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Abstract

On a population level, trends in viral load (VL) and CD4 cell counts can provide a marker of infectivity and an
indirect measure of retention in care. Thus, observing the trend of CD4/VL over time can provide useful
information on disparities in populations across the HIV care continuum when stratified by demography. South
Carolina (SC) maintains electronic records of all CD4 cell counts and HIV VL measurements reported to the
state health department. We examined temporal trends in individual HIV VLs reported in SC between January 1,
2005 and December 31, 2012 by using mixed effects models adjusting for gender, race/ethnicity, age, baseline
CD4 count, HIV risk category, and residence. Overall VL levels gradually decreased over the observation
period. There were significant differences in the VL decline by gender, age groups, rural/urban residence, and
HIV risk exposure group. There were significant differences in CD4 increases by race/ethnicity, age groups, and
HIV risk exposure group. However, the population VL declines were slower among individuals aged 13–19
years compared to older age groups ( p < 0.0001), among men compared to women ( p = 0.002), and among
people living with HIV/AIDS (PLWHA) with CD4 count £ 200 cell/mm3 compared to those with higher CD4
counts ( p < 0.0001). Significant disparities were observed in VL decline by gender, age, and CD4 counts among
PLWHA in SC. Population based data such as these can help streamline and better target local resources to
facilitate retention in care and adherence to medications among PLWHA.

Introduction

The success of antiretroviral therapy (ART) has
transformed HIV into a manageable chronic disease.

Consequently, the focus of care has shifted to promoting
consistent care-engagement to improve health outcomes and
quality of life among persons living with HIV/AIDS
(PLWHA). A primary goal of ART is to suppress the HIV
viral load (VL) to undetectable levels. Suppression of VL to
undetectable levels has several beneficial health outcomes,
including improved physical functioning, reduced opportu-
nistic infections, better quality of life, and reduced HIV-
related mortality.1,2 Additionally, an undetectable VL is
associated with a substantial decrease in the probability of
transmitting HIV to others.3 On a community level, high rates
of VL suppression have the potential to decrease HIV inci-
dence rates in that community because of reduced infectivity,
a concept that has been termed, ‘‘Treatment as Preven-
tion’’.2,4 Thus, adequate VL suppression is not only impor-

tant from an individual’s perspective, but also from a
community’s perspective. Continuous engagement in HIV
care and adherence to ART are necessary to achieve VL
suppression. Thus, trends in VLs can serve as a proxy marker
for both retention in HIV care and infectivity.

Over time there has been a disproportionate impact of the
HIV endemic on the Southern US in terms of the overall
number of PLWHA, as well as survival rates after HIV/
AIDS diagnosis.5 In 2011, 50% of all new HIV diagnoses
occurred in the South, which had the highest rate (20.9) of
new HIV diagnoses per 100,000 persons.6 The Southern
states most impacted by the HIV epidemic share socio-
demographic and economic characteristics that may promote
disease transmission.5,7 This inequity is especially prominent
in African American (AA) men who have sex with men
(MSM), women, and rural residents.8–10 HIV-related stigma,
high rates of incarceration, and poverty may be responsible
for the HIV burden in these states.7 South Carolina (SC), a
predominantly rural state, has consistently ranked in the top
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ten in the US in the annual AIDS case rate for the past several
years. At the end of 2011, SC ranked 8th in the nation with an
annual AIDS case rate of 13.7 per 100,000.11 The number of
PLWHA in SC has increased from 14,088 in 2007 to 15,142
in 2011 (an increase of about 7.5%). Racial disparities are
evident with AA carrying a greater burden of the disease, and
constituting 72% of the total PLWHA in the state.12 SC also
ranked first in the rural prevalence of PLWHA (320.0 per
100,000) among the 28 states that provided county-level in-
formation on numbers of PLWHA in state surveillance re-
ports.13 Further, recent studies on retention in HIV care found
that a large proportion of PLWHA in SC failed to remain in
care on a regular basis.14–16 These trends may be due in part
to provider attitudes and practices regarding HIV testing and
linkage to care, as HIV screening, early diagnosis, entry, and
retention in care are important components relating to dis-
parities in HIV outcomes.17 Given the HIV burden in SC and
the need to focus on retention in HIV care within the context
of the National HIV/AIDS Strategy goals,18 it is important to
assess the trends in VL using statewide data. Such assessment
not only provides insights into changes in the HIV epidemic
over time, but also allows us to identify associated disparities.

Many studies have reported disparities in VL outcomes
among subpopulations defined by geographic, demographic,
socio-economic, and behavioral characteristics.19–23 A few
studies have examined community VL (CVL) and its impact on
HIV incidence rates. The CVL is an average VL of a com-
munity and represents an aggregate measure for that particular
community24,25 where the unit of analysis is a community. In
contrast, in individual VL analysis, the unit of analysis is an
individual. The individual VLs can be modeled by different
individual characteristics to examine trends over years.

In the past, investigators have examined complete health-
care systems data spanning multiple medical facilities from a
particular state to analyze various HIV outcomes.26,27 To our
knowledge, no previous studies have examined the trends in
individual VL using complete statewide data. The purpose of
our investigation is to examine statewide trends in individual
VL over time among PLWHA and identify disparities, if any,
by gender, race/ethnicity, age group, HIV risk exposure group,
and current residence.

Methods

This population-based surveillance data analysis was
conducted after securing approvals from the Institutional
Review Boards of the University of South Carolina and SC
Department of Health and Environmental Control (DHEC).

Sample and setting

Data for this study were obtained from the SC enhanced
HIV/AIDS Reporting System (SC e-HARS) surveillance
database. SC has had mandatory confidential HIV/AIDS re-
porting since 1986. Since January 2004, laboratories are le-
gally mandated to report all CD4 count and VL
measurements to the SC DHEC.28 These data are stored in the
SC e-HARS surveillance database along with patient’s socio-
demographic characteristics. The SC e-HARS database
quality rating exceeds the CDC minimum standards of re-
porting timeliness with 95% of new cases being reported
within 6 months of HIV diagnosis and 98% of all HIV cases
reported.29 The sample included all SC residents aged ‡13

years old who were living with HIV between January 1, 2005
and December 31, 2012 and who had at least two reported
VLs during the study period.

Variables of interest

Age was grouped as 13–19, 20–29, 30–39, 40–49, 50 +
years, gender (male or female), race/ethnicity [black, non-
Hispanic (black); white, non-Hispanic (white), or Hispanic/
others], HIV risk exposure group [heterosexual, MSM, in-
jecting drug users (IDU) and others (no identified risk and no
risk reported)], and current residence (rural or urban). Age was
determined based on the age of the individual on January 1,
2005 or at the time of first entry into e-HARS for individuals
newly identified after January 1, 2005. Current residence was
determined by the last reported residence. Urban/rural was
defined according to the SC State Budget and Control Board
definition; residence was considered ‘‘urban’’ if the largest city
in the county had at least 25,000 inhabitants and ‘‘rural’’ if
otherwise.30

The first (baseline) CD4 and VL counts were defined as the
first value reported to e-HARS after January 1, 2005 or at the
time of diagnosis for newly identified HIV-infected individu-
als, and last values were the last available values reported to
e-HARS. The first CD4 cell counts were grouped into four
categories: £ 200, 201–350, 351–500, and > 500 cells/mm3.
All undetectable VL values reported during the study period
were replaced with 200 copies/mL following the CDC
guideline31 because the undetectable level changed during our
study period. VLs were divided into two categories: £ 200
(undetectable) and > 200 copies/mL (detectable). The VL was
treated as a continuous variable for all the calculations fol-
lowing log10 transformation because the distribution of VLs
was highly skewed.

Statistical analysis

Descriptive statistics were used to examine demographic
characteristics of the sample. Frequencies and percentages were
used to summarize the number of PLWHA by gender, race/
ethnicity, age group, current residence, and HIV risk exposure
group. Wilcoxon signed-rank test was performed to compare
first and last CD4 and VL counts by gender and current resi-
dence, while Kruskal Wallis test was used to compare the
counts by age group, race/ethnicity, and HIV risk exposure
group. To evaluate the VL trends over time, we developed a
mixed effects model incorporating the linear, quadratic, and
cubic terms for time and race/ethnicity, gender, age group,
current residence, HIV risk exposure group, and CD4 count.
CD4 count was used as a time variant covariate in the mixed
model analysis. For individuals who provided multiple VL
measurements during the study period, the measurements from
the respective individual in different times were correlated. To
adjust for the repeated VL values by individual subjects over
time, we used compound symmetry correlation structure in
mixed effects models.32 Using the mixed model, we compared
slopes of different age groups, gender, race/ethnicity, rural/
urban residency, CD4 count, and HIV risk exposure groups.
All analyses were performed using SAS version 9.3.

Results

Table 1 summarizes the demographic characteristics and
baseline CD4 and VL counts of the study population. From
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January 1, 2005 to December 31, 2012 there were 16,432
PLWHA in SC and 15,136 had at least two reported VL
measurements. The total VL measurements used in the anal-
ysis were 183,684. Median age was 41 years (range 14–86
years). Men (n = 10,488, 69.3%) and blacks (n = 10,869,
71.8%) dominated the sample. The largest proportion of
PLWHA belonged to the age group 40–49 years (n = 5,193,
34.3%), followed by 30–39 years (n = 3985, 26.3%). More
than 70% PLWHA lived in urban counties. Mean baseline
CD4 count was 384 cells/mm3 (range = 0–1588 cell/mm3)
and nearly one-third of the sample had baseline CD4 counts
£ 200 cell/mm3. Another one-third of individuals had baseline
CD4 count > 500 cell/mm3. Baseline VL ranged from 10 to
50,000,012 copies/mL (mean 117,832.9 copies/mL and me-
dian 11,472 copies/mL). Only 22% of the sample had sup-
pressed VLs ( £ 200 copies/mL).

Figure 1 presents the mean VL over time stratified by gen-
der, race/ethnicity, age, risk exposure groups, current residence
(rural versus urban), and baseline CD4 count. We observed
declines in VL for all subpopulations in SC from 2005 to 2012.

Table 2 compares the baseline and the last reported CD4
and VL counts during the study period by age group, gender,
race/ethnicity, rural/urban residency, and HIV risk exposure
groups. Statistically significant differences in changes in VL
and CD4 counts were found by age group, and HIV risk
exposure groups. Statistically significant differences in VL
decline, but not in CD4 counts increases were found by
gender and rural-urban residence. Also, a statistically sig-
nificant difference was found in CD4 count increases, but not
in VL decline by race/ethnicity.

From the mixed model analysis (Table 3) we found notable
disparities in VL trends (slopes) over time by gender
( p = 0.002), race/ethnicity ( p < 0.0001), age group ( p <
0.0001), CD4 count category ( p < 0.0001), and risk exposure
group ( p < 0.0001). Current residence had no effect on VL
trend ( p = 0.85). Compared to whites, blacks had a larger
decline in VLs ( p < 0.0001) and whites maintained a lower
average VL during the study period. Men had greater VL
decline than women ( p = 0.002). Individuals aged 13–19 and
20–29 years had slower declines in VL compared to indi-
viduals who were 30–39 years ( p = 0.0021, < 0.0001), 40–49
years ( p < 0.0001, < 0.0001), and 50 + years ( p < 0.0001,
< 0.0001). VL in individuals aged 30–39 years declined
slower than VL for individuals age 40–49 years ( p < 0.0001)
and 50 + years ( p < 0.0001). The VL decline over time was
greater for those aged 50 + years compared to 40–49 age
group ( p < 0.0001). There was no significant difference in VL
trends when we compared the groups aged 13–19 and 20–29
years ( p = 0.43).

Individuals with CD4 count £ 200 cell/mm3 had sig-
nificantly slower decrease in VL over time than those with
CD4 count 201–350, 351–500, and > 500 cell/mm3 (all
p values < 0.0001). Similarly, VL declines in individuals
with CD4 counts 201–350 and 351–500 cell/mm3 were
slower than for those with counts > 500 cell/mm3 ( p < 0.0001).
We did not, however, observe any significant difference in
VL decline between individuals with CD4 counts 201–350
and 351–500 cell/mm3. Individuals whose HIV risk exposure
was MSM had significantly greater VL declines compared
with individuals whose HIV risk group was classified as
IDU ( p < 0.0001) and heterosexual ( p < 0.0001). Individuals
whose HIV risk exposure was heterosexual had significantly
greater VL decline compared to IDU ( p = 0.02), but had sig-
nificantly lower VL decline compared to other risk groups
( p = 0.001).

Discussion

This study is the first to examine the trends in individual
VLs in SC PLWHA during the period from January 1, 2005
through December 31, 2012. The findings highlight the dis-
proportionate impact of the HIV epidemic and associated
disparities in SC. Overall, the HIV epidemic in SC is domi-
nated by men, blacks, adults aged 20–49 years, and urban
residents. The proportion of blacks (71.8%) and women
(30.7%) among PLWHA were higher compared to the national
proportions (44% and 25%, respectively). At the national le-
vel, about 13% of the population is black and among PLWHA,
44% are blacks. In SC, blacks account for 27.9% of the overall
SC population, but represent 71.8% of PLWHA.32,33

Over time, the average VL has been decreasing for all
PLWHA in SC. There are probably multiple factors influencing

Table 1. Demographic, CD4 and HIV Viral Load

Characteristics of People Living with HIV/AIDS

in SC: January 1, 2005 to December 31,
2012 (n = 15,136)

Characteristics Frequency (%)

Gender
Female 4,648 (30.71)
Male 10,488 (69.29)

Race/ethnicity
Black, non-Hispanic 10,869 (71.81)
White, non-Hispanic 3,629 (23.98)
Hispanic/others 638 (4.22)

Age category
13–19 350 (2.31)
20–29 2,508 (16.57)
30–39 3,985 (26.33)
40–49 5,193 (34.31)
50 + 3,100 (20.48)

Current residence
Rural 3,661 (24.19)
Urban 9,104 (60.15)
Missing 2,371 (15.66)

Risk of exposure
Heterosexual 4,591 (30.33)
IDU 1,809 (11.95)
MSM 5,759 (38.05)
Other 2,977 (19.67)

Baseline CD4 count (cell/mm3)
£ 200 4,239 (28.01)
201–350 2,849 (18.82)
351–500 2,656 (17.55)
> 500 4,178 (27.60)
Missing 1,214 (8.02)

Baseline VL (copies/mL)
£ 200 (viral suppression) 2,518 (16.64)
> 200 8,780 (58.01)
Missing 3,838 (25.35)

First CD4 and VL counts were defined as the first available value
after January 1, 2005, or at the time of diagnosis for newly
identified HIV-infected individuals.
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this trend. As treatment guidelines have changed to emphasize
early diagnosis, treatment, and linkage to care, a greater por-
tion of individuals are receiving ART. Similarly, as the ART
regimens have become more potent and more easily tolerated,
it is easier to maintain individuals on therapy and suppress
their VL. On the other hand, it is possible that individuals with
higher VL are not surviving as long leaving a healthier pop-
ulation with lower VL. However, we observed a slower decline
among blacks compared to whites and other races. One
possible explanation for the slower decline in VL amongst
blacks compared to other race groups is poor engagement and
retention in care. Blacks may have more barriers to initiating
and remaining in care as well as have lower adherence to HIV
medications compared to whites. Past research has high-
lighted such disparities among the different racial/ethnic HIV-
infected population.34–36

The possible reasons for a slower decline in VL in men
compared to women are less clear. Although some studies
have shown that men are more likely to be late testers com-
pared to women,34 the body of research on healthcare utili-
zation and adherence among women with HIV is mixed with
many studies suggesting greater barriers, delayed care, and

poor health outcomes for women.37 The observed results
showing more rapid VL declines in women in this investi-
gation may be due to unmeasured biologic or behavioral
factors (e.g., better adherence to HIV care and medications).
This may also reflect earlier HIV diagnosis in women who are
tested for HIV as part of prenatal care.

We observed a slower decline in VL among younger age
groups compared to the older age groups. According to the
CDC,38 nearly 25% of new HIV infections occur in youth aged
13–24 years and about 60% of all youth with HIV are not
aware of their HIV infection. It is likely that due to delayed
screening and diagnosis, young adults may have higher VLs at
baseline. Such higher VLs coupled with fragmented healthcare
utilization among youth due to various reasons,39,40 including
HIV-related stigma, may result in slower decline in VLs. This
is particularly critical in young black MSM who may experi-
ence additional layers of stigma not only related to HIV, but
also related to their race and sexual orientation.

Individuals with baseline CD4 count £ 200 cell/mm3 had
significantly lower average VL than those with baseline CD4
count 201–350, 351–500, and 500 cell/mm3 when we ad-
justed for gender, race/ethnicity, age group, CD4 count, risk

FIG. 1. Mean HIV viral load over time by gender, race/ethnicity, age group, residency, HIV risk exposure, and first CD4
count in SC: January 1, 2005 to December 31, 2012.
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exposure, and current residence in the model. These findings
may be explained by the fact that many individuals with CD4
count > 500 cell/mm3 might have entered the study with lower
or undetectable VLs compared to other CD4 groups, making it
difficult to detect any additional VL decline in this group. Al-
ternatively, individuals with CD4 > 500 cell/mm3 were less
likely to be initiated on HAART as, until recently, this was
not considered standard of care.41 However, individuals with
baseline CD4 count £ 200 cell/mm3 are at more advanced
stages of the disease and need more time for reduction in their
VLs compared to those individuals whose CD4 counts are
higher than 200. A similar finding was reported by Chakra-
borty in 2011.23

The study had several limitations. Given that this was a
secondary data analysis, data entry errors cannot be excluded.
However, this is likely to be minimal because of electronic
laboratory reporting, and SC eHARS audits have consistently
exceeded quality rating with regards to timeliness and accu-
racy of reporting.28 Data on VL and CD4 counts were not
available for those who dropped out of care after their diag-
nosis because these laboratory markers are a proxy for care
engagement. For individuals who sought care in another state,
SC eHARS would not capture their CD4/VL values. Further,
we were unable to capture individuals living with HIV/AIDS
who were not diagnosed. Additionally, our dataset did not
include co-morbidities, such as diabetes and hypertension,
which can impact HIV self-management, especially in the
older population.42 Given that co-morbidities can complicate
HIV/AIDs regimens, the presence of added conditions in older
PLWHA might account for differences in VL and CD4 cell
counts between age groups. This is a topic worth further

Table 2. Comparison of Baseline and Last Mean Viral Load and CD4 Counts Differences

by Demographic Characteristics in SC: January 1, 2005 to December 31, 2012

Mean Viral load (copies/mL) Mean CD4 count (cell/mm3)
Demographic
characteristics Baseline Last Difference p Value Baseline Last Difference p Value

Overall 117,833 37,650 - 74924 386 489 104
Gender < 0.0001 0.5322

Female 92,099 39,588 - 51,014 420 528 111
Male 129,225 36,777 - 85,575 371 472 102

Race/ethnicity 0.09 0.04
Black, non-Hispanic 113,758 40,682 - 65,773 373 473 102
White, non-Hispanic 127,559 29,106 - 98,176 437 543 107
Hispanic/others 132,735 35,404 335 463 132

Age category 0.02 0.0003
13–19 108,506 29,268 - 73,200 459 530 84
20–29 100,344 41,106 - 62,017 405 501 94
30–39 120,652 43,694 - 77,708 367 486 120
40–49 109,832 34,350 - 72,606 383 490 108
50 + 148,126 33,202 - 90,089 391 478 89

Current residence 0.01 0.59
Rural 111,265 43,244 - 63,016 385 493 112
Urban 131,346 38,556 - 86,490 387 491 107

Risk of exposure < 0.0001 < 0.0001
Heterosexual 108,485 47,607 - 51,235 388 496 110
IDU 79,633 47,456 - 33,005 381 434 56
MSM 123,233 25,780 - 95,826 394 503 108
Other 141,939 40,030 - 91,215 372 486 118

Baseline CD4 and VL counts were defined as the first available value after January 1, 2005, or at the time of diagnosis for newly
identified HIV-infected individuals. Last CD4 and VL counts were the last available value in the dataset.

Table 3. Mixed Model Results for Viral

Load Trend Over Time

Effect Level Estimate
Standard

error Pr > jtj

Intercept 3.4409 0.02250 < .0001
Time - 0.00168 0.000021 < .0001
Time2 9.934E-7 < 0.00000 < .0001
Time3 - 192E-12 < 0.00000 < .0001
Race Other - 0.1838 0.03445 < .0001

White - 0.1762 0.01619 < .0001
Black 0 . .

Residence Rural 0.002612 0.01408 0.8528
Urban 0 . .

Age
category

Age 13–19 0.3712 0.04294 < .0001
Age 20–29 0.3373 0.02183 < .0001
Age 30–39 0.2418 0.01932 < .0001
Age 40–49 0.1547 0.01833 < .0001
Age 50 and

above
0 . .

CD4
category

CD4 £ 200 0.2711 0.01669 < .0001
CD4 201–350 0.06260 0.01821 0.0006
CD4 351–500 0.09326 0.01861 < .0001
CD4 > 500 0 . .

Gender Females - 0.05421 0.01705 0.0015
Males 0 . .

Risk Other risk 0.02786 0.01962 0.1556
IDU 0.1457 0.02378 < .0001
Heterosexual 0.09079 0.01966 < .0001
MSM 0 . .
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exploration. Lastly, we did not examine non-HIV health out-
comes among the sample that could influence VL trends (e.g.,
concomitant sexually transmitted infections). Despite these
limitations, the study offers a snapshot of how VLs trends in
different populations are changing over time in SC.

This investigation identified populations with certain
characteristics associated with slow declines in VL. Targeted
public health efforts are needed to improve linkage and re-
tention to HIV care in order to eliminate the observed dis-
parities. Future research should focus on the social
determinants of health that influence optimal care outcomes
and may cause these observed VL disparities.

Acknowledgments

We wish to acknowledge Teresa G. Stephens from the
division of surveillance and technical support, South Car-
olina Department of Health and Environmental Control, for
her help with data management. Gilead Science provided
funding for secondary data analysis but had no influence on
study objectives, analyses, or article preparation.

Author Disclosure Statement

All the authors declare no conflict of interest.

References

1. Gill CJ, Grffith JL, Jacobson D, et al. Relationship of HIV
viral loads, CD4 counts, and HAART use to health related
quality of life. J Acquir Immune Defic Syndr 2002;30:485–
492.

2. Cohen MS, Chen YQ, McCauley M, et al. Prevention of
HIV-1 infection with early antiretroviral therapy. N Engl J
Med 2011;365:493–505.

3. Chakraborty H, Sen PK, Helms RW, et al. Viral burden in
genital secretions determines male-to-female sexual trans-
mission of HIV-1: A probabilistic empiric model. AIDS
2001;15:621–627.

4. Dieffenbach CW. Preventing HIV transmission through
antiretroviral treatment-mediated virologic suppression:
Aspects of an emerging scientific agenda. Curr Opin HIV
AIDS 2012;7:106–110.

5. Reif S, Whetten KL, Wilson E. HIV/AIDS epidemic in the
south reaches crisis proportions in last decade. Duke Center
for Health Policy and Inequalities Research 2012.

6. Centers for Disease Control and Prevention. HIV Surveil-
lance Report, 2011, Vol 23. Available at: http://www.cdc
.gov/hiv/topics/surveillance/resources/reports/ (Last accessed
February 12, 2013).

7. Adimora AA, Schoenbach VJ, Doherty IA. HIV and Afri-
can Americans in the southern United States: Sexual net-
works and social context. Sex Transm Dis 2006;33:39–45.

8. Fleming PL, Lansky A, Lee LM, et al. The epidemiology of
HIV/AIDS in women in the southern United States. Sex
Transm Dis 2006;33:32–38.

9. Lieb S, Prejean J, Thompson DR, et al. HIV prevalence
rates among men who have sex with men in the southern
United States: Population-based estimates by race/ethnicity.
AIDS Behav 2011;15:596–606.

10. Moore RD. Epidemiology of HIV Infection in the United
States: Implications for Linkage to Care. Clin Infect Dis
2011;52:208–213.

11. Reif S, Geonnotti KL, Whetten K. HIV Infections and AIDS
in the Deep South. Am J Public Health 2006;96:970–973.

12. SC DHEC. South Carolina’s HIV/AIDS Data: Surveillance
Report December 31, 2012. Available at: http://www
.scdhec.gov/health/disease/sts/docs/SurveillanceReport_2012
.pdf (Last accessed September 1, 2013).

13. Vyavaharkar M, Glover S, Leonhirth D, et al. in rural
America: Prevalence and Service availability. A publication
by the South Carolina Rural Health Research Center. Avail-
able at: http://rhr.sph.sc.edu/report/(111)HIV%20AIDS%20
in%20Rural%20America.pdf (Last accessed September 1,
2013).

14. Tripathi A, Gardner LI, Ogbuanu I, et al. Predictors of time
to enter medical care after a new HIV diagnosis: A statewide
population-based study. AIDS Care 2011;23:1366–1373.

15. Tripathi A, Gardner LI, Ogbuanu I, et al. The impact of
retention in early HIV medical care on viro-immunological
parameters and survival: A statewide study. AIDS Res
Hum Retroviruses 2011;27:751–758.

16. Olatosi BA, Probst JC, Stoskopf CH, et al. Patterns of en-
gagement in care by HIV-infected adults: South Carolina,
2004–2006. AIDS 2009;23:725–730.

17. Sison N, Yolken A, Poceta J, et al. Healthcare provider
attitudes, practices, and recommendations for enhancing
routine HIV testing and linkage to care in the Mississippi
Delta region. AIDS Patient Care STDs 2013;27:511–517.

18. The White House, Washington D.C. National HIV/AIDS
Strategy for the United States, 2010. Available at: http://
www.whitehouse.gov/sites/default/files/uploads /NHAS.pdf
(Last accessed September 1, 2013).

19. Montaner JS, Lima VD, Barrios R, et al. Association of highly
active antiretroviral therapy coverage, population viral load,
and yearly new HIV diagnoses in British Columbia, Canada:
A population-based study. Lancet 2010;376:532–539.

20. Lifson AR, Krantz EM, Eberly LE, et al. Long-term CD4 +
lymphocyte response following HAART initiation in a U.S.
Military prospective cohort. AIDS Res Ther 2011;8:2.

21. Zhou J, Sirisanthana T, Kiertiburanakul S, et al. Trends in
CD4 counts in HIV-infected patients with HIV viral load
monitoring while on combination antiretroviral treatment:
Results from The TREAT Asia HIV Observational Data-
base. BMC Infect Dis 2010;10:361.

22. Althoff KN, Buchacz K, Hall HI, et al. U.S. trends in an-
tiretroviral therapy use, HIV RNA plasma viral loads, and
CD4 T-lymphocyte cell counts among HIV-infected per-
sons, 2000 to 2008. Ann Int Med 2012;157:325–335.

23. Chakraborty H, Newman JE, Woelk G, et al. Antiretroviral
therapy initiation and CD4 progression over time among
HIV infected adults in Central Africa. Intl J Med Public
Health 2011;1:3–11.

24. Das M, Chu PL, Santos GM, et al. Decreases in community
viral load are accompanied by reductions in new HIV in-
fections in San Francisco. PLoS One 2010;5:e11068.

25. Castel AD, Befus M, Willis S, et al. Use of the community
viral load as a population based biomarker of HIV burden.
AIDS 2012;26:345–353.

26. Horberg MA, Hurley LB, Silverberg, MJ, et al. Missed
office visits and risk of mortality among HIV-infected
subjects in a large healthcare system in the United States.
AIDS Patient Care STDs 2013;27:442–449.

27. Triant VA, Brown TT, Lee H, et al. Fracture prevalence
among human immunodeficiency virus (HIV)-infected
versus non-HIV-infected patients in a large U.S. healthcare
system. J Clin Endocrinol Metab 2008;93:3499–3504.

28. Duffus WA, Weis K, Kettinger L, et al. Risk-based HIV
testing in South Carolina health care settings failed to

DISPARITIES IN HIV VIRAL LOAD AND CD4 COUNT TRENDS 31



identify the majority of infected individuals. AIDS Patient
Care STDs 2009;23:339–345.

29. Kristina EW, Angela DL, James H, et al. Association of
rural residence with timing of HIV diagnosis and stage of
disease at diagnosis, South Carolina 2001–2005. J Rural
Health 2010;26:105–112.

30. Centers for Disease Control and Prevention. Guidance on
Community Viral Load: A Family of measures, definitions,
and Method for Calculation August 2011. Available at: http://
www.ct.gov/dph/lib/dph/aids_and_chronic/surveillance/
statewide/community_viralload_guidance.pdf (Last ac-
cessed September 1, 2013).

31. Fitzmaurice GM, Laird NM, Ware JH. Applied Longitudinal
Analysis. Philadelphia, PA: John Wiley & Sons, 2004.

32. United States Census Bureau. State and County Quickfacts.
Available at: http://quickfacts.census.gov/qfd/states/00000
.html (Last accessed November 11, 2013).

33. South Carolina Department of Health and Environmental
Control. South Carolina’s Minority Population. Available
at: http://quickfacts.census.gov/qfd/states/00000.html (Last
accessed November 11, 2013).

34. Muthulingam D, Chin J, Hsu L, et al. Disparities in en-
gagement in care and viral suppression among persons
with HIV. J Acquir Immune Defic Syndr 2013;63:112–
119.

35. Beer L, Oster AM, Mattson CL, Skarbinski J. Disparities in
HIV transmission risk among HIV infected black and white
MSMs, Medical Monitoring Project, 2009. AIDS 2014;28:
105–114.

36. Hall HI, Gray KM, Tang T, et al. Retention in care of adults
and adolescents living with HIV in 13 US areas. J Acquir
Immune Defic Syndr 2012;60:77–82.

37. Aziz M, Smith KY. Challenges and successes in linking
HIV infected women to care in the United States. Clin
Infect Dis 2011;52:231–237.

38. Centers for Disease Control and Prevention. HIV among
Youth in the US: Protecting a Generation, November 2012.
Available at: http://www.cdc.gov/vitalsigns/hivamongyouth/
(Last accessed November 11, 2013).

39. Fortenberry JD, Martinex J, Rudy BJ, et al. Linkage to care
for HIV-positive adolescents: A multisite study of the ad-
olescent medicine trials units of the adolescent trails net-
work. J Adolescent Health 2012;51:551–556.

40. Muthulingam D, Chin J, Hsu L, et al. Disparities in en-
gagement in care and viral suppression among persons with
HIV. J Acquir Immune Defic Syndr 2013;63:112–119.

41. Panel on Antiretroviral Guidelines for Adults and Adoles-
cents. Guidelines for the use of antiretroviral agents in
HIV-1-infected adults and adolescents. Department of
Health and Human Services. Available at: http://aidsinfo
.nih.gov/contentfiles/lvguidelines/adultandadolescentgl.pdf
(Last accessed March 27, 2012).

42. Warren-Jeanpiere L, Dillaway H, Hamilton P, et al. Taking it one
day at a time: African American Women Aging with HIV and
Co-Morbidities. AIDS Patient Care STDs 2014;28:372–380.

Address correspondence to:
Dr. Hrishikesh Chakraborty

Department of Epidemiology and Biostatistics
University of South Carolina
915 Green Street, Suite 449

Columbia SC 29208

E-mail: rishic@mailbox.sc.edu

32 CHAKRABORTY ET AL.


