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A B S T R A C T

Objective: Detection of hepatitis B virus (HBV) using Raman spectroscopy.
Methods: Raman spectroscopy was used to examine the serum samples of 500 patients with HBV and 500 non-
HBV persons. First, the adaptive iterative weighted penalty least squares method (airPLS) was used to deduct the
fluorescence background in Raman spectra. Then, a principal component analysis (PCA) was used to extract the
processed Raman spectra, and a support vector machine (SVM) was used for modeling and prediction. The
particle swarm optimization (PSO) algorithm was selected to optimize the parameters of the SVM instead of a
traditional grid search. Finally, 600 serum samples were detected by Raman spectroscopy, and the results
wereverified using a double-blind method.
Results: In the Raman spectra, the non-HBV human Raman peaks at 509, 957, 1002, 1153, 1260, 1512, 1648 and
2305 cm−1 were different from those of patients with HBV. The reported accuracy, sensitivity and specificity of
the HBV serum model established using airPLS-PCA-PSO-SVM was 93.1%, 100% and 88%, respectively. The two
groups were verified by a double-blind method. In the first group sensitivity was 87%, specificity was 92%, and
the KAPPA value was 0.79; in the second group sensitivity was 80%, specificity was 79%, and the KAPPA value
was 0.59.
Conclusion: This preliminary study shows that serum Raman spectroscopy combined with the airPLS-PCA-PSO-
SVM model can be used for hepatitis B virus detection.

1. Introduction

Hepatitis B virus (HBV) infection is one of the most common causes
of liver disease, from acute hepatitis to chronic hepatitis, which will
progress to cirrhosis and hepatocellular carcinoma (HCC) [1]. Chronic
hepatitis B is a global health problem affecting 350 million persons [2].
High HBV-DNA levels in serum are highly correlated with a high risk of
HCC and cirrhosis in patients with chronic hepatitis B [3]. Since liver
puncture is a traumatic examination method, serological plays an im-
portant role in the prevention, diagnosis and treatment of HBV infec-
tion. The enzyme-linked immunosorbent assay (ELISA) method is cur-
rently the most widely used detection method. The advantage is that
the operation is simple and economical, and the disadvantage is that
there are too many influencing factors. Real-time polymerase chain

reaction (RT-PCR) is a method for detecting and quantifying HBV-DNA
levels in clinical serum samples and can also be used to monitor anti-
viral treatment effects [4]. However, PCR is time consuming and re-
quires specialized and expensive equipment. Therefore, it is of great
practical significance to develop a more efficient, sensitive, and non-
destructive diagnostic method.

Raman spectra are characterized by scattering [5]. Raman spec-
troscopy has evolved into a powerful analytical tool for providing im-
portant information about the combination of chemical structures and
target analytes [6]. Raman spectroscopy samples do not require pre-
treatment, with the advantages of no damage detection and fingerprint
resolution, and this technique is simple and fast [7]. Currently, Raman
spectroscopy can be applied to the early diagnosis and identification of
diseases. In terms of virus detection, Jin-Ho Lee et al. [8] successfully
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measured HIV-1 VLP. S. Shanmukh et al. [9] distinguished respiratory
syncytial virus strains. Khulla Naseer et al. [10] found that the Raman
characteristic peak of plasma in patients with dengue is related to
cholesterol specificity, indicating an increase in lipid content in the
serum of patients with dengue virus infections. In terms of tumors,
Sevda Mert et al. [11] concluded that Raman spectroscopy can be used
to identify different tumor stages. Hong Wang et al. [12] concluded that
Raman spectroscopy can effectively discriminate stage I, stage II or
stage III/ IV serum samples from patients with nonsmall cell lung
cancer. In cardiovascular terms, Nogueira et al. [13] adopted Raman
spectroscopy to effectively distinguish nonatherosclerotic tissues, cal-
cified atherosclerotic plaques, and calcified plaques.

Therefore, this experiment used Raman spectroscopy to detect the
characteristic peak of HBV serum samples and explore its potential for
screening HBV serum.

2. Materials and methods

2.1. Sample collection and preparation

A total of 1000 specimens were collected in the modeled experi-
ments. Real-time PCR is a highly sensitive and reproducible method for
the detection of HBV DNA. Therefore, this method was used to distin-
guish between the case group and the control group. There were 500
samples in the patient group. The patient group standard was HBsAg
test positive, and the PCR results indicated that the HBV-DNA content
was higher than the minimum detection limit in the fresh blood of
patients with hepatitis B infections. The patient group exclusion cri-
terion was blood with other infectious diseases. The other 500 samples
were in the control group, and the inclusion standard was nonhepatitis
B-infected fresh blood with an HBV-DNA content less than the
minimum detection limit from PCR results, where suspected bacterial
infection samples with serum PCT test results> 0.5 μg/L, type C he-
patitis virus-positive patients, liver cirrhosis, liver cancer patients, and
healthy persons were included. All patients were from the First
Affiliated Hospital of Xinjiang Medical University. The 500 samples in
the case group are shown in Table1.

In the test experiment, 600 serum samples were collected. Among
these samples, 100 serum samples from the patient group were included
in the first experimental group with the standard of HBsAg test-positive
and hepatitis B virus-infected fresh blood with HBV-DNA content higher
than the minimum detection limit by PCR. Another 100 serum samples
were used as the control group with the standard of fresh blood from
healthy individuals with negative serum antibodies in common in-
fectious disease screening. In the second experimental group, the pa-
tient group included 200 serum samples with the standard of HBsAg
test-positive and hepatitis B virus-infected fresh blood with HBV-DNA
content higher than the minimum detection limit by PCR. Another 200
serum samples were used as the control group with the standard of
nonhepatitis B-infected fresh blood with HBV-DNA content less than the
minimum detection limit by PCR, where suspected bacterial infection

samples with serum PCT test results> 0.5 μg/L, hepatitis C virus-po-
sitive patients, liver cirrhosis, liver cancer patients, and normal persons
were included. All patients were from the First Affiliated Hospital of
Xinjiang Medical University. The research project was approved by the
Medical Ethics Committee of the First Affiliated Hospital of Xinjiang
Medical University, and all specimens received informed consent from
the patients.

All blood samples were collected in the morning after fasting for
12 h. The fresh blood was without any anticoagulant. To extract the
serum, the blood samples were centrifuged at high speed (4000 r/min)
for 20min at 4 °C. Serum was obtained by extracting the supernatant
from the uppermost layer, and the obtained serum was dispensed into a
centrifuge tube and stored in a refrigerator at −20 °C for experimental
use.

2.2. Raman spectrum acquisition

Fifteen microliters of each serum sample was pipetted. The serum
Raman spectra were recorded by laser Raman spectroscopy (LabRAM
HR Evolution RAMAN SPECTROMETER, HORIBA Scientific Ltd.) with a
50× objective lens at ambient temperature, and the spectral range was
from 300 cm-1 to 3000 cm-1. The source was an Ar+ laser with an
excitation wavelength of 532 nm and power of 100mW. Spectral data
were obtained within 5 s, and a numerical aperture (NA) of 0.5 was
used. Each sample was tested three times, and the average spectrum of
each sample was further analyzed. A total of 1000 serum Raman spectra
were obtained, of which 500 were from the case group and 500 were
from the control group. In a double-blind trial, 600 serum samples were
tested by a double-blind method.

2.3. Data analysis

2.3.1. Data preprocessing
The original Raman spectra contains significant fluorescence back-

ground and noise [14,15], which greatly affects the accuracy of the
model analysis results. Therefore, it is necessary to select an appro-
priate preprocessing algorithm to subtract the fluorescent background
and reduce its influence on the subsequent data analysis results. In this
study, the airPLS algorithm was used, and the spectral data, after
subtracting the fluorescent background, were normalized to eliminate
noise interference and improve the convergence speed.

2.3.2. PCA feature extraction
If the preprocessed spectral data are directly classified, then the

calculation amount will be too large. Therefore, it is necessary to ex-
tract the features. In this study, the preprocessed spectral data were
extracted by PCA [16]. Three main components with the highest con-
tribution rates, PC1, PC2 and PC3, were extracted. The constructed 3D
scatter plot is shown in Fig. 1.

2.3.3. PSO-SVM modeling analysis
According to Fig. 1, the experimental group and the control group

are mixed together and are difficult to distinguish by a conventional
linear discriminant analysis algorithm. Based on the extracted features,
200 serum samples from the patient group and 200 serum samples from
the control group were selected as the training set. A total of 300 serum
samples from patients and 300 serum samples from the control group
were selected as the test set, and the control group included suspected
bacterial-infected samples with PCT test results> 0.5 μg/L, hepatitis C
virus-positive patients, cirrhosis or liver cancer patients. The data for
the training set and the test set were mapped into the high-dimensional
space through SVM, and the optimal penalty factor c and the parameter
g were searched by PSO to establish a suitable model. Then, the clas-
sification of the experimental group and the control group in the test set
was completed.

Table 1
Clinical data of 500 case groups in the hepatitis B model.

Project The number of cases

gender
men/women 265(53%)/235(47%)
age
< 50 / ≧50 314(62.8%)/

186(37.2%)
hepatitis b virus DNA quantification
< 105 / ≧105 286(57.2%)/

214(48.2%)
immunoassay results
(HBsAg+, HBeAg+, HBcAb+)/(HBsAg+, HBeAb+,

HBcAb+)
415(83%)/85(17%)
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2.3.4. Test performance evaluation
After the double-blind test, the results were added to the four-grid

table of the evaluation standard test (Table 2), and the sensitivity and
specificity of the two sets of experiments were calculated. Sensitivity
refers to the proportion of patients who test positive. Calculation for-
mula: sensitivity= a / (a+ c) × 100% Specificity refers to the pro-
portion of individuals who have no disease in the test. Calculation
formula: specificity= d / (b+d) × 100% Kappa value is a common
indicator for evaluating the degree of conformity of the count data.
Calculation formula: PA=(a+d)/n Pe=[(a+ b)(a+ c)+(c+ b)
(b+ d)]/n2 K=PA-Pe/1-Pe

3. Results

3.1. Raman spectral analysis

As a kind of fingerprint, the serum Raman spectrum can indicate
changes in biological molecules, such as proteins, nucleic acids and li-
pids, in different organisms and infer the physiological changes of the
body to diagnose diseases. The spectra of 500 patient serum samples
and 500 control serum samples were measured. The differences in
Raman peaks are shown in Fig. 2A and B. At 509 cm−1, 957 cm−1,
1002 cm−1, 1153 cm−1, 1260 cm−1, 1512 cm−1, 1648 cm−1 and
2305 cm−1, the Raman peak intensities of the control group are
stronger than those of the case group. Table 2 shows the attribution of
the characteristic peaks from the searched literature. HBV in the human
body leads to biochemical changes in the serum, and the difference in
the metabolism between amino acids and nucleic acids in the serum
leads to the appearance of characteristic peaks in the Raman spectrum.

3.2. Data analysis

The preprocessed spectral data were processed by the PCA algo-
rithm, and the feature extraction was performed by PCA. The three
principal components with the highest contribution rates were selected,
a three-dimensional scattergram was drawn, and the subsequent data
were analyzed. The three-dimensional scattergram shows that it is
difficult to distinguish between the experimental group and the control
group by a conventional linear discriminant analysis algorithm. To
complete the classification of the experimental group and the control
group, this experiment selected a more powerful SVM and optimized
the penalty factor c and the parameter g through PSO. In the training
set, we selected 200 experimental group serum samples and 200 control
group serum samples. In the test set, we selected 300 experimental
group serum samples, 300 control group serum samples, and the control
group included PCT test results> 0.5 μg / L suspected bacterial infec-
tion samples, hepatitis C virus-positive patients, cirrhosis or liver cancer
patients and healthy human serum. The HBV-infected serum model
established by PSO-SVM had an accuracy of 93.1%, a sensitivity of
100%, and a specificity of 88%.

To further validate the reliability of the model for the diagnosis of
patients with hepatitis B virus, we plotted a receiver operating char-
acteristic (ROC) curve as shown in Fig. 3. The area under the curve
(AUC) was 0.942. The ROC curve combines the specificity and sensi-
tivity of different models for the diagnosis of HBV-infected serum. AUC
represents the diagnostic accuracy of the model, and a larger AUC value
indicates a higher diagnostic accuracy [17].

Fig. 1. Three-dimensional scatter plot of three principal components of Raman
spectroscopy.

Table 2
Classification of the different Raman spectral peaks between control and case
groups.

Peak Assignment Reference number

509 cm−1 SeS disulfide stretching band of collagen [19]
957 cm−1 Hydroxyapatite, carotenoid, cholesterol [20]
1002 cm−1 Phenylalanine [19]
1153 cm−1 Carbohydrates peak for solutions [21]
1260 cm−1 Amide III (protein band) [21]
1510 cm−1 A (ring breathing modes in the DNA bases) [22]
1647 cm−1 Random coils [28]
2305 cm−1 Region of the OHeNHeCH stretching

vibrations
[29]

Fig. 2. A: Comparison of normalized mean Raman spectra between case and
control groups. B: Differences in the peaks between case and control groups.
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3.3. Test efficiency evaluation

In the first experimental group, 200 serum samples were detected by
Raman spectroscopy using a double-blind method. The results are
shown in Table 4. After calculation, we found that the sensitivity was
87%, the specificity was 92%, and the KAPPA value was 0.79. In the
second experimental group, 400 serum samples were also examined by
Raman spectroscopy using a double-blind method. The results are
shown in Table 5. After calculation, we found that the sensitivity was
80%, the specificity was 79%, and the KAPPA value was 0.59.

4. Discussion

With the development of Raman spectroscopy for disease diagnosis,
this technique been used to test proteins, nucleic acids, and proteins in
different experimental materials, such as blood, saliva, urine, prostatic
fluid, and tumor tissues, to obtain the characteristic Raman peaks of the
diseases. After Raman scattering enhancement, background subtrac-
tion, linear discriminant analysis, and principal component analysis,
fingerprint spectra for specific diseases can be generated, with strong
sensitivity, specificity, and clinical significance.

The results of this study indicate that the serum of HBV patients has
multiple characteristic Raman peaks compared with normal human
serum, which may be used as a clinical diagnostic method for HBV. We
found that the Raman peaks of HBV serum samples were significantly
different in intensity at 1002, 1153, 1260 and 1513 cm−1, consistent
with Ref [18]. A independent variable t-test was performed on the 500
intensity data of the patient group and the 500 intensity data of the
control group (preprocessing all data). At 509 cm−1, 957 cm−1,
1002 cm−1, 1260 cm−1 and 1648 cm−1 P < 0.001, this indicates a
significant difference in spectral relative intensity between the patient
group and the control group. A decrease in the intensity of the Raman
peak at 509 cm−1 is due to an SeS disulfide stretching band, which is
related to cystine [19]. Cystine can promote cell redox and make liver
function strong. Decreased peak intensities showed liver dysfunction.
The intensity of the Raman peak at 957 cm-1, assigned for cholesterol,
was also decreased [20]. When the liver develops severe lesions, the
cholesterol concentration decreases. The Raman band at 1002 cm-1
could be assigned to the phenylalanine present in the serum albumin
[19]. A decrease in the intensities of these peaks suggests a reduced
concentration of albumin in the blood of an HBV-infected person. A
depressed level of phenylalanine is most likely due to liver dysfunction

in HBV-infected patients. The spectral features associated with proteins
include those at 1260 cm-1 (amide III) and have lower intensity in HBV-
infected blood plasma samples than in samples from healthy volunteers
[21]. HBV is a DNA virus of the Hepadnaviridae family of viruses. The
Raman peak at 1510 cm-1 is mainly due to the ring breathing mode of
the DNA bases [22]. These characteristic peaks correspond to amino
acids, cholesterol and proteins, and their content is reduced due to liver
dysfunction. Therefore, we believe that Raman spectroscopy has po-
tential advantages over other optical methods due to its ability to
provide biochemical fingerprints.

Currently, in clinical practice, ELISA is still the main method for
detecting serological markers of HBV, and the sensitivity of this method
can reach (0.05–0.5) ng/mL [23]. With the development of nucleic acid
detection technology, a fluorescent quantitative PCR method with high
sensitivity, good specificity and a short window period has also been
widely used in clinical practice, and its detection sensitivity can reach
the order of 103 copies/ml [24]. Raman spectroscopy combined with
airPLS-PCA-PSO-SVM was used to establish an HBV-infected serum
model with an accuracy of 93.1%, sensitivity of 100%, and specificity of
88%. Although ELISA has the characteristics of simple operation and
low price, its tests not only produce false-negative and false-positive
results but are also time consuming. The sensitivity and specificity of
real-time PCR depends mainly on the kit and the operation process. The
Ministry of Health requires that the PCR laboratory be certified [25].
Raman spectroscopy has the characteristics of simple operation, time
savings and high sensitivity.

In previous experiments [18], Raman spectroscopy was used to
identify the characteristic peaks of HBV-infected serum, but only the
difference between the Raman spectra of healthy people and patients
was artificially distinguished. However, there was a large error, the
sample set size was small, and the analysis result was easily affected by
the contingency of the samples. Moreover, the noninfected samples
selected by the previous experiment were healthy persons without any
disease. According to the above problems, this experiment selected 500
patients with HBV and 500 persons without hepatitis B virus (including
liver cancer, cirrhosis, hepatitis C virus patients, etc.) for modeling to
fully evaluate the Raman spectroscopy diagnosis of hepatitis B virus.
Finally, a double-blind experiment was conducted to further evaluate
the performance of Raman spectroscopy in the diagnosis of hepatitis B
virus.

The experimental results show that the airPLS-PCA-PSO-SVM model
has very good sensitivity and specificity for the diagnosis of HBV-in-
fected serum. AirPLS uses preprocessing of the data to maintain the
original spectral peak shape, effectively deducting the fluorescent
background in the Raman spectrum. Feature extraction is then per-
formed using PCA, reducing the high dimensionality of the spectral
data. If full-spectrum data are directly added as a variable to the SVM,
the amount of calculation will be large, and all data may not be useful
for modeling. Therefore, it is a good choice to quickly diagnose HBV-
infected serum by Raman spectroscopy combined with multivariate
statistical algorithms. However, in the current study, no experimental
results showed that the appearance of Raman characteristic peaks is due
to viruses or certain antigens and antibodies, which needs further re-
search to verify. Gaggini MC et al. [26] considered that the Raman
characteristic peaks of the liver from HCV patients were associated with
the stage of the liver lesions, and biomarkers associated with the in-
flammation and/or fibrosis stages were found. Kun Zhang et al. [27]
used serum Raman spectroscopy to distinguish liver cancer and cir-
rhosis patients from healthy individuals, and liver cancer screening
could be realized. Therefore, we used 200 HBV patients as the experi-
mental group and randomly selected 60 patients that were not infected
with HBV but with cirrhosis or liver cancer, 30 patients that were not
infected with HBV but were infected with HCV, and another 110
healthy persons as the control group. The double-blind experiment
based on the model we designed was performed. The statistical results
show that patients with HBV can be distinguished by Raman

Fig. 3. ROC curve of the hepatitis B model established by PSO-SVM.
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spectroscopy.
However, the sensitivity and specificity of the second group were

lower than those of the first group (Tables 3 and 4), indicating that
patients with other diseases may have similar Raman peak character-
istics as the patients with HBV, which remains to be further improved.

5. Conclusion

This study demonstrates the use of Raman spectroscopy combined
with the airPLS-PCA-PSO-SVM model to distinguish patients with HBV
from healthy individuals, with an assay time below 20min. Thus, HBV
test results are reported as soon as possible to avoid misdiagnosis. The
accuracy of the HBV model established using airPLS-PCA-PSO-SVM was
93.1%, the sensitivity was 100%, and the specificity was 88%. HBV can
be effectively and rapidly determined by Raman scattering combined
with the airPLS-PCA-PSO-SVM model. Raman spectroscopy is simple,
objective, rapid, in real-time and highly sensitive, especially for the
early diagnosis of diseases without clinical symptoms. Therefore,
Raman spectroscopy combined with statistics has great potential for
medical diagnosis.
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Double-blind experimental results for the second experimental group.
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