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Background.  AIDS Clinical Trial Group 5199 compared neurological and neuropsychological test performance of human immu-
nodeficiency virus type 1 (HIV-1)–infected participants in resource-limited settings treated with 3 World Health Organization–rec-
ommended antiretroviral (ART) regimens. We investigated the impact of tuberculosis (TB) on neurological and neuropsychological 
outcomes. 

Methods.  Standardized neurological and neuropsychological examinations were administered every 24 weeks. Generalized esti-
mating equation models assessed the association between TB and neurological/neuropsychological performance. 

Results.  Characteristics of the 860 participants at baseline were as follows: 53% female, 49% African; median age, 34 years; CD4 
count, 173 cells/μL; and plasma HIV-1 RNA, 5.0 log copies/mL. At baseline, there were 36 cases of pulmonary, 9 cases of extrapul-
monary, and 1 case of central nervous system (CNS) TB. Over the 192 weeks of follow-up, there were 55 observations of pulmonary 
TB in 52 persons, 26 observations of extrapulmonary TB in 25 persons, and 3 observations of CNS TB in 2 persons. Prevalence of TB 
decreased with ART initiation and follow-up. Those with TB coinfection had significantly poorer performance on grooved pegboard 
(P < .001) and fingertapping nondominant hand (P < .01). TB was associated with diffuse CNS disease (P < .05). Furthermore, those 
with TB had 9.27 times (P < .001) higher odds of reporting decreased quality of life, and had 8.02 times (P = .0005) higher odds of 
loss of productivity. 

Conclusions.  TB coinfection was associated with poorer neuropsychological functioning, particularly the fine motor skills, and 
had a substantial impact on functional ability and quality of life.

Clinical Trials Registration.  NCT00096824.
Keywords.  HIV; tuberculosis; resource-limited; cognitive impairment; neuropsychological functioning.

Resource-poor, developing parts of the world are where the 
majority of new human immunodeficiency virus type 1 (HIV-
1) infections and tuberculosis (TB) deaths occur [1, 2]. Even 
though the global incidence rate for TB has been declining, the 
highest burden remains in the low- and middle-income coun-
tries within Asia and Africa. In 2016, 10.4 million people fell 

ill with TB, and 1.7 million died from the disease. HIV is the 
strongest risk factor for developing TB, and up to 13% of identi-
fied TB cases globally in 2012 occurred in those who were HIV 
infected [3]. In a recent systematic review, the pooled preva-
lence of TB and HIV co-infection was 31.3% for African coun-
tries, 20.1% in European studies, 17.2% in Asia, 25.1% in Latin 
America, and 14.8% for the United States [4].

Both TB and HIV affect the nervous system. The neurolog-
ical effects due to HIV viral and immune factors [5] within the 
central nervous system (CNS) are called HIV-associated neu-
rological disorders [6], which include the severe form of HIV-
associated dementia (HAD), the less severe but more prevalent 
HIV-associated minor neurocognitive disorder (MND), and 
asymptomatic neurocognitive impairment [7–11]. Prior to ef-
fective active antiretroviral therapy (ART), there were many 
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autopsy findings of HIV-1–related CNS injuries, even in some 
who had not had any clear manifestations of HAD [12].

CNS TB is the most severe form of extrapulmonary TB and 
is associated with a markedly elevated risk of morbidity and 
mortality [13, 14]. While a number of studies have documented 
the association of TB with cerebral infarction and associated 
neurological and psychiatric sequelae, there is a paucity of data 
on the pattern of long-term neuropsychological (NP) deficits 
associated with CNS TB, or any form of TB [15]. Kalita et  al 
showed that at a 1-year follow-up, 36 out of 65 patients with 
TB meningitis had cognitive deficits when assessed using the 
Mini Mental State Examination [16]. It is not known whether 
the presence of TB will further increase the risk for or worsen 
the cognitive deficits reported in patients with HIV. This study 
provides much-needed information addressing the NP effects 
of the common co-infection of TB and HIV.

Another important consideration in the coinfection of HIV 
and TB is the neurotoxic effects of antiretroviral and anti-TB 
medication, and the possibility of their interacting to further 
worsen NP outcomes. Available evidence suggests that good out-
comes can be achieved with the combination of TB treatment 
with first-line ART, but use with second-line ART could result 
in interactions and combined toxicity [17, 18]. The initiation of 
ART must be balanced with the risk of TB-immune reconstitu-
tion inflammatory syndrome (TB-IRIS) to avoid a paradoxical 
exacerbation of the immune response against TB.

Between February 2006 to May 2010, we conducted a study 
of neurological and NP outcomes with ART initiation and 
treatment in resource-limited settings (RLS): the International 
Neurological Study (INS, AIDS Clinical Trial Group [ACTG] 
5199 [A5199]; clinicaltrials.gov, NCT00096824). This was a 
3-arm, randomized clinical trial that included a direct com-
parison of 2 regimens recommended by the World Health 
Organization for first-line treatments of HIV-1 in RLS [19]. 
Here, we sought to examine the role of TB co-infection with 
HIV on neurological function and NP performance.

METHODS

Sites

Participants in A5199 INS were enrolled from ACTG study 
A5175, a randomized treatment trial of antiretroviral efficacy 
and safety. The ACTG sites that participated in A5199 were 
in Rio de Janeiro, Brazil; Porto Alegre, Brazil; Chennai, India; 
Pune, India; Blantyre, Malawi; Lilongwe, Malawi; Lima, Peru; 
Johannesburg, South Africa; Durban, South Africa; Chiang 
Mai, Thailand; and Harare, Zimbabwe.

Procedures

Human-subject study reviews and approvals were obtained at 
each site from local and country-specific review boards prior 
to study initiation, and informed consent was obtained prior 
to study participation. The National Institutes for Health, 

National Institute for Allergy and Infectious Diseases, Division 
of AIDS, and Multinational Data Safety and Monitoring Board 
monitored the study at intervals to ensure safe and appropriate 
conduct. Standardized training on the administration of the 
neurological and NP screening examinations was conducted. 
Rigorous data monitoring at data entry through computerized 
range checks, with follow-up data cleaning through multi-
ple queries and replies, was conducted throughout the study. 
Implausible values were queried at intervals, and either con-
firmed or corrected.

Participants

Participants were a subset of ACTG A5175, a randomized 
ART trial (ClinicalTrials.gov NCT00084136). Eligible partic-
ipants for A5175 were men and women over 18 years old who 
had documented HIV-1 infections, CD4+ lymphocytes less 
than 300 cells/ mm3, Karnofsky performance scorse greater 
than or equal to 70, and no more than 7 days of cumulative 
prior ART. Participants were excluded from participation 
in the study if they had any active severe psychiatric illness, 
active drug or alcohol abuse or dependence, a serious illness 
and/or hospitalization within 14 days of study entry, or any 
other condition that would compromise the person’s ability to 
participate in the study, adhere to study requirements, or con-
found the analysis or interpretation of the results of the study. 
Diagnosis criteria for all opportunistic events were standard-
ized across sites using National Institutes of Health Division 
of AIDS criteria [20]. Participants with TB at baseline were 
not excluded if they were healthy enough to begin both ART 
and TB medication.

Tuberculosis Diagnosis

Pulmonary TB was diagnosed and defined as either (1) con-
firmed based on mycobacterium TB cultured from sputum, 
bronchoalveolar lavage, or lung tissue or (2) probable based on 
clinical symptoms consistent with pulmonary TB (fever > 38°C, 
night sweats, productive cough, hemoptysis, weight loss) and 
either an acid fast bacilli smear from sputum or another histo-
pathology sample, an abnormal chest X-ray consistent with TB, 
or the initiation of specific, multi-drug antituberculous therapy. 
Extrapulmonary TB was diagnosed by the same criteria, but 
with a histopathology sample from the infected site.

Treatment Arms

The parent study, A5175, provided 3 treatment arms. 
Participants in arm A received lamivudine/zidovudine and efa-
virenz; those in arm B received emtricitabine, atazanavir , and 
enteric-coated didanosine; and those in arm C received co-for-
mulated emtricitabine/tenofovir and efavirenz.

Neuropsychological and Neurological Examinations

Standardized neurological and NP screening examinations were 
administered every 24 weeks. The NP screening exam included:
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1.	The Timed Gait Test, in which participants walk 10 yards, 
turn, and return (average of 3 trials in seconds).

2.	The Grooved Pegboard Manipulative Dexterity Test, where—
moving in a set order and direction along 25 slotted holes—a 
peg must be rotated to match the direction of a hole before 
being inserted, upon which the user moves to the next hole 
with a new peg. The examiner encourages the subject to per-
form the task as quickly as possible. The recorded score for 
each hand is the time in seconds that it takes to complete the 
entire board, 1 peg at a time.

3.	The Semantic Verbal Fluency test, which is a timed task (60 
seconds) requiring the production of words in a specific cate-
gory. Memory, speed of processing, initiation, and inhibition 
are assessed.

4.	The Finger Tapping test, which is a measure of motor speed 
evaluated by the rate of depressing the key of a recording 
device as fast as possible for 5 periods of 10 seconds each, for 
each hand.

The NP tests were chosen based on their prior experience in 
clinical trial and cohort studies in the United States, with par-
ticular care taken to keep the battery short and minimize lan-
guage- and culture-specific items [21, 22].

The neurological examination included a neurological 
history and symptom review and cognitive, motor, sensory, 
and reflex assessments, and was conducted by physicians 
and mid-level clinicians. A  study-specific diagnosis form 
was completed for each participant and included HAD, 
MND, and peripheral neuropathy, in addition to CNS 
opportunistic infections.The diagnosis of diffuse CNS dis-
ease related to HIV was categorized as MND if impairment 
severity was rated as subclinical or equivocal, and as HAD if 
it was categorized as mild, moderate, or severe, based on the 
severity levels in the neurological exam criteria [21].

Subclinical or equivocal were defined as either minimal or 
equivocal symptoms or motor dysfunctions characteristic of 
HIV-associated neurocognitive/neurological dysfunction, or 
mild signs (snout response, slowed extremity movements) 
without an impairment of either work or the capacity to per-
form activities of daily living. Mild was defined as unequivocal 
evidence of functional intellectual or motor impairment, but 
with the ability to perform all but the more demanding aspects 
of work or activities of daily living. Moderate was defined as 
the inability to work or maintain the more demanding aspects 
of daily life, but with the ability to perform basic activities of 
self-care. Severe was defined as a major intellectual incapacity 
or motor disability.

Minor Cognitive Motor Disorder was defined as minimal or 
equivocal symptoms or signs of neurologic dysfunction due to 
diffuse CNS disease.

Questions to determine productivity level included work 
status, ability to perform full-time work, and energy level. The 

questions to evaluate quality of life (QOL) included self-re-
ported changes in interest in social activities and symptoms 
of depression.

Statistical Analyses

Linear and logistic regression models using generalized estimat-
ing equations with an autoregressive correlation structure (for 
within-participant correlation) were constructed to assess the 
treatment effects, as well as the associations of other covariates, 
with NP test scores and neurological outcomes that included 
overall neurological examination abnormality, peripheral ner-
vous system, or focal or diffuse CNS abnormality. The covariates 
included in the model were country, randomized treatment, base-
line HIV-1 ribonucleic acid (RNA) stratum (<100 000 vs ≥100 000 
copies/mL), screening CD4 stratum (<50, 50–99, 100–199, 200–
249, and 250–299 cells/mm3), baseline neurocognitive test scores, 
age, sex, and years of education. In these treatment-naive individ-
uals, current CD4+ T cell was considered to be an approximation 
of entry CD4+ nadir. Parameters were interpreted for a 10-year 
change in age, a 50-unit change in CD4 count, a 4-year change 
in education, and a 1-log change in entry plasma HIV-1 RNA. 
CD4 count and entry plasma HIV-1 RNA were used as continu-
ous variables in modeling. HIV-1 RNA value at study follow-up 
was dichotomized into detectable vs undetectable using the lower 
assay detection limit of 400 copies/ml, below which VL levels 
were censored. In each case, 95% confidence intervals [CIs] are 
used to estimate the covariate effects. Logistic generalized esti-
mating equations models were constructed to assess the concur-
rent association of extra pulmonary TB and TB on QOL and loss 
of productivity (LOP). Having normal interest in social activities 
vs not was used to assess QOL, while having functional ability to 
work full time vs not was used to assess LOP.

Forest plots were generated to summarize associations. The 
neurological exams were compared with both the baseline TB 
diagnoses and those that occurred while the participants were 
being evaluated during the course of the study (ie, current TB). 
Longitudinal plots were used to display temporal trends. All 
significance testing was performed at the 0.05 level, a trend for 
significance was defined as the P > .05 and P < .15 levels, and no 
adjustments for multiple testing or multiple comparisons were 
utilized. All reported P-values are 2-sided.

RESULTS

Demographics

A total of 860 participants were enrolled: 452 (53%) females 
and 408 (47%) males. Virological and immunological baseline 
figures included: CD4 of 173 (98, 232) cells/mm3; and median 
entry plasma log10 HIV-1 RNA of 5.0 log c/mL (4.5, 5.5). The 
median age was 34 years, and the median educational level was 
10 years (Q1-7, Q3-12). By country, there were 161 participants 
in Brazil, 184 in India, 133 in Malawi, 62 in Peru, 167 in South 
Africa, 73 in Thailand, and 80 in Zimbabwe.
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Tuberculosis Co-infection

At study entry, 47 participants had active TB: 36 had pulmo-
nary TB, 9 extrapulmonary (non-CNS), 1 participant had fea-
tures of both pulmonary and extrapulmonary TB, and 1 had 
CNS TB. Of those with pulmonary TB, 24 (67%) were male 
and 12 (33%) were female; of those without pulmonary TB, 384 
(47%) were male and 439 (53%) were female. India had 60% of 
the baseline pulmonary TB cases, South Africa had 38%, and 
Thailand had 2%.

A diagnosis of new onset after baseline (incidence) was 
found in 27 participants after enrollment. The frequency of 
new TB diagnoses decreased with ART and continued with fol-
low-ups over time (Figure 1). Over the course of the 192 weeks 
of follow up, there were a total of 130 visits (observations) for 
participants with TB co-infection: 91 visits for those with pul-
monary TB, 35 for participants with extrapulmonary TB, and 4 
in those with CNS TB.

Plasma HIV RNA was higher at study entry in those with TB 
(5.3 log cps/ml) compared to those with no TB (4.9 log cps/ml; 
P < .001). The TB group was less educated (8.1 yrs) than those 
with no TB (9.5 yrs, P = .02).

Those participants with current TB were significantly 
slower in completing the Grooved Pegboard with both their 
dominant (estimate  =  11.08, standard error [SE]  =  2.29, 95% 
CI 6.58–15.57; Z  =  4.83, P  <  .001) and non-dominant hands 
(estimate  =  16.99, SE  =  3.62, 95% CI 9.89–24.08; Z  =  4.69, 
P < .001; Figure 2). Participants who had current TB performed 

worse in Finger Tapping with their non-dominant hand (esti-
mate = -3.04, SE = 1.09, 95% CI -5.19–-0.89; Z- 2.77, P < .01). 
Participants with current TB were more likely to be diagnosed 
with diffuse CNS disease (adjusted odds ratio [OR] = 5.21, 95% 
CI 1.17–23.09; Z = 2.17, P < .05, Figure 3).

Those participants with baseline TB were significantly 
slower in the Grooved Pegboard task with their non-dominant 
hands (estimate = 4.88, SE = 2.33, 95% CI 0.32–9.45; Z = 2.10, 
P < .05). There was a trend for baseline TB and increased dif-
fused CNS disease (adjusted OR 4.08, 95% CI  =  0.96–17.35; 
Z = 1.90, P = .057). Neither baseline nor current TB were sig-
nificantly associated with the following tests of the NP exam: 
Semantic Verbal Fluency, Timed Gait, and Finger Tapping 
(dominant hand).

Of substantial note, TB had a major impact on functional abil-
ity. Current pulmonary TB was positively associated with LOP 
(adjusted OR = 6.96, 95% CI 1.82–26.59, P = .005). Participants 
with current TB had 9.27 times (95% CI 2.91–29.55, P < .001) 
higher odds of losing normal interest in social activities (ie, 
worse QOL). In addition, participants with current TB had 8.02 
times (95% CI 2.50–25.72, P = .0005) higher odds of loss of abil-
ity to work full time (ie, LOP).

Neuropsychological Performance

The results of the NP test and neurological exam for the ge-
neral HIV-positive (HIV+) cohort have been published and can 
be referred to for more information [24], but a brief summary 

Figure 1.  Prevalence plot for TB before and after antiretroviral therapy (ART): the proportion of extrapulmonary TB to all cases of TB over weeks on study. The prevalence 
of TB dropped with the initiation of ART. Abbreviation: TB, tuberculosis. 
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follows. Overall, NP test scores improved (P  <  .05) following 
ART initiation, with the exception of Semantic Verbal Fluency, 
and were sustained over the course of the 3-year study. No dif-
ferences in neurological and NP functioning between treatment 
regimens were detected (P  >  .10). Significant country effects 
were noted on all NP tests and neurological outcomes (P < .01).

DISCUSSION

We demonstrated that HIV+ participants co-infected with TB per-
formed worse on NP testing, particularly in the motor domains, 
compared to HIV+ participants with no TB. Current TB had a 
substantial association with decreased QOL and LOP. Participants 
co-infected with TB were significantly slower in completing the 
Grooved Pegboard with both their dominant and non-domi-
nant hands, and performed worse in Finger Tapping with their 
non-dominant hand. Individuals diagnosed with TB co-infection 
at or after study entry were more likely to have evidence of dif-
fuse CNS disease in a neurological examination. While previous 
studies have shown that CNS TB is associated with cognitive im-
pairment that could persist for up to a year in survivors [16], the 
possible effects of other forms of TB on cognitive functioning have 
not been explored. Our study had only 1 participant diagnosed 

with CNS TB, so the observed poorer performance on NP tests 
cannot solely be accounted for by direct CNS infection with TB.

Sustained ART for more than 3  years improved NP func-
tioning and reduced overall neurological abnormality in ART-
naive HIV+ participants. The specific ART regimen appeared 
less important for improving neurological/NP functioning than 
did initiating and maintaining successful ART. Remaining on 
treatment was also associated with our observation of decreased 
prevalence of TB over time. Earlier studies on cohorts of people 
with HIV in Brazil and South Africa similarly found that the use 
of ART reduced the incidence of HIV-associated TB in people 
who are on ART compared to those who are ART-naive [25, 
26]. This finding further lends weight to the growing body of 
evidence on the importance of ART in reducing the risk for TB 
in people with HIV with previously-low CD4 cell counts [27].

QOL and LOP were negatively associated with TB co-in-
fection. The LOP extends beyond the individual level in RLS, 
since the economic development of low-income countries is 
dependent on adults in their prime working age, who are the 
most vulnerable to HIV. These findings are supported by other 
studies that have also illustrated the negative effect of TB and 
HIV co-infection on QOL, specifically in RLS [30, 31].

Figure 2.  Estimated 95% confidence interval for association with grooved pedboard: poorer grooved pegboard with current tuberculosis for both dominant and non-
dominant hands, while baseline tuberculosis was significantly slower only for the nondominant hand. Other covariates in each GEE model include country, treatment arm, 
screening HIV-1 RNA strata, screening CD4 count, baseline neurologic function, age, sex years of education, and week. Abbreviations: GEE, generalized estimating equations; 
HIV-1, human immunodeficiency virus type 1; TB, tuberculosis.
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Other factors worth exploring are the indirect effects of 
the co-infection of TB and HIV on CNS functioning, such as 
complications associated with medication, immune activa-
tion, and enhanced CNS HIV infection. Paradoxical TB-IRIS 
and significant drug toxicity are common complications fol-
lowing the commencement of ART, especially in the pres-
ence of significant immunosuppression [18, 28]. Patients 
from RLS usually commence ART at lower CD4 counts, 
which is known to increase the risk for TB-IRIS. The im-
mune system response to TB infection is complex and has 
been implicated in some neurological complications of TB 
[29].

There are several limitations to this study. We used a brief, 
primarily motor-based neurocognitive assessment. A  more 
comprehensive neurocognitive battery may have provided a 
fuller characterization of the neurocognitive impact. We did not 
evaluate the impact of the TB medication, including whether 
pyridoxine was administered, on neurological function, nor 
whether the participants were diagnosed with multi–drug-re-
sistant TB or drug-sensitive TB. Another limitation would 
be the brievity of the assessments of QOL and LOP. In future 
studies, it would be useful to apply more comprehensive QOL 
assessments.

Furthermore, we did not apply the normative data from the 
International Neurocognitive Normative Study’s ACTG 5271 
to INS [32]. The demographic-matched data in ACTG 5271 
were collected from 2400 high-risk, HIV-negative participants 
from 10 voluntary counseling and testing sites aligned with INS 
and are only relevant to compare with the baseline impairment 
ratings. In this analysis, we compared the neurocognitive im-
pairment of the HIV+ participants with TB to the HIV+ par-
ticipants without TB, inferring that that the groups would act 
as each others’ controls in terms of demographic features and 
additional co-morbidities specific to their environment.

Overall, co-infection of HIV and TB was associated with 
poorer neurological and NP functioning despite overall neu-
rological improvement with successful ART. This neurological 
and neurocognitive improvement is encouraging for the gen-
eral well-being of the patients, as well as the economic implica-
tions of productivity. Further research is required to determine 
whether this association was related to the indirect effects on 
CNS function, such as TB medication, immune activation, and 
enhanced CNS HIV infection, or more direct CNS effects of TB. 
The negative impact of TB co-infection on neurological func-
tion, QOL, and LOP of HIV+ individuals provides further sup-
port for increasing access to ART in RLS.

Figure 3.  Estimated 95% confidence interval for odds ratio association between tuberculosis (TB) and neurological outcomes: diffuse central nervous system disease, usu-
ally associated with human immunodeficiency virus-associated neurocognitive disorders, was increased in those with current TB. Abbreviations: GEE, generalized estimating 
equations; MCMD, Minor Cognitive Motor Disorder.
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