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Objective. The objective of this study was to evaluate the change of the ratio of monocytes to lymphocytes in patients with active
tuberculosis, such as to provide reference for clinical diagnosis and treatment. Methods. All data were collected from the clinical
database of The Fifth People’s Hospital of Taiyuan, China. A total of 151 patients who had newly diagnosed active tuberculosis with
tuberculosis therapy in hospital and 129 healthy controls were selected. Results. Median ratio of monocytes to lymphocytes was
0.45 (IQR: 0.28-0.67) in patients before treatment and 0.32 (IQR: 0.25-0.46) on discharge (P <0.001). Conclusions. Ratio of
monocytes to lymphocytes may be applied in diagnosis and the chemotherapeutic efficacy of active tuberculosis.

1. Introduction

Tuberculosis (TB) is a chronic respiratory infectious disease
caused by Mycobacterium tuberculosis affecting one-third of
the world’s population, ten percent of whom developed
active tuberculosis [1, 2]. Although the morbidity and
mortality has declined obviously, but along with the increase
in drug-resistant strains of the TB bacterium, its treatment
difficulty is also growing [3]. The immune system status
plays an important role in tuberculosis infection. Monocytes
cells have been considered as the target cells of Mycobac-
terium tuberculosis, and lymphocytes are the main effector
cells of TB immunity [4]. As the key immune cells, the levels
of monocyte and lymphocyte might reflect the state of an
individual’s immune to infection. Full blood count of pe-
ripheral blood is the most frequently performed test in
clinical practice, but the ratio of monocyte to lymphocyte
(MLR), as a simple biomarker, is not commonly used in
clinical care.

The association between MLR and risk of mycobacterial
infections has been first reported in rabbits in the 1920s by
Florence Sabin and colleagues [5, 6]. They reported that the

MIR in peripheral blood might reflect the extent and
progress of the TB disease in rabbit models. Recent pub-
lished studies suggest that the elevated MLR may be asso-
ciated with the risk of active tuberculosis in adults, infants,
and postpartum women with HIV infection [7, 8]. In this
study, we evaluate the peripheral blood levels of MLR in
active TB patients to try to determine whether the MLR will
be affected by TB or TB treatment and offer a new reference
for clinical diagnosis and treatment outcome.

2. Materials and Methods

2.1. Study Participants. A total of 151 patients with active TB
and 129 healthy controls were included into the study.
Patients combined with other pathogen infection were ex-
cluded. All patients’ information was collected from the
clinical data of The Fifth People’s Hospital of Taiyuan be-
tween March 1, 2017, and September 1, 2018. Healthy
controls were selected from people of physical examination
in Shanxi Provincial People’s Hospital. The study was ap-
proved by the ethical committee of the Fifth People’s
Hospital of Taiyuan.
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All inpatients were diagnosed and treated in accordance
with Chinese Guidelines on the Diagnosis and Treatment of
tuberculosis. Discharge criteria includes the following:
negative sputum smear for acid-fast bacilli, negative culture
for sputum mycobacterium, chest X-rays improved, ab-
sorption of pleural effusion, the erythrocyte sedimentation
depressing, or enlarged lymph nodes shrinking.

2.2. Full Blood Counts. EDTA blood specimens of all pa-
tients were collected at the first day of admission and dis-
charge. Leukocyte differential counts were performed by
standard procedures on a Sysmex automated hematology
analyzer. The MLR was calculated as the quotient of the
absolute monocyte and lymphocyte counts.

3. Statistical Analysis

All quantitative data were presented using median and
interquartile range. A nonparametric Wilcoxon matched
pairs test was used to compare the variables before treatment
and after treatment in TB patients. The Mann-Whitney U
test was used to compare the variables between patients and
controls. Two-sided P value of less than 0.05 was considered
as statistical significance. The statistical package for IBM
social science (SPSS) version 22.0 and GraphPad Prism 5
software was used to analyze all data.

4. Results

4.1. Demographic Description of the Study Subjects. A total of
151 patients with active TB were included into the study. They
were all inpatients diagnosed with pulmonary TB, intestinal
TB, pelvic TB, TB peritonitis, and TB pleurisy from the Fifth
People’s Hospital of Taiyuan between March 1, 2017, and
September 1, 2018. The mean age of the 151 patients was
36+ 16.58 years, and 91 (60%) were male. The average hos-
pitalization time was 39.93 + 13.19 days. The healthy control
group consisted of 75 males and 54 females, with an overall
mean age of 38+ 11.7 years. There was no significant differ-
ence in age (P =0.11) and gender (P = 0.72) between the
patients and the healthy control group.

4.2. Peripheral WBC Counts in Healthy Controls and TB
Patients before Treatment and on Discharge. We measured
peripheral WBC counts in TB patients before treatment and
on discharge to assess the variation of WBC subpopulations.
As shown in Figure 1(a), the leukocyte count reduced sig-
nificantly in TB patients on discharge when compared to
the count before treatment. Similarly, the neutrophil and
monocyte counts were significantly decreased after treatment
(Figures 1(b) and 1(d)). Meanwhile, the increased lymphocyte
count on discharge was also highly significant (Figure 1(c)).
Compared to the healthy controls, there was a trend that the
WBC subpopulations were moving towards normal with
successful treatment in TB patients.

4.3. Association between MLR and TB Disease. We calculated
the ratio of monocytes to lymphocytes to evaluate the impact

of active TB disease and anti-TB therapy on the MLR. The
MLR of patients before treatment was 0.45 (IQR: 0.28-0.67),
which was higher significantly than healthy controls (0.20,
IQR: 0.17-0.25) (P <0.001). After anti-TB treatment, the
MLR of patients on discharge was 0.32 (IQR: 0.25-0.46),
which was decreased significantly and still higher than
healthy controls (P <0.001).

4.4. Change of MLR with Anti-TB Treatment in Different
Subgroups. We divided patients into different groups by
gender, age, and TB location to assess the change of MLR
between before treatment and on discharge. As shown in
Table 1, there were highly significant differences in MLR of
patients between before treatment and on discharge in
different groups (Table 1).

5. Discussion

Interactions between mycobacterium and host immune
system resulted in the outcome of tuberculosis [9].
Monocytes/macrophages are derived from hematopoietic
stem cells in the bone marrow and circulate in the blood-
stream. These cells play a determinant role in innate immune
response and act as a link to the adaptive immune response
due to their antigen presenting function. In the progression of
TB infection, monocytes/macrophages can phagocytize and
restrict mycobacterium and be recruited to form granuloma
[10]. The increase of MLR indicated the relative increase of
monocytes and the relative decrease of lymphocytes. The ratio
may reflect the efficiency of immune response against in-
fection. Studies have shown that an elevated percentage of
monocytes in peripheral blood and an increased MLR are
associated with the risk of tuberculosis [11]. Besides, the MLR
seems to be a prognostic factor in patients with various
diseases, such as various cancers, diabetes, and cardiovascular
disease [8, 12-17].

Naranbhai et al. found that MLR could predict the risk of
developing tuberculosis during follow-up by analyzing the
peripheral blood cells of 1,336 South African infants aged 3-
4 months [8]. They also indicated that monocyte functional
and transcriptional differences are dependent on the MLR
which suggests that qualitative differences in monocytes are
better reflected by the MLR than by monocyte counts alone
[4]. TB infection disturbed the normal MLR by activating
immune cells in peripheral blood. It has been also reported
that TB infection may alter subsets of the hematopoietic
stem cell to change the peripheral blood counts [18]. The
detailed mechanisms are required to be further elucidated.
The variations of WBC subpopulations in active TB have
been further demonstrated in our study. There was an el-
evated neutrophil and monocyte count and a
reduced lymphocyte count in active TB patients compared
to the healthy controls. The MLR may reflect the relative
frequency of monocytes as target cells and lymphocytes as
effectors against TB [8]. Our study showed that active TB
patients before treatment had a significant higher MLR than
healthy controls, which is consistent with the previous
studies [11, 19].
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FiGure 1: Comparison of the WBC absolute count in patients and healthy control: (a) leukocytes; (b) neutrophils; (c) lymphocytes;
(d) monocytes. Data are presented with the boxplot graph reporting the median and the interquartile rang (***P < 0.001).

TaBLE 1: MLR of patients before treatment and on discharge in
different subgroups.

Before .
treatment On discharge P
Gender
0.50 0.35
Male N0 032-069)  (0.26-054) <0001
037 0.30
Female 61 (024-062) (0.20-039) <0001
Age <0.001
0.47 0.32
<30y 75 (028-069)  (0.26-046) <0001
0.38 0.29
30-55y 46 (025-061) (021-041) <000
0.47 0.35
>35y 30 032-077)  (0.23-059) <0001
Location <0.001
0.44 0.32
Pulmonary TB 120 (026-045)  (0.25-0.45) <0.001
0.49 037
Extrapulmonary TB 31 (027-0.77)  (0.24-0.48) 0.001

In order to evaluate the effect of anti-TB therapy on
MLR, we analyzed the difference between before treatment
and on discharge. We found that the MLR of patients on
discharge decreased significantly, which suggested that the
MLR may be changed with anti-TB therapy. At the same
time, the differences were analyzed in different ages, genders,
and TB location, respectively. The results showed there was
statistically significant difference in all groups, which in-
dicated that the factors did not influence the change of MLR.
Wang et al. [20] analyzed the MLR changes before and after
treatment of 108 active TB patients with completed therapy
and indicated that the MLR returned to normal after
treatment [16]. The other study also found there was no
difference between the MLR of cured TB and healthy donors
[19]. However, our results showed that the MLR of patients
after treatment was still higher than healthy controls. That is
because our data were collected on discharge, and the anti-
TB therapy was not completed. Nevertheless, the study
showed the trend that the MLR of patients recovered to
normal with treatment. This change suggested that the MLR
may reflect the effectiveness of anti-TB therapy.
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Current indicators to evaluate the efficacy of TB therapy
have sputum smear with acid-fast bacilli turning negative,
the sputum Mycobacterium cultivation overcast, the ab-
sorption of pleural and ascetic fluid, pulmonary shadows
subsiding, calcification, fibrosis, and erythrocyte sedimen-
tation depressing. However, the indicators cannot be used to
evaluate the TB treatment of pelvic tuberculosis patients and
patients with drug-resistant TB early treatment. Moreover,
the indicators need several days to get results. In order to
ensure disease control, treatment for an extend period of
time was required. This study suggests that MLR may be as a
simple biomarker for evaluating the efficacy of pelvic tu-
berculosis and early treatment of drug-resistant tuberculosis.

In present, there are little evidence about the MLR and
tuberculosis. Our research as a retrospective study has
several limitations. Firstly, the sample size was small. Sec-
ondly, we only collected the data of peripheral blood at the
time of discharge. The MLR after treatment should be
collected to forecast the long-term prognosis. Besides, the
MLR may have a value in early detection of treatment. The
MLR should be collected in different times of treatment to
make the study more valuable. Thirdly, the MLR is a
nonspecific biomarker which is affected by the combination
of inflammation, immune system diseases, and other tu-
mors. The MLR of active TB patients should be compared
with other respiratory disease patients to provide more
information. Further studies should endeavor to assess more
detailed information.

To sum up, our study showed that the MLR, as a simple,
convenience, and low-cost marker, may be used for di-
agnosis and evaluates the response of therapy in active TB.
However, more large-scale and prospective studies are
needed to confirm the reliability of this study. Of course, the
test cannot replace clinical symptoms and traditional ex-
aminations and should be used together to get more perfect
results.

Data Availability

The datasets used or analyzed during the current study are
available from the corresponding author on reasonable
request.

Conflicts of Interest

The authors declare that there are no conflicts of interest.

Authors’ Contributions

XZ and WW contributed to the literature search, conception
and design, statistical analysis, and the initial draft of the
manuscript. LW, YL, and FY provided the original material
and collected data. LZ edited drafts of the manuscript.

Acknowledgments

The authors thank all patients and control individuals that
participated in this research. This work was supported by the
Foundation of Children’s Hospital of Shanxi Province (no.
201716 to XZ).

References

[1] A. Zumla, A. George, V. Sharma, R. H. N. Herbert, A. Oxley,
and M. Oliver, “The WHO 2014 global tuberculosis report-
further to go,” The Lancet Global Health, vol. 3, no. 1,
pp. e10-el2, 2015.

[2] J. R. Andrews, F. Noubary, R. P. Walensky, R. Cerda,
E. Losina, and C. R. Horsburgh, “Risk of progression to active
tuberculosis following reinfection with Mycobacterium tu-
berculosis,” Clinical Infectious Diseases, vol. 54, no. 6,
pp. 784-791, 2012.

[3] K. Dheda, T. Gumbo, N. R. Gandhi et al., “Global control of

tuberculosis: from extensively drug-resistant to untreatable

tuberculosis,” The Lancet Respiratory Medicine, vol. 2, no. 4,

pp. 321-338, 2014.

V. Naranbhai, H. A. Fletcher, R. Tanner et al., “Distinct

transcriptional and anti-mycobacterial profiles of peripheral

blood monocytes dependent on the ratio of monocytes:

lymphocytes,” EBioMedicine, vol. 2, no. 11, pp. 1619-1626,

2015.

R. Cunningham, F. Sabin, S. Sugiyama, J. Kindwall, and

J. Kindwali, “The role of the monocyte in tuberculosis,”

Bulletin of the Johns Hopkins Hospital, vol. 37, no. 4,

pp. 231-280, 1925.

[6] E.R.Sabin, C. A. Doan, and R. S. Cunningham, “Studies of the

blood in experimental tuberculosis: the monocyte-

lymphocyte ratio; the anemia-leucopenia phase,” in Pro-
ceedings of the Transactions of the 22nd Annual Meeting of the

National Tuberculosis Association, pp. 252-256, Washington,

DC, USA, October 1926.

V. Naranbhai, A. V. S. Hill, S. S. Abdool Karim et al., “Ratio of

monocytes to lymphocytes in peripheral blood identifies

adults at risk of incident tuberculosis among HIV-infected
adults initiating antiretroviral therapy,” Journal of Infectious

Diseases, vol. 209, no. 4, pp. 500-509, 2014.

V. Naranbhai, S. Kim, H. Fletcher et al., “The association

between the ratio of monocytes:lymphocytes at age 3 months

and risk of tuberculosis (TB) in the first two years of life,”

BMC Medicine, vol. 12, no. 1, p. 120, 2014.

[9] J. A. Philips and J. D. Ernst, “Tuberculosis pathogenesis and
immunity,” Annual Review of Pathology: Mechanisms of
Disease, vol. 7, no. 1, pp. 353-384, 2012.

[10] M. J. Fenton and M. W. Vermeulen, “Immunopathology of
tuberculosis: roles of macrophages and monocytes,” Infection
and Immunity, vol. 64, no. 3, pp. 683-690, 1996.

[11] N. Rakotosamimanana, V. Richard, V. Raharimanga et al.,
“Biomarkers for risk of developing active tuberculosis in
contacts of TB patients: a prospective cohort study,” European
Respiratory Journal, vol. 46, no. 4, pp. 1095-1103, 2015.

[12] Z.-X. Lin, D. Y. Ruan, Y. Li et al., “Lymphocyte-to-monocyte
ratio predicts survival of patients with hepatocellular carci-
noma after curative resection,” World Journal of Gastroen-
terology, vol. 21, no. 38, pp. 10898-10906, 2015.

[13] T. F. Nishijima, H. B. Muss, S. S. Shachar, K. Tamura, and
Y. Takamatsu, “Prognostic value of lymphocyte-to-monocyte
ratio in patients with solid tumors: a systematic review and
meta-analysis,” Cancer Treatment Reviews, vol. 41, no. 10,
pp. 971-978, 2015.

[14] M. Shibutani, K. Maeda, H. Nagahara et al, “Prognostic
significance of the lymphocyte-to-monocyte ratio in patients
with metastatic colorectal cancer,” World Journal of Gastro-
enterology, vol. 21, no. 34, pp. 9966-9973, 2015.

[15] N.Silva, P. Bettencourt, and J. T. Guimaraes, “The lymphocyte-
to-monocyte ratio: an added value for death prediction in heart

[4

[5

[7

[8



Canadian Journal of Infectious Diseases and Medical Microbiology

failure,” Nutrition, Metabolism and Cardiovascular Diseases,

vol. 25, no. 11, pp. 1033-1040, 2015.

M. Stotz, J. Szkandera, T. Stojakovic et al., “The lymphocyte to

monocyte ratio in peripheral blood represents a novel

prognostic marker in patients with pancreatic cancer,”

Clinical Chemistry and Laboratory Medicine (CCLM), vol. 53,

no. 3, pp. 499-506, 2015.

[17] T. Yamagishi, N. Fujimoto, H. Nishi et al., “Prognostic sig-
nificance of the lymphocyte-to-monocyte ratio in patients
with malignant pleural mesothelioma,” Lung Cancer, vol. 90,
no. 1, pp. 111-117, 2015.

[18] M. T. Baldridge, K. Y. King, N. C. Boles, D. C. Weksberg, and
M. A. Goodell, “Quiescent haematopoietic stem cells are
activated by IFN-y in response to chronic infection,” Nature,
vol. 465, no. 7299, pp. 793-797, 2010.

[19] M. P. La Manna, V. Orlando, F. Dieli et al., “Quantitative and
qualitative profiles of circulating monocytes may help iden-
tifying tuberculosis infection and disease stages,” PLoS One,
vol. 12, no. 2, Article ID e0171358, 2017.

[20] J. Wang, Y. Yin, X. Wang et al, “Ratio of monocytes to
lymphocytes in peripheral blood in patients diagnosed with
active tuberculosis,” Brazilian Journal of Infectious Diseases,
vol. 19, no. 2, pp. 125-131, 2015.

[16



