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Abstract

This study evaluated how educational attainment impacts clinical outcomes for HIV-positive

patients in Durban, South Africa. We conducted a prospective study of 466 HIV-positive adult

patients initiating ART at an urban TB-HIV clinic from October 2004 to June 2007. Level of

educational attainment (highest grade completed) was assessed at ART initiation. We measured

TB treatment outcomes as well as death, lost to follow-up, viral suppression (HIV RNA <400

copies/ml), and immunologic response (CD4+ ≥ 200 cells/mm3) at 6, 12, and 24 months after

ART initiation. 24 months after ART initiation, there were 43 deaths; viral suppression and

immunologic response were observed in 88% and 83% of remaining patients, respectively. We

found no association between level of educational attainment and mortality (P=0.12), loss to

follow-up (P=0.85), virologic response (P=0.51), or immunologic response (P=0.63). Similar

findings were observed at 6 and 12 months post ART initiation.
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Introduction

Clinical outcomes among patients with human immunodeficiency virus (HIV) and

tuberculosis (TB) are influenced by demographic, biological and socioeconomic factors.(1–

5) Understanding how these factors impact clinical outcomes is important to improve

treatment efficacy and reduce morbidity and mortality. Universal primary education is a key

socioeconomic factor prioritized by the United Nation’s Millennium Development Goals
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(MDG 2).(6) It is important to consider how investments in education will synergize with

investments in other MDGs aimed at combating HIV and TB.

The mechanism by which education impacts clinical outcomes for HIV and TB is complex

and perhaps mediated by differences in disclosure, access to treatment, retention in care, and

adherence.(7–12) Education level affects health literacy and may determine the type of

health-seeking behaviour necessary to achieve favourable treatment outcomes.(13) A

comprehensive search revealed a paucity of literature on education and clinical outcomes for

HIV and TB; some studies conclude that an association exists (5,7–10,14) and others draw

the opposite conclusion.(9,15)

Whether educational attainment, defined as the highest level of schooling completed, affects

TB and HIV treatment outcomes is unclear in sub-Saharan Africa (SSA), a region facing the

world’s highest burden of HIV and TB and the lowest literacy rates; 38% of adults lack

basic literacy and there are over 21 million out-of-school youths.(16) South African census

data indicates that 25% of adult females are illiterate and that among 17–22 year-olds, only

13% and 34% have completed secondary school in rural and urban communities,

respectively.(17) When antiretroviral therapy (ART) was introduced in SSA, there was

concern that a poor, uneducated patient population would have difficulty with adherence,

which would facilitate the spread of drug-resistance.(18,19) Several studies have since

demonstrated high adherence in this population.(20–23) This finding challenges the notion

that education dictates adherence and calls into question whether socioeconomic

disadvantages, such as food insecurity, unemployment, poor social support and limited

access to education really constrain SSA patients’ likelihood of treatment success.

This study aims to describe the level of educational attainment among HIV-infected patients

enrolling into an urban integrated TB-ART rollout programme and to correlate the level of

educational attainment with treatment outcomes.

Methods

This was a prospective chart review of 512 patients, consecutively enrolled into HIV care

from October 2004 to June 2007 at the Centre for the AIDS Programme of Research in

South Africa (CAPRISA) eThekwini HIV-TB clinic. Patients were eligible for inclusion if

they were HIV-positive, ART-naïve, and at least 18 years-old. TB/HIV co-infection was

present in 128 patients (27.5%) either at ART initiation or during follow-up.

Prior to initiating ART, health care workers (HCW) administered questionnaires to patients,

capturing demographic and socioeconomic information. Patients were grouped into four

educational levels: primary school or less, some secondary school, completed secondary

school, or attended college or university.

South African TB and HIV guidelines were used for all study patients.(24,25) Patients

presented for clinical review and adherence assessment weekly for the first two weeks of

treatment and monthly thereafter. Health education and adherence literacy were standard of

care at each study visit. Laboratory assessments were performed at screening and every 6

months, unless clinically indicated. Monitoring for TB sputum conversion was performed at
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screening, after the intensive phase of TB therapy, 1 month before the end of TB therapy,

and whenever clinically indicated.

Definitions of immunologic and virologic response were based on WHO guidelines.(26)

Data was routinely collected by program staff, captured using standardized templates, and

entered into a study database.

Fisher’s exact tests and analysis of variance were used to compare differences in categorical

and continuous data between the different education groups. An adjusted p-value was

calculated using generalized estimating equation (GEE) models. A square-root

transformation was applied to CD4+ count to ensure normality when comparing change

from baseline between the education groups. Multivariate proportional hazards models were

used to assess mortality and, separately, immunological response between low and high

education groups. Stratified analyses for each education group and gender were also

performed. All analyses were performed using SAS statistical software version 9.3 (SAS

Institute Inc., Cary).

The study was approved by the University of KwaZulu-Natal Biomedical Research Ethics

Committee (E248/05).

Results

Patients

Of the 512 patients initiated on ART from October 2004 to June 2007, 466 reported their

education level. Forty-six patients with incomplete records were excluded. Primary school

education or less was reported by 72 patients (15.5%), some secondary school by 206

(44.2%), completed secondary school by 148 (31.8%), and attended college or university by

40 (8.6%) (Table 1).

Compared to patients with primary school education or less, patients who had attended

college or university were significantly younger (mean age 31.1 versus 40.1, P<0.01), more

likely to be employed (57.5% versus 38.9%) and less likely to be unemployed (25.0% versus

61.1%) (P<0.01). Highly educated individuals had fewer children than patients with less

education (2 versus 1, P<0.04), but there were no other statistically significant differences

between education groups (Table 1).

Outcomes of HIV & TB Treatment

The proportion lost to follow-up by 24 months was 8.8% and had no association with

educational level at 6 (P=0.64), 12 (P=0.72), and 24 months (P=0.85). The number of deaths

roughly doubled in each educational group between 6 and 12 months, with 80% of all deaths

occurring within the first year of treatment and 43 deaths cumulatively by 24 months. There

was no significant association, however, between education level and the mortality rate by 6

(P=0.76), 12 (P=0.47), and 24 months (P=0.12) (Table 2).

In a multivariate model, those with higher levels of education (completed secondary school

or more) were no more likely to die than those with lower levels of education (some
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secondary school or less), after adjusting for age, gender, occupation, history of TB, baseline

Karnofsky score, CD4+ count, viral load and WHO staging (HR=1.76; 95% CI 0.84–3.70).

Among patients with higher levels of education, baseline CD4+ count (HR=1.85; 95% CI

1.07–3.17) and WHO Stage 4 disease (HR=3.06; 95% CI 1.19–7.92) were predictors of

mortality. (Table 3).

There was no significant difference between educational groups in terms of the proportion of

patients who were virologically suppressed at 6 (P=0.42), 12 (P=0.82) and 24 months

(P=0.51), or the proportion with an immunologic response, which ranged from about 50% at

6 months to 80% at 24 months. After adjusting for baseline CD4+ count, however, the

median increase in CD4+ count at 24 months was 62 cells/mm3 higher in patients who had

attended college or university compared to those with primary school or less (P=0.06).

(Table 2)

In the multivariate model, patients with higher levels of education were no more likely to

have a sustained immunologic response than those with lower levels of education (HR=

1.03; 95% CI 0.78–1.37). Among patients with lower levels of education, males (HR= 0.63;

95% CI 0.42–0.94) were less likely to achieve a sustained immunologic response than

females (Table 3).

There were 144 TB episodes among 128 patients either at baseline or during follow-up. TB

outcomes did not differ significantly between the educational groups (Table 2).

Discussion

We found excellent clinical outcomes for TB and HIV regardless of education level. The

virologic suppression achieved early in a high proportion of patients was consistently

maintained throughout follow-up. Additionally, there was no significant difference in

mortality or immunologic response among the different educational groups at any time point

(Table 2). Past, baseline, or incident TB were not associated with educational level,

suggesting that in a TB-endemic setting, HIV-infection put patients at an equal risk for TB,

irrespective of level of education (Table 1).

Available literature provides no consensus about the role of education and TB and HIV-

related health outcomes. Some studies conclude that educational attainment affects CD4+ T-

cell response, TB treatment success and HIV- and TB-related mortality (5,7–10,14), while

others have found no relationship.(9,15) These studies, all conducted in resource-rich

countries, are not generalizable to SSA and do not provide data on patients with HIV-TB co-

infection. On the other hand, the link between educational attainment and ART adherence

has been observed in both developed and developing settings.(27,28) Yet, its effect on

clinical outcomes, the true measure of treatment success, remains poorly understood. This

issue is particularly important in SSA, where both TB and HIV are endemic and prevalent in

lower socioeconomic populations.

We believe our study is the first to demonstrate the absence of a relationship between

education and clinical outcomes in SSA. Educational attainment was not associated with

loss to follow-up, mortality, virologic response, or immunologic response at all time-points
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(Table 2). Our findings are surprising given that education is expected to be a key social

determinant of health.

Although educational level did not affect clinical outcomes, baseline CD4+ count and WHO

Stage 4 disease were strong predictors of mortality for patients with higher levels of

education (Table 3). Since this effect was not observed among patients with low levels of

education, we believe that these more highly educated patients are presenting for care later

in their disease. On the other hand, among patients with low levels of education, males were

37% less likely than females to have an immunologic response (Table 3). This gender

disparity is a well-documented phenomenon and highlights the fact that HCWs should

identify men with low levels of education to ensure they stay sufficiently engaged in

programmes through specialised adherence and treatment support.(29–31)

Our study has several strengths that support its validity. Baseline questionnaires were

administered by HCWs, eliminating potential bias arising from patients with different

literacy levels completing self-administered questionnaires. Previous analyses of educational

attainment support the claim that disparities in access to care contribute to higher mortality

and poorer clinical outcomes among patients with lower levels of education.(7,8)

Importantly, all patients were seen at the same clinic, which provided medical care,

counselling services and ART at no cost. Finally, our mortality outcomes are consistent with

findings from other ART programs in SSA; high mortality in the first year of ART is

believed to be a consequence of very low CD4+ counts and advanced HIV disease at

baseline.(32)

A limitation of this analysis is that educational attainment was only recorded at baseline.

Additionally, program data was only available from 2004–2007. Given the investments in

education in recent years, it is unclear whether the observed effect will change.(16)

We have shown that in the CAPRISA research clinic, a setting where patients have equal

access to a high standard of care, any underlying effect of inequities in education can be

overcome. Nonetheless, educational attainment and its dismal state across SSA should not

be accepted. Only 40% of our cohort completed secondary school, reflecting the overall

trends in South Africa (Table 1).(17) Our findings are generalizable to neighbouring

countries, such as Lesotho and Swaziland, where 38% and 44% of learners complete

secondary education, respectively.(33,34) It is apparent that despite investments in social

development and 20 years of democracy in South Africa, levels of educational attainment

remain sub-optimal.

Conclusion

Our study demonstrates that a higher level of educational attainment is not a key

determinant of short and medium-term ART and TB treatment success in a resource-limited

setting. Yet, education plays a role in acquiring HIV/AIDS; a higher level of educational

attainment is important in shaping behavioural risk choices and decreasing the risk for HIV

infection.(35–37) Moving forward, it is important to consider whether our findings will
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persist over longer periods of follow-up and whether they can be replicated not only in

large-scale HIV and TB treatment programmes, but also prevention programmes.

Acknowledgments

The author(s) disclosed receipt of the following financial support for the research, authorship, and/or publication of
this article: GC was supported by the National Institutes of Health Office of the Director, Fogarty International
Center, Office of AIDS Research, National Cancer Center, National Eye Institute, National Heart, Blood, and Lung
Institute, National Institute of Dental and Craniofacial Research, National Institute on Drug Abuse, National
Institute of Mental Health, National Institute of Allergy and Infectious Diseases, and National Institutes of Health
Office of Women’s Health and Research through the Fogarty International Clinical Research Scholars and Fellows
Program at Vanderbilt University (R24 TW007988) and the American Relief and Recovery Act. CAPRISA was
established as part of the Comprehensive International Program of Research on AIDS (CIPRA; grant # AI51794)
from the US National Institutes of Health. The US President’s Emergency Plan for AIDS Relief (PEPfAR) funded
the care of all the participants in the trial. The Global Fund to fight AIDS, Tuberculosis, & Malaria funded the cost
of the drugs used in the trial. The research infrastructure to conduct this trial, including the data management,
laboratory, and pharmacy cores were established through the CIPRA grant. KN received grant funding from the
CAPRISA AIDS TREATMENT Programme (grant # 5U33GPS001350) and The TRuTH Study (TB Recurrence
upon Treatment with TB Therapy and HAART) (grant # ZA.09.0263).

References

1. Cescon AM, Cooper C, Chan K, Palmer AK, Klein MB, Machouf N, et al. Factors associated with
virological suppression among HIV-positive individuals on highly active antiretroviral therapy in a
multi-site Canadian cohort. HIV Med. 2011 Jul; 12(6):352–60. [PubMed: 21059167]

2. Dray-Spira R, Lert F. Social health inequalities during the course of chronic HIV disease in the era
of highly active antiretroviral therapy. AIDS. 2003 Feb 14; 17(3):283–90. [PubMed: 12556681]

3. Kharsany ABM, Connolly C, Olowolagba A, Abdool Karim SS, Abdool Karim Q. TB treatment
outcomes following directly-observed treatment at an urban outpatient specialist TB facility in
South Africa. Trop Doct. 2006 Jan; 36(1):23–5. [PubMed: 16483424]

4. Faustini A, Hall AJ, Perucci CA. Tuberculosis treatment outcomes in Europe: a systematic review.
Eur Respir J. 2005 Sep; 26(3):503–10. [PubMed: 16135735]

5. Belo MTCT, Luiz RR, Teixeira EG, Hanson C, Trajman A. Tuberculosis treatment outcomes and
socio-economic status: a prospective study in Duque de Caxias, Brazil. Int J Tuberc Lung Dis. 2011
Jul; 15(7):978–81. [PubMed: 21682975]

6. UN Secretary-General (UNSG). The Millennium Development Goals Report. New York, NY:
United Nations Secretary-General (UNSG); 2009.

7. Borrell C, Rodríguez-Sanz M, Pasarín MI, Brugal MT, García-de-Olalla P, Marí-Dell’Olmo M, et
al. AIDS mortality before and after the introduction of highly active antiretroviral therapy: does it
vary with socioeconomic group in a country with a National Health System? Eur J Public Health.
2006 Dec; 16(6):601–8. [PubMed: 16698886]

8. Jarrin I, Lumbreras B, Ferreros I, Pérez-Hoyos S, Hurtado I, Hernández-Aguado I. Effect of
education on overall and cause-specific mortality in injecting drug users, according to HIV and
introduction of HAART. Int J Epidemiol. 2007 Feb; 36(1):187–94. [PubMed: 17085455]

9. Collazos J, Asensi V, Carton JA, Ibarra S. The influence of the patients’ educational levels on
socioeconomic, clinical, immunological and virological endpoints. AIDS Care. 2009 Apr; 21(4):
511–9. [PubMed: 19266411]

10. Alvarez JL, Kunst a E, Leinsalu M, Bopp M, Strand BH, Menvielle G, et al. Educational
inequalities in tuberculosis mortality in sixteen European populations. Int J Tuberc Lung Dis. 2011
Nov; 15(11):1461–8. [PubMed: 22008757]

11. Akani CI, Erhabor O. Rate, pattern and barriers of HIV serostatus disclosure in a resource-limited
setting in the Niger delta of Nigeria. Trop Doct. 2006 Apr; 36(2):87–9. [PubMed: 16611440]

12. Kalichman SC, Simbayi L. Traditional beliefs about the cause of AIDS and AIDS-related stigma in
South Africa. AIDS Care. 2004 Jul; 16(5):572–80. [PubMed: 15223526]

COHEN et al. Page 6

J Int Assoc Provid AIDS Care. Author manuscript; available in PMC 2015 September 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



13. Kagee A, Remien RH, Berkman A, Hoffman S, Campos L, Swartz L. Structural barriers to ART
adherence in Southern Africa: Challenges and potential ways forward. Glob Public Health. 2011
Jan; 6(1):83–97. [PubMed: 20509066]

14. Saraceni V, da Cruz MM, Lauria LDM, Durovni B. Trends and characteristics of AIDS mortality
in the Rio de Janeiro city after the introduction of highly active antiretroviral therapy. Braz J Infect
Dis. 2005 Jun; 9(3):209–15. [PubMed: 16224627]

15. Junghans C, Low N, Chan P, Witschi A, Vernazza P, Egger M. Uniform risk of clinical
progression despite differences in utilization of highly active antiretroviral therapy: Swiss HIV
Cohort Study. AIDS. 1999 Dec 24; 13(18):2547–54. [PubMed: 10630524]

16. UNESCO. Reaching the Marginalized, Regional fact sheet for Sub-Saharan Africa. Geneva,
Switzerland: United Nations Educational, Scientific and Cultural Organization (UNESCO); 2010.
Education for All Global Monitoring Report 2010.

17. Grün, C.; Harttgen, K. Paper commissioned by the EFA Global Monitoring Report 2010, Reaching
the Marginalized. Geneva, Switzerland: United Nations Educational, Scientific and Cultural
Organization (UNESCO); 2009. An assessment of South Africa’s reform post-Apartheid for
education and mobility.

18. Harries AD, Nyangulu DS, Hargreaves NJ, Kaluwa O, Salaniponi FM. Preventing antiretroviral
anarchy in sub-Saharan Africa. Lancet. 2001 Aug 4; 358(9279):410–4. [PubMed: 11502341]

19. Liechty CA, Bangsberg DR. Doubts about DOT: antiretroviral therapy for resource-poor countries.
AIDS. 2003 Jun 13; 17(9):1383–7. [PubMed: 12799560]

20. Moatti JP, Spire B, Kazatchkine M. Drug resistance and adherence to HIV/AIDS antiretroviral
treatment: against a double standard between the north and the south. AIDS. 2004 Jun; 18( Suppl
3):S55–61. [PubMed: 15322486]

21. Mills EJ, Nachega JB, Buchan I, Orbinski J, Attaran A, Singh S, et al. Adherence to antiretroviral
therapy in sub-Saharan Africa and North America: a meta-analysis. JAMA. 2006 Aug 9; 296(6):
679–90. [PubMed: 16896111]

22. Ware NC, Idoko J, Kaaya S, Biraro IA, Wyatt MA, Agbaji O, et al. Explaining adherence success
in sub-Saharan Africa: an ethnographic study. PLoS Med. 2009 Jan 27.6(1):e11. [PubMed:
19175285]

23. Binagwaho A, Ratnayake N. The role of social capital in successful adherence to antiretroviral
therapy in Africa. PLoS Med. 2009 Jan 27.6(1):e18. [PubMed: 19175286]

24. South Africa National Department of Health. National Antiretroviral Treatment Guidelines. South
Africa: South Africa National Department of Health; 2004.

25. South Africa National Department of Health. South African National Tuberculosis Control
Programme Practical Guidelines. South Africa: South Africa National Department of Health;
2004.

26. WHO. Patient monitoring guidelines for HIV care and antiretroviral therapy (ART). Geneva,
Switzerland: World Health Organization (WHO); 2006.

27. Kiwuwa-Muyingo S, Walker aS, Oja H, Levin J, Miiro G, Katabira E, et al. The impact of first
year adherence to antiretroviral therapy on long-term clinical and immunological outcomes in the
DART trial in Uganda and Zimbabwe. Tropical Medicine & International Health. 2012 May 30;
17(5):584–94. [PubMed: 22463596]

28. Kalichman SC, Pope H, White D, Cherry C, Amaral CM, Swetzes C, et al. Association between
health literacy and HIV treatment adherence: further evidence from objectively measured
medication adherence. J Int Assoc Physicians AIDS Care (Chic Ill). 2008; 7(6):317–23.

29. Bennett KK, DeGruttola VG, Marschner IC, Havlir DV, Richman DD. Baseline predictors of CD4
T-lymphocyte recovery with combination antiretroviral therapy. J Acquir Immune Defic Syndr.
2002 Sep 1; 31(1):20–6. [PubMed: 12352146]

30. Hunt PW, Deeks SG, Rodriguez B, Valdez H, Shade SB, Abrams DI, et al. Continued CD4 cell
count increases in HIV-infected adults experiencing 4 years of viral suppression on antiretroviral
therapy. AIDS. 2003 Sep 5; 17(13):1907–15. [PubMed: 12960823]

31. Giordano TP, Wright JA, Hasan MQ, White AC, Graviss EA, Visnegarwala F. Do sex and race/
ethnicity influence CD4 cell response in patients who achieve virologic suppression during
antiretroviral therapy? Clin Infect Dis. 2003 Aug 1; 37(3):433–7. [PubMed: 12884169]

COHEN et al. Page 7

J Int Assoc Provid AIDS Care. Author manuscript; available in PMC 2015 September 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



32. Lawn SD, Harries AD, Anglaret X, Myer L, Wood R. Early mortality among adults accessing
antiretroviral treatment programmes in sub-Saharan Africa. AIDS. 2008 Oct 1; 22(15):1897–908.
[PubMed: 18784453]

33. UNESCO. Lesotho EFA Profile: EFA Global Monitoring Report. Geneva, Switzerland: United
Nations Educational, Scientific and Cultural Organization (UNESCO); 2012.

34. UNESCO. Swaziland EFA Profile: EFA Global Monitoring Report. Geneva, Switzerland: United
Nations Educational, Scientific and Cultural Organization (UNESCO); 2012.

35. Hargreaves JR, Bonell CP, Boler T, Boccia D, Birdthistle I, Fletcher A, et al. Systematic review
exploring time trends in the association between educational attainment and risk of HIV infection
in sub-Saharan Africa. AIDS. 2008 Jan 30; 22(3):403–14. [PubMed: 18195567]

36. Pettifor AE, Levandowski BA, MacPhail C, Padian NS, Cohen MS, Rees HV. Keep them in
school: the importance of education as a protective factor against HIV infection among young
South African women. Int J Epidemiol. 2008 Dec; 37(6):1266–73. [PubMed: 18614609]

37. Jukes M, Simmons S, Bundy D. Education and vulnerability: the role of schools in protecting
young women and girls from HIV in southern Africa. AIDS. 2008 Dec; 22( Suppl 3):S41–S56.
[PubMed: 19033754]

COHEN et al. Page 8

J Int Assoc Provid AIDS Care. Author manuscript; available in PMC 2015 September 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

COHEN et al. Page 9

T
ab

le
 1

B
as

el
in

e 
C

ha
ra

ct
er

is
tic

s 
of

 P
at

ie
nt

s

V
ar

ia
bl

e
T

ot
al

 (
N

=4
66

)
P

ri
m

ar
y 

sc
ho

ol
 o

r
le

ss
 (

N
=7

2)
So

m
e 

se
co

nd
ar

y
sc

ho
ol

 (
N

=2
06

)

C
om

pl
et

ed
se

co
nd

ar
y 

sc
ho

ol
(N

=1
48

)

A
tt

en
de

d 
C

ol
le

ge
 o

r
U

ni
ve

rs
it

y 
(N

=4
0)

P
 V

al
ue

P
 V

al
ue

 h
(a

dj
us

te
d)

A
ge

 -
 y

r.
<

0.
01

<
0.

01

 
M

ea
n 

a
34

±
7.

9
40

.1
±

8.
9

35
.1

±
7.

6
31

.4
±

6.
2

31
.1

±
6.

9

 
R

an
ge

18
–5

9
34

–4
6

30
–3

9
27

–3
5

26
–3

5

M
al

e 
se

x 
- 

no
. (

%
)

15
6 

(3
3.

5)
24

 (
33

.3
)

79
 (

38
.4

)
44

 (
29

.7
)

9 
(2

2.
5)

0.
16

0.
14

B
la

ck
 r

ac
e 

- 
no

. (
%

) 
b

45
7 

(9
8.

3)
70

 (
98

.6
)

20
1 

(9
7.

6)
14

6 
(9

8.
7)

40
 (

10
0.

0)
0.

95
0.

59

O
cc

up
at

io
n 

- 
no

. (
%

) 
b

 
Sc

ho
la

r/
St

ud
en

t
10

 (
2.

2)
0 

(0
.0

)
2 

(1
.0

)
1 

(0
.7

)
7 

(1
7.

5)
<

0.
01

<
0.

01

 
E

m
pl

oy
ed

 (
se

lf
, f

ul
lti

m
e,

 a
nd

 p
ar

t-
tim

e)
19

3 
(4

1.
5)

28
 (

38
.9

)
80

 (
39

.0
)

62
 (

41
.9

)
23

 (
57

.5
)

 
U

ne
m

pl
oy

ed
25

6 
(5

5.
1)

44
 (

61
.1

)
11

9 
(5

8.
1)

83
 (

56
.1

)
10

 (
25

.0
)

 
O

th
er

6 
(1

.3
)

0 
(0

.0
)

4 
(2

.0
)

2 
(1

.4
)

0 
(0

.0
)

M
ed

ia
n 

no
. o

f 
ch

ild
re

n 
(I

Q
R

) 
c

2 
(1

.0
–3

.0
)

2 
(1

.0
–4

.0
)

2 
(1

.0
–3

.0
)

1 
(1

.0
–2

.0
)

1 
(1

.0
–2

.0
)

<
0.

01
0.

04

H
is

to
ry

 o
f 

tu
be

rc
ul

os
is

 -
 n

o.
 (

%
) 

d
22

8 
(4

9.
7)

31
 (

43
.7

)
10

1 
(5

0)
75

 (
51

.4
)

21
 (

52
.5

)
0.

72
0.

44

K
ar

no
fs

ky
 p

er
fo

rm
an

ce
 s

co
re

 -
 n

o.
 (

%
) 

e

 
90

 o
r 

10
0

38
6 

(8
3.

2)
60

 (
83

.3
)

16
6 

(8
1.

0)
12

8 
(8

6.
5)

32
 (

82
.1

)
0.

79
0.

06

 
70

 o
r 

80
76

 (
16

.4
)

12
 (

16
.7

)
38

 (
18

.5
)

19
 (

12
.8

)
7 

(1
8.

0)

 
<

70
2 

(0
.4

)
0 

(0
.0

)
1 

(0
.5

)
1 

(0
.7

)
0 

(0
.0

)

M
ed

ia
n 

C
D

4+
 c

ou
nt

 (
IQ

R
) 

- 
ce

lls
/m

m
3 

f
10

4 
(4

6–
15

6)
86

 (
49

–1
62

)
11

3 
(5

9–
15

8)
89

 (
40

–1
53

)
78

 (
30

–1
41

)
0.

06
0.

59

M
ea

n 
lo

g 
vi

ra
l l

oa
d 

(S
D

) 
- 

co
pi

es
/m

l g
5.

1 
(0

.7
9)

5.
3 

(0
.6

2)
5.

1 
(0

.7
6)

5.
2 

(0
.8

6)
4.

9 
(0

.9
4)

0.
12

0.
17

W
H

O
 s

ta
ge

 4
 H

IV
 in

fe
ct

io
n 

- 
no

. (
%

)
61

 (
13

.1
)

8 
(1

1.
1)

20
 (

9.
7)

28
 (

18
.9

)
5 

(1
2.

5)
0.

09
0.

28

T
B

 a
t b

as
el

in
e 

or
 d

ur
in

g 
fo

llo
w

-u
p 

- 
no

. (
%

)
12

8 
(2

7.
5)

23
 (

31
.9

)
58

 (
28

.2
)

38
 (

25
.7

)
9 

(2
2.

5)
0.

69
0.

61

A
bb

re
vi

at
io

ns
: I

Q
R

 (
in

te
rq

ua
rt

ile
 r

an
ge

),
 S

D
 (

st
an

da
rd

 d
ev

ia
tio

n)

a Pl
us

–m
in

us
 v

al
ue

s 
ar

e 
m

ea
ns

 ±
 s

ta
nd

ar
d 

de
vi

at
io

n.

b D
at

a 
on

 r
ac

e 
an

d 
oc

cu
pa

tio
n 

w
er

e 
no

t a
va

ila
bl

e 
fo

r 
1 

pa
tie

nt
.

c D
at

a 
on

 m
ed

ia
n 

nu
m

be
r 

of
 c

hi
ld

re
n 

w
er

e 
no

t a
va

ila
bl

e 
fo

r 
33

 p
at

ie
nt

s.

d D
at

a 
on

 h
is

to
ry

 o
f 

T
B

 w
er

e 
no

t a
va

ila
bl

e 
fo

r 
7 

pa
tie

nt
s.

J Int Assoc Provid AIDS Care. Author manuscript; available in PMC 2015 September 01.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

COHEN et al. Page 10
e T

he
 K

ar
no

fs
ky

 p
er

fo
rm

an
ce

 s
co

re
 is

 a
 m

ea
su

re
 o

f 
th

e 
pa

tie
nt

’s
 g

en
er

al
 c

on
di

tio
n 

an
d 

de
gr

ee
 o

f 
au

to
no

m
y 

on
 a

 s
ca

le
 r

an
gi

ng
 f

ro
m

 0
 to

 1
00

, w
ith

 lo
w

er
 n

um
be

rs
 in

di
ca

tin
g 

po
or

er
 f

un
ct

io
n.

 D
at

a 
w

er
e 

no
t

av
ai

la
bl

e 
fo

r 
2 

pa
tie

nt
s.

f C
D

4+
 c

ou
nt

 a
t b

as
el

in
e 

w
er

e 
no

t a
va

ila
bl

e 
fo

r 
8 

pa
tie

nt
s.

g L
og

 v
ir

al
 lo

ad
 a

t b
as

el
in

e 
w

er
e 

no
t a

va
ila

bl
e 

fo
r 

62
 p

at
ie

nt
s.

h P 
V

al
ue

 a
dj

us
te

d 
fo

r 
ot

he
r 

va
ri

ab
le

s 
di

sp
la

ye
d 

in
 th

e 
ta

bl
e.

J Int Assoc Provid AIDS Care. Author manuscript; available in PMC 2015 September 01.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

COHEN et al. Page 11

T
ab

le
 2

C
lin

ic
al

 O
ut

co
m

es
 o

f 
H

IV
 a

nd
 T

B
 T

re
at

m
en

t

O
ut

co
m

e
T

ot
al

 (
N

=4
66

)
P

ri
m

ar
y 

sc
ho

ol
 o

r 
le

ss
(N

=7
2)

So
m

e 
se

co
nd

ar
y 

sc
ho

ol
(N

=2
06

)
C

om
pl

et
ed

 s
ec

on
da

ry
sc

ho
ol

 (
N

=1
48

)
A

tt
en

de
d 

C
ol

le
ge

 o
r

U
ni

ve
rs

it
y 

(N
=4

0)
P

 V
al

ue

H
IV

A
t 6

 m
o.

 a
ft

er
 in

iti
at

io
n 

of
 A

R
T

 
D

ea
th

 -
 n

o.
 (

%
)

19
 (

4.
1)

4 
(5

.6
)

7 
(3

.4
)

6 
(4

.1
)

2 
(5

.0
)

0.
76

 
L

os
t t

o 
fo

llo
w

-u
p 

- 
no

. (
%

)a
16

 (
3.

4)
3 

(4
.2

)
5 

(2
.4

)
7 

(4
.7

)
1 

(2
.5

)
0.

64

 
V

ir
ol

og
ic

 s
up

pr
es

si
on

 -
 n

o.
/to

ta
l n

o.
 (

%
)b

34
9/

40
3 

(8
6.

6)
54

/6
4 

(8
4.

4)
16

1/
18

2 
(8

8.
5)

10
8/

12
4 

(8
7.

1)
26

/3
3 

(7
8.

8)
0.

42

 
C

D
4+

 ≥
 2

00
 c

el
ls

/m
m

3  
- 

no
./t

ot
al

 n
o.

 (
%

)c
22

0/
41

1 
(5

3.
5)

27
/6

5 
(4

1.
5)

10
9/

18
6 

(5
8.

6)
67

/1
26

 (
53

.2
)

17
/3

4 
(5

0.
0)

0.
12

 
M

ed
ia

n 
in

cr
ea

se
 in

 C
D

4+
 c

ou
nt

 f
ro

m
ba

se
lin

e 
(I

Q
R

) 
d

11
4.

5 
(5

3.
5–

16
9.

0)
95

.0
 (

35
.0

–1
48

.0
)

11
3.

0 
(6

4.
0–

16
0.

0)
12

6.
0 

(4
6.

0–
17

4.
0)

14
5.

0 
(3

5.
0–

20
6.

0)
0.

35

 
 

N
o.

 o
f 

pa
tie

nt
s

40
4

63
18

2
12

5
34

A
t 1

2 
m

o.
 a

ft
er

 in
iti

at
io

n 
of

 A
R

T

 
D

ea
th

 -
 n

o.
 (

%
)

34
 (

7.
3)

7 
(9

.7
)

11
 (

5.
3)

13
 (

8.
8)

3 
(7

.5
)

0.
47

 
L

os
t t

o 
fo

llo
w

-u
p 

- 
no

. (
%

)a
22

 (
4.

7)
4 

(5
.6

)
8 

(3
.9

)
9 

(6
.1

)
1 

(2
.5

)
0.

72

 
V

ir
ol

og
ic

 s
up

pr
es

si
on

 -
 n

o.
/to

ta
l n

o.
 (

%
)b

34
0/

38
7 

(8
7.

9)
48

/5
5 

(8
7.

3)
16

4/
18

4 
(8

9.
1)

10
0/

11
5 

(8
7.

0)
28

/3
3 

(8
4.

9)
0.

82

 
C

D
4+

 ≥
 2

00
 c

el
ls

/m
m

3  
- 

no
./t

ot
al

 n
o.

 (
%

)c
26

3/
38

3 
(6

8.
7)

32
/5

5 
(5

8.
2)

13
2/

18
1 

(7
2.

9)
76

/1
14

 (
66

.7
)

23
/3

3 
(6

9.
7)

0.
21

 
M

ed
ia

n 
in

cr
ea

se
 in

 C
D

4+
 c

ou
nt

 f
ro

m
ba

se
lin

e 
(I

Q
R

) 
c

15
2.

0 
(8

1.
0–

23
4.

0)
14

2.
0 

(7
2.

0–
20

6.
0)

15
3.

5 
(8

4.
0–

22
9.

0)
14

8.
0 

(7
1.

0–
23

5.
0)

18
4.

0 
(9

5.
0–

27
8.

0)
0.

27

 
 

N
o.

 o
f 

pa
tie

nt
s

37
7

53
17

8
11

3
33

A
t 2

4 
m

o.
 a

ft
er

 in
iti

at
io

n 
of

 A
R

T

 
D

ea
th

 -
 n

o.
 (

%
)

43
 (

9.
2)

9 
(1

2.
5)

12
 (

5.
8)

18
 (

12
.2

)
4 

(1
0.

0)
0.

12

 
L

os
t t

o 
fo

llo
w

-u
p 

- 
no

. (
%

)a
41

 (
8.

8)
6 

(8
.3

)
18

 (
8.

7)
15

 (
10

.1
)

2 
(5

.0
)

0.
85

 
V

ir
ol

og
ic

 s
up

pr
es

si
on

 -
 n

o.
/to

ta
l n

o.
 (

%
)b

30
7/

34
8 

(8
8.

2)
42

/5
1 

(8
2.

4)
14

4/
16

2 
(8

8.
9)

94
/1

04
 (

90
.4

)
27

/3
1 

(8
7.

1)
0.

51

 
C

D
4+

 ≥
 2

00
 c

el
ls

/m
m

3  
- 

no
./t

ot
al

 n
o.

 (
%

)c
28

4/
34

3 
(8

2.
8)

39
/5

1 
(7

6.
5)

13
2/

15
8 

(8
3.

5)
86

/1
02

 (
84

.3
)

27
/3

2 
(8

4.
4)

0.
63

 
M

ed
ia

n 
in

cr
ea

se
 in

 C
D

4+
 c

ou
nt

 f
ro

m
ba

se
lin

e 
(I

Q
R

) 
d

23
0.

0 
(1

23
.0

–3
34

.0
)

20
5.

0 
(1

03
.0

–3
22

.0
)

21
8.

5 
(1

15
.0

–3
17

.0
)

24
1.

0 
(1

51
.0

–3
62

.0
)

26
6.

5 
(1

58
.5

–3
86

.0
)

0.
08

 
 

N
o.

 o
f 

pa
tie

nt
s

33
8

49
15

6
10

1
32

T
B

N
o.

 o
f 

in
di

vi
du

al
 T

B
 c

as
es

 e
14

4
26

67
42

9

J Int Assoc Provid AIDS Care. Author manuscript; available in PMC 2015 September 01.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

COHEN et al. Page 12

O
ut

co
m

e
T

ot
al

 (
N

=4
66

)
P

ri
m

ar
y 

sc
ho

ol
 o

r 
le

ss
(N

=7
2)

So
m

e 
se

co
nd

ar
y 

sc
ho

ol
(N

=2
06

)
C

om
pl

et
ed

 s
ec

on
da

ry
sc

ho
ol

 (
N

=1
48

)
A

tt
en

de
d 

C
ol

le
ge

 o
r

U
ni

ve
rs

it
y 

(N
=4

0)
P

 V
al

ue

 
T

B
 c

ur
ed

 -
 n

o.
 (

%
) 

f
75

 (
52

.1
)

15
 (

57
.7

)
34

 (
50

.8
)

21
 (

50
.0

)
5 

(5
5.

6)
0.

93

 
T

B
 tr

ea
tm

en
t s

uc
ce

ss
fu

lly
 c

om
pl

et
ed

 -
 n

o.
(%

)g
50

 (
34

.7
)

9 
(3

4.
6)

24
 (

35
.8

)
13

 (
31

.0
)

4 
(4

4.
4)

0.
87

 
 

T
re

at
m

en
t s

uc
ce

ss
fu

l -
 n

o.
 (

%
)h

12
5 

(8
6.

8)
24

 (
92

.3
)

58
 (

86
.6

)
34

 (
81

.0
)

9 
(1

00
.0

)
0.

46

 
T

re
at

m
en

t i
nt

er
ru

pt
io

n 
- 

no
. (

%
)

6 
(4

.2
)

0 
(0

.0
)

3 
(4

.5
)

3 
(7

.1
)

0 
(0

.0
)

0.
60

 
Pa

tie
nt

 tr
an

sf
er

re
d 

to
 o

th
er

 c
lin

ic
,

re
lo

ca
te

d 
- 

no
. (

%
)

10
 (

7.
0)

1 
(3

.9
)

5 
(7

.5
)

4 
(9

.5
)

0 
(0

.0
)

0.
91

 
T

re
at

m
en

t f
ai

lu
re

 -
 n

o.
 (

%
)i

3 
(2

.1
)

1 
(3

.9
)

1 
(1

.5
)

1 
(2

.4
)

0 
(0

.0
)

0.
81

a L
os

t t
o 

fo
llo

w
-u

p 
is

 d
ef

in
ed

 a
s 

de
fa

ul
tin

g 
tr

ea
tm

en
t o

r 
no

t b
ei

ng
 s

ee
n 

by
 c

lin
ic

 s
ta

ff
 in

 m
or

e 
th

an
 6

 m
on

th
s 

(e
xc

lu
di

ng
 d

ea
th

s,
 r

el
oc

at
io

ns
, a

nd
 tr

an
sf

er
s)

b V
ir

ol
og

ic
 s

up
pr

es
si

on
 d

ef
in

ed
 a

s 
H

IV
 R

N
A

 <
40

0 
co

pi
es

/m
l

c C
D

4+
 ≥

 2
00

 c
el

ls
/m

m
3  

w
as

 th
e 

de
fi

ni
tio

n 
of

 im
m

un
ol

og
ic

 r
es

po
ns

e

d P 
V

al
ue

 f
or

 m
ed

ia
n 

in
cr

ea
se

 in
 C

D
4+

 c
ou

nt
 w

as
 a

dj
us

te
d 

fo
r 

ba
se

lin
e 

C
D

4+
 c

ou
nt

.

e N
o.

 o
f 

in
di

vi
du

al
 T

B
 c

as
es

 in
cl

ud
es

 p
at

ie
nt

s 
w

ith
 m

or
e 

th
an

 o
ne

 e
pi

so
de

 o
f 

T
B

 d
ur

in
g 

fo
llo

w
-u

p

f T
B

 c
ur

e 
w

as
 d

ef
in

ed
 a

s 
a 

pa
tie

nt
 w

ho
 is

 s
m

ea
r-

ne
ga

tiv
e 

at
, o

r 
on

e 
m

on
th

 p
ri

or
 to

, t
he

 c
om

pl
et

io
n 

of
 tr

ea
tm

en
t a

nd
 a

ls
o 

on
 a

t l
ea

st
 o

ne
 p

re
vi

ou
s 

oc
ca

si
on

.

g Su
cc

es
sf

ul
 c

om
pl

et
io

n 
of

 tr
ea

tm
en

t w
as

 d
ef

in
ed

 a
s 

th
e 

us
e 

of
 m

or
e 

th
an

 8
5%

 o
f 

th
e 

pr
es

cr
ib

ed
 m

ed
ic

at
io

n.

h T
re

at
m

en
t s

uc
ce

ss
 w

as
 d

ef
in

ed
 a

s 
T

B
 c

ur
e 

an
d 

su
cc

es
sf

ul
 c

om
pl

et
io

n 
of

 tr
ea

tm
en

t

i T
re

at
m

en
t f

ai
lu

re
 w

as
 d

ef
in

ed
 a

s 
a 

po
si

tiv
e 

sm
ea

r 
or

 c
ul

tu
re

 f
or

 M
yc

ob
ac

te
ri

um
 tu

be
rc

ul
os

is
 th

at
 w

as
 o

bt
ai

ne
d 

at
 le

as
t 5

 m
on

th
s 

af
te

r 
th

e 
in

iti
at

io
n 

of
 T

B
 th

er
ap

y

J Int Assoc Provid AIDS Care. Author manuscript; available in PMC 2015 September 01.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

COHEN et al. Page 13

T
ab

le
 3

M
ul

tiv
ar

ia
te

 r
eg

re
ss

io
n 

an
al

ys
is

 o
f 

ri
sk

 f
ac

to
rs

 f
or

 m
or

ta
lit

y 
an

d 
im

m
un

ol
og

ic
 r

es
po

ns
e,

 s
tr

at
if

ie
d 

by
 e

du
ca

tio
n 

le
ve

l a
nd

 g
en

de
r

V
ar

ia
bl

e
O

ve
ra

ll 
(N

=4
66

)
H

ig
h 

le
ve

l o
f 

ed
uc

at
io

n 
a

(N
=1

88
)

L
ow

 le
ve

l o
f 

ed
uc

at
io

n 
b

(N
=2

78
)

M
al

es
 (

N
=1

56
)

F
em

al
es

 (
N

=3
10

)

H
R

 (
95

%
 C

I)
 c

P
 V

al
ue

H
R

 (
95

%
 C

I)
 c

P
 V

al
ue

H
R

 (
95

%
 C

I)
 c

P
 V

al
ue

H
R

 (
95

%
 C

I)
 c

P
 V

al
ue

H
R

 (
95

%
 C

I)
c

P
 V

al
ue

M
or

ta
lit

y

H
ig

h 
le

ve
l o

f 
ed

uc
at

io
n 

(R
ef

: l
ow

le
ve

l o
f 

ed
uc

at
io

n)
1.

76
 (

0.
84

–3
.7

0)
0.

13
N

A
N

A
N

A
N

A
1.

26
 (

0.
25

 –
6.

39
)

0.
78

1.
57

 (
0.

65
 –

3.
77

)
0.

32

M
al

es
 (

R
ef

: f
em

al
es

)
1.

53
 (

0.
73

 –
 3

.2
2)

0.
26

1.
69

 (
0.

55
 –

5.
21

)
0.

36
1.

61
 (

0.
56

 –
4.

67
)

0.
38

N
A

N
A

N
A

N
A

B
as

el
in

e 
C

D
4+

 c
ou

nt
 (

by
 5

0
ce

lls
/m

m
3  

de
cr

ea
se

)
1.

34
 (

0.
98

 –
 1

.8
3)

0.
06

1.
85

 (
1.

07
 –

3.
17

)
0.

03
1.

01
 (

0.
67

 –
1.

52
)

0.
96

1.
37

 (
0.

76
 –

2.
48

)
0.

30
1.

32
 (

0.
91

 –
1.

93
)

0.
15

B
as

el
in

e 
W

H
O

 s
ta

ge
 4

 H
IV

in
fe

ct
io

n
2.

72
 (

1.
28

 –
 5

.7
4)

0.
01

3.
06

 (
1.

19
 –

7.
92

)
0.

02
2.

57
 (

0.
68

 –
9.

80
)

0.
17

8.
77

 (
1.

87
 –

41
.0

6)
0.

01
1.

96
 (

0.
74

 –
5.

18
)

0.
17

Su
st

ai
ne

d 
Im

m
un

ol
og

ic
 R

es
po

ns
e 

d

H
ig

h 
le

ve
l o

f 
ed

uc
at

io
n 

(R
ef

: l
ow

le
ve

l o
f 

ed
uc

at
io

n)
1.

03
 (

0.
78

 –
 1

.3
7)

0.
82

N
A

N
A

N
A

N
A

1.
16

 (
0.

64
 –

2.
11

)
0.

62
0.

99
 (

0.
72

 –
1.

38
)

0.
97

M
al

es
 (

R
ef

: f
em

al
es

)
0.

66
 (

0.
48

 –
 0

.9
1)

0.
01

0.
74

 (
0.

44
 –

1.
26

)
0.

27
0.

63
 (

0.
42

 –
0.

94
)

0.
02

N
A

N
A

N
A

N
A

B
as

el
in

e 
C

D
4+

 c
ou

nt
 (

by
 5

0
ce

lls
/m

m
3  

de
cr

ea
se

)
0.

90
 (

0.
82

 –
 1

.0
0)

0.
05

0.
87

 (
0.

72
 –

1.
05

)
0.

14
0.

92
 (

0.
81

 –
1.

04
)

0.
16

0.
87

 (
0.

74
 –

1.
02

)
0.

09
0.

92
 (

0.
81

 –
1.

04
)

0.
19

B
as

el
in

e 
W

H
O

 s
ta

ge
 4

 H
IV

in
fe

ct
io

n
1.

18
 (

0.
78

 –
 1

.7
9)

0.
42

1.
07

 (
0.

58
 –

1.
95

)
0.

83
1.

42
 (

0.
80

 –
2.

52
)

0.
23

1.
10

 (
0.

42
 –

2.
88

)
0.

84
1.

20
 (

0.
75

 –
1.

91
)

0.
44

A
bb

re
vi

at
io

ns
: H

R
 (

H
az

ar
d 

R
at

io
);

 R
ef

 (
R

ef
er

en
ce

);
 W

H
O

 (
W

or
ld

 H
ea

lth
 O

rg
an

iz
at

io
n)

; N
A

 (
N

ot
 A

pp
lic

ab
le

)

a H
ig

h 
le

ve
l o

f 
ed

uc
at

io
n 

re
fe

rs
 to

 th
os

e 
in

di
vi

du
al

s 
w

ho
 h

av
e 

co
m

pl
et

ed
 s

ec
on

da
ry

 s
ch

oo
l o

r 
at

te
nd

ed
 c

ol
le

ge
 o

r 
un

iv
er

si
ty

.

b L
ow

 le
ve

l o
f 

ed
uc

at
io

n 
re

fe
rs

 to
 th

os
e 

in
di

vi
du

al
s 

w
ho

 h
av

e 
pr

im
ar

y 
sc

ho
ol

 o
r 

le
ss

 o
r 

so
m

e 
se

co
nd

ar
y 

sc
ho

ol
.

c M
ul

tiv
ar

ia
te

 m
od

el
 a

dj
us

te
d 

fo
r 

th
e 

fo
llo

w
in

g 
fa

ct
or

s 
(i

n 
ad

di
tio

n 
to

 v
ar

ia
bl

es
 li

st
ed

 in
 ta

bl
e)

: a
ge

, o
cc

up
at

io
n,

 n
um

be
r 

of
 c

hi
ld

re
n,

 p
as

t h
is

to
ry

 o
f 

T
B

, K
ar

no
fs

ky
 s

co
re

, b
as

el
in

e 
vi

ra
l l

oa
d

d Im
m

un
ol

og
ic

 r
es

po
ns

e 
w

as
 d

ef
in

ed
 a

s 
a 

su
st

ai
ne

d 
C

D
4+

 ≥
 2

00
 c

el
ls

/m
m

3  
fr

om
 6

 m
on

th
s 

po
st

-A
R

V
 in

iti
at

io
n.

J Int Assoc Provid AIDS Care. Author manuscript; available in PMC 2015 September 01.


