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Animals, infection and treatment. We infected 39 mycobacteria-naive Indian rhesus 

macaques acquired from the TNPRC breeding colony supported by the NIH 

(Supplementary Table 1) with a low dose of Mtb CDC1551 via aerosol that developed 

asymptomatic LTBI infection with low detection of viable Mtb cfus in the BAL fluid and 

low serum C reactive protein (CRP) levels >3 µg/mL by 9 weeks post-infection with Mtb. 

Methods for aerosol infection with Mtb have been described in detail previously (1-6). A 

subset of 16 LTBI Mtb-infected rhesus macaques was co-infected with 300 TCID50 

SIVmac239 intravenously at week 9 post-Mtb infection (Fig 1A). Of this subset, 7 had 

unperturbed Mtb infection post-SIV co-infection and were considered 

“Nonreactivators” (NR) while 9 were considered to be “Reactivators” (R) based on 

extensive clinical and microbiological evidence of TB disease in the post-SIV time-points 

(Fig 1B-K). A subset of 5 LTBI Mtb-infected rhesus macaques was co-infected with 300 

TCID50 SIVmac239ΔGY intravenously at week 9 post-Mtb infection (Fig 1A). A subset 

of 8 LTBI Mtb-infected rhesus macaques was administered a macaque CD4+ T cell-

depleting antibody CD4R1 (50 mg/kg administered once every 2-3 weeks 

intravenously) obtained from the CD4R1 antibody provided by NHP Reagent Resource, 

Boston, MA, USA (Fig 1A). The depleting antibody was administered every two-three 

weeks (i.e., weeks 9, 11, 13, 15, 18) per the manufacturer’s instructions. This antibody 

has been extensively used to deplete CD4+ T cells in macaques (7, 8). The animals were 



subjected to weekly physical examinations by board certified clinician(s), including 

body temperature and weight, and complete blood chemistries, including serum CRP 

evaluated.  

Measurement of Mtb infection progression and TB disease. To measure the extent of 

TB disease following aerosol Mtb infection in the various groups of animals, we studied 

serum CRP levels weekly, as described (1-6, 9). Viable Mtb CFUs were obtained from 

BAL fluid at weeks 3, 7, 11, 15, 19, and from the lungs, bronchial lymph nodes, spleen, 

liver and kidney at necropsy, as described earlier (4-6). We also evaluated CFUs from 

individual lung granulomas isolated at necropsy, as described earlier (6, 10). 

Measurement of SIV viral loads. Plasma viral loads (PVL) were measured in plasma 

collected from macaques infected with either the parental SIVmac239 or the SIVΔGY 

mutant using a PCR-based assay as described earlier (1, 6, 11). 

Flow cytometry. Flow cytometry was performed on whole blood, BAL and lung 

samples from all animals, as previously described (4-6, 10, 12, 13). Blood and BAL were 

collected for flow cytometric analysis at week 3, 7, 11, 15, 19, and necropsy, depending 

on survival, to characterize T cell numbers, phenotype, proliferation and migration. At 

necropsy, PBMCs, BAL and lung cells isolated from each animal were stimulated to 

show changes in T cell functionality dependent upon disease state. Antibodies used for 

analysis of T cell populations included the following antibodies from BD Biosciences: 

CD3 (clone SP34-2), CD4 (clone L200), CD8 (clone RPA-T8), CD20 (clone 2H7), CD28 



(clone CD28.2), CD69 (clone FN50), CD95 (clone DX2), HLA-DR (clone L243), Ki67 

(clone B56), CCR5 (clone 3A9), CCR7 (clone 3D12), and PD-1 (clone EH12.2H7) (6, 10). 

Confocal microscopy. Fluorescent immunohistochemistry, chromogenic staining, and 

in situ hybridization were performed on formalin-fixed, paraffin-embedded tissue as 

previously described (14). 

RNA isolation. RNA was isolated using TRIzol™ Reagent (ThermoFisher Scientific Cat 

no: 15596018). BAL cells were resuspended with 1 mL of TRIzol reagent and lysed by 

pipetting. Lung tissue was isolated at necropsy and homogenized in a gentleMACS 

dissociator. Next, 200µl of chloroform was added to each tube and mixed well by 

shaking up and down. They were then centrifuged for 15 minutes at 12,000xg at 4oC 

and the upper aqueous layer was carefully collected. The RNA was precipitated by 

adding 1µl of glycogen (Invitrogen cat no: 10814010) and equal volume of isopropyl 

alcohol. Incubation at -20oC for 10 minutes was done and followed up by centrifugation 

at 12,000xg for 10 minutes at 4oC. Finally, the RNA pellet was washed twice with 500µl 

of 75% ethanol. The pellet was air dried and reconstituted in 30µl of RNase-free water. 

To remove the contaminating DNA, the samples were treated with TURBO™ DNase 

(ThermoFisher Scientific Cat no: AM2238) and RNA cleanup done using RNeasy Mini 

Kit (Qiagen) according to manufacturer’s protocol. Finally, the concentration of the 

RNA samples was measured using Qubit 4 Fluorometer.  



cDNA preparation. cDNA was prepared using RevertAid RT Reverse Transcription Kit 

(ThermoFisher Scientific cat no: K1691) according to manufacturer’s protocol. 

Approximately 1µg of RNA was used per sample. 

qRT-PCR. Quantitative SYBR Green-based qRT-PCR was performed with Applied 

Biosystems™ PowerUp™ SYBR™ Green Master Mix (Cat no: A25776). RT² Custom 

Profiler PCR Arrays (Qiagen Cat no: 330171) were used and the plate was loaded into 

an Applied Biosystem QuantStudio 5 Real-time PCR machine. The thermocycler was 

run with an incubation for 2 min at 50°C, followed by an initial denaturation for 10 mins 

at 95°C. The PCR stage program was set at 95°C for 15 sec, followed by 60°C for 1 min for 

40 cycles. The PCR stage was followed by Melt curve stage according to equipment 

default conditions. ‘ACTB’ was used as the housekeeping gene to normalize expression 

levels, and the fold change was calculated using the comparative CT method. 

Transcriptomics. Transcriptional differences between the animals with LTBI, active 

disease, SIVmac239-reactivation, SIVmac239-nonreactivation, SIVΔGY co-infection, and 

CD4-depletion were analyzed using M. mulatta (rhesus macaque) specific Agilent 4x44 

DNA microarray reagent as described earlier (3-5, 15). Gene-enrichment analysis was 

performed using DAVID as described earlier. Within DAVID, various modalities were 

to perform gene-enrichment analyses including Gene Ontology (GO) Molecular 

Functions or Biological Processes (Fig 4A,D,E), Categories (Fig 4C),  and INTERPRO 



(Fig 4B). Output from DAVID utilized appropriate correction for repeated measures for 

multiple comparisons (Bonferroni).  

Measurement of cytokine levels. We performed cytokine analyses on plasma and BAL 

supernatant using the Cytokine/Chemokine/Growth Factor 37-Plex NHP ProcartaPlexTM 

Panel (Invitrogen) according to the manufacturer’s instructions and as described earlier 

for supernatants derived from macaque cells infected with Mtb (16).   

Statistical analyses. Statistical comparisons were performed using one-way or two-way 

analysis of variance (ANOVA) in GraphPad Prism with Sidak’s or Tukey’s correction 

for multiple hypotheses, or one unpaired Students t-test as noted in figure legends as 

described previously (4). *P < 0.05; **P < 0.01; ***P < 0.001; ****P <0.0001. All figures are 

shown as mean ± SEM.  

Study approval. All animal procedures were specifically approved by the Tulane 

National Primate Research Center Institutional Animal Care and Use Committee. All 

work related to biological containment was approved by the Tulane Institutional 

Biosafety Committee.  
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Supplementary Table 1. Age, gender, and MAMU-type of each Indian rhesus macaque 

included in this study. 

 

 



Supplementary Table 2. A list of genes which exhibited the most significantly 

differential expression in the lungs of the four groups of macaques (Mtb/SIV co-infected 

reactivators, Mtb/SIV co-infected nonreactivators, Mtb/SIVΔGY co-infected animals, and 

Mtb infected/CD4R1-administered animals (n=3 per group). 

 



Supplemental Figure 1. Clinical markers of SIVΔGY co-infection and Mtb/CD4R1 

administration.  All animals were monitored for clinical signs of disease. Mtb CDC1551-

infected LTBI (n=10, shown in blue), Mtb/SIVmac239 co-infected non-reactivators (n=7, 

shown in teal), Mtb/SIVmac239 co-infected reactivators (n=8, shown in yellow), 

Mtb/SIVΔGY co-infected (n=5, shown in pink), and Mtb/CD4R1-administered NHPs 

(n=8, shown in red). These included (A) serum C-reactive protein (CRP), which was 

measured weekly. (B) Bacterial burden was measured once every four weeks beginning 

at 1 week pre-infection with Mtb CDC1551. Bacterial burden was measured at necropsy 

per gram of tissue plated of (C) spleen, (D) liver, and (E) kidneys. *P < 0.05; **P < 0.01; 

***P < 0.001; ****P <0.0001, one-way ANOVA with Tukey’s multiple testing correction. 

Data represent mean ± SEM. 

 

 

 

 

 

 

 

 

 



Supplementary Figure 1. 

 

 

 

Supplementary Figure 2. Total CD4+ T cell depletion. CD4+ T cells were quantified by 

flow cytometric analysis from different tissues collected from rhesus macaques that 

were Mtb CDC1551-infected LTBI (n=10, shown in blue), Mtb/SIVmac239 co-infected 

non-reactivators (n=7, shown in teal), Mtb/SIVmac239 co-infected reactivators (n=8, 

shown in yellow), Mtb/SIVΔGY co-infected (n=5, shown in pink), and Mtb/CD4R1-

administered (n=8, shown in red). CD4+ T cells were quantified and reported per 10,000 



lymphocyte+ singlet cells in the (A) whole blood and in the (B) BAL every four weeks 

beginning at week 7 post-Mtb infection/week -2 prior to SIV co-infection. SIV-

coinfection was performed at week 9 post-Mtb for selected groups, designated by the 

dotted line. CD4+ T cells were also quantified at necropsy in the (C) whole blood, (D) 

BAL, and (E) lungs. *P < 0.05; **P < 0.01; ***P < 0.001; ****P <0.0001, one-way ANOVA 

with Tukey’s multiple testing correction. Data represent mean ± SEM. 

Supplementary Figure 2. 

 

 

 



Supplementary Figure 3. Necropsy Lung CD4+ and CD8+ T cells reflect no 

proportional shifts following SIVmac239-coinfection or CD4 antibody-mediated 

depletion. Shown in all figures are the proportion of T cell sub-populations, naïve vs. 

effector vs. memory, in the CD4+ and CD8+ T cell compartments. At necropsy, the 

proportion of residual effector (CD95+CD28-, shown as circles), memory (CD95+CD28+, 

shown as squares), and naïve (CD95-CD28+, shown as upward triangles) (A) CD4+ T 

cells and (B) CD8+ T cells in the lungs did not significantly differ between LTBI (n=10, 

shown in blue) and SIVmac239-coinfected NHPs (n=15, shown in black) or NHPs 

administered CD4R1 (n=8, shown in red). *P < 0.05; **P < 0.01; ***P < 0.001; ****P <0.0001, 

two-way ANOVA with Tukey’s multiple testing correction. Data represent mean ± 

SEM. 

Supplementary Figure 3. 

 

 

 



Supplementary Figure 4. Cytokine responses following CD4+ T cell depletion due to 

SIV co-infection and CD4R1-administration. At week 15 post-Mtb infection and after 6 

weeks of SIV-coinfection or antibody-mediated CD4+ T cell depletion, the quantities of 

cytokines were measured in the plasma and BAL supernatant using Luminex analysis. 

Plasma and BAL supernatant were analyzed from Mtb CDC1551-infected LTBI (n=4, 

shown in blue), Mtb/SIVmac239 co-infected non-reactivators (n=3, shown in teal), 

Mtb/SIVmac239 co-infected reactivators (n=3, shown in yellow), Mtb/SIVΔGY co-

infected (n=5, shown in pink), and Mtb/CD4R1-administered NHPs (n=4, shown in red). 

The concentration of IFN-γ was measured in (A) plasma and (B) BAL supernatant. The 

concentration of (C) CXCL9 was measured in the plasma. The concentration of (D) 

CXCL13, (E) Eotaxin, (F) I-TAC, and (G) IL-6 was measured in BAL supernatant. The 

concentration of (H) IL-8 and (I) MIP-1β was measured in plasma. The concentration of 

(K) SDF-1α was measured in BAL supernatant. *P < 0.05; **P < 0.01; ***P < 0.001; ****P 

<0.0001, one-way ANOVA with Tukey’s multiple testing correction. Data represent 

mean ± SEM. 

 

 

 

 

 



Supplementary Figure 4. 

 

 

 

 

 



Supplementary Figure 5. Activation of CD8+ T cells is increased in reactivators 

compared to CD4R1-administered NHPs. CD8+ T cell expression of HLA-DR in the 

lungs at necropsy was measured using flow cytometric analysis (F) and co-expression 

of markers of migration (CCR5 and CCR7), activation (CD69), and apoptosis (PD-1) 

were measured in the (G) HLA-DR+ and (H) HLA-DR- T cell population.  *P < 0.05; **P < 

0.01; ***P < 0.001; ****P <0.0001, multiple T-tests with Holm-Sidak method for multiple 

comparison correction. Data represent mean ± SEM. 

Supplementary Figure 5. 
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