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Introduction

Flow cytometry is a widely used, consolidated technique 
for clinical diagnosis that is also used in hemovigilance 
studies, environmental analyses, vaccine development, and 
standardization of clinical tests, among other applications. 
Initially, it was developed for cell characterization; however, 
the capability of this method for detecting microspheres 
according to their properties has allowed the expansion of 
its application to other areas.1–4

The development of flow cytometry assays using micro-
spheres has gained notoriety due to their valuable char-
acteristics, such as high sensitivity, specificity, precision, 

productivity, and high yield, as well as for allowing simulta-
neous screening of multiple analytes in a single sample. The 
tests can be performed with a low sample volume and use 
reagents that are easily produced in the laboratory. In addi-
tion, the analyte panel can be easily altered, thus giving the 
test greater flexibility.3,5

Microspheres have several properties, such as a variety 
of sizes and shapes, stability, and the ability to absorb and 
retain fluorescent dyes, which are useful characteristics in 
various types of flow cytometry analyses, that is, simple or 
multiplexed. Another important feature of the diagnosis is 
the presence of functional groups (amino or carboxyl) in the 
microspheres, which allow non-covalent and covalent bonds 
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Abstract
Microsphere-based flow cytometry is a highly sensitive emerging technology 
for specific detection and clinical analysis of antigens, antibodies, and nucleic 
acids of interest. In this review, studies that focused on the application of flow 
cytometry as a viable alternative for the investigation of infectious diseases 
were analyzed. Many of the studies involve research aimed at epidemiological 
surveillance, vaccine candidates and early diagnosis, non-infectious diseases, 
specifically cancer, and emphasize the simultaneous detection of biomarkers for 
early diagnosis, with accurate results in a non-invasive approach. The possibility 
of carrying out multiplexed assays affords this technique high versatility and 
performance, which is evidenced in a series of clinical studies that have verified 
the ability to detect several molecules in low concentrations and with minimal 
sample volume. As such, we demonstrate that microsphere-based flow cytometry 
presents itself as a promising technique that can be adopted as a fundamental 
element in the development of new diagnostic methods for a number of diseases.
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Minireview

Impact Statement

The development of early, sensitive, and specific 
diagnostic tests is of paramount importance for the 
control and eradication of various diseases. In recent 
decades, bead-based flow cytometry immunoas-
says have been applied for the detection of antigens, 
antibodies, and nucleic acids of various pathologies 
and as such have become a widely used method 
for clinical diagnosis and basic research. In addi-
tion to the ability to perform cell characterization, 
cytometers can also detect microspheres according 
to their size, shape, stability, and ability to absorb 
and retain fluorescent dyes, thus allowing the devel-
opment of different types of flow cytometric assays, 
in this case, either simple or multiplex. We hope that 
this article contributes to the diffusion of knowledge 
regarding the use of this highly sensitive and specific 
method and that it promotes the development of 
new applications on several diagnostic fronts.
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on their surfaces through molecular interactions, and enable 
chemical coupling or adsorption of proteins, oligonucleo-
tides, polysaccharides, lipids, or peptides.2,4,5

Over the past 25 years, several types of microspheres have 
been developed for use in diagnostic methods using flow 
cytometry. They can be easily customized by the researchers 
according to the research objective, or previously developed 
commercially available microspheres may be used.5

In this review, we aim to present the current panorama 
of the application of microspheres in flow cytometry for the 
detection of diseases, such as infectious diseases (bacterial, 
viral, and parasitic) and non-infectious diseases, and empha-
size the different methodologies used and flow cytometry’s 
effectiveness in sensitive and specific diagnoses.

Principle and mechanism of cytometry 
bead-based assays

The flow cytometer can simultaneously analyze several 
parameters of biological and non-biological particles in sus-
pension. In its operation, the flow system aligns the particles 
so that they are intercepted one by one by lasers. Then, the 
emission of light and fluorescence from these particles is 
detected by the optical system that is formed by filters and 
mirrors. The data obtained are interpreted by the electronic 
system so that they can be analyzed graphically (Figure 1).1–3

Most applications of beads in flow cytometry occur in the 
form of immunoassays for protein determination, mainly 

sandwich and competitive assays, in which the capture 
antibody coupled to the microspheres allows the binding 
of the antigen and this enables the binding of the detection 
antibody labeled with a fluorescent reporter (Figure 2(a)). 
Antibody detection is also possible using microspheres 
with a specific antigen attached and also allows the binding 
of detection antibodies that are labeled with a fluorescent 
reporter (Figure 2(b)).6,7

The beads are also used in receptor-ligand assays, which 
is a method that has already been consolidated, and the 
microspheres coupled to the receptor molecule allow inter-
actions with ligand molecules associated with the fluorescent 
reporter. Combined with the high-throughput flow cytometry 
technique, the application of microspheres for the detection 
of nucleic acids has gained prominence in recent years due 
to their ability to identify different types of microorganisms 
at the molecular level. For nucleic acid detection, a capture 
probe immobilized on the surface of a population of micro-
spheres binds to an amplified product that has sequences 
complementary to the probe (Figure 2(c) and (d)).6,7

Diagnostic applications

Infectious diseases

Bacterial, viral, and parasitic diseases are serious public health 
problems and demand constant actions for their prevention, 
diagnosis, and treatment. The detection of microorganisms 
and their biomarkers in a quick, accurate, and low-cost way 

Figure 1. Flow chamber where the suspension is aspirated for a mirror and photosensor system and directed to a light capture system, where the computer system 
later converts it into digital data for analysis. (A color version of this figure is available in the online journal.)
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is still a challenge for research centers and epidemiological 
surveillance initiatives.1 The application of bead-based flow 
cytometry for the detection and identification of infectious 
diseases has been used in immunoassays, with the simulta-
neous analysis of diverse pathogens being the object of the 
development of new diagnostic methods.5 Several examples 
are shown in Table 1.

Bacterial infections

The development of precise, sensitive, and reliable methods 
for the identification of bacteria, antigens, and related anti-
bodies is one of the most advantageous strategies in the areas 
of research, diagnosis, and epidemiological surveillance of 
bacterial infections.

Among the modern methods in common use today, flow 
cytometry stands out as a reliable technique for making the 
analysis of bacterial cells possible under individual and 
populational conditions. The evolution of the processes and 
devices used has allowed the improvement of viable and 
non-viable bacterial cell counts, with the provision of mul-
tiparametric cellular information that would be impossible 
to obtain with the traditional plate counting method.16–18

Different studies have demonstrated the possibility of 
applying flow cytometry in bacterial tests, and the use of 
spheres and the multiplexing of tests are ways of expanding 
the spectrum of use of this technique. In addition to anti-
gen–antibody interactions and bacterial detection, there are 
variations in the technique that are aimed at studying recep-
tor–ligand interactions, enzyme–substrate interactions, as 

Figure 2. Main applications of flow cytometry immunoassays based on microspheres. In each type of assay, flow cytometry analysis identifies the population of the 
microspheres and the signal of the fluorescent molecule. (a) Detection of antigen by the sandwich method, in which the capture antibody coupled to microsphere 
allows the binding of the antigen, thus allowing the binding of the detection antibody marked with a fluorescent reporter. (b) Detection of antibodies using microspheres 
with a coupled specific antigen, thus allowing the binding of detection antibodies labeled with a fluorescent reporter. (c) In the detection of nucleic acids, a capture 
probe immobilized on the surface of microspheres binds to an amplified product that has sequences complementary to the probe. (d) The microspheres coupled to the 
receptor molecule allow interaction with binding molecules associated with the fluorescent reporter. (A color version of this figure is available in the online journal.)
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well as the detection of nucleic acids with special hybridiza-
tion probes.6,7 As an example of this approach, the study by 
Zeng et al.19 combined a flow cytometry system with spheres 
and oligonucleotide probes directed to bacterial RNA.

In a study by Ou et al.,18 a sphere-based flow cytometry 
method was evaluated and optimized to quantify variable 
proportions of live and dead Escherichia coli in basic flow 
cytometers. Plate counting methods were performed simul-
taneously with flow cytometry measurements in order to 
obtain the concentration of live bacteria in the final samples. 
The results obtained were significant and evidenced a linear 
relationship between the two methods of counting live and 
dead bacteria, with results ranging from 108 to c. 104 bacteria 
per milliliter. In addition, the study demonstrated that flow 
cytometry can be applied in the analysis of other bacterial 
species.

The detection of bacterial cells can also be performed using 
spherical flow cytometry combined with molecular biology 
techniques. An example that can be cited is the detection of 
Neisseria meningitidis in cerebrospinal fluid using a multiplex 
PCR system and Luminex detection technology.20 Another 
example is an innovative method for detecting Staphylococcus 
aureus, Escherichia coli, and Pseudomonas aeruginosa, which 
was developed using a combination of oligonucleotide 
probes targeting 16S rRNA and a flow cytometry system 
using spheres. The detection limit reached by the test was 
180 CFU/mL and showed great potential for the simultane-
ous analysis of more than one bacterial species.19

A significant portion of the studies on bacterial infections 
has focused efforts on the identification and quantification 
of staphylococcal antigens and IgG, IgM, and IgA antibodies 
against these antigens in order to develop new diagnostic 
and seroepidemiological methods.21,22

Verkaik et  al.21 characterized the heterogeneity of the 
humoral immune response by S. aureus and, in order to 
detect an antigen with the potential to act in vaccines, devel-
oped a multiplexed cytometry assay based on spheres with 
19 staphylococcal antigens to simultaneously detect the IgG, 
IgA, and IgM levels. The results showed that each patient 
had a unique immune response and, therefore, vaccines 
with multiple components are preferable. Den Reijer et al.22 
used the same methodology as in the previous study and 

characterized the serum levels of IgG and IgA antibodies 
against 56 staphylococcal antigens. Their results showed 
heterogeneity in the immune response to the tested staphy-
lococcal antigens.

For the identification of staphylococcal antigens, 
Simonova et al.23 developed a multiplex assay with micro-
spheres to detect three staphylococcal toxins, namely entero-
toxins A and B and toxic shock syndrome toxin, which were 
obtained from supernatants from cultures of different strains 
of S. aureus. The detection limits were 10, 1000, and 5 pg/mL,  
respectively. The high level of effectiveness of the test showed 
that it can be used for clinical diagnosis and environmen-
tal and food analyses. Sharma et al.24 presented a two-color  
multiplex flow cytometry assay based on spheres, which 
used unique protein domains of the beta chain of T-cell 
receptors with a high affinity for three staphylococcal and 
two streptococcal toxins. The level of sensitivity achieved 
by the tests was between 4 and 80 times greater when com-
pared to the enzyme-linked immunosorbent assay (ELISA) 
and had the advantage of using fewer reagents and a smaller 
sample volume.

Experimental studies involving pneumococcal antigens 
have also been the object of analysis by several research 
groups, mainly to determine antigens that could be vac-
cine candidates against pneumococci and to monitor their 
effectiveness. Some studies have applied multiplex flow 
cytometry immunoassays based on spheres against pneu-
mococcal antigens.25–27 The same multiplex technology for 
the detection of antibodies against the proteins Streptococcus 
pneumoniae, Haemophilus influenzae, and Moraxella catarrhalis 
was used to monitor humoral responses in patients up to 
13 years old,27 as well as children with pneumonia acquired 
in the community.25 An automated assay with a combina-
tion of multiplex tests based on monoclonal antibodies and 
PCR was developed using Luminex’s sphere-based flow 
cytometry technology to perform serotyping of pneumococ-
cal isolates.28

Viral infections

Every year, viral infections affect millions of people world-
wide. New sensitive and specific diagnostic methods are 

Table 1. Multiplexed assays for infectious agents.

Microorganisms detected simultaneously Test principle References

Streptococcus pneumoniae, Moraxella catarrhalis, Staphylococcus aureus, Streptococcus 
pyogenes, Haemophilus influenza, Mycoplasma pneumoniae, Legionella spp., 
Pseudomonas aeruginosa, and Klebsiella pneumoniae

PCR-Luminex Multiplex method Jiang et al.8

Mycobacterium tuberculosis, Cryptococcus neoformans, Streptococcus pneumoniae, and 
herpes simplex virus types 1 and 2

PCR-Luminex Multiplex method Zhou et al.9

Adenovirus, rotavirus, norovirus, Salmonella spp., Campylobacter spp., Shigella spp., 
Clostridium difficile, Escherichia coli, Yersinia enterocolitica, Vibrio cholerae, Giardia 
lamblia, Entamoeba histolytica, and Cryptosporidium spp.

PCR-Luminex Multiplex method Claas et al.10

Shigella spp., Staphylococcus aureus, Vibrio cholerae, Legionella pneumophila, Clostridium 
botulinum

PCR-Luminex Multiplex method Zhao et al.11

Human papillomavirus, Helicobacter pylori, hepatitis C virus, and Poliomavirus JC Luminex immunoassay Waterboer et al.12

Norovirus GI and GII, rotavirus, astrovirus, sapovirus, and adenovirus PCR-Luminex Multiplex method Liu et al.13

Cryptosporidium spp., Giardia intestinalis, Entamoeba histolytica, Ancylostoma duodenale, 
Ascaris lumbricoides, Necator americanus, and Strongyloides stercoralis

PCR-Luminex Multiplex method Taniuchi et al.14

Toxoplasma gondii, rubella, and cytomegalovirus Luminex immunoassay Binnicker et al.15
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indispensable tools for reducing the number of cases. In the 
last few decades, bead-based flow cytometry assays have 
emerged as a viable alternative for the diagnosis of several 
viral diseases.1,29

Recently, there has been a significant increase in the num-
ber of studies related to virometry, a promising and highly 
sensitive technology that is capable of detecting and clas-
sifying viral particles with the aid of specific fluorescent 
antibodies coupled to spheres. This complex is analyzed 
using flow cytometers and allows the quantification and 
phenotypic characterization of unique viral particles in 
supernatants, body fluids, or tissues.30–32 The detection of 
viruses using flow cytometry is possible due to the optimi-
zation of commercial flow cytometers, which have advanced 
lasers and an improved digital and optical focus system, 
and provide the classification based on the arrangements 
between the light scattering parameters and the fluorescent 
channels.33–35

For the diagnosis of HIV, several approaches using flow 
cytometry are being developed.32 A new diagnostic method 
with the potential to simplify HIV monitoring has been 
developed by Yufenyuy and Parekh36 from a multiplex 
assay with beads coupled to an HIV-1 p24-gp41 fusion pro-
tein and HIV-2 peptide from the immunodominant region 
of the gp36 glycoprotein to detect HIV and HIV-2 serotyp-
ing, respectively. The results have shown high reproduc-
ibility and the ability to diagnose HIV infection, perform 
serotyping, and detect and distinguish between recent and 
long-term infections in a single test.36 Tests have also been 
developed for the detection of the p24 protein in various 
subtypes of HIV-1.37,38 The results have shown that the 
method is 91% more sensitive than the standard ELISA test 
and also has a lower cost.37

Fonseca et al.39 developed a new multiplex, bead-based 
assay for the detection of hepatitis C virus (HCV), using 
the NS3, NS4, and NS5 recombinant antigens from HCV, 
individually in the simplex assay and in a combination of 
them in the multiplex assay. In this study, 100% sensitivity 
and specificity were observed, which shows that the method 
has the potential to become a possible alternative for the 
diagnosis of HCV, while having a cost that is two to four 
times lower than the tests usually employed. Neves et al.40 
also performed a flow cytometry test using magnetic beads 
capable of detecting human IgG against HCV Core and NS5a 
proteins. The sensitivity of this immunoassay was 93.3% 
when using beads with the recombinant proteins of Core 
and NS5a, and it showed a specificity of 100% and 96.67% 
for the detection of anti-rCore and anti-rctNS5a, respectively. 
Another alternative use of flow cytometry for HCV diagno-
sis was developed by Yang et al.,41 which involved a multi-
plex genotyping assay to determine the six types of HCV 
genotypes. A matrix of suspended beads was analyzed using 
flow cytometry and demonstrated the reliability, speed, and 
efficiency of the analysis. The main advantage shown was 
the low sample volume required for its execution.

Based on the advantages of multiplexed analysis, a new 
test for the subtyping of the avian influenza virus (AIV) was 
developed. This new method can be explored for the rapid 
determination of immune responses to AIV in a variety 
of complex systems. The sensitivity of the test allows the 

detection of nucleic acids from the AIV strains H5N1 and 
H9N2 at a threshold of 74 and 1 pg, respectively.42

Parasitic infections

Despite important advances in the control of parasitic infec-
tions, many cases still occur worldwide. Given this sce-
nario, several research fronts are looking for new diagnostic 
methods with high sensitivity and specificity to diagnose 
semi-immune patients and with low parasitemia.43 Flow 
cytometry has been widely used for studies related to 
malaria,44 but only in the last 10 years have studies focused 
on the etiological diagnosis gained strength and, as a result, 
multiplexed assays combined with spheres have emerged as 
a reliable alternative for malaria serology.45

The standardization and validation of a cytometric bead 
array (CBA) of antibodies against Plasmodium falciparum anti-
gens has proved to be a test with the potential to diagnose 
malaria and provides specific advantages when compared 
to ELISA. These include sample conservation, the ability to 
detect various analytes in a single test, the decrease in sam-
ple processing time due to the test kinetics, and the decrease 
in costs.46

In a study carried out in endemic regions of Brazil 
and Papua New Guinea, which aimed to assess naturally 
acquired humoral responses, the multiplex assay was vali-
dated for quantifying IgG antibodies against Plasmodium 
vivax merozoite surface protein 1.47 For the detection of anti-
bodies of five candidates for the vaccine for P. falciparum, a 
comparative CBA was performed with magnetic and non-
magnetic spheres and showed that the test with magnetic 
spheres is a viable alternative in the serology of antibodies 
against malaria.45

A new immunoassay capable of detecting histidine-rich 
protein 2 (HRP2), an important marker of infections by  
P. falciparum at sub-picogram levels, was developed using 
a sphere-based flow cytometry system. The test presented 
is highly specific and economical and allows the process-
ing and screening of a significant number of samples.48 The 
system was used to evaluate the results of rapid diagnostic 
tests for HRP2 under different transmission conditions of 
P. falciparum and generated estimates for true performance 
in the field.48 This system has also been adopted to assess 
the concentration of HRP2 in patients after treatment,49 in 
asymptomatic individuals with malaria,50 in order to be able 
to attribute fever to malaria,51 for PfHRP2 and PfHRP3 gene 
deletion research52 and in serosurveillance studies.53

An innovative test was proposed by Lloyd et  al.,54 in 
which a simple high-throughput flow cytometric assay of 
THP-1 cells and fluorescent spheres covalently coupled to 
the VAR2CSA malaria antigen provides the total percentage 
of antibody-mediated phagocytosis and semi-quantifies the 
number of internalized antigen-coupled spheres. It has great 
advantages due to the stability of the spheres for long peri-
ods, the need for a small amount of coupled antigen, as well 
as the fact that it does not require parasite cultures.

Other applications of CBA for other parasitic infections 
have also been developed, such as the multiplex assay 
for the identification of IgM and IgG antibodies against 
Toxaplasma gondii. The test proved to be faster and have a 
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high-throughput for the analysis; however, more studies still 
need to be carried out to validate the results.15 The perfor-
mance of this immunoassay was evaluated in serodiagnosis 
of critical cases of toxoplasmosis by Guigue et al.55 and dem-
onstrated that the method is sufficiently sensitive (97.8%) 
and specific (91.3%) for the detection of IgG and is highly 
specific (97.4%) for IgM antibodies against T. gondii.

Intestinal parasites are also the subject of much research, 
mainly in relation to new diagnostic approaches. It is com-
mon for intestinal parasites to be caused by more than one 
species of parasite; therefore, multiplex assays that detect 
more than one pathogen in a single test are important for epi-
demiological and serosurveillance studies.14 A study using 
the combination of multiplex PCR and probe-based detec-
tion with Luminex beads was developed to identify seven 
intestinal parasites, namely, Cryptosporidium spp., Giardia 
intestinalis, Entamoeba histolytica, Ancylostoma duodenale, 
Ascaris lumbricoides, Necator americanus, and Strongyloides 
stercoralis. The results showed high sensitivity and specific-
ity, and indicated that the test performs well in the detection 
of several intestinal parasites.14

Cancer

In this topic, we will address the use of sphere-based flow 
cytometry for the detection and identification of non-infec-
tious diseases. This technology has been widely applied for 
the diagnosis of serious diseases, such as cancer, immune 
and cerebrovascular diseases, and permits detection in the 
early stages of development, in addition to being more eco-
nomically attractive when compared to traditional diag-
nostic methods. Moreover, the processes involved are less 
invasive and have the advantage that they do not require a 
large amount of sample in order to be carried out.

Cancer is a disease that has high rates of morbidity and 
mortality worldwide. The analysis of diagnostic or prognos-
tic biomarkers is the subject of several research fronts that 
seek to establish effective methods for the identification of 
the disease in its early stages, thus increasing the likelihood 
of successful treatment. Sphere-based multiplexed assays are 
considered a valuable tool for the quick and simultaneous 
identification of different types of tumor biomarkers such 
as colorectal, breast, ovary, lung, pancreas, and melanoma 
biomarkers.3,56

Breast cancer

As in all forms of cancer, success in the treatment of breast 
cancer is related to the early diagnosis of the disease since 
it allows surgical resection to occur at an early stage when 
the patients’ chances of survival are higher. Breast cancer 
has a heterogeneous behavior and the use of more than one 
biomarker is appropriate for its identification.3

The diagnostic performance of a multiplex cancer panel 
test was evaluated by Hermann et al.57 Twenty-four tumor-
associated parameters were analyzed in sera of breast cancer 
patients and healthy controls. The authors reported a sensi-
tivity of 33.8% at 95% specificity for discrimination between 
benign and malignant breast cancer tumors. Cancer antigen 
15-3 was the most relevant for differential diagnosis.

Opstal-van Winden et al.58 developed a bead-based mul-
tiplex immunoassay to simultaneously evaluate 10 serum 
breast cancer biomarkers in the early stages of development. 
The results of this study showed that the panel of biomark-
ers used was of no value for early diagnosis; however, it 
was recommended that combinations of other proteins could 
present more satisfactory results.

Markou et al.59 developed a multiplexed PCR-coupled 
liquid bead array, which was carried out using CTC-mRNA. 
Biotinylated PCR products were hybridized against fluo-
rescent microspheres modified with gene-specific capture 
probes and developed with streptavidin-phycoerythrin, 
which were analyzed using Luminex flow cytometry. This 
molecular assay proved to be specific for each gene and 
provided the simultaneous molecular detection of six CTC 
genes in a limited sample volume, which decreased the cost 
and time taken for its execution when compared to RT-qPCR. 
The test can be optimized for the simultaneous detection of 
up to 100 genes.

Pancreatic cancer

Tests with high sensitivity and precision have been proposed 
for the diagnosis of pancreatic cancer, which is one of the 
most aggressive forms of cancer and has high mortality rates 
and which has no accepted tests for early detection based on 
the analysis of blood samples.60 One of the studies carried 
out for the initial diagnosis of pancreatic cancer was executed 
by Li et al.,61 who performed a sandwich multiplex assay to 
determine the patterns of glycosylation of lecithins in the 
serum of patients with this type of tumor. The authors iden-
tified a biomarker that is capable of distinguishing patients 
with chronic pancreatitis from those with pancreatic cancer.

Using a different approach, Lux et al.60 sought to identify 
exosomes released by pancreatic carcinomas that express 
c-MET and PD-L1 in their membranes. The exosomes were 
isolated from cultures, coupled to spheres, stained with spe-
cific antibodies, and analyzed using flow cytometry. It was 
shown in this study that PD-L1 has no diagnostic value for 
pancreatic tumors, but c-MET obtained a sensitivity of 70% 
and specificity of 85%. c-MET was suggested for a future 
study with the aim of improving specificity, and the possible 
combination of the test with an established specific antigen, 
as well as performing the research with a larger number of 
patients.

Lung cancer

In 2018, lung cancer was responsible for 1.8 million deaths 
worldwide.62 Considered the most common form of can-
cer, its early diagnosis is crucial; however, most patients are 
diagnosed late. Aiming at the early detection of the most 
common type of lung cancer, that of non-small cells, a new 
cytometric immunoassay based on multiplexed beads was 
developed by Lee et al.63 for the characterization of serum 
biomarkers related to the disease. From the analysis of a 
multiplexed matrix of 30 serum markers and with the use of 
a classification algorithm, it was established that the detec-
tion of 5 biomarkers (A1AT, CYFRA 21-1, IGF-1, RANTES, 
AFP) permitted a high-precision diagnosis, which allowed 



1858  Experimental Biology and Medicine  Volume 247  October 2022

for the distinction between healthy patients and patients 
with lung cancer.

Another study, carried out by Goebel et al.,64 applied the 
same methodology for the diagnosis of asymptomatic can-
cer patients; however, the analysis was performed with 82 
biomarkers and, of these, 33 showed diagnostic value for 
the initial stage of the disease. The method proved to be 
90% precise, with 80% sensitivity and 95% specificity. As a 
continuation of this study, in order to reduce the number 
of biomarkers used and still maintain the high sensitivity, 
precision, and specificity of the test, 21 biomarkers were vali-
dated with a statistical model (Lung Cancer Detector Test 1), 
and presented 95.6% precision, 89.1% sensitivity, and 97.7% 
specificity. In addition, the authors also achieved a decrease 
in the cost of the procedure.65

Inflammatory syndrome

Flow cytometry bead-based assays have been applied to 
the diagnosis of many other diseases. Von Bahr Greenwood 
et al.66 applied this technique for the detection of CD25 in 
serum samples of patients and associated high levels of the 
molecule and ferritin with secondary (acquired) hemophago-
cytic lymphohistiocytosis (sHLH).

In a similar way, using CBA, Maruoka et  al.67 identi-
fied interferon-inducible protein 10 (IP-10)/CXCL10 and 
monokine induced by interferon gamma (MIG)/CXCL9 as 
useful markers for lymphoma-associated hemophagocytic 
syndrome (LAHS) diagnosis. The authors also suggested 
the use of this method for therapeutic, LAHS severity, and 
distinguishing of sepsis.

With cytometric bead assay techniques, Chen et al.68 ana-
lyzed whether the Th1/Th2 cytokine profile could be used 
to distinguish primary and secondary HLH. The authors 
reported that lower interleukin (IL)-4 and interferon (IFN)-γ 
levels in HLH patients are associated with primary HLH, 
thus demonstrating that CBA can be used as additional tool 
for differential HLH diagnosis.

Vascular endothelial growth factor (VEGF) measurement 
using CBA was performed by Maier et al.69 in diabetic and 
non-diabetic patients, with reports of an elevation of this 
marker in vitro. This technique could be applied for polyneu-
ropathy, organomegaly, endocrinopathy, monoclonal gam-
mopathy, and skin abnormalities (POEMS) syndrome, which 
is a rare multisystem paraneoplastic disease with plasma cell 
dyscrasia,70 since the rise in circulating VEGF levels have 
been reported in patients with POEMS.71–73 It could also 
probably be useful in the follow-up of patients with POEMS 
syndrome as a biomarker of response to treatment.73–75

Measuring of the IL-10 and IL-10:IL-6 ratio using CBA 
has also been useful for the diagnostic and prognostic val-
ues of the cerebrospinal fluid (CSF) in patients with diffuse 
large B-cell type (DLBCL) primary central nervous system 
lymphoma (PCNSL).76 In the same way, this technique has 
been used for monitoring of the variation curve of multi-
ple cytokines in cytokine release syndrome (CRS) patients’ 
peripheral blood samples post chimeric antigen receptor-T 
cell (CAR-T) therapy. Nguyen-Them et al.77 reported that 
IL-10 level detection is a useful tool for the diagnosis of 
PCNSL.

Allergic reactions

Allergies represent the most prevalent non-infectious dis-
eases worldwide, especially food allergies, which have been 
increasing in recent decades. Thus, the development of tools 
for monitoring food allergens is necessary to ensure con-
sumer safety. Several studies have verified the efficiency of 
the use of beads coupled with antigens to verify the presence 
of the allergen or for the detection of IgE antibodies. Since 
the availability of allergenic molecules and high-throughput 
microtechnologies allow the collection of a large number of 
IgE results, it can thus be performed and applied in the diag-
nostic routine.78,79 This type of approach is possible thanks to 
the use of natural or recombinant components, either using 
a single reagent for each specimen (singleplex) or through 
a more complex panel of molecules to be tested in the same 
test, and can be revealed by flow cytometry.80

The ability to detect multiple food allergens in different 
types of food has been evaluated over time and has resulted 
in the implementation of more sensitive, faster, and lower-
cost methods such as the use of beads and cytometry. Gomaa 
and Boye81 compared ELISA, liquid chromatography cou-
pled mass spectrometry, and multiplex flow cytometry 
methods for the detection of multiple allergens incurred 
simultaneously in a model food system where flow cytom-
etry was performed similarly to ELISA tests. In addition, 
Pomponi et al.82 reported characteristics for the implementa-
tion of immunoassays based on beads and cytometry, and 
it was possible to observe good reproducibility of the sen-
sitivity in an assay for IgE detection in a multiplex system 
using allergenic molecules and fluorescent beads that were 
analyzed using flow cytometry.82

The simultaneous detection in different food sources was 
shown to be possible by Otto et al.83 who reported the detec-
tion of five allergens with median inhibitory concentrations 
(IC50) that ranged from 2.5 to 15 mg/kg according to the aller-
gen to be detected. Meimaridou et al.84 developed a flow 
cytometry-based immunoassay using color-coded micro-
sphere technology to detect benzo[a]pyrene and other poly-
cyclic aromatic hydrocarbons in buffers and food extracts, 
while Zhou et al.85 observed IgE-mediated hypersensitiv-
ity to polyethylene glycol and the risk of anaphylaxis from 
the consumption of this product. These results reinforce 
the importance of screening and identification systems for 
known or even unknown emerging food allergens.

Clinical hypersensitivity reactions against l-asparaginase 
have been reported during the treatment of acute lympho-
blastic leukemia in up to 70% of patients. Using CBA, Rathod 
et al.86 reported the detection of anti-asparaginase IgG1 and 
IgE antibodies in mice immunized with asparaginase, which 
presented severe hypersensitivity reactions after being chal-
lenged with asparaginase. The authors highlighted the 
importance of monitoring these antibodies in patients, and 
that bead-based assays are a viable alternative for this.

Conclusions

In recent years, flow cytometry has been enhanced with the 
application of encoded microspheres and with the improve-
ment of the equipment used, thus making it possible to carry 
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out multiplexed immunoassays aimed at detecting bacterial, 
viral, and parasitic infections, in addition to non-infectious 
diseases. Given the extremely positive results highlighted 
by this review, which has demonstrated the high sensitiv-
ity and specificity of the technique, microsphere-based flow 
cytometry has the potential to figure as a central axis of new 
approaches for research and diagnosis. This technology 
presents itself as a viable and promising alternative that, 
although it has not yet been applied on a large scale, has the 
necessary characteristics for this task, mainly in research and 
diagnostic centers that already work with cytometers.
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