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Abstract 

The ability to rapidly diagnose and analyze infectious agents such as pathogens in human blood stream is 
considered pivotal and an important step for patient treatment and effective monitoring. This is also 
essential to ensure the safety of the donor blood supply. This has driven research in medical biotechnology 
and the focus has been on developing rapid diagnostic ability that enables detect and identify pathogens 
in blood borne infections. This research seeks to mitigate the challenges involving infections such as 
pathogens induced sepsis. These infections are believed to be a major cause of mortality in hospitalized 
patients worldwide. It is of general consensus that establishing a rapid diagnosis would not only enable an 
early and adequate antimicrobial therapy but it would also result in positive clinical outcomes for patients. 
In this perspective, we have presented a brief overview of some of the notable recent advances in 
diagnostics to detect infectious agents in human blood.  
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Introduction 

In battling against complex diseases, a significant 

public and medical concern is the quality and 

safety of blood products that are used in 

transfusions. It is believed that blood transfusion-

transmitted infections or infectious agents can 

result in serious medical conditions such as sepsis. 

This can lead to fatal consequences especially in 

highly vulnerable populations including neonates, 

the elderly, or immunocompromised persons. 

Studies conducted over the last decades have 

shown emerging pathogens that can severely 

affect blood safety. To battle against such 

infectious pathogens, the focus has been to employ 

rapid molecular tests for detection of blood-borne 

pathogens such as West Nile virus, dengue virus 

(DENV), and Babesia microti etc. [1, 2].  

There are several existing processes of blood 

culture that are employed for the detection of an 

infection and the identification of the responsible 

organism for diagnosis of human blood stream 

infections. However, most of these processes 

involve a fairly long time period to complete the 

tests. Hence, it is not rapid at times that usually 

influences vital treatment decisions. The time-

consuming process of blood culture is due to the 

fact that it involves steps starting from micro-

organisms that are present in a blood sample and 

are enriched in cultivation medium in blood 

culture bottles under continuous monitoring. In 

the next step, Gram staining is done that allows the 

first adjustment of antibiotic therapy. 

Additionally, sub cultivation may also be required 

for identification and antimicrobial susceptibility 

testing. This entire process of blood culture 

therefore becomes quite complex that could 

essentially involve up to total 72 hours depending 

on the pathogen. This also includes the use of 

highly skilled personnel and complex sample 

preparation. Furthermore, the process becomes 

even more complex and time consuming in the 

event of transporting the blood sample to a 

microbiology laboratory for advanced analysis. 

All these complexities have triggered research in 

medical biotechnology to develop next generation 

diagnostics that ensures prevention of fatal 

diseases that are caused by pathogens in blood 

born infections [3, 4].   

To this end, medical technologists and 

biotechnologists have been involved in cutting 

edge research to develop diagnostic technology 

mostly based on lasers and spectrometry that gives 

the ability to rapidly (within minutes) diagnose 

blood borne infections on-site. It is believed that 

on-site diagnostic technology is transformative as 

it requires simple sample preparation and no 

requirement for highly skilled personnel. This 

significantly enhances the ability to identify, 

contain, and treat blood borne infections. This is 

expected to greatly reduce the time needed to 

screen donated blood for infections. Researchers 

envision that the development of laser-based 
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blood diagnostic technology with these 

capabilities could pave the way to future 

breakthroughs that would take the laboratory 

diagnosis to the next level, where patients could be 

screened for infections and receive prescribed 

treatments immediately [5-9].  

Here, we have described some of the 

recent significant advances in rapid diagnostic 

technologies for quick analysis of human blood.  

1. Ability to Detect Parasites, Bacteria and 

Viruses in Human Blood: Laser-Based Point-

of-Care Diagnostic Technology 

In a recent study of major significance, researchers 

showed the potential of a laser-based diagnostic 

method to detect the presence of parasites, bacteria 

and viruses in human blood. The technique was 

based on Laser-Induced Breakdown Spectroscopy 

(LIBS).  

 

 
Figure 1: (a) A schematic diagram showing the apparatus used to record spectra (BB: breadboard; L: 
laser; LP: laser pulse; M: mirror; L: lens; F: filter; BF: bifurcated fiber optic; DS: dual channel 
spectrometer; RS: rotating stage). (b) A geometry is shown for focusing the laser pulses using a spherical 
and cylindrical lens (SL: spherical lens; CL: cylindrical lens). (c) A display photo is shown for a filter 
following interrogation by 620 laser pulses that are focused using the cylindrical lens [Source:  J Appl 
Microbiol. (2019)]. 
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It showed the capability of point-of-care 

diagnostic based on the analysis of spectra 

collected from a series of laser sparks that were 

formed on a blood sample. In this method, a laser 

pulse is used to simultaneously vaporize a small 

sample mass that subsequently excites the 

resulting atoms. This results in emitting light 

formation of a hot plasma on the sample surface. 

Finally, light from the plasma is collected and 

spectrally resolved and subsequently recorded for 

spectra (Figure 1) [8].  

The technique was shown to be capable of 

generating analysis results within minutes. 

Researchers showed the presence of pathogens in 

the blood using a novel analysis approach and 

successfully demonstrated to clinically relevant 

levels of 10 cells, copies, or parasites per ml. It 

showed the differentiation of blood spiked with 

viruses, bacteria, or protozoan parasites to 

clinically relevant levels in six blood types (O+, 

O, AB+, A+, A-, B+). These results pave the way 

to simultaneously detect multiple pathogens in 

blood that could be employed for more rapid blood 

analysis in the future [8].   

 

2. Rapid Diagnostic Technology for Human 

Visceral Leishmaniasis (Kala-Azar)  

Leishmaniasis is considered a deadly disease. This 

disease is believed to be endemic in 98 countries, 

with the highest burden of disease in India, Brazil 

and other developing nations. Studies on 

Leishmaniasis have suggested that the disease is 

caused by protozoan parasites of the genus 

Leishmania and the most severe form of this 

disease is Visceral Leishmaniasis (VL), which is 

also known as Kala-Azar. It has been suggested 

that Kala-Azar is caused by L. chagasi/L. infantum 

in the Americas and L. donovani and L. infantum 

in Afro-Eurasia. Rapid and precise diagnosis of 

human VL is the suggested treatment pathway to 

battle against human VL, which is otherwise 

believed to be a fatal disease. To this end, 

researchers believe that for VL eradication, it is 

essential to develop novel, effective and 

affordable assays for rapid diagnosis of VL [10-

13].  

In a recent study, researchers demonstrated 

a novel diagnostic technique based on Laser 

Direct-Write (LDW) technology coupled with a 

Lateral Flow Device (LFD) with double-channel 

geometry. The advantage of this diagnostic 

technology lies in the fact that it can work on a 

low-cost paper platform that can be leveraged for 

a rapid and accurate serodiagnostic assay for 

human VL. Researchers employed the Duplex 

VL-LFD that was based on a laser-patterned 

microfluidic device using two recombinant 

Leishmania proteins -tubulin and LiHyp1, as 

novel diagnostic antigens (Figure 2) [14].  

They further tested the VL-LFD assay with 

blood/serum samples from patients diagnosed 

with VL, Tegumentary Leishmaniasis and 
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Leishmaniasis of unknown identity. The study 

also involved other parasitic diseases with similar 

clinical symptoms. Using LBW-LFD technique, 

out of the 22 positive samples from patients that 

were diagnosed clinically with VL infection, 20 

tested positive with the Duplex VL-LFD, 

compared to 17 patients that were tested positive 

with the available commercial kit [14].  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
Figure 2: (A) Schematic depiction of a Laser Direct Write (LDW) setup that shows the deposition head 
printing the liquid photopolymer onto the nitrocellulose membrane and its subsequent photo-
polymerization by the laser beam. (B) A schematic diagram showing the Laser Direct Write Lateral Flow 
Device (LDW LFD) that consists of a double-channel geometry as a rapid serodiagnostic assay for human 
VL [Source:  Journal Emerging Microbes & Infections (2019)]. 



 
Singh PK/Biotechnology Kiosk, 4, 2 (2022) ISSN 2689-0852

6

Further, researchers showed the better 

performance of LBW-LFD technique compared to 

the standard methods to diagnose and screen 

patients with VL. It is envisioned that the 

applications of this new VL-LFD diagnostic 

technique could be extended to employ to other 

comparative testing in larger patient groups 

focusing in areas with endemic VL. This could be 

a significant step forward to improve diagnosis 

and disease management of Kala-Azar [14]. 

 

3. Identification of Bacteria in Human 

Bloodstream by Immunoaffinity Mass 

Spectrometry 

As we described in the beginning, blood stream 

infections (BSI) associated sepsis can lead to 

serious medical conditions. BSI is caused by the 

presence of bacteria or fungi in the blood stream. 

According to one estimate, about 600,000 BSI 

episodes occur in North America every year, and 

results in roughly 86,000 and 157,000 deaths, 

respectively. To mitigate the challenges posed by 

BSI, a rapid blood test and diagnosis is 

recommended to effectively battle such bacterial 

infections in the blood stream [15-18]. To this end, 

researchers recently demonstrated a sensitive 

method to rapidly and accurately identify bacteria 

in human blood samples. They employed a 

combined optimized matrix-assisted laser 

desorption/ionization time-of-flight mass 

spectrometry (MALDI-TOF MS) and efficient 

immunoaffinity enrichment/separation method for 

the rapid diagnosis (Figure 3). A proof-of-concept 

level demonstration was reported with whole 

blood spiked with a low initial concentration (102 

or 103 cells per mL) of bacteria that was cultured 

in commercial blood culture bottles and analyzed 

by the developed method after different blood 

culture times [19].  

 The employed method showed a distinct 

advantage of high sensitivity. It was shown that 

the blood culture time required for diagnosis could 

be significantly reduced. The bacteria was 

successfully identified after 4 hours of blood 

culture (Figure 3) [19]. This method was further 

optimized for the development of an entirely new 

diagnostic process that could be accurately 

accomplished within half a day from start of the 

tests to the completion of the process. This paves 

the way for employing immunoaffinity mass 

spectrometry method in all future studies that 

could facilitate anti-bacterial therapy in a timely 

fashion to mitigate the risk of mortality from 

bloodstream infections [19]. 

 

4. Case Study on Rapid Diagnosis of 

Bloodstream Infections in Critical Patients 

Previous studies have shown that prompt 

treatment with targeted antibiotics can be 

leveraged to not only mitigate the challenges of 

the financial impact but also positively impact the 
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clinical outcome of bloodstream infection and 

associated sepsis that represent a major source of 

mortality in industrialized countries [20-27]. 

Researchers conducted a case study to assess the 

usefulness of the IRIDICA BAC BSI Assay, a 

PCR/ESI-MS-based technology for the early 

diagnosis of bloodstream infections from primary 

blood samples in critical patients [28]. This 

evaluation was performed by comparison with the 

traditional culture-based methods. In this study, 

researchers investigated a total of 300 prospective 

whole blood specimens obtained from patients 

suspected of sepsis (Figure 4). They found that the 

overall concordance between the two techniques 

was of 86%, with a calculated sensitivity of 76% 

and an assay specificity of 90%. Further, the 

clinical significance of discrepant results was 

and the results of additional relevant 

microbiological tests [28].

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
Figure 3:  Schematic illustrations showing the immunoaffinity MALDI-TOF MS procedure and the 
rapid diagnosis of bloodstream infections (BSI) [Source:  Chem. Sci. (2016)].    
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Figure 4:  Distribution of the organisms is shown. The organisms reported by culture (solid bar) and 
PCR/ESI-MS (patterned bar) are sorted by decreasing order of PCR/ESI-MS reported organisms [Source:  
PLoS One (2018)]. 
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This case study was significant as the data 

supported the ability of the IRIDICA BAC BSI 

Assay to identify a broad range of bacteria directly 

from primary whole blood samples, within eight 

hours, which implied a timely administration of a 

suitable treatment [28]. 

 

Concluding Remarks 

In conclusion, we have described the requirements 

for new clinical diagnostics for rapid detection of 

pathogens in human blood. Such rapid 

identification has been shown to be useful in 

combating complex diseases that are caused by 

blood pathogens. This can also be leveraged to 

adapt to newly emerging infectious agents and to 

screen simultaneously for multiple infectious 

agents in bloodstream. To this end, several studies 

have shown promise of laser-assisted diagnostics 

and the unique capability of laser technology for 

rapid identification of infections in bloodstream. 

This new diagnostic technology platform is 

expected to transform the existing blood culture 

process to a far more superior and rapid process of 

identification of infections within a few hours and 

also on-site. The laser-based approaches can be 

leveraged to achieve sensitive, multiplex detection 

that requires minimal sample preparation while at 

the same time providing rapid results that are 

generated within minutes. Thus, this versatile 

point-of-care diagnostic offers a disruptive 

technology platform that could potentially be a 

game changer in next generation diagnostics and 

therapeutics industry. Recent studies have 

suggested that these application-relevant 

properties can be leveraged to boost the diagnostic 

abilities. This can be further equipped with the 

additional features such as flexibility in the 

technology that allows to add new agent detection 

by simply adjusting the detection programming. 

These steps are considered critically important to 

achieve the ultimate goal of superior clinical 

diagnosis of bloodstream infections along with 

prevention of associated medical fatalities in the 

future. 
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