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Abstract 
Background: High monocyte to lymphocyte ratio (MLR) values may be associated with the risk of active tuberculosis (TB) 
infection in adults, infants, and postpartum women with HIV infection. It may also serve as an indicator of the effectiveness of 
anti-TB treatment. Thus, the main aim of this study is to ascertain the accuracy of MLR for the diagnosis of TB and its role in 
monitoring the effectiveness of anti-TB therapy.

Methods: This systematic review and meta-analysis followed the preferred Reporting Items for Systematic Reviews and 
Meta-Analyses 2020 guidelines. All statistical analyses were performed using STATA 11 and Meta-DiSc software. The Quality 
assessment of Diagnostic Accuracy Studies tool was used to evaluate the methodological quality of the included studies. The 
area under the hierarchical summary receiver-operating characteristic hierarchical summary ROC curve [(HSROC) curve (AUC)] 
was also calculated as an indicator of diagnostic accuracy.

Results: A total of 15 articles were included in this study. Accordingly, the result showed that elevated MLR is associated with 
increased risks of TB disease [odd ratio = 3.11 (95% CI: 1.40–6.93)]. The pooled sensitivity and specificity of MLR for identifying 
TB were 79.5% (95% CI: 68.5–87.3) and 80.2% (95% CI: 67.3–88.9), respectively. The AUC of HSROC was 0.88 (95% CI: 
0.857–0.903), indicating the excellent diagnostic performance of MLR for TB. This study also showed that there is a significant 
reduction in the MLR value after anti-TB treatment in TB patients (standardized mean difference  = 0.68; 95% CI: 0.007, 1.43).

Conclusions: Generally, MLR can be considered as a crucial biomarker to identify TB and monitor the effectiveness of anti-TB 
therapy.

Abbreviations: HSROC = hierarchical summary ROC curve, MLR = monocyte-to-lymphocyte ratio, MTB = mycobacterium 
tuberculosis, SMD = standardized mean difference, TB = tuberculosis.
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1. Introduction

Tuberculosis (TB) is a chronic respiratory infectious disease 
caused by Mycobacterium tuberculosis (MTB) affecting 1 to 
3rd of the world’s population.[1] Diagnosis of active TB dis-
ease still represents a challenge for clinical management due 
to the difficulty related to the detection of MTB in sputum.[2] 

Moreover, the efficacy of therapy, which is evaluated by spu-
tum culture conversion, needs several weeks to get results.[3] It 
has been reported recently that MTB infection may alter sub-
sets of hematopoietic stem cells or directly infect bone marrow 
mesenchymal stem cells.[4] The MTB infection can cause various 
hematological changes, 1 of which is a change in monocyte and 
lymphocyte count.[5]
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Monocytes are professional phagocytes that are highly skilled 
in defense against many pathogens, including MTB.[6] They cir-
culate in the blood and can differentiate into monocyte-derived 
macrophages and monocyte-derived dendritic cells that govern 
innate and adaptive immune responses.[7] Monocytes are an 
essential component of the innate immune response that acts as 
a link to the adaptive immune system through antigen presenta-
tion to lymphocytes.[8]

Myeloid lineage cells serve as host cells for MTB growth, 
while lymphoid cells are the main effector cells in TB immu-
nity.[8] As the key immune cells, the levels of monocyte and 
lymphocyte might reflect the state of an individual’s immune 
to infection.[9] Monocyte-to-lymphocyte ratio (MLR) in periph-
eral blood was correlated with the extent of TB in humans.[10] 
The MLR is considered an important criterion to determine the 
immune efficiency of an individual during infectious conditions 
and is easily quantified in the peripheral blood. During MTB 
infection, an increased MLR in comparison with healthy con-
trols denotes the severity of active TB.[6]

Recent studies suggest that a high MLR value may be asso-
ciated with the risk of active TB in adults, infants, and post-
partum women with HIV infection.[11,12] A high MLR may 
also serve as an indicator of the effectiveness of anti-TB treat-
ment since it normalizes following treatment.[13] This change 
suggests that the MLR may reflect the effectiveness of anti-TB 
therapy.[9] Therefore, in humans, it appears that the MLR 
shows promise as an indicator of risk of developing active TB 
and could facilitate the targeting of preventative treatments/
therapy for those who are defined as being at greater risk.[14] 
The prognostic markers commonly available to monitor the 
progress of TB disease include C-reactive proteins, erythro-
cyte sedimentation rate (ESR), while several other expensive 
and time-consuming markers are interleukin (IL)-10, IL-13, 
but a single specific marker for monitoring of TB is yet to 
be found.[15] Thus, the main aim of this systematic review 
and meta-analysis is to determine the accuracy of MLR for 
the diagnosis of TB and monitor the effectiveness of anti-TB 
therapy.

2. Method

2.1. Registration and protocol

This systematic review and meta-analysis were conducted as per 
the 2020 PRISMA guideline.

The protocol had been registered in PROSPERO, with a reg-
istration number CRD42021274575. Since this is a systematic 
review and meta-analysis of previously published studies, no 
ethical approval or patient consent is needed.

2.2. Eligibility criteria

2.2..1. Inclusion criteria. Articles were eligible for meta-
analysis if they were:

 1) Cross-sectional, case-control and cohort studies.
 2) Published in peer-reviewed journals in the English 

language.
 3) Published online up to July 2021 and expressing the result 

of MLR in the form of mean and standard deviation (SD) 
and/or median and interquartile range (IQR).

2.2..2. Exclusion criteria. Studies were excluded if;

 1) They did not report the MLR value.
 2) They were case reports, reviews, poster presentations, and 

editorials letters.
 3) They were published in non-English languages and hav-

ing insufficient or ambiguous data for meta-analysis.

2.3. Search strategy

We conducted a comprehensive search of eligible studies in 
PubMed/MEDLINE, Cochrane Library, Google Scholar, Scopus, 
Web of Science, and EMBASE published until July 2021. The 
reference lists of published studies were manually hand-searched 
to identify additional relevant studies. The search strategy was 
based on the combinations of keywords and medical subject 
heading (MeSH) terms as follows: “monocyte to lymphocyte 
ratio” or “MLR” or “monocyte-to-lymphocyte ratio” AND 
“Mycobacterium tuberculosis” or “tuberculosis” or “MTB” or 
“TB” or “anti-tuberculosis treatment” or “TB therapy.”

2.4. Selection process

Retrieved articles were imported to EndNote X7 (Thomson 
Reuters, USA). After preventing duplications, titles and/or 
abstracts of articles were independently screened by 2 authors 
(Tiruneh Adane and Solomon Getawa). Discussions and mutual 
consensus were in place when possible; arguments were raised; 
and a 3rd reviewer (Mulugeta Melku) was involved if required. 
Then, articles that comply with the eligibility criteria undergo 
full-text appraisal.

2.5. Data extraction

Following full-text appraisal, we extracted the following vari-
ables from each study: the number of participants, the study 
setting, the population type, the MLR value expressed as a mean 
(SD) and/or median and interquartile range (IQR), the odds 
ratio/hazard ratio, sensitivity, and specificity.

2.6. Outcomes of interest

The main outcomes of interest are the role of MLR value in 
predicting the risk of TB and also assessing the mean difference 
in MLR value before and after treatment in TB patients. The 
secondary outcome of this study was to summarize the pooled 
mean of MLR in TB patients and control groups and also before 
and after treatment in TB patients.

2.7. Risk of bias measurement

The QUADAS-2 tool was used to evaluate the methodologi-
cal quality of the included studies. The tool has 4 categories 
to evaluate eligible studies: patient selection: index test; refer-
ence standard; and flow and timing. The first 3 categories were 
assessed in terms of risk of bias and applicability. However, the 
last category, flow and timing, were evaluated in terms of risk 
of bias only.

2.8. Statistical analysis

STATA 11.0 and Meta-disc software were used for all statistical 
analysis. A bivariate meta-analysis following a random-effects 
model was used to calculate summary estimates of sensitivity 
and specificity and to plot a hierarchical summary receiver-oper-
ating characteristic Hierarchical Summary ROC curve (HSROC) 
curve. In addition, positive and negative likelihood ratios were 
also calculated in this model, along with 95% confidence inter-
vals (CI) for the summary estimates and likelihood ratios. All 
studies are presented as a circle and plotted with the HSROC 
curve. The summary point is represented by a dot, which was 
surrounded by a 95% confidence region. The area under the 
HSROC curve was calculated.

The results between groups (TB and healthy controls; and 
before and after treatment in TB patients) were presented as 
standardized mean differences (SMDs) with a corresponding 
95% CI. The random-effects model was used to estimate the 
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pooled SMD since there is substantial heterogeneity between 
the included studies. Articles that reported the result of MLR in  
the form of median and IQR were changed to mean and SD 
per the recommended method.[16] Subgroup analysis, meta-re-
gression, and sensitivity analysis were performed to explore the 
potential sources of heterogeneity. Publication bias was evalu-
ated using the Eggers regression test. A P-value < .05 was con-
sidered as statistically significant.

3. Result

3.1. Study selection

Of 715 identified studies, 415 were removed due to duplicates. 
Moreover, 269 studies were excluded in the title and abstract 
screening, and in the full-text screening, 8 studies were 
excluded. Finally, 15 articles were included in the meta-anal-
ysis (Fig. 1).

3.2. Study characteristics

A total of 15 studies with 4458 cases and 2556 controls were 
included in this systematic review and meta-analysis. Five stud-
ies reported the result of MLR in the form of an odds ratio/
hazard ratio, while 6 studies reported sensitivity and specific-
ity. Moreover, 7 studies reported the MLR value in the form of 
mean and SD in TB patients and controls. Four studies showed 
the role of MLR in monitoring anti-TB therapy in the form of 
mean and SD. Five studies were conducted in HIV-AIDS patients 

at risk of developing MTB,[11,12,17–19] 1 study in household TB 
contacts,[20] and the remaining 9 studies[3,8,9,21–26] were conducted 
in MTB patients (Table 1).

3.3. Qualitative assessment

The quality of the included studies was performed using the 
QUADAS-2 tool. In general, the included 6 studies met most of 
the quality criteria as indicated in Figure 2.

3.4. The association of MLR and TB

Six studies were used to assess the risk of TB in the presence of 
an elevated MLR value. Accordingly, the result showed that ele-
vated MLR is associated with increased risks of TB disease with 
a pooled odds ratio of 3.11 (95% CI: 1.40–6.93) (Fig. 3). The I2 
test suggested a high heterogeneity between studies (I2 = 98.2%; 
P-value < 0.001). There was no evidence of publication bias 
from the Egger’s test (coefficient = 6.92 [95% CI: –11.72 to 
25.57; P-value = 0.323]).

3.5. Mean difference of MLR in TB patients and controls

Seven studies reported the mean difference in MLR between TB 
patients and healthy controls. Using a random-effects model, 
a significant increase in MLR was observed between the TB 
patients and healthy control groups (SMD = 0.69; 95% CI, 
0.37–1.01) with high heterogeneity of I2 = 95.2%; P < .001 

Figure 1. Flow chart for articles identified by the search strategy.
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(Fig. 4). Publication bias is absent among the included studies 
as indicted by the eggers test result (coefficient: –0.14 [95% CI: 
–10.83, 10.55; P-value = 0.975]).

3.6. Diagnostic accuracy of MLR in TB disease

We used data from 6 studies to calculate a HSROC curve, 
shown in green in Figure  5. The summary point calculated 
by the meta-analysis (shown as a red box in Fig.  5) showed 
that MLR has excellent diagnostic ability for TB with a sen-
sitivity, specificity, positive likelihood ratio, and negative like-
lihood ratio of 79.5% (68.5–87.3), 80.2% (67.3–88.9), 4.02 
(2.22–7.26), and 0.25 (0.15–0.43), respectively. The diagnostic 
odds ratio was 15.71 (5.69–43.36). The area under the HSROC 
curve area under the curve was 0.88 (95% CI: 0.857–0.903), 
indicating highly excellent diagnostic performance of MLR for 
TB (Fig. 5).

3.7. MLR and anti-TB treatment

Four studies were used to determine the MLR value before and 
after anti-TB treatment in this study. Accordingly, the pooled 

result showed that there is a significant reduction in the MLR 
value after anti-TB treatment in TB patients (SMD = 0.68; 95% 
CI: 0.007, 1.43) (Fig. 6).

3.8. Publication bias

The result from the eggers regression test showed that there 
was no significant publication bias among the included studies 
to investigate the role of MLR in monitoring anti-TB therapy 
(10.13 [95% CI: –16.57, 36.84; P-value = 0.244]) (Table 2).

4. Discussion
The MLR is derived from the complete blood count (CBC), a 
test that is commonly carried out in clinical settings and there-
fore would easily be scaled up in resource-limited settings.[27] 
The MLR seems to be a well-suited prognostic marker in 
defining the risk of TB as well as the efficiency of treatment.[6] 
A total of 15 studies were included in this systematic review 
and meta-analysis to investigate the accuracy of MLR for 
the diagnosis of TB and also its role in monitoring anti-TB 
therapy.

Table 1

Characteristics of included studies.

Author, year of publication Country 

Sample size MLR value    

Cases Controls Cases Controls OR/HR Sensitivity Specificity

Wang et al 2015[8] China 419 327 0.37 ± 0.23 0.16 ± 0.06 89.81 (53.18,151.68)   
Fayed et al 2018[22] Egypt 50 50 0.46 ± 0.30 0.15 ± 0.06  80 90
Ngahane et al 2019[24] Cameroon 204 204 0.39 ± 0.23 0.19 ± 0.11  67.2 83.3
Manna et al 2017[3] Italy 31 71 0.50 ± 0.20 0.18 ± 0.06  91.04 93.55
Liana et al 2019[23] Indonesia 41 60 0.97 ± 0.51 0.57 ± 0.76  95.1 70
Rakotosamimanana et al 2015[20] Madagascar 85 186 - - 4.97 (1.3–18.99)   
Rees et al 2020[26] Tanzania 98 47 - -  68 51
Choudhary et al 2019[18] Kenya 13 67 0.48 ± 0.3 0.23 ± 0.2  77 78
Naranbhai et al2014[17] South Africa* 12 1190 - - 1.22 (1.07–1.4)   
Naranbhai et al2014[11] South Africa 1862  - - 2.47 (1.39–4.40)   
Ginderdeuren et al 2021[19] South Africa 51 120 0.22 ± 0.16 0.34 ± 0.27 0.78 (0.59, 0.97)   
Naranbhai et al2014[12] South Africa 1336 -   1.23 (1.04-1.45)   
 MLR before treatment MLR after treatment    
Wang et al 2015[8] China 419 327 0.47 ± 0.21 0.22 ± 0.09    
Iqbal et al 2014[21] Pakistan 45 45 0.24 ± 0.14 0.19 ± 0.10    
Okeke et al 2020[25] Nigeria 60 60 0.11 ± 0.08 0.08 ± 0.06    
Wang et al 2019[9] China 151 129 0.47 ± 0.29 0.34 ± 0.5    

* South Africa, Tanzania, Uganda and Zimbabwe.
HR = Hazard ratio, MLR = Monocyte to lymphocyte ratio, OR = Odds ratio.
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Figure 2. Quality assessment based on the QUADAS-2 guidelines. Graphical representation of the risk of bias and applicability concerns. QUADAS-2 = Quality 
assessment of Diagnostic Accuracy Studies.
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NOTE: Weights are from random effects analysis
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Figure 3. Pooled Odds ratio of high MLR among TB patients. MLR = Monocyte-to-Lymphocyte ratio, TB = tuberculosis.
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Figure 4. Forest plot showing a comparison of the MLR among TB patients and healthy controls. MLR = Monocyte-to-Lymphocyte ratio, TB = tuberculosis.
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In this study, a significant increase in MLR value was observed 
among TB patients compared to controls (SMD = 0.69; 95% 
CI, 0.37–1.01). It has been reported that circulating monocytes 
from patients with TB exhibit phenotypic and functional alter-
ations compared with healthy controls.[28] Hence, MLR could be 
used to differentiate patients with active TB from healthy peo-
ple.[8] In TB patients, the MLR was significantly correlated with 
increased monocyte counts and lower lymphocyte counts, indi-
cating the role of monocyte and lymphocyte count in the altered 
MLR.[3] The MLR reflects the relative frequency of monocytes 
as target cells for MTB growth and lymphocytes as effector cells 
for MTB clearance.[22] In the case of TB infection, monocytes 
are responsible for both innate immunity and antigen-present-
ing cells in the adaptive immune response. The high peripheral 
blood MLR in TB can be explained by the mechanism of the 
immune response to such infection. Some TB pathogens are 
capable of evading the phagocytosis of alveolar macrophages 
and beginning to multiply. As a result, monocytes become acti-
vated and increase in the peripheral circulation as a consequence 
of their early release from the bone marrow.[29] Low lymphocyte 
numbers in peripheral blood could be caused by lymphocyte 
aggregation at the infection site, hematopoiesis alterations, or 
enhanced apoptosis.[30] Low lymphocyte counts have also been 
reported to be related to inflammation, atherosclerosis, and 
plaque development.[31] Moreover, an increased MLR is associ-
ated with changes of gene transcription in monocytes that may 
influence their functional antimycobacterial profiles.[32]

This systematic review and meta-analysis showed that ele-
vated MLR is associated with increased risks of TB disease with a 
pooled odds ratio of 3.11 (95% CI: 1.40–6.93). White blood cell 

populations play an important role in the systemic inflammatory 
response to infection.[33] The MLR is a rapid and inexpensive 
biomarker with potential to differentiate latent TB infection and/
or asymptomatic individuals from active TB, because a higher 
MLR occurs in adults with active TB.[11] Evidence suggests that 
the MLR is involved in the development of tuberculosis. There 
is also a gradient effect with higher ratios being more predictive 
than lower ratios across the MLR gradient.[12]

The results of this meta-analysis indicated that MLR had 
excellent diagnosis performance for TB, with a sensitivity, spec-
ificity, positive likelihood ratio, and negative likelihood ratio 
of 79.5% (68.5–87.3), 80.2% (67.3–88.9), 4.02 (2.22–7.26), 
and 0.25 (0.15–0.43), respectively. The diagnostic odds ratio 
was 15.71 (95% CI: 5.69–43.36). The area under the curve of 
HSROC was 0.88 (95% CI: 0.857–0.903), indicating excellent 
diagnostic performance of MLR for TB. The MLR is expected 
to be the predictor marker of TB. The examination of TB using 
sputum is sometimes difficult because not all patients have the 
proper sputum to be tested. Therefore, having a simple and 
rapid predictor to distinguish TB patients from healthy control 
and/or non-TB patients is very useful.[23] Although several bio-
markers are available for diagnosing and monitoring TB, they 
are quite expensive and are not friendly in countries with a high 
burden of the disease. This in turn causes delays in diagnosis 
that exacerbate the patient’s morbidity and mortality.[34]

We also aimed to investigate the role of MLR in monitoring 
anti-TB therapy. Accordingly, the pooled results from 6 studies 
showed that there is a significant reduction in the MLR value after 
anti-TB treatment in TB patients (SMD = 0.68; 95% CI: 0.007, 
1.43). MLR increases with chronic inflammations, including TB, 

0
.2

.4
.6

.8
1

0.2.4.6.81
Specificity

Study estimate Summary point

HSROC curve 95% confidence
region

95% prediction
region

Figure 5. Hierarchical summary ROC curve showing diagnostic accuracy of MLR for predicting TB. MLR = Monocyte-to-Lymphocyte ratio, TB = tuberculosis.
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which then settles under the effect of anti-tuberculosis therapy.[13] 
The decrease in MLR suggested a decrease in inflammation in 
TB patients who had received treatment. There was an increase 
in MLR in TB patients caused by an inflammatory process that 
would be impaired after the patient was treated.[35] TB patients 
with high MLR would decrease, while patients with low MLR 
would increase after taking treatment. This MLR alteration illus-
trates the effectiveness of anti-TB therapy.[8]

Current indicators evaluating the efficacy of TB therapy need 
several days to get results and are expensive, indicating the need 
to use simple biomarkers. Since it is a cheap, readily available, 
and reproducible test, the MLR can be considered as an inde-
pendent prognostic marker and a reliable tool to evaluate treat-
ment success in TB infection.[25]

The result of this meta-analysis should be interpreted with 
the following limitations in mind: Heterogeneity was observed 
in the included studies, and this may be due to the inclusion of 
studies only in the English language.

5. Conclusions
Elevated MLR displayed high specificity but modest sensitivity 
for diagnosing TB. Elevated MLR values may be considered to 
indicate a presumptive case of TB, whereas low MLR results 
indicate that the possibility of TB should not be excluded. 

Generally, MLR can be considered as an important biomarker 
to identify TB. Besides, the MLR value may be important in 
monitoring the effectiveness of anti-TB therapy.
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