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Abstract: Tuberculosis is an infectious disease caused by the Mycobacterium tuberculosis. Indonesia ranks third in
the world as the country with the most tuberculosis cases. Bacteriology is the standard of examination for the
diagnosis of tuberculosis. Culture examination takes a long time, TCM must use a sputum sample and special
examination tools. Interferon-y release assays immunological examination (IGRA) is quite expensive and requires
special equipment. Hematological examination can be used as an option for supporting examination in establishing
the diagnosis of tuberculosis by immunology. The purpose of this study is a journal review to identify the potential
(MLR) Monocyte Lymphocyte Ratio as a support in diagnosing tuberculosis. Article searches were conducted online
from the NCBI, PubMed and Science Direct databases. Sorting articles using the PRISMA flow. Finally, eligible
articles were selected based on the criteria for patient, intervention, comparison, outcome, and study (PICOS),
namely tuberculosis patients, MLR, tuberculosis diagnosis, and the original study. The results of this study obtained
seven articles from the initial number of 9,234 articles found from key words. Two of the seven articles stated that
MLR could be used as a support for the diagnosis of tuberculosis. Two articles stated that monocytes and
lymphocytes could be markers of bacterial infections including tuberculosis. One article mentions the association of
tuberculosis with decreased production of monocyte and lymphocyte cytokines. Two articles stated that MLR was
not associated with tuberculosis cases. One article mentions the MLR value limit of 0.378 to support the diagnosis of
tuberculosis. Observational research on MLR to support the diagnosis of tuberculosis in Indonesia still needs to be
done, especially the assessment of the MLR value limit.
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1. INTRODUCTION

Tuberculosis is an infectious disease that is mostly found in the lungs, but can also be found in other organs. Mycobacterium
tuberculosis (M. tuberculosis) is the bacterium that causes tuberculosis.1 Most tuberculosis cases were found in Asia,
namely 44% in 2018. India ranks first with the most tuberculosis cases in the world and Indonesia ranks third with the most
tuberculosis cases in the world.,

Currently, bacteriology and immunology are the most commonly used methods for diagnosing tuberculosis. Bacteriological
diagnosis using BTA, TCM and bacterial culture, and immunologically using interferon-y release assays (IGRA) and TST.
TCM examination is fast and accurate, but requires sputum as a sample and requires special reagents. BTA sputum is less
sensitive and bacterial culture takes a long time, which is more than one day, and the IGRA examination is expensive.
Therefore, it is necessary to have a fast, accurate and low-cost supporting examination in diagnosing tuberculosis.

Analysis of the ratio of monocytes and lymphocytes has the potential to be used as a supporting examination in diagnosing
tuberculosis. Research by Sibley et al.3 on monkeys in 2019 showed that the Monocyte Lymphocyte Ratio (MLR) increased
when infected with tuberculosis. The research was conducted on the Indian genotype (RM), Chinese genotype (CCM), and
Mauritian genotype (MCM). RM and MCM were vulnerable groups in this study, and CCM was used as a control. MLR in
MCM and RM before M. tuberculosis infection was higher than CCM. This study showed a significant increase in MLR in
the group of monkeys infected with M. tuberculosis. These changes in MLR in the MCM and RM groups indicate that MLR
can be a tuberculosis biomarker.;
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Research on MLR in tuberculosis patients is indeed interesting and has been widely carried out as a solution for establishing
the right diagnosis. Based on this explanation, researchers are interested in examining MLR (Monocyte Lymphocyte Ratio)
as a supporting examination in establishing a diagnosis in tuberculosis patients. This research was conducted by reviewing
several literatures using the scoping review method.

2. METHOD

Avrticle searches were conducted on three databases, namely Highwire, PubMed and Science Direct. There are differences
in inclusion criteria and keywords in each database (Table 1).

Table 1: Search Articles in Three Databases

Database Keywords Inclusion

Highwire MLR on diagnostic TB 2010-2020, free articles full text

PubMed Tuberculosis”’[Mesh]) AND 2010-2020, RCT, CT, free full text
“Blood Cell Count”’[Mesh]

Science Direct Tuberculosis MLR 2015-2022 free articles

In Highwire the keywords are "MLR on TB diagnostics” with the inclusion criteria of free articles full text 2015-2022. In
PubMed use the keywords Tuberculosis”[Mesh]) AND “Blood Cell Count”’[Mesh], with 2015-2022 inclusion criteria, RCT,
CT, free full text. Tuberculosis MLR are keywords in Science Direct, with inclusion criteria for 2015-2022 free articles.
Exclusion criteria in this study were duplicate articles, articles that were not fully accessible, and articles with a discrepancy
between the title and abstract.

The search results of several articles from the three databases were then filtered using the PRISMA method described in
Image. The total number of articles obtained in the database is 9,323 articles. After inclusion, there were 268 articles.
Eligible articles are selected based on (PICOS) criteria for patient, intervention, comparison, outcome, and study. The
PICOS criteria selected in this study were TB patients, monocyte lymphocyte ratio, TB diagnosis, and the original study. A
total of seven eligible articles were obtained after the screening stage using the PICOS criteria.
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3. RESULTS

This study involved seven articles from studies in various countries including South Korea, Kenya, Pakistan, Sweden,
Thailand, Tanzania and Norway (Table 2)4-10. In this articles, three types of research designs are used, including clinical
trials, observational and cohorts. Clinical trial research was conducted by Janols et al.s and Lee et al.g Observational research
was conducted by Laghari et al.1o The cohort study was conducted by Rees et al.4,

Table 2: Scoping Review Results: Monocyte Lymphocyte Ratio as a Support for Establishing a Diagnosis in

Tuberculosis Patients

Metode Penelitian

Hasil

Artikel Desain

Penelitian
Janolsetal.s  Clinical trial.
Lee etal.g Clinical trial.
Laghari et Prospective
al.1o observational.
Rees et al.4 Prospective

cohort.
Choudhary et Longitudinal
al.s cohort.

Miyahara et Prospective
al.z cohort study.
Naessetal.s  Cohort

prospective.

Patients were measured for leukocytes, C-
reactive protein (CRP) using an automated
immunoturbidimetric assay system, soluble
TNF alpha receptors (STNFR) assessed by
quantitative ELISA, and blood analysis
using a flow cytometer.

Concentrations of all cytokines except
plasma IL-1p were calculated by Bio-plex
Multiplex immunoassay systems. Plasma IL-
1B was measured by ELISA kit. PGE2 was
measured with the EIA Kkit.

The child was diagnosed with TB with
clinical symptoms, contact history, positive
TST, PPA scoring chart, chest x-ray, culture,
TCM. Laboratory data obtained in the
questionnaire.

This study used IGRA test and measurement
of CBC count with white blood cell
differential count. IGRA tests were
performed on days 0, 60, 420, and 720. CBC
was assessed on days 0, 60, 90, and 720.

Diagnosis of TB is done by observing
symptoms, physical examination, tuberculin
skin test (TST), Ziehl-Neelsen staining and
bacterial culture. Blood specimens were
examined for full blood count and
differential count. Patients were given
combination antiretroviral therapy (abacavir
and lamivudine with nevirapine, efavirenz,
or lopinavir/ritonavir).

The NLR was calculated as the absolute
number of neutrophils divided by the
absolute number of lymphocytes.

Patients were grouped based on duration of
fever before hospital admission and final
diagnosis (bacterial infection, viral infection,
clinically diagnosed infection, no infection,
no diagnosis). Age, sex, temperature, and
CRP results were recorded at enrollment.
WBC examination and differential cell
counts were checked using an instrument.

New findings suggest that lymphocytes
and monocytes can be markers for
bacterial infections such as
neuroborreliosis or TB.

Cases of active TB are associated with
decreased production of gamma IFN by
monocytes and cytokines produced by
TH1 in response to mycobacterial
antigens.

TB positive patients experienced more
decreased lymphocytes (121 patients)
than increased lymphocytes (113
patients). TB  positive  patients
experienced more monocyte increase (9
patients) than monocyte decrease (8
patients). There is a relationship between
positive TB cases with NLR and
erythrocyte sediment rate (ESR).

The value of monocyte to lymphocyte
ratio (MLR), neutrophil to lymphocyte
ratio (NLR), and platelet to lymphocyte
ratio (PLR) were not associated with TB
cases. The number of red blood cells,
hemoglobin, and hematocrit decreased
significantly in TB patients.

The median MLR value in the confirmed
TB group was higher than in the
unconfirmed or unlikely TB group. The
cut-off value for MLR is 0.378.

MLR was higher in positive TB cases
than in negative TB cases. NLR is
associated with active TB and the NLR
threshold value for TB is 2.

NLR and MLR were significantly higher
in patients with bacterial infection than
without infection. NLR and MLR in
bacterial infections are lower than viral
infections.
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Choudhary et al.s, Miyahara et al.7, and Naess et al.g In the research conducted in various countries, the respondents were
varied between 39 people up to 1,118 people.7

Article Janols et al.s conducted research in the form of identification of lymphocyte and monocyte immunophenotyping as
specific markers in diagnosing disease. This study involved 39 respondents who were conducted in Sweden in 2010. This
study found that monocytes and lymphocytes can be used as markers of neuroborreliosis or Tuberculosis bacterial infection.

Article Lee et al.g conducted a study to detect the production of monocyte and lymphocyte cytokines in the face of
mycobacterial antigens. This study involved 49 respondents who were conducted in South Korea in 2015. This study found
a decrease in the production of monocyte and lymphocyte cytokines in cases of active tuberculosis. This occurs as a response
of monocytes and lymphocytes in the face of mycobacterial antigens.

Avrticle Laghari et al.1o conducted a study to detect the ratio of monocytes and lymphocytes in tuberculosis patients. This
study involved 508 respondents who were conducted in Pakistan in 2019. This study found that patients with positive
tuberculosis had a decrease in lymphocytes and an increase in monocytes. However, the increase in monocytes was not
significant, because eight of them experienced a decrease in monocytes, and nine people experienced an increase in
monocytes. Another finding from this study was that there were significant changes in ESR and NLR in some cases of
tuberculosis.

Article Rees et al.s conducted a study to detect the ratio of monocytes, neutrophils and platelets to lymphocytes in
tuberculosis patients. This study involved 145 adolescents conducted in Tanzania in 2020. This study found that the MLR,
NLR and PLR results did not show significant differences in positive or negative IGRA results. So the conclusion is MLR,
NLR and PLR have no significant relationship with changes in IGRA results. There are other findings on the examination
of red blood cells, namely the hematocrit and hemoglobin decreased significantly on IGRA results that turned positive.

The article Choudhary et al.s conducted a study to find the relationship between MLR and cases of active tuberculosis in
children. This study compared MLR in confirmed, unconfirmed and non-tuberculosis-like groups. This study involved 160
children with HIV conducted in Kenya in 2019. The median study results from MLR in children with confirmed tuberculosis
were higher than those without. The MLR value is 0.378, if it is below this value, it is negative for tuberculosis, and it is
said to be positive for tuberculosis if it is above this value.

Acrticle Miyahara et al.7 conducted a study to find the relationship between NLR in cases of active tuberculosis within one
year after screening. This study involved a large number of respondents, namely 1,118 people who were conducted in
Thailand in 2018-2019. This study obtained the results of NLR associated with cases of active tuberculosis. In addition to
comparing NLR, this study also compared MLR, absolute monocytes and lymphocytes between patients with negative and
positive tuberculosis. The absolute number of lymphocytes in the positive tuberculosis patients was lower than the negative
ones, while the MLR and the absolute number of monocytes were higher in the positive than the negative tuberculosis
patients. This automatically shows the relationship between MLR and tuberculosis cases.

Acrticle Naess et al.g conducted a study of MLR and NLR functions to distinguish whether the cause of fever was due to
infection or not. This study involved 299 respondents conducted in Norway in 2017. In this study, the results in the form of
MLR and NLR values in patients with bacterial infections showed a significant increase compared to patients without
bacterial infections, with lower MLR and NLR values in bacterial infections. compared to infections caused by viruses.

The role of MLR in tuberculosis cases is described in four articles. Articles that mention the role of MLR can be used as a
supporting examination in diagnosing tuberculosis, namely articles by Choudhary et al.s and Miyahara et al.; The article
which states that there is no relationship between MLR, NLR, and PLR on tuberculosis is Rees et al.4, while in the article
by Laghari et al.1o it is stated that MLR changes are not significant in tuberculosis cases. There are three articles that examine
MLR, but there is no analysis of the relationship with the diagnosis of tuberculosis, namely in the articles of Naess et al.g,
Lee et al.g, and Janols et al.¢ In a study conducted by Naess et al.g and Janols et al.¢ explains the results that monocytes and
lymphocytes can be used as markers of bacterial infection including tuberculosis cases, but are not specific markers in
diagnosing tuberculosis. Lee et al.q described the association of active tuberculosis cases with decreased monocyte and
lymphocyte cytokine production. In a study conducted by Choudhary et al.s the MLR limit value was shown to be 0.378.

4. DISCUSSION

The results of a review of seven articles from various countries found that the studies of Choudhary et al.s and Miyahari et
al.7 showed that MLR could be used as a support in diagnosing tuberculosis. In the articles of Naess et al.s and Janols et
al.s, monocytes and lymphocytes can be used as markers of bacterial infection, including tuberculosis. Lee et al.g mentioned
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a decrease in cytokine production in tuberculosis cases. In the study of Rees et al., and Laghari et al.;o, MLR was not
associated with cases of tuberculosis. In the study by Choudhary et al.s, the limit of the MLR value to support the diagnosis
of tuberculosis was 0.378.

This study is in accordance with a review article on protective biomarkers against tuberculosis conducted by Basu Roy et
al.11 The study was published in 2019 which examined the vulnerability and protection of children against tuberculosis. The
study used PubMed as a data and article search. The results of his review stated that MLR could be a risk for the development
of tuberculosis. The development of tuberculosis is characterized by an increase in MLR. So it is said that there is a
relationship between MLR and tuberculosis. The review article did not mention the MLR value limit for tuberculosis cases.

The difference in results is found in a review conducted by Russell et al.12 The 2019 study examined the functions of NLR,
MLR, and PLR as markers of infection. In this study, PubMed, Embase, and Cochrane were used to collect articles. The
study examined the relationship of NLR, MLR, and PLR to bacterial, viral, and malarial infections. In most cases assessed
by NLR alone, while cases assessed by MLR were Clostridioides difficile and respiratory virus, while tuberculosis was
assessed by NLR. The results of the review mentioned the relationship between influenza virus and MLR, while NLR had
a relationship with tuberculosis. The conclusion is that the leukocyte ratio can be used as a marker of infection in diagnosing
bacteremia and influenza infection.

This study has limitations, namely the lack of articles that mention the relationship between MLR and tuberculosis cases
and the selection of keywords that are less than optimal, the absence of articles obtained from paid journals and several
studies that are not specific for tuberculosis.

5. CONCLUSION

The conclusion there are two articles mention that MLR has a relationship with tuberculosis cases, two articles have no
relationship. Three articles did not specifically state the association between MLR and tuberculosis. The MLR limit value
is found in one article, which is 0.378. Neutrophil lymphocyte ratio (NLR), monocyte and lymphocyte cytokine production,
red blood cell count, hemoglobin, and hematocrit have a relationship with tuberculosis cases. This study can be used as a
consideration in establishing the diagnosis of tuberculosis. The result of the MLR examination can be combined with clinical
and radiological symptoms so that a false positive or false negative diagnosis does not occur. After this, its is hope that it
will open up insight about MLR as a supporting examination in diagnosing tuberculosis. Hoped that this research can be
used as the basis for conducting next research on MLR in diagnosing tuberculosis.
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