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ÖZ 
Amaç: Nötrofil-lenfosit oranı (NLO) ve monosit-lenfosit 
oranı (MLO) birçok hastalıkta bakteriyemi, hastalık akti-
vitesi, nüks oranı, sürveyans ve prognozu değerlendirmek 
için kullanılan yararlı inflamasyon biyobelirteçleridir. Bu 
çalışmada, enflamasyon belirteçleri olarak kullanılıp kul-
lanılamayacaklarını göstermek için tüberkülozlu 92 çocu-
ğun NLO ve MLO'sunu 45 sağlıklı çocukla karşılaştırarak 
değerlendirdik. Çalışmamızın amacı, çocukluk çağı TB 
tanısında NLO ve MLO'nun tanısal değerini göstermektir.  
Materyal ve Metot: Bu retrospektif çalışmada, 92 tüber-
külozlu çocuğun hastane kayıtları gözden geçirildi. Hasta-
ların NLO ve MLO değerleri 45 sağlıklı çocuktan oluşan 
kontrol grubu ile karşılaştırıldı.   
Bulgular: NLO ve MLO değerleri arasında tüberküloz 
hastaları ve kontrol grupları arasında anlamlı fark bulundu 
(p <0.001). Tüberküloz hastalarını kontrollerden ayırmak 
için NLO> 1.41 kesme değeri optimaldi (duyarlılık %75, 
özgüllük %82,2, pozitif öngörü değeri %89,6, negatif 
öngörü değeri %61,7). MLO> 0.22 kesme değeri, tüberkü-
loz hastalarını kontrollerden ayırmak için optimaldi 
(duyarlılık %50, özgüllük %91,1, pozitif öngörü değeri %
93,3, negatif öngörü değeri %53,2).   
Sonuç: NLO ve MLO’nun her ikisi de çocukluk çağı tü-
berkülozunda inflamasyon belirteci olarak kullanılabilir. 
Daha net bir karar vermek için ileriye dönük ve daha kap-
samlı çalışmalara ihtiyaç vardır.   
Anahtar Kelimeler: İnflamasyon, lenfosit, nötrofil, tü-
berküloz  

ABSTRACT 
Objective: Neutrophil-lymphocyte ratio (NLR) and mono-
cyte-lymphocyte ratio (MLR) are useful biomarkers of 
inflammation used to evaluate bacteremia, disease activity, 
recurrence rate, surveillance and prognosis in many dis-
eases. In this study, we evaluated NLR and MLR of 92 
children with tuberculosis versus 45 healthy children to 
show whether they can be used as inflammation markers. 
Aim of this study was to evaluate the diagnostic valure of 
NLR and MLR in childhood tuberculosis.    
Materials and Methods: In this retrospective study, hos-
pital records of 92 children with tuberculosis were re-
viewed. The NLR and MLR values of the patients were 
compared with the control group of 45 healthy children.      
Results: A significant difference was found between NLO 
and MLO values between tuberculosis and control groups 
(p <0.001). A cut off value of NLR>1.41was optimal for 
discriminating patients with tuberculosis from controls 
(sensitivity 75%, specifity 82.2%, positive predictive value 
89.6%, negative predictive value 61.7%). A cut off value 
of MLR>0.22 was optimal for discriminating patients with 
tuberculosis from controls (sensitivity 50%, specifity 
91.1%, positive predictive value 93.3%, negative predic-
tive value 53.2%).  
Conclusion: NLR and MLR can both be used as inflam-
mation biomarkers in the diagnosis of childhood tubercu-
losis. Prospective and more comprehensive studies are 
needed to make a clearer decision.  
Keywords: Inflammation, lymphocyte, neutrophil, tuber-
culosis  
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INTRODUCTION 

Globally, the best estimate is that 10 million people 

(range, 9.0–11.1 million) developed tuberculosis 

disease in 2017: 5.8 million men, 3.2 million women 

and 1.0 million children.1 On May 23, 2018, the 

International Union Against Tuberculosis and Lung 

Disease (the Union) issued a report called ‘’Silent 

Epidemic: A Call to Action Against Child Tubercu-

losis’’. Launched at the World Health Assembly, the 

report noted that an estimated 239 000 children aged 

younger than 15 years died from tuberculosis in 

2015, 90% of whom were untreated.2 The authors 

drew attention to the continuing medical neglect of 

child tuberculosis, resulting in millions of avoidable 

deaths. Several factors lie behind this neglect. First 

of all pediatric tuberculosis is difficult to discrimina-

te from pneumonia, second children have usually 

paucibacillary disease and cannot generate sputum 

easily, third many child care facilities are ill-

equipped to diagnose and treat childhood tuberculo-

sis disease. However, the crucial point is that altho-

ugh children contract tuberculosis disease from an 

adult family member, the contacts in pediatric age 

are not surveyed and treated properly. In 2016, only 

13% of children eligibile for INH prophylaxis treat-

ment, could received it.1,2 The point that children do 

not generate much sputum and have paucibacillary 

disease that making the diagnosis difficult, lead the 

authors suggest investigating new diagnostics like 

bodily secretions other than sputum.2 From this pers-

pective, we searched for a new, cheap and easily 

accessible marker contributing to the diagnosis of 

childhood tuberculosis. We decided to evaluate the 

inflammation markers of neutrophil to lymphocyte 

ratio (NLR), and monocyte to lymphocyte ratio 

(MLR) in the tuberculosis patients by comparing 

with healthy children. NLR is long time is used as a 

marker of inflammation in several rheumatologic, 

cancer and/or infectious diseases.3-7  NLR is found 

to be useful in adult tuberculosis disease for diffe-

rential diagnosis from sarcoidosis and community 

acquired pneumonia in some studies.8,9  Lymphocy-

topenia has also been described as a diagnostic mar-

ker of bacterial infection.8,10 Also, myeloid-specific 

cells have been known to serve as host cells for My-

cobacterium tuberculosis growth and lymphoid cells 

are thought to be the major effector cells in TB im-

munity. Given the central role of monocytes and 

lymphocytes in the induction of immune responses, 

their levels (MLR) in peripheral blood might be 

expected to reflect the state of an individual’s immu-

nity to tuberculosis disease.11 The well known inf-

lammation markers erythrocyte sedimentation rate 

(ESR) and C-reactive protein (CRP) were compared 

between the tuberculosis patients and healthy control 

group. 

MATERIALS AND METHODS 

Ethical approval was obtained for this study from 

the Non-Interventional Clinical Ethics Committee of 

University of Health Sciences, Bursa Yuksek Speci-

alization Training and Research Hospital (Date: 

02/01/2019, decision no: 2011-KAEK-25 2019/01-

26).  

This retrospective study was performed in Univer-

sity of Health Sciences, Bursa Yuksek Ihtisas Trai-

ning and Research Hospital and Dortcelik Children’s 

Hospital between January 2016 and January 2019.  

The medical records of patients who were diagnosed 

and treated for tuberculosis disease were evaluated. 

A total of 92 children with tuberculosis disease; tu-

berculosis group and 45 healthy children; control 

group were enrolled in the study.  

The diagnosis of pulmonary tuberculosis disease 

was established according to the first 3 diagnostic 

categories of NIH criteria.12 The first category inclu-

ded confirmed tuberculosis cases with positive 

smear of sputum or early morning gastric aspirate 

and/or positive culture for Mycobacterium 

tuberculosis. The second category included highly 

probable cases having clinical symptoms and radio-

logical signs of tuberculosis disease with an active 

or recently treated family member with tuberculosis 

disease. The third category included possible cases 

with positive Tuberculin skin test (TST) or Interfe-

ron Gamma Releasing Assays and not responding to 

standart pneumonia treatment, with/or without an 

active or recently treated family member with tuber-

culosis disease. All the children in the third group 

fully recovered with antituberculosis treatment. Di-

agnosis of all extrapulmonary tuberculosis cases 

depended on pathological confirmation. Healthy 

children were selected through children who applied 

to hospital for routine check-up, or vaccination sta-

tus screening or for preoperative evaluation of minor 

elective surgery (for example: hernia repair). Child-

ren with any sign of infection or systemic illness 

were excluded from the control group. 

Hematological parameters including white blood cell 

(WBC) count, hemoglobin (Hb), neutrophil count, 

lymphocyte count, platelet count (PLT), monocyte 

count and mean platelet volume (MPV) were recor-

ded for all groups. Neutrophil to lymphocyte ratio 

(NLR), monocyte to lymphocyte ratio (MLR) and 

platelet to lymphocyte ratio (PLR) were calculated 

as the ratio of neutrophils to lymphocytes, monocy-

tes to lymphocytes and platelets to lymphocytes, 

respectively. CRP and ESR of all tuberculosis pati-

ents and control cases whose existing were recorded. 

Comparison between the two groups were perfor-

med with regards to WBC, neutrophil count, lymp-

hocyte count, monocyte count, platelet count, MPV, 

NLR and PLR. White blood cell, Hb, neutrophil 
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count, lymphocyte count, PLT, MPV, NLR, MLR 

and PLR values. CRP and ESR were also compared 

between the tuberculosis and control groups.  

All kinds of blood cell counts were made in Sysmex 

XN-350 and C-reactive protein measures were held 

on BN Prospec (Dade Behring, Siemens) Nephelo-

meter. 

Statistical Analysis: The normality of data distribu-

tion was determined using the Kolmogorov-Smirnov 

test. Normally distributed numerical variables were 

expressed in mean plus/minus standard deviation. 

Normally distributed numerical variables were com-

pared using the Student’s t-test or One-way ANO-

VA test. Tukey test was used for Post Hoc Tests. 

Data corresponding to an abnormal distribution were 

expressed in median (minimum-maximum).  Abnor-

mally distrubuted numerical data were compared 

using the non-parametric Mann–Whitney U-test or 

Kruskal-Wallis test. The Chi-square test was used to 

compare categorical variables between the groups. 

Correlation between NLR and other parameters was 

analyzed using Spearman’s rank correlation test. 

ROC curve analysis was performed to identify the 

most useful cut-off levels for NLR, MLR, CRP to 

identify the greatest sum of sensitivity and speci-

ficity for distinguishing tuberculosis disease from 

healthy controls. The ability of NLR, MLR and CRP 

to distinguish pulmonary tuberculosis from healthy 

controls was compared using the area under the cur-

ve (AUC). P-values of less than 0.05 were conside-

red statistically significant. SPSS version 22.0 (IBM 

Corp., Armonk, NY, USA) was used for analyses.  

 

RESULTS 

Mean age in the tuberculosis group was 116.23 

months and median age was 123.5 (6-125) months 

and 54.4% (n=50) were male. Mean age in the cont-

rol group was 116.23 months and median age was 

92 (16-194) months and 62.2% (n=28) were male. 

There were no statistically significant difference 

among the median ages (p=0.258) and gender distri-

bution (p=0.463) between the groups. Of the pati-

ents; 62 (67.4%) were pulmonary tuberculosis, 13 

(14.2%) were tuberculous peripheral lymphadenitis, 

8 (8.7%) were abdominal tuberculosis, 4 (4.4%) 

were renal tuberculosis, 3 (3.2%) were tuberculous 

meningitis, 1 (1.1%) was tuberculous pericarditis, 1 

(1.1%) was disseminated BCG’itis.  Most common 

symptoms in tuberculosis group at admission were 

persistent cough (75%), anorexia (69.6%), night 

sweats (67.4%), weakness (63.1%), peripheral lymp-

hadenitis (25%) abdominal pain (15.2%) and he-

moptizis (15.2%). TST of≥15mm was found in 

65.2% (60/92) (BCG vaccination is a part of routine 

childhood vaccination program applied at age 2 

months in Turkey), ≥10 mm was found in 68.5% 

(63/92) while the anergy rate was 21.8% (21/92) in 

the tuberculosis group. Of the patients 31 (33.7%) 

had microbiological diagnosis (Mycobacterium tu-

berculosis was positive and/or grew either in sputum 

or early morning gastric aspirate (GA) or another 

body fluid (pleural fluid), 24 (26.1%) patients had 

hystopathological diagnosis, 37 (40.2%) patients had 

clinical and radiological diagnosis (Table 1).  

Median WBC was 10500/mm3(4100-37410), he-

moglobin was 11,43±1,99 mg/dL, neutrophil count 

was 6170/mm3(2220-22520), lymphocyte count was 

2630/mm3 (660-11220) monocyte count 730/mm3 

(310-2790), NLR was 2,02 (0,43-30,43), MLR was 

0,29 (0,10-1,92), platelet count 347.500/mm3

(181.000-888.000) and MPV was 8,47±1,07 in the 

tuberculosis group. Median WBC was 6450/mm3

(4000-8980), hemoglobin was 13,65±1,32 mg/dL, 

neutrophil count was 3190/mm3 (1600-5090), lymp-

hocyte count was 3040/mm3 (1870-4100), monocyte 

count 410/mm3 (260-590), NLR was 0,97(0,63-

2,08), MLR was 0,14(0,09-0,28), platelet count 

315.000/ mm3(181.000-500.000) and MPV was 9,14 

±0,66 in the healthy control group. There was statis-

tically significant difference among WBC, hemoglo-

bin, neutrophil count, lymphocyte count, monocyte 

count, MPV, NLR, MLR and PLR values between 

the groups (p<0.05). There was no statistically signi-

ficant difference among platelet count between the 

groups (p>0.05)  (Table 2).  

The ESR was studied in 53 (57.6%) tuberculosis 

patients and in 13 (28.8 %) controls. The median 

values were 34 mm/h (5-140 mm/h) and 2 mm/h (2-

10 mm/h), respectively. There was significant diffe-

rence among ESR values between the tuberculosis 

and control group (p<0.001). CRP was studied in 81 

(88%) tuberculosis patients and in 33 (73.3%) cont-

rol group. The median CRP values were 41 mg/L 

(3.23-290 mg/L) and 3.28 mg/L (3.17-3.45 mg/L), 

respectively. There was significant difference among 

CRP values between the tuberculosis and control 

group (p<0.001) (Table 2).  

The strongest correlation was noted between NLR 

and MLR (r=0.838, P<0.001). Positive correlation 

was also detected between NLR and WBC (r=0.804, 

P<0.001), NLR and PLR (r=0.707, P<0.001) as well 

as NLR and CRP (r=0.519, P<0.001).  A negative 

correlation was identified between NLR and lymp-

hocyte count (r=-0.704, P<0.001). 

A NLR>1.4 was identified as the optimal cut-off 

value for dis-criminating patients with pulmonary 

TB from controls, yielding 75% sensitivity, 82.2% 

specificity, 89.6% posi-tive predictive value, and 

61.7% negative predictive value. A MLR>0.22 was 

identified as the optimal cut-off value for dis-

criminating patients with pulmonary tuberculosis 

from controls, yielding 60.9% sensitivity, 91.1% 
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specificity, 93.3% posi-tive predictive value, and 

53.2% negative predictive value. A CRP>4 mg/L 

was identified as the optimal cut-off value for dis-

criminating patients with pulmonary tuberculosis 

Table 2. Comparison of the laboratory findings of the tuberculosis and control group. 

Parameter Tuberculosis group 
  
Mean ± SD or median (min-max) 

Control group 
  
Mean ± SD or median (min-
max) 

p 

WBC (/mm3) 10500 (4100-37410) 6450 (4000-8980) <0.001 

Neutrophil count (/mm3) 6170 (2220-22520) 3190 (1600-5090), <0.001 

Lymphocyte count (/mm3) 2630 (660-11220) 3040 (1870-4100 0.013 

Monocyte count (/mm3) 730 (310-2790) 410 (260-590) <0.001 

NLR 2,02 (0,43-30,43) 0.97(0.63-2.08) <0.001 

MLR 0,29(0,10-1,92) 0.29 (0.10-1.92) <0.001 

Hemoglobin (g/dL) 12.5 (6.9-15.9) 13.2 (10.9-16.0) <0.001 

Platelet count (/mm3) 347.500 
(181.000-888.000) 

315.000 
(181.000-500.000) 

0.059 

MPV (fL) 8.47±1.07 9.14 ±0.66 0.008 

ESR (mm/h) 34 (5-140) 2 (2-10) <0.001 

CRP (mg/L) 41 (3.23-290) 3.28 (3.17-3.45) <0.001 

WBC: White blood cell; NLR: Neutrophil-lymphocyte ratio; MLR: Monocyte-lymphocyte ratio; MPV: Mean platelet volume; ESR: Erytrocyte sedimentation 
rate; CRP: c-Reactive protein. 

Table 3. Diagnostic validity of NLR, MLR, CRP and ESR values in tuberculosis diagnosis. 

  Sensitivity Specifity PPV NPV Accuracy 

NLR>1.4 0.75 82.2 89.6 61.7 81.3 

MLR>0.22 60.9 91.1 93.3 53.2 81.5 

CRP>4 mg/L 72.8 100 100 60 84.3 

ESR>11 mm/h 81.1 100 100 56.5 96.0 

PPV: positive predictive value, NPV: negative predictive value, NLR: neutrophil-lymphocyte ratio, MLR: monocyte-lymphocyte ratio, CRP: c-reactive pro-
tein, ESR: erytrocyte sedimentation rate 

Demographic and clinical features Mean ± SD or median (min-max) 

Median age 
Gender 

113.1±57.1 or 116 (6-215) 
Male= 50, 54.4%, Female= 42;45.6% 

Tuberculosis subgroups Number, ratio (N=92; n; n/N=%) 
Pulmonary tuberculosis 
Tuberculous peripheral lymphadenitis 
Abdominal tuberculosis 
Renal tuberculosis 
Tuberculous meningitis 
Tuberculous pericarditis 
Disseminated BCG itis 

62; 67.4% 
13; 14.2% 
8; 8.7% 
4; 4.4% 
3; 3.2% 
1; 1.1% 
1; 1.1% 

Symptoms and clinical signs Number, ratio (N=92; n; n/N=%) 
Persistent cough 
Anorexia 
Night Sweats 
Weakness 
Peripheral lymphadenitis 
Abdominal pain 
Hemoptizis 

69; 75% 
64; 69.6% 
62; 67.4% 
58; 63.1% 
23; 25% 
14; 15.2% 
14; 15.2% 

TST results Number; ratio (N=60; n; n/N=%) 
≥15mm 
≥10 mm 
5-10 mm 
0-5mm 
Anergy 

60; 65.2% 
63; 68,5% 
4; 4.4% 
4;4.4% 
21; 21,8% 

Diagnostic evidence Number; ratio (N=60; n; n/N=%) 
Microbiological confirmation 
Hystopathological confirmation 
Clinically and radiologically diagnosed 

31; 33.7% 
24; 26.1% 
37; 40.2% 

Erytrocyte sedimentation rate 34 mm/h (5-140) 
C-reactive protein 41 mg/dL (3.23-290) 

SD: Standard deviation; BCG: Bacillus calmette-guérin; TST: Tuberculin skin test. 

Table 1. Demographic, clinical, laboratory features of tuberculosis patients. 
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from controls, yielding 72.8% sensitivity, 100% 

specificity, 100% posi-tive predictive value, and 

60% negative predictive value. An ESR>11 mm/h 

was identified as the optimal cut-off value for dis-

criminating patients with pulmonary tuberculosis 

from controls, yielding 81.1% sensitivity, 100% 

specificity, 100% posi-tive predictive value, and 

56.5% negative predictive value (Table 3).  

The NLR AUC (AUC, 0.813; 95% confidence inter-

val [CI], 0.73-0.87; p<0.001) and MLR AUC (AUC, 

0.815; 95% confidence interval [CI], 0.74-0.87; 

p<0.001) were comparable to that of CRP AUC 

(AUC, 0.843; 95% CI, 0.76-0.90; P <0.001) (Figure 

1). The ESR AUC (AUC, 0.96; 95% confidence 

interval [CI], 0.88-0.99; p<0.001) was the highest of 

all inflammatory parameters.  

Figure 1. ROC curves of C-reactive protein (CRP) and neutrophil-lym-phocyte count ratio (NLR) and mo-
nocyte-lymphocyte count ratio (MLR) in tuberculosis diagnosis. The area under the curve for NLR (AUC, 0.813; 95% 
confidence interval [CI], 0.73-0.87) and MLR (AUC, 0.815; 95% confidence interval [CI], 0.74-0.87) was comparable to that for CRP 
(AUC, AUC, 0.843; 95% CI, 0.76-0.90) (p<0.001).  

DISCUSSION AND CONCLUSION 

Children with tuberculosis disease are usually diag-

nosed after an elderly family member having active 

tuberculosis or pretreated tuberculosis in the family.  

In this study 73,9% (68/92) of tuberculosis patients 

had a family member with either current or formerly 

tuberculosis disease history. 7.6% (7/92) patients 

without any family history were followed with ce-

rebral palcy (CP) and epilepcy (5/7), severe cystic 

fibrosis (2/7) with frequent intensive care unit ad-

missions from birth to diagnosis. 3.2% (3/5) of these 

CP and epileptic children were Syrian immigrants. 

More than half of these children 55.4% (51/92) were 

referred to our pediatric infection clinic with symp-

toms and/or evidence of tuberculosis disease based 

on the contact history. Of the study group, 75% 

(69/92) had persistent cough (cough ≥3 weeks), 

69.5% (64/92) had anorexia, 67.3% (62/92) had 

night sweats, 15.2% (14/92) had hemoptizis on ad-

mission remarking tuberculosis disease.  

Hematological parameters are being used for a long 

time to exhibit their role in the systemic inflamma-

tory response to infection.13,14 In a study by Abakay 

et al. NLR was reported to be significantly higher in 

patients with advanced pulmonary TB as opposed to 

patients with mild to moderate pulmonary tuberculo-

sis.15 In the study by Yoon et al.8 They stated that a 

NLR<7 could be used for the discrimination of tu-

berculosis and community acquired pneumonia 

(CAP) in the adults. They found that a NLR<7 was 

more sensitive than a CRP<7 mg/dL for discrimina-

ting tuberculosis from CAP.  Leem et al. evaluated 

the NLR of tuberculosis patients on admission, at 2 

months and after treatment and concluded that NLR 

can be a useful marker to evaluate response to anti- 

tuberculosis treatment.16 In this study, we found that 

a NLR>1.4 was associated with 75% sensitivity and 

82.2% specificity in diagnosing tuberculosis disease 

in children. NLR was also found more sensitive than 

CRP in the diagnosis of tuberculosis disease in this 
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study group.  

Myeloid-specific cells have been known to serve as 

host cells for Mycobacterium tuberculosis growth 

and lymphoid cells are thought to be the major effec-

tor cells in tuberculosis immunity.6 Wang J et al. 

found that a MLR <9% or >25% was predictive of 

active tuberculosis in adult patients.17 Rakotosami-

manana et al. found that MLR (adjusted hazard ratio 

aHR> 4.97, 95% CI 1.3-18.99; p=0.03) was signifi-

cantly associated with risk of developing active tu-

berculosis disease in HIV-negative household con-

tacts (n=296) of pulmonary tuberculosis patients.18 

In the study a cut-off point 7.5% monocytes in total 

peripheral blood mononuclear cells gave the best 

separation (HR 8.46, 95% CI 1.73–41.22; p<0.01), 

and was associated with a sensitivity and specificity 

of 75%. In the study by Choudhary  et al. 

MLR>0.378 identified HIV+ children with confir-

med tuberculosis with 77% sensitivity, 78% specifi-

city, 24% positive predictive value, and 97% negati-

ve predictive value.19 Jain et al. reported that a hig-

her mean (SD) MLR [0.38 (0.30) vs. 0.24 (0.02); 

p = 0.037] was associated with microbiological con-

firmation in children with tuberculosis.20 In this 

study MLR>0.22 was associated with 60.9% sensiti-

vity and 91.1% specifity diagnosing tuberculosis 

disease in children. We conclude these results are 

comparable to the results above. 

The retrospective nature of this study is a limiting 

factor. Also, we included all tuberculosis patients in 

the study either with definite or probable (cases with 

radiological plus clinical evidence plus contact his-

tory) diagnosis with small group concern. Also, the 

study group consisted of small numbers of extrapul-

monary tuberculosis patients which limited us to 

compare subgroups.  

In conclusion, NLR and MLR can be used as useful 

biomarkers together in childhood tuberculosis diag-

nosis. Further prospective studies are needed to 

compare these results and make a final decision.  
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