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Background: Tuberculosis control is currently hampered by inadequate diagnostic tools and point-of-
care diagnostics are urgently needed. Recent work has highlighted C-reactive protein (CRP) as a potential 
supplementary tool however its reliability is still unclear. 
Methods: We performed an age- and sex-matched case-control study in Jiangsu province including 
pulmonary tuberculosis and healthy controls. We used Wilcoxon rank sum tests to compare CRP, IgG, 
and IgA values between cases and controls. We estimated sensitivity, specificity, and the positive (+LR) and 
negative (−LR) likelihood ratio of CRP for pulmonary tuberculosis diagnosis, bacteriologically negative 
tuberculosis, bacteriologically positive tuberculosis, and healthy controls for different CRP cut-off points. 
We constructed receiver operating characteristic (ROC) curves to compare diagnostic accuracy of CRP alone 
or combined with IgG and IgA. 
Results: In all, 264 participants, 132 cases and controls, were enrolled. We found statistically higher values 
between cases and controls for both CRP (P<0.0001) and IgG (P=0.006), respectively. With the CRP cut-off 
points set as 5 mg/L, the values of +LR and −LR were 4.25 and 0.80 in bacteriological positive group. When 
CRP >8 mg/L, the sensitivity and specificity for pulmonary tuberculosis group and healthy population group 
were 12.50% and 95.31%, respectively. The diagnostic performance was poor for CRP alone (area under 
the curve, 0.63; 95% CI, 0.59–0.69), CRP combined with IgG (0.69; 95% CI, 0.63–0.74), CRP combined 
with both IgG and IgA (0.69; 95% CI, 0.63–0.74) for pulmonary tuberculosis. For bacteriologically-negative 
tuberculosis, CRP combined with IgG and/or IgA increased diagnostic accuracy compared with CRP alone 
(P<0.05). 
Conclusions: In a matched case-control study from Eastern China, CRP demonstrated limited diagnostic 
value, even when combined with IgG and IgA, in the diagnosis of pulmonary tuberculosis. 
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Introduction 

Globally, tuberculosis is one of the top 10 causes of 
death and the leading cause from a single infectious 
agent. Successful diagnosis and treatment of pulmonary 
tuberculosis averts millions of deaths each year (an 
estimated 54 million over the period 2000–2017). In 2018, a 
total of 7.0 million new cases were reported, of which China 
accounted for 9% (1). However, there are still large and 
persistent gaps in detection and treatment of tuberculosis 
patients. Currently, >30% of tuberculosis patients are 
not diagnosed globally. Although underdiagnosis and 
underreporting both contribute to these “missing” 
cases, underdiagnosis is considered critical to improving 
tuberculosis control in endemic settings (1). 

There is an urgent need for screening and testing 
strategies that provide point-of-care test results (2). Sputum 
smear microscopy and mycobacterial culture requires 
weeks, high quality sampling, and suitable laboratory 
facilities (1,3). Besides, the only rapid detection method 
for Mycobacterium tuberculosis (MTB) recommended by 
WHO has not been implemented in many areas of China, 
and one of the reasons is its high cost (4). 

Recently, serodiagnostic assays have become more 
available for point-of-care translation (5). Detection of 
blood-based biomarkers remains an appealing approach. 
C-reactive protein (CRP), an acute phase protein 
synthesized by liver hepatocytes, is often proposed for 
pulmonary tuberculosis diagnosis (6,7). In response to 
infection or tissue inflammation, the immunity is mainly 
stimulated by interleukin 6, interleukin 1β and tumor 
necrosis factor α (8). An observational case-control study 
indicated that expectoration, chest pain, wasting, and 
culture count positively associated with CRP (9). Several 
reports suggested that serum antibodies in tuberculosis 
patients reacted strongly with M. tuberculosis membrane 
proteins (10). Some of them have reported that IgA and IgG 
levels were higher in pulmonary tuberculosis patients than 
in healthy people (11-13). A recent systematic review stated 
that CRP was a valid tool for screening persons living with 
HIV (14) however its use in tuberculosis patients without 
HIV is not clear. 

To improve our understanding of the diagnostic value 
of CRP diagnostics, we performed a case-control study in 
Eastern China and investigated the ability of CRP, alone 
and in-combination with IgG and IgA between pulmonary 
tuberculosis patients and healthy population. We presented 
the following article in accordance with the STROBE 

reporting checklist (available at http://dx.doi.org/10.21037/
jphe-20-38).

Methods

Study population

Our study evaluated pulmonary tuberculosis patients 
accessing the Second Hospital of Nanjing between 
September 2018 and June 2019. Patients were enrolled if they 
had chest radiographical images compatible with pulmonary 
tuberculosis. After the X-ray, patients underwent a serious 
of bacteriological examinations for pulmonary tuberculosis 
diagnosis, including routine acid-fast bacilli (AFB) smear 
microscopy, mycobacterial culture, and Xpert MTB/RIF. 
Tuberculosis diagnosis was conducted by clinical specialists 
according to the National Diagnostic Criteria (Table S1). 

The control group included healthy individuals visiting 
the Yixing People’s Hospital between October 2019 and 
November 2019 for a physical examination. The pulmonary 
tuberculosis group and control group were matched 1:1 
by age and sex. Exclusion criteria for controls included a 
history of tuberculosis and other infections, a history of 
tumor, chronic diseases, immune system diseases, using of 
tuberculosis treatment drugs.

Immunoassays

Serum specimens of both pulmonary tuberculosis group 
and control group were collected by standard venipuncture 
in sodium heparin tubes. Concentrations of CRP, IgG and 
IgA were measured in duplicate serum samples using the 
turbidimetric inhibition immunoassay (ERKN, China) 
according to the manufacturer’s instructions.

CRP started with mixing up 2 μL serum specimen and 
240 μL ammonium chloride buffer (0.2 mmol/L) together 
and incubated at 37 ℃ for 3–5 minutes. Secondly, 60 μL 
anti-human CRP latex particle were added and incubated 
at 37 ℃ for 10 seconds. Lastly, read absorbance A1 and A2 
at 570 nm (550–590 nm) and 700 nm. For IgG testing, we 
blended 2 μL serum specimen with 250 μL polyethylene 
glycol (<4%) first and incubated at 37 ℃ for 5 minutes. 
Read absorbance A1 at 405 nm. Then 50 μL anti-human 
IgG was added and the samples was incubated at 37 ℃ for 
5 minutes. Read absorbance A2 at 700 nm. The test of IgA 
was similar with IgG, replacing polyethylene glycol and 
anti-human IgG with PEG4 buffer and anti-human IgA, 
respectively. The A1 and A2 for IgA were 340 and 700 nm.

http://dx.doi.org/10.21037/jphe-20-38
http://dx.doi.org/10.21037/jphe-20-38
https://cdn.amegroups.cn/static/public/JPHE-20-38-supplementary.pdf
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Ethical approval

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The research 
was considered part of routine public health surveillance 
and, due to this, was considered exempt from ethical 
approval. All data were de-identified prior to use, and 
identifying information was not available. Written informed 
consent was obtained from all eligible TB patients.

Statistical analysis

Data was entered with EpiData 3.1 (EpiData Association, 
Odense, Denmark) and analyzed using Stata 15.0 (Stata 
Corp., College Station, TX, USA) and MedCalc MedCalc 
(Version 19.1.7, MedCalc Software, Mariakerke, Belgium). 
Continuous variables were summarized as medians with 
interquartile range (IQR). Categorized variables were 
described using frequencies and proportions. We used 
Wilcoxon rank sum tests to compare the equality of the 

CRP, IgG and IgA values between groups. According to 
the Standards for Reporting Diagnostic Accuracy (STARD) 
guidelines (15), we estimated the values of sensitivity, 
specificity, positive and negative likelihood ratio of CRP for 
the diagnosis of pulmonary tuberculosis, bacteriologically 
positive and negative tuberculosis for different CRP cut-
off points. Receiver Operating Characteristic (ROC) curves 
statistics were used to compare the diagnostic accuracy of 
CRP alone and with IgG and IgA. 

Results

Demographic characteristics of all the participants

During September 2018 and November 2019, we 
consecutively enrolled 132 pulmonary tuberculosis cases in 
the Second Hospital of Nanjing and 132 healthy control 
who visited the Yixing People’s Hospital matched 1:1 for 
age and sex (Figure 1). We excluded those participants 
whose CRP values were not available. Of all the participants 

Figure 1 Flow chart of the study design. TB, tuberculosis; CRP, C-reactive protein.
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included, there were 80 (60.6%) males and 52 (39.4%) 
females. No significant statistics differences were found 
between pulmonary tuberculosis group and control group 
in race, gender, age, body mass index (BMI), occupation, 
smoking and drinking status (Table 1). There were 64 
(48.5%) bacteriological negative pulmonary tuberculosis 
and 68 (51.5%) bacteriological positive pulmonary 

tuberculosis (Table S2).

Comparisons of CRP, IgG, and IgA values between groups

To explore the relationship between CRP, IgG and IgA and 
mycobacterial load, we used Wilcoxon rank sum tests to 
compare the equality of values between the bacteriological 

Table 1 Demographic characteristics of all the participants

Characteristics TB group, n (%) Control group, n (%) χ2/Z P value

Gender 0.000 1.000

Male 80 (60.6) 80 (60.6)

Female 52 (39.4) 52 (39.4)

Race 0.680 0.409

Han nationality 128 (97.0) 130 (98.5)

Others 4 (3.0) 2 (1.5)

Age, years 0.028 0.982

≤25 34 (25.8) 33 (25.0)

26–39 38 (28.8) 37 (28.0)

40–55 29 (22.0) 31 (23.5)

>55 31 (23.5) 31 (23.5)

Body mass index, kg/m2 3.687 0.055

<18.5 22 (16.7) 18 (13.6)

18.5 to <24 82 (62.1) 69 (52.3)

24 to <28 24 (18.2) 42 (31.8)

≥28 4 (3.0) 3 (2.3)

Occupation 1.043 0.307

Agricultural labor 10 (7.6) 6 (4.5)

Nonagricultural labor 122 (92.4) 126 (95.5)

Smoking status 3.272 0.071

Never smoked 93 (70.5) 79 (59.8)

Ever smoked 39 (29.5) 53 (40.2)

Alcohol drinking 2.967 0.085

No 106 (80.3) 94 (71.2)

Yes 26 (19.7) 38 (28.8)

Median CRP (IQR), mg/L 1.70 (0.73–4.38) 0.90 (0.50–2.08) −3.661 <0.0001

Median IgG (IQR), g/L 9.70 (8.28–11.93) 10.46 (9.62–12.25) −2.740 0.006

Median IgA (IQR), g/L 2.19 (1.56–2.95) 2.09 (1.59–2.68) −0.550 0.582

PTB, pulmonary tuberculosis; IQR, interquartile range; BMI, body mass index; CRP, C-reactive protein.

https://cdn.amegroups.cn/static/public/JPHE-20-38-supplementary.pdf
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positive pulmonary tuberculosis and bacteriological negative 
pulmonary tuberculosis. As shown in Figure 2A,B,C refers to 
the comparison of CRP, IgG and IgA between control group 
and TB group, and Figure 2D,E,F refers to comparison of 
CRP, IgG and IgA between the bacteriological positive TB 
and bacteriological negative TB. There were no significant 
statistics differences of these two groups (P>0.05). Between 
pulmonary tuberculosis group and control group, we found 

that CRP values and IgG values had statistical differences 
(P<0.0001, P=0.006, respectively). 

Utility of different CRP cut-off points for tuberculosis 
diagnosis 

For CRP, we estimated the sensitivity, specificity, 
positive and negative likelihood ratio for ruling in or 

Figure 2 Comparisons of CRP, IgG and IgA between groups. TB, tuberculosis; CRP, C-reactive protein.
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out a pulmonary tuberculosis diagnosis (Table 2). For 
bacteriologically negative patients, relatively higher 
specificity was available when CRP >5 mg/L, which was 
95.31% and the sensitivity was quite low (15.65%). With 
the CRP cut-off points set as 5 mg/L, the values of +LR 
and −LR were 4.25 and 0.80 in bacteriological positive 
group. When CRP >8 mg/L, the sensitivity and specificity 
for pulmonary tuberculosis group and control group were 
12.50% and 95.31%, respectively.

Comparisons of diagnostic accuracy of CRP, IgG and IgA

To further explore the diagnostic value of CRP, we 
combined the added value of IgG and IgA with CRP. For all 
the participants included, the area under the curve (AUC) 
of CRP alone was 0.63 (95% CI, 0.59–0.69), combined 
CRP with IgG was 0.69 (95% CI, 0.63–0.74), combined 
CRP with IgG and IgA was 0.69 (95% CI, 0.63–0.74). 
There were no statistically significant differences between 
the three assays (P>0.05). As shown in Figure 3, the AUC 
of CRP alone was 0.57 (95% CI, 0.48–0.60), combined 
CRP with IgG was 0.73 (95% CI, 0.64–0.80), combined 
CRP with IgG and IgA was 0.73 (95% CI, 0.64–0.80). We 
found that CRP combined with IgG, IgA and IgG increased 
the diagnostic accuracy comparing with CRP alone in 
bacteriological negative tuberculosis patients (P<0.05). The 

AUC of CRP (0.691, 95% CI, 0.607–0.768) was higher 
than those combined CRP with IgG (0.684, 95% CI, 0.599–
0.761) and combined CRP with IgG and IgA (0.686, 95% 
CI, 0.601–0.763), without statistical differences (P>0.05, 
P=0.716, 0.805, 0.880) in bacteriological positive group.

We showed the comparisons of diagnostic accuracy of 
CRP alone, two combined assays in bacteriological positive 
group and bacteriological negative group in Figure 4.  
All three assays including CRP alone, combined assay 
with CRP and IgG, combined assay with CRP, IgG and 
IgA showed no statistical differences between two groups 
(P=0.068, 0.530 and 0.515).

Discussion

Our study found that CRP demonstrated limited diagnostic 
value, even when combined with IgG and IgA, in the 
diagnosis of pulmonary tuberculosis. Both combined assays 
could increase the diagnostic accuracy in bacteriological 
negative group than CRP alone.

Despite the increase in pulmonary tuberculosis 
notifications, there is still a significant gap between the 
number of new cases reported (7 million) and the estimated 
10 million cases (ranging from 9–11.1 million) in 2018 (1).  
Rapid case detection and early treatment are the most 
effective methods to prevent the spread of pulmonary 

Table 2 Utility of different CRP cut-off points for tuberculosis diagnosis

Group Subcategory
CRP (mg/L)

>0.5 >1 >5 >8

All Sensitivity 84.85 (77.61–90.48) 62.88 (54.06–71.18) 15.63 (7.83–26.95) 12.50 (5.66–23.24)

Specificity 25.76 (18.50–34.13) 54.55 (45.72–63.29) 92.19 (82.70–97.49) 95.31 (86.98–99.01)

+LR 1.14 1.38 2.00 2.67

−LR 0.59 0.68 0.92 0.92

Bacteriological negative 
group

Sensitivity 88.24 (78.09–94.75) 56.25 (43.32–68.63) 15.63 (7.81–26.94) 12.50 (5.63–23.25)

Specificity 32.35 (21.52–44.83) 51.56 (38.73–64.24) 95.31 (86.92–99.07) 95.31 (86.92–99.01)

+LR 1.30 1. 16 3.33 2.67

−LR 0.36 0.85 0.89 0.92

Bacteriological positive 
group

Sensitivity 81.25 (69.54–89.91) 69.12 (56.76–79.85) 25.00 (15.31–37.07) 23.53 (14.16–35.43)

Specificity 18.75 (10.11–30.48) 57.35 (44.84–69.34) 94.12 (85.64–98.46) 100.00 (94.78–100.00)

+LR 1.00 1.62 4.25 –

−LR 1.00 0.54 0.80 0.76

CRP, C-reactive protein; +LR, positive likelihood ratio; −LR, negative likelihood ratio.
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tuberculosis and reduce its burden (16). Previous studies 
had proved the association between pulmonary tuberculosis 
and CRP, IgG and IgA, consistent with the potential 
diagnostic value of CRP, IgG and IgA (9,17,18). We did find 
that CRP values and IgG values had statistical differences 
between pulmonary tuberculosis group and control group. 
Besides, we compared the equality of values between 
the bacteriological positive pulmonary tuberculosis and 
bacteriological negative pulmonary tuberculosis through 
Wilcoxon rank sum tests and there were no significant 
statistics differences of these two groups. On the contrary, 
other studies had found that higher CRP values were 
significantly related to higher mycobacterial load, increased 
frequency of pulmonary tuberculosis transmission and 
higher risk of death (14,19,20).

It has been shown previously that when cut-off points of 
CRP were implemented to assess their utility in pulmonary 
tuberculosis diagnosis, sensitivity decreased and specificity 
increased when CRP values were raised in turn (19,21), 
which was consistent with our results. We estimated the 
values of sensitivity, specificity, positive likelihood ratio 
(+LR) and negative likelihood ratio (−LR) of CRP for 
different CRP cut-off points in three groups. The values of 
sensitivity were higher than 50% when CRP >1 mg/L in 
three groups, then it went down significantly with raising 
CRP cut-off values. When CRP >5 mg/L, the values of 
specificity were quite high, all above 90%, meaning that 
CRP might be more useful for reducing misdiagnosis rate.

We further compared the diagnostic values of CRP 
alone, combined assay with CRP and IgG, combined 

Figure 4 Diagnostic accuracy of CRP and its combined assays with IgG and IgA. TB, tuberculosis; CRP, C-reactive protein; AUC, area 
under curve.

Figure 3 Comparisons of diagnostic accuracy of CRP, IgG and IgA in different tuberculosis patients type groups. TB, tuberculosis; CRP, 
C-reactive protein; AUC, area under curve.
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assay with CRP, IgG and IgA in different groups. All of 
them could potentially discriminate between pulmonary 
tuberculosis patients and healthy population, but the 
accuracy of pulmonary tuberculosis diagnosis was not 
high. For bacteriological negative group, both combined 
assays could increase the diagnostic accuracy than that 
of CRP alone. Although the present studies had proved 
the diagnostic values of blood-based biomarkers, the 
complexity reiterates the complexity and heterogeneity 
of pulmonary tuberculosis pathology and host-pathogen 
interactions (22,23). In the bacteriologically lower 
respiratory tract infection, the detection of CRP is neither 
sufficiently sensitive to rule out, nor sufficiently specific to 
rule in (24).

However, there were a few limitations. Firstly, there may 
be bias in the selection of control group resulting in inaccurate 
association. Secondly, the CRP values were relatively lower 
than other studies and the cut-off points for pulmonary 
tuberculosis diagnosis were lower. One reason is different 
regions and participants may influence the value of CRP. 

In conclusion, our study found that all three assays 
including CRP alone, combined assay with CRP and IgG, 
combined assay with CRP, IgG and IgA maybe potentially 
discriminated between pulmonary tuberculosis patients and 
healthy population. Both combined assays could increase 
the diagnostic accuracy in bacteriological negative group 
than CRP alone. Limited application of serodiagnostic 
assays suggested the need of evaluating different diagnostic 
strategies.
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Supplementary 

Table S1 Clinical diagnostic criteria of TB-patients according to the national diagnostic criteria (WS 288-2008)

1. Bacteriologically confirmed TB pulmonary tuberculosis:

Acid fast bacilli positive with 2 sputum samples in smear microscopy tests; or

Acid fast bacilli positive with 1 sputum samples in smear microscopy tests, and active pulmonary tuberculosis by radiological 
examination; or

Acid fast bacilli positive with 1 sputum samples in smear microscopy tests, and mycobacterium tuberculosis positive in 1 sputum 
culture; or

Negative in sputum smear microscopy tests but positive in 1 sputum culture, and active pulmonary tuberculosis in radiological 
examination

2. Not bacteriologically confirmed pulmonary tuberculosis: 

Negative in sputum smear microscopy tests and sputum culture, and radiological examination of active pulmonary tuberculosis with 
suspicious symptoms such as cough, expectoration, and hemoptysis; or

Negative in sputum smear microscopy tests and sputum culture, and radiological examination of active pulmonary tuberculosis with 
strong positive result in TST (TB-PPD test); or

Negative in sputum smear microscopy tests and sputum culture, and Radiological examination of active pulmonary tuberculosis with 
positive result in anti-tuberculosis antibody test; or

Negative in sputum smear microscopy tests and sputum culture, and radiological examination of active pulmonary tuberculosis with 
tuberculosis positive in pathological examination of the extra-pulmonary lesions; or

Negative in sputum smear microscopy tests and sputum culture, and suspected lung pulmonary tuberculosis cases determined by 
diagnostic therapy or follow-up observation with other possible causes of lung diseases being ruled out

TB, tuberculosis; TST, tuberculin skin test; PPD, purified protein derivative.
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Table S2 Demographic characteristics of 132 tuberculosis patients

Characteristics All, n (%)
Bacteriological 
negative, n (%)

Bacteriological 
positive, n (%)

χ2/Z P value

Gender 0.006 0.940

Male 80 (60.6) 39 (60.9) 41 (60.3)

Female 52 (39.4) 25 (39.1) 27 (39.7)

Race 0.004 0.951

Han nationality 128 (97.0) 62 (96.9) 66 (97.1)

Others 4 (3.0) 2 (3.1) 2 (2.9)

Age, years 2.618 0.106

≤25 34 (25.8) 16 (25.0) 18 (26.5)

26–39 38 (28.8) 15 (23.4) 23 (33.8)

40–55 29 (22.0) 12 (18.8) 17 (25.0)

>55 31 (23.5) 21 (32.8) 10 (14.7)

BMI, kg/m2 2.008 0.156

<18.5 22 (16.7) 10 (15.6) 12 (17.6)

18.5 to <24 82 (62.1) 37 (57.8) 45 (66.2)

24 to <28 24 (18.2) 14 (21.9) 10 (14.7)

≥28 4 (3.0) 3 (4.7) 1 (1.5)

Occupation 0.565 0.452

Agricultural labor 10 (7.6) 6 (9.4) 4 (5.9)

Nonagricultural labor 122 (92.4) 58 (90.6) 64 (94.1)

Smoking status 0.120 0.729

Never smoked 93 (70.5) 46 (71.9) 47 (69.1)

Ever smoked 39 (29.5) 18 (28.1) 21 (30.9)

Alcohol drinking 1.287 0.257

No 106 (80.3) 54 (84.4) 52 (76.5)

Yes 26 (19.7) 10 (15.6) 16 (23.5)

Median CRP (IQR), mg/L 1.60 (0.80–4.00) 1.45 (0.70–3.55) 1.80 (0.83–6.08) −1.216 0.224

Median IgG (IQR), g/L 9.69 (8.28–11.93) 9.25 (8.42–11.17) 10.26 (8.11–12.59) −1.742 0.082

Median IgA (IQR), g/L 2.19 (1.56–2.95) 2.04 (1.38–2.70) 2.34 (1.65–3.08) −1.605 0.108

CRP, C-reactive protein; IQR, interquartile range; BMI, body mass index.


