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Objective: Haemorrhagic fever with renal syndrome (HFRS) is a serious zoonotic disease which seriously endangers physical health and 
mainly occurs in China. To date, there is still a lack of early and novel biomarkers to detect the severity of disease and prognosis of HFRS. 
This study was aimed to examine the value of the serum Adenosine deaminase (ADA) concentrations in the patients with HFRS.
Methods: The clinical and laboratory data of 124 adult patients with HFRS and 131 patients with similar clinical symptoms to HFRS 
were analyzed. A receiver operating characteristic (ROC) curve was used to analyze the diagnostic value of ADA in HFRS.
Results: The ADA levels in the serum of HFRS patients were significantly higher than those in control patients (P < 0.001), and ADA 
has a strong positive correlation with HFRS (r = 0.785, P < 0.001). The optimal cut-off value of ADA for diagnosis of HFRS was 18 
U/L and the area under the curve (AUC) was 0.953 (95% CI: 0.925, 0.981). The sensitivity was 84.8%, the specificity was 93.1%, the 
positive predictive value was 92.2%, the negative predictive value was 86.5% and the Youden index was 77.9%. Serum ADA levels in 
patients with HFRS tended to decrease at discharge compared with those at admission.
Conclusion: ADA could be a potential molecular marker for diagnosis and prognosis of HFRS patients.
Keywords: haemorrhagic fever with renal syndrome, HFRS, adenosine deaminase, ADA, diagnosis, prognosis

Introduction
Haemorrhagic fever with renal syndrome (HFRS) is a rodent-borne disease that is caused by orthohantavirus infection. 
China is one of the most severely affected HFRS areas in the world.1 From 1950–2014, a total of 1,625,002 cases and 
46,968 deaths with a death rate of 2.89% were reported.2 The HFRS-causing orthohantavirus has many variants, 
including Hantaan, Dobrava, Saaremaa, Seoul, Amur, Puumala and the Far East variant. The epidemiological character
istics of HFRS are related to different populations, regional differences, seasonal changes as well as host animal habitats 
and human production activities.3 The Hantaan and Seoul viruses were the main HFRS-causing orthohantaviruses, with 
the main natural hosts being Apodemus agrarius and Rattus norvegicus in China.4 The Dobrava infection is the deadliest 
orthohantavirus disease in Europe and its pathogenic dove host is Apodemus flavicollis.5 HFRS is characterized by 
thrombocytopenia, increased vascular permeability, coagulopathy and bleeding. Severe complications may involve the 
urinary, neurological, cardiopulmonary and cardiovascular system.6–9 Pancreatitis has also been reported to be a serious 
complication in patients with HFRS and has a poor prognosis.10 Therefore, early diagnosis, standardized treatment and 
prognostic monitoring of HFRS are very important.

The most commonly used method to diagnose HFRS is to detect orthohantavirus IgM/IgG antibodies using enzyme- 
linked immunosorbent assay (ELISA). Real-time RT-PCR is a sensitive tool for the early detection of orthohantavirus 
RNA prior to the appearance of IgM antibodies.9 Many new biomarkers such as high molecular weight Adiponectin 
(HMW APN), soluble CD138, platelet distribution width (PDW) and high mobility group box protein-1 (HMGB-1) have 
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been reported to be associated with the severity of orthohantavirus infection.11–14 However, there is still a lack of 
effective markers for early diagnosis and monitoring of disease progression for HFRS.

Adenosine deaminase (ADA, EC 3.5.4.4) is a housekeeping enzyme for purine metabolism and there are two 
isoforms of ADA in the human genome, ADA1 and ADA2.15 ADA1 binds to CD16- monocytes, while ADA2 binds 
to neutrophils, monocytes, NK cells, B cells CD4+ T-cell and CD16+ monocytes.16 ADA is ubiquitously expressed in 
human tissues and the largest amounts are found in lymphoid tissues.17 ADA can inhibit adenosine accumulation and 
counteracts the negative effects of adenosine in immune cells, boosting the immune response.18 Alteration of ADA 
activity has been reported in literature due to tuberculous meningitis,19 human immunodeficiency virus (HIV),20 type 2 
diabetes mellitus,21 hepatitis22 and cancers23 in the serum. These suggest that ADA can be a molecular marker in 
diagnosis of disease and the change in ADA can be an index to monitor disease progression and the efficacy of therapy.

Studies have shown that immune regulation plays a leading role in the pathogenesis of HFRS, including T cell 
response and B cell response.2 The ADA is an important immune regulatory molecule and plays an important role in the 
maturation and maintenance of the immune system.24,25 Therefore, we speculate that ADA can be a marker for HFRS. In 
this study, we analyzed the changes in serum ADA level for patients with HFRS and the correlation between ADA and 
HFRS. We explored the diagnostic value and prognostic effect of ADA for HFRS and found that ADA could be used as 
a molecular marker of HFRS.

Patients and Methods
Patients
This retrospective study cohort analysis enrolled 124 patients suffering from HFRS who were admitted to the Taizhou 
Hospital of Zhejiang Province from January 2012 to August 2018. Among them, 122 patients were cured and discharged 
from hospital while 2 patients died. The specific IgM antibody of the orthohantavirus was detected using ELISA to diagnose 
HFRS. 131 patients with diagnoses of fever, ascites, nephritis, nephrotic syndrome, septic shock, hypotension, hypertension, 
bronchitis, back pain, abdominal pain, petechiae, sepsis, renal failure, nausea and vomiting were enrolled as a control group. 
All of these diseases had symptoms that were similar to that shown in HFRS patients and each patient had only 1 or 2 of these 
symptoms. Patients who had other kidney diseases, cancer, tuberculosis, diabetes, cardiovascular disease, hematological 
disease, HIV, autoimmune disease, viral hepatitis, tissue damage or necrosis and other liver diseases were excluded. The 
study was approved by the Ethical Committee of Taizhou Hospital of Zhejiang Province (#K20220531).

Data Management
Personal features and clinical data were collected from the medical record of patients, including age, sex and laboratory results. 
Blood results were collected from 124 patients with HFRS and 131 control patients on the day of hospital admission (without any 
treatment). The blood results of the 124 HFRS patients before either being discharged, cured or dying were also collected. 
Laboratory parameters including white blood cells (WBC), platelet count (PLT), red blood cells (RBC) and hemoglobin (HB) 
were routinely tested using autoanalyzer (Sysmex XT-4000i; Sysmex, Japan). The concentration of ADA, alanine aminotrans
ferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase (ALP), γ-glutamyl transpeptadase (GGT), total bilirubin 
(TB), direct bilirubin (DB), indirect bilirubin (IB), total protein (TP), albumin (ALB), total biliary acid (TBA), cholinesterase 
(CHE), prealbumin (PA), blood urea nitrogen (BUN), serum creatinine (Scr), uric acid (UA), glucose (GLU), triglycerides (TG), 
total cholesterol (TC), high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), apolipopro
tein A1 (APOA1), apolipoprotein B (APOB), lipoprotein a (LPa), creatine kinase (CK) and lactate dehydrogenase (LDH) in 
serum were detected using autoanalyzer (Hitachi 7600; Hitachi, Tokyo, Japan).

Statistical Analysis
For comparison of parameters between 124 patients with HFRS and 131 control patients at admission, the Independent- 
Sample t-test was used when the data was normally distributed, and the data was expressed as mean standard deviation. 
A Mann–Whitney U-test was used when the data was not normally distributed, and the data was expressed as p50% 
(p25%, p75%). The Spearman rank correlation coefficient was used to analyze the correlation. Diagnosis was performed 
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using receiver operating characteristic (ROC) curves. The Paired-Sample t-test was used to analyze the comparison of 
each parameter for 122 patients with HFRS on admission and discharge.

Results
Comparison of Parameters Between HFRS and Control Patients
A total of 124 adult HFRS patients and 131 control patients were included in this study (Table 1). The 124 patients had 
a mean age of 49±14 years. Among them, 89 patients were male accounting for 71.8% while 35 patients were female 
accounting for 28.2%. Two HFRS patients died, with a mortality rate of 1.6%. The 131 control patients had a mean age 
of 51±14 years. Among them, 89 patients were male accounting for 67.9% while 42 patients were female accounting for 
32.1%. There was no significant difference in the sex or age distribution between patients with HFRS and control patients 
(all P > 0.05). The levels of ALT, AST, GGT, TBA, ADA, Scr, BUN, UA, TG, LDH, WBC, RBC and HB in patients 

Table 1 Biochemical Characteristics of Study Subjects

Parameters HFRS (Information on Admission) Control Group P value

N 124 131

Males N (%) 89 (71.8%) 89 (67.9%) 0.585

Age (Year) 49±14 51±14 0.096
ALT (U/L) 54 (31, 105) 20 (14, 36) <0.001

AST (U/L) 82 (51, 105) 24 (34, 18) <0.001

ALP (U/L) 74 (61, 95) 88 (68, 107) <0.001
GGT (U/L) 41 (23, 75) 30 (16, 52) 0.004

TB (μmol/L) 9.7 (7.3, 13.0) 11.4 (8.1, 16.2) 0.024

DB (μmol/L) 4.0 (2.9, 6.1) 3.9 (2.9, 5.6) 0.650
IB (μmol/L) 5.5 (4.0, 7.0) 7.1 (4.9, 10.0) <0.001

TP (g/L) 56 ± 6 67 ± 9 <0.001

ALB (g/L) 31 ± 4 40 ± 6 <0.001
TBA (μmol/L) 4.5 (2.9, 8.6) 3.5 (2.0, 6.3) <0.001

CHE (KU/L) 5.6 ± 1.6 7.7 ± 2.5 <0.001

ADA (U/L) 25 (20, 30) 9 (7, 11) <0.001
PA (mg/dL) 12.2 (9.4, 15.4) 24.0 (16.6, 29.2) <0.001

Scr (μmol/L) 143 (94, 306) 75 (60, 90) <0.001

BUN (mmol/L) 10.8 (5.4, 18.0) 5.1 (4.1, 6.5) <0.001
UA (μmol/L) 389 (291, 566) 302 (223, 372) <0.001

GLU (mmol/L) 5.8 (5.1, 6.7) 5.5 (4.8, 6.4) 0.073

TG (mmol/L) 2.51 (1.86, 3.32) 1.34 (0.91, 2.00) <0.001
TC (mmol/L) 2.92 (2.59, 3.61) 4.25 (3.50, 5.09) <0.001

HDL-C (mmol/L) 0.80 (0.67, 1.00) 1.20 (0.94, 1.46) <0.001

LDL-C (mmol/L) 1.38 (1.13, 1.64) 2.13 (1.66, 2.76) <0.001
APOA1 (g/L) 0.83 (0.74, 1.00) 1.36 (1.11, 1.66) <0.001

APOB (g/L) 0.76 ± 0.22 0.93 ± 0.30 <0.001

LPa (mg/L) 114 (71, 169) 115 (62, 192) 0.982
CK (U/L) 86 (48, 174) 82 (53, 111) 0.494

LDH (U/L) 423 (332, 541) 178 (153, 211) <0.001

WBC (109/L) 10.9 (7.6, 15.4) 6.9 (5.5, 9.7) <0.001
RBC (1012/L) 4.8 (4.4, 5.3) 4.5 (4.0, 5.0) <0.001

HB (g/L) 144 (132, 157) 135 (117, 148) <0.001

PLT (109/L) 56 (31, 89) 229 (178, 284) <0.001

Abbreviations: ALT, Alanine aminotransferase; AST, Aspartate aminotransferase; ALP, Alkaline phosphatase; GGT, γ-glutamyl transpeptadase; 
TB, Total bilirubin; DB, Direct bilirubin; IB, Indirect bilirubin; TP, Total protein; ALB, Albumin; TBA, Total biliary acid; CHE, Cholinesterase; ADA, 
Adenosine deaminase; PA, Prealbumin; Scr, Serum creatinine; BUN, Blood urea nitrogen; UA, Uric acid; GLU, Glucose; TG, Triglyceride; TC, 
Total cholesterol; HDL-C, High density lipoprotein cholesterol; LDL-C, Low density lipoprotein cholesterol; APOA1, Apolipoprotein A1; 
APOB, Apolipoprotein B; LPa, Lipoprotein a; CK, Creatine kinase; LDH, Lactate dehydrogenase; WBC, White blood cell count; RBC, Red blood 
cell count; HB, Hemoglobin; PLT, Platelet.
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with HFRS were significantly higher than those in control patients (all P < 0.05). The levels of ALP, TB, IB, TP, ALB, 
CHE, PA, TC, HDL-C, LDL-C, APOA1, APOB and PLT in patients with HFRS were significantly lower than those in 
control patients (all P < 0.05). There was no significant difference in DB, GLU, LPa and CK between the two groups (all 
P > 0.05).

Correlation of Parameters with HFRS
Among the parameters tested, many parameters exhibited significant correlation with HFRS (Table 2). ADA has a strong 
positive correlation with HFRS (r = 0.785, P < 0.001). In addition, there was significant positive correlation between 
HFRS and ALT (r = 0.506, P < 0.001), AST (r = 0.685, P < 0.001), Scr (r = 0.608, P < 0.001), TG (r = 0.504, P < 0.001) 
and LDH (r = 0.743, P < 0.001). There was significant negative correlation between HFRS and TP (r = −0.602, 

Table 2 Correlation of Laboratory Parameters with HFRS

Parameters r value P value

Age (Year) −0.104 0.096
ALT (U/L) 0.506 <0.001

AST (U/L) 0.685 <0.001

ALP (U/L) −0.204 0.001
GGT (U/L) 0.180 0.004

TB (μmol/L) −0.141 0.024

DB (μmol/L) 0.028 0.650
IB (μmol/L) −0.257 <0.001

TP (g/L) −0.602 <0.001

ALB (g/L) −0.644 <0.001
TBA (μmol/L) 0.162 0.010

CHE (KU/L) −0.447 <0.001

ADA (U/L) 0.785 <0.001
PA (mg/dL) −0.576 <0.001

Scr (μmol/L) 0.608 <0.001

BUN (mmol/L) 0.477 <0.001
UA (μmol/L) 0.339 <0.001

GLU (mmol/L) 0.120 0.073

TG (mmol/L) 0.504 <0.001
TC (mmol/L) −0.533 <0.001

HDL-C (mmol/L) −0.535 <0.001

LDL-C (mmol/L) −0.549 <0.001
APOA1 (g/L) −0.626 <0.001

APOB (g/L) −0.291 <0.001

LPa (mg/L) 0.001 0.983
CK (U/L) 0.043 0.495

LDH (U/L) 0.743 <0.001

WBC (109/L) 0.390 <0.001
RBC (1012/L) 0.267 <0.001

HB (g/L) 0.249 <0.001

PLT (109/L) −0.730 <0.001

Abbreviations: ALT, Alanine aminotransferase; AST, Aspartate aminotransferase; 
ALP, Alkaline phosphatase; GGT, γ-glutamyl transpeptadase; TB, Total bilirubin; DB, 
Direct bilirubin; IB, Indirect bilirubin; TP, Total protein; ALB, Albumin; TBA, Total 
biliary acid; CHE, Cholinesterase; ADA, Adenosine deaminase; PA, Prealbumin; Scr, 
Serum creatinine; BUN, Blood urea nitrogen; UA, Uric acid; GLU, Glucose; TG, 
Triglyceride; TC, Total cholesterol; HDL-C, High density lipoprotein cholesterol; 
LDL-C, Low density lipoprotein cholesterol; APOA1, Apolipoprotein A1; APOB, 
Apolipoprotein B; LPa, Lipoprotein a; CK, Creatine kinase; LDH, Lactate dehydro
genase; WBC, White blood cell count; RBC, Red blood cell count; HB, Hemoglobin; 
PLT, Platelet.
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P < 0.001), ALB (r = −0.644, P < 0.001), PA (r = −0.576, P < 0.001), TC (r = −0.533, P < 0.001), HDL-C (r = −0.535, 
P < 0.001), LDL-C (r = −0.549, P < 0.001), APOA1 (r = −0.626, P < 0.001) and PLT (r = −0.730, P < 0.001).

Diagnostic Value of ADA for HFRS
As described above, ADA is the parameter with the strongest correlation to HFRS. Therefore, we analyzed the diagnostic 
value of ADA for HFRS. A ROC curve and the area under the curve (AUC) was calculated to evaluate the diagnostic 
value of ADA in HFRS patients (Table 3 and Figure 1). The results indicated that the optimal cut-off value of ADA for 
diagnosis of HFRS was 18 U/L, with an AUC of 0.953 (95% CI: 0.925, 0.981). The sensitivity was 84.8%, the specificity 
was 93.1%, the positive predictive value was 92.2%, the negative predictive value was 86.5% and the Youden index was 
77.9% (Table 3 and Figure 1). In addition to ADA, other parameters are also correlated with HFRS, the diagnostic value 
is shown in Supplementary Table 1, and the ROC curve is shown in Supplementary Figure 1. The diagnostic value of 
LDH and PLT for HFRS was also analyzed and the AUC was 0.928 (95% CI: 0.893, 0.964) and 0.921 (95% CI: 0.886, 
0.956) respectively (Supplementary Table 1 and Supplementary Figure 1).

Changes in Parameters for HFRS Patients at Admission and Discharge
Of the 124 HFRS patients, 122 patients were cured and discharged while two died. The changes for various parameters in 
122 patients when they were admitted and discharged were listed in Table 4. The overall trend for ADA was a decrease in 
value for HRFS patients who were cured (Table 4 and Figure 2). The mean of the ADA difference between admission 
and discharge was 9.9±6.9 U/L (P < 0.001). Compared to levels at admission, the ALT, AST, Scr, BUN, UA, GLU, CK, 
LDH, WBC, RBC and HB showed a declining trend at the time of discharge, the ALP, TP, ALB, CHE, PA, TC, HDL-C, 

Table 3 The Diagnostic Value of ADA for HFRS

Cut-Off Value Sensitivity (%) Specificity (%) PPV (%) NPV (%) Youden Index (%) AUC 95% CI for AUC

18 (U/L) 84.8 93.1 92.2 86.5 77.9 0.953 0.925, 0.981

Abbreviations: PPV, Positive predictive value; NPV, Negative predictive value; AUC, Area under the curve; CI, confidence interval.

Figure 1 ROC curve of ADA in diagnosing HFRS.

Infection and Drug Resistance 2022:15                                                                                             https://doi.org/10.2147/IDR.S379228                                                                                                                                                                                                                       

DovePress                                                                                                                       
5201

Dovepress                                                                                                                                                          Zhu and Hu

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com/get_supplementary_file.php?f=379228.doc
https://www.dovepress.com/get_supplementary_file.php?f=379228.doc
https://www.dovepress.com/get_supplementary_file.php?f=379228.doc
https://www.dovepress.com/get_supplementary_file.php?f=379228.doc
https://www.dovepress.com
https://www.dovepress.com


LDL-C, LPa, APOA1, APOB and PLT showed an upward trend. At the time of admission, the ADA levels of the two 
patients who died were 52 U/L and 28 U/L, before death, their ADA levels were 58 U/L and 26 U/L respectively.

Discussion
HFRS is a relatively severe disease which has a higher mortality rate in China. Therefore, diagnosis and prognosis of 
HFRS is important for curing HFRS patients. In this study, we analyzed the laboratory test indicators of HFRS patients at 
admission and found that the levels of ALT, AST, GGT, TBA, ADA, Scr, BUN, UA, TG, LDH, WBC, RBC and HB 
increased compared with the control group. The levels of ALP, TB, IB, TP, ALB, CHE, PA, TC, HDL-C, LDL-C, 
APOA1, APOB and PLT decreased. Changes in these indicators reflected liver and kidney injury in patients. It is also 
suggested that HFRS may cause dyslipidemia and changes in the blood system. These findings are consistent with 
previous reports. HFRS is characterized by kidney damage, usually associated with a loss of kidney function.26 Other 
studies have shown that the liver is involved in the pathogenesis of HFRS, WBC and AST have important clinical 

Table 4 Comparison of Each Parameter of 122 Patients with HFRS on Admission and Discharge

Parameters Mean Difference (Admission - Discharge) Std. Error P value

ALT (U/L) 18.9 77 0.008
AST (U/L) 82 151 <0.001

ALP (U/L) −13.5 43 0.001

GGT (U/L) −2.7 63.2 0.635
TB (μmol/L) 0.07 7.7 0.917

DB (μmol/L) 0.5 5.3 0.294

IB (μmol/L) −0.595 3.6 0.069
TP (g/L) −11.1 7.5 <0.001

ALB (g/L) −5.87 4.99 <0.001
TBA (μmol/L) 2.07 9.3 0.016

CHE (KU/L) −1.3 1.5 <0.001

ADA (U/L) 9.9 6.9 <0.001
PA (mg/dL) −18.7 12.4 <0.001

Scr (μmol/L) 116.7 159.3 <0.001

BUN (mmol/L) 7.69 8.9 <0.001
UA (μmol/L) 136.65 159.3 <0.001

GLU (mmol/L) 0.74 1.8 <0.001

TG (mmol/L) −0.004 1.6 0.978
TC (mmol/L) −1.01 1.2 <0.001

HDL-C (mmol/L) −0.219 0.68 <0.001

LDL-C (mmol/L) −0.69 0.67 <0.001
APOA1 (g/L) −0.286 0.279 <0.001

APOB (g/L) −0.17 0.25 <0.001

LPa (mg/L) −68.2 144 <0.001
CK (U/L) 93 145 <0.001

LDH (U/L) 196.7 322.9 <0.001

WBC (109/L) 5.05 6.36 <0.001
RBC (1012/L) 0.659 0.676 <0.001

HB (g/L) 20.3 20.9 <0.001

PLT (109/L) −181.4 101.7 <0.001

Abbreviations: ALT, Alanine aminotransferase; AST, Aspartate aminotransferase; ALP, Alkaline phosphatase; GGT, γ-glutamyl 
transpeptadase; TB, Total bilirubin; DB, Direct bilirubin; IB, Indirect bilirubin; TP, Total protein; ALB, Albumin; TBA, Total biliary 
acid; CHE, Cholinesterase; ADA, Adenosine deaminase; PA, Prealbumin; Scr, Serum creatinine; BUN, Blood urea nitrogen; UA, 
Uric acid; GLU, Glucose; TG, Triglyceride; TC, Total cholesterol; HDL-C, High density lipoprotein cholesterol; LDL-C, Low 
density lipoprotein cholesterol; APOA1, Apolipoprotein A1; APOB, Apolipoprotein B; LPa, Lipoprotein a; CK, Creatine kinase; 
LDH, Lactate dehydrogenase; WBC, White blood cell count; RBC, Red blood cell count; HB, Hemoglobin; PLT, Platelet.
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significance in the severity and prognosis of the disease.27,28 Lipoprotein composition and metabolic changes have also 
been reported to occur in patients with HFRS.29

Further, we analyzed the correlation between laboratory parameters at admission and HFRS. It was found that ADA, 
LDH and HFRS had a strong positive correlation, while PLT and HFRS had a strong negative correlation, among which 
ADA and HFRS had the strongest correlation (r=0.785). Studies have shown that elevated serum LDH levels were 
observed in patients, indicating the presence of cellular damage.30 Another study has shown that HFRS caused by 
Pummula virus (PUUV) infection can lead to thrombocytopenic kidney injury. Elevated LDH and CRP values are also 
frequently observed31 and PLT is an independent predictor of severe HFRS.15 ADA can be involved in the regulation of 
various immune cells such as lymphocytes and neutrophils through the adenosine receptor pathway.24 CD8+T cell 
responses are essential for elimination of virus-infected cells and viral clearance in HFRS.32 A mouse model of HFRS 
also showed that CD8+ T cells are involved in the development of renal hemorrhaging.33 ADA is involved in 
T-lymphocyte differentiation and development while T cell responses contribute to virus elimination. Therefore, ADA 
may be involved in T cell-mediated immune response in HFRS.

In addition, we analyzed the values of ADA, LDH and PLT in the diagnosis of HFRS. The appropriate cut-off values of 
ADA, HDL and PLT in the diagnosis of HFRS were 18U/L, 260U/L, and 117×109/L respectively. Compared with HDL and 
PLT, ADA had the highest AUC (0.953 (95% CI: 0.925, 0.981)). Studies have shown that cerebrospinal fluid ADA is highly 
accurate in the diagnosis of tuberculous meningitis (diagnostic accuracy 71.32%).19 Abdi et al found that total activity for 
ADA and ADA2 isoenzymes was significantly higher in HIV-positive patients than in the serum of healthy individuals.20 

Furthermore, Larijani et al found that total ADA activity was highly correlated with HbA1c (r = 0.6), with ADA activity 
being used as a diagnostic marker in type 2 diabetes mellitus.21 Serum ADA level was positively correlated with 
inflammatory response, suggesting that ADA can be a potential biomarker for predicting or monitoring autoimmune hepatitis 
patients.22 In our study, the Youden index, sensitivity, specificity, positive predictive value and negative predictive value of 
ADA in detecting HFRS were 77.9%, 84.28%, 93.1%, 92.2% and 86.5% respectively. These results strongly support that 
serum ADA may be a good diagnostic marker for HFRS. Compared with levels at admission, the ADA value of 122 HFRS 
patients showed a downward trend at discharge, with an average difference of 9.9±6.9 U/L, suggesting that ADA can be used 
as a potential indicator to monitor the progress of HFRS and treatment efficacy. The ADA values of the 2 patients who died in 
hospital were 52 U/L and 28 U/L at admission and 58 U/L and 26 U/L respectively before death. Although there were only 2 
patients, a high ADA level was a predictor of poor prognosis for HFRS.

This study still has some limitations, such as the detection of total serum ADA but not ADA1 and ADA2 levels, so it 
is still not possible to analyze the role of ADA1 and ADA2 in disease diagnosis and monitoring. In addition, the number 
of patients examined was relatively small, with only 124 HFRS patients. However, we observed an increase in serum 
ADA level for HFRS, a phenomenon rarely reported before. We found that ADA has a strong positive correlation with 

Figure 2 Tendency chart of ADA between admission and discharge.
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HFRS and has a high diagnostic value for HFRS. In addition, ADA can monitor the disease progression of HFRS. In 
conclusion, ADA can be used as a marker for disease diagnosis and monitoring of HFRS.
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