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analysis of the 50 cervical samples, the agreement of both 
tests was 84% with a  �  value of 0.660. By using consensus 
results that mean agreement between 2 of 3 methods, the 
HR-HPV genotyping accuracy was 100% (77/77) by MALDI-
TOFMS and 94.8% (73/77) by SPR in the 129 cervical samples. 
The sensitivity (88.2%; 82/93) and specificity (88.9%; 32/36) 
of MALDI-TOFMS were similar to those of SPR.  Conclusion:  
These results support that MALDI-TOFMS is a sensitive, spe-
cific and feasible method for HR-HPV detection in clinical ap-
plication, compared with the SPR method. 

 Copyright © 2011 S. Karger AG, Basel 

 Introduction 

 Cervical cancer is the second most common cancer in 
women worldwide. Epidemiologic studies showed that in-
fections with high-risk human papillomaviruses (HR-
HPV) were responsible for the development of cervical 
cancer and cervical intraepithelial neoplasias  [1–3] . Sanka-
ranarayanan et al.  [4]  found that HR-HPV testing coupled 
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 Abstract 
  Background:  Human papillomavirus (HPV) testing coupled 
with appropriate clinical management is associated with a 
significant decline in the rate of advanced cervical cancer 
and associated death.  Methods:  In this present study, we 
evaluated the performance of 2 new HPV genotyping meth-
ods, matrix-assisted laser desorption/ionization time-of-
flight mass spectrometry (MALDI-TOFMS) and surface plas-
mon resonance (SPR) in 30 kinds of HPV control materials and 
in 129 cases of cervical smears including 79 HPV-positive 
samples screened from 1,600 abnormal clinical samples and 
50 cervical cytology samples.  Results:  The HPV genotyping 
accuracy of both MALDI-TOFMS and SPR was 100% for the 
HPV genotyping of control materials. In the analysis of the 79 
HPV-positive samples by MALDI-TOFMS, HPV positivity was 
88.6% (70/79). Nine samples were non-high-risk HPV (non-
HR-HPV), which were not targets of MALDI-TOFMS. In the 
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with appropriate clinical management associate with a sig-
nificant decline in the rate of advanced cervical cancer and 
associated death. Indeed, HR-HPV DNA could be detect-
ed in almost all cervical cancer patients  [5] . Thus, HR-
HPV DNA detection in cervical smears could be of value 
in the prevention and diagnosis of cervical cancer  [6] .

  Today, more than 120 types of HPV have been recog-
nized on the basis of DNA sequence data. Based on their 
association with cervical cancer and precursor lesions, 
HPV has been grouped into HR-HPV and low-risk HPV 
(LR-HPV) types  [7] . HR-HPV mainly include types 16, 
18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59 and 68; LR-HPV 
mainly include types 6, 11, 40, 42–44, 54, 70 and 81. Sev-
eral studies have shown that different HPV types play 
individual roles in cervical cancer development and pre-
cursor lesions. For example, prevalent infection with 
HPV16 is associated with a 5 times greater risk of cervical 
intraepithelial neoplasia 3 than infection with other prev-
alent oncogenic HPV types, and causes more than 50% of 
cervical cancer  [2, 8] , while HPV18 causes 10–15% of cer-
vical cancer and more than 35% of cervical adenocarci-
nomas  [2] . Following HPV16 and 18, HPV45, 31 and oth-
er types are also important. Moreover, multiple HPV in-
fections increase the risk of cervical cancer  [9, 10] . These 
findings have indicated that HPV genotyping could play 
an important role in the management of cervical cancer 
and prediction of the outcome of HPV infection. 

  During the last 10 years, hybrid capture 2 (HC2) has 
been the major means for HPV genotyping  [11] . However, 
it does not identify specific HPV types or quantitate the 
HPV  [12] . Furthermore, HC2 is known to have a signifi-
cant rate of false-positive reactions owing to cross-reac-
tivity with LR-HPV types (approx. 10–19%)  [13–16] . Oth-
er drawbacks to the HC2 test are its cost (USD 20–30 per 
test) and that it is time-consuming. Recently, new meth-
ods such as surface plasmon resonance (SPR) and matrix-
assisted laser desorption/ionization time-of-flight mass 
spectrometry (MALDI-TOFMS) have reported high sen-
sitivity and convenience  [12, 17–20] . To evaluate the
efficiency of these two methods, we were interested in 
comparing the results from 129 cervical samples by the 
MALDI-TOFMS and SPR technologies for the detec-
tion of HR-HPV genotypes.

  Materials and Methods 

 Patients and Samples 
 The 30 control samples containing HR-HPV genotypes 16, 18, 

31, 33, 35, 39, 45, 51–53, 56, 58, 59, 66, 68 and 73 as well as LR-HPV 
genotypes 6, 11, 26, 40, 42–44, 54, 61, 70, 72, 81, 83 and CP8304 

were provided by the National Institute for the Control of Phar-
maceutical and Biological Products (Beijing, China). The original 
concentration of the 30 control samples was from 10 8  to 10 9  copies 
per milliliter. Then the diluted control samples (from 10 5  to 10 6  
copies/ml) were used as a template in the experiment. Seventy-
nine cervical samples having pathological changes more exten-
sive than atypical squamous cells (ASC) of undetermined signifi-
cance were identified from 1,600 cervical smears obtained from 
outpatients with abnormal cytology from June 2007 to June 2008. 
These had been found HPV positive by SPR. Another 50 cervical 
samples collected from outpatients in Beijing Women’s Hospital 
and Beijing People’s Hospital from July 2008 to August 2008 were 
graded based on The Bethesda System for Reporting Cervical Cy-
tology (USA). They were divided into negative for intraepithelial 
lesion and malignancy (NILM; n = 40), atypical squamous cells 
(ASC; n = 3) – which includes ASC of undetermined significance 
and ASC-cannot exclude high-grade squamous intraepithelial le-
sion (HSIL) –, low-grade squamous intraepithelial lesion (LSIL;
n = 5), HSIL (n = 1) and squamous cell carcinoma (SCC; n = 1). 
All the cervical samples were obtained from patients by using the 
Rovers Cervex-Brush (Therapak, Oss, The Netherlands). All sam-
ples were aliquoted and stored frozen at –20°. Cellular and viral 
DNA was extracted by using the QIAamp DNA Mini Kit (Qiagen) 
according to the ‘blood and body fluid spin protocol’.

  MALDI-TOFMS Test 
 The MALDI-TOFMS test is based on PCR amplification and 

single-base extension (BGI Corp., Shenzhen, China). Briefly, ac-
cording to the manufacturer’s instructions, the consensus prim-
ers (GP6/GP5 primers: TTTGTTACTGTGGTAGATACTAC/
GAAAAATAAACTGTAAATCATATTC) were used to amplify 
14 HR-HPV (16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, 68). A 
thermocycler (Bio-Rad, Hercules, Calif., USA) was used, the ini-
tial heating step was at 95° for 5 min, followed by 35 cycles of 95° 
for 15 s, 55° for 15 s, and 72° for 30 s. Single-base extension prim-
ers are specified for each HR-HPV and can be differentiated by 
MALDI-TOFMS. The analysis is performed at 94° for 30 s, prim-
er annealing at 53° for 40 s, and primer extension at 72° for 40 s, 
50 cycles, and finally at 72° for 3 min. The  � -globin housekeeping 
gene was used as performance and integrity control. Controls for 
MALDI-TOFMS included: no template control (water), human 
control DNA and HPV18 plasmid DNA. 

  Sample aliquots were deposited onto AnchorChip TM  (Bruker 
Daltonik GmbH, Leipzig, Germany) 400- � m targets prespotted 
with matrix. The matrix employed was a saturated solution of 
3-hydroxypicolinic acid (Sigma-Aldrich Chemie GmbH, Buchs, 
Switzerland) in acetonitrile/water 1:   1 (Merck, Germany) mixed 
with 0.4  M  dibasic ammonium citrate (Sigma-Aldrich) at a 9:   1 
volume ratio. All the solvents utilized were of analytical grade or 
at least specified for mass spectrometry. Mass spectra were re-
corded on a Reflex IV MALDI-TOFMS (Bruker Daltonik) that 
was operated in the linear positive ion mode. A 337-nm nitrogen 
laser with a 9-Hz pulse frequency was used. Mass spectrometric 
parameters were optimized for the m/z range from 1,000 to 
10,000, using the mass spectra of peptides for calibration. For each 
mass spectrum, 30 laser pulses were summed at a constant laser 
power and constant threshold value in order to enhance the reso-
lution. Registration and analysis of spectra were executed using 
XMASS and FlexAnalysis version 2.4 (Bruker Daltonik). Three 
times, independent analyses were run to test the detection level.
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  SPR Test 
 SPR is a PCR-based method for the genotyping of HPV DNA 

from HR-HPV (16, 18, 31, 33, 35, 39, 45, 51–53, 56, 58, 59, 66, 68, 
81) and LR-HPV types (6, 11, 40, 42–44, 54, 70). Cervical samples 
were tested according to the manufacturer’s instructions (GP 
Medical Technologies, Beijing, China). Briefly, cervical sample 
DNA was amplified by consensus primers (provided by the kit), 
performed at 50° for 2 min and 95° for 4 min, followed by 94° for 
30 s, 48° for 45 s and 72° for 20 s (28 cycles), and 94° for 30 s, 65° 
for 45 s and 72° for 20 s (25 cycles), at 4° hold. PCR products were 
denatured at 95° for 5 min, followed by 1 min on ice. The hybrid-
ization measurement was conducted by injecting 100  � l of PCR 
product at a flow rate of 5  � l/min. The reaction was monitored for 
15 min, and then the sensor chip W2600 (GP Medical Technolo-
gies) was automatically washed with hybridization buffer to re-
move the unbound DNA material. The analytical signal, reported 
as resonance units, was derived by the difference between the fi-

nal value and the value recorded before the hybridization. These 
analyses were repeated 3 times.

  Sequencing 
 Samples with discordant results between SPR and MALDI-

TOFMS were resolved by sequencing. Each discordant sample 
was amplified by MY11 and MY09 primers  [21] . Sequencing was 
performed by the Sangon Corp. (Beijing, China) using the ABI 
PRISM 3730xl system (Applied Biosystems, USA). 

  Statistical Analysis 
 A significance level of 0.05 was used in comparing perfor-

mance characteristics. Agreement between pairs of tests was as-
sessed using Cohen’s  � , with values in the range of 0.00–0.20 in-
dicating poor agreement, 0.21–0.40 fair agreement, 0.41–0.60 
moderate agreement, 0.61–0.80 good agreement, and 0.81–1.00 
excellent agreement. The genotyping accuracy of HR-HPV detec-
tion was calculated as the percentage of correct results by the re-
spective HPV tests compared to consensus HR-HPV results (de-
fined as 2 out of 3 positive or negative HPV test results).

  Results 

 Accuracy of MALDI-TOFMS and SPR for HR-HPV 
Genotyping in HPV Control Materials Containing 30 
Genotypes 
 Analytical results of the reference control samples 

containing 16 documented HR-HPV and 14 LR-HPV 
genotypes were used to evaluate the accuracy of the SPR 
and MALDI-TOFMS methods. As shown in  table  1 , 
MALDI-TOFMS as well as SPR correctly identified all 
HR-HPV genotypes. Furthermore, the results for LR-
HPV were correct only for the specific low-risk genotypes 
targeted by the method of SPR. These demonstrate that 
the accuracy of MALDI-TOFMS for HR-HPV genotyp-
ing reaches 100%, as well as that of SPR, suggesting that 
both MALDI-TOFMS and SPR are reliable for HR-HPV 
genotyping.

  Application of MALDI-TOFMS and SPR for HR-HPV 
Genotyping to 129 Clinical Cervical Samples 
 To test whether MALDI-TOFMS can identify HR-

HPV types well in clinical samples, we used the MALDI-
TOFMS method to analyze 79 HPV-positive samples 
screened by SPR from 1,600 abnormal cervical samples. 
One representative result detected each by MALDI-
TOFMS and SPR is shown in  figure 1 . As shown in  ta-
ble 2 , MALDI-TOFMS could successfully genotype 70 of 
79 samples (88.6%). The concordance between MALDI-
TOFMS and SPR was 88.6% (62/70). As shown in  table 3 , 
8 cases of discordance between MALDI-TOFMS and SPR 
were further retested by sequencing to ascertain a con-

Table 1.  Results of HPV genotyping of control materials by SPR 
and MALDI-TOFMS

Specimen
No.

G enotyping, type

se quencing SPR MALDI-TOFMS

HR-HPV
1 16 16 16
2 18 18 18
3 31 31 31
4 33 33 33
5 35 35 35
6 39 39 39
7 45 45 45
8 51 51 51
9 52 52 52

10 53 53 –
11 56 56 56
12 58 58 58
13 59 59 59
14 66 66 66
15 68 68 68
16 73 – –

LR-HPV
1 6 6 –
2 11 11 –
3 26 – –
4 40 40 –
5 42 42 –
6 43 43 –
7 44 44 –
8 54 54 –
9 61 – –

10 70 70 –
11 72 – –
12 81 81 –
13 83 – –
14 CP8304 CP8304 –



 Comparison of MALDI-TOFMS and SPR 
for Genotyping of High-Risk HPV 

Intervirology 2011;54:326–332 329

sensus result (defined as 2 out of 3 positive or negative 
HPV test results). Thus, there were 65 HR-HPV and 14 
LR-HPV among the 79 samples. The HR-HPV genotyp-
ing accuracy was 100% (65/65) by MALDI-TOFMS and 
95.4% (62/65) by SPR. Among the 9 MALDI-TOFMS-
negative but SPR-positive samples, sequencing results re-
vealed that they were all non-HR-HPV, which were non-
targets of MALDI-TOFMS. However, 5 non-HR-HPV 
samples as assessed by SPR and sequencing had positive 
results by MALDI-TOFMS, indicating a cross-reaction
of MALDI-TOFMS for LR-HPV. Sequencing analysis of 
the other 3 discordant samples agreed with MALDI-
TOFMS, which also indicates a cross-reaction of SPR. In 
conclusion, there was no significant difference between 
MALDI-TOFMS and SPR regarding cross-reaction.

  Furthermore, we used MALDI-TOFMS and SPR to 
identify the types of 50 cervical cytology samples which 
had been diagnosed by The Bethesda System. They in-
cluded 40 cases of NILM, 3 cases of ASC, 5 cases of LSIL, 
1 case of HSIL and 1 case of SCC. For the 50 cervical 

a

b

  Fig. 1.  Results of SPR ( a ) and MALDI-
TOFMS ( b ) analyses of 1 HPV16-positive 
sample.  a  HPV16 produced a positive sig-
nal, while the other types were all negative. 
 b  Mass spectrum for UEP-HPV16, the 
HPV16 unextended extension primers, 
and HPV16, the HPV16 extension prod-
uct. The HPV16 spectrum had a positive 
result.   
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Table 2.  Concordance between MALDI-TOFMS and SPR in HPV 
genotyping of 79 positive cervical samples

Concordance
type No.

Number of 
samples

Concordance 
type No.

Number of 
samples

Single infections multiple infections
16 17 16+45 1
18 4 16+52 1
31 2 16+33 1
33 9 16+58 1
35 2 18+58 1
45 1 31+56 1
51 1 33+45 1
52 2 45+56 1
56 2
58 10
59 1
66 2
68 1

Subtotal 54 8
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samples, the HPV positivity was 32% (16/50) and 28% 
(14/50) by MALDI-TOFMS and SPR, respectively. For the 
40 NILM samples, the HPV positivity by MALDI-TOFMS 
and SPR was 20 and 12.5% (8/40 and 5/40), and 66.7% 
(2/3) for ASC, 80 and 100% (4/5 and 5/5) for LSIL, both 
100% (1/1) for HSIL, and both 100% (1/1) for SCC, respec-
tively ( table 4 ). 

  Among the 50 cervical samples, the number of concor-
dant positive and negative samples was 11 (all HR-HPV) 
and 31, respectively. The concordance between both tests 
was 84% (42/50), with a  �  value of 0.660. For analysis of 
discordant results, the 8 samples were retested by se-
quencing to ascertain a consensus result (defined as 2 out 
of 3 positive or negative HPV test results). Of the 3 sam-
ples that were negative by MALDI-TOFMS but positive 
by SPR, 2 samples were determined to be other than HR-
HPV types by SPR and sequencing, and 1 sample was de-
termined only by SPR, as shown in  table 5 . Among the 5 
MALDI-TOFMS-positive but SPR-negative samples, 4 
samples were not successfully sequenced because of the 
lower limit of sequencing. So there were 12 HR-HPV-pos-
itive, 2 LR-HPV-positive and 36 negative samples in the 
50 cervical samples assessed by the 3 methods.

  We summarize that 12 positive samples and 32 nega-
tive samples were ascertained by MALDI-TOFMS. The 

HR-HPV genotyping accuracy by MALDI-TOFMS was 
100% (12/12). There were 13 positive samples and 35 neg-
ative samples by SPR. The HR-HPV genotyping accuracy 
by SPR was 91.7% (11/12). Among 129 cervical samples, 
the HR-HPV genotyping accuracy was 100% (77/77) by 
MALDI-TOFMS and 94.8% (73/77) by SPR, respectively. 
The results indicate that MALDI-TOFMS is as sensitive 
to HR-HPV as SPR (no significant difference, p  1  0.05).

  Sensitivity and Specificity of MALDI-TOFMS and SPR 
 To appreciate the sensitivity and specificity of MAL-

DI-TOFMS and SPR, the results obtained by both tests 
were compared to consensus HR-HPV results. As shown 
in  table  6 , the sensitivity of MALDI-TOFMS (88.2%; 
82/93) was similar to that of SPR (98.9%; 92/93), as was 
their specificity (32/36 and 35/36, respectively), in 129 
cervical samples. When compared to cytology diagnosis, 
the sensitivity of both tests was similar in the 3 categories 
of cytology: ASC, HSIL and SCC. On the other hand, 
MALDI-TOFMS and SPR were able to successfully iden-
tify viral DNA present in HSIL and SCC samples. 

Table 3.  Case analysis of discordance between MALDI-TOFMS 
and SPR for 79 positive cervical samples

Case
No.

H PV types

MALDI-TOFMS SPR sequencing

1 negative 53 53
2 negative 11 11
3 negative 42 42
4 negative 6 6
5 negative 81 81
6 negative 44 44
7 negative 70 70
8 negative 6 6
9 negative 6 6

Cross-reaction of MALDI-TOFMS
10 18 11 11
11 51 40 40
12 56 54 54
13 31 6 6
14 52 43 43

Cross-reaction of SPR
15 16 35 16
16 16 39 16
17 18 45 18

Table 4.  HPV prevalence observed by MALDI-TOFMS and SPR 
in 50 cervical cytology samples

NILM 
(n = 40)

ASC 
(n = 3)

LSIL 
(n = 5)

HSIL 
(n = 1)

SCC 
(n = 1)

Total 
(n = 50)

MALDI-TOFMS+ 8 2 4 1 1 16
MALDI-TOFMS– 32 1 1 0 0 34
Prevalence, % 20 66.7 80 100 100
SPR+ 5 2 5 1 1 14
SPR– 35 1 0 0 0 36
Prevalence, % 12.5 66.7 100 100 100

Table 5.  Discordant HR-HPV detection by MALDI-TOFMS and 
SPR in 50 cervical cytology samples (genotyping by sequencing)

Case
No.

Cytology 
group

H PV type

MALDI-TO FMS SPR sequencing

1 NILM 52 negative negative
2 NILM 52 negative negative
3 NILM 66 negative negative
4 NILM 31 negative negative
5 NILM 58 negative 58
6 NILM negative 54 negative
7 NILM negative 81 81
8 LSIL negative 81 81
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  Discussion 

 Some authors have suggested that HPV genotyping 
could be useful for stratifying the risk for women of de-
veloping a precancerous cervical lesion and may be a use-
ful adjunct to cervical cancer screening programs  [22] . 
The aim of the present study was to compare the perfor-
mance of MALDI-TOFMS to SPR in HR-HPV genotyp-
ing, with the purpose of studying the clinical application 
of MALDI-TOFMS. We also used the sequencing method 
to resolve discordant results. We collected 1,600 abnor-
mal cervical samples from different A-grade hospitals in 
China. We found that the HPV positivity was about 53%. 
According to preliminary statistics, the prevalence of 
HPV infection was as follows: 33.6% for HPV16, 12.9% 
for HPV58, 12.4% for HPV33, 9.6% for HPV52, 4.3% for 
HPV66, 4.1% for HPV18, 2.6% for HPV53, 2.5% for 
HPV31, 2.4% for HPV56, 6.7% for HPV6, 6.5% for HPV11 
and 0.1–2% for the other HR-HPV and LR-HPV. For com-
paring the genotyping technologies, we paid more atten-
tion to the diversity of HPV types than to the number of 
samples. Although we selected only 79 HPV-positive 
samples, they covered 24 HPV types which are targeted 
by SPR. Thus, the 79 samples represent the diversity of 
HPV types found in the 1,600 samples. We also collected 
another 50 cervical samples. The total 129 cervical sam-
ples were used to evaluate the performance of MALDI-
TOFMS and SPR in genotyping HR-HPV. 

  Several recent studies also evaluated the performance 
of MALDI-TOFMS in HPV genotyping. Hong et al.  [23]  
developed a MALDI-TOFMS-based method for HPV ge-
notyping combined with PCR amplification and type IIS 
restriction which could identify 74 HPV genotypes in
4–5 h. Patel et al.  [12]  compared HC2 with MALDI-
TOFMS and suggested that the MALDI-TOFMS assay 
performs at least as well as HC2 in HPV detection while 
offering the additional, unique advantages of type-spe-

cific identification and quantitation. Söderlund-Strand et 
al.  [24]  obtained results concordant between MALDI-
TOFMS and reverse dot blot hybridization, with  �  = 
0.945, in all test samples. In our study, the agreement in 
HR-HPV genotyping between MALDI-TOFMS and SPR 
indicates highly comparable outcomes. However, the HR-
HPV genotyping accuracy was higher by MALDI-TOFMS 
than by SPR. Among the 129 cervical samples, the HR-
HPV genotyping accuracy was 100% (77/77) by MALDI-
TOFMS and 94.8% (73/77) by SPR. The sensitivity (88.2%; 
82/93) and specificity (88.9%; 32/36) of MALDI-TOFMS 
were similar to those of SPR (98.9%, 92/93, and 97.2%, 
35/36, respectively). But in the present study, the number 
of cervical samples was likely too small to draw definite 
conclusions. On the other hand, MALDI-TOFMS had a 
very slightly higher accuracy in genotyping (77/77) than 
SPR (73/77). Once again, analysis of a larger series of sam-
ples would be necessary to confirm these observations. It 
is of interest to note that the discordant results were ob-
served for LR-HPV samples. This could be explained by 
probable cross-reactivity of the MALDI-TOFMS assay.

  In the present study, we evaluated the MALDI-TOFMS 
method to detect HR-HPV and compared this assay to 
SPR and sequencing assays. All the three assays involve 
PCR amplification by using the MY09/MY11 or GP6/GP5 
primers to amplify the consensus region of the HPV L1 
gene. The MALDI-TOFMS assay and SPR method am-
plify a 150-bp region by using GP6/GP5 primers, and
sequencing amplifies a 450-bp region by using MY09/
MY11 primers. Some sample genotyping differed among 
the three methods, owing to the different spectra of the 
three methods: MALDI-TOFMS targeted 14 HR-HPV, 
SPR 16 HR-HPV and 8 LR-HPV, and sequencing has the 
ability to detect all known HPV types as well as poten-
tially unknown types. However, a number of cervical 
samples genotyped positive by MALDI-TOFMS but neg-
ative by SPR or sequencing; this could reflect the higher 

Table 6.  Comparison of MALDI-TOFMS and SPR with consensus HR-HPV results in 129 cervical samples

C onsensus HPV results, n Sensitivity
%

Specificity
%

�

+ – 

MALDI-TOFMS+ 82 4 88.2 (82/93) 88.9 (32/36) 0.727
MALDI-TOFMS– 11 32
SPR+ 92 1 98.9 (92/93) 97.2 (35/36) 0.961
SPR– 1 35

Values in parentheses denote numbers.
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technical sensitivity of MALDI-TOFMS compared to 
SPR or sequencing.

  In summary, our results show that the performance of 
the MALDI-TOFMS assay in genotyping HR-HPV was 
identical to that of SPR. The MALDI-TOFMS assay is also 
able to provide more HPV type information than an es-
timation of HR-HPV types. Another advantage of MAL-
DI-TOFMS is the high-throughput detection of clinical 
samples, providing high-quality data. The laboratory 
procedure for MALDI-TOFMS is also easily adaptable to 

a 48- or 96-well plate format and readily amenable to au-
tomation, making it suitable for large-scale detection in 
follow-up or primary screening.
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