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Abstract 29 

Introduction 30 

South Africa has the 5th highest burden of Tuberculosis (TB) as well as coinfection with Human 31 

immunodeficiency virus (HIV) worldwide. Routine laboratory methods have varying 32 

sensitivity and specificity. The Xpert MTB/RIF (GXPU) (Cepheid, Sunnyvale, CA), has lower 33 

sensitivity in sputum smear negative cases and poor quality sputum samples. A robust, non-34 

sputum based, inexpensive biomarker of TB would be of value in such cases. 35 

Monocytes are the major leucocyte involved in the immune response to TB. The Sysmex 36 

haematology analysers (Sysmex, Kobe, Japan) measure monocyte activation via monocyte 37 

fluorescence (MO-Y). This study aimed to evaluate the MO-Y and other Sysmex extended 38 

differential parameters (EDPs) as biomarkers of TB infection in the local setting. 39 

Methods 40 

The MO-Y and EDPs were retrieved from the analyser for 121 adult cases (56 with TB, 65 41 

controls). Further information was obtained from the laboratory information system, 42 
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including patient demographics and other laboratory results; TB culture, SARS-CoV-2 results, 43 

C-reactive protein level, HIV status, bone marrow biopsies and the cycle threshold (CT) values 44 

on positive GXPU analysis. The MO-Y, EDPs and full blood count (FBC) values were compared 45 

among patients with and without TB (HIV positive and negative). Statistical significance was 46 

assessed (P-value of <0.05).  47 

Results 48 

The MO-Y did not show utility in identifying patients with TB.  49 

A sub-population of patients living with HIV (PLWH) with a CD4 <100 cells/ul showed 50 

significantly higher MO-Y levels, due to other opportunistic infections affecting monocytes. 51 

 Neutrophil surface fluorescence (a marker of neutrophil activation), was significantly higher 52 

in PLWH and with concomitant TB infection, possibly due to immune activation, worse illness, 53 

or increased bacterial infection. 54 

 Among the PLWH, those with TB had significantly lower CD4 counts, absolute lymphocyte 55 

counts and mean cell volume (MCV) values. The MCV (cut-off value 87 fL) showed the 56 

strongest diagnostic utility for discriminating PLWH with and without TB (AUC 0.79). 57 

Conclusion 58 

The MO-Y is not a useful biomarker of TB, but is significantly elevated in PLWH with low CD4 59 

counts. The MCV showed adequate discriminatory power for differentiating patients with and 60 

without TB, at a cut-off level of 87fL. 61 

 62 
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Introduction 63 

Tuberculosis (TB) is a communicable disease, caused by the microorganism Mycobacterium 64 

tuberculosis (M. tuberculosis). (1) Despite being a curable disease, TB is one of the top ten 65 

causes of death worldwide, and is one of the top three causes of death in South Africa (SA). 66 

(2,3) While great strides have been made in the diagnosis and treatment of TB in SA, it carries 67 

the 5th highest burden of TB in the world and is one of six countries contributing to 60% of the 68 

global TB burden. (2,4)   69 

 70 

The majority of TB in SA is associated with human immunodeficiency virus (HIV) infection, and 71 

SA bears the highest burden of HIV and TB co-infection cases worldwide. (4)  72 

 73 

A key factor in the fight against TB is early diagnosis, and forms the first pillar of the End TB 74 

Strategy by the World Health Organisation (WHO). (1) The current routine laboratory 75 

methods used to diagnose TB depend upon the identification of M. tuberculosis, most 76 

commonly from a sputum specimen. (5) Among the microbiological methods, microscopy is 77 

rapid, however sensitivity is limited to 5000–10,000 acid fast bacilli per ml (AFB/ml), and is 78 

particularly impaired in people living with HIV (PLWH). (6,7) In contrast, culture can require 79 

as few as 100 bacilli/ml and is the gold standard of TB diagnosis, however requires 2-6 weeks 80 

incubation. (6,8) The molecular method, Xpert MTB/RIF (GXPU) (Cepheid, Sunnyvale, CA), is 81 

based on polymerase chain reaction (PCR) amplification. This test has a rapid turnaround time 82 

(<2 hours), high sensitivity and specificity (88% and 96% respectively), and can identify M. 83 

tuberculosis and rifampicin resistance. (9,10) Samples can be of sputum and non-sputum 84 

origin, including but not restricted to fine needle aspirates (FNA) of serous effusions, 85 
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cerebrospinal fluid (CSF), and FNA of lymph nodes. (11) The GXPU test is not without 86 

limitations, being relatively less sensitive in smear negative cases and requiring a sample of 87 

adequate quality (which can be problematic in patients without a productive cough). (12,13)  88 

A robust, non-sputum based and inexpensive  biomarker of TB would be of value to 89 

compliment available diagnostic test methodologies. (10)  90 

 91 

Monocytes are the major leucocyte involved in the immune response to TB. (14) Monocytes 92 

assist in controlling TB infection, and can become a reservoir for latent TB. (15) Monocytes 93 

and TB are a key area of research, with investigation having focused on the inflammatory 94 

profile of monocytes and the polarisation of monocytes, monocyte signal transduction, 95 

monocyte to lymphocyte ratios and expression of monocyte markers in individuals with 96 

TB.(14–17) The Sysmex XT-, XE- and XN haematology analysers (Sysmex, Kobe, Japan) 97 

measure the degree of monocyte fluorescence using flow cytometry whilst performing a 98 

differential white cell count, which correlates with activation of the cell. (18) A recent South 99 

African study evaluating novel white cell parameters generated by the Sysmex XN-9000 100 

haematology analyser among patients with suspected bacterial sepsis found a significant 101 

association between elevated monocyte fluorescence (as reflected by the MO-Y parameter) 102 

and a diagnosis of TB. (19) As the MO-Y is measured with every differential count performed 103 

on the above Sysmex analysers (a test widely performed in the routine work-up of patients 104 

with suspected infectious diseases), this parameter holds strong appeal as an inexpensive 105 

biomarker of TB. 106 

 107 

Monocyte activation may also be of value in the prognostication of patients with SARS-CoV-2 108 

infection. Two studies have assessed extended differential parameters in the setting of SARS-109 
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CoV-2 infection (20,21), one of which found increased monocyte fluorescence in critically ill 110 

patients. (20) 111 

 112 

In this study, we aimed to evaluate the MO-Y parameter as a biomarker of TB infection among 113 

PLWH in the South African setting. As secondary objectives, we aimed to evaluate whether 114 

concomitant HIV-infection influences the utility of the MO-Y as a biomarker of TB infection, 115 

to assess the effects of TB on the peripheral blood counts and other EDPs, and to evaluate 116 

MO-Y levels in patients with documented SARS-CoV-2 infection. 117 

 118 

Methods 119 

Sample collection 120 

The study was performed at the Chris Hani Baragwanath Academic Hospital, which is a large 121 

academic state-sector hospital in Johannesburg, SA, between the dates of 1st May and 31st 122 

August 2023. Adult specimens (defined as >18 years of age) submitted to the national health 123 

laboratory service (NHLS) for TB Gene Xpert MTB/RIF testing  were identified by a daily search 124 

of the NHLS laboratory information system (LIS). The LIS was used to determine whether a 125 

recent full blood count (FBC) and automated differential count had been performed within 126 

the preceding 72 hours, on the Sysmex XN-9000 haematology analyser. If an automated 127 

differential count had not been performed, then refrigerated FBC samples that were less than 128 

24 hours old, were retrieved and an automated differential count was performed. The 129 

monocyte fluorescence (MO-Y), neutrophil surface fluorescence (NE-SFL) and other extended 130 

differential parameters (EDP) for each differential count was obtained directly from the 131 
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analyser. The Sysmex XN-9000 measures the white cell count in the white cell chamber via 132 

impedance technology. (22) The differential count is measured in the WBC differential 133 

channel via flow cytometry. (22) Cells are permeabilised, intracellular content is stained and 134 

these are delivered to a laser point. White cell subpopulations are then identified via forward 135 

scatter (informs cell size), side scatter (informs cell complexity) and intracytoplasmic nucleic 136 

acid content. (22) The MO-Y and NE-SFL are determined via measurement of fluorescent light 137 

intensity of the monocyte and neutrophil areas on the white cell differential scattergram, 138 

respectively.  139 

 140 

Additional information obtained from the LIS included patient demographics and other 141 

laboratory results if available, including HIV status, CD4 count, HIV viral load, TB culture, white 142 

cell and differential white cell counts, Haemoglobin (Hb), mean cell volume (MCV) platelet 143 

count, SARS-CoV-2 results, C-reactive protein (CRP) level, bone marrow biopsies and the cycle 144 

threshold (CT) values on positive GXPU analysis (where lower CT values indicate larger disease 145 

burden). As urine testing for the lipoarabinomannan (urine LAM) antigen is performed at the 146 

patient bedside, these results were not obtainable unless reported on in the bone marrow 147 

biopsy report. Since TB is very much more common among PLWH, for every individual living 148 

with HIV with a positive GXPU and an available FBC sample, a matching GXPU sample from an 149 

individual living with HIV with a negative result and available FBC was sought. Samples were 150 

matched for site of collection (sputum, fine needle aspirate and cerebrospinal fluid). As HIV 151 

negative patients were scarce, all samples from HIV negative patients with a GXPU request 152 

and an available FBC were included. Samples were consecutively included until the target 153 

sample size of approximately 100 cases (50 GXPU positive and 50 GXPU negative) had been 154 
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reached.  In order to ensure a total HIV+ cohort of 100 patients, the sample size eventually 155 

reached 121. 156 

Samples were excluded if there was no available differential count and the residual FBC 157 

sample was of insufficient volume to use or >24 hours old. Patients with inconclusive GXPU 158 

results or no available HIV result were excluded.  The main analysis excluded cases with a 159 

positive test for the SARS-CoV-2 virus, however these were assessed as a subpopulation. 160 

Sample size calculation 161 

The sample size was calculated in order to ensure adequate power for detection of a  162 

significant difference in the MO-Y among PLWH with and without TB. In a previous study 163 

assessing the utility of EDPs in the detection of  bacterial sepsis, the MO-Y was found to be 164 

marginally significantly higher in the small number of included patients who transpired to 165 

have TB as compared to those with and without bacterial sepsis. (19) In this study, all patients 166 

with TB were PLWH. The MO-Y did not differ significantly between TB-negative PLWH with 167 

and without bacteraemia. The mean difference in mean monocyte fluorescence between the 168 

MO-Y in PLWH  with and without TB was 13.6 (E), and the standard deviation for the MO-Y 169 

among all PLWH patients was 23.3 (S). On the basis of these results, the estimated 170 

standardised effect size is ~0.6 (E/S).  Given an α of 0.05, 1-β of 0.80 and allowing an additional 171 

10% for any possible errors, the calculated sample size was 50 PLWH with and without TB 172 

(total HIV+ cohort of 100 patients).  173 

 174 

Statistical analysis 175 

TB positive samples were defined as those with positive GXPU or TB culture results. The 176 

median MO-Y levels, other EDPs and FBC values were compared among patients with and 177 
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without TB (HIV positive and negative) using a Mann-Whitney U-test. Statistical significance 178 

was accepted at a two-sided P-value of 0.05. 179 

 180 

Receiver operating characteristic (ROC) curve analysis was performed to determine the  181 

overall performance of the relevant assay (as evidenced by the area under the curve (AUC).  182 

Cut-off values with the best balance between test sensitivity and specificity for identifying TB 183 

(as evidenced by a high likelihood ratio (LR) with both high sensitivity and high specificity on 184 

ROC analysis) were selected for the EDPs and FBC parameters which were found to differ 185 

significantly from those of the control group.  186 

 187 

Statistical analysis was performed using Prism software, version 5 (GraphPad Software, San 188 

Diego, California, United States). 189 

 190 

Ethics 191 

The study was approved by the Human Research Ethics Committee of the University of the 192 

Witwatersrand (M-210337). Informed consent was not a requirement by the committee, as 193 

testing was performed on residual samples submitted for routine testing. Data was captured 194 

onto an excel spreadsheet and fully anonymized. 195 

 196 
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Results 197 

Study population 198 

A total of 121 samples were collected, 56 with TB, and 65 negative controls. Of the TB positive 199 

patients, there were 53 with a positive GXPU test, and 2 with a negative GXPU but positive TB 200 

culture (one unspecified aspirate and one blood sample). One patient was included in the TB 201 

positive group due to a positive Ziehl-Neelsen stain,  performed on the bone marrow trephine 202 

biopsy. The TB blood culture subsequently revealed a Mycobacterium avium complex 203 

infection. The majority of the samples were sputum (82), with the remainder comprising 204 

fluid/aspirates (5 pleural fluid, 2 ascitic fluid, 1 pericardial fluid, 4 lymph node fine needles 205 

aspirates, 16 unspecified), 10 cerebrospinal fluid samples, and a single tissue sample. The 206 

median patient age was 39 years, females predominated comprising 53%. The patients were 207 

admitted to a variety of wards, including medical, surgical, and intensive care, and 2 samples 208 

were obtained from outpatients. The HIV seropositivity rate was 84% with a median CD4 209 

count of 72 cells/ul. A CD4 count could not be traced for 7 patients. 210 

 211 

In the TB negative group there were 7 patients who were found to be SARS-CoV-2 positive, 212 

and were thus excluded from the overall analysis. Of these patients, 4 were PLWH (57%). The 213 

median MO-Y in this group was 109.9 (IQR 105.2-112.9) with no significant difference in the 214 

MO-Y of these patients as compared to the control group (P = 0.64). Relevant biometric data 215 

is shown in Table 1.    216 

 217 
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MO-Y, extended differential parameters and blood count results 218 

The MO-Y value did not differ significantly between the TB positive and TB negative patients, 219 

regardless of HIV status (Table 1).  When the MO-Y was compared within the TB positive 220 

group, between those with high CT values and low CT values on GXPU analysis (indicating 221 

disease burden), there was no significant difference (P = 0.95).  The possibility of a delay in 222 

processing affecting results was considered, however the time to process for the samples with 223 

the lowest MO-Y value (4 samples, MO-Y <100) was not found to be significantly prolonged 224 

(median 11.7 hours). Similarly, the monocyte to lymphocyte ratio did not differ between the 225 

TB positive and negative patients, regardless of HIV status. 226 

 227 

In the PLWH, the MO-Y was significantly higher in patients with a CD4 count < 100 cells/ul 228 

(median MO-Y 118.4, IQR 108.8 - 124.2) as compared to those with a CD4 count > 100 cells/ul 229 

(median MO-Y 108.3, IQR 102.2 - 121.7 (P = 0.008)). This was found regardless of TB status, 230 

with a median MO-Y 119.4 versus 104.7 in patients with TB and CD4 counts >100 and <100 231 

respectively  (P = 0.024).  Of note, one patient with a CD4 count of 1 cell/ul had a very high 232 

MO-Y (136.3) and a strong clinical suspicion of TB based on her chest radiography, however 233 

did not have a positive GXPU result. A second patient with a CD4 count of 34 cells/ul and a 234 

high MO-Y (125.3) was diagnosed with TB with difficulty, having three negative GXPU tests 235 

and two negative TB cultures, before being diagnosed with TB on a 3rd TB culture.   236 

 237 

The NE-SFL was significantly higher in PLWH with TB compared to those without TB (P < 238 

0.0001), however this finding was not replicated in the HIV negative group (P = 0.05) (Table 239 

1). 240 
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 241 

Among the PLWH, the mean cell volume, absolute lymphocyte count and CD4 count were all 242 

significantly different in the TB positive versus TB negative groups (Table 2). The difference in 243 

MCV was most significant (P < 0.0001). With regard to other data collected, the CRP was 244 

significantly higher in the TB positive (median 139 mg/l, IQR 84 - 211 mg/l) as compared to 245 

the TB negative group (median 68 mg/l, IQR 41.50 - 125.5 mg/l (P = 0.0001)). 246 

 247 
The MCV value showed the most utility in predicting TB, at a cut off value of 87 fL, with an 248 

AUC of 0.78. 249 

 250 

Analysis of the differential counts and other EDP data in the HIV negative group did not yield 251 

any significant differences between patients with and without TB (Table 1). 252 

 253 

A sub-analysis was performed on a further seven patients who tested positive for the SARS-254 

CoV-2 virus. All patients in this group were negative for TB, four of the patients were PLWH. 255 

The median MO-Y in this group was 109.9 (IQR 105.2-112.9). There was no significant 256 

difference in the MO-Y of these patients as compared to the control group (P = 0.63).  257 

 258 

 259 

 260 

 261 

 262 

 263 

 264 

 265 

 266 

 267 
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Table 1 Full blood count, differential count and extended differential parameter data of all patients 268 

HIV status HIV Positive HIV Negative 

Sample group TB positive 

(n=46) 
 

TB negative 

(n=55) 

P-value* TB positive 

(n=10) 

TB negative 

(n=10) 

P-value* 

Male: Female 0.6:1 1:1 - 1:1 1.5:1 - 

Age (years) 
Median 
[IQR] 

 
38 

30-46 

 
39 

31-49 

 
- 

 
56  

24-70 

 
46 

35-65 

 
- 

CD4 count (cells/ul)  
Median 
[IQR]  

 
49  

19-98 

 
105 

56 – 227 

 
0.004 

 
- 

 
- 

 

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

 
5.4 

3.2-6.1 

 
4.8 

2.9-5.6 

 
0.15 

 
- 

 
- 

 
- 

Haemoglobin (g/dl) 
Median 
[IQR]  
[13.4 - 17.5]† 

 
8.4 

7.2 – 9.8 

 
8.9 

6.6-11.1 

 
0.33 

 
10.35 

8.83-13.10 

 
11.20 

 7.28-14.23 

 
0.65 

MCV (fl)  
Median 
[IQR]  
[83.1 - 101.6]† 

 
84.5 

80.1-87.5 

 
92.0 

87.4-96.8 

 
< 0.0001 

 
88.95 

80.40-93.35 

 
90.20 

87.25-101.6 

 
0.35 

White cell count (x109/L) 
Median 
[IQR]  
[3.92 - 10.40]† 

 
7.34 

4.86-10.78 

 
6.62 

4.78-11.31 

 
0.91 

 
10.85 

5.94-12.60 

 
7.79 

6.78-11.91 

 
0.58 

Neutrophil count (x109/L) 
Median 
[IQR]  
[1.60 - 6.98]† 

 
5.87 

3.76-9.14 

 
5.20 

3.14-9.83 

 
0.66 

 
8.31 

4.87-10.55 

 
6.23 

3.80-8.51 

 
0.32 

Monocyte count (x109/L) 
Median 
[IQR]  
[0.30 - 0.80]† 

 
0.30 

0.15-0.57 

 
0.40 

0.20-0.62 

 
0.11 

 
0.56 

0.33-0.83 

 
0.57 

0.33-0.81 

 
0.97 

Lymphocyte count (x109/L) 
Median 
[IQR]  
[1.40 - 4.20]† 

 
0.51 

0.29-1.00 

 
1.01 

0.56-1.62 

 
0.002 

 
0.92 

0.56-1.52 

 
1.40 

0.96-2.63 

 
0.12 

Monocyte:Lymphocyte ratio 
Median 
[IQR] 

 
0.50 

0.32-1.08 

 
0.44 

0.26-0.62 

 
0.07 

 
0.54 

0.37-1.04 

 
0.40 

0.22-0.74 

 
0.44 

Platelet count (x109/L) 
Median  
[IQR]  
[171 - 388]† 

 
211 

123-298 

 
232 

160-333 

 
0.34 

 
231 

156-378 

 
243 

149-482 

 
0.85 

NE-SFL 
Median 
[IQR] 

 
56.10 

53.10-64.45 

 
49.05 

46.18-55.78 

 
<0.0001 

 
51.30 

47.33-55.18 

 
49.25 

47.30-51.13 

 
0.50 
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MO-Y 
Median 
[IQR] 

 
117.20 

106.7-125.4 

 
114.50 

106.2-121.3 

 
0.44 

 
108.5 

104.4-115.8 

 
109.2 

107.2-113.0 

 
0.68 

†Reference range 269 
HIV, human immunodeficiency virus; MCV, mean cell volume; NE-SFL, neutrophil fluorescent light intensity; 270 

MO-Y, monocyte fluorescence 271 

 272 

Receiver operating characteristic (ROC) curve analysis 273 

The results of the ROC curve analysis are presented in Table 2. The MCV value showed the 274 

most utility in predicting TB, at a cut off value of 87 fl, with an AUC of 0.78. The NE-SFL also 275 

showed good prediction of the presence of TB at a cut-off value of >52.35. The CD4 count and 276 

absolute lymphocyte count were comparatively poorer biomarkers, at cut off levels of of 59 277 

cells/ul and 0.84 x 109/L, respectively. 278 

 279 

Table 2 Receiver operating characteristic curve analysis assessing the various biomarkers among 280 
PLWH with TB infection compared to those with no evidence of TB infection. 281 

 
Parameter 

AUC 95% CI 
 

P-value 
for AUC  

LR 
 

Sensitivity 
(%) 

 
Specificity 

(%) 
Cut off value 

 
NPV 
(%) 

 
PPV 
(%) 

MO-Y  0.55 0.42 - 0.67 0.44 1.18 59.0 50.0 >115.6 58.5 50 

NE-SFL 0.73 0.63 - 0.83 <0.0001 3.37 64.1 81.0 >52.35 
 

82.2 
 

67.9 

MCV 0.78 0.68 - 0.90 <0.0001 2.80 79.0 72.0 <87 fl 
 

78.2 
 

73.8 

CD4 count 0.68 0.51 - 0.77 0.004 1.74 69.4 60.0 <59 cells/ul 
 

69.8 
 

65.9 

Lymphocyte 
count 

0.68 0.57 - 0.79 0.002 2.00 66.7 66.7 <0.84 x 109/L 
 

68.0 
 

58.8 

MO-Y, monocyte fluorescence; NE-SFL, neutrophil fluorescent light intensity; MCV, mean cell volume; AUC, area 282 
under curve; CI, confidence interval; LR, likelihood ratio; NPV, negative predictive value; PPV, positive predictive 283 
value 284 
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Discussion 285 

This study assessed the use of the MO-Y value, as measured by the Sysmex XN-9000 286 

haematology analyser, for the detection of TB in the setting of a South African laboratory. Our 287 

cohort of patients demonstrated a high HIV seropositivity rate (84%), thus reflecting the well-288 

documented increased risk of TB in PLWH, as well as the high index of clinical suspicion for TB 289 

in these patients. 290 

 291 

The MO-Y did not show utility as a biomarker for TB, irrespective of the HIV status. Of note, 292 

PLWH with CD4 <100 cells/ul showed a higher MO-Y value as compared to those with a CD4 293 

count >100 cells/ul, regardless of TB status. The raised MO-Y in patients in this group of 294 

immunocompromised patients may be due to the presence of other opportunistic infections 295 

or chronic infections, resulting in monocyte activation. Alternatively, the MO-Y may still be a 296 

biomarker of TB in this subpopulation of patients, since CD4 counts < 100 cells/ul, have been 297 

associated with lower rates of laboratory confirmed TB diagnosis. (23) This was illustrated by 298 

two of our patients within this group. One had a CD4 count of 34 cells/ul, and underwent 299 

repeated testing, with  a single positive TB culture obtained out of the six samples submitted 300 

(3 GXPUs and 3 TB cultures). A second patient with a CD4 count of 1 cells/ul  had strong 301 

radiological suspicion of TB but negative GXPU testing. These patients highlight that a 302 

proportion of the patients with very low CD4 counts in whom TB could not be confirmed may 303 

yet have active TB infection, and that the MO-Y may still be a biomarker of TB in this 304 

subpopulation of patients.   A biomarker of TB would be particularly useful in these cases, in 305 

which there is concern for smear negative TB resulting in reduced sensitivity of the GXPU 306 

assay. (24) Further study would be of interest in this group, including complete integration of 307 
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urine LAM testing, microbiological, clinical, and radiological findings in order to better assess 308 

the value of the MO-Y  as an indicator of TB in PLWH and CD4 counts < 100 cells/ul.  309 

 310 

The NE-SFL was found to be significantly higher in PLWH patients with TB,  but not in the HIV 311 

negative group. The NE-SFL has previously been shown to reflect neutrophil activation and to 312 

perform as a good biomarker of bacterial sepsis. (19) The findings here may be due to a 313 

greater degree of general immune activation (resulting in neutrophil activation), more severe 314 

illness, or a higher rate of concomitant bacterial infection in PLWH with TB. 315 

 316 

Among the PLWH, those with TB had significantly lower CD4 counts and absolute lymphocyte 317 

counts. TB infection is independently associated with a lymphopenia, owing to lymphocyte 318 

involvement in the immune-response to TB and augmented by HIV co-infection. (25) This 319 

finding was observed in a previous study conducted at the NHLS at Chris Hani Baragwanath 320 

Academic Hospital, evaluating the changes in the full blood count in PLWH and TB co-321 

infection. (26)  322 

 323 

Anaemia is a common haematological manifestation of TB, and has been suggested as the 324 

first indication of TB due to iron dysregulation. (26,27)  A previous comparative cross-325 

sectional study showed that HIV co-infection worsens the haematological abnormalities 326 

associated with pulmonary TB, including a significantly lower Hb level. (28) In our study, PLWH 327 

and TB co-infection had marginally lower haemoglobin levels and significantly lower MCV 328 

values, as compared to matched TB negative controls. On ROC analysis, the parameter with 329 

the strongest diagnostic utility for discriminating PLWH with and without TB was the MCV 330 

(AUC of 0.78 at a cut-off value of 87 fl (P < 0.0001)). This group also demonstrated significantly 331 
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higher CRP values, thus concurring with a study performed by Rohini et al, who also 332 

demonstrated significantly lower haemoglobin levels and higher CRP values in patients with 333 

TB as compared to normal controls. (29) It is likely that the lower MCV values in our cohort of 334 

patients are related to underlying anaemia of chronic disease. This hypothesis is supported 335 

by previous studies, one of which showed an improvement in both the CRP and haemoglobin 336 

levels during treatment of TB. (30) Another supportive study investigated the haematological 337 

parameters in patients with sputum smear positive TB. The investigators detected a 338 

microcytic anaemia in patients with TB, which improved with treatment. (31)  An alternative 339 

explanation for the  lower MCV in patients with TB is  greater anti-retroviral therapy (ART) 340 

coverage in the TB negative group. This theory is less favoured, as the HIV viral load did not 341 

differ between these groups.   342 

 343 

Notably, there were no significant differences in any of the blood count parameters in the 344 

HIV-negative group with and without TB. This is in direct contrast with several previous 345 

studies which have investigated haematological manifestations of TB in patients that are not 346 

immunocompromised. (27,31–34) This is possibly explained by the smaller cohort of HIV-347 

negative patients in this study, or the fact that many previous studies have used healthy 348 

controls. Yoon et al is one of the exceptions to the latter statement, and used the 349 

neutrophil:lymphocyte ratio (NLR) to differentiate pulmonary TB from community acquired 350 

pneumonia. (32) 351 

 352 

Interferon-gamma release assays (IGRA) are performed on whole blood specimens and 353 

measure the cellular immune response to the M. tuberculosis antigen, however these have 354 

not been used in the clinical setting in SA. (35) Luo et al combined the IGRA test and full blood 355 
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count results to construct a diagnostic model which would differentiate between active and 356 

latent TB. The MCV, Hb, and lymphocyte count significantly decreased in patients with active 357 

TB vs latent TB. (34) The investigators also postulated that using routine blood testing as well 358 

as interferon-gamma release assays specifically in immunocompromised patients may assist 359 

in identifying active TB. (34) While our study compared patients with active TB to negative 360 

controls, this is still an area of possible further research. The diagnostic utility of our significant 361 

results may be improved in combination with interferon-gamma release assays, however 362 

there are logistical and financial difficulties involved in implementation in the clinical setting. 363 

 364 

Limitations 365 

This study has several limitations. Diagnosis of TB in PLWH is challenging, and is associated 366 

with smear negative TB resulting in reduced sensitivity of the GXPU assay, and lower rates of 367 

laboratory confirmed TB. (24) As illustrated in one patient, diagnosis may require repeated 368 

investigation and TB cultures. Our cohort showed an 84% HIV seropositivity rate, with a 369 

median CD4 count of 72 cells/ul. This raises concern for false negative results within our 370 

control group, which would alter results. Access to the bedside urine LAM test results, clinical 371 

details, radiology findings would be of assistance in these cases.  372 

 373 

The study was conducted during the COVID-19 pandemic. All patients included had a negative 374 

polymerase chain reaction test for the SARS-CoV-2 virus, however the possibility of false 375 

negatives cannot be excluded, which may have affected results.  376 

 377 
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Lastly, the COVID-19 positive sub-group comprised only seven patients, and the sub-analysis 378 

performed was very limited. 379 

Conclusion  380 

The MO-Y is not a useful biomarker for the diagnosis of TB, however was significantly elevated 381 

in a subgroup of PLWH with CD4 counts < 100 cells/ul. The significance of this finding is not 382 

clear, and requires further study. There were a number of other parameters within this group 383 

which showed a significant difference in patients with TB as compared to the control group. 384 

These were the MCV, lymphocyte count and CD4 count.  Of these, the MCV showed the best 385 

discriminatory power for differentiating patients with and without TB, at a cut-off level of 87 386 

fl. The diagnostic utility of these parameters may be improved by combining them with an 387 

interferon-gamma release assays, and further study in this area would be of interest. 388 
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INTRODUCTION 

Burden of Tuberculosis 

Tuberculosis (TB) is a communicable disease, caused by the microorganism Mycobacterium 

tuberculosis. (36) Despite being a curable disease, TB is one of the top 10 causes of death 

worldwide, and is a leading cause of death in South Africa(SA). (37) While great strides have 

made in the diagnosis and treatment of TB in SA, SA still has the 5th highest burden of TB in 

the world and is one of six countries which contribute to 60% of the global TB burden. (37,38)  

The majority of TB in SA is associated with Human immunodeficiency virus (HIV) infection, 

and SA bears the highest burden of HIV and TB co-infection cases worldwide. (38) 

 

Diagnosis of Tuberculosis 

A key factor in the fight against TB is early diagnosis, which forms the first pillar of the End TB 

Strategy by the World Health Organisation. (36) The diagnosis of TB depends largely upon the 

identification of M. tuberculosis, usually from a sputum specimen. (39) Among the 

microbiological methods, microscopy is rapid, however is low in sensitivity, particularly in 

patients with HIV. (40) The composition of the mycobacterial cell wall makes staining difficult, 

and acid fast bacilli are detectable only at concentrations of 10,000 bacilli/ml. (41) Culture 

can require as few as 100 bacilli/ml, (41) and is the gold standard of TB diagnosis, however 

requires lengthy incubation. (40) The molecular method, Xpert MTB/RIF (GXP), is high in 

sensitivity (88%) (42) and specificity due to a polymerase chain reaction (PCR) based 

amplification. (43) Importantly, the production of an adequate sputum sample is often not 

possible in patients with proven TB (44), rendering the search for a biomarker of TB an 

imperative. 
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Biomarkers of Tuberculosis 

Tests based on biomarkers of TB are a consideration in achieving the goals of the World Health 

Organisation End TB Strategy, especially as these can be employed as a point of care test. (43) 

A biomarker is defined as ‘objective characteristics that indicate a normal or pathogenic 

biological process’. (43) A biomarker of TB should be necessary and specific to the underlying 

process of the disease, ideally would not require elaborate or expensive equipment, and 

would be utilised on easily accessible samples e.g. blood or sputum. (43) The detection of the 

lipoarabinomannan (LAM) antigen in the urine, as a marker of TB infection is widely used in 

SA, however this marker is adequately sensitive only in patients living with HIV, with a 

significantly low CD4 count. (43) The tuberculin skin test is often used in the primary health 

care setting, however cannot establish active TB versus BCG immunisation. (45) Interferon-γ 

release assays cannot differentiate latent TB from active TB. (45)  

 

Peripheral Blood Biomarkers of Tuberculosis 

Peripheral blood biomarkers are an attractive option due to easy accessibility of samples. 

Recent biomarkers that have been explored include Ribonucleic acid (RNA) profiles and 

circular RNA expression. (45–50) The drawback to these would be the inaccessibility of these 

tests for peripheral primary health care facilities. Immunological biomarkers explored thus far 

require flow cytometry analysis of B-lymphocytes and T-lymphocytes (39,51) or require 

detection of serum cytokines (52), likewise inaccessible options.  
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Monocyte Fluorescence in Tuberculosis 

Monocytes are the major leucocyte involved in the immune response to TB. (53) Monocytes 

assist in controlling TB infection, and can become a reservoir for latent TB infection. (54) 

Monocytes and TB are a key area of research, with investigation having focused on the 

inflammatory profile of monocytes and the polarisation of monocytes, (54) monocyte signal 

transduction, (53) monocyte to lymphocyte ratios (55) and expression of monocyte markers 

(55,56) in individuals with TB. The Sysmex XT-, XE- and XN haematology analyzers (Sysmex, 

Kobe, Japan) utilise fluorescent dye which stains intracellular nucleic acid and proteins for cell 

differentiation. (57) The degree of monocyte fluorescence as measured by flow cytometry 

correlates with activation of the cell. (58) Notably, a recent South African study evaluating 

novel white cell parameters generated by the Sysmex XN9000 haematology analyser among 

patients with suspected bacterial sepsis found a significant association between elevated 

monocyte fluorescence (as reflected by the MO-Y parameter) and a diagnosis of TB (personal 

communication Dr J Vaughan). As the MO-Y is measured with every differential count 

performed on several Sysmex analysers (a test widely performed in the routine work-up of 

patients with suspected infectious diseases), this parameter holds strong appeal as an 

inexpensive biomarker of TB. 

 

Monocyte Fluorescence in other infection and in SARS-CoV-2 infection 

Monocyte fluorescence in the setting of infectious diseases has not been a major area of 

study, locally or internationally. A study by Buoro et al. assessed extended differential 

parameters in patients with sepsis, with and without liver impairment and found that 

monocyte fluorescence intensity may be useful in the prognostication of septic patients in the 
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ICU. (59) Two recent studies have found extended differential parameters to be potentially 

valuable in the prognostication of patients with SARS-CoV-2 infection, (60,61) one of which 

found increased monocyte fluorescence in critically ill patients. (60) 

 

 

STUDY HYPOTHESIS, AIMS AND OBJECTIVES 

Hypothesis 

The Sysmex MO-Y parameter (as a reflection of monocyte fluorescence) is a useful biomarker 

for TB infection in South African patients living with HIV. 

 

Study aims 

Primary aim 

To evaluate the MO-Y parameter as a biomarker of TB infection in patients living with HIV, in 

the South African setting. 

 

Secondary aims 

To evaluate whether concomitant HIV-infection influences the utility of the MO-Y as a 

biomarker of TB infection.  

 

Objectives 

To compare the MO-Y in samples collected for a routine full blood count (FBC) and differential 

count from patients with and without TB where there is a clinical suspicion of mycobacterial 

infection (as evidenced by a GXP request).  Patients will be identified as having TB on the basis 

of the GXP or accompanying TB culture results. 
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To determine cut off values for the MO-Y with optimal diagnostic performance (sensitivity, 

specificity, positive and negative predictive values) for detection of TB infection among HIV-

positive patients with clinical suspicion of TB.  

To compare the relationship between MO-Y and TB in HIV positive versus HIV negative 

patients.  

 

METHODS 

Study setting 

National health laboratory service (NHLS) haematology laboratory at Chris Hani Baragwanath 

Academic Hospital (CHBAH). 

 

Study population 

Samples submitted from adult patients (defined as >18 years of age) admitted to the CHBAH 

with suspected TB (as evidenced by a GXP request) will be evaluated. Samples will be 

identified by a daily search of the NHLS laboratory information system (LIS) (TrakCare) for all 

GXP requests received in the prior 24 hours. All samples with a positive GXP result will be 

identified, and an available HIV result as well as a FBC submitted within 72 hours before or 

after the request will be sought. For every HIV positive patient with a positive GXP and an 

available FBC sample, a matching GXP sample from an HIV positive patient with a negative 

result and available FBC will be sought. Samples will be matched for site of collection (sputum, 

fine needle aspirate and cerebrospinal fluid). As HIV negative patients are anticipated to be 

scarce, all samples from HIV negative patients with a GXP request and an available FBC will 

be included. Samples will be consecutively included until the target sample size of 
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approximately 50 HIV positive, GXP positive and 50 HIV positive, GXP negative cases has been 

reached.   

 

Inclusion criteria 

Adult patients with an available HIV result in whom a GXP test has been performed and a 

recent FBC (requested within 72 hours of the GXP) is available will be eligible for inclusion.  

 

Exclusion criteria 

Cases will be excluded if: 

There is no documented HIV status 

The FBC sample is of insufficient volume following routine testing and a differential count was 

not requested with the original FBC. 

The sample submitted for an FBC is >24 hours old and a differential count was not requested 

with the original FBC. 

The analyser fails to perform an automated differential count. 

GXP results are inconclusive. 

 

Study design 

Prospective cross-sectional analytical study. 

 

Data collection 

Clinical parameters to be recorded 
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Age, sex, ward, date of admission and available clinical information will be documented from 

the Laboratory information system (LIS). 

 

Laboratory parameters to be recorded 

Results available on the LIS to be recorded include the FBC, automated differential count, HIV 

status, CD4 count, HIV viral load (where applicable), SARS-CoV-2 PCR results, GXP results 

(including CT value), ESR, CRP, blood culture and TB culture results. 

 

Sample size 

The sample size has been calculated in order to ensure adequate power for detection of a 

significant difference in the MO-Y among HIV positive patients with and without TB. In a 

previous study assessing the utility of extended differential parameters in the detection of 

bacterial sepsis, the MO-Y was found to be marginally significantly higher in the small number 

of included patients who transpired to have TB as compared to those with and without 

bacterial sepsis. In this study, all patients with TB were HIV positive. The MO-Y did not differ 

significantly between HIV+ TB-negative patients with and without bacteraemia. The mean 

difference in mean monocyte fluorescence between the MO-Y in HIV+ patients with and 

without TB was 13.6 (E), and the standard deviation for the MO-Y among all HIV+ patients 

was 23.3 (S). On the basis of 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 is 50 HIV+ patients with and without TB (total HIV+ cohort of 100 

patients). The documented HIV-seropositivity rate is estimated to be ~40% (based on findings 

from the afore-mentioned previous study), and the GXP-positivity rate is ~15%. It is therefore 

estimated that ~800 GXP results will need to be screened to reach the target sample size. 
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The variables to be assessed 

The automated differential count (which includes the monocyte count and MO-Y) 

TB GXP and culture results as well as other pertinent laboratory results and clinical data from 

the LIS 

Please see APPENDIX I for the data collection sheet. 

 

Laboratory methods 

An automated differential count will be performed on all included samples (if one was not 

already performed during routine testing) using the Sysmex XN9000 haematology analysers 

at the NHLS laboratory at CHBAH. The Sysmex XN9000 measures the white cell count in the 

white cell chamber via impedance technology. (62) The differential count is measured in the 

WBC differential channel via flow cytometry. (62) 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. (62) 

 

The MO-Y is determined via measurement of fluorescent light intensity of the monocyte area 

on the white cell differential scattergram. 
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DATA ANALYSIS 

Positive samples will be defined as those with positive GXP or TB culture results. 

The median MO-Y levels will be compared among patients with and without TB (HIV positive 

and negative) using a Mann-Whitney U-test.  

Receiver operating characteristic (ROC) curve analysis will be performed to determine the 

overall performance of the assay (as evidenced by the area under the curve (AUC)). The 

Likelihood ratio (LR) will be used to identify the best cut-off point using the following formula: 

LR = Sensitivity/(1-Specificity).  

Sensitivity, specificity, positive predictive value and negative predictive value will be 

calculated for each parameter using the following formulas:  

Sensitivity= A/(A+C) × 100 

Specificity= D/(D+B) × 100 

Positive predictive value (PPV)= A/(A+B) x 100 

Negative predictive value (NPV): D/(D+C) x 100 
 

 Disease  Non-Disease Total 

Positive  A (True Positive) B (False positive) T Test Positive 

Negative  C (False negative) D (True Negative) T Test Negative 

 T Disease T Non-Disease Total 

 
Table 3. Two-way table used to calculate sensitivity, specificity, positive and negative 
predictive values  
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ETHICS 

An application has been submitted to the Human Research Ethics Committee of the University 

of the Witwatersrand for approval to conduct the study. The risk of the study is negligible, as 

it will not impact patient care, and no identifying information will be included. 

 

 

 

TIMING  

Sample collection will commence once ethics approval has been granted and up until the time 

the sample number of approximately 100 HIV positive patients has been reached. The time 

frame to reach this has been estimated at approximately 2 months. 

 

 Jan Feb March April May June July Aug Sept Oct Nov Dec 

Literature review             
Protocol 
preparation 

            

Ethics 
application  

            

Protocol 
assessment 

            

Data collection             

Data analysis 
 

            

Writing up:  
thesis 

            

 
Table 4. Timeline for projected completion of research thesis 
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FUNDING 
 

  Units Unit cost Total cost 

Full blood count reagents     

To be 
covered by 
the 
laboratory 

Publication costs     R 10 000.00 

    Total R 10 000.00 

 
Table 5. Proposed funding for research thesis 
 

A funding application will be submitted to the Faculty Research Committee of the University 

of the Witwatersrand to cover publication costs.  

 

PROBLEMS 

Limitations of this study include: 

Patients’ clinical files will not be examined. 

There may be difficulty in tracing all of a patients’ blood results if the same name and hospital 

number were not used for all requests.   

False negative GXP tests need to be accounted for in analysis of data. 
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APPENDIX  

 
DATA SHEET:        
Sample number: ……………… Specimen laboratory episode number: ………………………………  
Patient age: ………………..    Patient sex: ………………..  Patient location (ward): ……………….. 
Date of admission: ………………………. Date and time bloods taken: ………………………  
Diagnosis / other clinical information from the LIS (if available): 
…………………………………………………………………………………. 
………………………………………………………………………………………………………………………………………………
…………………………………….. 
HIV:  Positive / Negative  
WCC.......... HB………. MCV………. Plts………. 
 
Automated differential count: Neut………. Lymph………. Mono………. Eos………. Baso……….  
MO-Y ………………..  
TB GXP result……………………    CT value …………….. 
Site of collection ………………………… 
TB Blood and Sputum culture results:  
....................................................................................................................................................
....................................................................................................................................................
................................................................................ 
SARS-CoV-2 PCR result………… 
CD4 count (if available) ……………….. Viral load (if available) ……………….. 
ESR…………………….   CRP  ………………. 
Other pertinent results (if available):  
....................................................................................................................................................
....................................................................................................................................................
................................ 
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APPENDIX III 

Turn-it-in report 
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APPENDIX IV 

Submission Guidelines 
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