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Objective: To explore the correlation between neutrophil-to-lymphocyte ratio (NLR) and 
platelet-to-lymphocyte ratio (PLR) with hepatic hydatid diseases.
Methods: The clinical data of 420 patients with hydatid disease who were treated in our 
hospital from October 2015 to October 2018 were collected from the database of our 
hospital. According to the postoperative pathological diagnosis, 200 patients were assigned 
into the alveolar echinococcosis (AE) group, and 220 patients were assigned into the cystic 
echinococcosis (CE) group. A total of 160 healthy examinees were enrolled as the control 
group. The main observation indexes included preoperative PLR and NLR. Pearson’s 
correlation was used to analyze the correlation between PLR and NLR with clinical indica
tors in HE patients, and the receiver operator characteristic (ROC) curve was used to evaluate 
the clinical values of PLR and NLR in diagnosing different types of hydatid diseases.
Results: The results revealed that the expressions of PLR and NLR were significantly higher 
in the AE group than in the CE and control groups (P<0.05). The results of multiple linear 
regression analysis revealed that PLR was positively correlated with aspartate aminotrans
ferase, alanine aminotransferase, total bilirubin, direct bilirubin, alkaline phosphatase and γ- 
glutamyltranspeptidase (P<0.05). NLR was correlated with albumin content (P<0.05). ROC 
curve analysis results revealed that the area under the curve (AUC) of PLR and NLR for AE 
was 0.800 and 0.700 respectively, and the AUC for CE was 0.78 and 0.75 respectively.
Conclusion: The NLR and PLR of AE patients were higher than those of CE patients, and 
the high inflammation of CE patients may be correlated to the reproductive mode of 
Echinococcus multilocularis. PLR and NLR have certain diagnostic values for disease 
classification, but PLR has higher specificity when compared with NLR.
Keywords: platelet-to-lymphocyte ratio, PLR, neutrophil-to-lymphocyte ratio, NLR, 
alveolar echinococcosis, cystic echinococcosis, inflammation

Introduction
Hepatic echinococcosis (HE), is a zoonotic parasitic disease. The parasites are 
spread between canines and domestic animals, especially sheep, and human beings 
are infected as occasional intermediate hosts. This infection is widespread around 
the world, especially the rural animal husbandry areas in the Mediterranean, Eastern 
Europe, North Africa and East Africa, South America, Central Asia, China and 
Australia, and China’s Xinjiang, Ningxia, Qinghai and Tibet and other northwest 
provinces are high incidence areas.1 According to the types of parasites infected by 
the patients, HE is mainly divided into two types: the hepatic cystic echinococcosis 
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(HCE) caused by the young Echinococcus granulosus, and 
the hepatic alveolar echinococcosis (HAE) caused by the 
young Echinococcus multilocularis. HCE mainly occurs in 
the liver, followed by the lungs. It is a chronic, clinically 
complex and easily neglected disease.2 Its clinical mani
festations range from asymptomatic disease to serious and 
even life-threatening diseases, and most patients still have 
one or more symptoms for several years or even decades 
and maybe diagnosed accidentally. HAE is more serious 
than HCE and is characterized by slow and occult onset, 
exhibits infiltrating growth, invades adjacent organs and 
migrates to distant organs.3 The prognosis of HAE is 
similar to that of a liver tumor. The mortality rate of 
untreated patients is more than 90% within 10–15 years 
after diagnosis.4

Hepatic hydatid disease is a parasitic disease where 
Echinococcus invades the human body. It leads to 
a corresponding immune response as an exogenous anti
gen. However, the survival of Echinococcus in the human 
body is related to its specific immune escape system. It has 
been reported that CD4+ helper T cells play an important 
role in chronic Echinococcosis, Th1/Th2 shift and Th17/ 
Treg cell expression imbalance occurs in peripheral blood 
after hydatid infection, which is related to the tendency of 
chronic pathogenesis of hydatid infection.5,6 Another 
study revealed that platelets played a dual role in the 
regulation of tissue inflammation: during the beginning 
of inflammation, many soluble substances produced by 
platelets induced the proliferation, differentiation and 
migration of Th1 and Th17 cells; while during the vanish
ing of inflammation, Th1 and Th17 differentiation were 
inhibited by the formation of platelet-T cell aggregates. 
And the ratio of Th2 to Treg cells increased when platelets 
were abundant.7 Inflammation is an important characteris
tic of parasite infection, neutrophils, lymphocytes, mono
cytes, platelets and other hematological inflammatory 
parameters can reflect the immune status of the body and 
are involved in the chronic inflammatory response of 
Echinococcosis, which may be related to the immune 
escape mechanism of hepatic hydatid.

The neutrophil-to-lymphocyte ratio (NLR) and plate
let-to-lymphocyte ratio (PLR), which can reflect inflam
mation and the host immune response, are considered as 
new markers of the systemic inflammatory index in 
chronic diseases. They are related to the incidence and 
mortality of many chronic diseases such as diabetes, 
hypertension and cardiovascular disease, which are also 
new prognostic indicators of various malignant tumors.8 

NLR has been introduced as a marker in various condi
tions in literature. These include type 2 diabetes mellitus,9 

thyroiditis,10 ulcerative colitis,11 hepatosteatosis,12 and 
malignancy.13 Moreover, NLR has been correlated with 
glycated hemoglobin (HbA1c) in diabetic subjects.14 

NLR and PLR have been accepted as markers of subclini
cal inflammation and are used in combination with other 
inflammatory markers to determine the degree of inflam
mation in many diseases. However, the pattern and the 
possible role of PLR and NLR in two types of 
Echinococcosis are poorly understood.

Therefore, this study was designed to explore the cor
relation between PLR and NLR with hepatic hydatid 
diseases.

Data and Methods
Subjects
This study retrospectively analyzed the clinical data of HE 
patients who were admitted to the Affiliated Hospital of 
Qinghai University from October 2015 to October 2018, 
including the general information of the patients, their 
current medical history, laboratory examination data and 
medical records. According to the postoperative patholo
gical diagnosis, these 200 patients were assigned to the 
alveolar echinococcosis (AE) group, and 220 patients were 
assigned to the cystic echinococcosis (CE) group. Some 
healthy physical examinees were enrolled as the control 
group. The Ethics Committee of our hospital approved this 
study, and all patients provided signed informed consent.

Inclusion and Exclusion Criteria
Inclusion criteria: (1) Patients with diagnosed HE; (2) the 
age of the patients was >18 years old; and (3) patients with 
complete clinical data. Exclusion criteria: (1) patients 
complicated with viral infection, bacterial infection, myco
plasma or chlamydia infection, infectious diseases such as 
high fever, autoimmune diseases, malignant tumors, cardi
ovascular and cerebrovascular diseases, and renal insuffi
ciency; (2) patients with severe obstructive jaundice; (3) 
Those who took anti-inflammatory drugs, immunosuppres
sants and anti-parasitic drugs within 3 months before diag
nosis; (4) patients with other parasitic diseases.

Main Observation Indices
The main observation indexes of this study were the PLR and 
NLR in peripheral blood in the three groups before the 
operation.
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Statistical Analysis
Data were analyzed using statistical software SPSS 20.0. 
Measurement data were expressed as mean ± standard devia
tion, and count data were expressed as a percentage (%). The 
normality of variables was tested using the W-test. The 
homogeneity of the variances was tested using the F-test. 
Multi-group comparison of the measurement data was con
ducted using univariate analysis of variance, and post-hoc test 
was conducted using the least significant difference (LSD). 
Non-normally distributed mean or normally distributed mean 
with the heterogeneity of multiple samples were evaluated 
using a non-parametric test. Count data were evaluated using 
the Chi-square test. Pearson’s correlation was used to analyze 
the correlation between PLR and NLR with clinical indicators 
in HE patients, and the receiver operator characteristic (ROC) 
curve was used to evaluate the clinical values of PLR and 
NLR in diagnosing different types of hydatid diseases. 
P<0.05 was considered statistically significant.

Results
Comparison of Basic Clinical Data Among 
the Three Groups
In Table 1, the data of 420 HE patients (including 200 AE 
patients and 220 CE patients) and 160 healthy participants 

were retrospectively analyzed. There was no significant 
difference in age and gender among the three groups. In 
the AE group, the total number of white blood cells was 7.15 
±2.60 × 109, the neutrophil count was 4.40 ± 2.19 × 109, and 
the platelet count was 218.66±61.09 × 109, which was sig
nificantly higher compared with those in the control group 
(P<0.05). In the CE group, the total number of white blood 
cells was 6.52±2.34 × 109, the neutrophil count was 3.87 
±2.01 × 109, and the platelet count was 235.18±87.21× 109, 
which was significantly higher compared with those in the 
control group (P<0.05). In the AE group, the total number of 
red blood cells (RBC) was 4.51±0.82 × 1012, hemoglobin 
was 126.51±26.58 g/L, which was significantly higher com
pared with those in the control group (P<0.05). In the CE 
group, the total number of RBC was 4.90±0.70 × 1012, 
hemoglobin was 142.73±25.13 g/L, which was significantly 
higher compared with those in the control group (P<0.05). In 
the AE group, the total number of lymphocytes was 1.73 
±0.68 × 109, and in the CE group the total number of 
lymphocytes was 1.88±0.71× 109, compared with the con
trol group, the difference was not statistically significant 
(P=0.133).

Compared with the control group, the expression levels 
of aspartate aminotransferase (AST, 38.68±35.58vs 23.24 
±6.77), alanine aminotransferase (ALT, 38.15±39.10vs 

Table 1 Comparison of Baseline Data the Three Groups (�x� s)

Index Alveolar Echinococcosis (n=200) Cystic Echinococcosis (n=220) Healthy Control Group (n=160) P

Gender (M/F) 67/133 90/130 65/95 0.473

Age (years) 37.08±13.85 38.72±16.69 39.27±15.77 0.504
ALT (U/L) 41.38±42.74 35.34±35.30 22.49±11.18 0.0001

AST (U/L) 44.82±42.32 33.12±27.03 23.24±6.77 0.0001

TBIL (U/L) 41.22±77.79 16.81±27.66 15.27±6.36 0.0001
DBIL (U/L) 27.46±57.69 7.98±21.56 2.96±1.83 0.0001

IBIL (U/L) 14.97±29.88 9.03±8.04 12.36±5.55 0.001

TP (U/L) 72.22±10.29 68.83±7.57 77.96±47.80 0.0001
ALB (U/L) 35.47±5.36 38.96±5.01 45.94±3.93 0.0001

ALP (U/L) 287.72±316.16 134.92±108.02 94.89±56.56 0.0001

GGT (U/L) 150.73±184.73 67.48±79.50 20.04±15.07 0.0001
WBC (109/L) 7.15±2.60 6.52±2.34 6.14±1.52 0.0001

NEU (109/L) 4.40±2.19 3.87±2.01 3.55±1.11 0.0001

LYM (109/L) 1.73±0.68 1.88±0.71 2.15±0.65 0.030
RBC (109/L) 4.51±0.82 4.90±0.70 5.14±0.50 0.0001

HGB (g/L) 126.51±26.58 142.73±25.13 157.43±16.83 0.0001

PLT (109/L) 218.66±61.09 235.18±87.21 255.16±94.85 0.0001
PLR 163.96±72.3 135.04±65.31 106.15±34.78 0.0001

NLR 2.94±2.17 2.56±2.59 1.78±0.76 0.0001

Abbreviations: ALT, alanine transaminase; AST, glutamic oxalacetic transaminase; TBIL, total bilirubin; DBIL, direct bilirubin; IBIL, indirect bilirubin; TP, total protein; ALB, 
albumin; ALP, alkaline phosphatase; GGT, glutamyl transpeptidase; RBC, red blood cell count; HGB, red blood cell count; WBC, white blood cell count; NEU, central 
granulocyte count; LYM, lymphocyte count; PLT, blood platelet count.
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22.49±11.18), total bilirubin (TIBL, 28.40± 58.46 vs 15.27 
± 6.36), direct bilirubin (DBIL, 17.23 ± 43.79 vs 2.96 ± 
1.83), alkaline phosphatase (207.47 ± 242.95 vs 94.89 ± 
56.56), and γ-glutamyltranspeptidase (GGT, 107.01 ± 
145.30 vs 20.04 ± 15.07) were significantly higher in the 
HE group (that is the Echinococcosis group, including the 
CE and AE groups), and all the differences were statisti
cally significant (P<0.05). Compared with the control 
group, the expression levels of indirect bilirubin (IBIL, 
11.84 ± 21.58 vs 12.36 ± 5.55) and albumin (ALB, 37.30 
± 5.46 vs 45.94 ± 3.93) were significantly lower in the HE 
group, and all the differences were statistically significant 
(P<0.000). However, the difference in the expression level 
of total protein between the control group and the HE 
group was not statistically significant (Table 1).

Comparison of PLR and NLR Among 
Three Groups
The average values of PLR and NLR were 106.15 
±34.78 and 1.78 ± 0.76, respectively, in the control 
group, 163.96±72.30 and 2.94 ± 2.17, respectively in the 
AE group, and 135.04±65.31 and 2.56 ± 2.59, respectively, 
in the CE group, the differences among the three groups 
were statistically significant (P<0.05). PLR and NLR were 
significantly higher in the AE group compared to those in 
the other two groups (P<0.05, Figure 1).

Correlation Analysis of NLR and PLR 
with Clinical Indicators
PLR and NLR were positively correlated with ALT, AST, 
IBIL and GGT and negatively correlated with ALB in 
peripheral blood, while NLR was positively correlated 
with age.

ROC Analysis
ROC curve analysis results revealed that the area under the 
curve (AUC) of PLR and NLR for AE was 0.800 and 
0.700 respectively, and the AUC for CE was 0.78 and 
0.75, respectively.

Discussion
This study was designed to explore the correlation between 
PLR and NLR with hepatic hydatid diseases. The results of 
this study revealed that the expression levels of PLR and 
NLR were significantly higher in the AE group than in the 
CE and the control group. The results of multiple linear 
regression analysis also revealed that: PLR was positively 
correlated with AST, ALT, TIBL, DBIL, alkaline phospha
tase and GGT, and NLR was correlated with ALB level. 
ROC curve analysis results revealed that the AUC of PLR 
and NLR for AE was 0.800 and 0.700, respectively, and the 
AUC for CE was 0.78 and 0.75, respectively.

As systemic inflammatory indexes related to the immune 
system, PLR and NLR can be directly obtained from the 
whole blood cell count, which is convenient and cheap.9,10 

Many studies confirmed that one or two of PLR and NLR 
were closely related to the progress and prognosis of cardi
ovascular diseases and virus-related liver cancer.11,12 

However, the related expression in HE has not been reported.
In this study, many patients who were pathologically 

diagnosed with hepatic CE and AE were retrospectively 
analyzed. The result revealed that the expressions of PLR 
and NLR were significantly higher in patients with hydatid 
disease. However, in the AE group, the lymphocyte count 
was significantly lower than in the other two groups, but 
the expression levels of platelet, neutrophil and PLR were 
significantly higher than those in the other two groups. 
Compared with the control group, the platelet and 

Figure 1 Comparison of PLR (A) and NLR (B) among three groups. The data are presented as mean±SEM. *P<0.05; **** P<0.0001 versus health control group.
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neutrophil counts were slightly higher, and the lymphocyte 
count was slightly lower in the CE group. The differences 
between the two groups were not statistically significant, 
but the difference in the increase in PLR and NLR 
between the two groups was statistically significant. The 
increase in PLR and NLR were caused by the increase in 
the platelet count, neutrophil count and the decrease in the 
lymphocyte count in peripheral blood just like in other 
systemic inflammatory reactive diseases.13–15 The result 
suggests that it is more useful to distinguish between AE 
and CE by monitoring the NLR value than by monitoring 
the total white blood cell count. This suggests that, 
although both parasites belong to the same genus and 
can damage the liver tissue of the host, the degrees of 
inflammation caused by them are different. This may be 
related to their completely different morphology and bio
logical behavior. Echinococcus granulosus easily forms 
a fluid-filled hydatid cyst in the liver. The inner and 
outer surfaces of the capsule wall are called the germinal 
layer and cuticle, respectively. As time goes on, the eggs 
mature gradually, causing local inflammation. Finally, it is 
surrounded by fibrous tissues to form fluid-filled cystic 
lesions. The cyst structures of AE are similar to those of 
CE, but the cysts are smaller, and can spread locally and 
distally to form tumor-like infiltrative lesions.16 The rea
sons for the significant increase in NLR may be that: 1. In 
patients with hydatid infection, neutrophils promote 
inflammatory response and tissue damage by activating 
wide inflammatory mediators and inflammatory factors, 
that is, proinflammatory cytokines (interleukin-6 [IL-6], 
interleukin-8 [IL-8], α-tumor necrosis factor [α-TNF]),17 

proteolytic enzymes (elastase, myeloperoxidase and col
lagenase) and reactive oxygen species (ROS). Neutrophils 
can also secrete vascular endothelial growth factor 
(VEGF), leading to angiogenesis and promoting the migra
tion and invasion of Echinococcus multilocularis. 2. In 
turn, lymphocytes are a major component of the adaptive 
immune system, the decrease in peripheral lymphocyte 
count may be caused by apoptosis, necrosis and the redis
tribution of cells reflects the dysfunction of the immune 
system. Its reduction can be used as an independent mar
ker of the progression of complications of inflammation, 
necrosis and sepsis. Accumulating data reveal that lym
phopenia in patients with liver cancer and chronic liver 
diseases suggests poor prognosis.18 Immune-mediated 
liver injury is actually an important aspect of the patho
genesis of AE. Host infection with Echinococcus multi
locularis has been proven to be a T lymphocyte-dependent 

process,12 after infection with Echinococcus multilocu
laris, the liver granuloma are formed, and a large number 
of lymphocytes are recruited around it, which results in 
a decrease in lymphocytes in peripheral blood. In most 
cases, peripheral CD4+ T lymphocytes are immature lym
phocytes, many activated and differentiated CD4+ 
T lymphocytes gather in the inflammatory sites of the 
liver.19 The development of Echinococcus multilocularis 
is slow in the beginning stage, followed by a rapid 
increase in the size of the lesions in the middle/late 
stage, which is related to the overall reduction of lympho
cyte function. Therefore, T lymphocyte failure is the 
mechanism by which pathogens survive without killing 
their hosts. A related study revealed that,20 the increase 
in NLR was related to the increase in a variety of inter
leukins, such as IL-6, interleukin-7 (IL-7), IL-8, interleu
kin-12 (IL-12), interleukin-17 (IL-17) and α-TNF, which is 
an independent predictor of poor prognosis in patients with 
decompensated cirrhosis and hepatic cell carcinoma 
(HCC). They considered that the ability of NLR to predict 
tumor recurrence may be achieved through inflammatory 
tumor microenvironment.

PLR is similar to NLR. A study revealed that preo
perative high PLR could predict the poor prognosis of 
HCC patients.21 A previous study of the investigators 
confirmed that platelets not only played an important role 
in hemostasis and thrombosis but also helped regulate 
inflammation and immune response. More important is 
that platelets play a dual regulatory role in tissue inflam
mation. At first, platelets promote the occurrence of 
inflammation; they produce soluble substances to stimulate 
proliferation, differentiation and migration of Th1 and 
Th17 cells. In the process of eliminating inflammation, 
platelets inhibit the proliferation and differentiation of 
Th1 and Th17 cells by forming platelet-T lymphocyte 
aggregates. Platelet releasing factors, such as platelet- 
derived growth factors, have been proven to enhance 
tumor progression and metastasis. AE is also called “insect 
cancer”. Its metastasis is the same as a tumor. As a very 
important cytokine closely related to interleukin-23 (IL- 
23), cytokines and other factors, IL-17 mediated pro- 
inflammatory immune response have been proven to pro
mote the invasive growth in the tissues of parasites and 
their persistence in humans.

In addition, the levels of neutrophils, lymphocytes and 
platelets may be affected by some cytokines, such as IL-6 
and IL-17. Besides determining the expression levels of 
inflammatory factors PLR and NLR, the correlation 
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between the two and the clinicopathological parameters 
were also determined. PLR and NLR were positively 
correlated with ALT, AST, TIBL, DBIL, GGT and ALP 
respectively, their expressions were significantly higher in 
the AE group than in the other two groups, and were 
negatively correlated with ALB, and the ALB expression 
was significantly lower in the AE group than in the other 
two groups. The liver is the only place where ALB is 
produced. Serum ALB can reflect the synthesis function 
and total nutritional status of the liver. Acute and chronic 
inflammation can induce the decrease in ALB expression. 
The greater the inflammatory response, the lower the 
serum level of ALB is. With the deterioration of the liver 
function, ALB synthesis decreases. ALB is not only an 
indicator of acute and chronic inflammation but also an 
indicator of nutritional status. In the current study, the 
level of ALB was significantly lower in the AE and CE 
groups than in the control group and was lower in the AE 
group. The result suggests that there is severe malnutrition 
in AE patients. The result of this study revealed that ALT, 
AST, TIBL, DBIL, GGT and ALP levels lack the neces
sary sensitivity to predict the inflammatory response 
caused by Echinococcosis. The increase in these liver 
function indicators may only occur when the liver mem
brane permeability is deformed. This indicates severe his
tological damage rather than cirrhosis. Single point 
quantitative PLR measurement performed better in identi
fying AE patients (sensitivity: 81.8%; specificity: 88.2%).

This study still has the following limitations. Firstly, this 
study is a retrospective study, and not a randomized controlled 
trial. It is not blinded, therefore, there remains a certain risk of 
bias. Secondly, this study is a single-center clinical trial and the 
included sample size is small. Multi-center clinical trials with 
a larger sample size are still needed. Finally, this study did not 
evaluate the correlation between cytokines, inflammatory 
mediators with PLR and NLR; further confirmatory studies 
are needed to clarify the correlation.

Conclusion
This study first proves, based on clinical data, that PLR and 
NLR are increased significantly in patients with hydatid dis
eases, and they were significantly higher in AE patients than in 
CE patients. The type of hydatid can be determined by their 
values. PLR and NLR are independently correlated with the 
presence and severity of hydatid disease in our study popula
tion. The correlation of PLR is better than that of NLR. PLR 
can be calculated simply based on hemogram data, which is 
a simple, practical and cheap indicator. Therefore, PLR can be 

used as a useful marker to distinguish between AE and CE 
types and an increase in the inflammatory response and can 
also be used in the daily clinical practice of disease follow-up.
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