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Abstract

To evaluate the clinical utility of neutrophil (n)CD64 index to diagnose pulmonary
tuberculosis (PTB) and extrapulmonary TB (ePTB) and to predict the outcome of
Mycobacterium tuberculosis infection. We recruited 189 patients with active TB and
140 controls and measured the differential expression of nCD64 index using flow cy-
tometry. The receiver operating characteristics (ROC) curve analysis was performed
to estimate the diagnostic performance of the nCD64 index and T-SPOT.TB assay
for the diagnosis of TB. Furthermore, we analysed whether the nCDé64 index in pa-
tients with TB was correlated with inflammatory indicators. Finally, we assessed the
prognosis of patients by following the dynamic changes of the nCDé64 index once a
week. The nCDé4 index was significantly higher in active TB group (PTB and ePTB),
than in the anti-TB and healthy controls (HC) groups. The sensitivity and specificity of
nCD64 index for the differential diagnosis of PTB and pneumonia (PN) patients were
68.33% and 77.55%, respectively. The sensitivity and specificity of nCD6é4 index for
the diagnosis of tuberculous meningitis (TBM) were 53.85% and 100%, respectively.
Furthermore, there was a weak correlation between the nCDé64 index and inflam-
matory indicators. More importantly, with the improvement in patient condition, the
nCD64 index started to decline in the first week of anti-TB therapy and significantly
decreased at 4 weeks after treatment. Our study demonstrated that the CD64 assay
is a rapid, non-invasive and stable method for clinical application, and the nCD64

index can serve as a potential biomarker for the diagnosis and prognosis of TB.
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1 | INTRODUCTION

Tuberculosis (TB), caused by Mycobacterium tuberculosis infection, is
a major global health concern. There is a lack of specific biomark-
ers for the diagnosis and prognosis of patients with active TB, es-
pecially in patients with extrapulmonary TB (ePTB), whose lesions
occur in the meninges, pleura, lymph nodes or bones, except the
lungs. Hence, there is a need for novel methods or markers to diag-
nose pulmonary TB (PTB) and ePTB and to predict the outcome of
M. tuberculosis infection.

CDé64, one of the immunoglobulin (Ig)G Fc receptors (Fcy Rl),
is constitutively expressed on monocytes and macrophages but
hardly expressed on lymphocytes.! Under normal conditions,
CDé64 is expressed on resting neutrophils at a negligible level, but
it increases by 10-fold at 4-6 hours after inflammatory response
or stimulation by proinflammatory cytokines, such as granulocyte
colony-stimulating factor (G-CSF) and interferon (IFN)-y, and thus
plays an important role in the immune response to infection.>*
Several studies have reported that neutrophil CD64 (nCDé64) can
be used as an early diagnostic biomarker in patients with sepsis,
especially bacterial infection.>*' However, only a few studies

have evaluated the diagnostic and prognostic utility of nCD64 in

patients with M. tuberculosis infection, especially in patients with
ePTB.

Therefore, our study was designed to address the above con-
cerns. In the present study, we first analysed the differential ex-
pression of nCD64 in patients with PTB, ePTB, long-term anti-TB
treatment (anti-TB) and healthy controls (HC); monocytes CD64
(mCD64) and lymphocytes CD64 (lymCDé64) were used as the pos-
itive and negative controls, respectively. We then evaluated the
clinical utility of the nCDé4 index in the diagnosis of TB and finally
evaluated serial changes in the nCD64 index during anti-TB therapy

in patients with active TB.

2 | MATERIALS AND METHODS

2.1 | Participants and diagnosis

In this study, we recruited 329 individuals, comprising patients with
active M. tuberculosis infection (n = 189) and controls (n = 140),
from Fudan University Affiliated Huashan Hospital and Wuxi Fifth
People's Hospital between October 2018 and November 2019.

All individuals were free of human immunodeficiency virus (HIV)
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FIGURE 1 Study flow chart. Recruited individuals were divided into patients with active M. tuberculosisinfection and controls. All TB
patients were performed nCDé64 index dynamic detection. M. tuberculosis, Mycobacterium tuberculosis; CNS, central nervous system
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infection. Among the 189 patients with active TB, one-third had pul-
monary TB (PTB, n = 60); almost one-half had extrapulmonary TB
(ePTB, n = 90), which consisted of tuberculous pleurisy (TBP, n = 36),
tuberculous meningitis (TBM, n = 26), disseminated TB (n = 16) and
other ePTB (n = 12); and the remaining received anti-TB therapy for

more than one month at enrolment (n = 39). Patients with PTB and

(n=60) (n=90) (n=39) (n=20)

ePTB were followed up once a week from enrolment, and the flow
chart is shown in Figure 1.

The diagnosis of TB was categorized as (a) confirmed diagno-
sis, with at least one of the following: acid-fast bacilli (AFB) smear
or M. tuberculosis culture positive in any specimen (sputum, pleu-

ral effusion, cerebral spinal fluid or blood), tuberculous granuloma
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Characteristics PTB ePTB Anti-TB?®
Number 60 90 39
Age, median (IQR), 52 (31-62) 45 (27-65) 47 (28-63)
Yy
Male, n (%) 46 (76.67) 60 (66.67) 20 (51.28)
Female, n (%) 14 (23.33) 30(33.33) 19 (48.72)
Confirmed 41 (68.33) 33(36.67) -
diagnosis, n (%)
Microbiologically 37 (61.67) 21(23.33) —
confirmed®
Xpert MTB/RIF 0(0) 10 (11.112) -
positive
NGS positive 4 (6.67) 2(2.22) —
nCD64 index, 5.94 23.71 1.70
median (IQR) (2.56-25.54) (7.62-58.59) (0.90-2.45)
TBP (n=36)nCD64 — 25.86 -
index, median (9.25-62.42)
(IQR)
TBM (n = 26) - 14.84 _
nCDé64 index, (3.94-21.72)
median (IQR)
Disseminated TB - 55.50(27.54- —
(n=16) nCD64 111.10)
index, median
(IQR)
Other (n=12) - 20.65 -
nCDé64 index, (7.42-75.25)
median (IQR)

TABLE 1 Clinical characteristics of

HC \F:alueb enrolled individuals
20 /
28 (24-52) 1705
5(25.00) .0002
15(75.00) .0002
0.96 <.0001
(0.46-1.32)

Note: Continuous variables presented as median (IQR); categorical variables presented as n (%).

Abbreviations: ePTB, extrapulmonary tuberculosis; HC, healthy control; IQR, interquartile range;
NGS, next-generation sequencing; PTB, pulmonary tuberculosis; TBM, tuberculous meningitis;

TBP, tuberculous pleurisy.

@Anti-TB patients had been treated for more than one month at enrolment.

bp values were determined with Kruskal-Wallis test for continuous data and with chi-square test

for categorical data.

“‘Microbiologically confirmed patients were diagnosed by culture or smear positive from any sample

or confirmed histopathologically.

suggested by histological examination of tissues, Xpert MTB/RIF
positive, or next-generation sequencing (NGS) detection of M. tuber-
culosis, and (b) clinical diagnosis, combination with clinical symptoms,
radiological indicators and effective anti-TB therapy when there is a
lack of microbiology evidence.

The control group was categorized as (a) those with pneumo-
nia (PN, n = 49), non-tuberculous lung infections except for severe
pneumonia, (b) those with non-tuberculous CNS diseases, non-tu-
berculous CNS infection (n = 64) and non-infectious CNS diseases
(n=7)and (c) HC (n = 20), negative interferon-y release assay (IGRA)
without evidence of active TB from the relatives of patients with TB
and the volunteers of Huashan Hospital during the same period.

This study was approved by the Ethics committee of Huashan
Hospital, Fudan University. Written informed consent was obtained

from all participants.

2.2 | Measurement and calculation of the
nCDé64 index

Ethylenediaminetetraacetic acid (EDTA) anticoagulated peripheral
blood samples (50 puL) were collected from the enrolled individuals,
stored at room temperature (<24 hours) or 4°C (<48 hours) and then
processed.’? The monoclonal antibodies of CD45-PerCP, CD14-
FITC and CD45-PE were purchased from BD Bioscience (San Jose,
CA, USA). CD64 expression was measured by flow cytometry using
FACSCanto Il (BD Bioscience, San Jose, CA, USA). The assay is sim-
ple and rapid, and it is based on whole-blood cell-surface staining.
The pan-leucocyte marker CD45 and monocyte marker CD14 were
used to gate different WBC types according to their distribution in
the forward side scatter (FSC) plot (Figure 2C,D). Furthermore, the

expression of CD64 on WBC is presented as median fluorescence
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FIGURE 3 The difference of nCD64 index between clinical
and confirmed diagnosis in patients with (A) PTB or (B) ePTB.
The boxes show medians and interquartile ranges, whereas the
whiskers indicate the 10th and 90th percentiles. *P < .05. ePTB,
extrapulmonary tuberculosis; ns, not significant; PTB, pulmonary
tuberculosis

intensity (MFI), and the data were analysed using FlowJo™ Software
10 (BD Bioscience).

Given that CDé4 is highly and stably expressed on the surface of
monocytes and hardly expressed on lymphocytes, they can be used
as the positive (nCD6é4 MFI) and negative (lymCD64 MFI) internal
control, respectively (Figure S1). The CD64 index was calculated
using the following formula (Figure 2A-E): nCD64 index = (hCDé64
MFI/lymCDé4 MFI)/(mCD64 MFI/nCDé4 MFI).

2.3 | Stability of the nCD64 index in stored
blood samples

For the convenience of clinical application, sometimes specimens
have to be stored when they cannot be processed in time. Therefore,
it is important that the nCD64 index value is stable in stored sam-
ples. To test this issue, we randomly selected 10 blood samples from
patients with high or low nCDé64 expression (nCDé4 index < 1,
n=2;1<nCDé4 index < 10, n = 3; 10 < nCD64 index < 50, n = 2;
nCD64 index = 50, n = 3), stored these samples at room temperature
and determined the nCD64 index at O hour and after 24, 48, 72 and
96 hours.

2.4 | T-SPOT.IB assay

Peripheral blood mononuclear cells (PBMCs) were freshly isolated
from anticoagulated blood samples by Ficoll density-gradient cen-
trifugation. The T-SPOT.TB assay was performed according to the
manufactures' (T-SPOT.TB kit, Oxford Immune Ltd., Oxford, UK)
instructions. The positive results were interpreted as previously

described.*®

Kruskal-Wallis test (multiple groups) followed by Dunn's post hoc
test for multiple comparisons. Categorical variables were compared
using the chi-square test or Fisher's exact test, as appropriate. The
follow-up paired data were analysed using the paired Wilcoxon rank
test. The receiver operating characteristics (ROC) curve analysis was
performed to estimate the diagnostic performance of the nCDé4
index and T-SPOT.TB assay for the diagnosis of TB. The association
between common inflammatory markers (WBC count, neutrophil
percentage, ESR, CRP, PCT and ferritin) and nCD64 index was as-
sessed with Spearman correlation. The results with a P value of <.05

were considered significant.

3 | RESULTS
3.1 | Individuals' characteristics

A total of 189 active patients with TB (PTB, ePTB and anti-TB)
were enrolled in this study; 41 out of the 60 (68.33%) and 33 out
of the 90 (36.67%) patients in the PTB and ePTB groups were
confirmed diagnosis cases, respectively. The anti-TB therapy
was administered for no more than two weeks in both PTB and
ePTB groups at enrolment. The characteristics are summarized in
Table 1. There were no significant differences in the clinical char-
acteristics except for sex among the enrolled individuals; only 25%
of the HC were men. Five out of the 189 (2.65%) patients died
after enrolment.

3.2 | nCDé4 index in patients with active
M. tuberculosis infection

The nCD64 index was significantly higher in the active TB group
(PTB median, 5.94; ePTB median, 23.71), than in the anti-TB (me-
dian, 1.70) and HC (median, 0.96) groups (all P < .0001) (Table 1,
Figure 2F,G). In particular, the nCD64 index in the ePTB group was
almost four times higher than that in the PTB group (P = .0110).
Furthermore, the nCD64 index was the highest in patients with dis-
seminated TB (Table 1). There was no difference between the anti-
TB and HC groups.

Further analysis of the difference between clinical and confirmed
diagnoses in patients with TB revealed that the nCDé64 index was
not significantly different in the PTB group (6.44 vs 4.98, P = .4657)
(Figure 3A). However, in the ePTB group, the median of the nCD64
index was significantly higher in the confirmed diagnosis patients
(31.90, n = 33) than in the clinical diagnosis patients (20.06, n = 57)
(P =.0282; Figure 3B).
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FIGURE 4 (A)nCDé4 index expression
in PTB and PN patients and (B) ROC

curve analysis for the diagnosis of PTB.
(C) nCD64 index expression among TBM,
N-TBM and N-infection patients and (D)
ROC curve analysis for distinguishing TBM
from N-TBM patients. The boxes show
medians and interquartile ranges, whereas
the whiskers indicate the 10th and 90th
percentiles. *P < .05, ****P < .0001. AUC,
area under the ROC curve; N-infection,
non-infectious CNS diseases; N-TBM,
non-tuberculous CNS infection; PN,
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3.3 | Utility of the nCD64 index in the
diagnosis of PTB

To estimate the performance of the nCDé64 index in the diag-
nosis of PTB, we enrolled 49 patients with non-tuberculous PN,
and among them, patients with severe PN were excluded (severe
PN patients highly expressed nCDé4, data were not shown) and
collected their clinical characteristics (Table S1). As shown in
Figure 4A, we first compared the median of the nCD64 index be-
tween PTB (5.94, 2.56-25.54) and PN (1.96, 0.84-3.69) patients
and observed an approximately twofold increase in the nCDé4
index in PTB patients (P < .0001). The ROC curve analysis yielded
the cut-off value of 3.74 for the nCD64 index with an area under
the curve (AUC) of 0.7631 (95% Cl, 0.6743-0.8519, P < .0001), a
sensitivity of 68.33% (95% Cl, 55.77%-78.69%) and a specificity
of 77.55% (95% Cl, 64.12%-86.98%) (Figure 4B). Moreover, the
T-SPOT.TB assay and nCDé64 index determination were simultane-
ously performed in 36 and the 37 cases in the PTB and PN groups,
respectively. We used the cut-off value of 3.74 for the diagnosis
of PTB and compared the diagnostic accuracy of the nCD64 index
with the T-SPOT.TB assay in the differential diagnosis of PTB and
PN patients (Table 2).

1
60 80 100

100% - Specificity%

3.4 | Utility of the nCD64 index in the
diagnosis of TBM

To date, the differential diagnosis of CNS infection lacks spe-
cific biomarkers. We sought to understand whether the nCDé64
index could be used to distinguish between TBM and non-tuber-
culous CNS infection (N-TBM). Therefore, we recruited 64 cases
of N-TBM patients and collected their clinical documents (Table
S2), and the disease control group comprised patients with non-
infectious CNS diseases (N-infection, n = 7). The nCDé4 index of
patients with TBM differed significantly from those with N-TBM
and N-infection (14.84 vs 1.62 and 14.84 vs 1.34, P < .0001 and
P =.0121, respectively) (Figure 4C, Table S2). Further analysis of
the ROC was performed in TBM and N-TBM patients, using the
cut-off value of 13.77; the AUC, sensitivity and specificity of the
nCD64 index were 0.8191 (95% Cl, 0.7142-0.9240), 53.85% (95%
Cl, 35.46%-71.24%) and 100% (95% Cl, 94.34%-100%), respec-
tively (Figure 4D). We further used the cut-off value of 13.77 for
the diagnosis of TBM, compared the diagnostic accuracy of the
nCD64 index with the T-SPOT.TB assay, and found the specificity
and PPV of the nCDé64 index were superior to those of the T-SPOT.
TB assay (Table 3).
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3.5 | Correlation between the nCDé64 index and
clinical inflammatory indicators in patients with active
M. tuberculosis infection

We analysed whether the nCD64 index in patients with TB was
correlated with clinical inflammatory indicators (WBC count, neu-
trophil percentage, ESR, CRP, PCT and ferritin). We observed that
the nCD64 index value showed weak correlations with neutrophil
percentage (r = 0.20, P =.0212) (Figure 5B), ESR (r=0.37,P =.0012)
(Figure 5C), CRP (r = 0.27, P = .0160) (Figure 5D) and PCT (r = 0.32,
P =.0265) (Figure 5E). However, there were no correlations between
the nCD64 index and WBC count and ferritin (Figure 5A,F).

3.6 | Dynamic determinations of the nCD64
index and prognosis in patients with active
M. tuberculosis infection

We further divided all the patients into three groups based on the
baseline nCD64 index values, as shown in Figure 6A,B. Among all
TB patients, 44.67% had the nCDé64 index of <10, in which 61.19%
and 38.81% were from PTB and ePTB group, respectively. However,
the patients with PTB accounted for less than one-fourth of those in
the 10 < nCDé64 index < 50 (24.00%) and nCD64 index = 50 groups
(21.21%) (Figure 6B). Furthermore, as we expected, the percentage
of ePTB patients in the above two groups with high nCDé4 index
exceeded 75% (Figure 6B). This suggested that high nCD6é4 index
values might be associated with the dissemination of TB.

Among the 189 patients with active M. tuberculosis infection at
enrolment, 5 (2.65%) died during the follow-up, and all were from
the ePTB group; three patients died of multiple organ failure (MOF),
one died of upper gastrointestinal haemorrhage, and one died of ce-
rebral haemorrhage.

We had data of at least one follow-up of 80 (53.33%) patients
with active TB. According to the efficiency of treatment, the 80 pa-
tients were divided into improvement (n = 67) and poor improve-
ment (n = 13, including 4 deaths) groups. Notably, 97.06%, 78.79%
and 61.54% of the nCDé64 index < 10, 10 < nCDé4 index < 50

and nCDé4 index = 50 patients, respectively, were included in the

improvement group (P = .0077); moreover, the proportion of pa-
tients with high nCD64 index values significantly differed between
the improvement and poor improvement groups (Figure 6C,D). The
nCDé64 index value started to significantly decrease at 1 week of an-
ti-TB treatment in the improvement group, reaching up to 10, and it
evidently decreased to below 10 at 8 weeks of treatment (P < .0001,
Figure 6E). However, in the poor improvement group, there were no
significant differences in the nCD64 index at the baseline and 1, 2
and 3 week(s) (all P > .05, Figure 6F).

3.7 | Qualification of stability of the nCD64 index in
stored blood samples

As shown in Figure 7A, we evaluated the stability of the nCD64
index based on the delta value and observed that the absolute delta
value percentage was within 20% and the coefficient of variation
(CV) was less than 10% when the blood samples were stored for
<24 hours at room temperature (Figure 7B). Thus, we recommend
that the blood samples should not be stored for more than 48 hours
at room temperature (delta value, 30%; CV, 15%), and they can be

stored at 4°C for a short period when necessary.

4 | DISCUSSION

In this study, we investigated the differential expression of nCD64
in patients with PTB and ePTB and observed that patients with
M. tuberculosis infection highly expressed nCDé4 when compared
with the anti-TB patients and HC. Furthermore, the nCD64 index
was considerably higher in patients with ePTB than in those with
PTB, and more importantly, it was elevated up to 10-fold in pa-
tients with disseminated TB, indicating that there might be an as-
sociation between the nCD64 index and TB dissemination. Our
results showed there was a significant difference in sex among
these groups, which might be due to the higher incidence of tu-
berculosis in men than in women, but it is reported that sex had
almost no effect on the number of granulocytes, monocytes and

CDé64 expression“; therefore, we thought the differences in sex

TABLE 2 Comparison of accuracy of T-SPOT.TB and nCDé4 index for the diagnosis of pulmonary tuberculosis

Values % (95% Cl) Ratio
Assay® (PTB = 36; Positive Negative
PN = 37) Sensitivity Specificity PPV NPV LR LR
T-SPOT.TB 69.44 (53.14-82.00) 64.86 (48.76-78.17) 65.79 (49.89-78.79) 68.57 1.98 0.47
(52.02-81.45)
nCDé64 index, cut- 63.89 (47.58-77.52) 78.38 (62.80-88.61) 74.19 (56.75-86.30) 69.05 (53.97-80.93) 2.96 0.46

off value of 3.74

Abbreviations: Cl, confident interval; LR, likelihood ratio; NPV, negative predictive value; PN, pneumonia; PPV, positive predictive value; PTB,

pulmonary tuberculosis.

*The comparison of diagnostic accuracy was performed in 36 cases of PTB and 37 cases of PN patients, who were simultaneously tested for T-SPOT.

TB and nCDé64 index
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TABLE 3 Comparison of accuracy of T-SPOT.TB and nCDé4 index for the diagnosis of tuberculous meningitis

Values % (95% Cl) Ratio

Assay?
(TBM = 26; Positive ~ Negative
N-TBM = 57) Sensitivity Specificity PPV NPV LR LR
T-SPOT.TB 73.08 (53.92-86.30) 77.19 (64.79-86.16) 59.38 (42.26-74.48) 86.27 (74.28-93.19)  3.20 0.35
nCDé64 index, 53.85(35.46-71.24) 100.00 (93.69-100.00) 100.00 (78.47-100.00) 82.61(72.02-89.76)  8.53" 0.46

cut-off value of

13.77

Abbreviations: Cl, confident interval; LR, likelihood ratio; NPV, negative predictive value; N-TBM, non-tuberculous CNS infection; PPV, positive

predictive value; TBM, tuberculous meningitis.

#The comparison of diagnostic accuracy was performed in 26 cases of TBM and 57 cases of N-TBM patients, who were simultaneously tested for

T-SPOT.TB and nCDé4 index.

PThis value was calculated based on the lowest value of the specificity 95% Cl (93.69%).
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composition would not affect the nCD6é4 index. Additionally, the
nCD64 index value varied with treatment outcome, and an appar-
ent decrease in the nCD64 index might suggest that the treatment
was effective. To verify whether the type of diagnosis influences
the nCDé64 index, we compared the nCDé4 index between con-
firmed and clinical diagnosis patients with active TB (PTB and
ePTB). Interestingly, our results showed a higher nCD64 index in

confirmed diagnosis than in clinical diagnosis ePTB patients, but
there was no significant difference between confirmed and clini-
cal diagnosis patients in the PTB group. This can be attributed to
the following factors. First, clinical or empirical diagnosis of ePTB
(63.33%) is more common than PTB (31.67%) in a clinical setting,
because the culture of lesion samples depends on invasive opera-

tion. Second, confirmed diagnosis patients with ePTB based on
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FIGURE 6 (A)Pie chart showed the frequency of active TB patients who had low (<10), moderate (snCDé4 index < 50) and high (>50)
nCD64 index value. (B) The frequency distribution of PTB and ePTB patients among different levels of nCD64 index group. Pie chart showed
the frequency of improvement (C) and poor improvement (D) patients who had low (<10), moderate (snCDé4 index < 50) and high (>50)
nCD64 index value. Dynamic determinations of nCDé4 index in active TB patients from improvement (E) and poor improvement group (F),
the upper and lower dotted line represented nCD64 index = 50 and 10, respectively

culture positivity might have a higher burden of M. tuberculosis
than clinical diagnosis patients.

It has been reported that FCGRIA (a CDé4 gene) could be used
as a candidate biomarker to diagnose TB in several gene expres-
sion signatures studies, irrespective of peripheral blood monocu-
lar cells (PBMCs) or whole-blood samples.’>™8 A previous study of

523 participants across four African countries demonstrated that

FCGRIA was the only marker expressed at a higher level in active
TB patients than in latent TB (LTBI) patients, regardless of the HIV
status or ethnicity, with the AUC of 0.75 and 0.87 in HIV-positive
and HIV-negative participants, respectively. Therefore, it can be
used to distinguish active TB from LTBI.X® Additionally, the protein
expression of CD64 on monocytes increased compared with that in

PBMC samples in TB patients.’® In contrast, another whole-blood
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within 10% and 15%, respectively. The red line represents acceptable results within 48 h stored blood samples at room temperature. CV,

coefficient of variance

transcriptomic study showed a significant decrease in CDé4 ex-
pression in patients with PTB when compared with patients with
other pulmonary diseases.” In this study, we calculated the nCD64
index value considering the expression of CDé4 on neutrophils,
monocytes and lymphocytes, which better met the previously de-
scribed property of CD64.

Importantly, to differentiate tuberculous from non-tuber-
culous lung infections, we used the cut-off value of 3.74 for the
nCDé4 index to diagnose PTB patients; the sensitivity (63.89%)
was lower and specificity (78.38%) was higher than that of the
T-SPOT.TB assay (69.44% and 64.86%, respectively). Similarly, the
nCDé64 index was recently assessed for the differential diagnosis
of active TB and LTBI using the Leuko64™ kit, with a sensitivity of
80.00% and specificity of 76.92%, respectively.19 Previous studies
rarely assessed the diagnostic value of the nCD64 index for the
differential diagnosis of CNS infection when the lesions were in
the meninges. Notably, in this study, we recruited 26 cases of TBM
without dissemination and demonstrated that patients with TBM
can be distinguished from those with CNS infection by the higher
nCDé4 index with the cut-off value of 13.77; the PPV was 100%,
which was superior to that of the T-SPOT.TB assay (PPV, 59.38%).
Although empirical diagnoses are often used by clinicians, the
diagnostic gold standard of CNS infection is cerebral spinal fluid
(CSF)-dependent culture, which inevitably requires an invasive op-
eration. The nCDé64 index detection was found to be superior to
the T-SPOT.TB study. Moreover, it can be completed within 1 hour
after sample collection and has a greater PPV for the diagnosis of
TBM. This unexpected finding provides a clue for the diagnosis of
TB; thus, the method can avoid some unnecessary empiric thera-
peutic decisions by clinicians.

As reported earlier, the nCD64 index has been shown to be as-
sociated with the severity of inflammatory responses in sepsis and
inflammatory disorders.?>?! Our results indicated weak correla-
tions between common inflammatory indicators (ESR, PCT, CRP
and neutrophil percentage) and the nCDé64 index, and this might

be explained by chronic M. tuberculosis infection, which is different

from acute bacterial infection or inflammatory cascade responses.
We observed the nCD64 index was less than 10 in almost one-half
(49.25%) of patients with improvement and in only 7.69% of patients
with poor improvement. On the contrary, the percentage of nCD64
index = 50 in the poor improvement group (38.46%) was three times
higher than that in the improvement group (11.94%). Moreover, with
the improvement in patient condition, the nCDé4 index started to
decline in the first week of anti-TB therapy and significantly de-
creased at 4 weeks after treatment. However, in patients with poor
improvement, including deaths, there was no apparent difference
between the baseline and follow-up. Therefore, the dynamic de-
tection of nCDé64 index could reflect therapeutic efficacy and even
serve as a prognostic marker.

Currently, the role of CDé4 in M. tuberculosis infection is still un-
clear. CDé64, is strongly induced by proinflammatory cytokines such
as G-CSF and IFN-y, and expressed on the surface of activated neu-
trophils, which play important roles in phagocytosing IgG-opsonized
bacteria,?? inducing reactive oxygen species (ROS) production, trig-

gering antibody-dependent cytotoxicity (ADCC)?%23

and clearing
the immune complex. It also facilitates to control M. tuberculosis by
stimulating the respiratory burst in intracellular mononuclear phago-
cytes. Moreover, Fcy receptor can affect cytokine production and
susceptibility during M. tuberculosis infection.?* Previously, it has
been reported that the increase in CD64 was associated with in-
creased phagocytosis capacity and inversely correlated with TNF-a
secretion in inflammatory pathology.14 Consequently, the up-regu-
lation of CDé4 likely indicates the immunopathogenesis in patients
with M. tuberculosis infection.

Finally, considering the convenience of clinical application, we
measured the stability of the nCDé4 index in blood samples stored
at room temperature for 0, 24, 48 and 72 hours even to 96 hours.
Our results indicated the stability was the best within 24 h in stored
blood samples at room temperature, with less than 10% of CV, and
worse when stored for more than 48 hours. Furthermore, the sta-
bility can prolong to 72 hours when blood samples were stored at
40C12.25
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Our study had some limitations. First, the number of partici-
pants recruited in this study was relatively small, and larger number
of individuals should be evaluated in the future. Second, we aimed
to distinguish patients with PTB from those with non-tuberculous
lung infection; thus, we did not estimate the utility of the nCDé64
index for the differential diagnosis of PTB and LTBI. Third, we did not
explore the CDé4-associated mechanism involved in M. tuberculosis
infection, and it should be explored in the future. Despite these lim-
itations, our study presented robust data indicating that the nCD64
index could serve as a potential biomarker for the clinical diagnosis
and prognosis of patients with TB.

In conclusion, our study demonstrated that the nCDé4 index can
be a potential biomarker to distinguish between PTB and PN patients
and to identify patients with TBM from those with CNS infection,
with the higher specificity and PPV, which were superior to those
of the T-SPOT.TB assay. Moreover, this fast, non-invasive and sta-
ble method is convenient for clinical application. More importantly,
the nCD64 index can reflect the responses to anti-TB treatment and

serve as a therapeutic monitor.
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