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Abstract: Tuberculosis (TB) remains a global health problem, requiring healthcare
workers to have accurate and effective diagnostic methods. The Xpert MTB/RIF-based
Molecular Rapid Test is recommended as the standard for TB diagnosis, but in clinical
practice, healthcare workers still frequently use the TB IgG/IgM Rapid Test and the
Erythrocyte Sedimentation Rate (ESR) as complementary tests. This study aimed to
determine the relationship between Xpert MTB/RIF test results and the TB IgG/IgM Rapid
Test and ESR in pulmonary tuberculosis patients at Pertamina Hospital, Balikpapan. This
study used a retrospective, observational analytical study design utilizing secondary data
from laboratory tests from January—December 2024. Researchers analyzed data from
250 patients who met the inclusion criteria. They analyzed the relationship between
variables using the Spearman correlation test. The results showed that 16.4% of patients
had MTB detected on the Xpert MTB/RIF test. Statistical analysis showed a significant
positive correlation between Xpert MTB/RIF results and the TB IgG/IgM Rapid Test, with
a moderate correlation strength (r = 0.562; p < 0.001). Furthermore, the analysis also
showed a significant correlation between Xpert MTB/RIF results and ESR (r = 0.183; p
= 0.004), but with a very weak correlation strength. The majority of patients with MTB
detected by Xpert MTB/RIF had positive TB IgG/IgM Rapid Test results and abnormal
ESR values. This study shows that the TB IgG/IgM Rapid Test and ESR are associated
with Xpert MTB/RIF results. However, both tests have limited specificity and can
therefore only be used as supporting tests and cannot replace molecular testing in the
diagnosis of pulmonary tuberculosis.

Keywords: Erythrocyte sedimentation rate; molecular rapid test; pulmonary tuberculosis;
tubercolusis IgG/IgM rapid test; tuberculosis diagnosis.

INTRODUCTION

Tuberculosis (TB) is an infectious disease caused by Mycobacterium tuberculosis
(MTB) and remains a global health problem. The World Health Organization (WHO)
states that TB is among the top ten causes of death worldwide and is a priority in the
Sustainable Development Goals (SDGs)'. In 2016, the WHO estimated there were
approximately 10.4 million TB cases globally, with Indonesia ranking second as the
country with the highest TB burden in the world. The WHO reports approximately
1,020,000 TB cases in Indonesia, but only a fraction are successfully detected and
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reported, including approximately 32,000 cases of multidrug-resistant TB (MDR-TB)?.
This situation highlights the importance of implementing accurate and effective TB
diagnostic strategies.

In an effort to improve early TB detection, the WHO has recommended the use of
the Xpert MTB/RIF test as the initial diagnostic method for TB and MDR-TB since 2010.
The Xpert MTB/RIF test is a molecular method based on the Nucleic Acid Amplification
Test (NAAT) that can detect MTB and rifampicin resistance simultaneously in a short time.
The Indonesian government regulates the implementation of the Xpert MTB/RIF test
through Regulation of the Minister of Health of the Republic of Indonesia Number 67 of
2016. Various studies have reported that this test has high sensitivity and specificity and
results quality close to bacterial culture, so the WHO recommends it as the standard for
TB diagnosis3*.

Despite this, in clinical practice, particularly in healthcare facilities, medical
personnel still frequently use TB IgG/IgM serology as a supporting test. The TB IgG/IgM
serology test is an immunochromatography-based rapid test that aims to detect IgG and
IgM antibodies to M. tuberculosis, thus providing an indication of acute or chronic
infection. However, TB serology has diagnostic limitations, with reported sensitivities
ranging from 41-55% and specificities of around 96%°. Despite this, healthcare facilities
still widely use anti-M. tuberculosis antibody testing, especially in patients who experience
difficulties with bacteriological examination. Research by Rachmayanti et al. (2020)
showed that the TB IgG/IgM rapid test has low sensitivity (35%) and high specificity
(94%)8. Therefore, this test is not recommended as a sole test and should be combined
with other diagnostic methods. In addition to serological tests, healthcare workers still
widely use the Erythrocyte Sedimentation Rate (ESR) as a supporting test in TB patients.
ESR testing is useful for monitoring disease progression and response to treatment,
although it is non-specific’. Several studies have shown that TB patients generally
experience elevated ESR values. Bhavana (2020) reported that TB patients experienced
an elevated ESR with an average value of 41-60 mm/hour, which correlated with other
inflammatory parameters®. Batool et al. (2022) reported that almost all newly diagnosed
TB patients experienced an elevated ESR®, while Ongwae et al. (2023) showed a
significant difference in ESR values between pulmonary TB patients and the control
group’®. In Indonesia, healthcare facilities still widely use ESR testing because the
procedure is simple, fast, and relatively inexpensive'.

Although various diagnostic methods have been widely used, studies specifically
evaluating the relationship between Xpert MTB/RIF results and TB IgG/IgM Rapid Test
and ESR values are still limited, especially in the context of healthcare facilities in
Indonesia. Several national studies have assessed the accuracy of each test separately,
but studies analyzing the correlation between the three parameters in a single patient
population are still rare. To date, no research has been found specifically assessing the
relationship between these three parameters in the Kalimantan region, including in
Balikpapan City. Therefore, this study was conducted to provide an empirical overview of
the relationship between Xpert MTB/RIF results, TB IgG/IgM Rapid Test, and ESR values
in tuberculosis patients at Pertamina Hospital Balikpapan, so that it can serve as a basis
for evaluating the use of TB supporting examinations in clinical practice.
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This study aimed to determine the relationship between Xpert MTB/RIF results, TB
IgG/IgM Rapid Test results, and Erythrocyte Sedimentation Rate (ESR) in tuberculosis
patients at Pertamina Hospital, Balikpapan.

MATERIALS AND METHODS

This is an observational analytical study with a retrospective design using
secondary data in the form of laboratory test results and patient medical records. This
study aimed to analyze the relationship between Xpert MTB/RIF results and TB IgG/IgM
Rapid Tests and Erythrocyte Sedimentation Rate (ESR) in patients with pulmonary
tuberculosis.

The researchers conducted this study at the Clinical Pathology Laboratory of
Pertamina Hospital, Balikpapan, Indonesia. Data were collected from patient laboratory
test results conducted between January and December 2024.

The study population included all suspected pulmonary tuberculosis patients
undergoing laboratory tests at Pertamina Hospital, Balikpapan, during that period, totaling
667 patient records. The researchers used a purposive sampling technique based on
predetermined inclusion and exclusion criteria. They included patients aged 17—-80 years
who underwent Molecular Rapid Tests (Xpert MTB/RIF), TB I1gG/IgM Rapid Tests, and
ESR. Researchers excluded patients who did not undergo all of these tests, were under
17 years of age, refused Xpert MTB/RIF testing, or were undergoing immunosuppressant
therapy. Based on these criteria, researchers analyzed data from 250 patients who met
the inclusion criteria.

The Xpert MTB/RIF test results were used as the reference standard in this study.
The TB IgG/IgM Rapid Test results and ESR values were compared with the Xpert
MTB/RIF findings. The Xpert MTB/RIF test was performed using the GeneXpert MTB/RIF
system using sputum samples according to standard procedures. Serological testing was
performed using the Answers TB IgG/IgM Rapid Test kit according to the manufacturer's
instructions; this test uses an immunochromatographic method to qualitatively detect IgG
and IgM antibodies to Mycobacterium tuberculosis from serum samples. The ESR test
was performed using an automated ESR analyzer using EDTA blood samples.
Interpretation of ESR results refers to the hospital laboratory reference range, where
values 0—10 mm/hour are considered normal and values >10 mm/hour are categorized
as elevated for all patients.

Researchers obtained research data from medical records systems and laboratory
test records, then coded, cleaned, and tabulated data before analysis. Researchers used
descriptive analysis to describe patient characteristics and the distribution of laboratory
test results. Researchers analyzed the relationship between Xpert MTB/RIF test results
and the TB IgG/IgM Rapid Test and ESR using the Spearman correlation test. The
researchers used the Spearman correlation test because the research variables were
ordinal or dichotomous and did not meet the assumption of a normal distribution. All
statistical analyses were conducted using SPSS version 25.0 software, with a statistical
significance level set at p < 0.05.

This study received ethical approval from the Health Research Ethics Committee
of the Banjarmasin Ministry of Health Polytechnic, under certificate number 1242/KEPK-
PKB/2024, and research permit from Pertamina Hospital Balikpapan. The researchers
maintained complete patient confidentiality and analyzed all data anonymously.
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RESULTS AND DISCUSSION
Characteristics of Study Subjects
This study analyzed data from 250 patients with suspected pulmonary tuberculosis
who underwent Xpert MTB/RIF, TB IgG/IgM Rapid Tests, and Erythrocyte Sedimentation
Rates (ESR). The distribution of subject characteristics by gender and age group is
presented in Table 1.
Table 1. Characteristics of Study Participants (n = 250)

Characteristics n %
Sex
Male 166 66.4
Female 84 33.6
Age group (years)
17-25 31 124
26-35 56 224
36—-45 47 18.8
46-55 40 16.0
56—65 30 12.0
>65 46 18.4

The majority of study subjects were male, representing 66.4%. The largest age
group among study subjects was 26—-35 years old (22.4%), followed by 36—45 years old
(18.8%), and 65 years and older (18.4%), as presented in Table 1. The researchers
present the distribution of Molecular Rapid Test (Xpert MTB/RIF) results among all study
subjects in Table 2.

Table 2. Distribution of Xpert MTB/RIF Assay Results (n = 250)
Xpert MTB/RIF result n %
MTB not detected 209 83.6
MTB detected 41 164

A total of 209 patients (83.6%) had undetectable MTB results, while 41 patients
(16.4%) had detectable MTB results. The distribution of Molecular Rapid Test (MTC)
results by gender and age group is shown in Table 3.

Table 3. Distribution of Xpert MTB/RIF Results by Sex and Age Group
Characteristics MTB not detected, n (%) MTB detected, n (%)

Sex

Male 141 (67.5) 25 (61.0)
Female 68 (32.5) 16 (39.0)
Age group (years)

17-25 28 (13.4) 3(7.3)
26-35 45 (21.5) 11 (26.8)
36-45 44 (21.1) 3(7.3)
46-55 32 (15.3) 8 (19.5)
5665 21 (10.0) 9 (22.0)
>65 39 (18.7) 7 (17.1)




Page |32

MTB cases were detected more often in male patients than in female patients.
Based on age, the highest proportion of MTB detected was in the 26—-35 age group
(26.8%) and 5665 age groups (22.0%).

Relationship between Xpert MTB/RIF Results and TB IgG/IgM Rapid Tests

The distribution of TB IgG/IgM Rapid Test results and their relationship to Xpert

MTB/RIF results is presented in Table 4.

Table 4. Association between Xpert MTB/RIF Results and TB IgG/IgM
Rapid Test Results
Xpert MTB/RIF result Rapid test negative, n(%) Rapid test positive, n(%)
MTB not detected 194 (92.8) 15 (7.2)
MTB detected 15 (36.6) 26 (63.4)

Table 5. Spearman Correlation between Xpert MTB/RIF Results and
TB IgG/IgM Rapid Test Results (n = 250)

Parameter Value
Correlation coefficient (r) 0.562
p-value <0.001

The majority of patients with detectable TB IgG/IgM Rapid Test results were
positive (63.4%), while patients with undetectable TB IgG/IgM Rapid Test results were
predominantly negative (92.8%) (Table 4). Spearman's correlation test results showed a
significant positive relationship between Xpert MTB/RIF results and TB IgG/IgM Rapid
Test results (r = 0.562; p < 0.001), with a moderate to strong correlation (Table 5).
Relationship of Xpert MTB/RIF Results with Erythrocyte Sedimentation Rate

The distribution of ESR results and their relationship with Xpert MTB/RIF are
shown in Table 6.

Table 6. Distribution of Erythrocyte Sedimentation Rate (ESR)
by Xpert MTB/RIF Results
Xpert MTB/RIF result Normal ESR, n (%) Elevated ESR, n (%)
MTB not detected 97 (46.4) 112 (53.6)
MTB detected 9 (22.0) 32 (78.0)

Table 7. Spearman Correlation between Xpert MTB/RIF Results and
Erythrocyte Sedimentation Rate (ESR) (n = 250)

Parameter Value
Correlation coefficient (r) 0.183
p-value 0.004

The majority of patients with MTB results detected an abnormal Erythrocyte
Sedimentation Rate (ESR) value, at 78.0%, as shown in Table 6. The Spearman
correlation test showed a statistically significant relationship between Molecular Rapid
Test (MTC) results and ESR values (r = 0.183; p = 0.004), but the correlation was very
weak, as shown in Table 7.
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Patient Characteristics by Gender and Age

The majority of patients in this study were male, consistent with previous research
Listiyowati et al (2023)'? and various other studies. Men are known to have a higher risk
of tuberculosis due to smoking, alcohol consumption, and environmental exposures that
can reduce immunity and damage lung defense mechanisms'3'4. In addition, men tend
to engage in more outdoor activities and have broader social interactions, increasing the
risk of exposure to Mycobacterium tuberculosis .

The productive age group (<60 years) dominated the tuberculosis patients in this
study, consistent with the findings of Listiyowati et al. (2023). The productive age group
has high levels of activity and social interaction and a higher prevalence of smoking,
increasing the risk of TB infection’3.

Relationship between Xpert MTB/RIF Test Results and TB IgG/IlgM Rapid Test

The results of this study showed a significant positive relationship between the
results of the Xpert MTB/RIF and the TB IgG/IgM Rapid Test, with a moderate correlation
strength (r = 0.562; p < 0.001). This finding indicates that there is generally concordance
in the direction of results between molecular and serological antibody tests.

However, this study also found discrepancies in test results: patients with
detectable MTB but negative TB IgG/IgM Rapid Test results, and patients with
undetectable MTB but positive TB IgG/IgM Rapid Test results. This discrepancy can be
explained by the concept of the window period in antibody-based tests. The window
period concept has been widely reported in antibody-based rapid diagnostic tests,
particularly in comparisons between molecular and rapid tests for infectious diseases,
such as COVID-19'6. The same principle can be analogized to TB antibody testing, where
IgM and IgG formation takes a certain amount of time after exposure to MTB infection, so
that in the early phase of infection, antibodies are not yet adequately formed.

In addition to the window period factor, discrepancies in TB IgG/IgM Rapid Test
results can also be influenced by antibody cross-reactivity, impaired antibody formation,
and immunocompromised patients. This is in line with the findings of Pottumarthy et al.
(2000), who reported the sensitivity of TB IgG/IgM testing ranged from 41-55% with a
specificity of around 96%?°. Research by Rachmayanti et al. (2020) also reported a low
sensitivity of 35% despite a high specificity of 94%°8. Therefore, this test is not
recommended as a sole diagnostic test and should be combined with other diagnostic
methods.

Thus, although the TB IgG/IgM Rapid Test in this study showed a significant
association with Xpert MTB/RIF results, this test is qualitative and nonspecific and cannot
replace Xpert MTB/RIF as the primary method for diagnosing pulmonary tuberculosis.
These findings support the WHO recommendation that molecular testing be the standard
for TB diagnosis'”.

Relationship of Xpert MTB/RIF Test Results with Erythrocyte Sedimentation Rate

This study also showed a statistically significant association between Xpert
MTB/RIF test results and ESR values (r = 0.183; p = 0.004), although the correlation was
very weak. The maijority of patients with MTB results detected had abnormal ESR values,
reflecting the presence of an active inflammatory process in TB patients. These findings
align with those of Listiyowati et al. (2023), who reported a significant association between
GeneXpert MTB/RIF results and ESR values (p = 0.000; OR = 0.032) (12), and
Hasnawati's (2018) study, which reported an increased ESR in pulmonary TB patients .
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However, the high proportion of abnormal ESR values in the group of patients with
undetectable MTB results confirms that the ESR is a non-specific inflammatory
parameter. ESR values can increase in various conditions other than TB, such as anemia,
autoimmune diseases, other infections, malignancies, kidney failure, obesity, aging, and
certain physiological conditions such as menstruation and pregnancy'®. Therefore,
despite a statistically significant association, the ESR value cannot be used as a specific
diagnostic indicator for TB.

The results of this study are consistent with previous research showing that the
ESR is more appropriate as an indicator of inflammation and monitoring therapy
response. Bhavana (2020) reported an increase in ESR with an average value of 41-60
mm/hour in TB patients, while Batool et al. (2022) and Ongwae et al. (2023) also reported
a significant increase in ESR in TB patients compared to the control group®'™. The
mechanism of ESR elevation in TB is related to the inflammatory process caused by MTB
infection, which triggers increased levels of fibrinogen and acute-phase proteins, resulting
in the formation of erythrocyte rouleaux and an increased erythrocyte sedimentation
rate.

This study has several limitations. First, its retrospective design, utilizing
secondary data, relies on the completeness and quality of medical records, so the
potential for information bias cannot be completely avoided. Second, this study did not
compare test results with MTB culture, the gold standard for TB diagnosis. Third, this
study did not analyze in depth other clinical factors, such as HIV status, nutritional status,
previous TB treatment history, and the patient's immunological condition, which could
potentially influence TB IgG/IgM Rapid Test results and ESR values.

The results of this study confirm that the TB IgG/IgM Rapid Test and ESR are
positively associated with Xpert MTB/RIF test results, but both have limitations in terms
of specificity. Therefore, these two tests should be used as complementary tests to
molecular testing and not as a substitute for Xpert MTB/RIF in the diagnosis of pulmonary
TB. Xpert MTB/RIF testing should remain the primary reference for establishing a
diagnosis and making treatment decisions. Future studies are recommended to use a
prospective design, include MTB culture as the gold standard, and consider patient
clinical and immunological factors to obtain a more comprehensive picture.

CONCLUSION

This study shows a significant positive correlation between the results of the Xpert
MTB/RIF and the TB IgG/IgM Rapid Test, with moderate correlation strength, and a
significant correlation between the Xpert MTB/RIF and the Erythrocyte Sedimentation
Rate (ESR), with very weak correlation strength. The TB IgG/IgM Rapid Test and ESR
showed an association with tuberculosis infection status, but both are non-specific and
have diagnostic limitations. Therefore, the TB IgG/IgM Rapid Test and ESR cannot be
used as a substitute for the Xpert MTB/RIF examination, but rather as complementary
examinations in the clinical evaluation of pulmonary tuberculosis patients. Molecular
testing remains the primary method for establishing the diagnosis and making decisions
about TB therapy.
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