757
Oral ulcer 1.3 0.2, 7.8) 9.1 93.0 ' 333 72.6
Kaposi’s sarcoma NONE OBSERVED
Linear marginal 0.8 0.2,2.4) 31.6 62.5 25.0 69.8
erythema
NUP/NUG 09 (0.8, 1.0) 0 91.7 0 69.8

OR = odds ratio; 95% CI = 95% confidence interval; PPV = positive predictive value; NPV = negative predictive value.

symptoms, as well as a history of signs and symptoms
over the last 6 months. Blood was drawn for determi-
nation of immunologic markers of disease (including
CD4 cell count and CD4 percentage). Prescription
drug use was recorded during an interview by a
research nurse. Oral lesions were diagnosed by
trained calibrated dentists. A diagnosis of oral can-
didiasis required confirmation by a PAS-stained mu-
cosal smear examined for the presence of fungal hy-
phae. In making a clinical diagnosis of leukoplakia on
the lateral tongue, examiners noted whether or not the
lesion was corrugated. Corrugated lesions were re-
corded as ‘‘hairy leukoplakia,”” and noncorrugated as
‘“‘other leukoplakia on the lateral tongue.”’ It has been
well established that an accurate diagnosis of hairy

leukoplakia requires identification of Epstein-Barr
virus within the lesional epithelial cells. However,
studies of hairy leukoplakia have consistently de-
scribed a corrugated clinical appearance. Therefore,
in this study, these two variants of leukoplakia when
present on the lateral tongue were recorded as two
distinct clinical diagnoses.

In analyzing the correlation between lesion pres-
ence and immune status, severe immunosuppression
was defined as a CD4 cell count under 200. The re-
liance on CD4 cell count as the sole measure of im-
mune status implies that immune function and ulti-
mately disease progression are mediated by this one
factor alone. Clearly this assumption is flawed and is
one that we ourselves do not endorse. Many research-
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ers have noted the shortcomings inherent in the mea-
surement of CD4 (including diurnal variation and in-
terlaboratory variability),!? whereas still others have
identified other HIV-associated laboratory parame-
ters (CDR8 cell count and percentage, p24 antigene-
mia, B2-microglobulin, etc.).!! However, CD4 has
become the principal laboratory marker of HIV-asso-
ciated immunosuppression; it has been shown to cor-
relate with time to disease progression in HIV-
infected patients,> !12 and receives tremendous
emphasis with respect to staging and treatment
recommendations.!

Statistical methods and determination of lesion
sets '

To study the association between CD4 cell count
and lesion presence within cohort, HIV-positive sub-
jects were divided into three groups on the basis of
CD4 cell count (0 to 199, 200 to 499, and 500+), and
the proportion with each particular lesion was esti-
mated within group. The Mantel-Haenszel extension
test for trend was used to test whether CD4 groups
differed with respect to lesion presence.’

To assess the diagnostic utility of oral lesions as
markers of immune status, we computed the sensitiv-
ity, specificity, positive predictive value, and negative
predictive value of each lesion as a marker of immu-
nosuppression (i.e., CD4 cell count under 200). Thus
sensitivity is defined as the probability of lesion
presence among those with CD4 under 200; specific-
ity is the probability of lesion absence given CD4
greater than or equal to 200. The positive predictive
value is the likelihood of immunosuppression
(CD4 < 200) given that the lesion is present; the neg-
ative predictive value is the likelihood of a CD4 cell
count greater than or equal to 200 when the lesion is
not present. In addition to the above diagnostic
parameters, the odds ratio relating lesion presence to
immunosuppression is calculated along with a 95%
confidence interval for this value.'* The odds ratio is
defined as the odds of immunosuppression given le-
sion presence over the odds of immunosuppression
given lesion absence. An odds ratio of 1 would indi-
cate no relationship between lesion presence and im-
mune status. An odds ratio greater (less) than 1 would

indicate that subjects with the lesion are at higher

(lower) risk of severe immunosuppression than sub-
jects without the lesion.

After the relationships between individual lesions
and immune status were evaluated, analyses were
performed to evaluate various sets of lesions as
markers of immunosuppression. Lesions found to be
associated with a reduced CD4 cell count were used
in defining lesion sets. A subject was considered pos-
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itive for a set if any of the lesions in the set were ob-
served and negative if none of the lesions was present.
Once the various sets of lesions were defined, we
evaluated their diagnostic performance (relative to
CD4 < 200) with the same quantities used above in
evaluating individual lesions. In confirmatory analy-
ses, results were adjusted for recent prescription drug
use in accord with the method of Mantel and Haen-
szel for stratified data.!> The Breslow-Day test was
used to test for possible effect modification by
prescription drug use.!* All analyses were conducted
separately by cohort.

RESULTS

CD4 cell counts were available for all 82 homo-
sexual men and all but three IDU (96%). Table I pre-
sents the prevalences of each type of oral lesion
within CD4 category by cohort. Overall the IDU pre-
sented with higher rates of every type of lesion except
for hairy leukoplakia, oral ulcers, and Kaposi’s sar-
coma. Among homosexual men, there tended to be
higher risks of oral candidiasis, hairy leukoplakia,
Kaposi’s sarcoma, linear marginal erythema, and
NUP/NUG in HIV patients with lower CD4 cell
counts. However, none of these differences achieved
statistical significance. In the IDU cohort, we ob-
served significant associations between CD4 level
and the occurrence of oral candidiasis and hairy leu-
koplakia; the risk of other leukoplakia (lateral tongue)
was also higher among subjects with low CD4 cell
counts, but this difference was not significant. The
risks of oral ulcer, linear marginal erythema, and
NUG/NUP did not tend to increase with lower CD4
cell counts among HIV-positive IDU.

The data in Table Il further describe the association
between each individual lesion type and the risk of
immunosuppression. In the homosexual men, we ob-
serve relatively modest nonsignificant odds ratios
characterizing the relationship between low CD4 and
the occurrence of oral lesions. None of the odds ra-
tios is much higher than 2, except for the NUP/NUG
and Kaposi’s are odds ratios, which are large but
which are nonetheless nonsignificant because of the
low prevalence of these lesions in this cohort. Some-
what higher odds ratios for oral candidiasis and hairy
leukoplakia were observed in the IDU cohort, but
only one of these relationships (oral candidiasis)
proved significant at the a = 0.05 level.

In the homosexual men, none of the estimated sen-
sitivities exceeded 30% (see Table II). In contrast,
each of the oral lesions was highly specific (83% to
100%). The positive predictive values (of greater in-
terest here) did not tend to be much higher than about
50%, except for the rare lesions (Kaposi’s sarcoma
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Table Il1. Definitions of lesion sets

Number of

Set lesions Lesions included*

OC, HL, KS

0C, HL, KS, LME

OC, HL, KS, NUPNUG

0C, HL, KS, OL-LT

OC, HL, KS, LME, NUP/NUG

0C, HL, KS, LME, OL-LT

OC, HL, KS, NUP/NUG, OL-LT

6 0C, HL, KS, LME, NUP/NUG, OL-LT

0 NN AW N
L R

*QC = oral candidiasis, HL = hairy leukoplakia, KS = Kaposi’s sarcoma,
LME = linear marginal erythema, NUP/NUG = pecrotizing ulcerative pe-
riodontitis or gingivitis, OL-LT = other leukoplakia (lateral tongue)

and NUP/NUG). The negative predictive values were
all close to 60%. In the IDU cohort, oral candidiasis
displayed a sensitivity of 68%, much higher than any
of the sensitivities for homosexual men or any of the
other sensitivities in the IDU. As in the homosexual
men, specificities in the IDU were very high, except
for oral candidiasis and NUP/NUG. The positive
predictive values were uniformly low in the IDU co-
hort, whereas the negative predictive values ranged
from 60% to 80%.

On the basis of these results, we defined a number
of “‘sets’” of lesions with a view to identifying a group
of lesions that appeared to correlate most strongly
with immunosuppression in the two HIV-infected
populations. Because oral candidiasis, corrugated
hairy leukoplakia, and oral Kaposi’s sarcoma are al-
ready incorporated in most staging systems for HIV
infection, these three lesions were included in every
defined set of lesions. To this core set, we added other
lesions (one at a time, two at a time, and three at a
time) that appeared from earlier analyses to be related
to the decline in CD4 cell count: linear marginal
erythema, NUP/NUG, and other leukoplakia (lateral
tongue). This resulted in the identification of eight
sets of three to six lesions as shown in Table 1II. For
each set of lesions, a binary indicator variable was
defined; this indicator assumed the value 1 if the pa-
tient was diagnosed with any of the lesions in the set,
and O if the patient had none of the specified lesions.

As with the individual lesions, first we computed
the proportion of HIV-positive patients in each CD4
category who were positive for any lesion in that
‘‘set.”” Entries in Table IV indicate that all of the le-
sion sets exhibit a significant association with the
CD4 cell count among the homosexual men. Among
IDU, only four sets reached statistical significance
with respect to correlation with CD4: sets 1, 3, 4, and
7. These four sets were those that did not include lin-
ear marginal erythema as one of the diagnostic

-Jesions. Because linear marginal erythema is so
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highly prevalent in the IDU cohort and seems to bear
no association with CD4 cell count, adding this lesion
to the set only served to reduce the correlation
between CD4 and lesion presence.

The diagnostic properties of the lesion sets were
similarly evaluated (see Table V). Regardless of co-
hort, the use of lesion sets over individual lesions
substantially improved the correlation between oral
lesions and severe immunosuppression. This conclu-
sion is supported by a comparison of the odds ratios
presented in Tables II (for individual lesions) and V
(for lesion sets). Among homosexual men, taking into
account the occurrence of all six HIV-associated oral
lesions (lesion set 8) resulted in the strongest associ-
ation between the presence of oral lesions and immu-
nosuppression (OR =4.2, p <0.05). Among IDU,
large odds ratios were obtained for all eight lesion
sets.

Comparing sensitivity estimates in Tables I and V
reveals that combining lesions into sets greatly
improves the sensitivity of oral lesions as markers of
immunosuppression. Sensitivities for lesion sets in
the homosexual men ranged from 50% to 74% (as
compared with 9% to 29% for individual lesions) with
only modest reductions in specificities (between 60%
and 71%). Observed sensitivities in the IDU also in-
creased dramatically when considering lesion sets in-
stead of individual lesions (73% to 86% versus 0% to
68%) but with more pronounced decreases in speci-
ficity (39% to 63%). The positive predictive values
for lesion sets were very close to those for individual
lesions both for homosexual men (53% to 58%) and
for IDU (35% to 43%). Negative predictive values
increased slightly for homosexual men (from 60% to
63% for individual lesions to 67% to 76% for lesion
sets) and for IDU (from 70% to 84% for individual
lesions to 84% to 89% for lesion sets).

Because prescription drug use is associated with
both the occurrence of oral lesions and CD4 cell
count, we reevaluated the CD4/lesion set odds ratios
within subgroups defined by whether or not the pa-
tient reported use of antibiotic, antifungal, or antivi-
ral drugs during the last 6 months. Results were the
same regardless of recent antibiotic or antiviral drug
use, However, the data suggested that the relationship
between CD4 and lesion set positivity was stronger
for subjects who reported recent antifungal drug use
compared with those who did not use antifungal drugs
in the cohort of homosexual men. Results did not vary
with antifungal drug exposure in the IDU cohort.

DISCUSSION

The primary purpose of this study was to assess
whether groups of lesions were more helpful than in-
dividual lesions in identifying immunosuppression in
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Table IV. Positivity of lesion sets among HIV-positive subjects by cohort and CD4 cell count.

Homosexual Men CD4 count

IDU CD4 count

0-199 200-499 >499 0-199 200-499 >499
Lesion set (n=34) (n=37) (n=11) (n=22) (n=37) (n=20)
1 17 (50)* 13 (35) 19t 16 (73) 15 (41) 6 30T
2 19 (56) 15 (41) 1 9t 17 (77) 19¢51) 10 (50)
3 21 (62) 14 (38) 19t 16 (73) 17 (46) 7 (35)F
4 19 (56) 15 (41) 2 (18)t 18 (82) 18 (49) 8 (40)t
5 23 (68) 16 (43) 19t 17 (77) 20 (54) 10 (50)
6 21 (62) 17 (46) 2 (18)t 19 (86) 22 (60) 12 (60)
7 23 (68) 15 41) 2 (18)F 18 (82) 20(54) 9 (45)t
8 25 (74) 17 (46) 2 (18t 19 (86) 23 (62) 12 (60)

*Table entries are frequency (percentage).

tp < 0.05 by Mantel-Haenszel test for trend within cohort.

Table V. Relationship between lesion sets and CD4 cell count (<200 versus > = 200) among HIV-positive

subjects.
Lesion set OR 95% CI Sensitivity Specificity PPV NPV
Homosexual Men
1 24 0.97, 6.1) 50.0 70.8 54.8 66.7
2 25 (1.0, 6.3) 55.9 66.7 54.3 68.1
3 36 (14, 8.9 61.8 68.8 58.3 71.7
4 2.3 09,57 55.9 64.6 52.8 67.4
5 38 (1.5,9.7) 67.6 64.6 57.5 73.8
6 25 (1.0, 6.1) 61.8 60.4 525 69.0
7 3.8 (1.5,9.7) 67.7 64.6 57.5 73.8
8 42 (1.6, 11.0) 73.5 60.4 56.8 76.3
IDU
1 4.6 (1.6, 13.5) 72.7 63.2 432 85.7
2 33 (1.1, 10.1) 77.3 49.1 37.0 84.9
3 3.7 (1.3, 10.7) 721 579 40.0 84.6
-4 54 (1.6, 17.9) 81.8 54.4 40.9 88.6
5 3.1 (0.99, 94) 71.3 474 36.2 84.4
6 43 (1.1, 16.2) 86.4 40.4 35.8 88.5
7 43 (1.3, 144) 81.8 49.1 383 87.5
8 4.0 (1.1, 15.0) 86.4 38.6 352 88.0

OR = odds ratio, 95% CI = 95% confidence interval, PPV = positive predictive value, NPV = negative predictive value.

HIV infection. Although the importance of hairy leu-
koplakia, oral candidiasis, and Kaposi’s sarcoma to
the staging of HIV disease is recognized, this study
sought to determine if incorporation of other lesions
would improve the ability to distinguish between se-
vere and mild immunosuppression.

This analysis demonstrates that specific sets of oral
lesions are superior to individual lesions in the
strength of their association with severe immunosup-
pression. Our conclusion is that correlation to im-
mune status can be enhanced, and disease monitoring
improved, if a broader range of oral lesions is consid-
ered in staging HIV-infected patients. This analysis
did not address each individual lesion’s importance in
assessing immune function adjusted for the presence
of the other lesions; this would have been appropri-
ate had our aims included assessment of the biologic
relevance of specific lesions in the progression of

disease. In contrast, it was our objective to develop
recommendations for clinicians evaluating new pa-
tients with respect to immune status in order to make
appropriate treatment and testing decisions for those
patients. We contend, on the basis of these results, that
more detailed information on oral pathology can
prove useful in the patient care setting and that rec-
ommendations vary depending upon HIV-transmis-
sion category of the individual patient.

Overall, the low positive predictive values ob-
served in this analysis would argue against the use of
individual lesions in monitoring severe immunosup-
pression in either cohort of subjects. The median
positive predictive value across both cohorts, 48%,
indicates that a patient who presents with one of the
oral lesions in the lesion sets has about even odds of
severe immunosuppression (in the absence of other
clinical or laboratory information). However, the
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negative predictive values were fairly high, signify-
ing that the absence of oral lesions can be taken as a
clinical indicator that CD4 has probably not yet de-
clined below 200 cells. The odds ratios that related
immunosuppression to lesion presence were uni-
formly low in both cohorts and indicated weak asso-
ciation between the diagnosis of an individual lesion
and CD4. Dramatic increases in sensitivity were ob-
served in both cohorts, however, when combinations
of lesions were considered. This was anticipated, as
it is easier for a patient to be positive for a lesion set
than for an individual lesion. Conversely, specificities
were reduced by the use of lesion sets. The positive
and negative predictive values for combinations of
lesions changed very little compared with those for
individual lesions. Although the median odds ratio for
individual lesions was 2.0, the median for lesion sets
rose to 3.8, revealing a much higher correlation to se-
vere immunosuppression. In homosexual men, the
strongest correlation to CD4 was obtained when con-
sidering the largest lesion set (set 8), which took into
account all six HIV-related oral lesions. In contrast,
all lesion sets displayed high correlations to CD4 in
the IDU cohort. Results did not appear to be strongly
influenced by recent prescription drug use in either
cohort.

Although identification of immunosuppression is
improved by monitoring additional oral lesions, the
specific lesions to be monitored depend on the char-
acteristics of the individual subject. On the basis of
the data provided by the two HIV-positive cohorts
participating in our study, it appears that in homosex-
ual men it may be worthwhile to include a greater
number of oral lesions in staging HIV patients;
whereas in the IDU cohort, large and small lesion sets
do equally well in discriminating between severe and
mild immunosuppression. One can argue then the
reasonableness of two distinct approaches to staging
disease in HIV-infected IDUs. First, one need not
record a larger number of lesions in order to improve
staging among IDU patients; a small number of
lesions is just as effective. Alternatively, in the
absence of information about the method of HIV ac-
quisition, one can use the largest lesion set as a cor-
relate of immune status because it performed well in
both cohorts.

Why does the correlation between oral lesions and
CD4 depend on cohort? One possible explanation
might lie in a comparison of the ‘‘background’’ rates
of oral lesions in the two HIV-negative cohorts. In the
HIV-negative homosexual men, we see very low
prevalence rates for oral lesions; this is in striking
contrast to the HIV-negative IDU cohort where we
see a high prevalence of oral lesions.” Given that ho-
mosexual men do not tend to develop HIV-associated
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oral lesions in the absence of HIV infection, any le-
sions that develop in the HIV-positive patient can be
taken as a sign of increasing immunosuppression.
Conversely, HIV-negative IDU subjects experience a
much greater risk of oral lesions that have been asso-
ciated with HIV infection; thus there is less benefit in
noting the occurrence of a greater number of oral le-
sions in HIV-positive IDU. It is likely that the con-
dition of the oral cavity before HIV infection can in-
fluence oral lesion development once infection with
HIV occurs and immunosuppression becomes more
severe. An earlier report’ noted the disparity in the
prevalence of oral lesions between homosexual men
and IDU. In addition to route of virus acquisition, the
two patient cohorts studied and compared in this ar-
ticle differ markedly with respect to a variety of fac-
tors. On average, the IDU men and women have less
education, lower incomes, poorer overall oral health,
and are more likely to be homeless than the men in
the homosexual cohort. We also observed differences
in ethnic background and smoking habits. Further-
more, results from Paik et al.? suggest differences in
the course of HIV disease among IDU and homosex-
ual men, in that IDU men and women experience
more severe symptoms than homosexual men at a
given CD4 level.

The socioeconomic differences between the two
groups led us to question whether members of the
IDU cohort experienced greater difficulty in obtain-
ing health care than did the members of the homo-
sexual cohort. As an informal evaluation of this dif-
ference, we compared the two cohorts with respect to
medications prescribed. Surprisingly, rates of antivi-
ral, antibiotic, and antifungal drugs prescribed were
almost identical,” probably because most members of
the IDU cohort were under treatment at an infectious
disease clinic. This result suggests that subjects in the
IDU cohort had adequate access to medical care and
does not explain why results differed by cohort.

Although appropriate drug treatment may be pre-
scribed, this does not imply that treatment protocol is
followed by the individual patient. Although we have
no data on compliance to address this point directly,
we can report that the prevalence of oral candidiasis
declined in both cohorts from the baseline visit to the
third follow-up visit 1 year later; moreover, the 21%
decline in the IDU men and women (from 43% to
34%) was more pronounced than the 10% decline
observed in the homosexual men (from 20% to 18%).
These figures do not imply that compliance was sub-
stantially lower in the IDU cohort.

Glick et al.® examined the relationship of the
occurrence of individual oral lesions (Kaposi’s sar-
coma, oral candidiasis, hairy leukoplakia, NUP, xe-
rostomia, herpes simplex virus, and major aphthous
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ulcers) to severe immunosuppression (CD4 < 200) in
HIV-positive subjects. In general, correlations esti-
mated from our data for individual lesions were not
as strong as those observed by Glick et al.% This find-
ing may be due to the degree of immunosuppression
in the populations studied. The mean CD4 cell count
in our sample was 305 for the homosexual men and
355 for the IDU men and women. The mean CD4 for
the entire sample in the Glick et al. study was closer
to 200.

Comparisons of estimates of the diagnostic utility
of oral lesions may be strongly influenced by patient
selection. If patients were sampled because they were
known to be affected by oral lesions, then the impli-
cation of choosing ‘“marker positive’’ patients is to
increase the rates of true-positive and false-positives,
resulting in a higher observed sensitivity and a lower
observed specificity than would exist in a randomly
selected sample. This bias in estimation leads to un-
interpretable results because the alteration in sensi-
tivity and specificity would be merely an artifact of
sampling design and not a true representation of the
population at large. Similarly, if subjects were se-
lected on the basis of CD4 cell counts, the estimates

" of positive and negative predictive values would be
biased. The odds ratio is invariant to sampling frac-
tions and thus can be used to make valid comparisons
regardless of the method of patient selection. Because
the entry criteria in this study did not select or exclude
subjects on the basis of either lesion status or CD4 cell
count, we believe that the estimates presented herein
are largely unbiased insofar as a volunteer sample is
representative of the population as a whole. This may
not be the case in other studies in which the
availability of patients often depends on their oral
health status.

The importance of-oral lesions as early indicators
of HIV progression is emphasized by findings that
both oral candidiasis and hairy leukoplakia are
predictors of the onset of AIDS or death in HIV-pos-
itive patients.!-3 In this article, we have relied on CD4
cell count as a laboratory marker of immunosuppres-
sion. The correlation between CD4 and survival time
is not perfect, however, and the use of surrogate
markers as valid endpoints in clinical studies has been
questioned.'® The results presented here must be ex-
tended to look at the correlation of individual lesions
and combinations of lesions with the development of
AIDS-defining clinical diagnoses and death. We are
currently examining the prognostic importance of in-
dividual lesions and lesion combinations in predict-
ing AIDS-free survival in these same two cohorts of
subjects. Results may further influence recommen-
dations with respect to the monitoring and treatment
of men and women with HIV disease.
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