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Introduction

TB is a communicable disease caused by the microorganism 

Mycobacterium tuberculosis (M. tuberculosis).1 Despite being a 

curable disease, TB is one of the top ten causes of death worldwide 

and is one of the top three causes of death in SA.1,2 While great 

strides have been made in the diagnosis and treatment of TB in 

SA, it is one of six countries contributing to 60% of the global TB 

burden.3 Most of TB in SA is associated with HIV infection, and SA 

bears the highest burden of HIV and TB coinfection worldwide.3

Early diagnosis is a key factor in the fight against TB, which 

forms the first pillar of the “End TB Strategy” by the World 

Health Organization (WHO).1 The current routine laboratory 

methods used to diagnose TB depend upon identifying  

M. tuberculosis, most commonly from a sputum specimen.4 

Among the microbiological methods, microscopy is rapid; 

however, sensitivity is limited to 5  000–10  000 AFB/ml (acid-

fast bacilli per millilitre) and is particularly impaired in PLWH.5,6 

In contrast, culture can require as few as 100 AFB/ml and is the 

gold standard of TB diagnosis; however, it requires 2–6 weeks of 

incubation.5,7

The molecular method, Xpert MTB/RIF (GXPU) (Cepheid, 
Sunnyvale, United States), is based on polymerase chain reaction 
amplification. This test has a rapid turnaround time (< 2 hours), 
high sensitivity and specificity (88% and 96%, respectively), 
and can identify M. tuberculosis and evidence of rifampicin 
resistance.8,9 Samples can be of sputum and non-sputum origin, 
including but not restricted to fine needle aspirates (FNA) of 
serous effusions, cerebrospinal fluid (CSF), and FNA of lymph 
nodes.10

The GXPU test is not without its limitations, being relatively 
less sensitive in smear-negative cases and requiring a sample 
of adequate quality (which can be problematic in patients 
without a productive cough).11,12 A robust, non-sputum-based, 
inexpensive TB biomarker would be valuable to complement 
available diagnostic test methodologies in Africa, where 
resources are constrained.9

Monocytes are the major leucocytes involved in the immune 
response to TB.13 Monocytes assist in controlling TB infection 
and can become a reservoir for latent TB.14 Monocytes and TB 
are a key area of research. Previous investigations focused on 
the inflammatory profile of monocytes and the polarisation 
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of monocytes, monocyte signal transduction, monocyte-to-
lymphocyte ratios, and expression of monocyte markers in 
individuals with TB.13–16 The Sysmex XT, XE, and XN haematology 
analysers (Sysmex, Kobe, Japan) measure the degree of MO-Y 
using flow cytometry whilst performing a differential white cell 
count, which correlates with cell activation.17

A recent South African study evaluating novel white cell 
parameters generated by the Sysmex XN-9000 haematology 
analyser among patients with suspected bacterial sepsis found 
a significant association between elevated MO-Y (as reflected by 
the MO-Y parameter) and a diagnosis of TB.18 MO-Y is measured 
with every differential count performed on the above Sysmex 
analysers (a test widely performed routinely among patients 
with suspected infectious diseases). This parameter holds strong 
appeal as an inexpensive TB biomarker.

In this study, we aimed to evaluate the MO-Y parameter as a 
biomarker of TB infection among PLWH in the South African 
setting. As secondary objectives, we aimed to evaluate whether 
concomitant HIV infection influences the utility of MO-Y as a 
biomarker of TB infection and assessed the effects of TB on 
peripheral blood counts and other EDPs.

Methods

Sample collection

The study was performed at the Chris Hani Baragwanath 
Academic Hospital (CHBAH), a large academic state-sector 
hospital in Johannesburg, SA. Adult specimens (defined as  
> 18 years of age) submitted to the National Health Laboratory 
Service (NHLS) for TB GXPU testing were identified through a 
daily search of the NHLS laboratory information system (LIS). 
The timeframe for data access was from 1 August 2021 to  
3 August 2023. The LIS was utilised to ascertain if a recent FBC 
and an automated differential count had been reported within 
the last 72 hours on the Sysmex XN-9000 haematology analyser. 
If the automated differential count had not been performed, 
refrigerated FBC samples less than 24 hours old were retrieved, 
and an automated differential count was performed. MO-Y, NE-
SFL, and other EDPs for each differential count were obtained 
directly from the analyser.

The Sysmex XN-9000 measures the white cell count in the white 
cell chamber via impedance technology.19 The differential count 
is measured in the white blood cell (WBC) differential channel 
using flow cytometry.19 Cells are permeabilised, intracellular 
content is stained, and these are delivered to a laser point. 
White cell subpopulations are then identified via forward scatter 
(informs cell size), side scatter (informs cell complexity), and 
intracytoplasmic nucleic acid content.19 MO-Y and NE-SFL are 
determined by measuring the fluorescent light intensity of the 
monocyte and neutrophil areas on the white cell differential 
scattergram, respectively.

Additional information obtained from the LIS included patient 
demographics and, if available, other laboratory results, such as 
HIV status, CD4 count, HIV viral load, TB culture, white cell and 
differential white cell counts, Hb, MCV, platelet count, bone 

marrow biopsy results, and the cycle threshold (CT) values on 
positive GXPU analysis (where lower CT values indicate a larger 
disease burden). As urine testing for the lipoarabinomannan 
(urine LAM) antigen is performed at the patient’s bedside, these 
results were unavailable unless reported in the bone marrow 
biopsy report.

Since TB is far more common among PLWH, for every individual 
with HIV with a positive GXPU and an available FBC sample, a 
matching GXPU sample from an individual with HIV with a 
negative result and available FBC was sought. Samples were 
aligned based on the collection site, which included sputum, 
FNA, and CSF. As HIV-negative patients were scarce, all samples 
from HIV-negative patients with a GXPU request and an available 
FBC were included. Samples were consecutively included until 
the target sample size of approximately 100 cases in PLWH had 
been reached.

Samples were excluded in cases where the differential count was 
unavailable and the residual FBC sample was either insufficient in 
volume for use or was older than 24 hours. Additionally, patients 
with inconclusive GXPU results or those lacking an available HIV 
result were excluded.

Sample size calculation

The sample size was calculated to ensure adequate power for 
detecting a significant difference in MO-Y among PLWH with and 
without TB. In a prior investigation evaluating the effectiveness 
of EDPs in identifying bacterial sepsis, the MO-Y levels were 
significantly elevated in the limited cohort of patients diagnosed 
with TB compared with those both with and without bacterial 
sepsis.18

In this study, all patients with TB were PLWH. MO-Y did not 
differ significantly between TB-negative PLWH with and without 
bacteraemia. The mean difference in mean MO-Y between 
MO-Y in PLWH with TB and those without was 13.6 (E), while the 
standard deviation for MO-Y across all PLWH patients was 23.3 
(S). Based on these results, the estimated standardised effect 
size is ~ 0.6 (E/S). Given an α of 0.05, 1-β of 0.80, and allowing 
an additional 10% for any possible errors, the calculated sample 
size was 50 PLWH with and without TB (total HIV + cohort of 100 
patients).

Statistical analysis

TB-positive samples were defined as those with positive GXPU or 
TB culture results. The median MO-Y levels, other EDPs, and FBC 
values were compared among patients with and without TB (HIV-
positive and -negative) using a Mann–Whitney U test. Statistical 
significance was accepted at a two-sided p-value of 0.05.

Receiver operating characteristic (ROC) curve analysis was 
performed to determine the overall performance of the relevant 
assay (as evidenced by the AUC). Cut-off values with the best 
balance between test sensitivity and specificity for identifying 
TB (as evidenced by a high likelihood ratio [LR] with both high 
sensitivity and high specificity on ROC analysis). These were 
selected for the EDPs and FBC parameters, which were found 
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to differ significantly from those of the control group. Statistical 

analysis was conducted utilising Prism software, version 5 

(GraphPad, San Diego, United States).

Ethics

The study was approved by the Human Research Ethics 

Committee of the University of the Witwatersrand (M-210337). 

The committee did not mandate informed consent, as the 

testing was conducted on residual samples submitted for routine 
testing procedures. Data were recorded in an Excel spreadsheet 
and completely anonymised.

Results

Study population

A total of 120 samples were collected, comprising 57 samples 
positive for TB and 63 negative (control) samples. Of the TB-

Table I: FBC, differential count, and EDPs of all patients

Sample group
HIV-positive HIV-negative

TB-positive
(n = 47)

TB-negative
(n = 54)

p-value* TB-positive
(n = 10)

TB-negative  
(n = 9)

p-value*

Male-to-female ratio 0.69:1 1.1:1 0.23 1:1 2:1 0.65

Age (years)
Median
IQR

38
30–46

39.5
31.5–49.8

0.42 56
24.3–70.3

46
33–58 0.31

CD4 count (cells/µl)
Median
IQR

50.5
19.3–96.3

113.5
54.5–228 0.004 - -

HIV viral load (log [copies/ml])
Median
IQR

5.6
3.0–6.0

4.8
2.9–5.5 0.25 - - -

Hb (g/dl)
Median
IQR
[13.4–17.5]†

8.4
7.2–9.9

9.6
7.7–12.8

0.016
10.35

8.83–13.10
11.20

7.28–14.23
0.65

MCV (fl)
Median
IQR
[83.1–101.6]†

84.5
80.1–87.8

95.0
88.0–101.8

< 0.0001
88.95

80.40–93.35
90.20

87.25–101.6
0.35

White cell count (× 109/L)
Median
IQR
[3.92–10.40]†

7.34
4.86–10.78

6.62
4.78–11.31

0.96
10.85

5.94–12.60
7.79

6.78–11.91
0.58

Neutrophil count (× 109/L)
Median
IQR
[1.60–6.98]†

5.50
3.76–8.80

5.20
3.14–9.83

0.78
8.31

4.87–10.55
6.23

3.80–8.51
0.32

Monocyte count (× 109/L)
Median
IQR
[0.30–0.80]†

0.31
0.16–0.58

0.42
0.20–0.62

0.17
0.56

0.33–0.83
0.57

0.33–0.81
0.97

Lymphocyte count (× 109/L)
Median
IQR
[1.40–4.20]†

0.51
0.29–1.10

0.99
0.55–1.62

0.003
0.92

0.56–1.52
1.40

0.96–2.63
0.12

Monocyte-to-lymphocyte ratio
Median
IQR

0.49
0.31–1.07

0.45
0.27–0.62 0.11

0.54
0.37–1.04

0.46
0.27–0.82 0.66

Platelet count (× 109/L)
Median
IQR
[171–388]†

212
123–297

232
157–341

0.36
231

156–378
275

136–491
0.85

NE-SFL
Median
IQR
[41.40–50.8]*

56.10
53.10–64.4

48.65
46.18–55.78

< 0.0001
51.30

47.33–55.18
49.25

47.30–51.13
0.50

MO-Y
Median
IQR
[90.0–113.8]*

117.50
106.8–125.3

113.90
106.0–121.3

0.37
108.5

104.4–115.8
109.2

107.2–113.0
0.68

* Reference range determined at the Chris Hani Baragwanath Academic Hospital National Health Laboratory Service haematology laboratory in 40 ostensibly healthy volunteers.
† Reference range
EDP – extended differential parameter, FBC – full blood count, Hb – haemoglobin, HIV – human immunodeficiency virus, IQR – interquartile range, MCV – mean cell volume, MO-Y – monocyte 
fluorescence, NE-SFL – neutrophil surface fluorescent light intensity, TB – tuberculosis
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positive patients, 53 had a positive GXPU test, and four had a 
negative GXPU test but with a positive TB culture. Most of the 
samples (81) were sputum, with the remainder including fluid/
aspirates (five pleural fluid, two ascitic fluid, one pericardial fluid, 
four lymph node FNA, and 16 unspecified), 10 CSF samples, and 
a single tissue sample.

The average age of patients was 39 years, with 52.5% being 
female. The patients were admitted to various wards encom-
passing medical, surgical, and intensive care units, while two 
samples were collected from outpatients. The HIV seropositivity 
rate was 84%, with a median CD4 count of 72 cells/µl. A CD4 
count could not be traced for seven patients. Relevant biometric 
data is shown in Table I.

Monocyte fluorescence, extended differential 
parameters, and blood count results

The MO-Y value did not differ significantly between the TB-
positive and -negative patients, regardless of HIV status  
(Table I). In the analysis of the TB-positive group, a comparison 
of MO-Y between individuals exhibiting high CT values and 
those with low CT values on GXPU analysis (reflecting disease 
burden) revealed no statistically significant difference (p = 0.95). 
The possibility of a delay in processing affecting results was 
considered; however, the time to process for the samples with 
the lowest MO-Y value (four samples, MO-Y < 100) was not found 
to be significantly prolonged (median 11.7 hours). Similarly, the 
monocyte-to-lymphocyte ratio did not differ between the TB-
positive and -negative patients, regardless of HIV status.

In PLWH, MO-Y was significantly higher in patients with a CD4 
count < 100 cells/µl (median MO-Y 118.4, interquartile range 
[IQR] 108.8–124.2) than those with a CD4 count > 100 cells/µl 
(median MO-Y 108.3, IQR 102.2–121.7) (p = 0.008). This was found 
regardless of TB status, with a median MO-Y of 119.4 versus 
104.7 in patients with TB and CD4 counts < 100 cells/µl and  
> 100 cells/µl, respectively (p = 0.024).

Of note, one patient with a CD4 count of 1 cell/µl had an 
extremely high MO-Y value (136.3) and a strong clinical suspicion 
of TB based on her chest radiography; however, the GXPU and 
TB culture were negative. A second patient with a CD4 count of 
34 cells/µl and a high MO-Y value (125.3) was diagnosed with TB 
with difficulty, having had three negative GXPU tests and two 
negative TB cultures before being diagnosed with TB on a third 
TB culture.

The NE-SFL, Hb, CD4 counts, absolute lymphocyte counts, 
and MCV were significantly different in the TB-positive versus 
-negative groups (Table I). None of these findings were replicated 
in the HIV-negative group (Table I).

Receiver operating characteristic curve analysis

The results of the ROC curve analysis are presented in Table II. 
The MCV value showed the greatest utility in predicting TB in 
PLWH at an 87.4 fl cut-off value, with an AUC of 0.78. The NE-SFL 
also exhibited a good prediction of TB presence in these patients 
at a > 52.15 cut-off value. The Hb, CD4 counts, and absolute 
lymphocyte counts were comparatively poor biomarkers, at cut-
off levels of 8.65 g/dl, 59 cells/µl, and 0.81 × 109/L, respectively.

Discussion

This study evaluated the application of the MO-Y value, 
determined by the Sysmex XN-9000 haematology analyser, 
to identify TB within a South African laboratory context. Our 
patient cohort exhibited a significant HIV seropositivity rate 
of 84%, underscoring the established heightened risk of TB 
among PLWH, along with a strong clinical suspicion for TB in 
this population. MO-Y did not show utility as a biomarker for 
TB, irrespective of HIV status. Of note, PLWH with CD4 counts  
< 100 cells/µl showed a higher MO-Y value than those with CD4 
counts > 100 cells/µl, regardless of TB status. The raised MO-Y 
in this group of immunocompromised patients may be due to 
other opportunistic or chronic infections, resulting in monocyte 
activation.

Alternatively, MO-Y may still be a biomarker of TB in this 
subpopulation of patients since CD4 counts < 100 cells/µl have 
been associated with lower rates of laboratory-confirmed TB 
diagnoses.20 This was illustrated by two of our patients within 
this group. One had a CD4 count of 34 cells/µl and underwent 
repeated testing, with a single positive TB culture obtained out 
of the six samples submitted (three GXPUs and three TB cultures). 
A second patient with a CD4 count of 1 cell/µl had strong 
radiological suspicion of TB but negative GXPU testing. This 
highlights that a proportion of the patients with extremely low 
CD4 counts, in whom TB could not be confirmed, may yet have 
had active TB infection and that MO-Y may still be a biomarker of 
TB in this subpopulation of patients.

A TB biomarker would be useful in these cases, where there is 
concern for smear-negative TB, resulting in reduced sensitivity 

Table II: ROC curve analysis assessing the various biomarkers among PLWH with TB infection compared with those without evident TB infection

Parameter AUC 95% CI p-value for 
AUC

LR Sensitivity  
(%)

Specificity  
(%)

Cut-off value NPV 
(%)

PPV 
(%)

MO-Y 0.55 0.44 to 0.67 0.37 1.27 59.3 53.2 > 116.3 59.3 53.2

NE-SFL 0.74 0.64 to 0.84 < 0.0001 4.48 66.7 85.1 > 52.15 83.7 69.0

MCV 0.78 0.68 to 0.88 < 0.0001 3.02 75.5 75.0 < 87.35 fl 78.4 71.7

Hb 0.64 0.53 to 0.75 0.016 1.71 66.0 61.4 < 8.65 g/dl 67.3 60.0

CD4 count 0.67 0.56 to 0.79 0.004 1.86 72.0 61.4 < 59 cells/µl 67.9 65.9

Lymphocyte count 0.67 0.57 to 0.78 0.003 1.64 63.07 61.7 < 0.81 × 109/L 65.4 59.2

AUC – area under curve, CI – confidence interval, Hb – haemoglobin, LR – likelihood ratio, MCV – mean cell volume, MO-Y – monocyte fluorescence, NE-SFL – neutrophil surface fluorescent light 
intensity, NPV – negative predictive value, PLWH – people living with human immunodeficiency virus, PPV – positive predictive value, ROC – receiver operating characteristic, TB – tuberculosis
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of the GXPU assay.21 Further studies would be of interest in this 

group, including complete integration of urine LAM testing 

and microbiological, clinical, and radiological findings to better 

assess the value of MO-Y as an indicator of TB in PLWH with CD4 

counts < 100 cells/µl.

NE-SFL was found to be significantly higher in PLWH with TB 

but not in the HIV-negative group. NE-SFL has previously been 

shown to reflect neutrophil activation and perform as a good 

biomarker of bacterial sepsis.19 These findings may be due to 

a greater degree of general immune activation (resulting in 

neutrophil activation), more severe illness, or a higher rate of 

concomitant bacterial infection in PLWH with TB.

Among the PLWH, those with TB had significantly lower CD4 

and absolute lymphocyte counts. TB infection is independently 

associated with lymphopaenia, owing to lymphocyte 

involvement in the immune response to TB and augmented by 

HIV coinfection.22 This finding was observed in a previous study 

conducted at the NHLS at CHBAH, evaluating the changes in the 

FBC in PLWH and TB coinfection.23

Anaemia is a common haematological manifestation of TB 

and is suggested as the first indication of  TB due to iron 

dysregulation.23,24 A previous comparative cross-sectional 

study showed that HIV coinfection worsens the haematological 

abnormalities associated with pulmonary TB, including 

significantly lower Hb levels.25 Our results showed that PLWH 

and TB coinfection had significantly lower Hb and MCV values 

than TB-negative controls. On ROC analysis, the parameter with 

the strongest diagnostic utility for discriminating PLWH with and 

without TB was the MCV (AUC of 0.78 at an 87.4 fl cut-off value; 

p < 0.0001).

The lower MCV values in our patient cohort are likely related 

to underlying anaemia of chronic disease. This hypothesis 

is supported by previous studies, one of which showed an 

improvement in both the c-reactive protein (CRP) and Hb levels 

during TB treatment.26 Another supportive study investigated 

the haematological parameters in patients with sputum smear-

positive TB. The investigators detected microcytic anaemia 

in patients with TB, which improved with treatment.27 An 

alternative explanation for the lower MCV in patients with TB is 

greater antiretroviral therapy coverage in the TB-negative group. 

This theory is less favoured, as the HIV viral load did not differ 

between these groups.

Notably, there were no significant differences in any of the blood 

count parameters in the HIV-negative group with and without 

TB. This directly contrasts with several previous studies that 

investigated haematological manifestations of TB in patients  

who were not immunocompromised.24,27–30 This is possibly 

explained by the smaller cohort of HIV-negative patients in this 

study or the fact that many previous studies used healthy controls. 

Yoon et al.28 is one of the exceptions to the latter statement 

and used the neutrophil-to-lymphocyte ratio to differentiate 

pulmonary TB from community-acquired pneumonia.

Interferon-gamma release assays (IGRA) are performed on whole 
blood specimens and measure the cellular immune response to 
the M. tuberculosis antigen; however, these have not been used 
in SA’s clinical setting.31 Luo et al.30 combined the IGRA tests 
and FBC results to construct a diagnostic model to differentiate 
between active and latent TB. The Hb, lymphocyte counts, and 
MCV significantly decreased in patients with active versus latent 
TB.30 The investigators also postulated that routine blood testing 
and IGRAs in investigating immunocompromised patients may 
assist in identifying active TB.30 The diagnostic utility of our 
significant results may be improved in combination with IGRAs; 
however, logistical and financial difficulties are involved in 
implementing this assay in the South African setting.

Study limitations
This study has several limitations. Tuberculosis diagnosis in PLWH 
is challenging and associated with smear-negative TB, resulting 
in lower rates of laboratory-confirmed TB.21 As illustrated in one 
patient, diagnosis may require repeated investigation and TB 
cultures. Our cohort showed an 84% HIV seropositivity rate, with 
a median CD4 count of 72 cells/µl. This raises concerns regarding 
the potential for false negative results within our control group, 
which could significantly impact the study results. Access to 
bedside urine LAM test results, clinical details, and radiology 
findings would be beneficial in these situations.

Conclusion

MO-Y is not an effective biomarker for diagnosing TB; however, 
it was significantly elevated in a subgroup of PLWH with CD4 
counts < 100 cells/µl. The significance of this finding is unclear 
and requires further study. Several additional parameters 
within this group exhibited a notable difference in patients 
with TB compared with the control group. These were Hb, CD4 
counts, lymphocyte counts, and MCV. The MCV was the best 
discriminatory parameter for differentiating patients with and 
without TB at an 87.4 fl cut-off value. The diagnostic utility of 
these parameters may be improved by combining them with 
IGRAs, and further studies in this area would be of interest.

Conflict of interest
The authors declare no conflict of interest or significant financial 
support for this work.

Ethical approval
The study was approved by the Human Research Ethics 
Committee of the University of the Witwatersrand (M-210337).

ORCID
A Moosa  https://orcid.org/0009-0003-0227-5411
K Hodkinson  https://orcid.org/0000-0002-2870-0442
J Vaughan  https://orcid.org/0000-0002-4551-0800

References
1.	 who.int [Internet]. Global tuberculosis report 2020. Geneva: World Health 

Organization; 2020. Available from: https://www.who.int/publications-detail-
redirect/9789240013131. Accessed 13 January 2021.

2.	 The top 10 causes of death. World Health Organization. 2020. https://www.who.
int/news-room/fact-sheets/detail/the-top-10-causes-of-death. Accessed June 6, 
2023.

https://orcid.org/0009-0003-0227-5411
https://orcid.org/0000-0002-2870-0442
https://orcid.org/0000-0002-4551-0800
https://www.who.int/news-room/fact-sheets/detail/the-top-10-causes-of-death
https://www.who.int/news-room/fact-sheets/detail/the-top-10-causes-of-death


Monocyte fluorescence as a potential biomarker of tuberculosis in a HIV-prevalent setting: a hospital-based study in South Africa

33JMLSTSA 2025;7(1) The page number in the footer is not for bibliographic referencing

3.	 Naidoo P, Theron G, Rangaka MX, et al. The South African tuberculosis care 
cascade: estimated losses and methodological challenges. J Infect Dis. 
2017;216(suppl_7):S702-13  https://doi.org/10.1093/infdis/jix335.

4.	 Musvosvi M, Duffy D, Filander E, et al. T-cell biomarkers for diagnosis 
of tuberculosis: candidate evaluation by a simple whole blood assay 
for clinical translation. Eur Respir J. 2018;51(3):1800153. https://doi.
org/10.1183/13993003.00153-2018.

5.	 Sulis G, Centis R, Sotgiu G, et al. Recent developments in the diagnosis and 
management of tuberculosis. NPJ Prim Care Respir Med. 2016;26(16078). https://
doi.org/10.1038/npjpcrm.2016.78.

6.	 Das PK, Ganguly SB, Mandal B. Sputum smear microscopy in tuberculosis: it is 
still relevant in the era of molecular diagnosis when seen from the public health 
perspective. Biomed Biotechnol Res J. 2019;3(2):77-9. https://doi.org/10.4103/
bbrj.bbrj_54_19.

7.	 Nema V. Tuberculosis diagnostics: challenges and opportunities. Lung India. 
2012;29(3):259-66. https://doi.org/10.4103/0970-2113.99112.

8.	 MacLean E, Kohli M, Weber SF, et al. Advances in molecular diagnosis of 
tuberculosis. J Clin Microbiol. 2020;58(10):e01582-19. https://doi.org/10.1128/
JCM.01582-19.

9.	 MacLean E, Broger T, Yerlikaya S, et al. A systematic review of biomarkers 
to detect active tuberculosis. Nat Microbiol. 2019;4(5):748-58. https://doi.
org/10.1038/s41564-019-0380-2.

10.	 Lawn SD, Zumla AI. Diagnosis of extrapulmonary tuberculosis using the Xpert 
MTB/RIF assay. Expert Rev Anti Infect Ther. 2012;10(6):631-5. https://doi.
org/10.1586/eri.12.43.

11.	 Pai M, Behr MA, Dowdy D, et al. Tuberculosis. Nat Rev Dis Primers. 2016;2(16076).  
https://doi.org/10.1038/nrdp.2016.76.

12.	 Yang Q, Han J, Shen J, et al. Diagnosis and treatment of tuberculosis in adults 
with HIV. Medicine (Baltimore). 2022;101(35):e30405. https://doi.org/10.1097/
MD.0000000000030405.

13.	 Druszczynska M, Wlodarczyk M, Janiszewska-Drobinska B, et al. Monocyte signal 
transduction receptors in active and latent tuberculosis. Clin Dev Immunol. 
2013;2013:851452. https://doi.org/10.1155/2013/851452.

14.	 Lavalett L, Ortega H, Barrera LF. Infection of monocytes from tuberculosis 
patients with two virulent clinical isolates of Mycobacterium tuberculosis 
induces alterations in myeloid effector functions. Front Cell Infect Microbiol. 
2020;10:163. https://doi.org/10.3389/fcimb.2020.00163.

15.	 Andrade BB, Singh A, Narendran G, et al. Mycobacterial antigen driven activation 
of CD14++CD16- monocytes is a predictor of tuberculosis-associated immune 
reconstitution inflammatory syndrome. PLoS Pathog. 2014;10(10):e1004433. 
https://doi.org/10.1371/journal.ppat.1004433.

16.	 La Manna MP, Orlando V, Dieli F, et al. Quantitative and qualitative profiles of 
circulating monocytes may help identifying tuberculosis infection and disease 
stages. PLoS One. 2017;12(2):e0171358. https://doi.org/10.1371/journal.
pone.0171358.

17.	 Martens RJH, van Adrichem AJ, Mattheij NJA, et al. Hemocytometric 
characteristics of COVID-19 patients with and without cytokine storm syndrome 
on the Sysmex XN-10 hematology analyzer. Clin Chem Lab Med. 2020;59(4):783-
93. https://doi.org/10.1515/cclm-2020-1529.

18.	 Lemkus L, Lawrie D, Vaughan J. The utility of extended differential parameters as 
a biomarker of bacteremia at a tertiary academic hospital in persons with and 
without HIV infection in South Africa. PLoS One. 2022;17(2):e0262938. https://
doi.org/10.1371/journal.pone.0262938

19.	 Kawauchi S, Takagi Y, Kono M, Wada A, Morikawa T. Comparison of the leukocyte 
differentiation scattergrams between the XN-Series and the XE-Series of 
hematology analyzers. Sysmex J Int. 2014;24(1). https://www.sysmex.co.jp.

20.	 Gupta RK, Lawn SD, Bekker L-G, et al. Impact of human immunodeficiency 
virus and CD4 count on tuberculosis diagnosis: analysis of city-wide data from 
Cape Town, South Africa. Int J Tuberc Lung Dis. 2013;17(8):1014-22. https://doi.
org/10.5588/ijtld.13.0032.

21.	 Méndez-Samperio P. Diagnosis of tuberculosis in HIV co-infected individuals: 
current status, challenges and opportunities for the future. Scand J Immunol. 
2017;86(2):76-82. https://doi.org/10.1111/sji.12567.

22.	 Beck JS, Potts RC, Kardjito T, Grange JM. T4 lymphopenia in patients with active 
pulmonary tuberculosis. Clin exp Immunol. 1985;60(1):49-54.

23.	 Bahemia IA, Patel M, Matsena -Zingoni Z, Menezes CN. Evolving changes in the 
full blood count in tuberculosis. Wits J Clin Med. 2021;3(1):3-10. https://doi.
org/10.18772/26180197.2021.v3n1a1.

24.	 Rees CA, Pineros DB, Amour M, et al. The potential of CBC-derived ratios 
(monocyte-to-lymphocyte, neutrophil-to-lymphocyte, and platelet-to-
lymphocyte) to predict or diagnose incident TB infection in Tanzanian 
adolescents. BMC Infect Dis. 2020;20(609). https://doi.org/10.1186/
s12879-020-05331-w.

25.	 Abay F, Yalew A, Shibabaw A, Enawgaw B. Hematological abnormalities of 
pulmonary tuberculosis patients with and without HIV at the University of 
Gondar Hospital, Northwest Ethiopia: a comparative cross-sectional study. 
Tuberc Res Treat. 2018;2018:5740951. https://doi.org/10.1155/2018/5740951.

26.	 Lawn SD, Obeng J, Acheampong JW, Griffin GE. Resolution of the acute-phase 
response in West African patients receiving treatment for pulmonary 
tuberculosis. Int J Tuberc Lung Dis. 2000;4(4):340-4.

27.	 Yaranal PJ, Umashankar T, Harish SG. Hematological profile in pulmonary 
tuberculosis. Int. J. Health Sci. 2013;2(1):50-5. https://www.bibliomed.org.

28.	 Yoon N-B, Son C, Um S-J. Role of the neutrophil-lymphocyte count ratio in 
the differential diagnosis between pulmonary tuberculosis and bacterial 
community-acquired pneumonia. Ann Lab Med. 2013;33(2):105-10. 
https://doi.org/10.3343/alm.2013.33.2.105.

29.	 Elyass M, Abdullah A, Samuel E, Yassen N, Elnour AM. Hematological 
parameters among tuberculosis patients under treatment attending Kosti 
and Kenana teaching hospitals in White Nile state, Sudan. Am J Res Commun. 
2017;5(6):58-94.

30.	 Luo Y, Tang G, Yuan X, et al. Combination of blood routine examination and 
T-SPOT.TB assay for distinguishing between active tuberculosis and latent 
tuberculosis infection. Front Cell Infect Microbiol. 2021;11:575650. https://doi.
org/10.3389/fcimb.2021.575650.

31.	 Barth RE, Mudrikova T, Hoepelman AIM. Interferon-gamma release assays 
(IGRAs) in high-endemic settings: could they play a role in optimizing global TB 
diagnostics? Evaluating the possibilities of using IGRAs to diagnose active TB in 
a rural African setting. Int J Infect Dis. 2008;12(6):e1-6. https://doi.org/10.1016/j.
ijid.2008.03.026.

https://doi.org/10.1093/infdis/jix335
https://doi.org/10.1183/13993003.00153-2018
https://doi.org/10.1183/13993003.00153-2018
https://doi.org/10.1038/npjpcrm.2016.78
https://doi.org/10.1038/npjpcrm.2016.78
https://doi.org/10.4103/bbrj.bbrj_54_19
https://doi.org/10.4103/bbrj.bbrj_54_19
https://doi.org/10.4103/0970-2113.99112
https://doi.org/10.1128/JCM.01582-19
https://doi.org/10.1128/JCM.01582-19
https://doi.org/10.1038/s41564-019-0380-2
https://doi.org/10.1038/s41564-019-0380-2
https://doi.org/10.1586/eri.12.43
https://doi.org/10.1586/eri.12.43
https://doi.org/10.1038/nrdp.2016.76
https://doi.org/10.1097/MD.0000000000030405
https://doi.org/10.1097/MD.0000000000030405
https://doi.org/10.1155/2013/851452
https://doi.org/10.3389/fcimb.2020.00163
https://doi.org/10.1371/journal.ppat.1004433
https://doi.org/10.1371/journal.pone.0171358
https://doi.org/10.1371/journal.pone.0171358
https://doi.org/10.1515/cclm-2020-1529
https://doi.org/10.1371/journal.pone.0262938
https://doi.org/10.1371/journal.pone.0262938
https://doi.org/10.5588/ijtld.13.0032
https://doi.org/10.5588/ijtld.13.0032
https://doi.org/10.1111/sji.12567
https://doi.org/10.18772/26180197.2021.v3n1a1
https://doi.org/10.18772/26180197.2021.v3n1a1
https://doi.org/10.1186/s12879-020-05331-w
https://doi.org/10.1186/s12879-020-05331-w
https://doi.org/10.1155/2018/5740951
https://doi.org/10.3343/alm.2013.33.2.105
https://doi.org/10.3389/fcimb.2021.575650
https://doi.org/10.3389/fcimb.2021.575650
https://doi.org/10.1016/j.ijid.2008.03.026
https://doi.org/10.1016/j.ijid.2008.03.026

