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Background. Antiretroviral therapy (ART) for persons with HIV infection prevents tuberculosis (TB) disease. Additionally, 
sequential ART after initiation of TB treatment improves outcomes. We examined ART use, retention in care, and viral suppression 
(VS) before, during, and 3 years following TB treatment for an inner-city cohort in the United States.

Methods. Retrospective cohort study among persons treated for culture-confirmed TB between 2008 and 2015 at an inner-city 
hospital.

Results. Among 274 persons with culture-confirmed TB, 96 (35%) had HIV co-infection, including 23 (24%) new HIV diag-
noses and 73 (76%) previous diagnoses. Among those with known HIV prior to TB, the median time of known HIV was 6 years, 
and only 10 (14%) were on ART at the time of TB diagnosis. The median CD4 at TB diagnosis was 87 cells/uL. Seventy-four (81%) 
patients received ART during treatment for TB, and 47 (52%) has VS at the end of TB treatment. Only 32% of patients had continu-
ous VS 3 years after completing TB treatment. There were 3 TB recurrences and 3 deaths post–TB treatment; none of these patients 
had retention or VS after TB treatment.

Conclusions. Among persons with active TB co-infected with HIV, we found that the majority had known HIV and were not on 
ART prior to TB diagnosis, and retention in care and VS post–TB treatment were very low. Strengthening the HIV care continuum 
is needed to improve HIV outcomes and further reduce rates of active TB/HIV co-infection in our and similar settings.

Keywords. continuous retention; HIV; tuberculosis; viral suppression.
 

HIV infection is a major contributor to the tuberculosis (TB) 
epidemic [1]. HIV-associated immune dysfunction increases 
the risk of TB disease, is associated with worse TB treatment out-
comes, and increases the risk of TB relapse after initial cure [1, 2].  
Antiretroviral therapy (ART)–mediated immunological recov-
ery is associated with decreased risk of TB, and sequential ART 
after initiation of TB treatment has been shown to improve out-
comes [1–7]. However, suboptimal rates of ART use during TB 
treatment have been reported [8, 9].

Additionally, continuous ART use and viral suppres-
sion (VS) are required to maintain immune function against 
Mycobacterium tuberculosis and decrease risk of recurrent dis-
ease after TB treatment [1]. Thus, scale-up of ART for people 

living with TB should also focus on retention and VS after com-
pletion of TB treatment [8]. To our knowledge, there are no 
published data on long-term retention in care and VS among 
patients co-infected with TB/HIV.

We sought to describe ART use, retention in care, and VS 
before, during, and up to 3 years following TB treatment among 
patients diagnosed with or admitted for complications of TB at 
Grady Memorial Hospital (GMH), an inner-city safety net hos-
pital in Atlanta. Additionally, we sought to compare practice pat-
terns of ART use in this cohort to the recommendations provided 
by the American Thoracic Society/Centers for Disease Control 
and Prevention/Infectious Diseases Society of America and the 
US Department of Health and Human Services (DHHS). These 
guidelines recommend initiating ARTs within 2 weeks of TB 
therapy for patients with CD4 <50 cells/uL and 8–12 weeks for 
patients with CD4 ≥ 50 cells/uL in the absence of meningeal dis-
ease [10, 11]. Through a better understanding of the HIV care 
continuum during and following TB treatment, we aim to iden-
tify target areas for future public health interventions aimed at 
improving care and outcomes among this population.

METHODS

This is a retrospective cohort study of adults (aged ≥18 years) diag-
nosed with or admitted for complications of culture-confirmed 
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pulmonary and/or extrapulmonary TB/HIV co-infection at 
Grady Memorial Hospital (GMH) in Atlanta, Georgia, between 
January 2008 and October 2015. Following hospital discharge, 
all patients were referred to a county health TB clinic, where 
they received TB treatment via directly observed therapy 
(DOT). Additionally, ART was available at all county health 
clinics from a co-located Ryan White program and prescribed 
per the discretion of the treating physician. Upon completion 
of TB treatment, patients with CD4 <200 cells/uL are usually 
referred to the Grady Infectious Diseases Program (IDP) while 
those with CD4 ≥200 cells/uL have the option of remaining in 
care at a Ryan White county health clinic. TB care and medi-
cations are provided at no cost to the patient, and ART is pro-
vided through the AIDS Drug Assistance Program (ADAP) for 
patients without insurance. Incentives such as housing, trans-
portation, and food vouchers were offered during TB treat-
ment as needed. Upon completion of treatment for TB, patients 
without insurance could receive care through Ryan White and 
ADAP programs, with a possible copayment. Incentives offered 
during TB treatment were no longer available. The study was 
approved by the Emory University and Georgia Department 
of Public Health Institutional Review Boards and the GMH 
Research Oversight Committee.

Data Collection

A review of inpatient, county health clinics, Georgia State 
Electronic Notifiable Surveillance System (SENDSS), and IDP 
records was performed. SENDSS and clinic records were last 
checked on April 25, 2017. Patients without encounters or HIV 
viral loads (VLs) after review of these records for any of the 
3  years following completion of TB treatment were matched 
with the Georgia Department of Public Health Enhanced HIV/
AIDS Surveillance Database (eHARS) to obtain all available 
CD4 counts and VLs (Supplementary Table  1). Georgia state 
law mandates that all laboratories report any HIV-related 
results to eHARS [12, 13]. Case report forms were used for data 
abstraction, and data were entered into a REDCap online data-
base [14].

Definitions

Disseminated tuberculosis disease was defined as having a 
blood culture positive for M.  tuberculosis and/or the pres-
ence of miliary tuberculosis based on radiology report. Time 
to ART was the interval between starting TB therapy and ini-
tiating ART. ART with DOT was defined as ART given by a 
TB outreach worker together with TB medications 5 days per 
week. Recurrent TB was defined as culture-positive TB within 
2 years of cure caused by strains of the same genotype by lab-
oratory testing performed by the Centers for Disease Control 
and Prevention [15].

To accommodate for challenges in practice, guideline-ad-
herent ART was defined as starting ART ≤4 weeks after initi-
ation of TB treatment for patients with CD4 <50 cells/uL (2 

weeks later than recommended) and ≤12 weeks for those with 
CD4  ≥50 cells/uL (while guidelines recommend initiating 
ART within 8–12 weeks). Patients without meningeal disease 
and with survival >14 days after TB diagnosis were defined 
as being eligible for guideline-adherent ART. Rates of guide-
line-adherent ART were compared between those with TB 
diagnosis before and after March 2012, when DHHS guide-
lines changed to recommend early ART during TB treatment, 
reflecting seminal studies published in late 2011 [3–5, 11]. VS 
at the end of TB treatment was defined as last VL prior to 
completion of TB treatment ≤200 copies/mL. Two patients 
with TB recurrence diagnosed with a second TB episode dur-
ing the study period and off ART were evaluated twice as they 
were at risk for initiating ART and being linked to care with 
each TB episode.

Retention in care and VS were determined yearly for up to 3 
patient-years following completion of TB treatment. Each year 
was defined as a discrete period, and patients without retention/
VS during year 1 and years 1 and/or 2 were eligible for reten-
tion/VS during years 2 and 3, respectively. However, continuous 
retention/VS during years 2 and 3 was dependent on retention/
VS during year 1 and years 1 and 2, respectively. Follow-up 
after completion of TB treatment for ≥6, 18, and 30  months 
was required for evaluation of retention/VS for years 1, 2, and 3, 
respectively. Patients alive and without TB recurrence at the end 
of follow-up were included in the analysis of associations with 
continuous retention/VS.

We used the same definitions of retention/VS of Colasanti 
et al.’s report of patients receiving HIV care at the Grady IDP 
clinic [16]. Retention in care was defined as attendance of 2 
provider visits ≥90  days apart within a patient-year [16, 17]. 
eHARS laboratory data were used as a proxy for provider visits 
when matching was required [13, 16]. VS per year was defined 
as the last VL for each patient-year being ≤200 copies/mL, and 
VS was not dependent on retention [16]. Patients without VL 
before completion of TB treatment and for any patient-year fol-
lowing TB treatment were considered to have VL >200 copies/
mL for that period [16].

Data Analyses

Data analyses were performed in R version 3.3.3. For univariate 
comparisons, differences in nominal variables were tested using 
either a Fisher’s exact or χ2 test, and for continuous variables, 
either a Mann-Whitney or 2-sample t test was used, as appro-
priate. A two-sided P value <.05 was considered significant.

RESULTS

Thirty-five percent of all active TB cases identified in DeKalb 
and Fulton counties (the 2 counties served by GMH) dur-
ing the study period were diagnosed at GMH. Among 367 
patients admitted for active TB at GMH during the study 
period, 274 had culture-confirmed disease (Figure 1). All 274 
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culture-confirmed patients were tested for HIV or had a pre-
vious known diagnosis of HIV. Overall, 96 (35%) patients had 
HIV co-infection and were included in the analysis. Among 
these 96 co-infected patients, 84 (87%) were diagnosed with 
TB at GMH. The 12 patients diagnosed with TB elsewhere 
were admitted to GMH for a TB-related issue a median (inter-
quartile range [IQR]) of 5 (4–23) days after initiating TB treat-
ment. Fifty-six (58%) were diagnosed with TB before March 
2012, and 40 (52%) were diagnosed with TB after March 2012, 
when DHHS guidelines were modified to recommend early 
ART during TB treatment [11].

Seventy-three (76%) patients had known HIV prior to TB 
diagnosis, with a median interval (IQR) between HIV and TB 
diagnosis of 6 (2–12) years (Table  1). Among patients with 
known HIV infection, 10 (14%) were on ART at the time of TB 
diagnosis, 5 (7%) had suppressed VL, and 25 (34%) were previ-
ously on ART (Figure 2). The median CD4 count (IQR) was 87 
(31–213) cells/uL, and 38 (40%) patients had a CD4 count <50 
cells/uL. The median CD4 count was higher among patients 
with known HIV infection and on ART at the time of TB 
diagnosis, compared with those with known HIV infection at 
the time of TB diagnosis and off ART and those newly diag-
nosed with HIV (217 vs 95 vs 38 cells/uL, respectively; P < .01) 
(Supplementary Table 2).

Most patients were male (68%), black (84%), US-born 
(72%), and had a history of homelessness (50%) (Table 1). At 
the time of TB diagnosis, 70% were unemployed and 31% were 
uninsured. Twenty-four percent had a history of psychiatric 
illness, and 39% reported illicit drug use. Overall, 48 (50%) had 
extrapulmonary involvement, including 5 (5%) with no pulmo-
nary disease and 8 (8%) with meningeal disease.

ART Use During TB Treatment

Among 91 patients who were alive >14 days after TB diagnosis, 
81% received ART during TB treatment, and 52% had VS at 
the end of TB treatment (Table 2). Ten (11%) patients received 
ART under DOT, of which 8 (80%) had VS during TB therapy. 
Among these 10 patients, 9 had a history of homelessness, 9 
were unemployed, and 8 had known HIV prior to TB diagnosis 
and were not on ART. ART use during TB treatment increased 
from 74% among those diagnosed with TB before March 2012 
to 92% among those diagnosed after March 2012 (P = .03).

Among 74 patients who received ART during TB treatment, 
27 (36%) did not have VS at completion of treatment, includ-
ing 5 who did not have VL measured between starting ART 
and completing TB treatment. The median interval (IQR) 
between last VL obtained during TB treatment and comple-
tion of TB treatment was 38 (3–84) days. Patients with VS at 
completion of TB treatment had a shorter time to ART initia-
tion after the beginning of TB treatment (median days, 62 vs 
92; P =  .06) and a longer interval between starting ART and 
completing TB treatment (median months, 7.0 vs 6.2; P = .09) 
compared with those without VS at the end of TB treatment.

Patients off ART and without meningeal disease who sur-
vived >14  days after TB diagnosis were evaluated for guide-
line-adherent ART (n  =  76). Twenty-four (32%) received 
guideline-adherent ART, 11 (24%) among those diagnosed with 
TB before March 2012 and 13 (42%) among those diagnosed 
after March 2012 (P = .13). The increase in guideline-adherent 
ART rates when comparing patients diagnosed with TB before/
after March 2012 was not significant when stratified by CD4 
below/above 50 cells/uL. Patients receiving guideline-adher-
ent ART had a lower median number of days to ART (30 vs 

367 active TB cases

274 culture-confirmed TB cases

23 new HIV diagnosis 73 previous HIV diagnosis

96 culture-confirmed TB/HIV co-infected cases

17 deaths during TB therapy
5 transfer-out during TB therapy

3 TB recurrences between 12–18 months after completing TB  therapy
3 with ≤18 months of follow-up after completing TB  therapy

2 deaths between 24–30 months after completing TB  therapy
12 with ≤30 months of follow-up after completing TB  therapy

1 death ≤6 months after completing TB therapy

73 included in year 1 Analysis

67 included in year 2 Analysis

53 included in year 3 Analysis

Figure 1. Study flow diagram. Abbreviation: TB, tuberculosis.
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117) and were more likely to have VS at the end of TB treatment 
(47% vs 16%) compared with those not receiving guideline-ad-
herent ART (P < .01 for all) (Supplementary Table 3).

Viral Suppression and Retention in Care After TB Treatment

Excluding 5 patients who were transferred out of Georgia during 
TB treatment, 68 (75%) of 91 patients were cured, 3 (3%) were lost 
to follow-up, 3 (3%) had TB recurrence, and 17 (19%) died during 
TB treatment, leaving 74 patients alive at completion of TB treat-
ment. The numbers of patients eligible for analyses of retention and 
VS for first, second, and third years after end of TB treatment were 
73, 67, and 53, respectively (Figure 1). Three patients died during 
follow-up, 1 <6 months and 2 between 24 and 30 months after the 
end of TB treatment. Three TB recurrences occurred between 12 
and 18 months after the end of TB treatment. Due to a later date 
of TB treatment completion, 3 patients had only ≤18 months and 
12 patients had ≤30 months of follow-up (Figure 1).

The rates of retention in HIV care at years 1, 2, and 3 were 
59%, 52%, and 45%, respectively (Figure 2). Patients retained at 
year 1 had a relative risk of 3.2 (95% CI, 1.5–6.7) and 3.8 (95% 
CI, 1.5–9.6) for retention at years 2 and 3, respectively. The rates 
of VS at years 1, 2, and 3 were 45%, 43%, and 49%, respectively. 
Patients with VS at year 1 had relative risks of 5.2 (95% CI, 2.2–
12.1) and 3.1 (95% CI, 1.6–5.9) for VS at years 2 and 3, respec-
tively. Seventeen (32%) patients had either continuous retention 
or VS for all 3 years of follow-up, and 15 (28%) had both con-
tinuous retention and VS for all 3 years of follow-up (Figure 2).

Among 68 patients alive at end of follow-up and without TB 
recurrence, 27 (40%) had continuous retention and 24 (35%) 
had continuous VS. On bivariate analyses, race, ART use during 
TB treatment, and VS at the end of TB therapy were the only 
characteristics associated with continuous retention at the end 
of follow-up (Table 3). Employment at the time of TB diagnosis 
and VS at the end of TB treatment were the only characteristics 
associated with continuous VS at the end of follow-up.

Of 3 patients who had recurrent TB, all were started on ART 
during treatment of their initial active TB episode. However, 
only 1 had VS during TB treatment and none had VS the first 
year after the end of TB treatment. All recurrent cases had the 
same M.  tuberculosis strain as identified in their initial infec-
tion. The 3 deaths that occurred after TB treatment completion 
were secondary to nonopportunistic infections (all from com-
munity-acquired pneumonia). While these 3 patients achieved 
VS during TB treatment, none were retained in care or had VS 
after completion of TB treatment.

DISCUSSION

Among an inner-city TB cohort with high rates of HIV coinfection, 
we found that most co-infected patients had a known HIV diagno-
sis for many years, but a minority were in HIV care and receiving 

Table 1. Baseline Patient Cohort Characteristics

Characteristic Total (n = 96)a

Age, median (IQR), y 45.9 (39.2–50.1)

Male 68 (71%)

Black 81 (84%)

Index BMI, median (IQR) 20.7 (19.2–24.1)

US born 69 (72%)

Non-English speaker 9 (9%)

History of homelessness 48 (50%)

History of incarceration 38 (40%)

Unemployed 67 (70%)

Single 67 (70%)

Insurance

 No insurance/Ryan White 38 (40%)

 Medicare/Medicaid 23 (24%)

 Private 1 (1%)

 Missing 34 (35%)

Medical history

 Psychiatric disease 23 (24%)

 Previous active TB 9 (9%)

 History of LTBI 18 (19%)

Drug use

 Tobacco use 57 (59%)

 Alcohol use 49 (51%)

 Illicit drug use 37 (39%)

HIV presentation

New HIV diagnosis 23 (24%)

Known HIV prior to TB diagnosis 73 (76%)

 Years of known HIV, median (IQR) 6 (2–12)

On ART at TB diagnosis (n = 73)b 10 (14%)

Previously on ART (n = 73) 25 (34%)

OI at time of TB diagnosisc 35 (36%)

HIV risk factord

 MSM 14 (15%)

 Heterosexual 64 (67%)

 Injection drug use 7 (7%)

Baseline CD4, median (IQR) 87 (31–213)

CD4 < 200 71 (74%)

CD4 < 50 38 (40%)

TB presentation

Isoniazid resistance 32 (34%)

Multidrug resistancee 1 (1%)

Extrapulmonary involvementf 48 (50%)

 Extrapulmonary only 5 (5%)

 CNS 8 (8%)

 Disseminated 20 (21%)

Abbreviations: ART, antiretroviral therapy; BMI, body mass index; CNS, central nervous 
system; IQR, interquartile range; LTBI, latent tuberculosis infection; MSM, men who have 
sex with men; OI, opportunistic infection; TB, tuberculosis.
aNinety-four unique patients.
bSuppressed HIV viral load at baseline (n = 5).
cOropharyngeal and/or esophageal candidiasis (n = 23), Pneumocystis pneumonia 
(n = 13), Cryptococcus (n = 5), CNS.

Toxoplasmosis (n = 2); Kaposi sarcoma, Cryptosporidiosis, and CMV retinitis (n = 1 each). 
Some patients had >1 OI at presentation.
dSome patients had >1 HIV risk factor.
eResistance to isoniazid and rifampin.
fLymphatic (n = 18), pleural (n = 5), genitourinary (n = 2), pericardial, soft tissue, and 
splenic (n = 1 each). Some patients have >1 site of extrapulmonary involvement.
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ART prior to their TB diagnosis. Additionally, rates of HIV VS dur-
ing TB treatment were low, as was continuous retention in care and 
VS during long-term follow-up post–TB treatment. While these 
results are likely due to a challenging patient population, as char-
acterized by high rates of homelessness, unemployment, and sub-
stance abuse, they also highlight areas of intervention to improve 
the TB/HIV care continuum that could significantly impact pro-
gression to active TB disease, TB recurrence, and deaths among 
HIV/TB co-infected patients [1–7, 18–20].

Our TB cohort had a remarkably high prevalence of HIV that 
was much higher than the global average of 10% [21], the overall 
HIV coinfection rate for 2016 in the United States (5.6%) [22], 
and some sub-Saharan countries such as Angola, Democratic 
Republic of Congo, and Nigeria, with estimated co-infection 
rates between 7.8%–16% [21]. The median presenting CD4 
count (87 cells/uL) among co-infected patients was extremely 
low, indicating poor engagement in HIV care. Our cohort pre-
senting CD4 count was lower than those reported among co-in-
fected patients in South Africa and the Democratic Republic of 
Congo (approximately 160 cells/uL) [6, 9]. ART use is associ-
ated with decreased risk of TB, and therefore some TB cases 
in our cohort likely could have been prevented if patients with 
known HIV were in care [7, 18, 19, 23]. Additionally, patients 
with new HIV diagnosis presented with significantly lower 
CD4 count compared with those with known HIV, indicating 
likely missed opportunities for HIV testing and enrollment in 
care. Untreated HIV can hamper efforts to eliminate TB in the 
United States by fueling TB outbreaks, as seen in the late 1980s 
in New York City and more recently in Atlanta [24, 25].

It was a reassuring finding that most patients received ART 
sometime during TB treatment and that use increased from 
74% to 92% for those diagnosed with TB after March 2012.  

This high ART usage rate is encouraging, and the rapid and sig-
nificant increase after the release of updated recommendations 
highlights the impact of guidelines on clinical practice [11].  
However, although ART use was high, most patients were 
started later than recommended, as demonstrated by early/
guideline-adherent ART rates of 24% and 42% before and after 
March 2012. We could not ascertain reasons for delay, but this 
should be a target for quality improvement as early ART appears 
to have long-term survival benefits in those with low CD4 [20]. 
As in other reports, integration of HIV and TB care was not suf-
ficient to achieve 100% ART use and eliminate delays in initia-
tion of ART [8, 9, 26]. Of significant concern, only 52% had VS 
at completion of TB treatment. This is a lower rate as compared 
with observational studies and clinical trials enrolling patients 
with TB/HIV co-infection, which have found that 70%–90% of 
patients achieve VS at 6 months after ART initiation [3–5, 27–29].  
Late ART initiation in our cohort, leading to less time on ART 
before completion of TB treatment, may have contributed to the 
low rate of VS. In addition, some patients (n = 5) did not have 
a VL measured between initiation of ART and completion of 
TB treatment. However, our rate of VS at the end of TB therapy 
was similar to the rate of VS at 12 months in a cohort of newly 
diagnosed patients with HIV during a hospitalization at Grady 
Memorial Hospital between 2011 and 2012 (48%), suggesting 
that local patient population and health system issues may 
play an important role [30]. In our county health clinics, ART 
is given as DOT with TB medications by outreach workers in 
exceptional cases at clinician request. Eighty percent of patients 
receiving ART as DOT had VS at completion of TB treatment. 
Thus, co-administration of treatment for TB and HIV under 
DOT could be explored in settings where DOT is already in 
place. While this strategy is likely to improve ART use and VS 
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Figure 2. Antiretroviral therapy use, retention in care, and viral suppression before, during, and 3 years after tuberculosis therapy. Abbreviations: ART, antiretroviral ther-
apy; TB, tuberculosis; VS, viral suppression.
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during treatment, it is unclear if it would lead to increased long-
term retention in HIV care and VS [31].

To our knowledge, there are no published data on long-term 
retention in HIV care and VS among TB/HIV co-infected 

patients in the United States. At the end of follow-up, continuous 
retention and VS rates were 40% and 35%, respectively. Among 
those with 3 years of follow-up, only 32% had continuous reten-
tion and/or VS. These VS rates are low compared with a cohort 
from Ethiopia, with VS rates of 86% among co-infected patients 
with a median of 2.5 years of follow-up [29]. The low rates in our 
cohort are in keeping with the overall HIV patient population 
in our setting, with reported rates of continuous retention and 
VS 3 years after enrollment of 49% and 39%, respectively [16].  
Most patients in this cohort were referred to IDP upon com-
pletion of TB therapy, as Ryan White county health clinics do 
not usually provide care for patients with CD4 <200. Generally, 
a written referral is provided, and patients are given directions 
to the clinic. Upon completion of TB therapy, some patients 
have follow-up in a TB clinic within 6 months, but daily con-
tact with the health care system through the DOT outreach 
worker ceases and incentives are no longer available. A better 
mechanism for transition of care between TB clinics and IDP 
is needed, and a formal mechanism of transition with use of 
a linkage to care coordinator is being explored in our setting. 
All 3 episodes of TB recurrence occurred among patients with-
out VS in the first year after TB treatment, a reminder of the 
importance of continuous VS after successful TB treatment  
[1, 2, 32, 33]. Additionally, all 3 deaths after completion of TB 
treatment were due to infections and occurred among patients 
who attained VS during TB treatment but lost VS after comple-
tion of TB treatment and were also potentially preventable by 
continuous VS [18].

Our data suggest that patients employed at the time of TB 
diagnosis and with VS at the end of TB treatment are more 
likely to have continuous VS. Future studies with increased 
sample size should aim to better identify high-risk patients for 
loss to HIV care and TB recurrence and address measures to 
link patients to HIV care upon completion of TB treatment.

Retention in HIV care and VS are major challenges for vul-
nerable populations living in poverty in the southern United 
States [34]. Studies of interventions to improve retention in 
care and VS in these patients have had limited efficacy, and a 
recent study using patient navigators and contingency man-
agement failed to improve viral suppression 6  months after 
the intervention ended [35]. While the durability of financial 
incentives for HIV care is unclear, the cost of treatment of 1 
TB case has been estimated to be US $34 600, and risk of TB 
recurrence could justify their use [36, 37]. Innovative strate-
gies tailored to local populations are needed to improve the 
HIV care continuum.

Our study has several limitations, including retrospective 
design and small sample size. VS at completion of TB treatment 
and for each following year was defined as having the last VL 
for each period suppressed, missing episodes of intermittent 
VS. There was a large proportion of patients with missing VLs 
after the end of TB treatment, but there was no difference in 

Table 2. ART Use During TB Therapy and End of TB Treatment Outcomes

Characteristic
CD4 < 50 
(n = 38)

CD4 ≥ 50 
(n = 58)

Total
(n = 96)a

Received ART during TB 
therapy (n = 91)b

29 (81%) 45 (82%) 74 (81%)

 TB diagnosis < March 2012 15 (71%) 24 (75%) 39 (74%)

 TB diagnosis ≥ March 2012 14 (93%) 21 (91%) 35 (92%)

ART given as DOT (n = 91)b 5 (14%)  5 (9%) 10 (11%)

Viral suppression at end of TB 
therapy (n = 91) b

17 (47%) 30 (55%) 47 (52%)

Time to ART, median (IQR), dc 59 (27–103) 81 (46–143) 76 (34–125)

Median time on ART prior to 
end of TB treatment (IQR), 
mo

6.9 (5.0–9.2) 6.8 (5.6–9.2) 6.9 (5.1–9.2)

Guideline adherent ART 
(n = 76)d,e,f

 8 (24%) 16 (37%) 24 (32%)

 TB diagnosis < March 2012  3 (14%) 8 (33%) 11 (24%)

 TB diagnosis ≥ March 2012  5 (42%) 8 (42%) 13 (42%)

Core ART agent (n = 74)g

 INSTI 1 (3%) 4 (9%) 5 (7%)

 NNRTI 19 (66%) 28 (62%) 47 (64%)

 PI  9 (31%) 12 (27%) 21 (28%)

 Otherh 0 1 (2%)  1 (1%)

ART backbone (n = 74)g

 TDF/FTC 25 (86%) 41 (91%) 66 (89%)

 ABC/3TC 1 (4%) 1 (2%) 2 (3%)

 Otheri 3 (10%) 3 (7%) 6 (8%)

OI during TB therapyj 9 (25%) 11 (20%) 20 (21%)

Median length of TB treatment 
(IQR) (n = 71), mol

9.6 (7.8–11.4) 10 (9.1–10.6) 9.9 (8.8–11.3)

Transferred out 3 (8%) 2 (3%) 5 (5%)

Final outcomes (n = 91)m

 Cured 24 (68%) 44 (78%) 68 (75%)

 Lost to follow-up 1 (3%) 2 (4%) 3 (3%)

 Recurrence 2 (6%) 1 (2%) 3 (3%)

 Deathn 8 (23%)  9 (16%) 17 (19%)

Abbreviations: ABC/3TC, abacavir/lamivudine; ART, antiretroviral therapy; DOT, directly 
observed therapy; INSTI, Integrase strand inhibitor; NNRTI, non-nucleoside reverse tran-
scriptase inhibitor; OI, opportunistic infection; PI, protease inhibitor; TB, tuberculosis; TDF/
FTC, tenofovir/emtricitabine. 
aNinety-four unique patients (CD4 < 50 n = 36, CD4 ≥ 50 n = 58).
bAmong patients who survived >14 days after TB diagnosis.
cAmong patients started on ART during TB therapy.
dDefined as starting ≤4 weeks for those with CD4 >50 without meningeal disease 
and ≤12 weeks for those with CD4 ≥50 without meningeal disease. Excluded patients 
who survived ≤14 days after TB diagnosis and who were already on ART at time of TB 
diagnosis.
eCD4 < 50 (n = 33).
fCD4 ≥ 50 (n = 43).
gAmong those who received ART during TB therapy (n = 74).
hINSTI and PI combined (n = 1).
iZidovudine/lamivudine (n = 2); zidovudine/tenofovir/emtricitabine (n = 2); zidovudine/aba-
cavir/lamivudine (n = 1); stavudine/didanosine (n = 1).
jOropharyngeal and/or esophageal candidiasis (n = 17), Pneumocystis pneumonia (n = 5), 
Cryptococcus (n = 2), toxoplasmosis (n = 1).
lAmong those who completed TB therapy.
mExcludes patients transferred out.
nDeath ≤14 days after TB diagnosis (n = 5).
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associations and statistical significance when missing VLs were 
treated as unknown. We relied on surveillance data to cap-
ture patients without follow-up at Ryan White county health 
clinics and IDP, potentially missing episodes of retention and 
VS. However, Georgia state law mandates that all laboratories 
report any HIV-related results to eHARS [12, 13]. In addition, 
we could not capture data for patients who moved out of the 
state of Georgia.

In summary, we found very low rates of HIV VS before TB 
diagnosis and during TB treatment, with declining rates of 
VS after the end of TB treatment. New strategies are needed 
to retain vulnerable populations in HIV care and are being 
explored in clinical trials such as HPTN 078 (NCT0266321). 
Improving the HIV care continuum will be critical to reducing 
new tuberculosis cases and recurrences.

Table  3. Bivariate Analysis for Continuous Retention and Viral 
Suppression at End of Follow-up

Variable

Total (n = 68)a,b

Continuous Retention
Continuous Viral 
Suppressionc,d

n/N % P n/N % P

Overall 27/68 40 24/68 35

Age ≥ 45 y .84 .94

 Yes 13/37 37 13/35 37

 No 14/33 42 11/33 33

Sex .43 1

 Male 21/48 44 17/48 35

 Female 6/20 30  7/20 35

Race .02 .17

 Black 19/57 33 18/57 32

 Not black 8/11 73  6/11 55

US born .28 .31

 Yes 17/49 35 15/49 31

 No 10/19 53 9/19 47

English speaker .24 .43

 Yes 22/60 37 20/60 33

 No 5/8 63  4/8 50

History of 
homelessness

.62 .20

 Yes 12/34 35 9/34 26

 No 15/34 44 15/34 44

History of 
incarceration

.99 .21

 Yes 12/31 39 8/31 26

 No 15/37 41 16/37 43

Employed .05 ≤.01

 Yes 8/12 67 9/12 75

 No 19/56 34 15/56 27

Insurance 1 .99

 No insurance/ 
Ryan White

11/28 40 10/28 36

 Other 16/40 40 14/40 35

Psychiatric disease .76 1

 Yes 9/20 45 7/20 35

 No 18/48 38 17/48 35

Tobacco .61 .10

 Yes 16/44 36 12/44 27

 No 11/24 46 12/24 50

Alcohol .92 .77

 Yes 14/37 38 12/37 32

 No 13/31 42 12/31 39

Illicit drug use 1 .21

 Yes 11/28 40 7/28 25

 No 16/40 40 17/40 42

Known HIV prior to 
TB diagnosis

.76 .89

 Yes 22/53 41 18/53 34

 No  5/15 33 6/14 40

On ART prior to TB 
diagnosis

.99 .99

 Yes 4/9 44 3/9 33

 No 23/59 39 21/59 36

Baseline CD4 < 50 .59 .99

 Yes 8/24 33 8/24 33

Variable

Total (n = 68)a,b

Continuous Retention
Continuous Viral 
Suppressionc,d

n/N % P n/N % P

 No 19/44 43 16/44 36

ART with DOT .40

 Yes 1/7 14 1/7 14

 No 26/61 43 23/61 38

TB treatment dura-
tion ≥9 mo

.57 .10

 Yes 17/46 37 13/46 28

 No 10/22 45 11/22 50

Date TB diagnosise .42 .64

 <March 2012 13/38 34 12/38 32

 ≥March 2012 14/30 47 12/30 40

ART during TB 
therapy

.03 .08

 Yes 26/57 46 23/57 40

 No 1/11 9 1/11 9

VS end of TB 
therapy

.04 ≤.01

 Yes 20/39 51 20/39 51

 No 7/29 24 4/29 14

On ART ≥6 mo 
prior to end of TB 
treatmentf

.88 .99

 Yes 19/40 48 16/40 40

 No 10/17 59  7/17 41

Abbreviations: ART, antiretroviral therapy; DOT, directly observed therapy; TB, tuberculosis; 
VS, viral suppression.
aSixty-eight patients had ≥1 year of follow-up, 65 patients had ≥2 years of follow-up, and 
53 patients had 3 years of follow-up.
bSixty-seven unique subjects, no change in statistical significance when restricted to 
unique subjects.
cSubjects with missing viral load assumed to have a viral load >200 copies/mL.
dAmong 43 subjects without continuous viral suppression, 31 (72%) had ≥1 viral load 
>200 copies/mL and 12 (28%) did not have any viral load during follow-up. No change in 
statistical significance when missing viral load was treated as unknown.
eNot significant when year of TB diagnosis was analyzed as a continuous variable.
fAmong patients who received ART during TB treatment (n = 57).

Table 3. Continued
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Supplementary materials are available at Open Forum Infectious Diseases online. 
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