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Abstract

Background

We previously reported increased unstimulated blood levels of interferon-gamma in persons

with latent tuberculosis infection (LTBI) in the United States, suggesting enhanced immune

activation in LTBI. To investigate this further in a TB-endemic setting, we assessed inter-

feron-gamma levels in persons with and without LTBI in Peru.

Methods

We analyzed data from patients with and without a recent type 1 (spontaneous) acute myo-

cardial infarction (AMI) who were enrolled from two public hospital networks in Lima, Peru,

and underwent LTBI testing using the QuantiFERON® TB Gold In-tube (QFT) assay. Partic-

ipants with a positive QFT test were defined as having LTBI, whereas participants with a

negative QFT test were defined as non-LTBI. Unstimulated interferon-gamma was quanti-

fied via enzyme-linked immunosorbent assay in the QFT nil-tube, which does not contain

antigens. We compared unstimulated interferon-gamma levels between LTBI and non-LTBI

groups using the Wilcoxon rank sum test. We used proportional odds modeling for multivari-

able analysis.
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d’Investigació en Ciències de la Salut Germans

Trias i Pujol, Universitat Autònoma de Barcelona,

SPAIN

Received: April 3, 2018

Accepted: July 30, 2018

Published: September 13, 2018

Copyright: © 2018 Huaman et al. This is an open

access article distributed under the terms of the

Creative Commons Attribution License, which

permits unrestricted use, distribution, and

reproduction in any medium, provided the original

author and source are credited.

Data Availability Statement: All relevant data are

within the paper and its Supporting Information

files.

Funding: This work was supported in part by the

University of Cincinnati Department of Internal

Medicine (Junior Faculty Pilot Award), the National

Center for Advancing Translational Sciences (grant

numbers UL1 TR000117 to the University of

Kentucky and KL2 TR001426 to the University of

https://doi.org/10.1371/journal.pone.0202191
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0202191&domain=pdf&date_stamp=2018-09-13
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0202191&domain=pdf&date_stamp=2018-09-13
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0202191&domain=pdf&date_stamp=2018-09-13
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0202191&domain=pdf&date_stamp=2018-09-13
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0202191&domain=pdf&date_stamp=2018-09-13
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0202191&domain=pdf&date_stamp=2018-09-13
https://doi.org/10.1371/journal.pone.0202191
https://doi.org/10.1371/journal.pone.0202191
http://creativecommons.org/licenses/by/4.0/


Results

Data from 214 participants were included in this analysis. Of those, 120 (56%) had LTBI.

There were no significant differences in age, sex and comorbidities between LTBI and non-

LTBI participants, except for recent AMI that was more frequent in LTBI. LTBI participants

had higher unstimulated interferon-gamma levels compared to non-LTBI participants

(median, interquartile range; 14 pg/mL, 6.5–52.8 vs. 6.5 pg/mL, 4.5–15; P<0.01). LTBI

remained associated with higher unstimulated interferon-gamma levels after controlling for

age, sex, recent AMI, history of hypertension, diabetes mellitus, dyslipidemia, end stage

renal disease, malignancy, obesity, and tobacco use (adjusted odds ratio, 2.93; 95% confi-

dence interval, 1.8–4.9). In a sensitivity analysis that excluded participants with AMI, the

association between unstimulated interferon-gamma and LTBI remained present (adjusted

odds ratio; 3.93; 95% confidence interval, 1.9–8.2).

Conclusions

LTBI was associated with higher unstimulated interferon-gamma levels. These data suggest

ongoing immune activation in LTBI.

Introduction

Latent tuberculosis infection (LTBI) affects approximately one fourth of the world population

[1]. It is estimated that 5 to 10% of persons with LTBI will progress to active TB disease during

their lifetime [2–4]. The other 90 to 95% will remain “latently” infected. Individuals considered

at high risk for TB disease progression should receive LTBI therapy based on current screening

and treatment guidelines [5, 6].

The classic model of LTBI proposed that mycobacteria contained within infected granulo-

mas remain dormant. Recent research shows that LTBI is not a completely quiescent state,

with wide heterogeneity in mycobacterial metabolic activity and host immune responses

within each granuloma [7, 8]. Animal models provide evidence that subsets of mycobacteria

undergo replication in chronic Mycobacterium tuberculosis infection [9]. Clinically, the activity

of mycobacteria in LTBI is suggested by the effectiveness of isoniazid in preventing progres-

sion to TB disease, as isoniazid acts on mycolic acid cell wall synthesis and is primarily effective

against dividing organisms [10–12]. LTBI has been associated with increased expression of

pro-inflammatory mediators, suggesting persistent immune activation related to unresolved

infection [13, 14].

Using data from the U.S. National Health Nutritional Examination Survey (NHANES), we

previously reported an association between LTBI and elevated unstimulated blood levels of

interferon-gamma (IFN-γ), a central cytokine in monocyte/macrophage activation usually

produced by activated T cells and natural killer cells [15]. To further assess this finding, we per-

formed a secondary analysis of IFN-γ levels in participants of a cardiovascular disease study

conducted in Peru, who underwent LTBI testing via the QuantiFERON1 TB Gold-In tube

(QFT) assay [16]. By studying this population, we sought to examine IFN-γ levels in a setting

where M. tuberculosis infection is endemic and therefore chances of re-exposure to the patho-

gen and interactions with the host immune system may be more noticeable; widespread use of

Bacillus Calmette-Guerin (BCG) vaccine in this population also distinguishes it from the U.S.

population.
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Materials and methods

The primary study was approved by the institutional review boards of the University of Ken-

tucky and the University of Cincinnati in the US, and the ethical committees of Hospital

Nacional Dos de Mayo and Hospital Nacional Edgardo Rebagliati Martins in Peru. All partici-

pants provided informed written consent for collection of study data. Participants were origi-

nally enrolled in a case-control study of patients with and without a recent type 1

(spontaneous) acute myocardial infarction (AMI) conducted in Hospital Nacional Dos de

Mayo and Hospital Nacional Edgardo Rebagliati Martins in Lima, Peru between July of 2015

and March of 2017. Cases were patients who had been diagnosed with their first type 1 AMI

within one year of study entry. Controls were patients recruited from these same hospital net-

works who did not have a history of AMI, stroke or peripheral vascular disease. Cases and con-

trols were required not to have clinical evidence of active TB disease at time of study entry.

Persons with history of human immunodeficiency virus (HIV) infection, TB disease, and/or

LTBI treatment were excluded. A detailed description of the recruiting parameters were previ-

ously published [16]. Participants’ demographic information and medical history were col-

lected by self-report. Medical charts were reviewed to confirm accuracy of medical history

data provided by participants. QFT testing was performed in all participants by a trained

research laboratory technician as instructed by the manufacturer [17]. Briefly, the procedures

followed for QFT testing were: 1) 1 mL of blood was collected into each of 3 QFT tubes: a nil

tube (negative control tube without antigens), a TB antigen tube (containing the Mycobacte-
rium tuberculosis antigens ESAT-6, CFP-10 and TB7.7), and a mitogen tube (positive control

tube containing the T cell mitogen phytohemagglutinin); 2) after mixing, the tubes were incu-

bated upright at 37˚C as soon as possible and within 16 hours of collection. Following a 16- to

24-hour incubation period, the tubes were centrifuged and plasma was stored frozen until fur-

ther analysis; 3) the concentration of IFN-γ in each plasma specimen was determined using

enzyme-linked immunosorbent assay (ELISA). For interpretation of results, the TB response

is calculated as the difference in plasma IFN-γ concentration from the TB antigen tube minus

the nil tube. TB responses� 0.35 IU/mL (17.5 pg/mL) and� 25% of nil tube value were con-

sidered positive, while TB responses < 0.35 IU/mL (17.5 pg/mL) or TB responses� 0.35 IU/

mL (17.5 pg/mL) but< 25% of nil value were considered negative. Indeterminate results were

defined as IFN-γ concentrations < 0.50 lU/mL (25 pg/mL) in the mitogen tube minus nil tube,

or an IFN-γ value > 8.0 lU/mL (400 pg/mL) in the nil tube [18]. Participants with indetermi-

nate QFT results were excluded from this study. Primary results of the QFT test based on the

response to TB antigens were presented previously [16].

We then extracted the IFN-γ values obtained in the QFT nil tubes to examine IFN-γ levels

without any in vitro antigenic stimulation. Because a non-normal distribution of IFN-γ values

was expected based on previous studies, we summarized IFN-γ levels as median and interquar-

tile ranges (IQR) and compared these levels between LTBI and non-LTBI groups using the

Wilcoxon rank sum test. For multivariable analysis, we used proportional odds modeling to

estimate the association between IFN-γ levels and LTBI, after adjusting for potential con-

founders. This model assumes the odds of having an IFN-γ value in any quartile higher than

the Nth or lower is independent of N = 1, 2, and 3 [19]. We used Stata software (version 12.0)

for statistical analyses. P values < 0.05 were considered statistically significant. All P values

were 2-tailed. All participants provided informed written consent for collection of study data.

Results

Data from 214 participants were included in this analysis. Median age was 62 years (IQR, 56–

70), 69% were male, 65% had hypertension, 40% had dyslipidemia, 39% had diabetes mellitus,
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30% reported tobacco use, and 23% were obese (body mass index�30 kg/m2). There were 120

(56%) persons with LTBI and 94 (44%) persons without LTBI based on QFT results. Partici-

pant characteristics were not significantly different between the LTBI and non-LTBI groups

except for recent AMI (Table 1), which was more frequent in the LTBI group as previously

reported [16].

The median values of unstimulated IFN-γ in the QFT nil tube stratified by participant char-

acteristics are shown in Table 2. Unstimulated IFN-γ concentrations were significantly higher

in persons with LTBI compared to persons without LTBI (median, IQR; 14 pg/mL, 6.5–52.8

vs. 6.5 pg/mL, 4.5–15; P<0.01). The log-transformed IFN-γ levels in the QFT nil tube of per-

sons with and without LTBI are shown in Fig 1. In multivariable analysis, the proportional

odds of being in a higher quartile of IFN-γ distribution was almost 3-fold higher for persons

with LTBI compared to persons without LTBI, after controlling for age, sex, history of hyper-

tension, diabetes mellitus, dyslipidemia, end stage renal disease, malignancy, tobacco use, obe-

sity and recent AMI (adjusted odds ratio; 2.93, 95% confidence interval, 1.8–4.9). Complete

results of the final proportional odds model are shown in Table 3. The proportional odds

assumption was not violated (likelihood-ratio test of proportionality of odds, P = 0.47; Brant

Table 1. Characteristics of participants with and without latent tuberculosis infection (LTBI).

Characteristic LTBI

(n = 120)

No LTBI

(n = 94)

P value

Age in years, median (IQR) 63 (57–68) 61 (55–72) 0.26

Male sex 86 (72%) 62 (66%) 0.37

History of hypertension 76 (63%) 62 (66%) 0.69

History of diabetes mellitus 45 (38%) 38 (40%) 0.66

History of dyslipidemia 49 (41%) 36 (38%) 0.71

End stage renal disease 4 (3%) 2 (2%) 0.60

History of malignancy 6 (5%) 5 (5%) 0.93

Tobacco use 41 (34%) 24 (26%) 0.17

Obesity 25 (21%) 25 (27%) 0.38

Recent acute myocardial infarction 67 (56%) 38 (40%) 0.03

https://doi.org/10.1371/journal.pone.0202191.t001

Table 2. Interferon-gamma levels in the unstimulated QuantiFERON1 nil tube stratified by participant

characteristics.

Characteristic Presence of characteristic P value

Yes a No a

Age above 60 years old 9.5 (5–32.5) 10.5 (6–39.5) 0.76

Male sex 10 (5–35) 9.8 (5.5–32) 0.83

History of hypertension 10 (6–32.5) 9.8 (4.8–46.3) 0.68

History of diabetes mellitus 8.5 (5.5–31.5) 11 (5–41.5) 0.85

History of dyslipidemia 9.5 (5.5–44) 10 (5.5–29.5) 0.59

End stage renal disease 19.8 (6.5–45.5) 10 (5.5–34.5) 0.53

History of malignancy 8.5 (4.5–67) 10 (5.5–34.5) 0.99

Tobacco use 12 (5–86.5) 8.5 (5.5–29) 0.08

Obesity 11.3 (6–36) 9 (5.5–32.5) 0.35

Recent myocardial infarction 11.5 (5.5–41.5) 8.5 (5.5–31.5) 0.16

Latent tuberculosis infection 14 (6.5–52.8) 6.5 (4.5–15) <0.01

a Interferon-gamma values in pg/mL presented as median and interquartile range in parenthesis

https://doi.org/10.1371/journal.pone.0202191.t002
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Fig 1. Log of interferon-gamma levels in the unstimulated QuantiFERON1 nil tube in persons with and without latent tuberculosis infection (LTBI).

https://doi.org/10.1371/journal.pone.0202191.g001

Table 3. Results of the final proportional odds model for being in a higher quartile of interferon-gamma

distribution.

Variable Adjusted odds ratio (95% CI)

Latent tuberculosis infection 2.93 (1.76–4.9)

Age, per year increase 0.99 (0.96–1.01)

Male sex 0.80 (0.45–1.43)

History of hypertension 1.03 (0.59–1.8)

History of diabetes mellitus 0.95 (0.55–1.64)

History of dyslipidemia 1.09 (0.59–1.8)

End stage renal disease 1.74 (0.63–1.86)

History of malignancy 0.83 (0.24–2.86)

Tobacco use 1.46 (0.8–2.65)

Obesity 1.36 (0.74–2.49)

Recent acute myocardial infarction 1.16 (0.69–1.98)

https://doi.org/10.1371/journal.pone.0202191.t003
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test of parallel regression assumption, P = 0.37). In a sensitivity analysis that excluded partici-

pants with recent AMI, the association between IFN-γ and LTBI remained present (adjusted

odds ratio; 3.93; 95% confidence interval, 1.9–8.2). In a model that only included data from

participants with LTBI, we found that none of the participants’ characteristics influenced

unstimulated IFN-γ levels within the LTBI population. S1 File contains a de-identified study

dataset.

Because diabetes mellitus induces a dysfunctional immunologic state and is increasingly

recognized as a risk factor for developing LTBI and TB disease [20, 21], we conducted a sub-

analysis of unstimulated IFN-γ concentrations restricted to the study population with this con-

dition (n = 83). Similar to the results in the overall population, we found that unstimulated

IFN-γ levels were higher in diabetic individuals with LTBI compared to no LTBI (median,

IQR; 13.5 pg/mL, 6.5–50 vs. 6.8 pg/mL, 4–14; P<0.01).

To explore if unstimulated IFN-γ levels in the nil tube influence M. tuberculosis-specific

responses, we assessed the correlation between IFN-γ values in the nil and TB antigen tubes.

We found a modest correlation in all subjects (Spearman rho = 0.59; P<0.001) and among

LTBI individuals (Spearman rho = 0.56; P<0.01). We also assessed the correlation between

IFN-γ levels in the nil and mitogen tubes. This analysis was limited by a large number of par-

ticipants with IFN-γ values reported as>10 IU/mL in the mitogen tube (58% of all individu-

als), who were assigned an absolute value of 10 IU/mL for purposes of this analysis. We found

a weak correlation between IFN-γ levels in the nil and mitogen tubes (Spearman rho = 0.22;

P = 0.01).

Discussion

We showed that unstimulated blood levels of IFN-γ are higher in persons with LTBI compared

to persons without LTBI in a TB-endemic setting such as Lima, Peru. The association between

higher IFN-γ levels and LTBI remained present after adjusting for multiple potential con-

founders. These results are consistent with our previous report of elevated IFN-γ levels in a U.

S. population with LTBI [15]. Our results are also consistent with a recent study conducted in

Seattle, Washington that found higher geometric mean of QFT nil-tube IFN-γ values in QFT

positive vs. QFT negative individuals with and without HIV infection, although these differ-

ences were not adjusted by comorbidities [22].

IFN-γ is an important pro-inflammatory cytokine involved in innate and adaptive

responses to infection. IFN-γ may be produced by activated lymphocytes, natural killer cells

and type 1 innate lymphoid cells [23]. Although the source of IFN-γ in QFT nil tubes is

unknown, it may indicate spontaneous IFN-γ secretion by activated lymphocytes and/or other

blood cells, thus reflecting a degree of ongoing immune activation in LTBI patients. Support-

ing this idea, IFN-γ levels in QFT nil tubes are elevated in individuals with other conditions

characterized by chronic immune activation such as HIV infection, even when HIV viral loads

are< 200 copies/mL [22].

The potential unfavorable consequences of enhanced chronic immune activation in LTBI

have been poorly defined. We recently reported an association between LTBI and AMI in this

same study population of middle-aged and elderly patients with multiple comorbidities; how-

ever, future studies are needed to confirm this finding in other settings [16]. Whether LTBI

treatment decreases immune activation requires further investigation, as it could challenge the

current paradigm of LTBI management by expanding screening to individuals at increased

risk of cardiovascular events and other inflammatory-mediated complications.

Our analysis had limitations. Prior studies showed that unstimulated IFN-γ levels were

associated with total peripheral blood lymphocyte counts [15, 22]. We did not measure
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lymphocyte counts and therefore could not account for this potential confounder. However,

since ours consisted of an HIV-negative population and baseline characteristics were similar

between the LTBI and non-LTBI groups, unbalanced differences in lymphocyte counts con-

founding our primary findings are unlikely. Most participants with AMI were recruited within

30 days of their AMI event and therefore IFN-γ concentrations could have been affected by

their recent AMI occurrence and/or treatment. To account for this potential confounder, our

multivariable analysis adjusted for AMI events and showed an independent association

between higher IFN-γ levels and LTBI. Furthermore, in a sensitivity analysis that excluded par-

ticipants with AMI, the association between IFN-γ and LTBI remained present. Unstimulated

IFN-γ levels seemed overall higher than levels reported in prior studies [15, 22], likely because

our population was older, primarily inpatient, comorbidities were frequent, and socioeco-

nomic conditions were different across studies. Therefore, these results should not be general-

ized to the overall population. Nevertheless, our study sample is representative of individuals

who may benefit the most from interventions to decrease immune activation. Although having

a positive QFT was associated with higher unstimulated IFN-γ responses in our study popula-

tion, we were unable to investigate whether higher unstimulated IFN-γ levels are associated

with an increased (or decreased) risk of progression to TB disease, or whether IFN-γ could be

used as a biomarker to target preventive therapy. Prospective studies of baseline unstimulated

IFN-γ among persons with and without LTBI, and subsequent TB risk could answer these

questions.

In conclusion, our data adds to the growing literature that indicates ongoing immune acti-

vation in persons with LTBI. Since LTBI has a wide phenotypic spectrum, studies are needed

to identify factors and define LTBI subsets associated with higher immune activation profiles.

Similarly, the potential effect of LTBI therapy on immune activation parameters requires fur-

ther investigation.

Supporting information

S1 File. Dataset. This file contains a de-identified dataset related to the findings described in

the manuscript.

(XLSX)

Author Contributions

Conceptualization: Moises A. Huaman, Timothy R. Sterling, Beth A. Garvy, Carl J.

Fichtenbaum.

Formal analysis: Moises A. Huaman, Paola L. Rondan, Richard J. Kryscio.

Investigation: David Henson, Paola L. Rondan, Eduardo Ticona, Gustavo Miranda, Raquel

Mugruza, Ernesto Aranda, Cesar Ticona, Susan Abarca, Paula Heredia, Andres Aguirre.

Methodology: Moises A. Huaman, Richard J. Kryscio, Timothy R. Sterling, Beth A. Garvy,

Carl J. Fichtenbaum.

Supervision: Eduardo Ticona, Beth A. Garvy, Carl J. Fichtenbaum.

Writing – original draft: Moises A. Huaman, David Henson, Paola L. Rondan.

Writing – review & editing: Moises A. Huaman, David Henson, Paola L. Rondan, Eduardo

Ticona, Gustavo Miranda, Richard J. Kryscio, Raquel Mugruza, Ernesto Aranda, Cesar

Ticona, Susan Abarca, Paula Heredia, Andres Aguirre, Timothy R. Sterling, Beth A. Garvy,

Carl J. Fichtenbaum.

Latent tuberculosis infection is associated with increased unstimulated levels of interferon-gamma

PLOS ONE | https://doi.org/10.1371/journal.pone.0202191 September 13, 2018 7 / 9

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0202191.s001
https://doi.org/10.1371/journal.pone.0202191


References
1. Houben RM, Dodd PJ. The Global Burden of Latent Tuberculosis Infection: A Re-estimation Using

Mathematical Modelling. PLoS Med. 2016; 13(10):e1002152. https://doi.org/10.1371/journal.pmed.

1002152 PMID: 27780211; PubMed Central PMCID: PMCPMC5079585.

2. Sutherland I. Recent studies in the epidemiology of tuberculosis, based on the risk of being infected

with tubercle bacilli. Adv Tuberc Res. 1976; 19:1–63. PMID: 823803.

3. Kritski AL, Marques MJ, Rabahi MF, Vieira MA, Werneck-Barroso E, Carvalho CE, et al. Transmission

of tuberculosis to close contacts of patients with multidrug-resistant tuberculosis. Am J Respir Crit Care

Med. 1996; 153(1):331–5. https://doi.org/10.1164/ajrccm.153.1.8542139 PMID: 8542139.

4. Horsburgh CR Jr. Priorities for the treatment of latent tuberculosis infection in the United States. N Engl

J Med. 2004; 350(20):2060–7. https://doi.org/10.1056/NEJMsa031667 PMID: 15141044.

5. World Health Organization. Implementing the End TB Strategy: The Essentials. Geneva, Switzerland.

2015.

6. Getahun H, Matteelli A, Abubakar I, Aziz MA, Baddeley A, Barreira D, et al. Management of latent Myco-

bacterium tuberculosis infection: WHO guidelines for low tuberculosis burden countries. Eur Respir J.

2015; 46(6):1563–76. https://doi.org/10.1183/13993003.01245-2015 PMID: 26405286; PubMed Cen-

tral PMCID: PMCPMC4664608.

7. Gideon HP, Phuah J, Myers AJ, Bryson BD, Rodgers MA, Coleman MT, et al. Variability in tuberculosis

granuloma T cell responses exists, but a balance of pro- and anti-inflammatory cytokines is associated

with sterilization. PLoS Pathog. 2015; 11(1):e1004603. https://doi.org/10.1371/journal.ppat.1004603

PMID: 25611466; PubMed Central PMCID: PMCPMC4303275.

8. Dutta NK, Karakousis PC. Latent tuberculosis infection: myths, models, and molecular mechanisms.

Microbiol Mol Biol Rev. 2014; 78(3):343–71. https://doi.org/10.1128/MMBR.00010-14 PMID:

25184558; PubMed Central PMCID: PMCPMC4187682.

9. Gill WP, Harik NS, Whiddon MR, Liao RP, Mittler JE, Sherman DR. A replication clock for Mycobacte-

rium tuberculosis. Nat Med. 2009; 15(2):211–4. https://doi.org/10.1038/nm.1915 PMID: 19182798;

PubMed Central PMCID: PMCPMC2779834.

10. Takayama K, Wang L, David HL. Effect of isoniazid on the in vivo mycolic acid synthesis, cell growth,

and viability of Mycobacterium tuberculosis. Antimicrob Agents Chemother. 1972; 2(1):29–35. PMID:

4208567; PubMed Central PMCID: PMCPMC444261.

11. Comstock GW, Baum C, Snider DE Jr. Isoniazid prophylaxis among Alaskan Eskimos: a final report of

the bethel isoniazid studies. Am Rev Respir Dis. 1979; 119(5):827–30. https://doi.org/10.1164/arrd.

1979.119.5.827 PMID: 453704.

12. Wayne LG, Hayes LG. An in vitro model for sequential study of shiftdown of Mycobacterium tuberculo-

sis through two stages of nonreplicating persistence. Infect Immun. 1996; 64(6):2062–9. PMID:

8675308; PubMed Central PMCID: PMCPMC174037.

13. Cowan J, Pandey S, Filion LG, Angel JB, Kumar A, Cameron DW. Comparison of interferon-gamma-,

interleukin (IL)-17- and IL-22-expressing CD4 T cells, IL-22-expressing granulocytes and proinflamma-

tory cytokines during latent and active tuberculosis infection. Clin Exp Immunol. 2012; 167(2):317–29.

https://doi.org/10.1111/j.1365-2249.2011.04520.x PMID: 22236009; PubMed Central PMCID:

PMCPMC3278699.

14. King CA, John S, Kenneth J, Mehta S. Mycobacterium tuberculosis infection induces persistent non-

resolving inflammation. Am J Trop Med Hyg. 2014; 91(5S):390.

15. Huaman MA, Deepe J, George S., Fichtenbaum CJ. Elevated Circulating Concentrations of Interferon-

Gamma in Latent Tuberculosis Infection. Pathogens and Immunity. 2016; 1(2):291–303. Epub 2016-

09-15. https://doi.org/10.20411/pai.v1i2.149 PMID: 27853753

16. Huaman MA, Ticona E, Miranda G, Kryscio RJ, Mugruza R, Aranda E, et al. The Relationship Between

Latent Tuberculosis Infection and Acute Myocardial Infarction. Clin Infect Dis. 2018; 66(6):886–92.

https://doi.org/10.1093/cid/cix910 PMID: 29069328; PubMed Central PMCID: PMCPMC5850031.

17. QIAGEN. QuantiFERON-TB Gold (QFT) ELISA. Package insert. Maryland USA, 2016.

18. Mazurek GH, Jereb J, Vernon A, LoBue P, Goldberg S, Castro K, et al. Updated guidelines for using

Interferon Gamma Release Assays to detect Mycobacterium tuberculosis infection—United States,

2010. MMWR Recomm Rep. 2010; 59(RR-5):1–25. PMID: 20577159.

19. So-Armah KA, Tate JP, Chang CH, Butt AA, Gerschenson M, Gibert CL, et al. Do Biomarkers of Inflam-

mation, Monocyte Activation, and Altered Coagulation Explain Excess Mortality Between HIV Infected

and Uninfected People? J Acquir Immune Defic Syndr. 2016; 72(2):206–13. https://doi.org/10.1097/

QAI.0000000000000954 PMID: 27824677; PubMed Central PMCID: PMCPMC4867134.

Latent tuberculosis infection is associated with increased unstimulated levels of interferon-gamma

PLOS ONE | https://doi.org/10.1371/journal.pone.0202191 September 13, 2018 8 / 9

https://doi.org/10.1371/journal.pmed.1002152
https://doi.org/10.1371/journal.pmed.1002152
http://www.ncbi.nlm.nih.gov/pubmed/27780211
http://www.ncbi.nlm.nih.gov/pubmed/823803
https://doi.org/10.1164/ajrccm.153.1.8542139
http://www.ncbi.nlm.nih.gov/pubmed/8542139
https://doi.org/10.1056/NEJMsa031667
http://www.ncbi.nlm.nih.gov/pubmed/15141044
https://doi.org/10.1183/13993003.01245-2015
http://www.ncbi.nlm.nih.gov/pubmed/26405286
https://doi.org/10.1371/journal.ppat.1004603
http://www.ncbi.nlm.nih.gov/pubmed/25611466
https://doi.org/10.1128/MMBR.00010-14
http://www.ncbi.nlm.nih.gov/pubmed/25184558
https://doi.org/10.1038/nm.1915
http://www.ncbi.nlm.nih.gov/pubmed/19182798
http://www.ncbi.nlm.nih.gov/pubmed/4208567
https://doi.org/10.1164/arrd.1979.119.5.827
https://doi.org/10.1164/arrd.1979.119.5.827
http://www.ncbi.nlm.nih.gov/pubmed/453704
http://www.ncbi.nlm.nih.gov/pubmed/8675308
https://doi.org/10.1111/j.1365-2249.2011.04520.x
http://www.ncbi.nlm.nih.gov/pubmed/22236009
https://doi.org/10.20411/pai.v1i2.149
http://www.ncbi.nlm.nih.gov/pubmed/27853753
https://doi.org/10.1093/cid/cix910
http://www.ncbi.nlm.nih.gov/pubmed/29069328
http://www.ncbi.nlm.nih.gov/pubmed/20577159
https://doi.org/10.1097/QAI.0000000000000954
https://doi.org/10.1097/QAI.0000000000000954
http://www.ncbi.nlm.nih.gov/pubmed/27824677
https://doi.org/10.1371/journal.pone.0202191


20. Lee MR, Huang YP, Kuo YT, Luo CH, Shih YJ, Shu CC, et al. Diabetes Mellitus and Latent Tuberculosis

Infection: A Systemic Review and Metaanalysis. Clin Infect Dis. 2017; 64(6):719–27. https://doi.org/10.

1093/cid/ciw836 PMID: 27986673; PubMed Central PMCID: PMCPMC5399944.

21. Jeon CY, Murray MB. Diabetes mellitus increases the risk of active tuberculosis: a systematic review of

13 observational studies. PLoS Med. 2008; 5(7):e152. https://doi.org/10.1371/journal.pmed.0050152

PMID: 18630984; PubMed Central PMCID: PMCPMC2459204.

22. Sparks R, Koelle DM, Stern JE, Dhanireddy S. Elevated Spontaneous Interferon-gamma Secretion in

Human Immunodeficiency Virus-Infected Persons. Open Forum Infect Dis. 2017; 4(2):ofx055. https://

doi.org/10.1093/ofid/ofx055 PMID: 28616443; PubMed Central PMCID: PMCPMC5461986.

23. Schoenborn JR, Wilson CB. Regulation of interferon-gamma during innate and adaptive immune

responses. Adv Immunol. 2007; 96:41–101. https://doi.org/10.1016/S0065-2776(07)96002-2 PMID:

17981204.

Latent tuberculosis infection is associated with increased unstimulated levels of interferon-gamma

PLOS ONE | https://doi.org/10.1371/journal.pone.0202191 September 13, 2018 9 / 9

https://doi.org/10.1093/cid/ciw836
https://doi.org/10.1093/cid/ciw836
http://www.ncbi.nlm.nih.gov/pubmed/27986673
https://doi.org/10.1371/journal.pmed.0050152
http://www.ncbi.nlm.nih.gov/pubmed/18630984
https://doi.org/10.1093/ofid/ofx055
https://doi.org/10.1093/ofid/ofx055
http://www.ncbi.nlm.nih.gov/pubmed/28616443
https://doi.org/10.1016/S0065-2776(07)96002-2
http://www.ncbi.nlm.nih.gov/pubmed/17981204
https://doi.org/10.1371/journal.pone.0202191

