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Abstract

We make use of the voluntary HIV and syphilis test results conducted at five gay saunas in Taipei from August of 1999

to end of 2002 to estimate the number of HIV-positive gay saunas patrons in Taipei area by utilizing Hierarchical Bayes

method in Generalized Removal Model for Open Populations (GERMO). Considering the effect of a nearby anonymous

HIV quick test program on the gay sauna HIV serotesting data, we make use of the association between HIV and syphilis

serotesting results from the gay sauna program to amend possible measurement error occurred at the time of data

collection by utilizing the regression calibration method. The median estimates for the number of HIV-positive patrons of

the five gay saunas increase from 120 (95% CI: 76.5–159.0) during the first half of 2000 to 224 (95% CI: 171.0–265.5) for

the second half of 2002. The result, indicating two-fold increase within two and half years, confirms that the gay sauna

patrons in Taipei area are at high risk for HIV infection.

r 2005 Elsevier B.V. All rights reserved.
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1. Introduction

Male–male sexual activity has existed across cultural barrier throughout the history of mankind. However,
due to traditional cultural norms and social stigma in many countries, the men who have sex with men (MSM)
population have been elusive and difficult to track. In many countries around the world, the incidence of
Human Immunodeficiency virus (HIV) infections is most prevalent among MSM populations [1–6].
Consequently, regardless of the degree of openness of the society in question, the greatest difficulty in
determinating the HIV prevalence in a certain MSM population is often the lack of knowledge concerning the
e front matter r 2005 Elsevier B.V. All rights reserved.
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actual size of that population group [7–9]. Fining a solution to this endeavor is especially crucial given that the
MSM population is often used as a sentinel population for HIV epidemiology [7,10].

Recently, an estimation method named ‘‘Generalized Removal Model for Open populations’’, or GERMO,
was proposed to estimate the HIV-infected population size among specific population groups such as
intravenous drug users (IVDU), sex workers, and sexually active individuals in a society [11–14]. Moreover,
the results from the estimation procedure can be used to estimate the size of that hard-to-count, high-risk
population group [15], which is crucial for the purpose of public health intervention measures. Recent
developments in statistical computing have made Bayesian analysis accessible to researchers in epidemiology
and other fields. The innovation, known as Markov chain Monte Carlo (MCMC), has facilitated the
estimation of complex models that are difficult to estimate using alternative methods. In this work, we will
implement Hierarchical Bayes (HB) method in GERMO to determine the HIV-infected population size
among the gay sauna patrons in Taipei area. The advantage of an HB analysis is that we can specify priors via
data information, which is the major improvement of present work over the procedure used in Ref. [12]. The
predictive superiority of HB method lies in the freedom afforded by MCMC to specify more realistic models,
and the ability to consider uncertainty in model parameters.

Since the first HIV/AIDS case in 1984, Taiwan has had a comparatively small HIV incidence. Through the
end of 2002, there were a total of 4373 Taiwanese nationals known to be infected with HIV/AIDS, though
studies have shown that there is some underreporting [16]. Among these 4373 cases, 4055 (92.7%) were males.
Moreover, 2152 (49.2%) were reported to be homosexual/bisexual persons. Therefore, MSM account for
almost half of the HIV-infected population in Taiwan. There are three main types of MSM populations in
Taiwan distinguished by their meeting places: gay saunas, gay bars, and public parks, with very little
interaction between the three groups [17]. By its nature, saunas provide a more convenient location for sex to
take place. Consequently the gay sauna patrons conceivably are more sexually active and at higher-risk than
the other groups. There are less than a dozen gay saunas in the Taipei area, with roughly the same number of
gay saunas scattered in other major metropolitan areas in Taiwan. In August of 1999, a voluntary HIV and
syphilis serotesting program was launched aiming at the customers of five gay saunas in Taipei, mainly in the
Shi Meng Ding District. During the three years from 2000 to 2002, 81 HIV-positive cases were detected
through this program. It is worthwhile to note that during this same time period, the total number of new
HIV/AIDS cases is 1955, which means that roughly one out of 25 new HIV cases in Taiwan during these three
years came from the customers of these five gay saunas in Taipei. Moreover, the prevalence rate of this gay
sauna serotesting program over the same time period is 7.00% (81 out of 1191), much higher than that of any
other group in Taiwan [18].

In a related study [19] of 589 gay sauna patrons in Taiwan which includes those taking part in the gay sauna
serotesting program in Taipei, responses to questionnaire on sexual behavior from the 589 participants have
also shown that the 21.7% of those participated in the program frequented the gay saunas at least once a
week, 79.7% visited the saunas at once a month, and 91.7% of all participants have sex in the gay saunas with
at least one or two persons during each visit. Moreover, only 43.5% of the participants always or often bring
their own condoms when they visit the gay saunas and, despite of all these gay saunas having free condoms
available on demand, almost half (46.6%) of all participants never asked for condoms even though 48.3% of
them practice anal sex at least occasionally. Clearly, these are strong indications that safe sex is not being
practiced in these establishments.

To gain insight into the true extension of HIV prevalence among the gay sauna patron population while the
population size is unknown, we make use of the serotesting result to estimate the number of HIV-infected
persons among the men having sex with men who frequent the five saunas in Taipei by utilizing the GERMO
model. The idea is to consider the serotesting data as random samples from the gay sauna patrons in Taipei
area. The result will give indications on the level of HIV underreporting in this concentrated, effusive
population, as well as estimates for the size of gay sauna patron population.

2. Materials and methods

To provide anonymous HIV-1 antibody and syphilis tests, together with pre-test counseling and condoms, a
team comprised of a researcher, a nurse, and peer educators paid regular visits to five Taipei gay saunas, four
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Table 1

The HIV and syphilis serotesting result from the gay sauna testing program in Taipei area from August 1999 to the end of 2002

Time period No. tested No. of HIV+ (%) No. of STS+ (%)

1999, Aug–Dec 58 3 (5.17) 9 (15.51)

2000, Jan–Jun 63 7 (11.11) 7 (11.11)

2000, Jul–Dec 273 24 (8.79) 36 (13.19)

2001, Jan–Jun 139 6 (4.32) 17 (12.23)

2001, Jul–Dec 178 12 (6.74) 14 (7.87)

2002, Jan–Jun 213 19 (8.92) 23 (10.80)

2002, Jul–Dec 265 13 (4.91) 28 (10.57)
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of which were situated in Shi Meng Ding District, starting August of 1999. The visits were under prior consent
from the gay sauna owners, and usually with posters at the entrances announcing the visits. Moreover,
announcement was made over public announcement system of the establishments to encourage voluntary
participation. In addition to taking blood samples, the participants were also encouraged, but not required, to
fill in a questionnaire. HIV antibody test and serologic test for syphilis (STS) were carried out at the
laboratory of Taipei Municipal STD Control Center (TSTDCC), also located in Shi Meng Ding. The subjects
could contact TSTDCC by phone in two weeks to learn the test results, with those tested positive being
provided the full opportunity for clinical healthcare at a clinic of his choice. The result of the serotests for
HIV-1 and syphilis in six-month periods from August 1999 to the end of 2002 is given in Table 1.

However, starting in 2001, an anonymous quick HIV-testing program was launched at TSTDCC in close
proximity to where four of the five gay saunas are located. Person taking the quick test can come to TSTDCC
voluntarily for blood sample and call back a week later to learn the testing result. Comparing the serotesting
results of 2000 and 2001 in Table 1 shows that, from the half year prior to the initiation of the quick testing
program (July–December, 2000) to the first half year of the quick test (January–June, 2001), there is a sharp
decrease in the number of tests taken, as well in the number of HIV-positive tests and the prevalence rate.
Since several of the gay saunas taking part in the gay sauna testing programs are within short walking distance
from TSTDCC, those patrons who are more inclined to participate in the program are also more likely to
want to take the voluntary quick test at TSTDCC. It is therefore reasonable to conclude that the quick test
program at TSTDCC has affected the data collected from the gay sauna testing program by detecting some
HIV-positive persons who otherwise might have been tested and detected through the gay sauna testing
program. Unfortunately, due to the anonymous nature of both programs, we are unable to identify the
overlapping population. However, the quick test program has detected many HIV-positive persons who are
MSM. From the follow-up (also voluntary) questionnaire for the HIV-positive persons, the quick test
program has identified at least 21 HIV-positive MSMs during January–November of 2001 — more than the
number of HIV-positive persons detected through the gay sauna testing program during the same period.
Although there is no data on how many of these 21 persons were in fact gay sauna patrons, it appears safe to
assume that this program has had some effect on the gay sauna testing. We propose the following procedure to
rectify this problem.

2.1. Correction for measurement error

We will consider the effect of quick test on the gay sauna serotesting data as a measurement error which
occurred at the time of data collection. Moreover, it can be considered as an extreme case of missing data.
Data measured with error are very common in epidemiological studies. The regression calibration method is a
useful tool in the missing data and measurement error problem [20]. In medical studies, this method is often
used for correction of measurement error in covariates.

The association between HIV infection and sexual-transmitted diseases (STD), in particular syphilis and
gonorrhea, is well-documented [21–25]. Therefore we will make use of the syphilis serotesting data in our
effort to correct measurement errors in the HIV serotesting data caused by the initiation of the quick test
program after 2001, by assuming that the HIV quick test program has no affect on the syphilis test results. We
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Fig. 1. (a) Pairs plot for the Taipei gay saunas serotesting data in Table 2. Vij, j ¼ 1, 2, 3, has been simplified to Vj for the sake of brevity.

V1, V2, and V3 denote the columns and rows for gay saunas serotests, HIV+, and STS+, respectively. The arrows point to the data points

to be deleted. (b) Pairs plot for the Taipei gay saunas serotesting data in Table 2 with the data for time i ¼ 3 deleted. Vij, j ¼ 1, 2, 3, has

been simplified to Vj for the sake of brevity. V1, V2, and V3 denote the columns and rows for gay saunas serotests, HIV+, and STS+,

respectively.

Table 2

The estimates of Spearman’s r correlation coefficients

Vi1 Vi2 Vi3

N ¼ 6 (i ¼ 1,y,6) Vi1 0.886a (0.019) 0.943a (0.005)

Vi2 0.886a (0.019) 0.771 (0.072)

Vi3 0.943a (0.005) 0.771 (0.072)

N ¼ 5 (i ¼ 1,2,4,5,6) Vi1 0.900a (0.037) 1.000a (0.000)

Vi2 0.900a (0.037) 0.900a (0.037)

Vi3 1.000a (0.000) 0.900a (0.037)

The values in parentheses are the two-sided p values for H0 : r ¼ 0.
aDenotes the p value being significant at 5%.
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let Vi1, Vi2, and Vi3 denote the respective numbers of serotests taken at gay saunas, those tested HIV-positive,
and those tested STS-positive at time i. We use scatter plots and the Spearman’s r correlation test to examine
the linear relationship between those tested HIV-positive and those tested STS-positive. The plots in Fig. 1
show that there is a strong positively linear relationship between Vi1 and Vi2, as well as between Vi2 and Vi3.
The estimates of Spearman’s r correlation coefficients and p values of H0 : r ¼ 0 for any two variables are
given in Table 2. The details of the regression calibration method and the scatter plots are given in Appendix 1.

The predicted value of V32 from the correction of measurement error is

V̂ i2 ¼ 0:65943Vi3.

Consequently we use V̂ 32 ¼ 11 to correct for measurement error in replacement of V32 ¼ 6 with V33 ¼ 17. We
use the notation uj to replace Vi2 after amending the measure error.
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2.2. Generalized removal model for open populations (GERMO)

In our model, we make an assumption that the probability of HIV infections in jth sample is proportional to
the jth sample size of serotests. We let Nj be the total number of subjects in HIV-infected population just
before time tj. As noted earlier, uj is the number of HIV-infected individuals detected in the jth sample and p

denotes the seroprevalence rate in the first sample. Therefore, Mjþ1 ¼ u1 þ � � � uj is the number of observed
HIV-infected individuals in the first j samples.

We adopt a HB (Hierarchical Bayes) approach, which allows us to estimate N1; . . . ;Ns; where s is the
number of samples taken, and p simultaneously. Specifically, we can generate approximated samples from the
posterior distribution of unknown parameters via MCMC methods. The estimation procedure of Bayesian
analysis is outlined as follows:

Step 1: A Bayesian analysis requires a prior distribution for each parameter in the model. Suppose H ¼
ðN; pÞ:We consider N and p a priori independent. The detailed description of the prior information is given in
Appendix 2.

Step 2: Sample iteratively from p(H |D), with the vector D ¼ (u1, u2,y, us), to generate a posterior sample
Y1,y,Yn, where n is the total number of iterations. The sampling is done in two blocks, including
(N1,N2,y,Ns) and p.

Step 3: Form Ĥ; the point estimate of H, as the sample mean of the posterior sample:

Ŷ ¼
1

n�m

Xn

k¼mþ1

Hk,

where m is the number of burn-in iterations to attain convergence. More details of the above procedures are
presented in Appendix 2.

We assume that the natural mortality rate of the sexually active population during this time period is small
compared to the AIDS-related death rate, since the majority (93 percent) of the subjects in question is of age
20–48 when the natural mortality is low. Moreover, small variation in natural mortality does not affect the
result of our estimation [12].
3. Results

Using GERMO, we estimated number of HIV-infected persons among the gay sauna patrons in Taipei
during the half-year periods from 2000 to 2002. The result of our estimation procedure is given in Table 3. The
median estimates give the estimated number of HIV-positive persons among the patrons of these five gay
saunas in Taipei during the half-year periods. As there are dozens of similar gay sauna scattered in every
metropolitan area in Taiwan, it is clear that: (i) The gay sauna patrons are, without a doubt, a prominent high-
risk group in Taiwan for the spread of HIV/AIDS; (ii) This serotesting program has been highly effective in
detection of new cases, with 4.14% of all new HIV cases in Taiwan detected through this program during
2000–2002, and subsequently the prevention of additional cases. Furthermore, it provides useful data to carry
Table 3

Summary statistics of the total number of HIV-infected gay sauna patrons in Taipei for the six-month periods during 2000–2002

Time period Median Mean SD 95% C.I.

2000, Jan–Jun 120 118.5 21.4 76.5–159.0

2000, Jul–Dec 150 149.5 18.0 111.5–180.5

2001, Jan–Jun 166 164.6 18.6 124.5–197.0

2001, Jul–Dec 186 184.4 19.4 142.5–217.0

2002, Jan–Jun 207 206.1 20.7 159.5–243.0

2002, Jul–Dec 224 222.7 22.9 171.0–265.5

For the median estimates, all fractions were rounded off to one.



ARTICLE IN PRESS

Table 4

The estimated number of undetected HIV-positive gay sauna patrons in Taipei for the six-month periods during 2000-2002, with all

fractions rounded off to one

Time period Estimated no. of undetected HIV-positive persons 95% C.I.

2000, Jan–Jun 113 70–52

2000, Jul–Dec 126 88–157

2001, Jan–Jun 155 114–186

2001, Jul–Dec 174 131–205

2002, Jan–Jun 188 141–224

2002, Jul–Dec 211 158–253

Table 5

The estimated gay sauna patron population size in Taipei area for the six-month periods during 2000-2002

Time period Mean estimate of no. of gay sauna patrons in Taipei area 95% C.I.

2000, Jan–Jun 1080 693–1431

2000, Jul–Dec 1706 1365–2059

2001, Jan–Jun 2096 1578–2487

2001, Jul–Dec 2760 2122–3220

2002, Jan–Jun 2321 1794–2724

2002, Jul–Dec 4562 3483–5418
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out studies which enhance our understanding of this highly effusive and hard-to-count but at the same time
important population group for surveillance and intervention purposes.

To gauge the information provided by this estimation procedure, we further compute the estimated number
of undetected HIV-positive persons during each half-year, by subtracting the number of detected HIV cases in
Table 1 (with corrected data V̂ 32 ¼ 11) from the median estimates of HIV-infected population in Table 3. The
result is given in Table 4. The result shows a steady increase of the undetected HIV-positive persons among the
gay sauna patrons, almost doubling in three years. There are alarmingly high percentages (almost half) of
persons who do not use condoms and persons who engage in anal sex in the gay saunas [18]. Moreover, almost
one out of three HIV-positive gay sauna patrons participated in a related study [18] describe them as bi-sexual
while 35% of all participants in the same study are of age 29 or under, with 82.6% of these people still
unmarried. Clearly, the gay sauna patron group is potentially a core group for the spread of HIV/AIDS in the
community, as well as being a high-risk group. The present result highlights the need for public health officials
to target the concentrated group of gay sauna customers for prevention measures, prominent among which are
education programs on the danger of HIV transmission given their current sexual behavior and the
importance of practicing safe sex.

4. Discussions

One can further make use of the estimated number of HIV-positive persons in a population group to make
estimates of the actual population size by simply dividing the estimated number of HIV-infected person by the
HIV seroprevalence rate [15]. To illustrate, we divide the median estimates for the HIV-infected population in
Table 3 by the HIV prevalence rate for each half year in Table 1 (with corrected data V̂ 32 ¼ 11) to obtain the
estimates of the gay sauna patron population in Taipei area in Table 5. The result indicates an increasing trend
in the gay sauna patron population, although the last estimate might seem unrealistic in view of the previous
estimates. Seasonality in data might also be a factor, as the estimates for the second half-years are always
much higher than those of the first half-years.

Although one of the gay saunas is not situated near TSTSCC where the HIV quick test program took place,
we are unable to make any inference or measurement correction by comparing the post-2001 data between this
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gay sauna and the other four — mainly due to the lack of knowledge of the mobility of gay sauna patrons in
the Taipei area. Hence we know, to some certainty, that the willingness for testing of patrons of the four
nearby gay saunas is affected by the quick test program. Whether the customers of the one gay sauna not
situated in Shi Meng Ding were influenced by this program depends on how likely they are to come to Shi
Meng Ding to visit the gay saunas, which cannot be ascertained without further studies aimed toward the
social mixing of the MSM group in Taipei.

As with any estimation methods, there are limitations to our GERMO estimation procedure. Relevant
discussions are given in detail in Ref. [12]. It suffices to say that, although widely useful in many applications
of epidemiologic studies, one must exercise caution in determining how well the data corresponds to the
assumptions made for the estimation procedure. For the present work, inconsistencies in the estimates as a
result of the random sampling assumptions are very likely to occur, due to the use of data from the voluntary
gay sauna serotesting program. Any improvement in this direction, however, is difficult since data of this
nature (i.e. multiple sample data of effusive, hard-to-count populations) is difficult to obtain. Making use of
the correlations between HIV+ and STS+ at the individual observation level, e.g., the propensity of HIV+
for a given subject who is STS+ which can be estimated via logistic regression, is a topic for future research.
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Appendix 1. Correction of measurement error

Let Vi1, Vi2, and Vi3 denote the respective numbers of serotests taken at gay saunas, HIV+, and STS+ at
time i. The pairs plot for the data is given in Fig. 1a with the pairs plot for the data for time i ¼ 3 deleted in
Fig. 1b.

The plots show that there is a strong positively linear relationship between Vi1 and Vi2, as well as between
Vi2 and Vi3.

The estimates of Spearman’s r correlation coefficients and p values of H0 : r ¼ 0 for any two variables are
as given in Table 2. There is strongly significant linear relationship between any pair of two variables, (Vi1,Vi2)
and (Vi2,Vi3). The existence of high correlations between the independent variables in a regression model is
known as multicolinearity. There is highly positive correlation between Vi1 and Vi3 ðr̂ ¼ 0:943Þ: The major
concern is that the stability of the regression coefficients is affected by multicolinearity. To avoid serious
multicolinearity, the variation of Vi2 is explained by a simple regression line with an explanatory variable, Vi3.
Consequently, we assume a simple linear regression model:

EðVi2jV i1;V i3Þ ¼ b1Vi3. (1)

We have V31 ¼ 139 and V33 ¼ 17 which are the numbers of individuals tested and those with STS+,
respectively at time i ¼ 3. Instead of observing V32, the data point V32 is treated as a missing value. We use the
conditional expectation to estimate it. The information of V 32XV�32 is useful, where V�32 is the observed value.
We use max fb̂1V i3;V

�
32g as a predicted value for V32 where b̂1 is the estimate which are obtained from

(Vi2,Vi3), i ¼ 1,2,4,5,6 using least square method.

Appendix 2. Implementation of HB method in GERMO

We consider a sequence of s samples taken from the seroprevalence data of gay saunas in Taipei. Let tj,
j ¼ 1,y be the time when the jth sample is taken and let Bj be the number of HIV-infected individuals newly
infected sexually between time tj and time tj+1. t0 is some hypothetical initial time for the HIV-infected
population and hence we assume that there are no infected individuals before t0. We define Nj to be the total
number of subjects in HIV-infected population just before time tj, and Nj ¼ B0+y+Bj�1. Assume that the
prevalence rate of HIV infections in jth sample is proportional to the jth sample size of serotests. Define
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ej ¼ e�j =e�1; j ¼ 1, 2, y, s, where e�j denotes the number of individuals taken a serotest in the jth sample.
Suppose that p denotes the seroprevalence rate in the first sample. Then pej is the seroprevalence rate in the jth
sample.

The likelihood function can be obtained as follows:

LðB; pjDÞ /
Ys

j¼1

Nj �Mj

uj

 !
ðpejÞ

uj ð1� pejÞ
Nj�Mjþ1

( )
, (2)

where D ¼ (u1,y,us), B ¼ (B0,y,Bs�1), and uj the number of distinct HIV-infected individuals found in the
jth sample. Therefore, Mjþ1 ¼ u1 þ � � � uj is the number of observed HIV-infected individuals in the first j

samples. We assume that u0 ¼ 0, i.e., there is no observed infected individuals before the first sample. Suppose
that the prior distribution of (N, p) where N ¼ (N1,y,Ns) is given by p(N, p) ¼ p(N1,y,Ns)p(p). This asserts
that N and p are a priori independent. It is very difficult to draw (N1,N2,y,Ns) from the posterior
distribution of pðNjjNð�jÞ; p;DÞ and simultaneously satisfied the restriction N1pN2pypNs when p is
extremely small or large. Therefore, the prior of p is restricted to be within the interval a

4
; 7a
4

� �
; where

a ¼ Eðpe1Þ. Subsequently, we assume that pðpÞ ¼ I a
4
opo 7a

4
; pejp1

� �
; I ( � ) is an indicator function that I

(A) ¼ 1 if the event A is true. The value of a is determined by solving the equation a ¼ Eðpe1Þ �

1� Eðu2Þe
�
1

� �
= Eðu1Þe

�
2

� �
: It is reasonable to assume a prior of N to be p (N1,y,Ns) ¼ I (N1pypNs). We

call this HB method in GERMO.
Such priors lead to conditional posteriors of the forms:

pðpjN;DÞ / pu1þ:::þus

Ys

j¼1

ð1� pejÞ
Nj�Mjþ1 � I

a
4
opo

7a
4
; pejp1

� �
(3)

pðNjjNð�jÞ; p;DÞ

¼

ðNj �Mjþ1Þ þ ðuj þ 1Þ � 1

uj

 !
ðpejÞ

uj ð1� pejÞ
Nj�Mjþ1

PNjþ1

Nj¼max Nj�1;Mjþ1f g

ðNj �Mjþ1Þ þ ðuj þ 1Þ � 1

uj

 !
ðpejÞ

uj ð1� pejÞ
Nj�Mjþ1

, ð4Þ

where N(�j) denotes the vector N with the Nj deleted. (Nj�Mj+1) follows a truncated negative binomial
distribution. Subsequently one can easily implement the Gibbs sampler to generate (Nj�Mj+1) from the
truncated negative binomial in Eq. (4), and therefore the estimates of Nj can be obtained.

Since there are AIDS-related deaths during the process, we define the yearly survival rate specific to an HIV-
infected individual between the (j-1)th and jth sample to be f. The conditional expectations of Mj+1 and Nj+1

for (j+1)th sample given Mj (the number of distinct HIV-infected individuals captured in the first j-1 samples)
and Nj (the total number of subjects in HIV-infected population just before time tj), respectively, are

E Mjþ1jMj

� �
¼ fMj þ uj and E Njþ1jNj

� �
¼ fNj þ Bj. (5)

We generate an approximated sample ðN
ðmþ1Þ
j �M

ðmþ1Þ
j Þ; . . . ; ðN ðnÞj �M

ðnÞ
j Þ from a truncated negative binomial

posterior distribution by using MCMC methods, where m is the number of ‘‘burn-in’’ iterations for
convergence and n is the total number of iterations. In our study, m ¼ 3000 and n ¼ 10,000. The convergence
of the Gibbs samplers are monitored by examining several plots. We use N̂jþ1 ¼ fNj þ Bj ; M̂jþ1 ¼ fMj þ uj

from Eq. (5) in order to make the adjustment.
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