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Background. Diagnosis of tuberculosis (TB) in human immunodeficiency virus (HIV)-coinfected individuals is challenging.
We hypothesized that combinations of inflammatory markers could facilitate identification of active TB in HIV-positive individuals.

Methods. Participants were HIV-positive, treatment-naive adults systematically investigated for TB at Ethiopian health centers.
Plasma samples from 130 subjects with TB (HIV'/TB") and 130 subjects without TB (HIV'/TB") were tested for concentration of
the following markers: CCL5, C-reactive protein (CRP), interleukin (IL)-6, IL12-p70, IL-18, IL-27, interferon-y-induced protein-10
(IP-10), procalcitonin (PCT), and soluble urokinase-type plasminogen activator receptor (suPAR). Analyzed markers were then
assessed, either individually or in combination, with regard to infection status, CD4 cell count, and HIV ribonucleic acid (RNA)
levels.

Results. 'The HIV'/TB" subjects had higher levels of all markers, except IL12p70, compared with HIV*/TB" subjects. The CRP
showed the best performance for TB identification (median 27.9 vs 1.8 mg/L for HIV'/TB" and HIV'/TB", respectively; area under
the curve [AUC]: 0.80). Performance was increased when CRP was combined with suPAR analysis (AUC, 0.83 [0.93 for subjects with
CD4 cell count <200 cells/mm?®]). Irrespective of TB status, IP-10 concentrations correlated with HIV RNA levels, and both IP-10

and IL-18 were inversely correlated to CD4 cell counts.
Conclusions.
increased performance for TB identification.
Keywords.

Although CRP showed the best single marker discriminatory potential, combining CRP and suPAR analyses

biomarker; CRP; HIV; Mycobacterium tuberculosis; sub-Saharan Africa.

Human immunodeficiency virus (HIV)-related cellular immu-
nodeficiency increases the risk of both primary and reactivated
tuberculosis (TB) and is associated with greater likelihood of
extrapulmonary and disseminated disease [1]. Rates of TB
coinfection among people living with HIV (PLHIV) are high-
est in sub-Saharan Africa [2], and TB is the leading cause of
death among PLHIV globally [3]. Autopsy studies suggest that
considerable proportions of HIV-related TB may be missed
in TB-endemic settings [4]. Contributing factors for this are
atypical disease presentation [5] and suboptimal performance
of commonly available diagnostic methods for active TB, such
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as smear microscopy [6] and chest radiography [7]. A clini-
cal symptom algorithm is recommended by the World Health
Organization (WHO) for excluding TB among PLHIV [8].
Although this algorithm is sensitive, it has low specificity, lim-
iting its usefulness as a screening tool [9]. Alternative strategies
for screening in populations at high risk of TB could improve
case finding.

These circumstances have prompted investigations of plasma
biomarkers for identification of active TB. C-reactive protein
(CRP) has been shown to have promising capacity as a point-
of-care biomarker for TB screening among PLHIV in different
settings [10-15]. Although the capacity of panels of inflamma-
tory markers for TB identification has been investigated [16-
18], this concept has not been assessed in a large PLHIV cohort
systematically categorized for active TB. Because HIV leads to
dysregulation of the TB immune response [19, 20], we hypothe-
sized that HIV-positive individuals with active TB have inflam-
matory reactions that could be used to distinguish such cases
from HIV-positive persons without TB, and that combinations
of inflammatory markers would provide stronger discrimina-
tory capacity than single markers.
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To explore this hypothesis, we designed a nested case-con-
trol study based on participants from a cohort of antiretrovi-
ral therapy (ART)-naive patients systematically investigated
for active TB. We characterized plasma profiles of 9 markers of
inflammation, selected on the basis of their previously reported
associations with TB. We analyzed the performance for TB
identification of these markers separately as well as in differ-
ent combinations. Furthermore, we evaluated whether plasma
levels of these markers were related to CD4 cell count and HIV-
ribonucleic acid (RNA) levels, respectively.

METHODS

Study Participants
Participants for this study were identified from a prospective
cohort of 812 HIV-positive adults subjected to intensified TB
case finding before ART initiation at 5 public health centers in
the Oromia region, Ethiopia (included between 2011 and 2013).
Details of this cohort have been presented previously [9, 21]. In
brief, for inclusion in the cohort, subjects were required to be
218 years old and meet Ethiopian criteria for ART initiation at
the time of the study (CD4 cell count <350 cells/mm’ and/or
WHO stage 4). Individuals with previous ART experience and/
or ongoing treatment for TB for >2 weeks, as well as those who
did not provide sputum samples for TB analyses, were excluded.
At inclusion, cohort participants underwent physical exam-
ination and interview based on a structured questionnaire
covering clinical and sociodemographic data. All subjects
were instructed to submit 2 spontaneously expectorated morn-
ing sputum samples (irrespective of symptoms or physical
findings), which were examined with Ziehl-Neelsen smear
microscopy, liquid TB culture, and Xpert MTB/RIF (Cepheid,
Sunnyvale, CA). Fine-needle aspirations were obtained from
persons with lymphadenopathy. Venous blood was collected
for analysis of CD4 cell count, complete blood count, and HIV
RNA quantification. Aliquots of plasma were stored at —80°C
and transported with intact cold chain to the Biomedical
Center, Lund, Sweden, where laboratory analyses were under-
taken after data collection and subject selection. A nested
case-control design was chosen for the current study. All par-
ticipants with bacteriologically confirmed TB (HIV*/TB") and
available plasma samples were included as cases, and, for each
of these, 1 control without active TB was selected, matched for
age and gender (HIV'/TB"). Plasma samples were available
from 130 of 137 HIV'/TB" subjects. Control subjects (HIV"'/
TB") were required to have negative bacteriological results for
TB and not to be diagnosed with bacteriologically confirmed
nor clinically suspected TB during the first 6 months of fol-
low-up. Participants without active TB at inclusion who were
lost to follow-up or died within 6 months of follow-up were not
eligible as controls, because unrecognized active TB could not
be reliably excluded.

Quantification of Inflammatory Markers

Concentrations of inflammatory markers were determined using
the Magnetic Luminex Assay (R&D Systems Inc., Minneapolis,
MN) and Bio-Plex 200 reader (Bio-Rad Laboratories, Hercules,
CA). In an initial exploratory experiment, the following 14
markers were analyzed in 20 HIV'/TB" and 20 HIV'/TB sub-
jects: CC-chemokine ligand 5 (CCL5, a.k.a. RANTES), CRP,
granzyme B, interferon (IFN)-f, IFN-y, IFN-y-induced protein
10 (IP-10), interleukin (IL)-10, IL-12p70, IL-18, IL-27, IL-6,
procalcitonin (PCT), soluble urokinase-type plasminogen acti-
vator receptor (suPAR), and tumor necrosis factor (TNF)-a. For
Granzyme B, IFN-f, IFN-y, IL-10, and TNF- a plasma levels
were uniformly low or undetectable; therefore, we excluded
these markers from further experiments.

C-reactive protein and CCL5 were analyzed in separate plates,
diluted 1:50 and 1:200, respectively, and CRP was later diluted
1:2000 for values beyond the standard curve. The remaining
markers were analyzed in 1:2 dilution in a 7-plex plate. All plates
contained equal proportions of HIV'/TB" and HIV'/TB~ sam-
ples, randomly placed on the plate. Laboratory procedures were
performed according to the manufacturer’s instructions.

Each plate included a standard curve of 6 standard points and
2 internal controls (1 TB¥, 1 TB"). All samples were analyzed in
duplicates. Mean intra-assay variation for concentrations was
7% coeflicient of variation (%CV). Mean interassay variation
for median fluorescence intensity (MFI) values for all mark-
ers except suPAR was 11.3%CV (range, 6-17) and increased
to 19.6%CV (range, 11-27) after translation to concentrations.
For suPAR, both MFI and concentration values showed greater
variability between runs (%CV 29 and 30.5, respectively).

Statistical Analysis

Comparison of marker levels between HIV*/TB* and HIV*/TB~
subjects was evaluated using the Mann-Whitney U test. P < .05
(adjusted for multiple testing using the Holm-Bonferroni method)
were considered significant. Receiver operating characteristics
(ROC) curves were constructed for each marker. In addition,
marker levels were correlated to CD4 cell count and HIV RNA
levels using Spearman’s rank-order correlation. To adjust for lower
CD4 cell counts among HIV'/TB" subjects, markers were dichot-
omized in 2 groups, with regard to median levels for the respective
marker, and logistic regression was performed for each marker in
respect to TB, with and without adjustment for CD4 cell count.

To assess the best combination of inflammatory markers to dis-
tinguish between HIV*/TB* and HIV*/TB", backward stepwise
logistic multivariate analysis was performed using continuous
variables. From this multivariate analysis, predicted probabilities
were calculated. A ROC curve describing sensitivity and specific-
ity of the combination of markers that constituted the best model
was then fitted. This model was subsequently assessed in an analy-
sis of subjects with CD4 cell count <200/mm”. All statistical analy-
ses were conducted using SPSS version 24.0 (IBM, Armonk, NY).
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Ethics Statement

Ethical approval was obtained from both the National Research
Ethics Review Committee at the Ministry of Science and
Technology of Ethiopia (3.10/825/05) and the Regional Ethical
Review Board at Lund University, Sweden (2010/672). Written
informed consent was obtained from all participants at inclu-
sion in the cohort study.

RESULTS

Participant Characteristics

The characteristics of study participants at the time of sampling
(130 HIV'/TB" and 130 HIV*/TB") are presented in Table 1. All
patients had pulmonary TB, in addition 12 subjects had bacte-
riologically confirmed concomitant TB lymphadenopathy. The
HIV*/TB" subjects were more likely to be malnourished (lower
body mass index and mid-upper arm circumference). In addi-
tion, they had lower median CD4 cell count (173 vs 224 cells/
mm’), lower hemoglobin levels (10.4 vs 12 g/dL), and higher
viral load (5.3 vs 5.0 log,) RNA copies/mL). In both groups, a
majority reported positive WHO-TB symptom score results
(presence of 21 symptom; cough, weight loss, night sweating,
and/or fever [93% of HIV'/TB*, 79% of HIV*/TB]).

Individual Inflammation Markers in Respect to Active Tuberculosis

Plasma concentrations of investigated markers are shown in
Table 2, and differences are graphically presented in Figure
1. With the exception of IL-12p70, HIV'/TB" subjects had

significantly higher levels of all markers compared with HIV"/
TB™ (all P < .01). The difference between HIV*/TB* and HIV*/
TB™ were most pronounced for CRP (median concentration,
27.9 vs 1.8 mg/L; P < .001), suPAR (median concentration,
2.6 vs 1.1 ng/mL; P < .001), and IL-6 (median concentration,
9.7 vs 2.1 ng/L; P < .001). The IL-27 and IL-12-p70 concen-
trations could not be extrapolated due to large proportions of
values below the standard curve; therefore, these markers were
excluded from further analyses.

We compared levels of inflammatory markers with regard to
bacteriological results (reflecting bacterial load in sputum) and
presence of TB symptoms. Levels of CRP, IL-6, IL-18, IP-10, PCT,
and suPAR were significantly higher in Xpert MTB/RIF-positive
HIV'/TB" subjects, compared with Xpert MTB/RIF-negative
HIV*/TB" subjects, and CRP and IL-6 were significantly higher
in smear-positive HIV'/TB" subjects, compared with smear-neg-
ative HIV'/TB" subjects. The HIV'/TB" subjects without TB
symptoms had low levels of the markers investigated (Table 2).
Adjustments for CD4 cell count in logistic regression did not sig-
nificantly change the odds ratio for any marker (Table 3).

Correlation of Inflammation Markers to Other Parameters

Because the incidence of active TB increases with HIV-related
immunosuppression, we determined whether biomarker levels
were independently associated with TB or with surrogate mark-
ers of HIV disease progression. For this purpose, we performed
logistic regression with adjustments for CD4 cell count. This did

Table 1.

Characteristics of 130 HIV-Positive Participants With TB Coinfection (HIV*/TB*) and 130 HIV-Positive Matched Controls Without TB Coinfection

(HIV*/TB") Selected From a Cohort of 812 ART-Naive HIV-Positive Patients Investigated for Active TB®

TB* B~

Characteristics Included Excluded Included Excluded Total
Female 63/130 (49) 3/7 (43) 60/130 (46) 341/524 (65) 467/791 (59)
Age, years 35 (28-42) 30 (29-37) 35 (28-41) 31.5 (28-38) 32 (28-40)
CD4 count, cells/mm?® 173 (94.5-271) 91 (88-197) 224 (146-328) 220 (121-327) 211 (119-320)
Hemoglobin, g/dL 10.4 (9.1-11.8) 10.9 (8.6-14.2) 12 (10.9-13.2) 11.8 (10.3-12.7) 11.6 (10.2-12.7)
HIV RNA, log,, copies/ mL 5.3 (4.7-5.6) 5.4 (5.2-5.8) 5 (4.5-5.5) 5 (5.56-5.5) 5.1 (4.5-5.6)
OnTB treatment at enrollment 15/130 (12)° 0/7 (0) 0 (130) 0/524 (0) 15/791 (2)
Bacteriological results

Sputum smear positive 29/129 (23) 2/7 (29) 0/130 0/518 (0) 31/784 (4)

Sputum Xpert MTB/RIF positive 90/129 (70) 6/7 (86) 0/130 0/518 (0) 96/783 (12)

Sputum culture positive 118/129 (92) 6/7 (86) 0/130 0/523 (0) 124/788 (17)

Lymph node culture positive 4/5 (80) 0/0 (0) 0/3 (0) 0/1 (0) 4/9 (44)
Lymph node Xpert MTB/RIF positive 11/12 (92) 0 (0) 0/1 (0) 0/7 (0) 13/20 (65)
Clinical findings

WHO-TB symptom screening positive® 120/129 (93) 6/7 (86) 101/128 (79) 398/520 (77) 625/784 (80)

MUAC cm 21 (19.4-23) 22 (18.8-22.5) 23 (21-25) 23 (21-24.5) 22.5(20.5-24)

BMI kg/m? 17.7 (16.1-19.7) 17.6 (16.7-20.7) 19.5 (17.8-22) 19.1 (17.6-21.1) 19 (17.4-21)

Abbreviations: ART, antiretroviral therapy; BMI, body mass index; HIV, human immunodeficiency virus; MUAC, mid-upper arm circumference; RNA, ribonucleic acid; TB, tuberculosis; WHO,

World Health Organization.

“Twenty-one subjects with TB diagnosed on clinical criteria are not presented in this table. For continuous variables, median and interquartile range are presented; for categorical variables,

absolute numbers and percentage of total are presented.
®Median number of days on treatment before enrollment: 7.
“Presence of either cough, weight loss, night sweating, or fever.

Inflammatory Markers for TB in PLHIV « OFID « 3



Table 2. Levels of Investigated Inflammatory Markers (Median, IQR in Brackets) in HIV* Subjects in Whom TB Was Excluded (HIV*/TB") and HIV* Subjects
With Bacteriologically Confirmed TB (HIV*/TB*) With Regard to Distribution of Bacteriological Results and Presence of Clinical Symptoms

HIV*/TB™ (n = 130)

Culture*/
Inflammatory Gene Xpert*® AFB~/Gene WHO Score*® WHO
Marker HIV*/TB™ (n =130) Al Smear*® (n = 29) (n =90) Xpert™ (n = 38) (n =120) Score™ (n=9)
CCL5, pg/mL 40.8 (14.9-98.9) 73.1(27.9-154.7) 59.8 (12.2-12.7) 73.1 (26.5-130) 919 (34.9-174)  70.3 (27.3-153.5)  91.2 (40.6-141.4)
CRR mg/L 1.8 (0.6-6.9) 279 (56.9-50) 50 (31.7-50) 49.5 (15.3-50) 1(1.4-49.7) 38.9 (10-50) 1(0.6-3.8)
1-6, pg/mL 2.1 (0.5-4.5) 9.7(3.2-18.4) 14.1 (74-32.4) 12.3 (4.7-22.6) 6 (1-10.5) 10.4 (3.7-18.7) 1.1 (0.6-2.9)
IL12p70, MFI® 12.5 (11.5-13.5) 13 (12-14) 13 (11.5-15) 13.3 (12-14.5) 12.65 (11.5-13.5) 13 (12-14) 12.3 (11.1-13.4)
I-18, pg/mL 672 (469-1 023) 1098 (665-1 956) 1432 (830-2 982) 1356 (832-2394) 831 (521-1301) 1107 (670-2 106) 648 (436-1 216)
1127, MFI¢ 35.4 (27.0-43.4) 44.0 (32.9-52.9) 46.0 (35.0-59.3) 46.3 (34.7-54.3) 40.9 (29.1-49.3)  45.7 (33.3-53.6) 32.7 (25.4-46)
IP-10, pg/mL 143 (83-251) 241 (154-414) 319 (185-509) 295.3 (167-466) 208 (101-254) 253 (167—-418) 103 (50.1- 197)
PCT, ng/mL 0.04 (0.03-0.07) 0.08 (0.04-0.14) 0.11 (0.08-0.2) 0.08 (0.05-0.19) 0.05 (0.03-0.09) 0.08 (0.05-0.15) 0.04 (0.03-0.04)
suPAR, ng/mL 1.1 (0.7-1.7) 2.6 (1.3-5.5) 3 (1.7-10.1) 3.2 (1.5-6.7) 1.8 (1-2.6) 7 (1.3-5.8) 1.3 (0.9-2)

Abbreviations: CCL5, CC-chemokine ligand 5; CRR, C-reactive protein; HIV, human immunodeficiency virus; IL, interleukin; IP-10, interferon-y-induced protein-10; IQR, interquartile range;
MFI, median fluorescence intensity; PCT, procalcitonin; suPAR, soluble urokinase-type plasminogen activator receptor; TB, tuberculosis; WHO, World Health Organization.

“Positive Zieh-Neelsen-stained direct microscopy.
PPositive Gene Xpert MTB/RIF

°Presence of either cough, fever, weight loss, or night sweating.

9For these markers, it was not possible to extrapolate reliable concentrations; hence, MFI values are presented instead.

not significantly change the odds ratio for any marker (Table 3).
In addition, Spearman’s rank-order correlations were performed
between plasma levels of each marker and CD4 cell count and
HIV-RNA levels, respectively. When the results from all 260
study participants were analyzed, all markers, except CCLS5,
exhibited significant inverse Spearman rank correlations to CD4
cell count (p: —0.34 to —0.41, all P < .01). The same markers were
significantly inversely correlated to CD4 cell count in separate
analysis of HIV*/TB" subjects (p: —0.22 to —0.52, all P < .05).
Among HIV'/TB" subjects, IL-18 (p: —0.29, P < .01) and IP-10
(p: —0.35, P < .01) were significantly inversely correlated to CD4
cell count, whereas other markers did not show such correlation.

When assessed for correlation with HIV-RNA levels, IL-6 (p:
0.2, P<.01),IL-18 (p: 0.27, P < .01), IP-10 (p: 0.43, P < .01), and
suPAR (p: 0.2, P < .01) exhibited significant correlation when
all subjects were included. In HIV*/TB" subjects, IL-18 (p: 0.34,
P <.01), IP-10 (p: 0.42, P < .01), and suPAR (p: 0.27, P < .01)
correlated to HIV RNA, whereas only IP-10 exhibited signif-
icant correlation among HIV'/TB™ subjects (p: 0.4, P < .01)
(Tables 1 and 12; Supplementary Material). C-reactive protein
and PCT were higher in male subjects (P < .01; median 10 vs
4 mg/L and 74 vs 44 pg/mL, respectively). Marker levels were
not significantly altered in the 15 subjects who had received TB
treatment before collection of samples.

Discriminatory Potential of Inflammation Markers for Tuberculosis

To explore the discriminatory potential for TB identification,
ROC curves were constructed for both individual markers
and combinations of markers. Individual area under the curve
(AUC) values were highest for the following markers: CRP
(AUC = 0.80; 95% confidence interval [CI], 0.75-0.86), suPAR
(AUC = 0.77; 95% CI, 0.71-0.83), IL-6 (AUC = 0.76; 95% CI,

0.71-0.82), and IL-18 (AUC = 0.71; 95% CI, 0.65-0.77). For all
AUC of all markers, see Table 3. In subjects with CD4 cell count
<200 cells/mm?’, the corresponding AUC values were as follows:
CRP 0.89 (95% CI, 0.84-0.95), suPAR 0.87 (95% CI, 0.81-0.93),
IL-6 0.87 (95% CI, 0.8-0.91), and IL-18 0.71 (95% CI, 0.63—
0.80). For the remaining markers, the AUC values were <0.7.
The ROC curves of MFI are shown in Supplementary Figure 1.

Tuberculosis Discriminatory Potential of C-Reactive Protein and Soluble
Urokinase-Type Plasminogen Activator Receptor, Individually and in
Combination

Although CRP had the best discriminatory potential among the
markers investigated, 24% of HIV*/TB" subjects had CRP levels
<5 mg/L, and 29% had levels <10 mg/L. Hence, using previously
suggested cutoffs of 10 or 5 mg/L in this population would result
in a sensitivity of 71% or 76%, respectively. Because a high pro-
portion of HIV*/TB" subjects in this population had CRP levels
<5 mg/L, a cutoff with the requested 90% sensitivity would be as
low as 1.2 mg/L. Figure 2 shows the distribution of CRP among
HIV'/TB" subjects. Median CRP levels were low in asymptom-
atic subjects (1.0 mg/L) and in subjects in whom TB was only
detected by liquid culture (smear and Xpert negative; 9.1 mg/L).
In logistic stepwise regression analysis, 2 markers, CRP and
suPAR, remained independently associated with TB (both
P < .001). The AUC of this combination was 0.83 (CI, 0.78-
0.88). In subjects with CD4 cell count <200 cells/mm?’, the AUC
for this combination was 0.93 (CI, 0.87-0.97). For ROC curves
of CRP and suPAR alone and in combination, see Figure 3.

DISCUSSION

In this nested case-control study, based on a large cohort of
ART-naive PLHIV subjected to intensified TB case finding,
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Figure 1.

Levels of 9 markers of inflammation in plasma from 130 human immunodeficiency virus (HIV)*/tuberculosis (TB)" and 130 HIV*TB™ subjects. Boxes represent

median and interquartile range. Whiskers have been graphically cut for soluble urokinase-type plasminogen activator receptor (suPAR), interleukin (IL)-6, and procalcitonin
(PCT). Mann-Whitney U test Pvalues are indicated in each graph. All markers remained significantly associated with TB after Holm-Bonferroni correction, except IL-12p70.
For IL-12p70 and IL-27, the graphs represent mean fluorescence intensity (MFI) due to unreliable conversions to concentrations.

we hypothesized that profiles of inflammatory markers could
distinguish individuals with active TB. Indeed, plasma levels of
most inflammatory markers investigated were significantly ele-
vated in participants with active TB compared with those with-
out TB, with the most prominent differences found for CRP,
suPAR, and IL-6.

A potential confounder for associations with TB in HIV-
positive individuals is the degree of immunosuppression, which
is linked to the risk of active TB. For this reason, we correlated
levels of inflammatory markers to CD4 cell counts. Although

most investigated markers showed inverse correlation to CD4
cell count, the relationships to TB coinfection remained signifi-
cant after adjustment for this factor. Most notably, we observed
that the associations with CD4 cell count differed with regard
to TB coinfection. Whereas inverse correlation with CD4 cell
count was observed for several markers among HIV'/TB"
subjects, only IP-10 and IL-18 showed such an association in
HIV'/TB- patients. Both of these markers have previously been
associated with HIV disease progression [22, 23]. The finding of
lower CD4 cell counts in HIV'/TB" subjects may be explained
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Table 3. 0dds Ratios for HIV*/TB* Versus HIV*/TB™ for Marker Levels Above Median Level of the Total Study Population, Compared to Levels Below

Median, With and Without Adjustments for CD4 Cell Count®

Inflammatory AUC in Subjects With

Marker Crude OR 95% Cl Adjusted OR 95% ClI AUC 95% Cl CD4 <200 Cells/mm?® 95% ClI
CCL5 2.1 1.3-3.5 2.1 1.2-3.4 0.62 0.55-0.68 0.62 0.52-0.71
CRP 8.6 4.9-15.1 8.0 4.5-14.1 0.80 0.75-0.86 0.89 0.84-0.95
-6 5.4 3.2-9.3 5.0 2.9-8.5 0.76 0.71-0.82 0.87 0.8-0.93
1118 3.6 2.1-6.1 3.1 1.8-5.4 0.71 0.65-0.77 0.71 0.63-0.8
IP-10 2.9 1.7-4.8 2.5 1.6-4.2 0.67 0.6-0.73 0.65 0.55-0.75
PCT 3.1 1.9-5.2 2.8 1.7-4.8 0.68 0.61-0.74 0.73 0.64-0.81
suPAR 4.4 2.6-74 3.9 2.3-6.7 0.77 0.71-0.83 0.87 0.81-0.93

Abbreviations: AUC, area under the curve; Cl, confidence intertval; CRP, C-reactive protein; HIV, human immunodeficiency virus; IL, interleukin; IP-10, interferon-y-induced protein-10; OR,
odds ratio; PCT, procalcitonin; suPAR, soluble urokinase-type plasminogen activator receptor; TB, tuberculosis.

2Area under the curve values are for all markers in whole material and in subjects with CD4 <200 cells/mm®.

by the increasing risk of TB in relation to decreasing CD4 count
[24], but this could also be due to mechanisms related to TB
disease per se, such as redistribution of CD4 cells [25, 26].

In agreement with previous reports, we found that CRP,
suPAR, and IL-6 had the strongest associations with active TB
[10-13, 16, 27-29]. Interleukin-6 has been suggested as a poten-
tial biomarker for TB [27, 28, 30]. However, in our study, IL-6
did not add discriminative capacity in multivariate analysis,
which might be due to covariance with CRP (Spearman’s p: 0.7).

Currently, CRP appears to be the most promising biomarker
for TB screening [29]. In addition, point-of-care assays for CRP
testing are available. Its performance for this purpose has been
validated among both TB suspects and PLHIV in cohorts from
South Africa and Uganda [10-12, 15, 29]. Our results, showing
an overall AUC of 0.80, support the discriminative capacity of
CRP for TB identification. In a recent prospective cohort study,
Yoon et al [13] found an AUC of 0.81 for a cutoff of 10 mg/L,
with 90.2% sensitivity and 69.6% specificity. Although we did
not aim to define a cutoff level for TB identification, a thresh-
old value of 10 mg/L had considerably reduced sensitivity in
our population. Median CRP levels in HIV'/TB" subjects in
our cohort were lower than those reported by Yoon et al [13]
(median CRP for HIV'/TB" 28 mg/L compared with 52 mg/L,
respectively); with 29% having CRP levels <10 mg/L.

In agreement with Lawn et al [10], we observed that CRP
levels varied with regard to bacteriological TB results, reflect-
ing bacterial load in sputum. Persons with paucibacillary TB
(Xpert negative, culture positive) had lower median CRP levels
(9.1 mg/L compared with 50 mg/L in Xpert-positive patients).
We have previously reported that HIV*/TB" individuals with
negative Xpert and smear microscopy results had less advanced
disease characteristics, and they were often asymptomatic [31].
However, despite ART initiation before establishment of TB
diagnosis and delayed initiation of TB therapy, these patients
did not have inferior treatment outcomes. Similar observations
have been made by other researchers among HIV-positive per-
sons living in TB-endemic settings [32, 33]. It is plausible that

these cases represent early active TB, and that the inflamma-
tory response characteristic of HIV/TB coinfection is not fully
evolved. Accurate identification of early asymptomatic active
TB is challenging by clinical examination as well as radiology
and bacteriological methods. Our findings also show low levels
of inflammatory markers (including CRP) in the small number
of patients with asymptomatic TB (9 of 130), implying that CRP
screening may be inadequate in this situation.

Similar to our study, Shapiro et al [15] recently reported
inadequate performance for CRP screening using a cutoff of
10 mg/L. However, these investigators found a sensitivity of
90.5% using a cutoff level of 5 mg/L. The corresponding sensi-
tivity for this cutoff in our population was <80%. These results
suggest that CRP, although strongly associated with active TB,
might not optimally identify all TB/HIV" cases as a single
biomarker.

An alternative option for TB identification among PLHIV
might be the use of combinations of biomarkers. Apart from
CRP, suPAR showed strong independent discriminative capac-
ity. Besides associations with increased mortality in several
conditions, including both HIV [34, 35] and TB [36], elevated
suPAR levels have been associated with TB coinfection in
PLHIV (36, 37]. Although both CRP and suPAR individually
had discriminative performance in our population, a combi-
nation of both these markers showed higher discriminatory
capacity than when either marker was used separately. The
best performance was found in subjects with severe immuno-
suppression (CD4 <200 cells/mm® AUC = 0.93). These results
imply a potential for improved identification of TB using a com-
bination of biomarkers, especially in this subset of patients who
represent those at highest risk of TB. The combination might be
constructed as a composite score; alternatively, the combination
could be used as a 2-step process, in which subjects with low
CRP levels are further investigated with suPAR. Further studies
are required (1) to define optimal cutoftlevels and (2) to validate
the proposed combination of CRP and suPAR prospectively in
different populations before it is implemented in clinical care.
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Figure 2. C-reactive protein levels (mg/L) subjects with human immunodeficiency virus and tuberculosis coinfection, note that the highest detectable level in our assay

was 50 mg/L.

Our results support the concept of combining biomarkers for
TB identification, and further studies, based on relevant clinical
populations, are indicated.

Although other markers investigated did not show adequate
discriminatory capacity as biomarkers for TB screening, we did
observe significant differences related to TB coinfection. Two of
those markers, IP-10, a chemokine secreted after IFN-y stim-
ulation [38], and IL-18, which promotes IFN-y secretion by T
cells [39], were both associated with active TB and with CD4
cell count. Previous studies have linked levels of IP-10 and IL-18
to accelerated HIV disease progression [22, 23]. Whereas IP-10
has been evaluated as a TB biomarker in both HIV-negative
and HIV-positive subjects [30, 40, 41], the association between
IL-18 and active TB in PLHIV has not previously been investi-
gated to our knowledge.

Three additional markers (CCL5, PCT, and IL-27) were sig-
nificantly elevated in HIV'/TB" subjects, but their performance
for TB identification was relatively low. Whereas most studies
indicate that TB only leads to slightly elevated PCT [42, 43],
raised levels of PCT have been associated with poor progno-
sis in TB patients [43]. Thus, PCT may serve as a prognostic
marker in cases with established TB diagnosis. Although IL-27
may promote differentiation of IFN-y-producing Th1 cells, it
appears to favor bacterial survival in the setting of mycobacte-
rial infection [44], possibly by suppressing T-cell migration into
infected tissue [45]. It has been suggested as a biomarker for TB
in pleural effusions [46], and it has previously been shown to be
elevated in plasma from TB subjects [45, 47].

We observed differences in the distribution of CRP and PCT
with regard to gender, with significantly higher median levels
in men than women. Similar findings with regard to CRP in TB
have been reported in a study by Lawn et al [10], where male
gender was associated with CRP >50 mg/L. This phenomenon

might reflect later presentation and more advanced TB and HIV
disease at inclusion among men. Indeed, the male subjects had
higher viral load, lower CD4 cell count, and higher proportion
sputum smear and Xpert MTB/RIF-positive results, albeit none
of these findings were significant. Chavez et al [48] described
different cytokine profiles between males and females with
TB. It is possible that different biomarkers are optimal for TB
screening in men and women.

A major strength of this study was access to samples from
a large prospective cohort of ART-naive PLHIV, in which all
subjects had been systematically investigated for active TB. In
particular, this allowed for inclusion of HIV-positive controls
in whom active TB was excluded at inclusion and who were fol-
lowed for 6 months without displaying clinical manifestations
suggestive of active TB. Hence, we consider the risk of misclas-
sification to be minimal. Furthermore, we explored a range of
potential biomarkers for TB, including several that have not pre-
viously been investigated for the purpose of TB identification
among PLHIV. We also correlated the levels of these biomarkers
to CD4 cell counts and HIV-RNA levels, to determine whether
the associations with TB were explained by more advanced HIV
disease and not directly related to TB coinfection.

Although we assessed a panel of TB-associated immune
markers and explored the possibility of combing these, other
markers involved in the host response to TB infection might
increase the discriminatory capacity. With regard to the labo-
ratory analyses, high interassay variability occurred for some
markers, especially suPAR. However, MFI values were consis-
tent between runs, and the results in concentrations correspond
well to the MFI results in terms of discriminatory capacity
(Supplementary Figure 1). In addition, samples were handled
randomly in plates containing both HIV*/TB* and HIV*/TB~
samples, making false-positive findings less likely. We did not
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Figure 3. (A) Receiver operating characteristics (ROC) curves for C-reactive pro-
tein (CRP) (area under the curve [AUC], 0.80; 95% confidence interval [Cl], 0.75—
0.86), soluble urokinase-type plasminogen activator receptor (suPAR) (AUC, 0.77;
95% Cl, 0.71-0.83), interleukin (IL)-6 (AUC, 0.76; 95% Cl, 0.71-0.82), and IL-18
(AUC, 0.71; 95% Cl, 0.65-0.78). (B) The ROC curve for the combination of CRP and
suPAR in all subjects (n = 260; AUC, 0.83; 95% Cl, 0.78-0.88). (C) The ROC curve for
the combination of CRP and suPAR in subjects with CD4 cell count <200 cells/mm®
(n=132; AUC, 0.93; 95% Cl, 0.89-0.97).

aim to define cutoff levels for clinical use in this exploratory
study of potential biomarkers. This will be necessary to translate
these results into clinical practice.

CONCLUSIONS

We found significant differences in the inflammatory profiles
in HIV-positive ART-naive individuals with regard to concom-
itant active TB. Whereas CRP had the strongest discrimina-
tory potential for TB identification as a single marker, 29% of
subjects with bacteriologically confirmed active TB had CRP
below the previously proposed cutoff level of 10 mg/L The best
discriminative performance was observed for a combination of
CRP and suPAR, suggesting a potential for combinations of bio-
markers for TB screening among PLHIV.

Supplementary Data

Supplementary materials are available at Open Forum Infectious Diseases
online. Consisting of data provided by the authors to benefit the reader,
the posted materials are not copyedited and are the sole responsibility of
the authors, so questions or comments should be addressed to the corre-
sponding author.
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