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Abstract: The neutrophil-to-lymphocyte ratio (NLR) and platelet-to-lymphocyte ratio (PLR) are useful markers in vari-
ous inflammatory diseases, but their diagnostic capability intuberculous (TB) spondylitishas not been evaluated. 
Our aim was to investigate the diagnostic capability of NLR and PLR on the diagnosis of TB spondylitis. Patients 
surgically treated for TB spondylitisin the First Affiliated Hospital of Guangxi Medical University from 2012 to 2015 
were retrospectively investigated in this study. Correlations between NLR, PLR and laboratory indices in TB spondy-
litis patients were evaluated by the Spearman’s correlation analysis. The sensitivity and specificity of NLR and PLR 
were assessed by the receiver operating characteristic (ROC) curves. Seventy-four TB spondylitis patients and 54 
healthy individuals were analyzed retrospectively. The NLR and PLR between TB spondylitis patients and healthy 
controls were significant different. The relationship between NLR, C-reaction protein (CRP), and erythrocyte sedi-
mentation rate (ESR) in TB spondylitis patients were significant correlation, similarly, the correlation between PLR 
and CRP and ESR in TB spondylitis patients were significantly correlated. The ROC curves analysis of NLR and PLR 
in TB spondylitis patients showed statistically significance. In conclusion, NLR and PLR might be valuable markers 
in diagnosing TB spondylitis.
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Introduction

Inhalation of Mycobacterium tuberculosisbacilli 
can lead to the occurrence of pulmonary tuber-
culosis (PTB) infection. In terms of the annual 
death toll, tuberculosis (TB) may no longer be 
the most deadly human diseases, but it remains 
a serious disease threat to human health 
around the world, causing 1.3 million deaths 
globally in 2012 alone [1]. China has a high rate 
of TB infection [2], and thus the diagnosis and 
treatment of TB represents a serious health 
concern in this region. Of all the extra-pulmo-
nary TB patients, skeletal involvement occurs 
in approximately 10% of cases [3]. TB spondyli-
tis is a chronic progressive development dis-
ease and is rarely associated with symptoms 
like cough, dyspnea, or fever [4]. There are no 
clear guidelines for diagnosis and treatment of 
TB spondylitis patients [5]. In order to prevent-
complications such as permanent neurological 

disability and the occurrence of spinal deformi-
ty in patients with TB spondylitis,early identifi-
cation and timely treatment is necessary [6, 7].

It is well known that elevated neutrophils and 
lymphocytes are closely related to inflammato-
ry state. Platelets have also been shown to be 
associated with inflammation [8, 9]. Recent 
studies have indicated that neutrophil to lym-
phocyte ratio (NLR) and/or platelets to lympho-
cyte ratio (PLR) could be used as biomarkersin 
many diseases [10-13]. Indicators such as CRP, 
ESR and/or platelet count have been used to 
assess the status of PTB and TB spondylitis 
inpatients [6, 14-16]. In some recent studies, 
NLR and PLR have been evaluated in diseases 
such as PTB and ankylosing spondylitis (AS) 
[13, 17]. However, hematological characteris-
tics including PLR and NLR in TB spondylitis 
patients remains unknown. The aim of this 
study was thus to assess the variety of NLR and 
PLR in patients with TB spondylitis.
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Table 1. Characteristics of patients withTB spondylitis

Characteristics Mean ± SD, median range 
or number (%) (n:74)

Gender
    Male 46 (62.16)
    Female 28 (37.74)
    Mean age (years) 40.18 ± 16.06
Age distribution , years
    <11 2 (2.7%)
    11-30 22 (29.73%)
    31-50 29 (39.19%)
    >50 21 (28.38%)
    Duration of symptoms (months) 6 (15 days - 360 months)
Location
    Lumbar 41 (55.41%)
    Thoracic 33 (44.59%)
Clinical symptoms and signs, n
    Back pain 68 (91.89%)
    Tenderness 51 (68.92%)
    Percussion pain 43 (58.11%)
    Anemia 42 (56.76%)
    Kyphosis 25 (33.78%)
    Fever 22 (29.73%)
    Weight loss 20 (27.03%)
    Previous TB infection 9 (12.16%)

Materials and methods

All patient information was extracted from the 
medical records of the First Affiliated Hospital 
of Guangxi Medical University from 2012 to 
2015. During this period, 74 patients were sur-
gically treated for TB spondylitis. The diagnosis 
of TB spondylitis is achieved through a compre-
hensive evaluation of the patients' clinical fea-
tures and radiological, intraoperative, and his-
tological examinations. Fifty-four normal con-
trols from Health Examination Centers were 
also included. Patients and healthy controls 
who met any of the following criteria were 
excluded: (1) current use of antibiotics or other 
drugs that affect white blood cell (WBC) or 
platelet count; (2) autoimmune disorders or 
other infectious diseases; (3) serious liver or 
renal disease; (4) hematologic diseases; (5) 
neoplasms; and/or (6) thyroid disease. Patients 
with active pulmonary tuberculosis in addition 
to TB spondylitis, as well as patients with 
incomplete data and laboratory test results in 
their medical records, were also excluded.

statistical software was used to analyze the 
data. P<0.05 was considered significant.

This study was approved by the local ethics 
committee, and informed consent was obtained 
from all participants.

Results

Characteristics of TB spondylitis patients

The characteristics of TB spondylitis patients 
are presented in Table 1. Seventy-four Patients 
(mean age: 40.18 ± 16.06 years) with TB spon-
dylitis were included in the study. The percent-
age of males and females were 62.2% and 
37.8%, respectively. The 31-50 age group 
(39.2%) accounted for the largest proportion of 
all TB spondylitis patients. The mean duration 
of symptoms was 6 month (range, 15 days - 
360 months). The proportion of lumbar and 
thoracic tuberculosis was 55.4% and 44.6%, 
respectively. Sixty-eight (91.9%) patients had 
back pain, 51 (68.9%) had tenderness, 43 
(58.1%) had percussion pain, 42 (56.8%) had 

Clinical and laboratory characteristics 
were extracted before treatment. De- 
mographic characteristics of TB spondyli-
tis patients such as age and gender, were 
also gathered. Blood samples were col-
lected from all TB spondylitis patients 
and healthy controls before treatment. 
The results of total WBC count, neutro-
phils, lymphocytes, platelets, CRP, and 
ESR were extracted from participants’ 
medical records.

Statistical analysis

The Kolmogorov-Smirnov normality test 
was performed for continuous variables. 
The normal distribution variables were 
expressed as mean ± standard devia-
tion. Two independent sample t-test X2 
test were utilized to compare data 
between TB spondylitis patients and con-
trols. The spearman correlation tests 
were done between two continuous vari-
ables. The performance of NLR and PLR 
was detected by ROC curves. MedCalc 
statistic software (version 11.3.8.0, 
Mariakerke, Belgium) was used to com-
pare the area under the curves (AUCs). 
SPSS17.0 (SPSS Inc, Chicago, IL, USA) 
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anemia, 25 (33.8%) had kyphosis, 22 (29.7%) 
had fever, and 20 (27.0%) had weight loss.

Laboratory results of TB spondylitis patients 
and healthy individuals

As shown in Table 2, the age and gender of TB 
spondylitis patients were matched to the age 
and gender of healthy controls. Neutrophil and 
platelet levels in patients with TB spondylitis 
were increased significantly, yet lymphocyte 
levels were decreased significantly. The NLR, 
PLR, CRP and ESR in patients with TB spondyli-
tis were all significantly higher than in the con-
trols. As shown in Figure 1, the results of 
Spearman’s analysis showed the correlation 
coefficients between NLR and CRP and ESR 
were0.412 (P<0.001) and 0.362 (P = 0.002) 
respectively; the correlation coefficients be- 
tween PLR and CRP and ESR were 0.331 (P = 
0.004) and 0.301 (P = 0.007), respectively. 
NLR and PLR were significantly correlated (r = 
0.623, P<0.001). The correlation coefficient 
between ESR and platelets was 0.267 (p = 
0.022). There is a negative correlation between 
PLR and HGB (r = -0.268, P = 0.021). However, 
no statistically significant relationship was 
found between NLR and HGB (data not shown). 
As shown in Table 3, no statistically difference 
in neutrophils, lymphocytes, platelets, NLR and 
PLR was found between anemia (haemoglobin 
level: female<120; male<130) and non-anemia 
TB spondylitis patients. No statistically differ-

identified, and an 89.2% sensitivity and 85.2% 
specificity for PLR were observed. However, 
there were no statistically significant differenc-
es between the AUCs of NLR and PLR (P>0.05).

Discussion

Tuberculous spondylitis is characterized by 
chronic progressive development. When com-
pared to PTB, the diagnosis of TB spondylitis is 
more challenging because of its delayed pre-
sentation [16]. Early diagnosis and treatment 
can control the development of the disease, 
avoid the occurrence of deformity and paraly-
sis, and reduce financial burden.

Inflammation is involved in the pathogenesis of 
tuberculosis. Abakay et al. considered inflam-
matory reaction to be the main pathophysiolo-
gy of PTB. In addition, they found that NLR and 
PLR might be new markers of inflammation in 
active PTB [17]. Muzaffar et al. described the 
hematological changes in TB spondylitis pati- 
ents. They found thatanaemia and thrombocy-
tosis accounted for the majority of cases [18]. 
Danielet al. demonstrated that patients with TB 
spondylitis had elevated ESR and thrombocyto-
sis when compared to other spinal pathologies 
[16]. In our study, increased NLR, PLR, CRP and 
ESR were statistically significant in TB spondyli-
tis patients.

ESR and CRP are makers commonly used in 
clinical diagnosis of many diseases. It is known 

Table 2. Laboratory results of TB spondylitis patients and controls
Patients Controls P-value

Gender (male/female) 46/28 33/21 0.524
Age (year) 40.18 ± 16.06 39.06 ± 7.71 0.636
WBC count (×109/L) 7.07 ± 1.82 6.81 ± 1.60 0.371
Neutrophil count (×109/L) 4.58 ± 1.57 3.68 ± 1.24 0.001
Lymphocyte count (×109/L) 1.54 ± 0.51 2.46 ± 0.63 <0.001
Platelet count (×109/L) 311.99 ± 86.97 236.66 ± 37.97 <0.001
PDW (%) 16.16 ± 0.64 16.26 ± 0.56 0.362
MPV (fL) 7.82 ± 0.89 8.36 ± 0.81 0.001
RDW (%) 14.89 ± 2.75 13.9±1.62 0.02
NLR 3.24 ± 1.38 1.58 ± 0.59 <0.001
PLR 223.15 ± 89.59 102.4 ± 31.64 <0.001
CRP (mg/L) 40.21 ± 46.42 0.81 ± 0.31 <0.001
ESR (mm/h) 39.51 ± 22.12 7.22 ± 4.92 <0.001
HGB (g/L) 120.43 ± 15.83 144.04 ± 12.30 <0.001
Note: Continuous variables are expressed by the mean ± one standard deviation; 
NLR, neutrophil/lymphocyte ratio; PLR, platelet/lymphocyte ratio; CRP, C-reactive 
protein; ESR, erythrocyte sedimentationrate; HGB, haemoglobin.

ence in neutrophils, lympho-
cytes, platelets, NLR and PLR 
was found between male and 
female patients (data not 
shown). No statistically signifi-
cant relationship was discov-
ered between NLR, PLR, CRP, 
and ESR in healthy controls 
(data not shown).

Characteristics of ROC curves 
of NLR and PLR in TB spon-
dylitis

As shown in Figure 2, the cut-
off values of NLR andPLR in TB 
spondylitis patients were 2.1 
and 131, respectively. The 
area under the curve (AUC) val-
ues of NLR and PLR were 
0.878 and 0.922, respectively. 
An 81.1% sensitivity and 
83.3% specificity for NLR were 
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that ESR and CRP are elevated in pulmonary 
tuberculosis [19]. Recently, Daniel K et al. dem-
onstrated elevated average ESR in patients 
with TBspondylitis [16]. Guo et al. found that 
changes of ESR and CRP had statistically sig-
nificance for the determination of optimal oper-
ation times, as well as for the prognosis of TB 
spondylitis patients [20]. In our study, average 
ESR and CRP values were increased beyond 

the normal range. Once again, these results 
showed that ESR and CRP might be useful to 
the auxiliary diagnosis of TB spondylitis.

Systemic inflammatory response induced by 
infection and inflammation may result in throm-
bocytosis. Some inflammatory mediators stim-
ulate the proliferation of megakaryocytics and 
thus lead to increased platelets [21]. In PTB, an 

Figure 1. Scatter plot presents the correla-
tion between NLR and CRP, NLR and ESR, 
PLR and CRP, PLR and ESR, PLR and HGB 
in patients with TB spondylitis. Note: Data 
were analyzed by the spearman approach. 
NLR, neutrophil/lymphocyte ratio; PLR, 
platelet/lymphocyte ratio; CRP, C-reactive 
protein; ESR, erythrocyte sedimentation 
rate; HGB, hemoglobin.
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acute inflammatory cascade caused by the 
release of interleukin-6 (IL-6) is associated with 
megakaryocytopoiesis, which might result in 
reactive thrombocythemia [9]. Daniel et al. ob- 
serveda significantly increasednumber ofplate-
lets, finding that the correlation coefficient was 
0.31 (P<0.01) between platelets and ESR in TB 
spondylitis patients. In addition, they found 
that platelets might be a diagnostic marker had 
a index of suspicion for the pathology of TB 
spondylitis [16]. Our study found that the plate-
let levels in TB spondylitis patients were higher 
than in the controls (P<0.001), the correlation 
coefficient between ESR and platelets was 
0.267 (P = 0.022) in TB spondylitis patients.

Absoluteneutrophil, and lymphocyte, and plate-
let counts are parameters of complete blood 
count (CBC). Neutrophils are associated with 
the destruction of tissue in the inflammatory sta- 
te. Jala et al. showed that a large number of 

NLR in autoimmune diseases. They found NLR 
was higher in rheumatoid arthritis (RA) patients 
than in controls, and NLR in patients with RA 
was positively correlated with ESR and CRP. In 
addition, they considered that NLR might be 
used as amaker in the evaluation of RA disease 
activity [28]. Iliaz et al. found that NLR in tuber-
culosis patients was significantly higher than in 
sarcoidosis patients. They considered that NLR 
could be useful in the differential diagnosis of 
sarcoidosis and tuberculosis [29]. Abakay et al. 
described the significantly increased NLR and 
PLR in patients with PTB; NLR in PTB patients 
showed a significant correlation with CRP and 
ESR. Moreover, by comparing the laboratory 
results of PTB patients from different periods, 
they determined that NLR may potentially be 
useful as a marker of inflammation and disease 
severity in PTB [17]. As far as this study’s 
authors are aware, this is the first paper 
describing NLR and PLR in patients with TB 
spondylitis. These hematologic features dem-
onstrate that NLR and PLR may be predictors of 
TB spondylitis.

Our study had some limitations. This is a retro-
spective study and the sample size is relatively 
small. Nevertheless, the clinical observation 
shows that the NLR and PLR may be predictors 
of TB spondylitis.

In conclusion, NLR and PLR were significantly 
increased in patients with TB spondylitis. NLR 
and PLR were positively correlated with tradi-
tional indices such as CRP and ESR, and the 
high sensitivity and specificity of NLR and PLR 
suggests that these values may be useful mak-
ers in the diagnosis of TB spondylitis.

Table 3. The features of parameters between anaemia and no-
anaemia patients

Anaemic pa-
tients (n = 42)

Non-anaemic 
patients (n = 32)

P-
value

Neutrophil count (×109/L) 4.56 ± 1.69 4.59 ± 1.43 0.923
Lymphocyte count (×109/L) 1.52 ± 0.58 1.57 ± 0.46 0.678
Platelet count (×109/L) 325.24 ± 87.30 294.60 ± 84.74 0.134
NLR 3.28 ± 1.35 3.18 ± 1.44 0.765
PLR 237.90 ± 95.06 203.80 ± 79.16 0.105
Note: Continuous variables are expressed by the mean ± one standard deviation; 
NLR, neutrophil/lymphocyte ratio; PLR, platelet/lymphocyte ratio; CRP, C-reactive 
protein; ESR, erythrocyte sedimentationrate.

Figure 2. Comparison of ROC analysis of NLR and 
PLR in prediction of TB spondylitis. Note: Data were 
analyzed using the MedCalc statistic software.

inflammatory mediators releas- 
ed by neutrophils might con-
tribute to tissue injury [22]. Low 
lymphocyte counts are indica-
tive of physiological stress and 
poor health in general [23]. 
Recently, the use of NLR and 
PLR as parameters of inflam-
mation has been evaluated in 
many diseases [24-26]. Horne 
et al. showed that NLR may be 
more effective than leukocyte 
levels in the prediction of 
inflammation [27]. Mercan et 
al. investigated the utility of 
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