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Abstract
Objectives—Surrogate markers of HIV disease progression are HIV RNA in plasma viral load
(VL) and CD4 cell count (immune function). Despite improved international access to
antiretrovirals, surrogate marker diagnostics are not routinely available in resource-limited
settings. Therefore, the objective was to assess effects of economic and diagnostic resourcing on
patient treatment outcomes.

Methods—Analyses were based on 2333 patients initiating highly active antiretroviral therapy
(HAART) from 2000 onwards. Sites were categorized by World Bank country income criteria
(high/low) and annual frequency of VL (≥ 3, 1–2 or <1) or CD4 (≥ 3 or <3) testing. Endpoints
were time to AIDS/death and change in CD4 cell count and VL suppression (<400 HIV-1 RNA
copies/mL) at 12 months. Demographics, Centers for Disease Control and Prevention (CDC)
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classification, baseline VL/CD4 cell counts, hepatitis B/C coinfections and HAART regimen were
covariates. Time to AIDS/death was analysed by proportional hazards models. CD4 and VL
endpoints were analysed using linear and logistic regression, respectively.

Results—Increased disease progression was associated with site-reported VL testing less than
once per year [hazard ratio (HR)=1.4; P=0.032], severely symptomatic HIV infection (HR=1.4;
P=0.003) and hepatitis C virus coinfection (HR=1.8; P=0.011). A total of 1120 patients (48.2%)
had change in CD4 cell count data. Smaller increases were associated with older age (P<0.001)
and `Other' HIV source exposures, including injecting drug use and blood products (P=0.043). A
total of 785 patients (33.7%) contributed to the VL suppression analyses. Patients from sites with
VL testing less than once per year [odds ratio (OR)=0.30; P<0.001] and reporting `Other' HIV
exposures experienced reduced suppression (OR=0.28; P<0.001).

Conclusion—Low measures of site resourcing were associated with less favourable patient
outcomes, including a 35% increase in disease progression in patients from sites with VL testing
less than once per year.
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Introduction
Highly active antiretroviral therapy (HAART) suppresses HIV viral load (VL) resulting in
enhanced patient immune function and reduced risk of opportunistic infections and death
[1,2]. Disparities remain in patient access to antiretrovirals (ARVs), however, the challenges
of treatment coverage and health system capacity are being progressively addressed [3]. As
a result, more HIV-infected patients in developing and transitional economies have the
opportunities of decreased morbidity and longer survival as have been observed in
developed economies [4–6].

Predictive biomarkers of disease progression are HIV RNA in plasma (VL) and CD4 cell
count (immune function) [7]. HIV RNA informs knowledge of trends in viral replication and
gives advance notice of non-adherence, treatment regimen failure and HIV drug resistance
(HIVDR) [8,9]. CD4 cell counts provide quantitative measures of immunocompetence and
current clinical status [10]. Furthermore, international patient management guidelines
recommend periodic collection of HIV RNA and CD4 cell counts to determine indications
for treatment and the monitoring of therapeutic response [11,12].

Still, in developing countries access to disease staging diagnostics has lagged considerably
behind the availability of anti-HIV medications [13]. Consequently, monitoring of patient
status via surrogate markers, thereby identifying optimal therapy initiation periods and when
treatment should be changed, is not available in resource-limited settings at a level
comparable to that found in developed economies [13–15]. Plasma VL commercial assay
kits and CD4 reagents remain expensive. Assays require dedicated space and equipment and
infrastructure costs are prohibitive. Further, the lack of physical resources, such as
uninterrupted electricity and water, and the cost and availability of maintenance impact upon
whether valid results of patient prognostic status are obtained even when infrastructure is in
place [13,16]. Currently, there is little information on how the lack of economic and,
particularly, diagnostic resourcing affects patient health outcomes. Therefore, our objective
was to determine whether clinical resourcing, measured as country income and site-reported
frequencies of CD4 and VL diagnostic testing, impacted on patient treatment outcomes.

Oyomopito et al. Page 2

HIV Med. Author manuscript; available in PMC 2010 September 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Methods
Sites

The TREAT Asia (Therapeutics Research, Education, and AIDS Training in Asia) HIV
Observational Database (TAHOD) is a multicentre prospective cohort of HIV-infected
patients, established since September 2003. Data are shared with the International
Epidemiologic Databases to Evaluate AIDS (IeDEA). One objective of TAHOD is to
evaluate the natural history of HIV disease in ARV-experienced and -naïve patients in the
Asia-Pacific region. Seventeen clinical sites (see Appendix A) are included in TAHOD
based upon capacity to fulfil data submission requirements and with a view to retaining sites
representative of the region [5]. Ethics approvals were obtained from local Institutional
Review Boards and each site sequentially enrolled approximately 200 patients. Where
available, sites provided retrospective data for enrollees and clinical interventions and
testing procedures were implemented according to local practices.

Patient data
Average follow-up for TAHOD patients in the 12-month period from September 2005 to
September 2006 was 86%.

Since not all TAHOD patients are taking ARVs, our sampling frame was HIV-infected
patients initiating HAART, any combination of three or more ARVs, from 2000 onwards.
Eligible patients were also required to have at least one subsequent clinical visit or result
recorded in the database, post-therapy, at the time of analysis. Patient covariates included
demographics (age at entry to cohort, gender, HIV source exposure), indices of illness
severity [Centers for Disease Control and Prevention (CDC) classification, baseline CD4
lymphocyte count and HIV RNA], hepatitis B and C coinfections and prescribed HAART
regimen. Retrospective and prospective data were included.

The CDC classification for TAHOD was modified from the 1993 Center for Disease Control
and Prevention case definition in that it does not differentiate between presumptive and
definitive diagnoses [17]. The most severe pre-HAART CDC category recorded was used as
the baseline clinical status. Hepatitis B (C) positive status was defined as being HBsAg
(HCV-Ab) positive and patients were assumed to be coinfected for the duration of follow-
up. HIV RNA copies/mL and CD4 cell counts up to 91 days prior to HAART initiation were
considered for inclusion as baseline values. Where multiple assay results existed, the value
closest to the target date was selected.

Resource covariates
For classifying TAHOD sites with respect to clinical site resourcing, the four-category
World Bank criterion (gross national income per capita) was dichotomized into high (upper-
middle and upper: >USD 3705) and low (lower-middle and lower: ≤USD 3705) [18]. The
annual frequencies of VL and CD4 monitoring of patients reported between December 2006
and February 2007 were also included as measures of site resourcing. VL monitoring was
classified into three categories: at least three times per year, one to two times per year and
less than once per year. Since most sites reported that patients were CD4 tested at least
annually, CD4 monitoring was classified into two categories: at least three times and fewer
than three times per year. The two exceptions monitored patients at least annually when
resources were available to do so.

Endpoints
Clinical disease progression was determined as a new diagnosis of an AIDS-defining illness
(CDC category C) or death from any cause. Patient follow-up commenced at HAART
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initiation and ended at date of death, AIDS-defining illness or most recent contact,
whichever was the earliest. Surrogate endpoints were HIV RNA viral suppression (<400
copies/mL) and change in CD4 cell count from baseline at 12 months post-HAART.
Surrogate marker values closest to the target date were selected from windows of 9–15
months.

Statistical analysis
Patients contributing data to each analysis are shown in Fig. 1. For eligible patients, baseline
comparisons by country income (χ2, Fisher's exact or Cochrane – Armitage test for trend)
were performed as appropriate. Determinants of 12-month HIV RNA suppression and
change in CD4 cell count were assessed via logistic regression and linear regression,
respectively. Proportional hazards models were used to evaluate predictors of time to
progression to new AIDS-defining illness or death. Analyses were based on an intention to
continue treatment approach in that we did not take into account regimen changes,
interruptions or failure post-HAART. Forward stepwise techniques were used to determine
the best fitting models. To identify significant variables and important confounders, binary
covariate P-values and multi-categorical parameter P-values (from tests for trend/
heterogeneity) of <0.2, in univariate analyses, were considered for inclusion in multivariate
models. Final multivariate models consisted of covariates remaining significant at the 0.05
level.

For each endpoint, a base predictive patient model was determined from significant patient
covariates. Then, because of our a priori interest in the role of site resourcing on outcomes,
individual estimates of country income and reported frequencies of VL and CD4 testing
were assessed for statistical significance after adjustment for the base patient model.
Analyses were performed using SAS software version 9.1.3 (SAS Institute Inc., Cary, NC,
USA) and STATA software version 8.2 (STATA Corp., College Station, TX, USA).

Results
Of 3346 patients recruited to TAHOD, 2333 (69.7%) fulfilled the inclusion criteria. Of
these, 79% had at least 6 months of retrospective data available and 13% were mono- or
dual-ARV experienced. Patient demographics, clinical parameters and prescribed HAART
regimen are summarized in Table 1. One hundred and seventy-six of the monoand dual-
experienced patients recycled one or two previously used ARVs in the HAART regimen.
Thirteen of these patients reported a virological or clinical treatment failure on the previous
regimen.

Due to small numbers of injecting drug users (IDUs), patients infected by blood products or
having unknown exposure, these modes of infection were collapsed into an `Other'
exposures category. Transgender patients were included in the male category. For regression
analyses, seven patients with unknown ages were excluded. Of eligible patients, 2326
(99.7%) were included in disease progression analyses while 1120 (48.2%) and 785 (33.7%)
patients contributed data to multivariate linear and logistic regressions, respectively.

As shown in Table 1, low-income sites contributed 61% of eligible patients. For country
income comparisons at baseline, HIV RNA results were dichotomized as `Unknown' (low,
83.1%; high, 49.3%) or `Available'. Patients with unknown CD4 cell counts were excluded
from trend tests. Significant differences existed for all patient covariates. Patients from high-
income countries had significantly higher proportions of male patients (low, 64.8%; high,
79.8%; P<0.0001), HIV exposure reported as homosexual contact (low, 4.5%; high, 36.8%;
P<0.0001) and patients older than 40 years (low, 29.4%; high, 41.0%; P<0.0001). Patients
from low-income countries demonstrated poorer baseline health status in that more patients
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had CD4 counts of 100 cells/μL or less (low, 38.8%; high, 28.7%; P<0.0001) and fewer
were asymptomatic (CDC A) (low, 38.4%; high, 56.6%; P<0.0001). Low-income country
patients were also less likely to have been tested for coinfection with hepatitis B (low,
69.5%; high, 35.8%; P<0.0001) or hepatitis C (low, 75.7%; high, 36.0%; P<0.0001). Higher
proportions of patients in low-income countries did not have access to VL testing prior to
being prescribed a first-line regimen (low, 83.1%; high, 49.3%; P<0.0001) and although the
most frequently prescribed HAART regimens were based on nonnucleoside reverse
transcriptase inhibitors, more patients in high-income countries were prescribed a protease
inhibitor (PI)-based regimen (low, 8.4%; high, 30.5%; P<0.0001). High-income country
sites reported that patients were monitored virologically at least annually and CD4 tested at
least three times per year (Table 2).

Progression to AIDS or death
The 2326 patients included in disease progression analyses (Table 3) contributed 5872.4
person-years of retrospective and prospective follow-up (median 2.4; interquartile range
1.2–3.7 person-years). During this time, there were a total of 393 events (347 AIDS
diagnoses and 46 deaths) giving an event rate of 6.7 per 100 person-years. Significant
univariate patient parameter associations were maintained after adjustment and formed the
base patient model. Patients coinfected with hepatitis C [hazard ratio (HR)=1.8; P=0.011]
and with a pre-HAART diagnosis of CDC category C illness (HR=1.4; P=0.003) had a
higher level of disease progression. Female gender (HR=0.8; P=0.040) and a baseline CD4
count >100 cells/μL were shown to have a protective effect (100–200 cells/μL, HR=0.5;
>200 cells/μL, HR=0.4; P<0.001). In univariate analyses, patients at low-income sites and
with sites reporting less frequent VL testing had a poorer prognosis. After adjustment for the
patient model, only less-than-annual frequency of VL testing was significantly associated
with higher rates of disease progression (HR=1.4; P=0.032). Although there was a higher
risk of disease progression for RNA testing one to two times per year compared with at least
three times per year, the increase in risk was not significantly different.

The first HAART regimen, after adjustment, was not found to be associated with disease
progression for our patients. The overall (trend or heterogeneity) P-value must be significant
before category effects can be interpreted as contributing. Dichotomizing the first HAART
regimen to PI use Yes/No did not change final model interpretations.

Change in CD4 cell count at 12 months following HAART
For immunologic analyses, 1120 patients had CD4 counts available at baseline and at 12
months following HAART initiation with a mean increase of 161 cells/μL over the period
(Table 4). Unadjusted estimates for age at enrolment, HIV exposure, HAART regimen,
baseline HIV RNA and CD4 cell counts were associated with the outcome. After patient
covariate adjustment, smaller increases in CD4 counts were associated with age older than
40 years (P=0.001), HIV exposure (P=0.043) and baseline CD4 counts >200 cells/μL
(P=0.020). Univariate estimates for country income effects and VL testing frequency were
associated with 12-month change in CD4 cell count.

After adjustment for the base patient model, less than annual VL testing frequency was
significantly associated with higher mean 12-month increases in CD4 cell count (P<0.001).
To investigate if this result was associated with patients who were experiencing acute CD4
pre-therapy decline, an unadjusted Kruskal-Wallis test was performed on the 25% of
patients who had CD4 cell counts 6 (± 3) months pre-HAART. Patients from sites with less
than annual VL testing had steeper pre-therapy median CD4 decline compared with patients
from the most resourced sites (CD4 count decline less than once per year, −50 cells/μL; one
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to two times per year, −49 cells/μL; at least three times per year, −18 cells/μL; P<0.008).
Higher mean CD4 increases were also noted for patients from low-income sites (P<0.001).

HIV RNA at 12 months following HAART
Due to the heterogeneity of virology assays and associated dynamic ranges across sites, we
defined the lower limit of detection (LLD) as 400 copies/mL. Analyses included 785
patients who had an HIV RNA result available at 12 months and 83% of patients were
virologically suppressed below the LLD. In univariate analyses (Table 5), hepatitis C
coinfection, baseline CD4 cell count and HIV exposure were associated with virologic
suppression. After adjustment, patients reporting IDU, receipt of blood products or `Other',
undefined exposure were significantly disadvantaged [odds ratio (OR)=0.28; P<0.001]
while female patients had a higher odd of being suppressed (OR=1.69; P=0.040). Therefore,
HIV exposure and gender formed the base patient model.

Unadjusted estimates of the frequency of VL and CD4 testing were associated with 12-
month virologic suppression. After adjustment for the base patient model, only the
frequency of VL testing remained significant. Patients at sites reporting less than annual VL
testing had lower odds of being virologically suppressed at 12 months than those at sites
reporting VL testing frequencies of three times per year or more (OR=0.30, P<0.001).

Discussion
In our cohort of predominantly ARV-naïve patients, a previous diagnosis of an AIDS-
defining illness, lower pre-HAART CD4 cell counts and HIV/HCV coinfection were
predictive of higher rates of HIV disease progression, consistent with other studies [19–23].
Smaller increases in CD4 cell count were associated with older age and higher baseline CD4
cell counts, similar to prognostic factors reported elsewhere [24,25]. Patients reporting IDU,
receipt of blood products or undefined exposure experienced less immunologic and virologic
benefit. Female patients in our cohort were more likely to be virologically suppressed and
had a lower risk of disease progression. As the modified World Bank high/low criterion may
not be a sensitive measure of an individual site's resourcing, we also categorized sites
according to routine frequencies of VL and CD4 testing.

In the patient outcomes we assessed, site-reported VL testing was an important determinant.
Our results showed an increased risk of disease progression for patients at sites reporting
less than annual VL testing. This is possibly attributable to lower pretreatment CD4 cell
count nadirs and diminished lymphocyte proliferative capacity from delayed initiation of
HAART [26]. The magnitude of the increase in risk was similar to that seen in patients
having a pre-therapy diagnosis of severely symptomatic HIV disease. Larger CD4 increases
post-HAART were found in patients from sites with low levels of resourcing. Although
group summary responses do not reflect individual variation, immunologically suppressed
patients generally experience more rapid increases in CD4 cell count during the first 12
months post-HAART [27,28]. This is consistent with persons initiating HAART in advanced
stages of HIV infection and experiencing acute pre-therapy CD4 decline [29]. Steeper pre-
therapy CD4 decline was noted in our patients from sites with less than annual VL testing, in
an unadjusted analysis based on limited data.

Patients from sites with lower levels of resourcing showed most rapid preliminary CD4
increases and higher rates of disease progression, however, both findings are consistent with
patients having a higher disease burden. Less than annual reported VL testing was
associated with reduced odds of virologic suppression. We believe that this reflects sites
with low capacity identifying patients at high risk of failure for VL testing. Use of VL
diagnostics to confirm treatment failure rather than to monitor treatment efficacy implies
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that the technology is not being used for treatment management and this could impact
negatively on long-term patient outcomes.

Only those patients with diagnostic results contribute data for virologic and immunologic
analysis, therefore, missing baseline CD4 cell counts or HIV RNA data could have
introduced bias into our model estimates. As we are unable to test for any potential bias, this
should be taken into account when interpreting the results of analyses. Patients being VL
tested may be retained on failing regimens when second-line therapies are not available.
Alternatively, clinicians may not expend scarce resources on diagnostically monitoring
patients who are failing clinically and for whom no viable treatment options exist.
Consequently, we may be either under- or overestimating the proportion of patients who
were virologically suppressed. We did not distinguish between AIDS-related and non-AIDS-
related deaths, possibly leading to an overestimation of the number of patients having
clinical progression. Patient socio-economic and adherence to therapy data were
unavailable.

Timely access to CD4 and VL results is crucial for monitoring the efficacy of ARV
treatment. These staging data are frequently unavailable in resource-limited settings, and
their lack compromises the generalizability of published results and trends. Our analyses
included 70% of TAHOD enrollees in disease progression analyses, and 75% (80%) of sites
reported that TAHOD patients' access to VL (CD4) testing did not differ to that routinely
available in their respective countries. Consequently, our estimates of diagnostic resource
allocation should be fairly representative of the Asia-Pacific region. However, TAHOD sites
are self-selected and patients may differ from other HIV-infected patients within a specific
country. Still, our findings highlight challenges for less resourced sites in the region and
potential negative effects on patient outcomes.

The United Nations General Assembly report for the sixty-second session stated that 3
million people from low-income and middle-income countries had access to ARVs in 2007
and that coverage had increased to approximately 30% of those in need [30]. Despite the
importance of surrogate laboratory markers in evaluating ARV treatment efficacy, estimates
of the availability of diagnostic testing lagged behind treatment access at between 3 and 6%
[13]. While recent modelling of HIV infection suggests modest benefits to patient survival
from VL monitoring [31], our results show that low levels of site VL testing are associated
with poorer treatment outcomes. Further, lack of VL testing increases the risk of patients
being maintained on failing regimens and developing highly resistant HIV which may be
transmitted to other individuals [32,33].

The World Health Organization has recommended supporting and extending diagnostic
technologies to monitor the response to antiretroviral therapy (ART) and to aid in the
prevention of emergence and transmission of HIVDR [34,35]. To assess the extent of
HIVDR in the Asia-Pacific, the TREAT Asia network has developed the TREAT Asia
Studies to Evaluate Resistance (TASER) programme [36]. The programme includes a
monitoring protocol (TASER-M), a surveillance protocol (TASER-S) and a laboratory
component, the TREAT Asia Quality Assurance Scheme (TAQAS). Patients eligible for
TASER-M are those initiating first-line ART or switching to second-line ART. Objectives
are to assess the prevalence and incidence of emerging HIVDR and to produce evidence-
based recommendations to inform treatment guidelines. The objective of TASER-S is to
evaluate the prevalence and changes in prevalence of HIVDR in treatment-naïve, recently
infected HIV-positive individuals. TAQAS is a laboratory network building capacity for the
genetic analysis of clinical specimens and participating laboratories provide genotypic
results for the TASER protocols.
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In summary, less-than-annual site-reported VL testing was associated with less favourable
patient outcomes, in particular, a 35% increased risk of AIDS and death. Outcomes for
patients at sites reporting VL testing one to two times annually did not differ substantially
from those of patients at sites reporting more frequent monitoring. Our findings emphasize
the need to partner the expanded international access to ARVs with appropriate levels of VL
diagnostic testing and to address the critical lack of second- and third-line treatment
regimens in resource-limited settings.
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Fig. 1.
Patients contributing data for disease progression, immunologic and virologic analyses.
Note: A total of 531 (23%) of the eligible patients contributed data to both the immunologic
and virologic analyses.
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Table 1

Patient characteristics at highly active antiretroviral therapy (HAART) initiation by country income

Low income [n (%)] High income [n (%)]

Age (years) at entry

 Median (range) 35.5 (6.8–70.9) 37.7 (18.6–81.6)

 < 30 years 292 (20.4) 163 (18.0)

 30–40 years 709 (49.6) 371 (41.0)

 >40 years 420 (29.4) 371 (41.0)

 Unknown 7 (0.5) -

Gender

 Male 926 (64.8) 722 (79.8)

 Female 500 (35.0) 182 (20.1)

 Transgender 2 (0.1) 1 (0.1)

HIV exposure

 Heterosexual contact 1138 (79.7) 510 (56.4)

 Homosexual contact 64 (4.5) 333 (36.8)

 Other* 226 (15.8) 62 (6.9)

CDC classification

 Category A 548 (38.4) 512 (56.6)

 Category B 219 (15.3) 37 (4.1)

 Category C 661 (46.3) 356 (39.3)

Hepatitis B

 Negative 386 (27.0) 528 (58.3)

 Positive 50 (3.5) 53 (5.9)

 Not tested 992 (69.5) 324 (35.8)

Hepatitis C

 Negative 286 (20.0) 544 (60.1)

 Positive 61 (4.3) 35 (3.9)

 Not tested 1081 (75.7) 326 (36.0)

First HAART regimen†

 NNRTI‡ 1296 (90.8) 569 (62.9)

 PI 120 (8.4) 276 (30.5)

 NNRTI/PI 10 (0.7) 45 (5.0)

 NRTI 2 (0.1) 15 (1.7)

Baseline HIV-1 viral load§ (copies/mL)

 Median (range) 125 399 (49–6531 200) 97 600 (49–1100 000)

 < 10 000 copies/mL 41 (2.9) 81 (9.0)

 ≥ 10 000 201 (14.1) 378 (41.8)

 Unknown 1186 (83.1) 446 (49.3)

Baseline CD4 count∥ (cells/μL)

 Median (range) 91 (0–886) 131 (0–922)
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Low income [n (%)] High income [n (%)]

 ≤ 100 cells/μL 554 (38.8) 260 (28.7)

 100–200 cells/μL 287 (20.1) 178 (19.7)

 > 200 cells/μL 193 (13.5) 176 (19.4)

 Unknown 394 (27.6) 291 (32.2)

Total 1428 (61.2) 905 (38.8)

*
The HIV exposure category `Other' includes injecting drug users (IDUs), patients infected by blood products and unknown exposures.

†
HAART was a combination of three or more antiretrovirals (ARVs) with or without an NRTI backbone. NNRTI/PI included at least one PI and

one NNRTI. PI included ritonavir-boosted regimens.

‡
Of the NNRTI regimens, lamivudine/stavudine/nevirapine and lamivudine/zidovudine/efavirenz were the most frequently prescribed for low

(58%)- and high (41%)-income countries, respectively.

§
Dichotomized for country income comparison.

∥
`Unknown' category excluded for test of trend. CDC, Centers for Disease Control and Prevention; NRTI, nucleoside reverse transcriptase

inhibitor; NNRTI, nonnucleoside reverse transcriptase inhibitor; PI, protease inhibitor.
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Table 2

Country income by site frequency of diagnostic testing

CD4 assay (per year) Viral load assay (per year) n (%)

Low income ≥3 ≥3 171 (12.0)

<1 190 (13.3)

<3 1–2 271 (19.0)

<1 796 (55.7)

High income ≥3 ≥3 530 (58.6)

1–2 375 (41.4)
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