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A B S T R A C T   

Introduction: Human saliva contains a wealth of proteins that can be monitored for disease diagnosis and pro-
gression. Saliva, which is easy to collect, has been extensively studied for the diagnosis of numerous systemic and 
infectious diseases. However, the presence of amylase, the most abundant protein in saliva, can obscure the 
detection of low-abundance proteins by matrix-assisted laser desorption/ionization-time of flight mass spec-
trometry (MALDI-ToF MS), thus reducing its diagnostic utility. 
Objectives: In this study, we used a device to deplete salivary amylase from water-gargle samples by affinity 
adsorption. Following depletion, saliva proteome profiling was performed using MALDI-ToF MS on gargle 
samples from individuals confirmed to have COVID-19 based on nasopharyngeal (NP) swab reverse transcription 
quantitative polymerase chain reaction (RT-qPCR). 
Results: The depletion of amylase led to increased signal intensities of various peaks and the detection of pre-
viously unobserved peaks in the MALDI-ToF MS spectra. The overall specificity and sensitivity after amylase 
depletion were 100% and 85.17%, respectively, for detecting COVID-19. 
Conclusion: This simple, rapid, and inexpensive technique for depleting salivary amylase can reveal spectral 
diversity in saliva using MALDI-ToF MS, expose low-abundance proteins, and assist in establishing novel bio-
markers for diseases.   

Introduction 

Saliva is a complex biological fluid consisting of a mixture of major 
and minor salivary gland secretions, nasal and bronchial secretions, 
plasma filtrates, host cells, and bacteria. The fluid is slightly acidic and 
comprises various organic components such as proteins, hormones, 
nucleic acids, and fatty acids, as well as inorganic constituents including 
sodium (Na+,), potassium (K+,), chloride (Cl–,), calcium (Ca2+,), bicar-
bonate (HCO3

–), phosphate (H2PO4
–), iodide (I–), magnesium (Mg2+), and 

ammonium (NH4
+) [1,2,3,4]. 

Often referred to as the “mirror of the body,” saliva reflects both the 
physiological and pathological states of the body. Saliva has been suc-
cessfully utilized for screening [5,6] diagnosis [7,8] prognosis, and 
monitoring [9,10] of various human diseases. Its collection is quick, 
non-invasive, and can be completed by the subjects themselves. Addi-
tionally, saliva doesn’t require a transport medium and needs minimal 
processing before testing as compared to other specimen types [11,12]. 
Significant advancements in salivary diagnostics include RNA- 
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sequencing, point-of-care technologies, liquid biopsies, and protein 
profiling [13]. 

Proteomic analysis of saliva has led to discovering roughly 3,000 
proteins, including mucins, proline-rich proteins, histatins, statherins, 
cystatins, interleukins, amylase, albumin, and immunoglobulins, among 
others [3,14]. Many of these proteins are currently being explored as 
biomarkers for oral diseases [15,16], various cancers [17,18], Sjogren’s 
syndrome [19], and even autism [20]. Saliva has been used to detect 
viruses like hepatitis B virus [21], human immunodeficiency virus [22], 
dengue [23], and, more recently, severe acute respiratory syndrome 
coronavirus type-2 (SARS-CoV-2) [1,4,24]. Numerous studies have 
shown a higher efficiency in detecting SARS-CoV-2 in saliva compared 
to nasopharyngeal swabs, primarily due to the abundant expression of 
the angiotensin-converting enzyme-2 (ACE-2) receptor, the entry point 
for the SARS-CoV-2 virus, in the oral epithelial cells [25,26,27]. Some 
research points to SARS-CoV-2 being detectable 1–5 days earlier in 
saliva samples than in nasopharyngeal swabs [28]. 

A significant challenge in the proteomic analysis of saliva is the 
presence of high-abundance proteins, which can obscure lower-level 
target proteins. Salivary α-amylases, albumin, and immunoglobulins 
alone comprise up to 75 % of the total saliva proteome. It is, therefore, 
crucial to either deplete high-abundance proteins or enrich low- 
abundance proteins to enhance detection sensitivity [1,3,29]. For 
instance, non-analyte, high-abundance proteins can cause significant 
ion suppression for low-abundance biomarkers in mass spectrometric 
techniques. Particularly in a complex biological matrix, ionization effi-
ciencies are profoundly influenced by the proteins’ abundance, molec-
ular weight, and chemistry [30]. 

Salivary α-amylase, the most abundant protein in saliva, is an 
enzyme involved in breaking down starch and other polysaccharides. It 
exists in two proteoforms: non-glycosylated (~56 kDa) and glycosylated 
(~59 kDa) [31,32,33]. Various techniques are employed for α-amylase 
depletion, including the use of a syringe-based potato starch device [34], 
gel filtration [35], affinity chromatography with lectin ConA [31], co- 
precipitation and paper-based chips [36]. Deutsch et al. developed a 
patented device that utilizes affinity adsorption to potato starch [34] for 
the separation of salivary α-amylase from whole saliva. This device 
demonstrated a six-fold reduction in amylase levels compared to the 
total amylase in saliva, resulting in a 97 % reduction in amylase activity 
[34]. Validation studies by Xiao et al. and Crosara et al. confirmed the 
functionality and practicality of the device using SDS-PAGE and western 
blotting. Notably, after amylase removal, several potential biomarkers 
including desmoplakin, short palate lung and nasal epithelium 
carcinoma-associated protein 2, mucin-7, and several immunoglobulin 
isoforms were clearly detected [37,2]. 

In our previous study, we demonstrated the effectiveness of using 
matrix-assisted laser desorption-ionization time of flight mass spec-
trometry (MALDI-ToF MS) to distinguish between COVID-19 (corona-
virus disease 2019) positive and negative individuals [38]. However, the 
presence of salivary amylase posed a challenge by dominating the pro-
tein profiles and suppressing the detection of other proteins. To address 
this, we hypothesized that depleting salivary α-amylase from gargle 
samples before MALDI-ToF MS analysis would improve the visualization 
and detection of low-abundance proteins. By combining the simple 
removal of amylase through affinity adsorption with potato starch and 
the sensitivity of MALDI-ToF MS, we sought to uncover new protein 
biomarkers in saliva-based diagnostics. In addition to amylase deple-
tion, our secondary goal was to optimize the sample preparation process, 
specifically the viral disruption buffer. While we previously used LBSD-X 
buffer from MAPSciences (Bedford, UK) for viral disruption in our 
COVID-19 testing, its availability is limited and exact composition is 
unknown. Therefore, we adopted the viral disruption buffer reported by 
Dollman et al., which has been successfully used in detecting SARS-CoV- 
2 and other viruses such as H1N1 and H3N2 [39,40,41]. To evaluate the 
diagnostic usefulness of our method, we included analysis of five addi-
tional viruses, including H1N1 and four known coronaviruses, to ensure 

the ability to distinguish between these viruses and COVID-19. Our 
overall objective was to develop a simple, rapid, and cost-effective 
technique for depleting salivary amylase and detecting COVID-19 
through MALDI-ToF MS protein profiling 

Materials and method 

Ethical and Biosafety statement 

The study was approved by the Institutional Review Board and 
Institutional Biosafety Committee of Northern Illinois University 
(approved on August 12, 2020, and revised on July 12, 2021, and August 
11, 2022). Informed consent was obtained from the volunteers who 
participated in the study. The collected information was strictly limited 
to demographics, COVID-19 vaccination status, symptoms, and RT- 
qPCR results. Sample handling and processing were conducted under a 
Class II Biosafety Cabinet. All methods were performed in accordance 
with the relevant guidelines and regulations. 

Sample collection 

During the period from June 2021 to July 2022, samples were 
collected at drive-thru testing sites conducted by the Illinois Department 
of Public Health (IDPH) in Aurora and Rockford, Illinois. NP swabs were 
collected from individuals and analyzed by RT-qPCR to detect the 
presence of SARS-CoV-2 at an IDPH laboratory. The results from RT- 
qPCR testing were categorized as Detected, Not detected, or Inconclu-
sive. Participants who consented to participate in the research study 
were also asked to provide a water gargle sample at the same time as the 
NP swab collection. They were instructed to gargle with 10 mL of bottled 
spring water for 30 s, which was then collected in a 50 mL conical 
centrifuge tube. These gargle samples were stored at − 20 ◦C until 
further processing and analysis. To ensure an adequate representation of 
COVID-19 positive samples, a total of 107 gargle samples were collected. 
Among these samples, only 14 were reported as positive for COVID-19 
by IDPH. In order to maintain a balanced distribution of samples from 
both COVID-19 positive and negative subjects, 14 gargle samples from 
COVID-19 positive individuals were included, along with 14 gargle 
samples from COVID-19 negative individuals, for further analysis. The 
protein profiles obtained from MALDI-ToF MS analysis of these 28 
gargle samples are included in this study to illustrate the effects of the 
amylase depleting device. 

Preparation of samples and controls  

i. Gargle samples: 

The gargle samples were thawed and transferred to a 30 mL 
disposable polypropylene beaker (Fisher Scientific, Waltham, MA). 
Samples were filtered through a 0.45 µm polyethersulfone membrane 
filter (Celltreat Scientific Products, Pepperell, MA), divided equally and 
transferred into two 50 mL tubes (approximately 5 mL of gargle samples 
in each tube). 

Amylase removal using potato starch 

The filtered gargle sample from one tube was hand-pressed through 
an amylase depleting device, with modifications to a previously 
described apparatus [34]. The device comprised a 10 mL plastic syringe 
(Thermo scientific, Rockwood, TN) with a 0.45 µm syringe filter fixed at 
the tip (Fig. 1). 

To prepare the amylase depleting device, a syringe was filled with a 
slurry containing 2 g of potato starch (Sigma-Aldrich, St. Louis, MO) in 
20 mL of LC-MS grade H2O (OmniSolv, Sigma-Aldrich, St. Louis, MO). 
The slurry was pressed through the setup by hand to ensure the substrate 
was adequately moistened and to remove any water-soluble residues. To 
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determine the optimal amount of water required to wash off all water- 
soluble starch residues, 5 mL of LC-MS grade water was passed 
through the device, resulting in a total volume of 30 mL after collection. 
An iodine reagent (0.15 M I2 + 0.3 M KI; 10 μL) was then added to 1 mL 
of each collected filtrate, and absorbance was measured using a UV–Vis 
spectrometer (UV-2600, Shimadzu). Next, 5 mL of the filtered gargle 
sample was filtered by pressing it through the slurry filled syringe col-
umn. The eluent, totaling 5 mL, was collected in a new 50 mL tube 
(Fig. 1). For the aliquot that did not undergo amylase depletion, 5 mL of 
chilled acetone (Sigma-Aldrich, St. Louis, MO) was added to precipitate 
proteins. Acetone was added directly to the other aliquot that did not go 
through amylase depletion. The samples were centrifuged using a 
Beckman Coulter Avanti J-E series centrifuge with a JA-20 rotor at 
16,000 × g for 30 min at 4 ◦C. The supernatant was discarded, the rim of 
the tube patted dry, and the pellet was resuspended in 50 μL of a viral 
disruption buffer reported by Dollman et al. This buffer consisted of 50 
mM ammonium bicarbonate (Sigma-Aldrich, St. Louis, MO), 10 % 
acetonitrile (Oakwood Chemical, Estill, SC), 50 mM TCEP (Sigma- 
Aldrich, St. Louis, MO), and 5 mM octyl ß-D-glucopyranoside (Sigma- 
Aldrich, St. Louis, MO) at pH 7.5 [39]. The resuspended pellets were 
vortexed for 30 s and then incubated at room temperature for 15 min.  

ii. Standards and controls: 

As a negative control, pooled human saliva (pre-COVID-19) collected 
before November 2019 (Lee Biosolutions, Maryland Heights, MO) was 
used. For the control, 500 µL of thawed stock was spiked into 10 mL of 

water. The control sample was filtered, processed as a gargle sample, 
and subjected to amylase depletion following the previously described 
method. To assess the efficacy of the amylase depleting device, protein 
standards were used. Two hundred picomoles (pmol) of human serum 
IgA, 200 pmol of human serum albumin (HSA), and 2000 pmol of human 
amylase (Sigma-Aldrich, St. Louis, MO) in LC-MS grade H2O were passed 
through the amylase depleting device. The protein standards and their 
respective eluents were then lyophilized overnight and reconstituted in 
10 µL of the viral disruption buffer. For MALDI-ToF MS analysis, 20 pmol 
of IgA, 20 pmol of HSA, and 200 pmol of amylase were spotted as final 
concentrations. 

Sample spotting 

For spotting the samples onto the MALDI-ToF MS target plate (Shi-
madzu, Kyoto, Japan), the sandwich method was employed. This 
method involved spotting 1 µL of matrix, followed by 1 µL of the sample, 
and another 1 µL of matrix. In this case, sinapinic acid (Sigma-Aldrich, 
St. Louis, MO) was used as the matrix. The sinapinic acid was prepared 
at a concentration of 20 mg/mL in a solution consisting of LC-MS grade 
water and acetonitrile in a 1:1 ratio, along with 0.1 % trifluoroacetic 
acid (Sigma-Aldrich, St. Louis, MO). Sinapinic acid is a commonly used 
matrix for MALDI-ToF MS protein analysis. The matrix was freshly 
prepared every seven days and stored at 4 ◦C between analyses. 

Instrument parameters 

The Shimadzu AXIMA Performance MALDI-ToF MS (Shimadzu 
Kratos Analytical, Manchester, UK) was utilized for MS acquisition. The 
instrument was equipped with a nitrogen laser set at 337.1 nm, with a 
pulse width of 3 ns and a maximum repetition rate of 60 Hz. Operation 
of the AXIMA Performance mass spectrometer was controlled by Shi-
madzu Biotech Launchpad Software (version 2.9.4) and performed in 
positive-ion linear detection mode. During data acquisition, the laser 
power was set to 100 µJ/pulse, and the repetition rate was set to 50 Hz. 
Spectra were acquired in the mass range of 2,000–200,000 m/z by 
summing 5000 spectra (250 profiles by 20 shots). Pulse extraction was 
set to 50,000 m/z, and the ion gate was set to exclude values below 1500 
m/z. Subsequently, post-acquisition baseline subtraction and smooth-
ing, using a Gaussian function, were applied using Shimadzu Biotech 
Launchpad software. 

Instrument calibration 

The Shimadzu AXIMA Performance MALDI-ToF MS instrument was 
calibrated daily using the (M + H)+ and (M + 2H)2+ peaks of the Pro-
teoMass Apomyoglobin MALDI-MS Standard (Sigma-Aldrich, St. Louis, 
MS). The standard was prepared at a concentration of 100 pmol/µL in 
LC-MS grade water. Throughout the analysis, the signal intensities of the 
calibrant were continuously monitored to assess the inter-day perfor-
mance of the instrument. Calibration was considered successful if the 
mass deviation was within a range of less than 500 mDa. 

Data analysis 

Using Shimadzu Biotech Launchpad, a text file was exported for each 
gargle sample that underwent amylase depletion. These files contained 
the spectrum of mass-to-charge (m/z) values ranging from 2,000 m/z to 
200,000 m/z, along with the corresponding ion count intensities. The 
area under the curve (AUC) was calculated as described in a previous 
study, where specific biomarker ranges (11,140–11,160 m/z, 
23,550–23,800 m/z, 27,900–29,400 m/z, 55,500–59,000 m/z, 
66,400–68,100 m/z, 78,600–80,500 m/z, 111,500–115,500 m/z) were 
identified as potentially indicative of host immune proteins or viral 
proteins. To determine the AUC, ion counts within each subrange were 
integrated using the composite Simpson’s rule, resulting in features for 

Fig. 1. An illustration of salivary amylase depleting device loaded with a gargle 
sample (Created with BioRender.com). 

Z. LaCasse et al.                                                                                                                                                                                                                                

http://BioRender.com


Journal of Mass Spectrometry and Advances in the Clinical Lab 31 (2024) 59–71

62

each data sample. The AUC values were computed for each spectral 
range [38]. The 11,140–11,160 m/z peak served as an internal control to 
confirm successful sample collection and processing. The areas under 
the peaks at 11,140–11,160 m/z and 78,600–80,500 m/z (approximate 
theoretical m/z of the S1 fragment of the SARS-CoV-2 spike protein) 
were calculated for all the samples that underwent amylase depletion. 
For further analysis, receiver operating characteristic (ROC) curve 
analysis was performed using Medcalc software (Belgium). This analysis 
involved plotting the true positive rate (sensitivity) on the Y-axis against 
the false positive rate (100-specificity) on the X-axis for each observed 
AUC value for the peaks at 11,140–11,160 m/z and 78,600–80,500 m/z. 

SDS-PAGE analysis 

To assess the efficacy of the amylase depletion, the reconstituted 
pellets obtained after the depletion process were analyzed using 8 % Bis- 
Tris Plus acrylamide gels (Invitrogen, Waltham, MA). The gels were run 
for 35 min at 150 V using MES SDS running buffer (Novex, Waltham, 
MA). Gargle samples (20 µL) before and after passing through the 
amylase depleting device, as well as protein standards of amylase (14 
µg), HSA (2.5 µg), and IgA (3.5 µg), were analyzed on the gels under 
reducing conditions. After the gel run, the gels were stained using a 0.1 
% w/v PhastGel Blue R (Amersham Biosciences, Uppsala Sweden) for 20 
min, followed by destaining with a solution containing 30 % v/v 
methanol (ACS grade) and 10 % v/v acetic acid (ACS grade) in Milli-Q 
water for 45 min. The protein bands were visualized to evaluate the 
efficiency of the amylase depletion process. 

Results 

The starch bed selectively binds amylase 

To evaluate the impact of the amylase depleting device on the 
detection of other proteins in saliva, we conducted tests using individual 
protein standards that are present in high abundance in saliva. These 
standards included salivary amylase, HSA, and IgA. When the standard 
amylase was passed through the amylase depleting device, the eluent 
collected showed a negligible signal at the theoretical m/z value of the 

parent peak. This confirmed the efficient removal of amylase, as ex-
pected (Fig. 2). Moreover, when HSA and IgA were passed through the 
device, minimal to no binding or interaction was observed between the 
starch bed and these two proteins (Figs. 3 and 4). These spectra indi-
cated that the starch bed selectively binds amylase with minimal loss of 
other proteins. Subsequently, we tested the negative control, pre- 
COVID-19 saliva, by passing it through the amylase depleting device. 
The protein profiles of the negative control before and after passing 
through the device showed noticeable differences (Fig. 5). The intensity 
of the peak at approximately 56,216 m/z, which corresponds to the 
theoretical molecular weight of salivary amylase, was considerably 
reduced after passing through the device. Conversely, the peak around 
66,000 m/z was enhanced, and a low-intensity peak between 
56,000–58,000 m/z was retained in the eluent. Comparing Figs. 2 and 4, 
this signal corresponded to the heavy chain of salivary IgA, which was 
not retained on the starch bed. These findings indicate that the amylase 
depleting device selectively binds amylase while preserving other pro-
teins of interest, demonstrating its effectiveness in amylase removal 
without significant loss of other proteins. 

To further analyze the effects of passing gargle samples through the 
amylase depleting device, we conducted an SDS-PAGE analysis. Fig. 6 
shows the positions of the bands for protein standards HSA, amylase, 
and IgA. In the case of IgA, there are two bands around ~ 55 kDa and ~ 
25 kDa, representing the heavy and light chains, respectively (Lane 4). 
Comparing the positions of these standard proteins, it is evident that the 
band between 50 and 60 kDa in the gargle sample (Lane 5) decreased in 
intensity after passing through the amylase depleting device, as 
observed in Lane 6. Additionally, most of the other bands were still 
visible in Lane 6. This aligns with the MALDI-ToF MS spectra of the 
negative control, where the peak between 55,500–59,000 m/z sub-
stantially decreased in intensity after passing the gargle samples through 
the amylase depleting device (Fig. 5). As previously observed, selective 
binding of the starch bed occurs only with amylase, while other proteins 
show minimal loss in signal intensity on MALDI-ToF MS. Hence, we can 
conclude that the band observed to deplete between 50 and 60 kDa in 
the SDS-PAGE gel corresponds to amylase. Nonetheless, in Lane 6, we 
can still observe the light chains of immunoglobulins along with various 
other bands, indicating the preservation of the remaining proteome. 

Fig. 2. Standard amylase before and after passing through amylase depleting device. MALDI-ToF MS spectra of standard amylase in (—blue) and an overlay of the 
same sample after passing through the amylase depleting device (—red). No peak was observed at 56,000 m/z after passing through the device, confirming the 
binding between the starch bed and salivary amylase. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of 
this article.) 
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There is some overall protein loss in the gargle samples due to the 
additional step of amylase depletion. However, when analyzing the el-
uents on a sensitive instrument like MALDI-ToF MS, we can still observe 
the presence of other proteins even after amylase depletion. 

The starch bed depletes amylase from saliva and unmasks other peaks 

In the gargle samples obtained from subjects, we observed a 

significant reduction in signal intensity between 55,500 and 59,000 m/z 
in the MALDI-ToF MS profiles of COVID-19 positive samples after 
passing through the amylase depleting device (Fig. 7). This suggests that 
the ions contributing to this peak are attributed to amylase and are 
reduced in number when utilizing the amylase depleting device. 
Conversely, the peak around 66,000 m/z (alongside several other peaks) 
was notably enhanced in these eluents. These findings support the hy-
pothesis that amylase depletion unmasks signals from multiple proteins 

Fig. 3. Standard HSA before and after passing through amylase depleting device. MALDI-ToF MS spectra of standard HSA in (—blue) and an overlay of the same 
sample after passing through the amylase depleting device (—red). The peaks at 66,995 m/z and 33,592 m/z which correspond to the single- and double-charged 
peaks of HSA, respectively, were observed with similar signal intensities before and after using the amylase depleting device. (For interpretation of the references to 
color in this figure legend, the reader is referred to the web version of this article.) 

Fig. 4. Standard IgA before and after passing through amylase depleting device. MALDI-ToF MS spectra of a standard human serum IgA in (—blue) and an overlay of 
the same sample after passing through the amylase depleting device (—red). The peaks at 23,397 and 57,197 m/z which correspond to the light chain and heavy 
chain peaks of IgA respectively, can be observed with similar signal intensities before and after using the amylase depleting device. The peak at 46,428 m/z is the 
dimer of the IgA light chains. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.) 
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in saliva. 
We further compared the eluents obtained from COVID-19 positive 

and negative gargle samples (Fig. 8). As anticipated, the profiles of 
COVID-19 positive samples exhibited more numerous and higher in-
tensity peaks compared to the profiles of COVID-19 negative samples, 

even after amylase depletion. Specifically, the peaks corresponding to 
the presumed viral proteins in the established ranges of 66,400–68,100 
and 78,600–80,500 m/z remained significantly higher in COVID-19 
positive gargle samples compared to COVID-19 negative samples. This 
suggests that the ability to detect viral proteins in the spectra was not 
affected by amylase depletion. To support this observation, we per-
formed SDS-PAGE analysis to compare clinically confirmed COVID-19 
positive and negative samples (Fig. S1). The eluents from both COVID- 
19 positive and negative samples (Lane 3 and Lane 5) showed a reduc-
tion in band intensity around 60 kDa, which corresponds closely to the 
theoretical weight of salivary amylase. Moreover, the rest of the prote-
ome remained preserved and visible using the Coomassie Brilliant Blue 
staining method. 

Sensitivity and specificity of SARS-COV-2 detection after amylase 
depletion 

The signal intensities of the sample files were normalized by dividing 
them by the peak intensity of the (M + H)+ peak of apomyoglobin, 
which was used for daily instrument calibration. The areas of the peaks 
in the 11,140–11,160 m/z (quality control peak present in saliva irre-
spective of COVID-19 status) and 78,600–80,500 m/z (S1 spike protein 
of SARS-CoV-2) ranges were calculated using Simpson’s rule, as 
described in our previous study [38]. Simpson’s rule is a numerical 
method for approximating the definite integral of a function which is 
based on approximating the AUC using quadratic polynomials. It in-
volves dividing the interval of integration into an even number of sub-
intervals and evaluating the function at the endpoints and midpoints of 
these subintervals. The approximate value of the integral is then ob-
tained by summing the weighted values of these function values [42]. To 
determine the appropriate cut-off for classifying a sample as COVID-19 
positive or negative, ROC curve analysis was performed. The disease 
prevalence assumed for generating the ROC plot was 10 %, based on 
data from the CDC’s COVID-19 data tracker. The analysis of peaks in the 
11,140–11,160 m/z range indicated that they did not reliably discrim-
inate between COVID-19 negative and positive samples (AUC 0.77, 
threshold of 4.44). 

Peaks in the range of 78,600–80,500 m/z that represent the S1 spike 

Fig. 5. COVID-19 negative control saliva before and after amylase depletion. MALDI-ToF MS spectra of pre-COVID-19 saliva in (—blue) and an overlay of the same 
sample after passing through the amylase depleting device(—red). The peak at 56,216 m/z which corresponds to the presence of amylase, was significantly reduced 
in the sample’s eluent. Interestingly, the peak at 66,867 m/z was significantly enhanced in the eluent. (For interpretation of the references to color in this figure 
legend, the reader is referred to the web version of this article.) 

Fig. 6. SDS-PAGE analysis of high-abundance proteins in human saliva and an 
example gargle sample stained with Coomassie-Brilliant-Blue under reducing 
conditions. Lane 1: Standard protein ladder. Lane 2: HSA (2.5 μg), Lane 3: 
salivary amylase (14 μg), Lane 4: IgA (3.5 μg). Lane 5: gargle sample before 
passing through amylase depleting device Lane 6: same gargle sample after 
passing through the device (eluent). (For interpretation of the references to 
color in this figure legend, the reader is referred to the web version of 
this article.) 
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protein of SARS-CoV-2 showed good discrimination between COVID-19 
positive and negative specimens (AUC 0.893, threshold of 10.14) after 
amylase depletion. Using a threshold area of 10.14, the sensitivity and 
specificity of COVID-19 detection was 85.71 % and 100 %, respectively 
(Fig. 9). 

The sensitivity of SARS-CoV-2 detection after amylase depletion was 
found to be slightly lower than expected when compared to RT-PCR. 
This discrepancy could be attributed to the possibility that some of the 
selected positive samples had low viral loads. The IDPH reports positive 
cases as “detected” but does not provide Ct values, which are typically 
used to assess the viral load level. To properly estimate the realistic 
sensitivity of the MALDI-ToF MS method for detecting SARS-CoV-2, 
further studies with a larger number of samples and the inclusion of 
Ct values from positive samples are necessary. This would allow for a 
better understanding of the sensitivity and performance of the MALDI- 
ToF MS method in detecting SARS-CoV-2. 

To evaluate how the amylase depletion process impacted the sensi-
tivity and specificity of our method, we analyzed the AUC values of the 
two peaks (11,140–11,160 m/z and 78,600–80,500 m/z) for the same set 
of samples before amylase depletion (Fig. 10). The results showed an 
improvement in the detection of COVID-19 after depleting amylase, as 
the specificity increased from 57.12 %, while the sensitivity remained at 
85.71 %. This observation supports the hypothesis that the signal in-
tensities of disease biomarkers (such as 78,600–80,500 m/z in this case) 
were being suppressed due to the high abundance of amylase in the 
gargle samples. The normalized AUC values for before and after amylase 
depletion can be found in the Supplementary table. 

Discussion 

The presence of high-abundance proteins in proteomic analysis using 
MALDI-ToF MS can hinder the detection of low-abundance proteins, 

which are potential candidates for disease diagnosis. This challenge also 
applies to saliva samples, where amylase is one of the high-abundance 
proteins. To address this issue, we developed a simple and cost- 
effective method to deplete salivary amylase in COVID-19 gargle sam-
ples before MALDI-ToF MS analysis. By removing amylase, we aimed to 
improve the detection of low-abundance proteins and facilitate 
biomarker discovery for disease diagnosis. 

Deutsch et al. developed an amylase depleting device that in-
corporates a 0.45 μm paper filter at the tip of the syringe [34]. In our 
initial efforts in preparing and utilizing this apparatus, we experienced 
difficulty when removing the plunger between starch activation and 
sample loading. To address this, we replaced the paper filter with a 0.45 
μm syringe filter (Fig. 1), which minimized disturbances to the potato 
starch bed during plunger release. To eliminate any potential interfer-
ence or ion suppression caused by water-soluble residues within the 
potato starch, we passed larger volumes of water through the device 
before sample loading. This step was aimed at removing these residues, 
which may affect protein ionization or interfere with amylase adsorp-
tion (Fig. 11). The presence of starch was confirmed using an iodine 
reagent, which produces a deep blue color in the presence of starch. 
Panel A of Fig. 11 clearly shows the absence of starch after passing 20 mL 
of water, which was also confirmed using a UV–Vis spectrometer shown 
in Fig. 11, Panel B. Therefore, we passed 20 mL of water through the 
device before loading any gargle samples, standards, or controls to 
significantly decrease water-soluble residues in the starch. These addi-
tional washing steps were crucial to prevent ion suppression of proteins 
during MALDI-ToF MS analysis resulting from water-soluble starch 
residues. The influence of starch type and structure on its interaction 
with amylase is not well understood, and the Michaelis-Menten model 
cannot be directly applied to in-vitro studies of amylase action due to 
uncertainties in the substrate’s (starch) structure, the possible presence 
of inhibitors, and the high enzymatic activity [43,44]. 

Fig. 7. COVID-19 positive gargle sample before and after amylase depletion. MALDI-ToF MS spectra of a representative gargle sample from a COVID-19 positive 
donor (—red) and an overlay of the same sample after passage through the amylase depleting device (—green). (For interpretation of the references to color in this 
figure legend, the reader is referred to the web version of this article.) 
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Fig. 8. COVID-19 positive and negative gargle sample after amylase depletion. Representative MALDI-ToF MS spectra of gargle samples from a COVID-19 positive 
donor eluent (—red) and COVID-19 negative donor eluent (—green). Panel A is the full-range mass spectra of the samples. Panels B and C show specific ranges where 
differences in mass spectra are observed between COVID-19 positive eluent and COVID-19 negative eluent samples after amylase depletion. (For interpretation of the 
references to color in this figure legend, the reader is referred to the web version of this article.) 
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In previous studies, we utilized LBSD-X buffer (MAPSciences, Bed-
ford, UK) to effectively lyse viral particles in saliva. However, due to 
supply chain issues, this buffer has become less readily available. As a 
result, we turned to a previously reported buffer for viral reconstitution 
as an alternative [39]. To optimize this buffer, we made specific sub-
stitutions, replacing 2 mM dithiothreitol with 50 mM TCEP, and 
implementing a simpler method by substituting sonication with a simple 
vortex and reducing the incubation time to 15 min at room temperature. 
This modified buffer showed promising results, as we observed the ex-
pected peaks within the established ranges (11,140–11,160 m/z; 
23,550–23,800 m/z; 27,900–29,400 m/z; 55,500–59,000 m/z; 
66,400–68,100 m/z; 78,600–80,500 m/z; and 111,500–115,500 m/z; 
Fig. 12). Additionally, we were able to observe differences between 
COVID-19 positive and negative gargle samples (Fig. 8), further 
demonstrating the effectiveness of the modified buffer. 

By analyzing the peak areas in the eluents of COVID-19 positive and 
negative gargle samples, we found that the samples could be differen-
tiated based on the 78,600–80,500 m/z range, which corresponds to the 
theoretical m/z value of the S1 fragment of the spike protein of SARS- 
CoV-2. Furthermore, we performed an ROC curve analysis to deter-
mine a cut-off threshold for the peak area, establishing its diagnostic 

utility. A threshold of  > 10.14 units for the 78,600–80,500 m/z range 
resulted in a specificity of 100 % and a sensitivity of 85.17 % for COVID- 
19 positivity. 

In our previous study, we established the presence of five bio-
markers. However, for this study, we focused specifically on the m/z 
range of 78,600–80,500, which includes the S1 fragment of the spike 
protein of SARS-CoV-2. The peaks in the 55,500–59,000 m/z range and 
the 27,900–29,400 m/z range are attributed to the singly and doubly 
charged peaks of overlapping IgA heavy chain and amylase. We 
observed that these peaks were depleted after passing through the 
amylase depleting device, as the starch bed showed specific affinity 
towards amylase. This selective binding was confirmed when the stan-
dard IgA and amylase were passed individually through the amylase 
depleting device, with minimal difference in intensity observed for IgA 
(Figs. 2 and 4). Therefore, it is important to consider the presence of two 
proteins in the ranges of 55,500–59,000 m/z and 27,900–29,400 m/z, of 
which only one protein (amylase) is affected by depletion. Among the 
other established biomarkers, the m/z range of 66,400–68,100 includes 
albumin and the S2 fragment of the spike protein. However, the S2 
fragment overlaps with the peak of host saliva albumin (approximately 
66,348 kDa). Therefore, in this study, we focused on evaluating the 

Fig. 9. ROC analysis of the biomarker ranges 11,140–11,160 m/z and 78,600–80,500 m/z after amylase depletion. In the plot, each point represents a MALDI-ToF MS 
specificity/sensitivity value at a cutoff AUC for each potential biomarker range, with the highest specificity/sensitivity and discriminating power having values near 
the top left of each plot. 

Fig. 10. ROC analysis of the biomarker ranges 11,140–11,160 m/z and 78,600–80,500 m/z before amylase depletion. In the plot, each point represents a MALDI-ToF 
MS specificity/sensitivity value at a cutoff AUC for each potential biomarker range, with the highest specificity/sensitivity and discriminating power having values 
near the top left of each plot. 
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performance of the amylase depleting device using only the biomarker 
range corresponding to the S1 fragment (78,600–80,500 m/z) for 
COVID-19 diagnosis. Comparing the ROC curves in Figs. 9 and 10, we 
observed that the viral protein within this range is effectively retained 
after amylase depletion and provides higher sensitivity for COVID-19 
diagnosis. 

In addition to the selection of biomarker ranges, we also examined 
the changes in AUC values before and after amylase depletion, which are 
provided in the Supplementary table. The normalized AUC values for the 
78,600–80,500 m/z region showed variability among the 14 positive 
samples. This variability may be attributed to the different stages of the 
SARS-CoV-2 infection cycle at the time of gargle sample collection. The 
varying stages of infection, as well as the host’s immune response, can 
influence the abundance of the virus and, consequently, the signal in-
tensities of viral proteins. Furthermore, the different levels of amylase 
abundance in each gargle sample could impact the extent of ion sup-
pression of other peaks. Each MALDI-ToF MS spectrum of COVID-19 
samples exhibited variability in peak signals, and the occasional pres-
ence of additional peaks, resulting in distinct profiles for each sample. 
However, despite this variability, ROC curve analysis allowed us to 
achieve high sensitivity and specificity. The variability in AUC values for 
the 11,140–11,160 m/z range, which serves as the quality control peak, 
did not significantly affect the study 

The utilization of the amylase depleting device did result in some 
protein loss. However, we observed the effects of amylase depletion on 
the intensities of other proteins, as indicated by the presence of addi-
tional peaks in the eluents of amylase-depleted gargle samples. These 
peaks were previously suppressed in non-depleted samples due to the 
ions from amylase. Further investigations are necessary to characterize 
these peaks and determine their potential significance in disease and 
normal conditions. Discovery-based (untargeted) LC-MS/MS methods 
utilizing a bottom-up proteomics approach could be employed to map 
protein hits to the m/z values of these enhanced peaks observed in the 
MALDI-ToF MS profiles. Additionally, targeted LC-MS/MS methods 
could be implemented to detect proteotypic peptides for both host and 
viral proteins, including those identified within the five established 
biomarker ranges as well as the proteins associated with these newly 
enhanced signals. 

Although it was challenging to obtain saliva or gargle samples 

infected with specific viruses, we demonstrated the effectiveness of 
protein profiling using MALDI-ToF MS in differentiating between viral 
infections. Figs. S2, S3, and S4 in the Supplementary Information 
showcase the differences in protein profiles of viruses such as H1N1, 
Middle Eastern Respiratory Syndrome Coronavirus (MERS-CoV), and 
common coronaviruses (HCoV-NL63, HCoV-OC43, and HCoV-229E) 
compared to SARS-CoV-2. These viral samples were obtained from BEI 
Resources (Manassas, VA) and consisted of irradiated cell lysates and 
supernatant from cells infected with each respective virus. Despite the 
challenges in acquiring saliva or gargle samples infected with these vi-
ruses, the data clearly demonstrate the effectiveness of protein profiling 
using MALDI-ToF MS. For instance, the H1N1 virus, a subtype of 
influenza A, was included in the analysis due to the overlapping symp-
toms observed in H1N1 and COVID-19 infections [45,46]. The protein 
profiles of H1N1 influenza viruses were distinct from those of SARS- 
CoV-2, confirming the ability to differentiate SARS-CoV-2 from the 
H1N1 infections. Additionally, we examined the protein profiles of the 
human coronaviruses HCoV-OC43, HCoV-HKU1, HCoV-229E, and 
HCoV-NL63, which cause a mild range of symptoms and are self-limiting 
to upper respiratory tract infections [47], and compared them to SARS- 
CoV-2. The MALDI-ToF MS spectra clearly demonstrated unique protein 
profiles for each of these coronaviruses, highlighting their distinguish-
able features from SARS-CoV-2. These findings demonstrate the poten-
tial of MALDI-ToF MS for the differentiation of viral infections based on 
protein profiling. 

This study demonstrates the potential application of the amylase 
depletion method using potato starch columns for the diagnosis of 
COVID-19. While previous studies have successfully depleted salivary 
amylase, this is the first report employing this method for clinical 
application. The removal of amylase enables the visualization of previ-
ously hidden peaks, making it an efficient and cost-effective approach 
for identifying novel biomarkers in saliva through MALDI-ToF MS 
analysis. This proof-of-concept study highlights the potential for 
depleting other high-abundance proteins in a similar manner to enhance 
the diagnostic utility of saliva. Overall, this sample processing technique 
can improve the sensitivity of protein analytes present in low abun-
dance, opening up possibilities for the identification of biomarkers in 
various diseases. 

Fig. 11. Iodine test to determine the presence of starch after multiple water washes. The gradual color change in Panel A and the overall decrease in the absorbance 
in the UV–Vis spectra in Panel B confirmed the reduction in water-soluble starch residues present in starch. 
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Fig. 12. Comparison between the LBSD-X buffer and the newly optimized viral disruption buffer. MALDI-ToF MS spectra of a COVID-19 positive gargle treated with 
LBSD-X buffer (—red) and an overlay of the same sample treated with the new optimized buffer (—blue). Panel A is the full-range mass spectra of the same positive 
sample treated with both buffers. The optimized buffer showed peaks in the ranges that were established in our previous study. Panels B and C are specific ranges in 
mass spectra where the peaks obtained by both the buffers closely overlap with each other. (For interpretation of the references to color in this figure legend, the 
reader is referred to the web version of this article.) 
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Conclusion 

This study utilized a cost-effective device to deplete salivary amylase 
from human gargle samples, aiming to improve the protein profiles of 
COVID-19 positive and negative samples in saliva. The starch bed of the 
device selectively captured salivary amylase while leaving the rest of the 
proteome largely unaffected. As a result, enhanced MALDI-ToF MS sig-
nals were observed for various peaks that had been suppressed by the 
presence of amylase. The analysis of 28 gargle samples (14 COVID-19 
positives and 14 COVID-19 negatives) using ROC curve analysis ach-
ieved a sensitivity of 85 % and specificity of 100 %. This method has the 
potential to unmask and detect biomarkers that are typically present in 
low abundance. 
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