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Introduction
Tuberculosis (TB) is a treatable condition with a cure rate of 80.7% in the Mangaung Metropolitan 
Municipality, Free State. Yet, it was the largest contributor to death in South Africa (SA) before 
2020.1,2 Only 70% of pulmonary TB is microbiologically confirmed in SA and 55% globally.3,4 
Autopsy studies of HIV-positive people indicated that 45.7% of TB cases had been undiagnosed 
despite high rates of empiric TB treatment.5 Undiagnosed individuals continue the spread of 
disease in communities and care facilities.6,7,8,9 Overdiagnosis is also hazardous – TB treatment can 
be toxic, with serious adverse events reported in 26.7% of HIV-positive and 13.3% of HIV-negative 
patients.10

The World Health Organization (WHO) considers the association between HIV and TB as the 
main impediment to TB control in HIV-prevalent settings.11,12,13 Underlying reasons include HIV 
complicating TB diagnosis with poorer comparative test sensitivity, increased paucibacillary 
disease, extra-pulmonary TB and delays in sample collection.13,14,15,16 This deadly syndemic has its 
epicentre rooted in southern Africa.4

The tools currently available for microbiological confirmation of TB in the South African context 
include Xpert® MTB/RIF Ultra (hereafter referred to as Ultra) – previously TB Xpert® MTB/RIF 
(hereafter referred to as Xpert), TB culture and lateral flow urine lipoarabinomannan (LAM) 
assay. The swathe of non-microbiologically confirmed TB can be partially explained by the deficits 
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in the diagnostic armamentarium: delays in sample collection 
(Ultra and TB culture), prolonged processing time (TB 
culture), poor sensitivity in paucibacillary extra-pulmonary 
disease (Ultra and culture) and limited indications with poor 
sensitivity (LAM assay).17,18,19,20

Cytokine production and acute-phase responses differ 
among various conditions. C-reactive protein (CRP) is a 
non-specific acute phase reactant that correlates with 
the  severity of systemic inflammation.21 Raised neutrophil 
and lowered lymphocyte counts are typical of bacterial 
infection.19,22,23 The immune response to TB depends on 
cellular immunity and utilises T-helper lymphocytes to form 
granulomas.13,24,25 A preponderance of lymphocytes in TB 
infection has been described; however, HIV is known to 
cause CD4 T lymphocyte depletion and dysfunction.13,26

C-reactive protein and white cell count (WCC) differential 
have some utility in diagnosing various infections.21,27,28,29,30,31,32,33 
In the South African context, there are some data for TB 
diagnosis: CRP has been posited as a screening tool for TB in 
asymptomatic HIV-positive people, with normal values 
making TB unlikely. C-reactive protein utility in diagnosing 
TB in seriously ill hospitalised HIV-positive people with 
respiratory illnesses and in symptomatic outpatients is 
limited to clinical prediction rules.34,35,36 White cell count 
independently predicts TB in seriously ill hospitalised South 
African HIV-positive people.37 International data have shown 
some encouraging although not uniform results for the utility 
of neutrophil-lymphocyte ratio (NLR), WCC and CRP in TB 
diagnosis.23,33,38,39,40,41,42

To the authors’ knowledge, no data on NLR as part of TB 
diagnostics in HIV-endemic settings or ratios of CRP to a 
differentiated WCC have been published. Sensitivity and 
specificity of 80% for these biomarkers to predict TB 
compared to other bacterial causes of community-acquired 
pneumonia were anticipated, lower than the quoted 
literature23,38 because of the unknown effect of HIV.

The primary objective was to investigate whether CRP and a 
differentiated WCC (and ratios thereof) are useful screening 
tools to distinguish TB from other illnesses in our setting. 
Secondary objectives were to describe the CRP and differential 
WCC of TB patients in our setting and to analyse according to 
HIV status.

Methods
This was a retrospective cross-sectional study of participants’ 
laboratory data, presented according to the Standards for 
Reporting of Diagnostic Accuracy Studies (STARD) 
guidelines (checklist Appendix 1).43 Inclusion in the study 
required admission to either of the two tertiary-level state 
hospitals in Bloemfontein, with a TB workup done during 
the admission. A TB workup and the reference standard for 
this study are defined as a TB Xpert, Ultra or TB culture 
performed on fluid or tissue and done and interpreted 
according to the manufacturer’s instructions.44

Tuberculosis culture is performed and interpreted using the 
MGIT 960 liquid culture system (BD Diagnostics, United 
States).45 The index tests were CRP and differentiated WCC. 
C-reactive protein was measured by Cobas 6000 c-501 (Roche 
Diagnostics GmbH, Mannheim, Germany).46 Differentiated 
WCC was measured by Advia 2120i blood cell analyser 
(Siemens Healthcare Diagnostics Inc., Tarrytown, New York, 
United States).47

Exclusion criteria included:

•	 age younger than 18 years
•	 less than two of the following tests performed: CRP, 

WCC, neutrophil, lymphocyte
•	 TB tests with indeterminate results and
•	 tests ordered from oncology wards (malignancies and 

treatment could markedly interfere with test results).

Both hospitals sent samples for the relevant laboratory tests 
to the National Health Laboratory Service (NHLS). Data 
retrieval from NHLS was done via the Academic Affairs and 
Research Management System (AARMS). The NHLS stores 
data for approximately 5 years. The data request was 
approved by NHLS in September 2020. Data were requested 
chronologically for the approved period (before October 
2019) for qualifying patients until data were obtained for a 
minimum of 300 patients with and 300 patients without TB 
(or up to the limit of the NHLS data archive), to ensure 
narrow confidence intervals (CI) (exact timeframe April 
2016 – September 2019).

The NHLS extracted, cleaned and anonymised the data. Data 
included CRP, WCC, neutrophil count, lymphocyte count, 
age, gender (as per patient registration at the hospital and 
subsequently NHLS) and HIV data, including CD4 and HIV 
viral load. Data for sex (female, male, unknown, none of the 
above), Xpert or Ultra (negative, positive), TB culture 
(negative, positive), HIV status (negative, positive), viral 
load (suppressed, unsuppressed – detectable) and CD4 count 
(< 100 cells/µL, < 200 cells/µL, < 350 cells/µL and ≥ 350 cells/
µL) were requested as categorical variables. The other results 
were received as numerical variables.

Admission status was determined by NHLS records that 
state the location from which the tests were done. Timeframes 
for the inclusion of test results were selected to ensure the 
studied blood results accurately reflect the likely clinical 
status of the patient at the time of the TB workup.

Data cleaning
Results from the CRP tests and differentiated WCC 
performed, within a 1-week window before and 1 day after 
TB tests (further described as a research incident [RI]), were 
collected. If several CRP test results and differentiated WCC 
were found in a single RI, the initial results in the sequence 
were used.

Only one RI from a 2-month window was included and 
measured from the date of the included TB test. Any positive 
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test in the TB workup was considered TB, and the first 
positive test was considered as the RI. If all tests were 
negative, the outcome was considered negative with the first 
test included as the RI.

HIV status was determined by HIV-related tests (HIV 
enzyme-linked immunosorbent assay [ELISA], HIV 
polymerase chain reaction [PCR], HIV viral load and CD4 
count) ordered on the patient before the RI and 3 months 
thereafter. If any of these diagnostic tests was positive, the 
patient was considered HIV positive. If an HIV viral load or 
CD4 count was found to have been done by NHLS during the 
stipulated timeframe, it was assumed the patient is HIV 
positive. Those neither HIV positive nor HIV negative were 
considered HIV unknown. The CD4 count and HIV viral 
load nearest the RI within a 6-month window of the RI were 
included.

Pilot study
A pilot study was conducted, in which data of the first 10 
patients on the list provided by the NHLS were analysed. As 
no problems arose, these cases were incorporated into 
analyses.

Statistical analysis
Analysis was performed by the university’s Department of 
Biostatistics, using SAS Version 9.4. Categorical variables 
were summarised by frequencies and percentages and 
numerical variables by medians and interquartile ranges 
(IQR) because of skew distributions. Mann–Whitney tests 
with 95% CIs for median differences were performed to 
compare patients with TB to those without TB regarding 
numerical variables. Logistic regression of each variable 
compared to the TB diagnosis was performed to determine 
sensitivities, specificities, positive predictive and negative 
predictive values, likelihood ratios and areas under the curve 
(AUC). All variables with significant difference between TB 
and non-TB patients were entered into a logistic regression 
model with backward elimination to identify variables jointly 
significantly associated with TB diagnosis. The above analyses 
were stratified by HIV status. Missing laboratory values for a 
specific variable were excluded from analysis of that variable, 
and the numbers analysed were stated throughout.

Ethical considerations
Approval to perform this study was obtained from the 
University of the Free State Health Sciences Research Ethics 
Committee (ethics number UFS-HSD2019/1468/2801), Free 
State Department of Health and the NHLS Academic Affairs 
and Research office. This article did not contain any studies 
involving human participants performed by any of the 
authors.

Results
The NHLS provided cleaned data, in which the total study 
population had a WCC (n = 1294), 1070 had a CRP result and 

851 had a WCC differential captured. Data regarding the 
number of patients for whom TB workup had been done, but 
with insufficient blood results for inclusion were not 
provided. Figure 1 demonstrates the flow of patients included.

The patients were predominantly male (56.0%). Those with 
TB were younger than those without TB (Table 1). Of the 1294 
patients, 195 (15.1%) had TB. Of the 195 participants with TB, 
64 (32.8%) were diagnosed by culture. The TB positivity rate 
was similar among males and females (15.9% and 14.0%, 
respectively).

In the total study population, WCC and neutrophils were 
significantly lower, and CRP-WCC ratio (CWR) and CRP-
lymphocyte ratio (CLR) significantly higher in patients with 
TB than those without TB (Table 1). The maximum calculated 
AUC for any of these statistically significant variables was for 
WCC (0.59). A WCC between 8.05 × 109/L and 9.49 × 109/L 
had sensitivities and specificities ranging between 50% and 
65%, but no cut-off value had a sensitivity and specificity 
above 60%. When including all individually statistically 
significant variables in a logistic regression model, the only 
variable retained as significant was the CWR with AUC 0.58. 
The sensitivity of NLR of < 7 for diagnosis of TB was 57.4% 
(95% CI: 50.2%; 64.4%), and the specificity was 45.1% (95% 
CI: 41.3%; 49.0%).

Of those patients with a CRP value < 10 mg/L, 10.6% had TB 
(9/85). A CRP value > 10 mg/L had a sensitivity of 94.1% 
(95% CI: 88.8%; 97.1%) and specificity 8.3% (95% CI: 6.6%; 
10.3%), respectively, and a negative likelihood ratio of 0.7 to 
diagnose TB.

Data for HIV-positive patients are provided in Table 2. Of 
817 patients with HIV (63.1% of the sample), 132 (16.2%) 
had TB.

Among HIV-positive patients, WCC, neutrophils and CWR 
showed statistically significant differences between those 
with and without TB (Table 2). The maximum calculated 
AUC was for WCC (0.60). When including all individually 

Eligible participants
n = 1294

Index tests done

WCC
n = 1294

Differentiated WCC
n = 851

CRP
n = 1070

TB status according 
to reference tests 
(Xpert, Ultra and

TB culture)

Participants with TB
n = 195

Participants without TB
n = 1099

CRP, C-reactive protein; TB, tuberculosis; WCC, white cell count.

FIGURE 1: Flowchart of patients included. 
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statistically significant variables in a logistic regression 
model, the only variable retained as significant was the WCC. 
The sensitivity and specificity at NLR of < 7 for the diagnosis 
of TB were 56.8% (95% CI: 47.9%; 65.3%) and 46.2% (95% CI: 
41.3%; 51.2%), respectively.

Of those HIV-positive patients with a CRP value < 10 mg/L, 
10.6% had TB (5/47). A CRP value > 10 mg/L had a sensitivity 
of 95.1% (95% CI: 88.3%; 98.2%) and specificity of 7.3% (95% 
CI: 5.4%; 9.8%), with a negative likelihood ratio of 0.7 to 
diagnose TB.

Data for the HIV-negative patients are provided in Table 3. 
Of 226 (17.5%) HIV-negative patients, 32 (14.2%) had TB. 
Those with TB were younger. No laboratory characteristic 
showed any statistically significant difference between 

patients with and without TB. The HIV status of 251 (19.4%) 
patients was unknown.

Cut-off values for 90% sensitivity and 70% specificity for 
the diagnosis of TB are displayed in Table 4 for all 
laboratory parameters. These values are based on the 
WHO’s pre-defined ideal sensitivity and specificity cut-
offs for screening tools for TB.48 In the total study 
population, the parameter with the best sensitivity with 
70% specificity is WCC at 44% (value of 7.04 × 109/L). In 
the total study population, the parameter with the best 
specificity with 90% sensitivity is CWR at 17.8% (value of 
2.66 × 109/L). In HIV-positive patients, the parameter with 
the best sensitivity with 70% specificity is WCC at 44.7% 
(value of 7.1 × 109/L). In HIV-positive patients, the 
parameter with the best specificity with 90% sensitivity is 
CWR at 18.1% (value of 2.96 × 109/L).

TABLE 1: Unadjusted clinical and laboratory characteristics of the total study population investigated for tuberculosis.
Variable TB patients Non-TB patients p 95% CI for median 

difference  
(TB minus non-TB)n Median IQR n Median IQR

Age 195 38 29–50 1099 43 33–59 < 0.0001 -8; -3

CRP 153 122 53–187 917 106 31–215 0.2012 -5; 25

WCC 195 8.05 5.21–10.78 1099 9.5 6.29–13.87 < 0.0001 -2.31; -0.82

N 195 5.67 3.28–8.67 656 7 4.23–10.75 0.0003 -1.92; -0.58

L 195 0.98 0.57–1.65 656 1.15 0.72–1.62 0.0394 -0.22; -0.01

NLR 195 5.69 3.07–10.97 656 6.27 3.44–11.25 0.4100 -1.06; 0.43

CWR 153 13.25 5.98–22.83 917 9.64 3.82–19.03 0.0009 1.10; 4.67

WLR 195 7.71 4.65–14.19 656 8.37 5.18–14.27 0.3848 -1.26; 0.46

CLR 153 133.05 43.48–271.54 474 97.13 28.91–211.54 0.0386 0.42; 34.89

CI, confidence interval; CLR, CRP-lymphocyte ratio; CRP, C-reactive protein in mg/L; CWR, CRP-WCC ratio; IQR, interquartile range; L, lymphocyte in × 109/L; N, neutrophil in × 109/L; NLR, neutrophil-
lymphocyte ratio; TB, tuberculosis; WCC, white cell count in × 109/L; WLR, WCC-lymphocyte ratio.

TABLE 2: Unadjusted clinical and laboratory characteristics in HIV-positive patients investigated for tuberculosis.
Variable TB patients Non-TB patients p 95% CI for median 

difference  
(TB minus non-TB)n Median IQR n Median IQR

Age 132 38 29.5–49 685 42 33–57 0.0015 -7; -2

CRP 101 131 62–189 576 116.5 39–216.5 0.3702 -11; 29

WCC 132 7.68 5.03–10.48 685 9.43 6.38–13.68 0.0003 -2.63; -0.82

N 132 5.27 3.04–8.61 407 7.01 4.29–10.54 0.0020 -2.12; -0.49

L 132 0.97 0.53–1.58 407 1.15 0.69–1.62 0.0491 -0.27; 0

NLR 132 5.76 3.04–11.86 407 6.24 3.21–11.87 0.6705 -1.14; 0.72

CWR 101 15.2 6.61–24.98 576 10.74 4.11–20.11 0.0043 0.96; 5.61

WLR 132 8.27 4.72–14.23 407 8.36 5.06–14.36 0.5857 -1.39; 0.74

CLR 101 131.33 52.94–285.96 298 110.94 31.91– 256.32 0.1806 -7.54; 46.12

CI, confidence interval; CLR, CRP-lymphocyte ratio; CRP, C-reactive protein in mg/L; CWR, CRP-WCC ratio; IQR, interquartile range; L, lymphocyte in × 109/L; N, neutrophil in × 109/L; NLR, neutrophil-
lymphocyte ratio; TB, tuberculosis; WCC, white cell count in × 109/L; WLR, WCC-lymphocyte ratio.

TABLE 3: Unadjusted clinical and laboratory characteristics in HIV-negative patients investigated for tuberculosis.
Variable TB patients Non-TB patients p 95% CI for median 

difference  
(TB minus non-TB)n Median IQR n Median IQR

Age 32 33.5 25–51.5 194 48 30–57 0.0139 -15; -1

CRP 26 112 47–237 166 75.5 21–186 0.1403 -9; 55

WCC 32 8.97 4.36–11.43 194 10.05 6.15–13.92 0.1507 -3.39; 0.58

N 32 6.24 3.15–8.77 112 7.87 4.27–11.67 0.0675 -3.38; 0.17

L 32 0.94 0.66–1.76 112 1.14 0.8–1.58 0.7042 -0.32; 0.25

NLR 32 5.04 3.02–11.97 112 5.77 3.66–11.12 0.3414 -2.53; 0.90

CWR 26 10.59 4.59–22.46 166 7.84 2.76–15.27 0.0751 -0.42; 7.19

WLR 32 7.05 4.5–14.22 112 8.11 5.56–13.13 0.4335 -2.61; 1.29

CLR 26 119.62 28–232.17 84 86.08 29.47–157.95 0.2658 -18.06; 84.02

CI, confidence interval; CLR, CRP-lymphocyte ratio; CRP, C-reactive protein in mg/L; CWR, CRP-WCC ratio; IQR, interquartile range; L, lymphocyte in × 109/L; N, neutrophil in × 109/L; NLR, neutrophil-
lymphocyte ratio; TB, tuberculosis; WCC, white cell count in × 109/L; WLR, WCC-lymphocyte ratio.
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Of the 817 HIV-positive patients, 233 (28.5%) had HIV viral 
loads measured, of which 135 (57.9%) were suppressed. Of 
340 HIV-positive patients (41.6%) with CD4 counts, 108 
(31.8%) had < 100 cells/µL; 78 (22.9%) < 200 cells/µL; 66 
(19.4%) < 350 cells/µL and 88 (25.0%) had ≥ 350 cells/µL.

Discussion
Our data show that CRP and WCC differential are not useful 
tools when used in isolation or as ratios in diagnosing or 
excluding TB in hospitalised (tertiary hospitals) patients in 
our high-burden TB and HIV setting. This was the case for the 
total study population (maximum AUC of 0.59) and HIV-
positive patients (maximum AUC 0.6). When considering the 
WHO’s pre-defined minimum sensitivity and specificity (90% 
and 70%, respectively), the data clearly illustrate the inability 
of these parameters as screening tools for TB.48

Strengths of our study include a large sample size (n = 1294) and 
many HIV-positive patients (n = 817, 63.1%), reflecting the 
burden of disease in our setting. The patients in this study were 
not limited to those being worked up for pulmonary TB. We 
collected data from various in-hospital settings. The retrospective 
design allowed us to collect real-world data and negate potential 
biases of our index tests on clinicians’ decision-making. Our 
data were from the pre-coronavirus disease 2019 (COVID-19) 
era, suggesting relative stability in the diagnostic milieu. Head 
office AARMS staff cleaned and anonymised the data.

Our limitations included an inability to reach our initial 
target of 300 patients with and 300 without TB because of a 
long delay between ethical approval and approval of the data 
request – leaving limited time for archived data. However, it 
is unlikely that additional patients would have altered the 
results significantly. Our patients were limited to those in 
tertiary-level hospitals. The patient population of a tertiary 
hospital might not be generalisable to other levels of hospital 
care because of the potential attention of other healthcare 
workers within the referral system before arrival at the 
tertiary hospital. By only including hospitalised patients, we 
sought to simulate a symptomatic study population as part 
of our primary objectives to ‘distinguish TB from other 
illnesses’, yet we acknowledge that many admissions to 
tertiary hospitals are elective visits for patients who were not 
ill at the time of their admission.

The retrospective study design limited our insight into the 
appropriateness of the TB workup, the patients’ comorbid 
disease profile, admission diagnosis and therapy provided. 
Limited CRP and WCC results were considered in data 
analysis to negate the influence of therapy bias. Valid 
arguments could be made to exclude additional patient 
groups (elderly, critically ill, etc.). Further exclusions based 
on site of admission, with the heterogeneity of diagnoses 
in  settings compared to oncology wards, would have 
severely  compromised patient numbers. By including 
multidisciplinary facilities, such as the intensive care unit 
(ICU), oncology patients may have inadvertently been 
included in our study. The large sample size could potentially 
have negated this. Information was not available regarding 
the availability of clinical data and other laboratory results to 
the NHLS staff performing the initial tests or the total number 
of patients with positive TB culture, Xpert or Ultra results 
because of a limitation in the data request to NHLS. This data 
might influence our study’s utility for future research but not 
the outcomes of our results. Not all clinicians routinely do 
CRP tests and WCC and differential count, which can confer 
selection bias. Determination of HIV status relied on a 
combination of absolute and surrogate markers (HIV viral 
load and CD4 count testing). It would have been preferable 
to have confirmed HIV status via direct means (confirmatory 
testing per protocol or history) as opposed to the surrogates 
used. This was not feasible because of the retrospective 
nature and the numbers required. Because of the large 
amount of missing data, further sub-analyses regarding CD4 
counts and viral loads were not done.

Some patients in our study may have had TB diagnosed by 
other means – histology, urine LAM, clinical decision rules, 
empiric diagnosis – and featured as TB negative in our study. 
This limitation is mirrored in other studies.35,36,37 The reference 
standard for TB diagnosis is mycobacterial culture.12 It is, 
however, an imperfect gold standard because of the 
predilection for sampling errors and technical variation.49,50,51 
The use of Xpert as an initial TB diagnostic test was formally 
included into South African guidelines in 2014.17 Although 
widely used, Xpert and Ultra have limited sensitivity. Xpert 
or Ultra can remain positive after the resolution of TB 
although the WHO does not consider these false-positive 
cases overly concerning.15

TABLE 4: Ninety percent sensitivity and 70% specificity cut-offs and corresponding values for the diagnosis of tuberculosis in the total study population and HIV-positive 
patients investigated for tuberculosis.
Variable Total study population HIV-positive patients

Sensitivity at 70% 
specificity (%)

Value Specificity at 90% 
sensitivity (%)

Value Sensitivity at 70% 
specificity (%)

Value Specificity at 90% 
sensitivity (%)

Value

CRP 23.5 192 17.0 20 24.8 196 16.8 22
WCC 44.0 7.04 12.9 17.77 44.7 7.1 10.4 18.48
N 42.1 4.72 11.7 15.1 43.2 4.72 9.6 15.67
L 39.0 0.77 11.3 2.1 37.9 0.75 11.6 2.07
NLR 37.4 3.74 9.0 19.79 34.1 3.71 10.1 19.87
CWR 37.9 17.01 17.8 2.66 41.5 18.03 18.1 2.96
WLR 38.0 5.85 9.5 22.35 36.4 5.78 11.3 22.66
CLR 34.0 187.04 15.0 13.68 38.6 68.14 15.1 15.89

CLR, CRP-lymphocyte ratio; CRP, C-reactive protein in mg/L; CWR, CRP-WCC ratio; L, lymphocyte in × 109/L; N, neutrophil in × 109/L; NLR, neutrophil-lymphocyte ratio; TB, tuberculosis; WCC, white 
cell count in × 109/L; WLR, WCC-lymphocyte ratio.
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The finding that WCC was the most useful parameter from 
our data was unsurprising in the context of a prospective 
study published by Griesel et al.37 that included seriously ill 
HIV-positive patients admitted to regional hospitals in South 
Africa. They found a decrease in the odds ratio for TB of 0.9 
(95% CI: 0.87; 0.93) for every WCC increase by 1 × 109/L, and 
high WCC shows a good negative predictive value for TB. 
White cell count was included in their clinical prediction 
rule. From our data, however, signs of utility were less 
encouraging. Median values of WCC of patients with and 
without TB were within the normal reference range of 
3.9 × 109/L to 12.6 × 109/L (8.05 × 109/L and 9.5 × 109/L, 
respectively).52

A systematic review and meta-analysis showed utility in 
screening people (including HIV-positive people) for TB with 
CRP in the outpatient setting with a cut-point of 10 mg/L, 
having a pooled sensitivity and specificity of 93% (95% CI: 
85%; 97%) and 62% (95% CI: 42%; 79%), respectively.34 This 
high sensitivity is mirrored in data of symptomatic South 
African HIV-positive people.35 From the above review, 
specificity is disappointing in both outpatients presenting 
with symptoms as well as inpatients (26% [95% CI: 19%; 34%] 
and 21% [95% CI: 6%; 52%], respectively).36 C-reactive 
protein  alone did not aid in diagnosing ill outpatients or 
inpatients.35,36 C-reactive protein has some diagnostic utility 
within a clinical prediction rule in symptomatic outpatients 
in South Africa.36 In our data, 10.6% of patients with a CRP 
value < 10 mg/L had TB, and the specificity of CRP > 10 mg/L 
for TB diagnosis was 8.3% (95% CI: 6.6%; 10.3%).

We did not reproduce encouraging results on NLR from 
South Korean and Egyptian studies of hospitalised patients 
reporting AUCs above 0.90.38,53 There are several potential 
reasons for the discrepancy: HIV was not considered and is 
uncommon in both countries.54,55,56,57 Neutrophil counts in 
those without TB were significantly lower in our data (HIV-
positive and HIV-negative patients) than the other studies. 
However, patients with TB were not compared directly to 
those with respiratory infections. Neutrophil precursors 
were not included in our neutrophil count. It is unclear 
whether they were included in other data. To negate this, we 
studied ratios of all the variables – which still did not yield 
clinically significant cut-offs. Lymphocyte counts in those 
with TB were lower in our data (HIV-positive and HIV-
negative patients) compared to others. Differences in racial 
groups, although not specifically studied, were expected 
between our South African-based, South Korean and 
Egyptian studies. Variations in WCC reference indices among 
racial groups are established.58 Participants in the Korean 
study were significantly older – the median ages in those 
with TB and community-acquired pneumonia were 54 years 
(range 20–83 years) and 70 years (range 18–86 years), 
respectively.

Our data answer some pressing questions and guides further 
exploration of the topic. Patients under investigation for TB 
can have a wide range of CRP and WCC values. Therefore, 

TB cannot be diagnosed or excluded solely on CRP and WCC 
differential in symptomatic persons in our setting. These 
parameters should only be used in validated diagnostic 
algorithms.36 Our research re-emphasises the need to 
expeditiously collect high-quality and appropriate samples 
for TB diagnostic testing.

In the WHO Advanced HIV Disease (AHD) guidelines, 
research gaps for further TB screening and diagnostic 
algorithms (specifically in AHD) were identified, with various 
non-microbiological laboratory and clinical parameters being 
considered.59 Empiric TB treatment for severely ill patients 
has again been recommended – an illustration of the research 
gaps. Our data should assist the selection of parameters to 
be included in such screening and diagnostic algorithms in 
countries such as ours.

Conclusion
From our retrospective study, differentiated WCC and CRP 
are not useful for screening, excluding or diagnosing TB in 
hospitalised patients in our setting.

Recommendations
Moving forward, prospective data collection with a more 
targeted sample and a better overview of the final diagnosis 
would negate many of the abovementioned limitations. 
Inclusion of participants from primary and secondary care 
levels, symptom-based inclusion parameters, review of more 
diagnostic modalities (histology, LAM, empiric) and follow-
up of those empirically diagnosed are all ways of refining 
future data.

Acknowledgements
The National Health Laboratory Service for assisting with 
the  extraction, cleaning and anonymisation of the data. 
Ms  T.  Mulder, medical editor or writer, Faculty of Health 
Sciences, University of the Free State, for technical and 
editorial preparation of the manuscript.

Competing interests
The authors declare that they have no financial or personal 
relationships that may have inappropriately influenced them 
in writing this article.

Authors’ contributions
G.R. developed the study question, wrote the protocol, 
facilitated data collection and wrote the manuscript. R.C. and 
R.C.M.N. assisted with supervising the protocol, data 
collection and writing of the manuscript. G.J. assisted with the 
methodological planning, performed statistical analysis and 
assisted with data interpretation and writing of the manuscript.

Funding information
This research received no specific grant from any funding 
agency in the public, commercial or not-for-profit sectors.

http://www.sajid.co.za�


Page 7 of 9 Original Research

http://www.sajid.co.za Open Access

Data availability
The protocol and data that support the findings of this study 
are available from the corresponding author, G.R., upon 
reasonable request.

Disclaimer
The views and opinions expressed in this article are those of 
the authors and do not necessarily reflect the official policy or 
position of any affiliated agency of the authors.

References
1.	 Massyn N, Pillay Y, Padarath A. District health barometer 2017/2018 

[homepage on the Internet]. Durban: Health Systems Trust; 2019 [cited 
2021  Oct 09]. Available from: https://www.hst.org.za/publications/Pages/
DHB20172018.aspx

2.	 Statistics South Africa (StatsSA). Mortality and causes of death in South Africa, 
2016: Findings from death notification [homepage on the Internet]. Pretoria: 
StatsSA; 2018 [cited 2021 Oct 09]. Available from: https://www.statssa.gov.za/
publications/P03093/P030932016.pdf

3.	 World Health Organization. Global tuberculosis report 2019 [homepage on 
the Internet]. Geneva: WHO; 2019 [cited 2021 Oct 09]. Available from: https://
apps.who.int/iris/bitstream/handle/10665/329368/9789241565714-eng.
pdf?ua=1

4.	 World Health Organization. WHO guidelines on tuberculosis infection prevention 
and control, 2019 update [homepage on the Internet]. Geneva: WHO; 2019 
[cited  2021 Oct 09]. Available from: https://apps.who.int/iris/bitstream/hand
le/10665/311259/9789241550512-eng.pdf

5.	 Gupta RK, Lucas SB, Fielding KL, Lawn SD. Prevalence of tuberculosis in post-
mortem studies of HIV-infected adults and children in resource-limited settings: A 
systematic review and meta-analysis. AIDS. 2015;29(15):1987–2002. https://doi.
org/10.1097/qad.0000000000000802

6.	 Reichler MR, Khan A, Sterling TR, et al. Risk and timing of tuberculosis among 
close contacts of persons with infectious tuberculosis. J Infect Dis. 
2018;218(6):1000–1008. https://doi.org/10.1093/infdis/jiy265

7.	 Bock NN, Jensen PA, Miller B, Nardell E. Tuberculosis infection control in resource‐
limited settings in the era of expanding HIV care and treatment. J Infect Dis. 
2007;196(S1):S108–S113. https://doi.org/10.1086/518661

8.	 World Health Organization. Systematic screening for active tuberculosis: Principles 
and recommendations [homepage on the Internet]. Geneva: WHO; 2013 
[cited  2021 Oct 10]. Available from: https://apps.who.int/iris/bitstream/
handle/10665/84971/9789241548601_eng.pdf?sequence=1

9.	 Bateman C. Tugela Ferry’s extensively drug-resistant tuberculosis – 10 years on. S 
Afr Med J. 2015;105(7):517–520. https://doi.org/10.7196/SAMJNEW.7838

10.	 Marks DJ, Dheda K, Dawson R, Ainslie G, Miller RF. Adverse events to 
antituberculosis therapy: Influence of HIV and antiretroviral drugs. Int J STD AIDS. 
2009;20(5):339–345. https://doi.org/10.1258/ijsa.2008.008361

11.	 Rieder HL, Cauthen GM, Comstock GW, Snider DE Jr. Epidemiology of tuberculosis 
in the United States. Epidemiol Rev. 1989;11(1):79–98. https://doi.org/10.1093/
oxfordjournals.epirev.a036046

12.	 World Health Organization. Sixty-Seventh World Health Assembly. Global strategy 
and targets for tuberculosis prevention, care and control after 2015 [homepage 
on the Internet]. Geneva: WHO; 2014 [cited 2021 Oct 10]. Available from: https://
apps.who.int/gb/ebwha/pdf_files/WHA67/A67_R1-en.pdf

13.	 Kwan CK, Ernst JD. HIV and tuberculosis: A deadly human syndemic. Clin Microbiol 
Rev. 2011;24(2):351–376. https://doi.org/10.1128/CMR.00042-10

14.	 Zifodya JS, Kreniske JS, Schiller I, et al. Xpert Ultra versus Xpert MTB/RIF for 
pulmonary tuberculosis and rifampicin resistance in adults with presumptive 
pulmonary tuberculosis. Cochrane Database Syst Rev. 2021;2:CD009593. https://
doi.org/10.1002/14651858.CD009593.pub5

15.	World Health Organization. WHO meeting report of a technical expert 
consultation: Non-inferiority analysis of Xpert MTB/RIF Ultra compared to 
Xpert MTB/RIF [homepage on the Internet]. Geneva: WHO; 2017 [cited 2021 
Oct 10]. Available from: https://apps.who.int/iris/rest/bitstreams/1081573/
retrieve

16.	 Otwombe KN, Variava E, Holmes CB, Chaisson RE, Martinson N. Predictors of delay 
in the diagnosis and treatment of suspected tuberculosis in HIV co-infected 
patients in South Africa. Int J Tuberc Lung Dis. 2013;17(9):1199–1205. https://doi.
org/10.5588/ijtld.12.0891

17.	 Peter JG, Theron G, Muchinga TE, Govender U, Dheda K. The diagnostic accuracy 
of urine-based Xpert MTB/RIF in HIV-infected hospitalized patients who are 
smear-negative or sputum scarce. PLoS One. 2012;7(7):e39966. https://doi.
org/10.1371/journal.pone.0039966

18.	National Department of Health, South Africa. National tuberculosis 
management guidelines 2014 [homepage on the Internet]. Pretoria: National 
Department of Health; 2014 [cited 2021 Oct 10]. Available from: http://
www.tbonline.info/media/uploads/documents/ntcp_adult_tb-guidelines-​
27.5.2014.pdf

19.	 Lawn SD. Advances in diagnostic assays for tuberculosis. Cold Spring Harb Perspect 
Med. 2015;5(12):a017806. https://doi.org/10.1101/cshperspect.a017806

20.	World Health Organization. The use of lateral flow urine lipoarabinomannan 
assay (LF-LAM) for the diagnosis of active tuberculosis in people living with 
HIV. Policy update (2019) [homepage on the Internet]. Geneva: WHO; 2019 
[cited 2021 Oct 13]. Available from: https://apps.who.int/iris/rest/
bitstreams/1257880/retrieve

21.	 Gabay C, Kushner I. Acute-phase proteins and other systemic responses to 
inflammation [published correction appears in N Engl J Med. 1999;340(17):1376]. N 
Engl J Med. 2002;340(6):448–454. https://doi.org/10.1056/nejm19990211​3400607

22.	 Zahorec R. Ratio of neutrophil to lymphocyte counts – Rapid and simple 
parameter  of systemic inflammation and stress in critically ill. Bratisl Lek Listy. 
2001;102(1):5–14.

23.	 Yoon NB, Son C, Um SJ. 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):105–110. https://doi.
org/10.3343/alm.2013.33.2.105

24.	 Brighenti S, Andersson J. Local immune responses in human tuberculosis: Learning 
from the site of infection. J Infect Dis. 2012;205(S2):S316–S324. https://doi.
org/10.1093/infdis/jis043

25.	 Müller I, Munder M, Kropf P, Hänsch GM. Polymorphonuclear neutrophils and T 
lymphocytes: Strange bedfellows or brothers in arms? Trends Immunol. 
2009;30(11):522–530. https://doi.org/10.1016/j.it.2009.07.007

26.	 Alemán M, De la Barrera SS, Schierloh PL, et al. In tuberculous pleural effusions, 
activated neutrophils undergo apoptosis and acquire a dendritic cell-like 
phenotype. J Infect Dis. 2005;192(3):399–409. https://doi.org/10.1086/431680

27.	 Weinstein MP, Reller LB, Murphy JR, Lichtenstein KA. The clinical significance of 
positive blood cultures: A comprehensive analysis of 500 episodes of bacteremia 
and fungemia in adults. I. Laboratory and epidemiologic observations. Rev Infect 
Dis. 1983;5(1):35–53. https://doi.org/10.1093/clinids/5.1.35

28.	 De Jager CP, Van Wijk PT, Mathoera RB, De Jongh-Leuvenink J, Van der Poll T, 
Wever PC. Lymphocytopenia and neutrophil-lymphocyte count ratio predict 
bacteremia better than conventional infection markers in an emergency care unit. 
Crit Care. 2010;14(5):R192. https://doi.org/10.1186/cc9309

29.	 Wyllie DH, Bowler IC, Peto TE. Relation between lymphopenia and bacteraemia in 
UK adults with medical emergencies. J Clin Pathol. 2004;57(9):950–955. https://
doi.org/10.1136/jcp.2004.017335

30.	 Su CP, Chen TH, Chen SY, et al. Predictive model for bacteremia in adult patients 
with blood cultures performed at the emergency department: A preliminary 
report. J Microbiol Immunol Infect. 2011;44(6):449–455. https://doi.org/10.10​
16/j.jmii.2011.04.006

31.	 Puren AJ, Feldman C, Savage N, Becker PJ, Smith C. Patterns of cytokine expression 
in community-acquired pneumonia. Chest. 1995;107(5):1342–1349. https://doi.
org/10.1378/chest.107.5.1342

32.	 Li W, Jiang M, Xu D, et al. Clinical and laboratory characteristics of symptomatic 
and asymptomatic neurosyphilis in HIV-negative patients: A retrospective 
study  of  264 cases. Biomed Res Int. 2019;2019:2426313. https://doi.
org/10.1155/2019/2426313

33.	 Özdemir C, Sökücü S, Önür S. Can neutrophil/lymphocyte ratio and platelet/
lymphocyte ratio be used in differential diagnosis of Stage I sarcoidosis from 
tuberculosis lymphadenopathy? Eurasian J Pulmonol. 2018;20(1):22–26. https://
doi.org/10.4103/ejop.ejop_1_18

34.	 Yoon C, Chaisson LH, Patel SM, et al. Diagnostic accuracy of C-reactive protein for 
active pulmonary tuberculosis: A meta-analysis. Int J Tuberc Lung Dis. 
2017;21(9):1013–1019. https://doi.org/10.5588/ijtld.17.0078

35.	 Mendelson F, Griesel R, Tiffin N, et al. C-reactive protein and procalcitonin to 
discriminate between tuberculosis, Pneumocystis jirovecii pneumonia, and 
bacterial pneumonia in HIV-infected inpatients meeting WHO criteria for seriously 
ill: A prospective cohort study. BMC Infect Dis. 2018;18(1):399. https://doi.
org/10.1186/s12879-018-3303-6

36.	 Boyles TH, Nduna M, Pitsi T, Scott L, Fox MP, Maartens G. A clinical prediction 
score including trial of antibiotics and C-reactive protein to improve the diagnosis 
of tuberculosis in ambulatory people with HIV. Open Forum Infect Dis. 
2020;7(2):ofz543. https://doi.org/10.1093/ofid/ofz543

37.	 Griesel R, Stewart A, Van der Plas H, et al. Optimizing tuberculosis diagnosis in 
human immunodeficiency virus-infected inpatients meeting the criteria of 
seriously ill in the World Health Organization algorithm. Clin Infect Dis. 
2018;66(9):1419–1426. https://doi.org/10.1093/cid/cix988

38.	 El-Emshaty W, Mashaly M, Moawad A, Elgamal M, Hewidy A. Diagnostic value of 
neutrophil-lymphocyte ratio versus C-reactive protein in discrimination between 
different pathogens causing community-acquired pneumonia. Comp Clin Path. 
2017;26(4):757–765. https://doi.org/10.1007/s00580-017-2443-1

39.	 Iliaz S, Iliaz R, Ortakoylu G, Bahadir A, Bagci BA, Caglar E. Value of neutrophil/
lymphocyte ratio in the differential diagnosis of sarcoidosis and tuberculosis. Ann 
Thorac Med. 2014;9(4):232–235. https://doi.org/10.4103/1817-1737.140135

40.	 Chen G, Wu C, Luo Z, Teng Y, Mao S. Platelet-lymphocyte ratios: A potential marker 
for pulmonary tuberculosis diagnosis in COPD patients. Int J Chron Obstruct 
Pulmon Dis. 2016;11(1):2737–2740. https://doi.org/10.2147/COPD.S111254

41.	 Li X, Zhu M, Wang J. [Clinical application of neutrophil/lymphocyte count ratio in 
the diagnosis of lung bacterial infections in the elderly]. Zhonghua yi xue za zhi. 
2015;95(18):1405–1410.

42.	 Akturk UA, Ernam D, Akbay MO, Koçak ND, Ogur E, Irmak I. Role of the neutrophil- 
lymphocyte ratio in the differential diagnosis of exudative pleural effusion. Clinics. 
2016;71(10):611–616. https://doi.org/10.6061/clinics/2016(10)10

43.	 Equator Network. STARD 2015: An updated list of essential items for reporting 
diagnostic accuracy studies [homepage on the Internet]. Oxford: Equator 
Network; 2021 [cited 2022 Dec 20]. Available from: https://www.equator-
network.org/reporting-guidelines/stard/

http://www.sajid.co.za�
https://www.hst.org.za/publications/Pages/DHB20172018.aspx
https://www.hst.org.za/publications/Pages/DHB20172018.aspx
https://www.statssa.gov.za/publications/P03093/P030932016.pdf�
https://www.statssa.gov.za/publications/P03093/P030932016.pdf�
https://apps.who.int/iris/bitstream/handle/10665/329368/9789241565714-eng.pdf?ua=1�
https://apps.who.int/iris/bitstream/handle/10665/329368/9789241565714-eng.pdf?ua=1�
https://apps.who.int/iris/bitstream/handle/10665/329368/9789241565714-eng.pdf?ua=1�
https://apps.who.int/iris/bitstream/handle/10665/311259/9789241550512-eng.pdf�
https://apps.who.int/iris/bitstream/handle/10665/311259/9789241550512-eng.pdf�
https://doi.org/10.1097/qad.0000000000000802�
https://doi.org/10.1097/qad.0000000000000802�
https://doi.org/10.1093/infdis/jiy265�
https://doi.org/10.1086/518661�
https://apps.who.int/iris/bitstream/handle/10665/84971/9789241548601_eng.pdf?sequence=1�
https://apps.who.int/iris/bitstream/handle/10665/84971/9789241548601_eng.pdf?sequence=1�
https://doi.org/10.7196/SAMJNEW.7838�
https://doi.org/10.1258/ijsa.2008.008361�
https://doi.org/10.1093/oxfordjournals.epirev.a036046�
https://doi.org/10.1093/oxfordjournals.epirev.a036046�
https://apps.who.int/gb/ebwha/pdf_files/WHA67/A67_R1-en.pdf�
https://apps.who.int/gb/ebwha/pdf_files/WHA67/A67_R1-en.pdf�
https://doi.org/10.1128/CMR.00042-10�
https://doi.org/10.1002/14651858.CD009593.pub5�
https://doi.org/10.1002/14651858.CD009593.pub5�
https://apps.who.int/iris/rest/bitstreams/1081573/retrieve�
https://apps.who.int/iris/rest/bitstreams/1081573/retrieve�
https://doi.org/10.5588/ijtld.12.0891�
https://doi.org/10.5588/ijtld.12.0891�
https://doi.org/10.1371/journal.pone.0039966�
https://doi.org/10.1371/journal.pone.0039966�
http://www.tbonline.info/media/uploads/documents/ntcp_adult_tb-guidelines-27.5.2014.pdf�
http://www.tbonline.info/media/uploads/documents/ntcp_adult_tb-guidelines-27.5.2014.pdf�
http://www.tbonline.info/media/uploads/documents/ntcp_adult_tb-guidelines-27.5.2014.pdf�
https://doi.org/10.1101/cshperspect.a017806�
https://apps.who.int/iris/rest/bitstreams/1257880/retrieve�
https://apps.who.int/iris/rest/bitstreams/1257880/retrieve�
https://doi.org/10.1056/nejm199902113400607�
https://doi.org/10.3343/alm.2013.33.2.105�
https://doi.org/10.3343/alm.2013.33.2.105�
https://doi.org/10.1093/infdis/jis043�
https://doi.org/10.1093/infdis/jis043�
https://doi.org/10.1016/j.it.2009.07.007�
https://doi.org/10.1086/431680�
https://doi.org/10.1093/clinids/5.1.35�
https://doi.org/10.1186/cc9309�
https://doi.org/10.1136/jcp.2004.017335�
https://doi.org/10.1136/jcp.2004.017335�
https://doi.org/10.1016/j.jmii.2011.04.006�
https://doi.org/10.1016/j.jmii.2011.04.006�
https://doi.org/10.1378/chest.107.5.1342�
https://doi.org/10.1378/chest.107.5.1342�
https://doi.org/10.1155/2019/2426313�
https://doi.org/10.1155/2019/2426313�
https://doi.org/10.4103/ejop.ejop_1_18�
https://doi.org/10.4103/ejop.ejop_1_18�
https://doi.org/10.5588/ijtld.17.0078�
https://doi.org/10.1186/s12879-018-3303-6�
https://doi.org/10.1186/s12879-018-3303-6�
https://doi.org/10.1093/ofid/ofz543�
https://doi.org/10.1093/cid/cix988�
https://doi.org/10.1007/s00580-017-2443-1�
https://doi.org/10.4103/1817-1737.140135�
https://doi.org/10.2147/COPD.S111254�
https://doi.org/10.6061/clinics/2016(10)10�
https://www.equator-network.org/reporting-guidelines/stard/�
https://www.equator-network.org/reporting-guidelines/stard/�


Page 8 of 9 Original Research

http://www.sajid.co.za Open Access

44.	 Gene® Xpress. Reference guide [homepage on the Internet]. Sunnyvale, CA: 
Cepheid; 2020 [cited 2022 Nov 28]. Available from: https://www.cepheid.com/
Documents/302-3173%2C%20Rev.%20A.1%20GeneXpert%20Xpress%20
System%20Reference%20Guide.pdf

45.	 Tortoli E, Cichero P, Piersimoni C, Simonetti MT, Gesu G, Nista D. Use of BACTEC 
MGIT 960 for recovery of mycobacteria from clinical specimens: Multicenter 
study. J Clin Microbiol. 1999;37(11):3578–3582. https://doi.org/10.1128/JCM.37.​
11.3578-3582.1999

46.	 Cobas. cobas c 501 module [homepage on the Internet]. Rotkreuz: Roche 
Diagnostics International AG; n.d. [cited 2022 Dec 05]. Available from: https://
diagnostics.roche.com/global/en/products/instruments/cobas-c-501-ins-338.
html

47.	 ADVIA 2120i Hematology System with Autoslide [homepage on the Internet]. 
Erlangen: Siemens Healthcare; n.d. [cited 2022 Dec 05]. Available from: https://
www.siemens-healthineers.com/en-za/hematology/systems/advia-2120-
hematology-system-with-autoslide

48.	 World Health Organization. High-priority target product profiles for new 
tuberculosis diagnostics: Report of a consensus meeting. 28–29 April 2014 
[homepage on the Internet]. Geneva: WHO; 2014 [cited 2021 Oct 13]. Available 
from: https://apps.who.int/iris/handle/10665/135617

49.	 Hanna BA, Ebrahimzadeh A, Elliott LB, et al. Multicenter evaluation of the 
BACTEC  MGIT 960 system for recovery of mycobacteria. J Clin Microbiol. 
1999;37(3):748–752. https://doi.org/10.1128/jcm.37.3.748-752.1999

50.	 Monkongdee P, McCarthy KD, Cain KP, et al. Yield of acid-fast smear and 
mycobacterial culture for tuberculosis diagnosis in people with human 
immunodeficiency virus. Am J Respir Crit Care Med. 2009;180(9):903–908. 
https://doi.org/10.1164/rccm.200905-0692oc

51.	 Van Zyl-Smit RN, Binder A, Meldau R, et al. Comparison of quantitative techniques 
including Xpert MTB/RIF to evaluate mycobacterial burden. PLoS One. 
2011;6(12):e28815. https://doi.org/10.1371/journal.pone.0028815

52.	 Lawrie D, Coetzee LM, Becker P, Mahlangu J, Stevens W, Glencross DK. Local 
reference ranges for full blood count and CD4 lymphocyte count testing. S Afr 
Med J. 2009;99(4):243–248.

53.	 Acharya B, Acharya A, Gautam S, et al. Advances in diagnosis of tuberculosis: An 
update into molecular diagnosis of Mycobacterium tuberculosis. Mol Biol Rep. 
2020;47(5):4065–4075. https://doi.org/10.1007/s11033-020-05413-7

54.	 Benito N, Moreno A, Filella X, et al. Inflammatory responses in blood samples of human 
immunodeficiency virus-infected patients with pulmonary infections. Clin Diagn Lab 
Immunol. 2004;11(3):608–614. https://doi.org/10.1128/CDLI.11.3.608-614.2004

55.	 Worldometer. South Korea population [homepage on the Internet]. Delaware: 
Dadax LLC; n.d. [cited 2021 Oct 13]. Available from: https://www.worldometers.
info/world-population/south-korea-population/

56.	 Yoo M, Yoon C-H, Choi BS. Current status of the estimation on the number of 
people who living with HIV and the rate of undiagnosed cases. J Bacteriol Virol. 
2020;50(3):150–157. https://doi.org/10.4167/jbv.2020.50.3.150

57.	 UNAIDS. Egypt 2020 HIV and AIDS estimates [homepage on the Internet]. Geneva: 
UNAIDS; 2020 [cited 2021 Oct 13]. Available from: https://www.unaids.org/en/
regionscountries/countries/egypt

58.	 Lim E, Miyamura J, Chen JJ. Racial/ethnic-specific reference intervals for common 
laboratory tests: A comparison among Asians, Blacks, Hispanics, and White. 
Hawaii J Med Public Health. 2015;74(9):302–310.

59.	 World Health Organization. Guidelines for managing advanced HIV disease and 
rapid initiation of antiretroviral therapy [homepage on the Internet]. Geneva: 
WHO; 2017 [cited 2021 Oct 13]. Available from: https://www.who.int/
publications/i/item/9789241550062

Appendix starts on the next page →

http://www.sajid.co.za�
https://www.cepheid.com/Documents/302-3173%2C%20Rev.%20A.1%20GeneXpert%20Xpress%20System%20Reference%20Guide.pdf�
https://www.cepheid.com/Documents/302-3173%2C%20Rev.%20A.1%20GeneXpert%20Xpress%20System%20Reference%20Guide.pdf�
https://www.cepheid.com/Documents/302-3173%2C%20Rev.%20A.1%20GeneXpert%20Xpress%20System%20Reference%20Guide.pdf�
https://doi.org/10.1128/JCM.37.11.3578-3582.1999�
https://doi.org/10.1128/JCM.37.11.3578-3582.1999�
https://diagnostics.roche.com/global/en/products/instruments/cobas-c-501-ins-338.html�
https://diagnostics.roche.com/global/en/products/instruments/cobas-c-501-ins-338.html�
https://diagnostics.roche.com/global/en/products/instruments/cobas-c-501-ins-338.html�
https://www.siemens-healthineers.com/en-za/hematology/systems/advia-2120-hematology-system-with-autoslide�
https://www.siemens-healthineers.com/en-za/hematology/systems/advia-2120-hematology-system-with-autoslide�
https://www.siemens-healthineers.com/en-za/hematology/systems/advia-2120-hematology-system-with-autoslide�
https://apps.who.int/iris/handle/10665/135617�
https://doi.org/10.1128/jcm.37.3.748-752.1999�
https://doi.org/10.1164/rccm.200905-0692oc�
https://doi.org/10.1371/journal.pone.0028815�
https://doi.org/10.1007/s11033-020-05413-7�
https://doi.org/10.1128/CDLI.11.3.608-614.2004�
https://www.worldometers.info/world-population/south-korea-population/�
https://www.worldometers.info/world-population/south-korea-population/�
https://doi.org/10.4167/jbv.2020.50.3.150�
https://www.unaids.org/en/regionscountries/countries/egypt�
https://www.unaids.org/en/regionscountries/countries/egypt�
https://www.who.int/publications/i/item/9789241550062�
https://www.who.int/publications/i/item/9789241550062�


Page 9 of 9 Original Research

http://www.sajid.co.za Open Access

TABLE 1-A1: Standards for Reporting of Diagnostic Accuracy Studies (STARD) checklist.
Section and topic Number Item Reported on page number 

Title or abstract 1 Identification as a study of diagnostic accuracy using at least one measure of accuracy (such as sensitivity, 
specificity, predictive values or AUC)

1

Abstract 2 Structured summary of study design, methods, results and conclusions (for specific guidance, see STARD for 
Abstracts)

1

Introduction 3 Scientific and clinical background, including the intended use and clinical role of the index test 3–4
4 Study objectives and hypotheses 3–4

Methods
Study design 5 Whether data collection was planned before the index test and reference standard were performed (prospective 

study) or after (retrospective study)
5

Participants 6 Eligibility criteria 5
7 On what basis potentially eligible participants were identified (such as symptoms, results from previous tests, 

inclusion in registry)
5–6

8 Where and when potentially eligible participants were identified (setting, location and dates) 5–6
9 Whether participants formed a consecutive, random or convenience series 5

Test methods 10a Index test, in sufficient detail to allow replication 6
10b Reference standard, in sufficient detail to allow replication 5
11 Rationale for choosing the reference standard (if alternatives exist) 14

12a
Definition of and rationale for test positivity cut-offs or result categories of the index test, distinguishing 
pre-specified from exploratory

P7: Mainly exploratory since 
potential cut-offs 
determined based on the 
ROC curves, for comparison 
purposes with other studies 
a few pre-specified 
cutpoints from literature 
used in Results section 

12b Definition of and rationale for test positivity cut-offs or result categories of the reference standard, distinguishing 
pre-specified from exploratory

See comment page 6, also 
page 5

13a Whether clinical information and reference standard results were available to the performers/readers of the 
index test

N/A

13b Whether clinical information and index test results were available to the assessors of the reference standard 13
Analysis 14 Methods for estimating or comparing measures of diagnostic accuracy 7

15 How indeterminate index test or reference standard results were handled 6
16 How missing data on the index test and reference standard were handled 7
17 Any analyses of variability in diagnostic accuracy, distinguishing pre-specified from exploratory N/A (it was all exploratory  

re index test)
18 Intended sample size and how it was determined 5

Results
Participants 19 Flow of participants, using a diagram 8 (various variables used as 

index tests)
20 Baseline demographic and clinical characteristics of participants 8

21a Distribution of severity of disease in those with the target condition N/A
21b Distribution of alternative diagnoses in those without the target condition N/A
22 Time interval and any clinical interventions between index test and reference standard 6

Test results 23 Cross tabulation of the index test results (or their distribution) by the results of the reference standard 8–12
24 Estimates of diagnostic accuracy and their precision (such as 95% confidence intervals) 8–11
25 Any adverse events from performing the index test or the reference standard N/A

Discussion 26 Study limitations, including sources of potential bias, statistical uncertainty and generalisability 13–14
27 Implications for practice, including the intended use and clinical role of the index test 14–15

Other information
28 Registration number and name of registry Not applicable 
29 Where the full study protocol can be accessed 17
30 Sources of funding and other support; role of funders 17

AUC, areas under the curve; STARD, Standards for Reporting of Diagnostic Accuracy Studies; N/A, not applicable.
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