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Objectives: To investigate whether Mycobacterium tuberculosis (Mtb) DNA is detected in peripheral blood 

mononuclear cells (PBMC) of subjects with tuberculosis (TB) or TB infection (TBI) living in a low-burden 

country. 

Methods: We prospectively enrolled 57 patients with TB, 41 subjects with TBI, and 39 controls in Rome, 

Italy. PBMC were isolated, cluster of differentiation (CD)34+ and CD34− cells were immunomagnetic sep- 

arated, DNA was extracted, and digital polymerase chain reaction for IS 6110 and rpoB sequences was used 

to detect Mtb DNA in PBMC subsets and unfractionated PBMC. 

Results: We detected Mtb DNA at a low copy number in CD34+ cells in 4o f 30 (13%) patients with TB, 

2 of 24 (8%) subjects with TBI, and 1 of 24 (4%) controls. Mtb DNA was detected in unfractionated PBMC 

in 3 of 51 (6%) patients with TB, 2 of 38 (5%) subjects with TBI, and 2 of 36 (6%) controls. In CD34− cells, 

only 1 of 31 (3%) subjects with TBI tested positive for Mtb DNA. 

Conclusions: Mtb DNA was detected at low frequencies and levels in the PBMC of subjects with TBI and 

donors with TB living in a low-burden country. In particular, Mtb DNA was detected more frequently in 

CD34+ cells, supporting the hypothesis that these cells may represent a Mtb niche. This finding informs 

biological understanding of Mtb pathogenesis and may support the development of a microbial blood 

biomarker for Mtb infection. 

© 2024 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious 

Diseases. 

This is an open access article under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ) 
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Tuberculosis (TB) is an infectious disease caused by Mycobac- 

erium tuberculosis (Mtb) and represents a major public health 

hreat worldwide, with 10.6 million cases and about 1.3 million 

eaths in 2022 [1] . For TB control and for reducing Mtb transmis- 
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ion, it is crucial to diagnose TB infection (TBI) and identify the 

ubset of infected people at the highest risk of progression from 

nfection to disease, who will benefit the most from preventive 

herapy [2] . Currently, there is no gold-standard test for TBI diag- 

osis [3] . Tuberculin skin test (TST) and interferon- γ release assays 

IGRA) detect only an immune response associated with TBI and 

hey have a low positive predictive value for progression to dis- 

ase [4 , 5] . In addition, a minority of subjects who tested negative 

n IGRA may also progress to TB [6] . Several new methodologies 

or TBI diagnosis based on the direct identification of Mtb rather 

han the host response directed at Mtb have been attempted [7] . 
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Recent studies have suggested that Mtb DNA can be detected 

n the peripheral blood mononuclear cells (PBMC) of infected sub- 

ects using a lytic bacteriophage-based blood assay (Actiphage) and 

olymerase chain reaction (PCR) in patients with either TB dis- 

ase (11 of 15, 73%) or TBI (3 of 18, 17%) [8] . Interestingly, two of

he three subjects positive for Mtb DNA progressed to TB disease 

ithin 7 months, suggesting the potential utility of this methodol- 

gy in identifying the TB progressors [8] . More recently, the same 

roup showed that an Actiphage test positivity at baseline is asso- 

iated with the presence of features of incipient TB [9] . 

Other studies demonstrated that Mtb can be detected in pe- 

ipheral blood cells, in particular, in the hematopoietic stem cells 

10] . It has been shown that Mtb DNA is present in peripheral 

ematopoietic stem cells (CD34+ cells) of IGRA-positive donors 

11] . The Mtb present in CD34+ cells of subjects with TBI was in 

 dormant state because it was almost unable to form colonies on 

gar. However, these Mtb-infected CD34+ cells, when they were 

noculated via intra-tracheal injection into immunocompromised 

ice, caused a disseminate TB disease, accompanied by the detec- 

ion of culturable Mtb bacilli from several mouse tissues, such as 

he lung, spleen, thymus, and bone marrow [11] . 

Moreover, Mtb DNA was also detected by droplet digital PCR 

ddPCR) in CD34+ and CD34− cells isolated from asymptomatic 

dults with recent household or occupational exposure to pul- 

onary and bovine TB [12] . This study carried out in Ethiopia, 

 high TB endemic country, led to the detection of Mtb DNA in 

56 of 197 (79%) subjects, with a higher prevalence in CD34+ cells 

154 of 197, 78%) than CD34− cells (46 of 197, 23%). Intriguingly, 

he proportion of Mtb DNA detection did not differ between IGRA- 

egative and IGRA-positive donors, 77 of 99 (78%) versus 79 of 98 

81%), respectively [12] . The administration of isoniazid preventive 

herapy was also shown to reduce the proportion of detectable Mtb 

NA in a subset of participants living with HIV who received this 

ntervention. These data suggest that new molecular approaches to 

he detection of microbiological biomarkers of Mtb infection may 

ave a role in TBI diagnosis and treatment monitoring. 

However, data are lacking on the ability to detect Mtb DNA in 

atients with TBI in low TB burden settings. Moreover, the detec- 

ion of Mtb DNA in PBMC of patients with TB disease has yet to 

e evaluated. We, therefore, conducted an observational study in 

ome, Italy to determine whether Mtb DNA could be detected in 

he PBMC of patients with TBI or TB disease. 

ethods 

tudy population 

This study was approved by the National Institute for Infectious 

iseases Lazzaro Spallanzani (INMI) Ethical Committee (approval 

umbers: 55/2019), and written informed consent was signed by 

ll the donors, all recruited at INMI. Donors were prospectively en- 

olled between August 2020 and September 2023. Microbiological 

B diagnosis was based on molecular and/or cultural positive re- 

ults from different biological specimens. Clinically diagnosed TB 

isease was defined based on clinical and radiologic criteria and 

n the physician’s decision to prescribe a full course of TB treat- 

ent to the patient that led to full recovery. Histologically, TB was 

efined based on the pathology examination of the suspected tis- 

ues. TBI was defined based on a positive score to QuantiFERON-TB 

old Plus (QFT) (Qiagen) in the absence of clinical, microbiological, 

nd radiological signs of TB disease. Among TBI donors, 20 of 41 

49%) were remote infections, whereas 21 of 41 (51%) were recent 

nfections. Subjects with TB and TBI were enrolled before or within 

 days from treatment start. 

The “no TB group” was formed by healthy donors (HDs) and by 

atients with pneumonia and other diseases enrolled at INMI as 
2

resumptive TB, which was excluded by the absence of microbio- 

ogical evidence of the disease and because the patients recovered 

ith treatments not involving TB drugs. 

ell line and bacterial strains 

Human THP-1 cells, a human monocytic leukemia cell line, 

ere cultured as already reported [13] . Cells were grown in 

PMI 1640 (Euroclone; Cat. No. ECB9006) supplemented with 2 

M L-glutamine, 1% penicillin/streptomycin solution (Euroclone, 

at. No. ECB30 0 0D and ECB30 01D, respectively) and 10% heat- 

nactivated fetal bovine serum (Gibco, Life Technologies Italia; Cat. 

o. 10270106), previously inactivated at 56 °C for 30 minutes. Cells 

ere maintained at 37 °C, with a 5% CO2 humidified atmosphere. 

The Mtb strain H37Rv used for THP-1 infection was isolated at 

he Fondazione Policlinico Gemelli IRCCS, Università Cattolica del 

acro Cuore [14] . 

HP-1-derived macrophages infection with Mtb 

To induce macrophage differentiation, THP-1 cells were treated 

ith 0.1 μg/ml phorbol 12-myristate 13-acetate (Merck Life Sci- 

nce; Cat. No. J63916.MX) for 48 hours. Experiments with Mtb 

ere performed in a biosafety laboratory level 3 following stan- 

ard safety procedures. THP-1-derived macrophages were infected 

ith Mtb H37Rv at different multiplicities of infection (0.1, 1, 

nd 10) using RPMI supplemented with heat-inactivated 2% fetal 

ovine serum and 2 mM L-glutamine. A total of 4 hours after infec- 

ion, cells were washed three times with 1 × phosphate buffered 

aline (Euroclone; Cat. No. ECB4004L) to remove extracellular 

acteria. Cells were then detached with trypsin-ethylenediamine 

etraacetic acid solution (Merck Life Science; Cat. No. T3924) and 

eated at 80 °C for 30 minutes. DNA was extracted as described 

elow. 

BMC isolation, separation of CD34+ and CD34− from PBMC, and 

ow cytometry 

PBMC were isolated on density gradient centrifugation from 21- 

7 ml of blood using Ficoll (Cedarlane Labs; Cat. No. CL5020-RC). 

D34+ and CD34− cells were separated from PBMC using CD34 Mi- 

roBead Ultra-Pure Kits and MS columns (Miltenyi Biotec; Cat. No. 

30-100-453 and 130-042-201, respectively) according to the man- 

facturer’s instructions. Effective isolation of CD34+ was confirmed 

y flow cytometry; Supplementary Figure 1 shows one of three 

onors tested and not included in our cohort. Cells were stained 

efore and after isolation with allophycocyanin-conjugated anti- 

uman CD34 and BV786-conjugated anti-human CD45 (BD Bio- 

ciences; Cat. No. 555824 and 563716, respectively) (gating strate- 

ies are shown in Supplementary Figure 1) and acquired on a 

xFlex cytometer (Beckman Coulter). Data were analyzed with Cy- 

Expert software (Beckman Coulter). 

NA extraction 

DNA was extracted from Mtb-infected THP-1-derived 

acrophages and from three different peripheral cell subpop- 

lations of each donor (CD34+ , CD34− cells, and unfractionated 

BMC) using a cetyltrimethylammonium bromide and chloroform- 

soamyl alcohol protocol, as already reported [15] . Concentrations 

f DNA were determined using the NanoDrop 20 0 0c spectropho- 

ometer (ThermoFisher Scientific). 

roplet digital polymerase chain reaction 

ddPCR was performed using a QX200 ddPCR System (Bio-Rad 

aboratories) to detect two Mtb-specific DNA sequences, the multi- 
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opy (8-15 copies) insertion sequence (IS) 6110, and the single-copy 

ene rpoB . 

The reaction was performed using 2 × Supermix for 

robes no dUTP (Bio-Rad Laboratories; Cat. No. 1863024) 

ccording to the manufacturer’s instructions. The total vol- 

me used in each ddPCR procedure was 20 μl. The se- 

uences of primers used for IS 6110 amplification were as 

ollows: forward 5’-AGAAGGCGTACTCGACCTGA-3’, reverse 5’- 

ATCGTCTCGGCTAGTGCAT-3’ and probe 5’-AGGCAGGCATCCAACCG- 

’, which was labeled with HEX at 5’ terminal and BHQ1 at 3’ 

erminal. The sequences of primers used for rpoB amplification 

ere as follows: forward 5’- CAAAACAGCCGCTAGTCCTAGTC- 

’, reverse 5’-AAGGAGACCCGGTTTGGC-3’, and probe 5’- 

GTCGCCCGCAAAGTTCCTCGAA-3’, which was marked with FAM at 

’ terminal and BHQ1 at 3’ terminal (all from Merck Life Science). 

he amplification was performed using the following conditions: 

5 °C for 10 minutes for enzyme activation, then 45 cycles each 

onsisting of 30 seconds denaturation at 95 °C and of 1 minute 

rimer annealing and extension at 55 °C, and a final 95 °C for 10

inutes step for droplet stabilization. The temperature ramp rate 

as 2.5 °C/second. 

A no-template control and a positive control (Mtb-infected 

HP-1-derived macrophages) were used in each ddPCR experi- 

ent. Data were analyzed using QuantaSoft Analysis software and 

hresholds were set at amplitudes of 1200 for channel 2 (de- 

ecting the HEX-labeled IS 6110 probe) and at 40 0 0 for channel 

 (detecting the FAM-labeled rpoB probe) across all the samples 

o separate positive and negative droplets. ddPCR data were con- 

idered valid for droplet counts > 10,0 0 0/well according to the 

anufacturer’s instructions. The absolute target concentration is 

alculated by Poisson distribution. ddPCR data are presented as 

opy number per 20 μl and as number of positive droplets per 

ell. The limits of detection (LODs) were calculated consider- 

ng the number of positive droplets of the negative controls and 
Table 1 

Demographical and clinical information of enrolled subjects. 

Characteristics TB 

N (%) 57 (42) 4

Age median (interquartile range) 47 (36-61) 5

Female N (%) 21 (37) 1

Origin N (%) West Europe 21 (37) 2

East Europe 15 (26) 1

Asia 7 (12) 4

Africa 9 (16) 2

South America 5 (9) 1

BCG-vaccinated N (%) 36 (63) 1

HIV-infected N (%) 2 (4) 0

QFT N (%) Positive 28 (49) 4

Negative 3 (5) 0

Not done 26 (46) 0

TB diagnosis N (%) Microbiological c 53 (92) - 

Histological 2 (4) - 

Clinical 2 (4) - 

Pulmonary 44 (77) - 

TB localization N (%) Extrapulmonary 5 (9) - 

Pulmonary and 

extrapulmonary 

8 (14) - 

Pneumonia-no TB - - 

Non tuberculosis 

mycobacteria 

- - 

NO TB controls N (%) COVID-19 - - 

Adenocarcinoma - - 

Lymphoma - - 

BCG orchitis - - 

BCG, Bacille Calmette-Guérin; QFT, QuantiFERON-TB Gold Plus; TB, tuberculosis; TBI, TB i
a Kruskal-Wallis test 
b chi-square test 
c microbiological diagnosis is based on molecular and/or cultural positive results. 

3

he gene copies/20 ul obtained at the lower Mtb gDNA concen- 

ration for each gene (i.e. 1 fg for rpoB or 0.25 fg for IS 6110 ).

he LODs for IS 6110 and rpoB were calculated using the formula: 

OD = limit of blank + 1.645 × SDlow concentration sample , where limit 

f blank = meanblank + 1.645 × SDblank [16] . 

tatistical analysis 

Data were analyzed using GraphPad (GraphPad Prism 9 XML 

roject) and Stata (StataCorp LLC 2021, Stata Statistical Software: 

elease 17, College Station, TX, USA). The comparisons between 

roups were evaluated using the Kruskal-Wallis test, whereas the 

hi-square test was used for categorical variables. 

The Spearman rank correlation coefficient was used to evaluate 

he correlation between copy number per 20 μl well for IS 6110 

ompared with rpoB . 

The proportion of Mtb DNA-positive in CD34− cells and in 

BMC was compared with that obtained in CD34+ cells by test of 

roportions. 

The association of Mtb DNA detection with cell population and 

iagnosis was investigated using multivariable mixed-effects logis- 

ic regression analysis in which, to account for repeated measures 

n cell population, a random intercept by subjects was used. 

On the subset of subjects with QFT test, the association of Mtb 

NA detection and QFT status, in each cell populations, was eval- 

ated by Firth logistic regression analysis to obtain finite estima- 

ions in case of perfect separation. 

esults 

haracteristics of the enrolled donors and CD34+ cell isolation 

We prospectively enrolled 137 individuals: 57 with TB, 41 with 

BI, and 39 with no TB ( Table 1 ). Within the no TB group, 14
TBI NO TB Total p-value 

prTB Healthy donors 

1 (30) 25 (18) 14 (10) 137 (100) 

3 (34-63) 55 (42-63) 40 (31-45) 0.0312 a 

6 (39) 13 (52) 10 (71) 60 (44) 0.0887 b 

3 (56) 16 (64) 14 (100) 74 (54) 

1 (27) 2 (8) 0 (0) 28 (20) 

 (10) 2 (8) 0 (0) 13 (9) 0.0003 b 

 (5) 3 (12) 0 (0) 14 (10) 

 (2) 2 (8) 0 (0) 8 (6) 

8 (44) 9 (36) 1 (7) 64 (47) 0.0010 b 

 (0) 2 (8) 0 (0) 4 (3) 0.2614 b 

1 (100) 0 (0) 0 (0) 69 (50) 

 (0) 18 (72) 14 (100) 35 (26) 

 (0) 7 (28) 0 (0) 33 (24) 

- - 53 (39) 

- - 2 (1) 

- - 2 (1) 

- - 44 (32) 

- - 5 (4) 

- - 8 (6) 

12 (48) - 12 (9) 

5 (20) - 5 (4) 

5 (20) - 5 (4) 

1 (4) - 1 (1) 

1 (4) - 1 (1) 

1 (4) - 1 (1) 

nfection; prTB, presumptive TB. 
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Figure 1. Flowchart of enrolled subjects. Number of total enrolled subjects, number of subjects in which cell selection was performed, and number of valid ddPCR results 

were obtained. CD, cluster of differentiation; HD, healthy donor; Mtb, Mycobacterium tuberculosis ; PBMC, peripheral blood mononuclear cells; prTB, presumptive TB; TB, 

tuberculosis; TBI, TB infection. It was created with BioRender.com. 
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Table 2 

Evaluation of the association between Mtb DNA detection and TB status or cell 

population. 

aOR 95% confidence interval p-value 

NO TB Ref. 

TB 2.12 0.38 - 11.91 0.395 

TBI 1.89 0.31 - 11.66 0.495 

CD34+ Ref. 

CD34− 0.09 0.01 - 0.84 0.035 

PBMC 0.58 0.17 - 1.93 0.373 

aOR, adjusted odds ratio; CD, cluster of differentiation; TB, tuberculosis; PBMC, 

peripheral blood mononuclear cells. OR was estimated by multivariable mixed- 

effects logistic regression. 
ere HDs, whereas 25 were patients with pneumonia or other dis- 

ases, admitted to our hospital as presumptive TB in whom clini- 

al evaluation and microbiological and molecular tests excluded TB 

iagnosis. Demographic and clinical characteristics are reported in 

able 1 . 

After enrollment, as shown in Figure 1 , PBMC isolation was per- 

ormed in all subjects. Owing to a low number of PBMC obtained, 

he isolation of CD34+ cells was performed in 37 of 57 (65%) pa- 

ients with TB, 38 of 41 (93%) subjects with TBI, and 31 of 39 (80%)

onors with no TB (20 of 25 of presumptive TB and 11 of 14 of

Ds). 

A representative example of CD34+ cell isolation from the 

BMC of an HD is reported in Supplementary Figure 1. Before mag- 

etic separation, the proportion of CD34+ was 0.14% of the PBMC, 

hereas after isolation, these cells were 87.23% within the CD34+ 

raction and 0.01% within the CD34− fraction, respectively, con- 

rming what previously showed [12 , 17] . In the next experiments, 

ecause it is known that the CD34+ cells are only 0.01-0.2% of 

BMC [18] , DNA was extracted from the different cell populations 

ithout verifying the cell purity of the populations. 

Valid ddPCR data (droplet counts > 10,0 0 0/well) were obtained 

or at least 63% of the samples available ( Figure 1 ). 

etection of Mtb DNA 

We analyzed the presence of Mtb DNA in the peripheral cell 

ubpopulations by ddPCR detecting two Mtb-specific DNA se- 

uences, IS 6110 and rpoB . Supplementary Figure 2 shows some rep- 

esentative amplification plots. Samples were considered positive 

hen the DNA copy number per 20 μL was above the LODs (Meth- 

ds), which were 4.3 copies/20 μl and 3.6 copies/20 μl, for IS 6110 

nd rpoB, respectively. 

As shown in Figure 2 , Mtb DNA was detected mainly in the 

D34+ cells and in unfractionated PBMC; Mtb DNA was detected 

n the CD34– population of only one subject with TBI. 
4

In the CD34+ cells, IS 6110 was detected in 4 of 30 (13%) patients 

ith TB, in 2 of 24 (8%) subjects with TBI, and in 1 of 15 (7%)

onors with presumptive TB, whereas it was not detected in HDs. 

otably, IS 6110 was also detected in unfractionated PBMC in 2 of 

1 (4%) patients with TB, 1 of 38 (3%) subjects with TBI, and 2 of

2 (9%) donors with presumptive TB. IS 6110 was not detected in 

Ds. 

Similar results were obtained by analyzing the rpoB gene, which 

as detected in the CD34+ cells population of patients with TB 

3 of 30, 10%), subjects with TBI (2 of 24, 8%), and donors with 

resumptive TB (1 of 24, 4%). This gene was not detected in CD34−

ells, whereas it was detected in unfractionated PBMC in 1 of 51 

2%) patients with TB, 2 of 38 (5%) subjects with TBI, and 1 of 22

5%) donors with presumptive TB, respectively. 

The logistic regression analysis of these results showed a sig- 

ificant lower probability to detect Mtb DNA in CD34− cells (odds 

atio [OR] 0.09, 0.01-0.84, p = 0.035) than CD34+ cells ( Table 2 ). 

oreover, although not statistically significant, the probability of 

etecting Mtb DNA was about two-fold higher in subjects with TB 

r TBI with respect to donors with no TB ( Table 2 ). 

The seven patients with TB positive for Mtb DNA were all mi- 

robiologically confirmed. In particular, five were pulmonary TB, 
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Figure 2. IS 6110 and rpoB DNA copy number of peripheral cell subpopulations. IS 6110 (A) and rpoB (B) copy number per 20 μl well detected in CD34+ and CD34− cells and 

PBMC in patients with TB, subjects with TBI, donors with presumptive TB, and HDs. Dotted lines indicate the LODs for Mtb specific DNA sequences (4.3 copies per 20 μl 

for IS 6110 and 3.6 copies per 20 μl for rpoB ). The different colored dots indicate different positive subjects. CD, cluster of differentiation; HD, healthy donors; LOD, limit of 

detection; PBMC, peripheral blood mononuclear cells; TB, tuberculosis; TBI, TB infection; prTB, presumptive TB. 
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ne was pulmonary and extrapulmonary TB, and one extrapul- 

onary TB. Of the four donors with TBI positive for Mtb DNA, 

hree were remote infections and one was a recent infection. The 

wo donors with presumptive TB positive for Mtb DNA had a QFT- 

egative score. 

The copy number per 20 μl of IS 6110 and rpoB were signifi- 

antly positively correlated in all peripheral cell populations, with 

 = 0.77 for CD34+ cells, r = 0.41 for CD34− cells, and r = 0.60 for

nfractionated PBMC (p < 0.0 0 01) ( Figure 3 ). 

It is worth noting that the number of positive droplets was very 

ow, with counts ranging from 2 to 11 for IS 6110 and from 2 to 7

or rpoB (Supplementary Figure 3). 
5

Finally, we evaluated whether the detection of Mtb DNA was 

ssociated with QFT status (Supplementary Figure 4). Regardless of 

he cellular populations, the majority of donors who testing pos- 

tive for Mtb DNA were scored QFT-positive for IS 6110 (10 of 13, 

7%) and rpoB (8 of 10, 80%). 

As shown in Supplementary Table 1, although not statistically 

ignificant, subjects in whom Mtb DNA was detected had a trend 

o be QFT-positive rather than QFT-negative. This was observed 

ainly in CD34+ cells (OR 2.48, 95% confidence interval [CI] 0.39- 

5.85, p = 0.336) than in CD34− cells (OR 1.72, 95% CI 0.07-43.55, 

 = 0.743) and PBMC (OR 1.11, 95% CI 0.23-5.27, p = 0.896). No 

orrelation was found between Mtb antigen–stimulated interferon- 



F. Repele, T. Alonzi, A. Navarra et al. International Journal of Infectious Diseases 141 (2024) 106999

Figure 3. Correlation between IS 6110 and rpoB DNA copy number of peripheral cell populations. IS 6110 versus rpoB copy number per 20 μl well for CD34+ cells (A), CD34−

cells (B), and PBMC (C). Dotted lines indicate the limit of detection for Mtb-specific DNA sequences (4.3 copies per 20 μl for IS 6110 and 3.6 copies per 20 μl for rpoB ). 

Correlation coefficient and p-values were calculated with the Spearman test. 

CD, cluster of differentiation; PBMC, peripheral blood mononuclear cells. 
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data not shown). 

iscussion 

In the current study, we demonstrated that Mtb DNA can be 

etected in peripheral blood cells of subjects with TBI and disease 

ho are attending TB services in a low TB burden country (Italy). 

tb DNA detection was more frequent in the CD34+ cells of pa- 

ients with TB or TBI, supporting the hypothesis that these cells 

ay serve as a niche for Mtb. These results have potential to un- 

erpin development of innovative strategies for TB and TBI diagno- 

is. 

Recently, it was reported that Mtb DNA is detected at high fre- 

uencies and levels in asymptomatic TB contacts living in Ethiopia, 

hich is a high TB endemic country [12] . Our study found that Mtb

NA could be also detected in subjects with TBI living in a low TB 

ncidence setting, a country with a considerably lower prevalence 

han Ethiopia [1] . In addition, we showed the presence of Mtb DNA 

n patients with TB disease and in donors with presumptive TB. It 

s important to note that in all positive donors, the Mtb DNA was 

ound at a lower copy number than what was previously found in 

thiopia [12] . This difference may be because of different factors, 

uch as the lower volume of blood used in our experiments versus 

hose in Ethiopia (21-27 ml vs 100 ml), which may have limited 

he number of Mtb-containing cells. However, we did not find any 

orrelation between the Mtb DNA copy number and the amount of 

NA used (data not shown). Another factor may be linked to the 

ow environmental exposure to Mtb in a low burden country such 

s Italy. This agrees with the low Mtb DNA copy number found in 

he CD34+ cells of donors living in another Western country (Aus- 

ria) [11] . 

IS 6110 and rpoB copy numbers were significantly positively cor- 

elated in all peripheral cell populations, indicating the robustness 

f the Mtb detection. In most of the subjects enrolled, as expected, 

he positive samples for the single-copy gene rpoB were also pos- 

tive for the IS 6110 sequence, which is generally present in Mtb 

enome in multiple copies. We found two exceptions in the PBMC 

f one patient with TB and one donor with TBI, in which the rpoB 

dentification was not confirmed by the IS 6110 detection. In these 

wo samples, the IS 6110 copy number was just below the LOD, in- 

icating that the low number of positive droplets may be an im- 

ortant issue to consider for a positive or negative score of Mtb 

NA detection. 

Because Mtb DNA was detected mainly in the CD34+ cells, 

ur results agree with previous data [11 , 12] , further indicating 
6

hat Mtb, along with other pathogens, affects the blood cell pro- 

uction by the bone marrow. A clear example is the increased 

yeloid cellularity in the circulation in patients with TB [19] . 

his is likely because of an alteration of the cytokine milieu 

ontrolling hematopoietic stem cells differentiation mechanisms, 

hich is also able to influence the immune response against Mtb 

20–24] . 

Interestingly, we found that Mtb DNA was also detected in a 

inority of subjects without TB or TBI, in particular, in two pa- 

ients admitted to the hospital with a presumptive TB. These in- 

ividuals were QFT-negative and TB disease diagnosis was mi- 

robiologically and molecularly excluded. This finding agrees to 

hat was previously reported in Ethiopia, in which the 49% (77 

f 156) of Mtb DNA-positive TB contacts were scored QFT-negative 

12] . The status of being QFT-negative and Mtb DNA-positive may 

ave different explanations, such as being caused by a recently 

cquired infection or by the presence of Mtb-specific T cell re- 

ponses independent of interferon- γ release, known to be present 

n persistently QFT-negative individuals despite high TB exposure 

25] . 

We also wondered if Bacille Calmette-Guérin (BCG) vaccination 

ould have an impact on Mtb DNA detection. We showed that in 

he 13 subjects who tested Mtb DNA-positive, six (46%) were not 

accinated with BCG, indicating that BCG vaccination is not re- 

ponsible for the results obtained. 

Regarding the correlation between Mtb DNA detection and TB 

issemination, it is difficult to have conclusive data owing to the 

ow number of the patients evaluated with extrapulmonary (5 pa- 

ients) or extrapulmonary and pulmonary TB (8 patients) localiza- 

ion versus those with a pulmonary localization (44 patients). Fur- 

her studies are needed to dissect it out. 

This study has a few limitations. We did not evaluate the 

hanges in Mtb DNA copy number over time, as previously done 

12] . Moreover, donors were followed up only for 14-23 months 

fter the enrollment restraining the ability to further evaluate the 

B outcome in those with presumptive TB as well as in TBI. How- 

ver, although the Actiphage approach reported that Mtb DNA is 

ssociated with incipient TB [9] and with TB progression [8] , oth- 

rs found that the detection of Mtb DNA in peripheral blood of TB 

ontacts is more likely to represent a quiescent Mtb infection than 

ncipient or subclinical disease [11 , 26] . Further studies are required 

o clarify the prognostic significance of detecting Mtb DNA in the 

lood of asymptomatic people. 

In conclusion, our results indicate that Mtb DNA may be de- 

ected, although at a low frequency and at a low copy number, in 

he peripheral blood cells of subjects living in a low TB burden 
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ountry. Mtb DNA was found mainly in the CD34+ cell population, 

einforcing the hypothesis that these cells represent an Mtb reser- 

oir. Based on the available literature, the presence of an immune 

esponse against Mtb (TST-positive or IGRA-positive) does not dis- 

riminate between individuals currently infected from those that 

radicated the mycobacteria . Therefore, the detection of Mtb DNA 

n the blood can be considered as an approach to refine this de- 

cription [25] , although more evidence will be needed to demon- 

trate the clinical value of this test. These results may also under- 

in future effort s to develop new approaches for the diagnosis of 

B and TBI. 
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