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ABSTRACT

Infrared spectroscopy it is becoming more and more useful in the field of biomedical research. Infrared

spectroscopy has been used more and more to characterize biological matrixes, providing a simple way to obtain

diagnostic and observational information from easily acquired samples. These tests are performed in order to monitor

the changes, and in this way to characterize the biological matrix, with the aim of detecting the first signs that can

diagnose a disease. Vibrational spectroscopy analysis of biological fluids has become more and more popular recently.

Notably, the development of infrared spectroscopic screening of blood products, particularly blood serum and saliva,

for illness diagnosis has attracted economic attention. This review examines some applications of the infrared

spectroscopy method that was employed to examine human serum in order to detect disease at an early stage, published

between 2017 and 2022.
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1. Introduction

Although theories for vibrational spectroscopy in the biological

applications have been discussed for more than three decades and

several studies have already shown their suitability in, for instance,

histopathologic and biological studies, clinical translation has tends to

lag, requiring the consideration of realistic, strategic goals[1,2].

Body fluids (such as plasma, serum, saliva, or urine) are

becoming an important source of samples for diseases diagnosis and

therapy monitoring in a general clinical setting since their collection

is straightforward, mostly non-invasive, and cost-effective. In the

present, all over the world there are a lot of tests used for identifying

and diagnosing certain diseases using body fluids[3–9].  It is known that

any modification of a physiological or pathological condition will

determine a change in the concentration of a specific constituent (i.e.,

biomarker) in body fluids[10]. The number and diversity of diseases

have increased rapidly in the last period of time due to changes in

genetic factors or lifestyle, as well as different types of rapidly

evolving infectious agents[11,12]. Now it is possible to perform a

number of analyses for early disease diagnosis in a clinical laboratory

using body fluids other than blood, such as cerebrospinal fluid,

drainage fluid, urine, amniotic fluid, esoteric fluids (such as sweat,
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tears, and saliva), gastric juice, and others, also known as extracellular fluids (ECF)[13]. All these tests will 

provide doctors with valuable information for effective therapeutic treatment and progress monitoring. 

Human serum is one of the most complex biological materials, containing proteins, sugars, lipids, and 

metabolites[14]. All these components have a unique chemical structure and are characterized by different 

infrared spectra. In this way, vibrational spectroscopy techniques represent a useful tool in the fields of 

biology and medicine because of their fast and non-invasive nature. 

Taking into account the complex composition of body fluids, it is a challenging aim to obtain methods 

for the quantitative analysis of all these constituents by IR spectroscopy and there are several reviews, 

published in this period of time, presenting these results[15–20]. The first step in medical practice is diagnosis, 

and it is critical for a best clinical decision. Medical diagnosis is considered a very complex process, even for 

the most experienced clinicians, because it involves taking into account several factors and scenarios in 

relation to the medical evidence[4,21]. In health care, an early diagnosis is very important because it can slow 

down or prevent disease progression. 

Although aspects of the application of infrared spectroscopy in biomedical analysis have been 

theoretically discussed many years ago and the feasibility has been demonstrated in various histological and 

cytological studies, their application has been slow, so lower steps have been considered[2,22]. The basic 

principle of infrared spectroscopy technique is the oscillations of atoms in molecules, thus generating useful 

information about molecular conformation, structure, intermolecular interaction(s), and chemical bonding[23]. 

Since this technique results in a biochemical signature of all the components presented in the sample, it 

follows that the resultant data set is influenced by all the samples’ constituent molecules[24]. Due to the large 

amount of data obtained from spectra, this technique must be combined with chemometric approaches in 

order to extract relevant information. Of the most chemometric methods often used for different reasons, 

Principal Component Analysis (PCA)—the most basic method for analyzing chemometrics data, which 

involves paring down the data into noise and structural components the most basic method for analyzing 

chemometrics data, which involves paring down the data into noise and structural components, Random 

Forest (RF) and Support Vector Machine (SVM)—is a linear model for classification and regression issues 

that can resolve both linear and non-linear issues and is effective for a variety of real-world issues. SVM’s 

basic premise is as follows: In order to categorize the input, the algorithm generates a line or a hyperplane. 

Partial Least Squares Regression analysis (PLSR)—is a statistical technique that appears to be principal 

component regression in some ways; however, it finds a linear regression model by projecting the predicted 

variables and the observable variables to a new space rather than searching for hyperplanes of maximum 

variance between the response and independent variables, is commonly used to construct quantitative 

predictive models[25–28]. For spectroscopy to be more effective at accessing spectrum data, chemometrics 

must be used. Chemometrics, by definition, is the application of mathematical and statistical techniques to 

derive pertinent chemical information and relate quality indicators or physical characteristics to analytical 

data. It means that a chemometrician would use their understanding of chemical and instrumental factors to 

show data in ways that allowed them to interpret the system they were studying chemically[29]. Biancolillo 

and Marini briefly reviewed the various chemometric approaches applicable in the context of spectroscopy-

based pharmaceutical analysis, discussing the unsupervised exploration of the collected data as well as the 

potential for developing predictive models for both quantitative (calibration) and qualitative (classification) 

responses. This is the most straightforward explanation of chemometrics[30]. 

The aim of this review is to highlight some important applications of infrared spectroscopy for 

identifying healthy and unhealthy individuals using their body fluids (serum and/or saliva), covering the 

period between 2017 and 2022, after our previous papers[3,31,32]. The research was performed using “early 
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disease diagnosis in human serum/saliva using infrared analysis” as keywords in ScienceDirect, Wiley, 

Taylor & Francis online and SpringerLink sites, and were obtained more than 9000 papers. 

2. Ftir applications in early disease diagnosis 

Viral infections. One of the major factors affecting public health is the large number and variety of 

microbial pathogens in the environment. Currently, there are no analytical techniques, that are in the same 

time specific, fast and cheap and ensures, in a single analysis, a differentiation of viruses. This is the reason 

for the efforts made in order to develop techniques that can realise the diagnosis that differentiates the 

viruses[33–35]. 

SARS-CoV-2, (Severe Acute Respiratory Syndrome Coronavirus 2), more commonly known as COVID-

19, is the latest biological hazard to pose threat to healthcare  worldwide. A latest world statistic, 3 May 2023, 

shows the existence of 765,222,932 confirmed cases, of which 6,921,614 death[36]. Some authors, supposed 

that FTIR spectroscopy, especially on attenuated total reflectance (ATR) crystals can be used for sensing this 

virus after mass-separating screening while others show that saliva can be used for analysis[37–39]. 

In Figure 1, spectra for control saliva, inactivated-irradiated COVID-19 virus particles, and healthy 

patients (RT-qPCR negative) are compared[40]. 

 
Figure 1. FTIR-ATR spectra for control saliva, inactivated-irradiated COVID-19 virus particles, and healthy patients (RT-qPCR 
negative)[40]. 

Control saliva was spiked with varying concentrations of inactivated-irradiated COVID-19 virus 

particles, as shown in this Figure of a human participant (male, 42 years old, and RT-qPCR negative). The 

virus particle is obviously capable of altering the IR spectral signature of saliva at low copy counts. When 

saliva is spiked with a virus at extremely low concentrations (781 copies/mL and lower), the spectral points 

cocluster with those of control saliva, indicating no changes. At 12,500 copies/mL, there is segregation from 

the control, though. Exploratory principal component analysis (PCA) is used to clearly separate spectral data 

points after nucleic acid (RNA/DNA) extraction from saliva samples taken from persons who tested positive 

(n = 5) or negative (n = 5) for COVID-19. 

Diagnosis of HCV (hepatitis C virus from the Flaviviridae family) and HBV (hepatitis B virus from the 

family Hepadnaviridae) infection are currently based on the detection of antibodies or antigens using 

serological assays[41]. 

A similar study was focused on obtaining new biomarkers for the differentiation of chronic infections 

with HBV and HCV in serum[42]. The ATR-FTIR method proposed initially presents promising results, but 

after a thorough study it was concluded that it is possible to obtain similar results to infection or compounds 

synthesized by the virus rather than the presence of the virus itself, so more work is required, before a viral 
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diagnostic based on ATR-FTIR spectroscopy can be implemented it is necessary to know how specific the 

reaction is to various viruses and other infectious agents. 

Infections with Helicobacter pylori, a Gram-negative bacterium, were studied with a highthroughput 

microplate FTIR spectroscopy system after gastric adenocarcinoma (AGS) cell lines were incubated with H. 

pylori strains presenting two different genotypes CagA+/Vac-s2[43]. 

The FTIR spectra obtained using comparatively dry and washed AGS cells, are presented in Figure 2. 

 
Figure 2. Examples of FTIR spectra of AGS cells incubated (black solid line) and not incubated (gray dashed line) with H. pylori, 
pre-processed by baseline correction and MSC (multiplicative scatter correction)[43]. 

The Amide I peak (1650 cm−1) was used to standardize the spectra after baseline correction and 

multiplicative scatter correction (MSC). A Savitzky-Golay technique was used to construct second derivative 

spectra from raw spectra while taking into account a third order polynomial across 15-point windows. With 

Matlab R2012b (Matworks, Natick, MA, USA), the remaining pre-processing work was completed after 

doing the baseline correction with OPUS software (Bruker, Germany). 

Taking into account the results obtained, it can be concluded that the method proposed is useful for the 

determination of H. pylori strain genotype as well as for the diagnosis of bacterial infections, antibiotic 

resistence, and gastric disease risk. 

Immunoglobulin A (IgA) is an important immunoglobulin (Ig) in serum after immunoglobulin G[44] 

that acts as a part of the first line of defence against microorganisms invading mucosal surfaces[45]. 

An ATR method coupled with PLS approaches was proposed for the determination of IgA using both 

whole human serum and ultrafiltrated one[46]. The ATR-IR spectra presents some peaks of interest, which can 

be easily associated with protein absorption, such as 3300 cm−1 (Amide A), 1650 cm−1 (Amide I) and 1550 

cm−1 (Amide II). For whole serum analysis there was necessary a model based on 5 PLS factors and the 

minimum value detected was 100mg/dL, while for ultrafiltrated serum the model is based on 9 factors with a 

minimum value of 92 mg/dL. 

Figure 3 presents the raw spectra for whole and ultrafiltrated serum samples. The 6–7 spectra with 

higher than average absorbance in the X-H stretching region 2900–3500 cm−1 correspond to samples for 

which the drying process was not quite complete. 

 
Figure 3. ATR-FTIR spectra of whole and ultrafiltrated human serum samples[46]. 



5 

This study demonstrates that using centrifugal ultrafiltration as a preprocessing step is a small but 

important step in achieving an analytical method for the quantitative determination of serum IgA based on 

infrared spectroscopy. If the procedure is further improved, it might be possible to measure a variety of 

serum HMW (high molecular weight) proteins, such as IgA and others, that are now just below the 

concentration threshold needed to use IR-based analytical methods. 

Alzheimer’s disease (AD), one of the most known forms of dementia, is the result of a 

neurodegenerative disorder caused by aging of the body for reasons that are not fully known[47]. 

For an early diagnosis, it was necessary to find some basic criteria for diagnosis of this disease by the 

American National Institute of Neurological and Communicative Disorders (NINCDS) and the Alzheimer’s 

Disease and Related Disorders Association (ADRDA)[48,49]. Taking into account these criteria, the 

diagnostics is based on the determination of some AD biomarkers as well as a neuropsychological 

appreciation as presented in a special report[50]. If some of them can be used for the moment, for others 

additional studies are necessary to be performed. 

Near-infrared (NIR) and mid-infrared (MIR) spectra from 265 serum samples from healthy people and 

Alzheimer’s disease patients were collected to examine the viability of applying spectral feature fusion 

technology to detect Alzheimer’s disease (AD)[51] and Figure 4 presents the average NIR (a) and MIR (b) 

FTIR spectra for control and patients with Alzheimer’s disease. 

Water absorption at 1370–1600 nm and 1850–2120 nm dominate the full-spectrum range of 400–2500 

nm for the NIR region[52,53], however the spectral characteristics of other components are severely affected by 

water absorption and are almost completely masked by water absorption bands. 

The water molecule absorption peaks in the MIR region were at 3302 and 1639 cm−1, while other blood 

constituents (such lipids and proteins) were largely absorbed in the fingerprint region of the MIR spectra 

(1800–800 cm−1)[54]. The stretching vibration of the lipid C–O was primarily responsible for the absorption 

between 1800 and 1700 cm−1; the stretching vibration of the amide carbonyl C–O, also known as the amide I 

band; the bending vibration of NH2 in the R CONH2 molecules; and the stretching vibration of the P–O bond 

and PO– double bond of nucleic acids were both primarily responsible for the absorption between 1640 and 

1600 cm−1[55,56]. The spectrum features of other components were incredibly weak because of water 

absorption, which was clearly visible in the MIR spectra. 

Bands that distinguish between the healthy and AD groups can be found by differentiating the spectra 

and then averaging the derivative spectra. 

 
Figure 4. Average FTIR spectra of patients with Alzheimer’s disease (red) and controls (blue), (a) in the NIR region and respectively 
(b) MIR region[51]. 

As can be seen, these spectra are very similar. The best pretreatment method chosen for the diagnosis of 

Alzheimer’s disease in order to minimize errors, was accomplished by using a variety of data processing 

techniques, including the first derivative, second derivative, multiple scattering correction (MSC), and 
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standard normal variable transform (SNV). The optimization results of the NIR model indicate that the 

optimal number of PCs (principal components) is four, and the model accuracy is 80.6%, while for the MIR 

model indicate that the optimal number of PCs is 11, and the model accuracy is 98.51%. 

Parkinson disease (PD) is the second most common neurodegenerative neurologic illness, after 

Alzheimer disease (AD). 

A recent study, FTIR spectroscopy was used to discriminate serum samples obtained from PD patients 

and healthy persons. Studying the average IR spectra, presented in Figure 5, it was concluded that there are 

significant differences in peak-area ratios (A3294/A3067, A1399/A1451 and A1313/A1243), and protein 

secondary structure[57]. 

PD group consisted of 61 PD patients (stage 1: 18 cases; stage 1.5: 12 cases; stage 2: 18 cases; stage 3: 

9 cases; stage 4: 4 cases) who came from The First Affiliated Hospital of Anhui Medical University. The 

control group consisted of 22 healthy volunteers. PD group and the control group had no significant 

difference in gender and age. 

Peak-area ratios (A3294/A3067, A1399/A1451, and A1313/A1243) revealed substantial variations 

between the serum of PD patients and healthy individuals, illustrating the changes in the serum’s proteins, 

lipids, and nucleic acids that occur with the progression of PD. Discriminant analysis was carried out on the 

basis of A3294/A3067, A1399/A1451 and A1313/A1243, which obtained the sensitivity of 93.44%, the 

specificity of 77.27%, the positive predictive value of 91.94% and the accuracy of 89.16%. 

These results prove that FTIR spectroscopy can be used with good success for early diagnosis of PD. 

Cirrhosis is a disease associated with liver-related complications and mortality. Prognosis of cirrhosis 

assessment is thus critical to the management of patients, especially regarding prioritization for liver 

transplantation. 

Figure 6 presents the representative spectra, for patients with cirrhosis, after a 6 months study. 

 
Figure 5. The average FTIR spectra of serum from PD patients and healthy persons[57]. 

 
Figure 6. Mid-infrared absorbance representative spectrum for a patient that was alive (blue) and a patient that was deceased (red) at 
6 months[58]. 
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The results show that this method appears to be more efficient at identifying patients at risk for short-

term mortality compared with the MELD (model for end-stage liver disease) and Child-Pugh scores[59,60]. 

This pilot study demonstrates that MIR-FEWS has a very high prognostic value for metabolic profile of 

individuals with cirrhosis and ascites. Area under the receiver operating characteristic curve (AUROC) was 

0.90 (CI95: 0.88–0.91) for mortality over six months. With a 0.30 cut-off, the mean sensitivity was 0.79 

(CI95: 0.75–0.83) and the mean specificity was 0.85 (CI95: 0.84–0.87). The AUROC of the MIR model was 

much higher compared to the MELD (model for end-stage liver disease) and Child-Pugh scores. 

Usually the changes from oral cavity can be monitored by a set of rapid test performed on saliva 

samples[61], gingival crevicular fluid[62], or inflammatory factors according to serum analysis[63,64]. 

Similarly, FTIR investigations of blood, dentine and gingival fluids have been performed in order to test 

their potential in diagnostic for preventive screening of oral cavity pathologies[65]. 

Figure 7 depicts the IR spectra of the dentine and gingival fluids and blood. 

 
Figure 7. Comparison of IR spectra in the 2200–850 cm−1 range of the gingival and dentine fluids and blood averaged over the 
participant groups[64]. 

It was concluded that both dentine and gingival fluids have high diagnostic potential for the study of 

pathological processes in the human oral cavity. Additionally, it was found that patients with the 

development of pathological carious processes in the dental tissues had higher levels of thiocyanates and 

complex esters in their dentine fluid and gingival crevicular fluid. The use of gingival fluid for screening 

would support a transition to personalized treatment as well as the growth of high-tech public health and 

health care technology in general because its sampling for analysis is less challenging than that of dentine 

fluid. 

In another research, FTIR spectroscopy was used for studying all the changes that appear in gingival 

crevicular fluid (GCF) during the orthodontic treatment with fixed appliances[65]. The most important 

changes take place at proteins, lipids, carbohydrates and nucleic acids levels, and thus provide useful 

information about the processes which occur in the alveolar bone and can be a useful tool for monitoring 

orthodontic treatment. 

Cancer is the leading cause of mortality in many countries, according to the estimates of premature 

deaths from the World Health Organization (WHO) in 2015[66]. 

There are several reviews published in this period, related to cancer diagnosis using FTIR 

spectroscopy[7,67–69]. 

Nowadays the most useful method for most cancer diagnosis is the microscopic test, but presents the 

great disavantage that can be performed only when the cancerous or pre-cancerous lesions are observable 
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and already contain significant genetic changes. More than that, this procedure is invasive, time consuming 

and has a limited sensitivity that depends on the pathologists’ experience. 

Breast cancer (BC) is the most common invasive cancer worldwide[70]. FTIR spectroscopy has been 

used for easier discrimination of the changes that best reflects protein conformational changes in the serum 

samples of BC patients[71]. These alterations were associated with the amide I (1600–1700 cm−1) band, as 

well as by comparing the ratio of the absorbance values at the amide II and amide III bands. Thus, infrared 

spectroscopy can serve as a powerful tool to understand the protein structural alterations besides 

distinguishing breast cancer and healthy serum samples, as can be seen in Figure 8. 

It is challenging to distinguish between the absorbance of the functional components of the two groups 

alone by glancing at the FTIR spectra. However, when the absorbance spectra of the two groups were 

compared using a student’s t-test (with two-tailed unequal variance), it was discovered that the amide regions 

(1541–1656 cm−1) and mixed regions of carbohydrates and nucleic acids (1018–1076 cm−1) had the greatest 

potential for discrimination. RNA/DNA nucleotides, C=O/C–N stretching, N–H bends in amides, and C–O 

vibrations of carbohydrates are some of the key discriminating areas[72,73]. 

 
Figure 8. Identification of discriminatory bands. Ensemble averages of normalized serum spectra derived from control, n = 10, and 
BC, n = 10. This wider range of spectra is presented to show the quality of spectra, which overcomes the noise and atmospheric 
contamination, while measuring them at a resolution of 4 cm−1[71]. 

In another research, a home-made hollow optical fiber attenuated total reflection (HOF-ATR) probe was 

tested to perform breast cancer research at molecular level[74]. Figure 9 presents comparatively, the mean 

FTIR spectra of healthy and cancerous breast tissues, which clearly make differences between the healthy 

and cancerous tissues without spectral overlaps. 

 

Figure 9. HOF-ATR-FTIR spectra of (a) healthy and (b) cancerous breast tissues[74]. 
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Urine collection is quick and non-invasive, making it a wonderful choice as a vehicle for repeated 

measurements. This makes it easier to track the evolution of the disease, its remission or return, or even its 

reaction to treatment. 

3. Future perspectives and conclusion 

This review summarizes the spectral signatures recorded from saliva, serum and urine collected from 

the published studies to unleash the aptitude of ATR-FTIR to be a possible future diagnostic tool. Further 

trials with larger sample size are required to accept these sets of signatures as ATR-FTIR based diagnostic 

tool for clinical diagnosis. As screening of body fluid using spectroscopy is still emerging and many 

questions need to be addressed in order to conclude that this tool can be in accordance with the standard 

diagnostic tools being used at present. Unification of the sample processing methodology and data 

processing techniques will be beneficial and can lead to radical improvements in their clinical 

implementation in the form of next generation diagnostic tools. FTIR spectroscopy allows the advancement 

of next-generation clinical systems that could revolutionize disease diagnostics. 

As with all diseases, early detection is critical for the best patient outcome and there is a need for 

cheaper, more accurate and ideally automated methods for diagnosis and for identification of 

progressing/regressing during the treatment. 
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