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Introduction: Patients with delayed intensive phase sputum conversion have a higher risk of multidrug resistant-tuberculosis (MDR- 
TB) and poorer treatment outcomes. Both, host (immune response and comorbidity) and pathogen factors play important roles in 
determining sputum conversion after treatment initiation. Impaired host immune response, especially the cellular components, as 
defined by the increased pre-treatment level of neutrophil-to-lymphocyte ratio (NLR), monocyte-to-lymphocyte ratio (MLR) and other 
additional factors, were associated with severe active TB.
Purpose: To evaluate whether impaired immune responses (high pre-treatment level of NLR and MLR) and other factors associate 
with delayed sputum conversion at the end of the intensive phase treatment.
Patients and Methods: This was a case–control study from 2016 to 2020, which retrospectively analyzed the pre-treatment level of 
NLR, MLR and other factors among patients with new cases of pulmonary tuberculosis (PTB).
Results: A total of 62 patients (31 cases and 31 control). The cut-off value of high pretreatment level of NLR and MLR was 5.065 and 
0.585, respectively. Bivariate analysis showed that pretreatment NLR ≥5.065 (OR 8.23, CI 95% 2.48–27.32, p < 0.001), MLR ≥0.585 
(OR 10.18, 95% CI 3.13–33.18, p < 0.001) and BMI <18.5 (OR 2.91, 95% CI 1.03–8.20, p = 0.041) were associated with an increased 
risk of delayed sputum conversion. Multivariate analysis, however, showed that pretreatment NLR ≥5.065 was not significantly 
associated with delayed sputum conversion (AOR 3.370, 95% CI 0.71–15.91, p value 0.125). A high pretreatment of MLR (AOR 
30.802, 95% CI 3.22–287.55, p value 0.003) and lower BMI (AOR 10.942, 95% CI 1.121–98.563, p value 0.033) were significantly 
associated with an increased risk of delayed intensive phase sputum conversion.
Conclusion: High MLR pretreatment and a low BMI were significantly associated with an increased risk of delayed sputum 
conversion at the end of the PTB intensive phase treatment. High NLR pretreatment, smoking, diabetes, and HIV were not associated 
with sputum conversion.
Keywords: neutrophil to lymphocyte ratio, monocyte to lymphocyte ratio, intensive phase treatment, pulmonary tuberculosis, delayed 
sputum conversion

Introduction
Tuberculosis (TB) is the leading cause of death from an infectious disease and remains as a major health problem worldwide, 
with a persistently high annual incidence and mortality rate, according to the World Health Organization (WHO) annual 
report. Another disease burden was the significant proportion (7.3–25.4%) of pulmonary tuberculosis (PTB) patients with 
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positive sputum who did not achieve sputum conversion at the end of intensive phase treatment.1–3 Delayed intensive phase 
sputum conversion has a high risk of multidrug resistant-tuberculosis (MDR-TB) and poorer treatment outcome.4 Immune 
response, comorbidity and pathogen factors play important roles in determining sputum conversion after treatment initiation. 
An adequate host immune response and other factors such as body mass index (BMI), diabetes, human immunodeficiency 
virus (HIV), and smoking were paramount to contain the infection as well as to achieve the target of treatment. Impaired host 
immune response, especially the cellular components, as defined by increased pre-treatment level of neutrophil-to- 
lymphocyte ratio (NLR), monocyte-to-lymphocyte ratio (MLR) and other additional factors were associated with severe 
active TB,5,6 higher retreatment rate,7 and higher mortality rate.8,9 Furthermore, if high pre-treatment levels of NLR and 
MLR are associated with delayed sputum conversion at the end of intensive phase treatment, it could be preferred in practice 
as a simple, cheap and effective alternative method to monitor routinely for TB patients.

Methods
Study Design and Ethics
This was a matched case–control study, which retrospectively evaluated the pre-treatment level of NLR and MLR of new 
PTB cases at a pulmonary outpatient clinic in Sanglah Hospital and Wangaya Hospital from 2016 to 2020. This study 
was approved by the Faculty of Medicine Udayana University’s ethical review board with register No: 349/UN14.2.2. 
VII.14/LT/2021. The study was conducted in accordance with the Declaration of Helsinki. Written informed consent was 
obtained from all the participants.

Patient and Public Involvement
It was not appropriate or possible to involve patients or the public in the design, conduct, reporting or dissemination plans 
of our research.

Population
The inclusion criteria of cases was patients aged ≥18 years old, who were treated as new case PTB with WHO standard 
regimen (fixed dose combination) for 2 months (intensive phase) with good adherence, and did not show sputum conversion 
at the end of the intensive phase treatment. The inclusion criteria for controls are similar with the cases, except for the 
observed sputum conversion at the end of the intensive phase treatment. The exclusion criteria included patients that did not 
receive a WHO standard TB regimen, patients who were resistant to rifampicin, patients with secondary bacterial infections, 
heart diseases, autoimmune diseases, malignancy, and incomplete data of pre-treatment NLR and MLR. Control 
subjects were matched with case subjects (1:1), according to age (5-year age range) and sex. The confounding factors that 
were controlled by analysis including, diabetes, HIV, body mass index (BMI), and smoking habit.

Procedures
Patients’ characteristics as well as the pre-treatment level of NLR and MLR were obtained from medical records. The 
initial sputum evaluation to diagnose PTB is done using the Gene-Xpert MTB/RIF assay. Sputum evaluation after the 
intensive phase treatment is done using the acid-fast bacilli smear.

Statistical Analysis
The cut-off point of high pre-treatment levels of NLR and MLR was determined from ROC curve analysis. The Chi- 
square test was done and statistical significance was declared at p < 0.05. Multiple logistic regression was used to 
evaluate high pre-treatment levels of NLR, MLR and other associated factors with sputum conversion. All of the 
statistical analysis was analyzed with the software Statistical Package for the Social Sciences (SPSS) version 20.0.

Result
We found a total of 73 patients with delayed intensive phase sputum conversion from 2016 to 2020. Exclusion was made 
for 2 patients due to having secondary bacterial infections, 1 patient with a malignancy, and 39 patients without complete 
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data of pre-treatment NLR, MLR and other factors. The number of patients with delayed sputum conversion that enrolled 
to this study was 31.

Thirty-one subjects with sputum conversion and matched by age and gender were enrolled as controls (Figure 1).
Patients’ characteristics are shown in Table 1. The majority of our patients were male, with the mean age in the case 

group being 40.55 ± 16.06 (19–75) and 40.71 ± 15.26 (18–76) in the control group. The mean of body mass index of 
patients in the case group was 18.18 ± 2.92 (13.1–23.7) and it was 19.24 ± 4.89 (18.3–27.67) in the control group. The 
mean of pre-treatment NLR in the case group was 8.74 ± 3.87 (1.47–17.4) and the patients in the control group had a 
lower mean of pre-treatment NLR of 6.24 ±4.50 (1.3–23.3); this difference was statistically significant. The case group 

Figure 1 Flow diagram of study cases and controls included in data analysis.

Table 1 The Characteristics of Subjects According to Case and Control 
Groups

Variable Case Control

Age (years, mean ±SD) 40.55 ±16.06 (19–75) 40.71 ±15.26 (18–76)

Gender (n, %)
Male 19 (61.3%) 19 (61.3%)

Female 12 (38.7%) 12 (38.7%)

BMI (kg/m2, mean ±SD) 18.18 ±2.92 (13.1–23.7) 19.24 ±4.89 (18.3–27.67)
Diabetes (n, %)

Yes 8 (25.8%) 4 (12.9%)

No 23 (74.2%) 27 (87.1%)
HIV (n, %)

Yes 5 (16.1%) 7 (22.6%)

No 26 (83.9%) 24 (77.4%)
Smoking (n, %)

Yes 5 (16.1%) 4 (12.9%)

No 26 (83.9%) 27 (87.1%)
NLR (mean ±SD) 8.74 ±3.87 (1.47–17.4) 6.24 ±4.50 (1.3–23.3)

MLR (mean ±SD) 0.97 ±0.77 (0.28–4.70) 0.45 ±0.19 (0.13–0.90)

Abbreviations: BMI, body mass index; NLR, neutrophil to lymphocyte ratio; MLR, monocyte to 
lymphocyte ratio.
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also had a significantly high mean of pre-treatment MLR (0.97 ±0.77 (0.28–4.70)) compared to the control group (0.45 
±0.19 (0.13–0.90)).

The cut-off point of high pre-treatment NLR and MLR was determined using the analysis of the ROC curve. The best 
cut-off point for high pre-treatment NLR and MLR was 5065 (sensitivity 83.9%, specificity 61.3%, AUC 0.725, IK 95% 
0.594–0.856, p value 0.002) and 0.585 (sensitivity 80.6%, specificity 77.4%, AUC 0.855, 95% CI 0.760–0.950, p value 
0.049), respectively (Figure 2).

A high pre-treatment NLR was found in 83.9% of the case group and in 38.7% of the control group and was 
associated with a delayed intensive phase sputum conversion (OR 8.23, 95% CI 2.482–27.317, p value <0.001). A high 
pre-treatment MLR was found in 80.6% of the case group and showed a significant association with the delay of 
intensive phase sputum conversion (OR 10.18, 95% CI 3.125–33.188, p value <0.001). Body mass index was further 
categorized into <18.5 and ≥18.5 (kg/m) and we found BMI <18.5 was associated with a delay in the intensive phase 
sputum conversion (OR 2.908,95% CI 1031–8204, p value 0.041). Diabetes mellitus, HIV infection, and smoking were 
not significantly associated with a delay in the intensive phase sputum conversion. The data were analyzed using the Chi- 
square test to determine the association between the dependent and independent variables with a significant value <0.05. 
The results of the analysis can be seen in Table 2.

Figure 2 Receiver operating characteristics (ROC) curve of high pre-treatment NLR and MLR as risk factors of delayed intensive phase sputum conversion.

Table 2 Bivariate Analysis of NLR, MLR, and Other Variables as Risk Factors for Delayed Intensive 
Phase Sputum Conversion

Variable Case Control OR 95% CI P value

NLR
≥5.065 26 (83.9%) 12 (38.7%) 8.23 2.48–27.32 <0.001*
<5.065 5 (16.1%) 19 (61.3%)

MLR
≥0.585 25 (80.6%) 9 (29.0%) 10.18 3.13–33.18 <0.001*
<0.585 6 (19.4%) 22 (71.0%)

BMI
<18.5 18 (58.1%) 10 (32.3%) 2.91 1.03–8.20 0.041*
≥18.5 13 (41.9%) 21 (67.7%)

(Continued)
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Multivariate analysis was done by multiple logistic regressions to consider factors such as NLR, MLR, BMI, smoking, 
diabetes and HIV in order to deduce the extent to which each of these variables correlates with risk factors for delayed 
intensive phase sputum conversion. We found high pre-treatment NLR was not associated with a delayed intensive phase 
sputum conversion, after adjustment by confounding factors. A high pre-treatment MLR showed consistent association with 
a delayed intensive phase sputum conversion in multivariate analysis (AOR 30.80, 95% CI 3.299–287.558, p value 0.003). 
A low level BMI (<18.5 kg/m) also showed significant association with a delayed intensive phase sputum conversion in 
multivariate analysis (AOR 10.942, 95% CI 1.121–98.563, p value 0.033) (Table 3).

Discussion
A high NLR on active PTB was associated with high neutrophil and low lymphocyte counts, that were further associated 
with extensive pulmonary destruction and persistent infection.10 In our study, the cut-off point of a high pretreatment 
NLR (5.065) was found in 83.9% of the case group and significantly associated with a delayed intensive phase sputum 
conversion in bivariate analysis (OR 8.23, 95% CI 2.482–27.317, p value <0.001). This cut-off point was higher than 
those found by Yin et al in 2017 (2.53), which was associated with retreatment in PTB patients. A study to evaluate the 
prognostic performance of hematologic indices to predict the outcome of intensive phase treatment was done previously 
by Stefanescu et al,11 however in their study the cut-off point of NLR was showing inadequate performance (AUC<7). 
Based on an ROC curve analysis, our cut-off point showed a fair value of AUC (0.725). However, in our study high pre- 
treatment NLR was, not showing consistent association with delayed intensive phase sputum conversion in multivariate 

Table 3 Multivariate Analysis of High Pre-treatment NLR and 
MLR as Risk Factors for Delayed Intensive Phase Sputum 
Conversion

Variable AOR 95% CI P value

NLR ≥5.065 3.370 0.714–15.910 0.125
MLR ≥0.585 30.802 3.229–287.558 0.003*

BMI<18.5 10.942 1.121–98.563 0.033*

Smoking 0.977 0.124–7.705 0.982
DM 1.093 0.130–9.180 0.935

HIV 0.500 0.091–2.738 0.424

Note: *Significant at p< 0.05. 
Abbreviations: BMI, body mass index; NLR, neutrophil to lymphocyte ratio; MLR, 
monocyte to lymphocyte ratio; DM, diabetes mellitus; AOR, adjusted odds ratio.

Table 2 (Continued). 

Variable Case Control OR 95% CI P value

Smoking
Yes 5 (16.1%) 4 (12.9%) 1.30 0.31–5.37 0.718

No 26 (83.9%) 27 (87.1%)
Diabetes

Yes 8 (25.8%) 4 (12.9%) 2.35 0.62–8.81 0.190

No 23 (74.2%) 27 (87.1%)
HIV

Yes 5 (16.1%) 7 (22.6%) 0.66 0.18–2.36 0.520

No 26 (83.9%) 24 (77.4%)

Note: *Significant at p< 0.05. 
Abbreviations: BMI, body mass index; NLR, neutrophil to lymphocyte ratio; MLR, monocyte to lymphocyte ratio.
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analysis. This finding signified the non-specific nature of NLR as an inflammatory marker, in which the high level of 
NLR in our study might be affected by other condition such as malnutrition, HIV, or diabetes.

All of our subjects with low BMI (54.8% of the case group) showed high pre-treatment levels of NLR. This finding is 
supported by previous studies which found high NLR in pulmonary TB patients who were was associated with 
malnutrition and pulmonary cavities.12,13 Patients with diabetes showed significantly higher levels of NLR 
compared to the non-diabetic patients, which represented the continuous low grade inflammation in patients with 
diabetes.14 In our study, 84% patients with diabetes also showed high pretreatment NLR, nonetheless, diabetes was 
not associated with delayed intensive phase sputum conversion in our study. This result was possibly due to a smaller 
sample size than the previous studies15 and the possible role of the degree of glycemic control in our patients. Patients 
with HIV-TB co-infections, as well as HIV patients with uncontrolled disease also showed a high NLR level.16 HIV 
infection by itself has been shown as a strong predictor of active TB disease and a poor TB treatment outcome.17,18 On 
the contrary, in our study HIV was not associated with a delayed intensive phase sputum conversion, which is possibly 
due to a smaller number of HIV patients involved in our study, therefore it was inadequate to detect the different 
outcomes of TB treatment between HIV patients and non-HIV patients.

In our study we found that high pre-treatment MLR (≥0.585) was significantly associated with an increased risk of 
delayed sputum conversion at the end of the intensive phase treatment (OR 10.18, 95% CI 3.125–33.188, p value 
<0.001), even after adjustment for confounding factors (AOR 30.80, 95% CI 3.299–287.558, p value 0.003). This 
result is supported by the results of a prior molecular study of monocyte which showed that the function of monocyte 
as a defence mechanism against MTB was mainly described by the level of MLR, rather than its absolute count.19 

High levels of MLR in patients with active TB is associated with an increased level of type I IFN, which lead to 
a poor phagocytosis function, necrosis of macrophage, and bacterial expansion. An extreme level of immune 
response, both inadequate and excessive, was associated with the growth of mycobacterium.20 A previous study 
showed that patients with active TB disease were having either lower (<9th percentile) or higher (>25th percentile) 
levels of MLR compared to healthy subjects.21 On the other hand, infection by MTB per se would cause a change of 
monocyte subsets balance in peripheral blood, which favoured the expansion of CD16+ subsets, resulting in the 
growth of bacteria and progression of the disease.22 A study by Stefanescu et al,11 was also aimed at evaluating the 
prognostic performance of MLR to predict the outcome of intensive phase treatment, which found patients with 
delayed intensive phase sputum conversion showed persistently high MLR after two months of treatment. 
Nonetheless, pre-treatment MLR was not associated with the outcome of intensive phase treatment in that study, 
due to the inadequate performance of MLR based on the result of ROC curve analysis.

Low BMI (<18.5 kg/m2) at diagnosis was associated with an increased risk of delayed intensive phase sputum conversion 
(OR 2.90, 95% CI 1031–8204, p value 0.041, AOR 10,942, 95% CI 11,215–98,563, p value 0.033). This result is similar 
with the findings of a previous study that also showed poor nutrition (BMI <18.5 kg/m2) at diagnosis and after 2 months of 
treatment was associated with poor treatment outcome (treatment failure, relapse).23 Nutrition plays a paramount role in 
maintaining and enhancing the immune response, both innate and adaptive, against pathogens, including MTB. The presence 
of malnutrition would impair the function of macrophages, the complement system, dendritic cells, and lymphocytes, which 
would further cause an increase of susceptibility to tuberculosis infection and reactivation of any latent infection.24 Patients 
with low BMI appeared to have a low level of pro-inflammatory cytokines and a high level of regulatory cytokine, the 
opposite condition was found in patients with higher BMI, which conferred protective benefits of high BMI to TB disease 
progression.25 However, high BMI was also associated with an increased risk of diabetes, which subsequently negates the 
beneficial effect of higher BMI to reduced the risk of TB infection and disease progression.26,27

A limitation of our study was the small sample size, owing to the design of this study, which obtained the result of 
hematologic examination from medical records, meanwhile this examination was not routinely performed in Wangaya 
Hospital. This caused substantial exclusions of subjects with delayed intensive phase sputum conversion in whom pretreat-
ment complete blood count examination was not performed. A further prospective study with a bigger sample size is needed 
in the future to evaluate the factors associated with delayed sputum conversion to enhance the cure rate of PTB.
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Conclusion
High pretreatment levels of MLR and a low BMI were significantly associated with an increased risk of delayed 
sputum conversion at the end of the intensive phase treatment of pulmonary TB. High pretreatment levels of NLR, 
smoking, diabetes, and HIV were not associated with an increased risk of a delay in the intensive phase sputum 
conversion.

Disclosure
The authors report no conflicts of interest in this work.
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