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Abstract

Introduction: Improving human immunodeficiency virus (HIV) testing among most at risk popu-
lations (MARP) is one of the first steps to achieve sustainable development goal target of ending
acquired immunodeficiency syndrome (AIDS) by 2030. Studying the time taken for HIV testing
and subsequent clinic visits to collect the results provide important inputs for development of HIV
prevention programs. This study aimed to identify the pattern of HIV testing behavior of female sex
workers (FSWs) over time and developing of statistical models to describe HIV testing behavior
among MARP.

Material and methods: HIV testing data of 5,667 FSW's registered with national HIV prevention pro-
gram in 10 districts of Sri Lanka during 2016 and 2017 were analyzed using Cox proportional hazard
model (CPHM) with time-dependent covariates.

Results: Time taken to acceptance of HIV testing is more dependent on individual factors of FESWss,
whereas the uptake of results is less dependent on individual factors. Youth FSWs take more time to
accept an HIV test. FSWs who operate in districts out of Colombo, use condoms and report under-
going HIV testing before joining the programme take more time for testing and collection of the re-
sults. FSWs with high partner exchange rate (therefore, at high-risk) are less likely to complete both
events and take more time for testing. Most of these covariates were identified as time-dependent,
and the effects showed a reducing pattern over time. Extended CPHM paved the way to model such
variables.

Conclusions: Factors identified in the study, as associated with time taken for both events, can be
consider in planning activities leading to HIV preventions programs. Extended CPHM was found to
be an alternative technique to CPHM to model time for testing and subsequent clinic visit to uptake
the results, especially in the presence of an HIV prevention program.
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Introduction

Globally, all the nations are intensely working to real-
ize the sustainable development goal of ending the acquired
immunodeficiency syndrome (AIDS) epidemic by 2030 [1].
Crucial parts of this plan are early detection of human im-
munodeficiency virus (HIV) cases and HIV treatment deliv-
ery to all in need. The 90-90-90 concept is one element of this
plan [2]. As per the 90-90-90 targets, (1) by 2020, 90% of all
people living with HIV (PLHIV) will know their HIV status,
(2) by 2020, 90% of all people with diagnosed HIV infec-
tion will receive sustained antiretroviral therapy, and (3) by
2020, 90% of all people receiving antiretroviral therapy will
have viral suppression [2]. Therefore, improving HIV testing
among MARP is the first step to achieve the 90-90-90 targets.
Researches indicate that by 2012, less than 50% of MARP in
many Asian and African countries did not know their HIV
status [2]. In Sri Lanka, only 77% of PLHIV know their
HIV status [3]. Therefore, it is important that MARP undergo
HIV testing periodically to know their HIV status. It usually
takes a few days to a few weeks to get results of an HIV test;
although, there are some rapid expensive HIV tests, which can
produce results within 30 minutes. Therefore, follow-up clinic
visits to collect the results is also important to know HIV sta-
tus [4]. Various studies have indicated that nearly one third
of patients screened for HIV by traditional programs, with
pretest counseling and blood tests that are sent to a central
laboratory, fail to collect the results [5].

The 90-90-90 targets cannot be achieved without iden-
tifying and overcoming the factors that influence undergo-
ing HIV testing by MARP. Moreover, studying the pattern
of HIV testing over time and modeling covariates with time
taken to HIV testing will provide important inputs for de-
velopment of HIV prevention programs. Further, under-
standing both HIV testing behavior and subsequent uptake
of results are equally important for designing HIV preven-
tion programs. Previous studies primarily focused on either
completion of the event without evaluating the time factor
or considered only HIV testing, but not the collection of re-
sults [6-9].

The aim of this study was to understand the pattern of
HIV testing among MARP over time, considering HIV testing
and collection of results as two ordered events, and to identify
suitable technique to model those time events, especially in
the presence of time-dependent factors. Female sex workers
(FSWs) who reported selling sex in exchange for money or
goods during last 12 months in 10 districts of Sri Lanka were
selected as the MARP sample in the study.

Material and methods

The study was conducted using a web-based data source
known as Monitoring and Evaluation Information Manage-
ment System (MEIMS), maintained by the Family Planning
Association of Sri Lanka (FPASL) in line with the National
HIV Prevention Program during 2016 and 2017. The data-
base holds the capacities for data filtration and export [10].
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Background of the data

Data from MEIMS on client registration and HIV testing
were used for the study. At the time of registration, each FSW
receives a unique identification/registration number, which
is used to identify the person throughout the project time.
The client registration form contains FSW registration num-
ber, socio-demographic data, data on HIV risk behaviors,
and health seeking behaviors. Although the personal infor-
mation of clients has been recorded in the client registration
form to ensure the continuity of care and follow-up services,
as per the national guideline, the personal information is not
accessible in the electronic database to maintain the confi-
dentiality of information [10]. The client registration data
for MEIMS are supported by trained project coordinators
of community-based organization (CBO) at the district
level, using the client registration forms completed by field
supervisors (FS) and peer educators (PE). These data are sec-
ondarily verified by the monitoring and evaluation staff in
the project to to ensure data quality [10].

FSWs who are registered with the program are escort-
ed to nearby sexually transmitted disease (STD) clinics, lo-
cated in government hospitals. HIV testing data, which are
available in MEIMS are captured using clinics’ referral slips
issued by STD clinics. The monitoring and evaluation staff at
the Family Planning Association verify the slips for accuracy
and consistency, and the data is entered into MEIMS [10].

Sampling and inclusion criteria

The FSWss registered with the national HIV prevention
program in 10 administrative districts (Anuradhapura, Co-
lombo, Galle, Gampaha, Hambantota, Kandy, Kurunegala,
Matara, Polonnaruwa, and Ratnapura) were considered for
this study (Table 1). There was no sample size calculation in-
volved, as all the FSWs who received services from the project
were studied retrospectively. However, the FSW who received
services less than six months (loss to follow-up before com-
pletion of first six months) were excluded from the study.
The study period was January 1, 2016 to December 31, 2017.

Ethical concerns

As per the monitoring and evaluation policy of FPA Sri
Lanka, the executive director is accountable for correct use
of all monitoring and evaluation information available in
MEIMS [11]. The executive director granted permission to
use HIV testing data to perform this study. For ethical ap-
proval, the research protocol with other related documents
were submitted to the ethical review committee (ERC)
of the Sri Lanka Medical Association (SLMA). The ethical
approval was received on April 20™, 2018.

Cox proportional hazard model

CPHM is a survival model introduced by Cox in 1972,
who extended the method of non-parametric Kaplan-Meier
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estimates to regression type arguments for life-table analy-
ses. Cox advanced the prediction of survival time in indi-
vidual subjects by utilizing variables covarying with surviv-
al and ignoring the baseline hazard of individuals. In this
model, no assumptions about the baseline hazard of individ-
uals are made, and only presumed that the hazard functions
of different individuals remain proportional and constant
over time [12]. The Cox regression model has been used in
many fields, including HIV [13, 14]. The idea of this model
is to define the hazard level as a dependent variable, which
is explained by the time-related component (so-called, base-
line hazard) and the covariates-related component [15].
The model is defined as follows:

A (t, x) = A, (Hexp(px),

where A (f, x) is the hazard function that depends on
time point ¢ and vector of covariates x, A (f) is the baseline
hazard function that depends on time only, and exp(fx) is
the covariates-related component.

Many authors have discussed the importance of pro-
portional hazard assumption and suggested potential modi-
fication of this model if the hazard ratio turns out not to be
constant over time for some covariates [16]. If the influence
differs over time and this changing impact is also of interest,
then one of the available methods of Cox model modification
for non-proportional hazards might be applied. Including
the interaction with time in the model enables interpretation
of the parameters, because the covariate’s influence at the haz-
ard level is not constant [15].

If continuous variable A does not depend on time, and
the factor B is time-dependent with two levels, 1 and 2,
the hazard ratio HR between level 1 and level 2 of factor B
is given by:

Mt,A=a,B=2) _ Aexp(B.a+2p, +2B.t)
Aexp(B.a+ B, + B

where f3, is the parameter estimate for variable A, f3, is
the parameter estimate for variable B, and f3, is the parame-
ter estimate for interaction of variable A and time (¢).

Therefore, the hazard ratio of time-dependent covariates
is changing over time and the interpretation needs to be per-
formed accordingly [15].

HR =

= = — expbht
Mt,A=a,B=1) expr

Data analysis

In this study, as illustrated in Figure 1, two events can
be defined, including (1) testing for HIV (collection of
blood sample) for the first time after registration with the
program (“testing” in this paper), and (2) subsequent clinic
visit to receive HIV test results (“uptake of results” in this
paper).

As most of STD clinics do not perform rapid HIV test,
the results cannot be handed over within the same day. There-
fore, each subject (i.e., FSW) will have to undergo both events
in two-time span. Considering the nature of these two events
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Table 1. Number of female sex workers included in the study
differentiated by district

District Frequency Percentage :;::::rl;:;:
Anuradhapura 156 2.8 2.8
Colombo 2,535 447 47.5
Galle 374 6.6 54.1
Gampaha 1,024 18.1 72.2
Hambantota 83 1.5 73.6
Kandy 511 9.0 82.6
Kurunegala 189 33 86.0
Matara 237 4.2 90.2
Polonnaruwa 255 4.5 94.7
Ratnapura 303 5.3 100.0
Total 5,667 100.0

that the second event cannot take place without the first event,
these types of events are called “ordered events”

In survival analysis, the outcome variable is the time to
event (called “survival time”), which can be measured in
days, weeks, years, etc. Since the current study is focusing
on two ordered events, three survival times can be defined,
such as (1) number of days from registration to testing (T ),
(2) number of days from testing to the uptake of results (T,),
and (3) number of days from registration to the uptake
of results (T, = T, + T,). Three survival times were consid-
ered one at a time, which resulted following three CPHMs.

The statistical software SAS university edition was used
for univariate and multivariate modelling. The PHREG pro-
cedure of SAS software was adopted. All the models were
initially developed without considering the time depen-
dency and tested for proportional hazard assumption. As
the proportional hazard assumption was violated for some
of the covariates of three initial models, the time-depen-
dent covariates (interaction of covariates with time) were
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Figure 1. Graphical representation of HIV testing behavior of
female sex workers
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Table 2. Sample characteristics
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Variable/Levels Frequency Percentage ’C)::::rl:j;:

Location
Rural 669 11.8 11.8
Semi urban 1,492 26.3 38.1
Urban 3,506 61.9 100.0
Total 5,667 100.0

Age
Below 25 382 6.8 6.8
25 and above 5,269 93.2 100.0
Total 5,651 100.0

Level of education
Up to grade 9 3,083 54.4 54.4
Grade 10 and above 2,584 45.6 100.0
Total 5,667 100.0

Marital status
Never married 398 7.1 7.1
Married 3,610 64.8 71.9
Living together 436 7.8 79.7
Separated 206 3.7 83.4
Divorced 405 7.3 90.7
Widow 520 9.3 100.0
Total 5,575 100.0

FSW typology
Based in street own house or slums 3,291 59.9 59.9
Based in lodge, hotel, brothel, or restaurant 604 11.0 70.9
Based in massage center 1,145 20.8 91.7
Other 456 8.3 100.0
Total 5,496 100.0

included in the model. The information criteria of new
models were much lower than the initial models indicating
good model fitting. Both, the log transformation of the time
variable and the time variable itself were included in model
statement, one at a time. The log time transformation was
used in the final models, since it resulted comparatively bet-
ter model fit. The extended CPHMs were used as the final
models for interpretation.

Results

After data cleaning and checking for exclusion crite-
ria (FSWs who have not completed minimum six months
with the project), the total of 5,667 FSWs were included
in the study. The composition of the sample is presented
in Table 2. The majority was from Colombo district, fol-
lowed by Gampaha district. The size of sample from se-
lected districts was aligned with the estimated percentage
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of FSWs in each district of Sri Lanka [17]. Majority (62%)
of FSWs in the sample operated in urban settings. Around
7% of FSWs were young below 25 years of age. Almost
half of participants (46%) were educated and complet-
ed more than 8 years in school. Majority of FSWs (85%)
were ever married, of which 65% were currently married,
and 7% were never married FSWs in the sample. Most
of FSWs (60%) were operated in very informal settings,
such as streets, own houses, or slums. Around one fifth
of the participants (21%) were based in massage centers.
Only around one tenth of the FSWs (11%) were based in
lodges, hotels, brothels, or restaurants.

Model 01 - T,

The parameters estimate of the Cox regression model are
given in Table 3. The parameter estimates are the log hazard
ratios, and hazard ratios are the relative risks. The estimate
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Table 3. Results of extended CPHMs with time-dependent covariates
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Model 01 - T, Model 02 - T, Model 03 - T,
-2 log L 37319.117 23130.785 25653.465
Model fit statistics AlC 37337.117 23146.785 25667.465
SBC 37388.965 23189.777 25705.083
Effects
Variable Level | Hazard ratio | Pr>y* | Hazard ratio | Pr > x> | Hazard ratio | Pr> y?
Age (age in number of years) 1.007 0.0072
District (1 = Colombo, 2 = other) 2 0.880 0.0040 0.869 0.0084 0.839 0.0013
Number of sexual partners 0.981 0.0002 0.881 < 0.0001
HIV testing (0 = not subjected for HIV
test during past year, 1 = subjected for 1 0.375 < 0.0001 0.130 < 0.0001
HIV test during past year)
Condom use (0 = not used condoms
during last sexual encounter, 1 = used 1 0.364 < 0.0001 0.621 < 0.0001 0.226 < 0.0001
condoms during last sexual encounter)
Typology (1 = based in street own 2 1.968 < 0.0001 0.640 0.0258 1.407 0.0727
house or slums, 2 = based in hotel
lodge, brothel, or restaurant, 3 = based 3 4.746 < 0.0001 0.485 <0.0001 3.392 0.0002
in massage center)
Contrasts (typology)
Typology 1 vs. 2 0.508 < 0.0001 0.711 n.s.
Typology 1 vs. 3 0.211 <0.0001 0.295 < 0.0001
Typology 2 vs. 3 0.415 < 0.0001 0.415 < 0.0001
Interaction effect
. 1/2 1.343 0.1794
Condom use * typology 1/3 2.170 < 0.0001
Contrasts (condom use * typology)
Condom use 0 vs. 1 at typology = 1 1.609 < 0.0001
Condom use 0 vs. 1 at typology = 2 1.198 n.s.
Condom use 0 vs. 1 at typology = 3 0.742 < 0.0001
Time-dependent covariates
Typology*log (time) 0.882 < 0.0001 0.914 0.0045
Condom use*log (time) 1.210 < 0.0001 1.294 0.0002
HIV testing*log (time) 1.148 < 0.0001 1.355 < 0.0001
Sexual partners*log (time) 1.005 0.0017 1.022 < 0.0001

n.s. — not significant

of age was 0.00649 and hence, hazard ratio of testing for
one additional year of age was e*** = 1.007. Therefore, we
concluded that there was a 7% higher chance of testing when
the age was increased by 10 years. Youth FSWs have been
more reluctant for testing compared to adults. Similarly, there
was a 12% higher chance of testing among FSWs who were
based in Colombo district compared to other districts.

Other covariates (testing for HIV before joining the pro-
gram, use of condoms during the last sex at the time of reg-
istration, and FSW typology) were found to be time-depen-
dent covariates and thus, the hazard ratio related to those
factors changed over time.

As expected, HIV testing within 12 months prior to
joining the program showed a negative association with
HIV testing from the program. The FSWs who have not un-
dergone testing before joining the program showed a 63%
higher chance of testing from the program compared to
the FSWs who were already tested for HIV.

As shown in Figure 2, this effect of testing before join-
ing the program decreased over time, but it was significant
even after two years. By the end of 600 days, the chance
of testing was 45% higher among those FSWs who have
not undergone testing within 12 months prior to joining
the program.

HIV & AIDS Review 2020/Volume 19/Number 3
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Figure 2. Time dependency of covariates. Graphical illustra-
tion of hazard ratio for HIV testing over time
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Figure 3. Time dependency of covariates. Graphical illustra-
tion of hazard ratio for condom use over time
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Figure 4. Time dependency of covariates and graphical il-
lustration of hazard ratio for female sex workers (FSWs)
typology over time. Street-based FSWs were considered as
the reference group and were not included in the graph
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Self-reported condom use during the last sex at the time
of registration showed a similar effect on testing. FSWs who
did not use condoms showed 64% higher chance of test-
ing. This may be due to perceived low-risk of HIV infec-
tion among condom users. However, as illustrated in Fig-
ure 3, this effect decreased over time up to 38% by the end
of two years. It can be assumed that some FSWs who did not
use condoms at the time of registration may started using
condoms due to behavioral change communication (BCC)
interventions of the program. However, even at the end
of the program, the testing was not similar between the two
groups. Further research is needed to identify the reasons for
this relationship between HIV testing and condom use.

FSW typology showed a greater association with test-
ing. FSWs based in massage centers showed the lowest
median time to test (369 days), followed by FSWs based in
hotels (530 days) and street-based FSWs (569 days). FSWs
who were based in massage centers showed almost 4 times
(375%) higher acceptance of HIV test compared to street-
based FSWs. The tendency of HIV testing by FSWs based in
hotels or lodges were 97% higher than street-based FSWs.
Figure 4 shows the variability of hazard ratio over time con-
sidering street-based sex workers as the reference group.
This HIV testing gap between the two groups indicated a de-
clining trend over time. For example, HIV testing difference
among street sex workers and sex workers based in massage
centers declined from 375% to 235% by the end of the first
600 days. This reduction in time to test could be largely at-
tributed to the effect of prevention program. However, this
effect was significant among all three groups, even at the end
of the program.

It is important to note that the interaction effect between
FSW typology and condom use was significant in the initial
model. However, it became insignificant after time-depen-
dent covariates were introduced.

Model 02 - (T,)

As presented in Table 3, FSW typology, condom use
during the last sexual encounter at the time of registration,
number of sexual partners during the month prior, and
the district were identified as covariates, which significantly
affected subsequent clinic visit to collect the results. The up-
take of results by FSWs from other districts was 13% lower
than FSWs based in Colombo. This may be due to the differ-
ence in quality of the program in different geographical loca-
tions and the difference in distance to the nearest STD clinic.
As illustrated in Figure 5, the interaction effect between
FSW typology and condom use was significant (p < 0.0001).
The association between condom use and uptake of test
result was found to be depended on the FSW typology.
The street-based FSWs who reported not using condoms
demonstrated 61% higher chance for uptake the test result.
However, for the FSWs who were based in massage centers,
the association showed an inverse pattern.

The FSWs who were based in massage centers and re-
ported not using condoms, demonstrated 26% lower chance
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Figure 5. Graphical illustration of interaction effect between “female sex workers (FSWs) typology” and “condom use”. A) Sur-
vival function of street based sex workers, B) survival function of the FSWs based in massage centers

for the uptake of results. The association between condom
use and collection of results was not significant for those
FSWs who were based in hotels and brothel houses.

As illustrated in Figure 6, the number of sexual partners
during the past 30 days (partner exchange rate) was iden-
tified as the time-dependent covariate. Every additional
sexual partner decreased the tendency to uptake the results
by 2%. However, this effect was declining over time up to
1% by the end of study period. It is important to note that
high-risk FSWs are reluctant not only for testing, but also
to collect the results, indicating the importance of pre-test
counselling.

Most of the variables, which were significant in model 1
were not significant in model 2. Unlike the first visit to STD
clinics for HIV testing, subsequent clinic visits to uptake
the results may largely depend on the quality of facility and
overall quality of care during the first visit, such as pre-test
counselling, stigma and discrimination, time consumption,
etc. However, these facility-related factors were not stud-
ied, as it was beyond the scope of this study. This could be
the reason that only few individual factors were selected as
covariates in the second model.

Model 03 -T, =T, + T,

As elaborated in Table 3, except age, all other factors,
which were included in model 1 and model 2 were signif-
icant in model 3. However, the interaction effect between
typology and condom use was not significant in model 3.
HIV testing, condom use, typology, and number of sexual
partners were identified and included as time-dependent co-
variates in the model.
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Figure 6. Time dependency of covariates. Graphical illustra-
tion of hazard ratio for number of sexual partners over time

The district, in which the FSWs were based was the only
time-independent covariate. The FSWs based in other dis-
tricts showed 17% lower tendency to complete both HIV
events. This can be considered as an accumulated effect
of the first event (12%) and the second event (13%).

Pattern of association with testing identified in model 1
was observed in model 3 (Figure 7). However, overall effect
of testing for HIV before joining the project on HIV testing
from the project, has improved after inclusion of the second
event (although testing was not significant in the second mod-
el). FSWs who were tested for HIV during 12 months prior
to registration demonstrated 87% lower chance of completing
both events. However, this effect slowly declined up to 70%

HIV & AIDS Review 2020/Volume 19/Number 3
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during the first two years. The same pattern could be observed
between condom users and non-users over time. The FSWs
who have used a condom during the last sex at the time of reg-
istration showed 78% lower chance to complete both events.
This effect of condom use before joining the project was re-
duced up to 54% by the end of the first 600 days.

Similar pattern of association between typology and
HIV testing, which was observed in model 1 appeared also
in model 3, but with relatively low intensity. In other words,
an addition of survival time in the second event has low-
ered the overall effect of FSW typology. This may be due to
the presence of interaction effect between the condom use
and the typology in the second model.

FSWs who were based in massage centers showed 239%
higher chance for completing both events compared to
street-based FSWs. However, there was no significant differ-
ence between street-based sex workers and FSWs based in
hotels/ brothel houses. Chance of completion of both events
by the FSW based in hotels or lodges were 59% lower than
the FSWs based in massage centers. Figure 8 shows the vari-
ability of hazard ratio over time considering street-based sex
workers as the reference group. This difference of completing
both events among the two groups indicated a declining trend
over time. For instance, the difference among street sex work-
ers and sex workers based in massage centers declined from
239% to 164% by the end of the first 600 days. The hazard
ratio between street-based FSWs and FSWs based in massage
centers approached 1 by the end of the project showing equal
chance of completing both events (Figure 8).

The pattern of association between the number of sexual
partners and the HIV testing over time, which we observed
in model 2, was present also in model 3, but with a great-
er intensity (Figure 9). Every additional sexual partner de-
creased the tendency to complete both events by 12% at
the beginning of the project. However, this effect declined
over time up to 7% by the end of the project. The FSWs who
were having high partner exchange rate (considered as high-
risk for acquiring HIV) showed a lower chance of complet-
ing both events at the beginning of the project. However,
this difference among two groups (high-risk and low-risk)
indicated a declining trend over time. This may be because
of program (BCC interventions), which can be considered as
one of the particularly important finding of this study.

Programme and policy implications

Sri Lanka national HIV testing guidelines [18] clearly
highlight that MARP including FSW's must test for HIV once
in a six month (at least annual testing is promoted, based on
partner exchange rate and safe sex practices). However, find-
ings of this study demonstrated that testing for HIV within
12 months prior to joining the program significantly reduced
testing and uptake of the results. This effect was significant
even after two years and is assumed to be much higher among
FSWs who were not covered by prevention interventions. This
indicates a gap between the national target in terms of fre-
quency in MARP testing and actual testing behavior. Future
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interventions must focus on increasing testing frequency
among FSWs after controlling for the factors, which affect re-
peated testing.

The outcomes of this study demonstrated that testing
was more dependent on individual factors of FSWs, whereas
the uptake of results was less dependent on individual fac-
tors. A subsequent clinic visits to collect the results may be
more dependent on the facility and service provider-related
factors, such as personal experience of the first visit, effec-
tiveness of pre-test counselling, stigma and discrimination,
waiting time, etc. The time to uptake of results cannot be
shortened without improving the quality standards of care.

It was evident that the testing behavior of the FSW's based
in Colombo was significantly different from FSWs of other
districts after controlling for all induvial socio-demograph-
ic and behavioral factors. The FSWs from other districts
showed 13% lower chance of testing and uptake the test re-
sults compared to the FSWs based in Colombo. The chance
of loss to follow-up after the first clinic visit was also higher
for those FSWs based in other districts. The FSWs who were
based in other districts took relatively longer time for testing
as well as for uptake of results. It is important to highlight
the fact that the condom use also was lower among the FSW's
based in other districts (68%) compared to Colombo district
(85%). This may be due to early start of HIV prevention pro-
grams in Colombo district compared to other areas. Despite
the differences, a uniform, not tailor-made prevention model
is applied across Sri Lanka to suit all districts [19]. The re-
sults of this study highlight the requirement for development
of different prevention strategies for districts outside Colom-
bo. Current approach of implementation of uniform preven-
tion model across the country needs to be revisited.

In this study, time to testing and uptake of results was
clearly dependent on the FSW typology. Street-based FSW's
and hotel-based FSWs were less likely to complete both
events, compared to the FSWs based in massage centers with
all other variables considered. This difference was found
among those FSWs who reported using condoms during
the last sex at the time of registration. The current HIV pre-
vention program implements a uniform prevention model
among all types of FSWs [19, 20]. Findings of this study
clearly indicate the requirement for development and imple-
mentation of interventions considering the FSW typology.

Additionally, the results of the present study clearly empha-
size that FSWs who used condoms were less likely to complete
both events than FSWs who do not use condoms. The FSWs
who use condoms took relatively longer time for testing and
uptake of test results. This difference of HIV testing behavior
among condom users and non-users was highest among street-
based FSWs, followed by hotel-based FSWs, and FSWs based
in massage centers. This effect of condom use on testing was
significant even after implementation of HIV prevention inter-
ventions for two years. This may be due to the perceived low-
risk among those FSWs who use condoms. The prevention pro-
grams should clearly communicate (FSWs) the fact that HIV
testing at least once a year is important even if they use con-
doms consistently as condom use itself is not 100% protective.
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Number of sexual partners (partner exchange rate) was
one of the most important risk factors for HIV and other
sexually transmitted infections (STI). This finding clearly
indicates that the FSWs who were having higher partner ex-
change rate (therefore, at higher risk) were less likely to test
for HIV and took longer time for testing. The chance of loss
to follow-up after the first clinic visit was also higher among
this high-risk FSWs. Therefore, it was evident that HIV-in-
fected FSWs with high number of clients were operating for
longer time without knowing their HIV status (not taking
treatments) and transferred the disease to large number
of clients. However, the FSWs with high partner exchange
rate (above 20) were more likely to use condoms (90%) than
FSWs with less partner exchange rate (71%). The current
prevention model does not consider the risk profile of FSWs
in planning and implementation. It is important to identify
high-risk FSWs at the time of registration and provide a spe-
cific and more targeted prevention service package.

This model of HIV testing carried out in Sri Lanka was
an incentive-driven model, where the peer educators who es-
cort FSWs to STD clinics for testing receive a motivation (for
both events). Although overall intervention clearly demon-
strated a positive effect on HIV testing behavior of FSWs,
the effect of incentive scheme was not studied in detail.

Conclusions

All three CPHMs generated consistent results, which can
be used to describe the pattern of HIV testing and uptake
of test result. Time to testing is more dependent on individ-
ual factors of FSW's, whereas time to uptake of results is less
dependent on individual factors. Most of the factors were
identified as time-dependent; therefore, the general CPHM
must include time-dependent covariates in a model. As
the study was carried out simultaneously with the national
HIV prevention program, the time-dependent covariates
may largely represent the effect of HIV prevention pro-
gram. In other words, this approach can be used to measure
the program effect; therefore, indirect and cost-effective
method of program evaluation using secondary data. An ex-
tended CPHM is an effective and simple technique to mod-
el time to HIV testing and subsequent clinic visit to uptake
the results of MARP.
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