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ABSTRACT

Blood transfusions are fundamental to clinical procedures; however, many people worldwide cannot access
safe blood. Blood product safety must be essential in each country’s national health policies. Several aspects
of the blood donation process are carefully performed, including laboratory testing comprising blood type
determination, antigen-antibody analyses, and nucleic acid amplification testing (NAT); however, NAT is not
mandatory in all countries. The traditional screening method is based on antigen-antibody binding techniques,
such as ELISA (enzyme-linked immunosorbent assay), with high sensitivity and specificity. Nevertheless,
these methods have a seroconversion window period (WP), in which antigen-antibody testing cannot detect
the pathogen and has not caused any symptoms yet. NAT is a sensitive molecular method based on viral
nucleic acid amplification and detection. Moreover, its use in blood banks is increasing worldwide because it
narrows the window period. For example, Huang et al. in 2017 reported the detection of 22 samples reactive
only by nucleic acid testing for either HIV, HBV, or HCV compared with ELISA.

The present article shows how blood safety has improved by implementing NAT as a routine method for viral
nucleic acid detection, highlighting the importance of this technique as evidenced by the findings presented
herein. Moreover, these results are highly significant, demonstrating the relevance of NAT and advocating for
its application on a global scale in blood management protocols. This development could be particularly
beneficial for regions with a high viral infection prevalence, including many countries.

Keywords: Nucleic acid amplification, Immunoassay, viral infection, blood bank.

INTRODUCTION

Blood transfusions are fundamental to clinical procedures; however, many people worldwide, especially in
low-income countries, cannot access safe blood . Blood product safety must be ensured in each country’s
national health policies *°. Blood safety starts with a pre-donation survey to identify risky behaviors that could
lead to viral or bacterial infections, endangering the people receiving the blood transfusion *%7. Similarly,
several aspects of the blood donation process should be carefully performed, including blood collection,
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labeling and handling each blood component, blood transfusion, and laboratory testing *7#. Laboratory testing
is comprised of blood type determination, antigen-antibody analyses, and nucleic acid amplification testing
(NAT); however, in all countries, NAT is mandatory '. For instance, in Latin America, Nicaragua, Costa Rica,
Venezuela, and Uruguay do not perform NAT on blood donations.

The World Health Organization (WHO) promotes efforts to improve screening methods worldwide #. The
traditional screening method is based on antigen-antibody binding techniques, such as ELISA (enzyme-linked
immunosorbent assay), CLIA (chemiluminescence immunoassay), or ECLIA (electrochemiluminescence
immunoassay), which have high sensitivity and specificity, ranging from 95% to 99%, and from 90% to 99%,
respectively °~'2. Nevertheless, these methods have a seroconversion window period (WP), which varies
according to the virus and the patient '>!'*. A window period refers to the early stages of an infectious disease,
in which antigen-antibody testing cannot detect the pathogen and has not caused any symptoms yet. However,
the host could be infectious and transmit the disease; most transfusion transmission infections occur because
of WP 1318 For example, in Germany before NAT, 1,500 hemophiliacs were infected with HIV in 1993 due
to transfusion transmission infections. Similarly, in the USA, the situation was very similar, with 10,000
people infected by contaminated blood products °.

NAT is a sensitive molecular method that could be used for viral or bacterial nucleic acid amplification and
detection. Moreover, its use in blood banks is increasing because it narrows the window period of HIV, HBV,
and HCV infections, providing an extra layer of safety *'*!°. However, NAT also has limitations; for instance,
NAT reactions are performed in pools; therefore, if a pool is reactive, each sample must be processed
individually. Furthermore, NAT requires specialized infrastructure, consumables, and equipment.

The present review describes the screening methods used in blood banks, including immunoassays and NAT,
to detect the presence of viruses in blood products. Moreover, it highlights the importance of NAT
implementation by describing studies that have reported infections only detected by NAT. In conclusion, NAT
reduces the window period, detects occult infections, and ultimately increases blood safety.

IMMUNOASSAYS

Immunoassays are used in many clinical settings; their use includes the detection of antigens, autoantibodies,
tumor markers, hormone levels, drugs, and antibodies against pathogens, such as viruses or bacteria. Immu-
noassays detect the concentration or presence of a molecule by using an antigen or antibody for its detection
2022 In humans, for example, the immune system can generate a response to a foreign body; they do so by
synthesizing proteins (antibodies) that will recognize the invader (antigen) 2%2*2*, In this technique, those
antibodies generated in the immune response will be detected.

There are five classes of antibodies, depending on their structure and biological function: Immunoglobulin
(Ig) G, IgA, IgE, IgM, and IgD; among these, IgG is the antibody with the highest availability and concentra-
tion 2. The structure of IgG is presented in Figure 1. The antibody is composed of two heavy chains and two
light chains. Moreover, there are two main regions, the Fab region that is specific and will bind to the antigen,

and the Fc region that interacts with cell surface receptors 2%,
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Figure 1. Immunoglobulin G structure.

Some factors that could interfere with the test include contamination, binding affinity, quality of the wells,
buffer pH, and cross-reactivity 2?8, However, enzyme-linked immunosorbent assay (ELISA) is considered
the gold standard of immunoassays 2%; it is used to detect and quantify proteins, hormones, glycoproteins,
antibodies, and antigens. ELISAs require 96-well polystyrene plates, primary or secondary antibodies, anti-
gen/analyte, enzymes, and chromogen/substrate .

Enzyme-linked immunosorbent assay (ELISA)

ELISAs steps, generally, are 3%!: First, antigen or antibody plate coating, followed by the addition of the
samples. The next step is blocking, usually with bovine serum albumin (BSA). Then, the detection by using
conjugated antibodies and substrates, typically horseradish peroxidase (HRP) or alkaline phosphatase (AP).
Finally, the results are read by spectrophotometry to determine the presence of the analyte of interest.
Moreover, there are different types of ELISAs. The major ELISA types are direct, indirect, sandwich, and
competitive 3!

Direct ELISA

This type of test (Figure 2. A) starts by adding the sample to the wells in the plate, where the antigen of interest
will bind. Next, blocking and washing steps are followed by adding an enzyme-conjugated primary antibody,
which will bind to the antigen of interest. Then, a substrate is added, and finally, the reaction is detected,
displaying the results. The analyte concentration is proportional to the intensity of the signal. The disadvantage
of this technique is a lower sensitivity compared to other types of ELISAs *2; however, one advantage is that

it only requires one antibody, which eliminates the secondary antibody cross-reactivity 3*3!.
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Indirect ELISA

The indirect ELISA (Figure 2. B) is very similar to a direct ELISA; the main difference is that indirect ELISA
requires two antibodies **. The primary antibody will bind directly to the protein of interest, and a secondary
antibody will be used to detect the primary antibody. The secondary antibody is usually conjugated with an
enzyme that hydrolyzes or oxidates the substrate, resulting in a color change *. The main disadvantage of this

technique is the risk of cross-reactivity; however, the advantages are lower costs and higher sensitivity 3*3!,

Sandwich ELISA

Two antibodies will be used in this type of ELISA (Figure 2. C). A capture antibody and an enzyme-conjugated
antibody. In the first step of this technique, the plate is coated with a capture antibody. Then, the sample
containing the proteins of interest is added. The next step involves using an enzyme-conjugated antibody that
will bind to the proteins. The process ends with adding a substrate, resulting in a color change. The
disadvantage of this technique is the high cost and time; however, this type of ELISA has the most heightened

sensitivity %1,

Competitive ELISA

Antibodies will compete for antigen binding in the competitive ELISA (Figure 2. D). In the first step, the
plates are coated with an antigen. Then, the sample will be tested to determine if it contains the antibodies of
interest, and an enzyme-conjugated antibody will be added to the plates; both antibodies will compete for
antigen binding. The concentration of each antibody will determine which antibody will ‘win’ the competition.
If the sample has the highest concentration, no color change will be detected; however, if the enzyme-
conjugated antibody has the highest concentration, a color change will occur. The disadvantage of this
technique is its low specificity, whereas an advantage is that it offers low variability and multiple antigens

could be used 3934,
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Figure 2. Overview of different ELISA types A) Direct ELISA B) Indirect ELISA C) Sandwich ELISA D) Competitive
ELISA.

Chemiluminescent immunoassay (CLIA)

CLIA is an assay developed to determine the analyte’s concentration on a sample using the luminescence
intensity of a chemical or enzymatic reaction '>?!. Luminescence is the emission of visible radiation with
wavelengths of 300-800nm . CLIA offers several advantages, including high specificity and sensitivity,
simple equipment, short time, low cost, simplicity, and high throughput 7. CLIA is similar to ELISA, as it
is also based on immunoreactions. However, the main difference is that in CLIA, the results are measured as
absolutes according to luminescence intensity, while in ELISA, the results are relative and determined from
the substrate’s color change >3,
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Different types of CLIA exist, including direct and indirect approaches, which could be competitive or non-
competitive. The direct method uses luminophore markers such as ruthenium and acridinium esters, whereas
the indirect system enzyme markers like alkaline phosphatase and horseradish peroxidase utilize luminol as

substrate (Figure 3) 3338,
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Figure 3. A) Direct CLIA and B) Indirect CLIA overview.

Nucleic acid amplification testing (NAT):

Nucleic acid testing is a molecular technique for viral nucleic acid detection with sensitivity and specificity
values ranging from 92.5% to 100% and from 99.8 to 100%, respectively, >**!. The basis of this technique
consists of the amplification and detection of viral RNA or DNA %#2% One example of a NAT assay is the
reverse transcription-quantitative polymerase chain reaction (RT-qPCR), which starts with retrotranscribing
the viral RNA into cDNA, followed by several cycles of denaturation, primer annealing, and extension. Lastly,
the fragments of interest are detected and quantified (Figure 4) **. Furthermore, NAT offers several advantages
compared with other screening methods, such as ELISA and CLIA; these include minimizing the risk of

Clinical Biotec, Universidad Catdlica del Oriente (UCQO) and Universidad Nacional Auténoma de Honduras (UNAH)



http://clinicalbiotec.com/
https://www.uco.edu.co/Paginas/home.aspx
https://www.unah.edu.hn/

Bionatura http://dx.doi.org/10.21931/RB/2023.08.04.33 7

contamination, the possibility of multiplexing, identifying different viruses, and reducing the window period
94547 NAT’s impact on blood safety is significant; for instance, Roth et al. (2008) reported that out of more
than 300 million donations, 2,808 virus-contaminated donations were identified by NAT only °. Moreover,
NAT could also be developed and used to detect other viruses, such as West Nile Virus, the SARS-CoV-2

4849 and emerging viruses; the only requirement would be to identify the viral genome sequence °.

Limitations of this approach include that NAT reactions are performed in pools of different numbers, for
example, 96 samples per reaction. If a pool is reactive, each sample will be processed individually, increasing
the cost and time of the process. Furthermore, NAT requires specialized infrastructure, consumables, and
equipment. Moreover, studies have found that pool NAT could miss infections with low viral loads, which
could only be detected in individual tests **-°,
Cycles 4 :
<& >

Extension

viral RNA

Primer annealing

Denaturation

Detection

Figure 4. RT-qPCR overview.
Comparison between NAT and immunoassays for viral detection

HIV

In HIV, the window period in antigen/antibody testing could be 18 to 28 days, whereas, in NAT, the window
period shortens by 8 to 20 days (Figure 5) '®. For example, in 2017, Huang, W. et al. compared ELISA and
NAT methods in a hospital in China between 2015 and 2016, where for HIV, they found 605 cases of NAT(+)
and Immunoassay (+) '°. However, they also found 21 cases of NAT(+) and Immunoassay(-), followed up on
one of the cases and when testing one week later, found that it was a window period case. In addition, 143
cases of NAT(-) and Immunoassay (+) were found, possibly due to false positives and insufficient ELISA
specificity 6. Furthermore, Table 1 presents more studies with similar cases of window period infections.
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HCV

In HCV, the window period could range from 20 to 36 days '*°!. In contrast, by using NAT, the viral RNA
can be detected as soon as two days after exposure (Figure 5) >3, For example, Hourfar et al. in 2008 analyzed
the performance of NAT vs. serological methods. They found that 23 donations were NAT-reactive only for
HCV, which could be attributed to an infection in the window period phase >*. Similarly, Velati, C. et al.
reported in 2008 the detection of 27 NAT(+) CLIA(-) donations out of 10,776,228 units. During a follow-up,
it was found that the infections in all 27 patients were in the window period, and later, NAT(+) CLIA(+) 17
was tested. Similarly, Stramer et al. 2004 found that 170 donations, out of approximately 40 million, were
reactive only for NAT *. Table 1 presents more studies comparing NAT and Immunoassays.

HBV

HBV’s window period can range from 30 to 50 days >°. In addition, there is a risk of an occult hepatitis B
infection with undetectable HBsAg levels *°. On the other hand, by using NAT, the virus can be detected
within one week of infection, thus shortening the window period. Moreover, NAT can detect the presence of
the virus even in its hidden infection state (Figure 5) °°. For example, Keechilot, et al. in 2016 analyzed 24,338
donations, 24,214 of these were negative for all serological markers (HIV, HBV, HCV, malaria, and syphilis).
However, 5 NAT-only reactive samples for HBV were identified. The authors attributed this to occult or
window period infections °. Similarly, Hourfar, et al. in 2008 reported that out of 31,524,571, 22 samples
were reactive only for NAT, indicating infections during their window period >3. Minegishi, et al. in 2003
conducted a study on over 11 million samples and identified that out of 181 HBV-NAT-positive samples, 172
were negative by immunoassays >’. Similar studies are presented in Table 1.

Moreover, the sensitivity and specificity of ELISA tests can be determined through a comparative analysis of
the studies mentioned above and using NAT as the gold standard. The sensitivity stands at 92%, whereas the
specificity is 99%. Even though these values are relatively high, infections may not be detected, which could
lead to severe health consequences.
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Figure 5. Detection periods comparison between NAT and Immunoassays for A) HIV. B) HCV and C) HBV.
Virus NAT(+) NAT(+) NAT(-) NAT(-) Reference
Immunoassay(+) Immunoassay (-) Immunoassay (+) Immunoassay (-)
HIV 605 21 143 105,719 e
HIV 88 6 0 9,456 ¥
HIV 1 1 3 996 9
HCV 323 0 586 105,579 16
HCV 37 4 83 20,991 60
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HCV 13 0 9 978 59
HBV 46 1 0 24214 56
HBV 21 22 0 31,524,571 53
HBV 6,386 579 4,958 105,719 16
HBV 5 1 9 985 59
Total 7,525 635 5,791 31,899,208

Table 1. NAT vs Immunoassay comparison for viral detection.

DISCUSSION

Lives are saved daily thanks to blood transfusions, and this process has become a fundamental part of clinical
procedures; hence, ensuring blood safety is essential, and countries must develop public health policies to
provide safe blood to everyone *°. Moreover, the blood donation process has changed over time, and nowadays,
several steps and procedures increase blood safety. These include a thorough standardized questionnaire to
identify potential risks, serological tests to determine blood type, irregular antibodies, and infections, and

molecular tests for viral nucleic acid detection 7.

One of the main issues regarding blood safety is the possible presence of infections in the WP phase. In this
phase, the presence of the pathogen cannot be detected by serological testing because the body has not had
enough time to produce detectable antibodies. However, the donated blood could be infected, affecting the
recipient '>!%!% 1In this regard, NAT is a molecular technique that can reduce the WP; for instance, for HIV,
the serological WP is from 18 to 45 days, and by using NAT, the detection could be performed as soon as 11
days after exposure, reducing the WP by 7 days; increasing the capacity to detect viral infections and reducing

the risk of transfusion-transmitted infections *'%1°,

The present article shows how blood safety has improved by implementing NAT as a routine method for viral
nucleic acid detection, highlighting the importance of this technique as evidenced by the findings presented
herein. Moreover, these results are highly significant, demonstrating the relevance of NAT and advocating for
its application on a global scale in blood management protocols. This development could be particularly
beneficial for regions with a high viral infection prevalence, including many countries.
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CONCLUSIONS

In conclusion, nucleic acid testing (NAT) is a powerful technique capable of detecting viral nucleic acids,
even when immunoassays cannot; thus, it narrows the window period. Moreover, NAT can detect occult HBV
infections. For example, only in the studies mentioned, NAT has prevented 1,923 hemo components (red blood
cells, platelets, and plasma) infected with HIV, HCV, or HBV from being transfused. The novelty of the
present research lies in its comprehensive review of the current literature, which describes the sensitivity and
specificity of the methods used in blood banks and focuses on the importance of NAT implementation. We
aim that countries that have not yet applied this technology will realize its significance in providing safe blood
for everyone.

Supplementary Materials: The following are available online at www.revistabionatura.com/xxx/s1, Figure
S1: title, Table S1: title, Video S1: title.
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