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Viral infections are causing serious problems in human population worldwide. The recent outbreak of coronavirus disease 2019
caused by SARS-CoV-2 is a perfect example how viral infection could pose a great threat to global public health and economic
sectors. Therefore, the ﬁrst step in combating viral pathogens is to get a timely and accurate diagnosis. Early and accurate detection
of the viral presence in patient sample is crucial for appropriate treatment, control, and prevention of epidemics. Here, we
summarize some of the molecular and immunological diagnostic approaches available for the detection of viral infections of
humans. Molecular diagnostic techniques provide rapid viral detection in patient sample. They are also relatively inexpensive and
highly sensitive and speciﬁc diagnostic methods. Immunological-based techniques have been extensively utilized for the detection
and epidemiological studies of human viral infections. They can detect antiviral antibodies or viral antigens in clinical samples.
There are several commercially available molecular and immunological diagnostic kits that facilitate the use of these methods in
the majority of clinical laboratories worldwide. In developing countries including Ethiopia where most of viral infections are
endemic, exposure to improved or new methods is highly limited as these methods are very costly to use and also require technical
skills. Since researchers and clinicians in all corners of the globe are working hard, it is hoped that in the near future, they will
develop good quality tests that can be accessible in low-income countries.

1. Introduction
Viruses are small segments of nucleic acid, deoxyribonucleic
acid (DNA), or ribonucleic acid (RNA) within a protein coat
or lipoprotein coat (envelope). Viruses require host resources for their replication because they are obligate intracellular parasites. Once viruses enter the host cells, they
take over or hijack the cells’ biosynthetic machineries for the
replication of their genomes and other components [1, 2].

Viral infections are the most common cause of human
diseases. Millions of people are still dying because of human
immunodeﬁciency virus (HIV) and hepatitis viruses
worldwide. The emerging viruses are also causing serious
problems in human population. For example, avian inﬂuenza A (H5N1) in 1997, the severe acute respiratory syndrome-coronavirus (SARS-CoV) in 2002–2003, pandemic
swine inﬂuenza A (H1N1) virus in 2009, Ebola virus in 2014,
Zika virus (ZIKV) in 2015, and pandemic SARS-CoV-2
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recently, among others, have caused several outbreaks in
diﬀerent countries [3–9].
The morbidity and mortality rates of human viral infections are signiﬁcantly high [10]. For example, the
pandemic swine inﬂuenza A (H1N1) infection in 2009
occurred in 214 countries with more than 18,036 deaths [5].
In 2010 alone, the number of human deaths due to rabies
globally was estimated to be 61,000, with 84% of the deaths
occurred in rural areas [11]. In 2013, approximately,
35,000,000 people were infected with HIV worldwide [10].
The World Health Organization (WHO) reported 1.34
million deaths of viral hepatitis in 2015 [12]. As on 6th
January 2015, H5N1 viruses have killed 402 out of 694
laboratory-conﬁrmed human infections in 16 countries
[13], with a mortality rate of around 58%. Recently, the
world is challenged by the novel coronavirus disease 2019
(COVID-19). The disease is caused by the novel coronavirus (SARS-CoV-2). The pathogen ﬁrst emerged in Wuhan
city, Hubei province, China, which has now quickly gained
worldwide spread [9, 14]. On 11th March 2020, the WHO
declared the COVID-19 outbreak a global pandemic.
According to the WHO, 9, 129, 146 conﬁrmed cases of
COVID-19 have been reported worldwide, including 473,
797 deaths since 31st December 2019 and as of 24th June
2020 [15]. Therefore, good diagnostic techniques are required to detect these viral infections early and accurately.
Early and accurate detection of viral diseases plays a signiﬁcant role in selecting appropriate therapy timely,
minimizing therapy costs, minimizing unnecessary loss of
human lives, and controlling the disease. It also helps to
develop appropriate disease prevention and treatment
strategies, like development of antiviral vaccines and new
therapeutic agents [14, 16, 17].
Traditionally, laboratory diagnoses of medical viruses are
carried out by isolating viruses in embryonated chicken eggs,
in tissue culture, or in laboratory animals and visual examination of viral particles in sample using electron microscopy among others [16]. Many conventional diagnostic
tools tend to be cumbersome, time-consuming, expensive,
and poorly reproducible [18, 19]. In contrast, molecular
techniques have revolutionized diagnostic virology by
detecting the presence or absence of viral nucleic acids in a
patient’s sample [18]. Immuno-based techniques still play a
great role for the detection and serosurveillance of human
viral infections despite the fact that many of the traditional
methods are replaced by nucleic acid-based techniques [20].
Immunological methods detect viral infections by identifying antiviral antibodies or viral antigens in clinical samples
[21, 22]. Here, we describe some of the molecular and
immunological diagnostic approaches for the detection of
medical viruses.

2. Molecular Diagnostic Techniques of
Medical Viruses
Nucleic acid-based molecular detection techniques have
revolutionized diagnostic virology with their faster, highly
sensitive, and highly speciﬁc diagnosis [14, 23, 24]. Since
these methods detect speciﬁc nucleic acid sequences, nucleic
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acid-based diagnostic tests can be applied for the detection
of virtually any virus that aﬀects humans [1].
2.1. Nucleic Acid-Based Ampliﬁcation Techniques. Molecular
techniques that involve the ampliﬁcation of viral genomic
material are extremely sensitive and speciﬁc, provide rapid
diagnosis, and allow the detection of several viruses at same
time [16]. Nucleic acid ampliﬁcation techniques are very
useful for the detection of viruses that are uncultivable or
diﬃcult and harmful to culture, slow growing viruses in
culture, and viruses that display antigenic variations [1, 25].
The nucleic acid ampliﬁcation tests are very popular in the
diagnosis of viral infections caused by several viruses, including hepatitis C virus (HCV), human immunodeﬁciency
virus (HIV), dengue virus, Epstein–Barr virus (EBV), inﬂuenza viruses, Zika virus (ZIKV), Ebola virus, and coronavirus [26–32]. Several nucleic acid ampliﬁcation methods
are currently available for the laboratory diagnosis of viral
infections worldwide, and their advantages and limitations
will be summarized in Table 1.
2.1.1. Polymerase Chain Reaction (PCR). PCR is a typical
example of nucleic acid ampliﬁcation assay. It has revolutionized the ﬁeld of molecular diagnosis since developed by
Mullis and Faloona [50]. PCR is based on extraction and
puriﬁcation of DNA molecule and exponential ampliﬁcation
of the target sequence, using a thermostable DNA polymerase and two speciﬁc oligonucleotide primers. After the
PCR reaction, the ampliﬁed product can be detected by
several techniques, including gel electrophoresis, colorimetric methods, and sequencing [10, 51, 52]. Since its inception, PCR has been used for the detection of human viral
infections with overall clinical sensitivity ranging from
77.8% to 100% and clinical speciﬁcity ranging from 89% to
100% [28, 53–55]. These reports suggest that PCR can be
employed for the detection of medical viruses in a variety of
specimen types. Conventional PCR is still in use by some
clinical laboratories worldwide, but it is rapidly replaced by
more advanced variants of the technique.
PCR is a highly versatile technique. A number of variants
of the conventional PCR have been developed, but the most
important variants are reverse transcription-PCR and realtime PCR [1, 10]. The ﬁrst method was devised to amplify
ribonucleic acid (RNA) targets [1]; the second technique was
introduced to quantify deoxyribonucleic acid (DNA) in real
time throughout the PCR reactions [56].
2.1.2. Reverse Transcription-PCR (RT-PCR). RT-PCR was
designed to amplify RNA targets. In this technique, reverse
transcriptase (RT) is used to convert viral RNA targets into
complementary DNA (cDNA), and then the resulting cDNA
is ampliﬁed by conventional PCR. Since its development,
RT-PCR has been used for the diagnosis of human infection
by RNA viruses. Conventional RT-PCR demonstrated
overall sensitivity ranging from 73% to 100% and speciﬁcity
ranging from 99% to 100% in the detection of viral infection
[29, 57, 58]. These data indicate that RT-PCR is an excellent
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Table 1: Advantages and limitations of nucleic acid-based ampliﬁcation techniques.
Detection methods Advantages
(i) Sensitive and speciﬁc
(ii) Widely employed nucleic acid-based
detection format
Conventional
(iii) Multiplex detection potential
PCR

Conventional
RT-PCR

Real-time PCR/
RT-qPCR

TMA + NASBA

LAMP/LAMP-RT

Limitations
(i) High risk of contamination

References

(ii) Prone to inhibitors

(iii) Time-consuming and labor-intensive
[28, 33–35]
(iv) Qualitative
(v) Requires thermal cycler and gel documentation
apparatus
(i) Sensitive and speciﬁc
(i) RNA handling might be diﬃcult
(ii) Multiplex detection potential
(ii) High risk of contamination
(iii) Time-consuming and cumbersome
(iv) Relatively expensive
[10, 14,
(v) Prone to inhibitors
36–40]
(vi) Mutation within PCR primer regions may occur in
some RNA viruses which have high mutation rates, leading
to reduced sensitivity
(i) Requires expensive laboratory equipment and
(i) Highly sensitive and speciﬁc
ﬂuorescent probe
(ii) Lower cross-contamination risk due (ii) Designing of TaqMan probes requires almost complete
to closed tube operation
information of the target nucleic acid sequence
(iii) Primer dimer artifact is a problem in case of SYBR
[33, 34,
(iii) Rapid and less labor-intensive
green method
39–41]
(iv) Multiplex detection
(iv) Prone to inhibitors
(v) Genotyping
(vi) Determination of the viral load
(quantitative)
(i) Sensitive and speciﬁc
(i) RNA handling might be diﬃcult
(ii) Simple and rapid (fewer cycles are
(ii) Requirement of three enzymes in case of NASBA
required)
(iii) Multiplexing potential
(iii) Use of enzymes that are not thermostable
(iv) Nonspeciﬁc interactions of the primers may increase as
(iv) Quantiﬁcation,
the ampliﬁcation process occurs at a lower temperature
[36, 42–45]
(41°C)
(v) Genotyping
(vi) Does not require thermal cycler as
the reaction takes place isothermally at
41°C
(i) Highly sensitive and speciﬁc
(i) Requirement of six primers
(ii) Easy to perform
(ii) High risk of carryover contamination
(iii) Does not require expensive thermal
(iii) Limitation for multiplexing
cycler
(iv) Visual detection using naked eye alone is subjective
(iv) Rapid (results in <1 h)
since it depends on observer’s perception of color
[35, 46–49]
(v) Quantitative
(vi) Genotyping
(vii) Simple detection systems (using
naked eye)
(viii) Relatively resistant to inhibitors
present in the sample

technique for the diagnosis of human infection by RNA
viruses. Nowadays, however, the method is not used commonly in clinical specimens owing to its high cost and timeconsuming process [14].
2.1.3. Real-Time PCR. In real-time PCR system, viral nucleic
acid ampliﬁcation and detection steps are carried out at the
same time. The detection of the ampliﬁcation product is

relied on the amount of ﬂuorescence emission from the
specimen. The ﬂuorescence emission from the specimen is
monitored by special thermal cycler. The computer, with
appropriate software connected to the thermal cycler, records the data and produces an ampliﬁcation plot at every
reaction cycle [51, 59]. The detection and quantiﬁcation of
ampliﬁcation products can be done by using SYBR green, the
TaqMan, and molecular beacon chemistries. The SYBR
green dye binds to the minor groove of double-stranded
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DNA (dsDNA) product and upon excitation by appropriate
light, it exhibits improved ﬂuorescence, which is directly
proportional to the accumulated dsDNA product. The
TaqMan probe is a DNA oligonucleotide with a ﬂuorescent
dye termed reporter attached to one end (5′ base) and
quencher on the other (3′ base) (Figure 1). TaqMan probes
are designed to hybridize to an internal region of a PCR
product. During the annealing stage of the PCR, both the
primer and the TaqMan probe bind to the template strand.
When the Taq DNA polymerase extends the primer, the
polymerase cleaves the probe by its the 5′-3′ exonuclease
activity. Cleavage of the probe leads to the release of the
ﬂuorescent dye (Figure 1), resulting in ﬂuorescence emission. The amount of ﬂuorescence is directly proportional to
the PCR product. Molecular beacon is a small DNA molecule with a ﬂuorescent dye at the 5′ end and a quencher at
the 3′ end. The sequences at the very 3′ and 5′ ends are
complementary to each other. The internal part of the
molecule is designed to be complementary to the target
sequence of a PCR product. When molecular beacon is free
in solution, it will adopt a hairpin structure. This brings the
ﬂuorophore and quencher in close proximity, leading to
absorption of emitted light of the ﬂorescent dye by the
quencher and hence ﬂuorescence is not detected (Figure 2
A). However, when a molecular beacon hybridizes to the
target sequence, the ﬂuorophore and quencher are separated, leading to the emission of ﬂuorescence (Figure 2 B).
The amount of ﬂuorescence is directly proportional to the
PCR product [16, 42, 51, 60].
Owing to high sensitivity and speciﬁcity, short turnaround time for results, and ease of performance [33, 61],
most laboratories across the globe employ real-time PCR for
the detection and quantiﬁcation of medical DNA and RNA
viruses in clinical specimens. For example, Boppana et al.
[39] used real-time PCR for the detection of cytomegalovirus
(CMV) in liquid saliva with overall sensitivity of 100% and
speciﬁcity of 99.9%, compared with standard rapid culture.
The method was also employed for the diagnosis of primary
of EBV infection with overall sensitivity of 95.7% and
speciﬁcity of 100%, compared to serologic assays [62]. Realtime PCR was also served to determine viral load in herpes
simplex encephalitis patients [40]. The determination of
viral loads in patient specimens is crucial as it provides
prognostic and predictive information. In this study, patients with higher viral loads in their cerebrospinal ﬂuid
(CSF) found to require acyclovir therapy for a longer duration and had a poorer clinical outcome than the patients
with lower viral loads in their CSF [40]. The assay can also be
used for the multiplex identiﬁcation of diﬀerent viruses.
Both TaqMan probe and molecular beacon play crucial roles
for multiplex identiﬁcation of diﬀerent viruses in a single
PCR reaction. In multiplexing assays, diﬀerent probes/
beacons are labeled with diﬀerent ﬂuorescent dyes [41]. In
multiplex assay, sensitivity of 100% and speciﬁcity of 99.6%
were reported, compared to immunoﬂuorescence assay, for
real-time PCR in the detection of human adenovirus B, C,
and E in the throat swab samples [63]. Ramamurthy and his
colleagues [33] compared multiplex real-time PCR with
multiplex conventional PCR for the detection of neurotropic
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Figure 1: Schematic of the use of TaqMan probe in real-time PCR.
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Figure 2: Diagram of molecular beacon. (A) The molecule forms
hairpin when free in solution. This brings ﬂuorophore (yellow ball)
and quencher (black ball) in close proximity, so that no ﬂuorescent
light is detected. (B) The molecule hybridizes to the target sequence.
This separates the ﬂuorophore and quencher and leads to emission
of ﬂuorescent light.

viruses (CMV, EBV, herpes simplex virus types 1 and 2
(HSV-1 and HSV-2) Japanese encephalitis virus (JEV), and
varicella-zoster virus (VZV)) in CSF. Out of 147 CSF
samples collected from patients with neurological disorders,
real-time PCR detected viral pathogens in 88 samples while
conventional PCR could only detect the viruses in six
samples, suggesting that real-time PCR has higher sensitivity
than conventional PCR. Qiu et al. [64] developed a triplex
quantitative real-time PCR assay for rapid and diﬀerential
detection of human adenovirus (hAdV) serotypes 2, 3, and 7
for potential clinical use. The analytical sensitivity (limit of
detection; LoD) of this assay was 102 DNA copies/reaction
for each of serotypes and no cross-reactions with other
respiratory pathogens. The authors concluded that the assay
is sensitive and speciﬁc and has the potential for clinical use
in the rapid and diﬀerential detection and quantitation of
hAdV serotypes 2, 3, and 7 in human specimens.
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By the incorporation of reverse transcription step, realtime PCR can be combined with the conventional reverse
transcription PCR (RT-PCR) to form reverse transcription
quantitative real-time PCR (RT-qPCR). RT-qPCR has a
number of advantages over the conventional RT-PCR
technique, including reduction of contamination, possibility
of quantifying the amplicons, and quick assay time since
there are no post-PCR processing activities [14, 51]. As a
result, RT-qPCR is widely deployed for the detection and
quantiﬁcation of several RNA viruses in clinical specimens,
including ZIKV, Ebola virus, coronavirus, HCV, respiratory
syncytial virus (RSV), dengue virus, HIV-1, and inﬂuenza A
virus [30–32, 65–69]. Recently, Corman et al. [32] developed
RT-qPCR for the detection of SARS-CoV-2. The assay
targeted envelope protein (E) gene and RNA-dependent
RNA polymerase (RdRp) gene of SARS-CoV-2. High LoDs
of 5.2 copies/reaction for E-gene and 3.8 copies/reaction for
RdRp gene were demonstrated and no cross-reaction with
other coronaviruses, suggesting the usefulness of the method
for sensitive and speciﬁc diagnosis of COVID-19. The RTqPCR assay (Quanty ZEBOV FAST assay) was evaluated for
the detection of Ebola virus in clinical samples. CLONIT Srl
(Italy) developed the assay during outbreak of Ebola in Sierra
Leone, and it had overall sensitivity of 100% and speciﬁcity
of 98.63%, compared to RealStar Filovirus Screen RTqPCR Kit 1.0 (Altona Diagnostics) [31]. Gueudin et al. [68]
used RT-qPCR for diagnosis and monitoring of HIV-1
group O infection with LoD of 40 copies/ml and speciﬁcity
of 100%. The method was applied for ZIKV detection in
human serum and urine, and it had LoDs of 2.5 PFU/ml and
250 PFU/ml in urine and serum, respectively [30]. Júnior
et al. [70] used RT-qPCR for the detection of respiratory
viruses in outpatients with acute respiratory infection. They
also compared the performance of RT-qPCR with indirect
immunoﬂuorescence assay (IFA). Accordingly, RT-qPCR
managed to detect viral pathogens in 88 (88/162) nasopharyngeal aspirates, but IFA detected viral pathogens in
only 33 (33/162) specimens. The data indicated that the use
of RT-qPCR increased the viral detection by 33.9%. Today,
several real-time RT-PCR kits are available commercially.
For example, real-time-qPCR test developed by Cepheid AB
(Sunnyvale, CA, USA) is commercially available for the
qualitative detection of Ebola virus in EDTA venous whole
blood or buccal swabs. The assay targets viral nucleoprotein
and glycoprotein genes of Ebola Zaire virus. The assay has a
LoD of 82 RNA copies/reaction with turnaround time of
98 minutes. Simplexa Dengue RT-PCR assay developed by
Focus Diagnostics (Cypress, CA, USA) is a commercial kit
for detection and typing of dengue virus serotypes 1, 2, 3,
and 4 in human serum. The assay targets four serotype
speciﬁc regions, namely, dengue 1 (nonstructural (NS)5
gene ), dengue 2 (NS3 gene), dengue 3 (NS5 gene), and
dengue 4 (capsid gene). The LoDs of the assay are 0.16 PFU/
ml, 2.0 PFU/ml, 0.2 PFU/ml, and 0.2 PFU/ml for dengue 1,
dengue 2, dengue 3, and dengue 4, respectively. Real-Star
Zika Virus RT-PCR kit 1.0 is available, developed by Altona
Diagnostics (Hamburg, Germany), for qualitative detection
of ZIKV speciﬁc RNA in human serum or urine. The LoD of
the assay is 0.61 RNA copies/μl. Abbott RealTime HCV
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quantitative assay developed by Abbott Laboratories
(Rungis, France) is commercially available for HCV RNA
quantitation in human serum and plasma. The target sequence for the assay is in the highly conserved
5′untranslated region (UTR) of the HCV genome. The LoD
of the assay is 12 IU/ml when testing human plasma or
serum. COBAS TaqMan HIV-1 test developed by Roche
Diagnostics (Branchburg, USA) is commercially available
for the quantitation of HIV-1 in human plasma. The realtime RT-PCR targets two highly conserved regions of the
HIV-1 genome, namely, gag and long terminal repeat (LTR).
The assay has LoD of 20 HIV-1 RNA copies/ml. Recently,
several developers of diagnostic tests have developed realtime RT-PCR kits for COVID-19, and they are now seeking
marking and emergency use authorization (EUA) from
regulatory agencies. For example, Co-Diagnostics (Salt Lake
City, USA) has developed real-time RT-PCR kit (Logix
Smart COVID-19 test) for qualitative detection of nucleic
acid from the SARS-CoV-2 in lower respiratory samples
(e.g., bronchoalveolar lavage, sputum, and tracheal aspirate)
and upper respiratory specimens (e.g., oropharyngeal swabs,
nasal swabs, and nasopharyngeal swabs). The kit has received EUA from United States Food and Drug Administration (US FDA) and CE-IVD marking approval. The assay
targets RdRp gene of SARS-CoV-2. The LoD of the assay is
9.35 × 103 RNA copies/ml with thermocycler run time of
63–90 minutes, depending on PCR equipment. US Centers
for Disease Control and Prevention (CDC) has developed
three real-time RT-PCR assays for the detection of SARSCoV-2 genetic material in upper and lower respiratory
specimens, and this panel has been granted EUA by the US
FDA. CDC real-time RT-PCR panel targets 3 candidate
regions of nucleocapsid (N) gene of SARS-CoV-2. The LoD
of all assays are 5 RNA copies/reaction. The Agency for
Science, Technology and Research (A∗STAR) and Tan Tock
Seng Hospital (TTSH) (Singapore) have developed real-time
RT-PCR test (Fortitude Kit 2.0) for qualitative detection of
SARS-CoV-2 genetic material in oropharyngeal swabs. The
kit has received Singapore Health Sciences Authority’s
(HAS) provisional authorization for clinical use. The US
FDA has not yet approved the kit for clinical use. The assay
has LoD of 1000 RNA copies/ml in in oropharyngeal swabs.
The kit developers have not yet disclosed the target gene for
this assay. BGI Group (Beijing, China) has developed realtime ﬂuorescent RT-PCR kit for the qualitative detection of
nucleic acid from the SARS-CoV-2 in throat (oropharyngeal) swabs, nasal swabs, nasopharyngeal swabs, and other
respiratory specimens. The company has received an EUA
form the China’s National Medical Product Administration
and the US FDA for its test kit. The assay targets open
reading frame 1a and b (ORF1ab) genes of SARS-CoV-2. It
has LoD of 150 copies/ml in throat samples with turnaround
time of 4 hours. RADI COVID-19 Real-Time PCR kit developed by KH Medical (Korea) has CE-IVD marking and is
used for qualitative detection of SARS-CoV-2 in human
nasal swab or sputum sample. The assay targets two genes,
namely, spike protein (S) gene and RdRP gene of SARSCoV-2. It has LoD of 0.66 copies/μl with turnaround time of
80 minutes.
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2.1.4.
Transcription-Based
Ampliﬁcation
Methods.
Transcription-based ampliﬁcation method includes nucleic
acid sequence-based ampliﬁcation (NASBA) and transcription-mediated ampliﬁcation (TMA). NASBA and TMA
are similar to each other. They are isothermal ampliﬁcation
methods. The entire ampliﬁcation process is carried out at
the temperature of 41°C. In both cases, the viral RNA target
is ﬁrst converted into cDNA with RT and then RNA polymerase synthesizes multiple copies of viral RNA product.
The only diﬀerence between TMA and NASBA in the
ampliﬁcation process is two enzymes (RT and RNA polymerase) are utilized in case of TMA while NASBA utilizes
three enzymes (avian myeloblastosis virus reverse transcriptase (AMV-RT), RNase H, and T7 RNA polymerase)
[42, 51].
As depicted in Figure 3, in the NASBA process, three
enzymes and two primers work together to exponentially
amplify a target viral RNA. Primer 1 (P1) carries at its 5′ end
T7 RNA polymerase promotor region and at its 3′ end, P1
carries sequence that is complementary to a target viral RNA
sequence. Primer 2 (P2) carries a sequence complementary
to cDNA strand. The ampliﬁcation reaction begins with the
production of cDNA copy of the viral RNA by RT using P1.
RNase H degrades the viral RNA from RNA-DNA hybrid
molecules. Then, RT synthesizes dsDNA molecules using P2
and the released DNA strand. Finally, T7 RNA polymerase
uses dsDNA molecules as templates to transcribe many viral
RNA copies. The above cycle is repeated several times,
resulting in the accumulation of many viral RNA copies and
ds DNA molecules. The ampliﬁed product can either be
detected by gel electrophoresis at the end of the assay or in
real time using molecular beacon [16, 42, 43, 71]. Transcription-based ampliﬁcation methods have several advantages, for example, they do not require a thermal cycler, so
developing countries and budget-restricted laboratories can
aﬀord to perform the assays, they have rapid kinetics (requires fewer cycles), and they produce a single-stranded
RNA product that is suitable for detection by various
techniques [42, 51, 71, 72]. Transcription-based ampliﬁcation methods are suitable for the diagnosis of human viral
infections caused by RNA viruses. They can amplify viral
genomic RNA, messenger RNA, or ribosomal RNA
[51, 71, 73]. Ayele et al. [44] developed NASBA assay that
uses gag-based molecular beacons to distinguish between
HIV-1 subtype C (C and C′) circulating in Ethiopia. The
assay demonstrated high levels of sensitivity and speciﬁcity
for both beacons (90.5% sensitivity and 100% speciﬁcity for
the C beacon and 100% sensitivity and 95.2% speciﬁcity for
the C′ beacon) by considering sequencing as gold standard for genotyping. Moore et al. [74] also used NSABA
for the detection of inﬂuenza A H5N1 virus in clinical
specimens with a LoD of 10 RNA copies/μl along with the
same sensitivity as RT-PCR and average turnaround time
of 4 hours. The NASBA assay was also used for the detection of dengue viral RNA with LoD of 1 PFU/ml for all
of 4 dengue virus serotypes, no cross-reaction with JEV,
and turnaround time of 3 hours [27]. Ender et al. [26] used
TMA for screening of blood donations for HIV-1 and
HCV RNA. The TMA assay had LoDs of 16.2 IU/ml for
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Figure 3: Schematic of the principle of NASBA. Abbreviations: P1,
primer 1; P2, primer 2; RT, reverse transcriptase.

HIV-1 and 3.5 IU/ml for HCV. A multiplex NASBA assay
was used for simultaneous detection of HIV-1 and HCV in
plasma samples. The LoD of the assay for both HIV-1 and
HCV was determined to be 1000 copies/ml and no crossreactions with other selected viruses [45]. Swenson and
his colleagues [75] used real-time TMA for the detection
of HSV-1 and HSV-2 in lesion swab specimens with
overall sensitivities of 98.2% and 99.4%, respectively, and
speciﬁcity of 97.8% and 94.5%, respectively, compared to
culture. In one study, real-time NASBA assay was more
sensitive than the conventional RT-PCR in the detection
of norovirus. In this study, RT-PCR detected 10 pg of
standard viral RNA, while the real-time NASBA assay
could detect 100 fg of standard viral RNA [76]. These data
indicate that the assays are sensitive, speciﬁc, and costeﬀective for the detection of human infection by RNA
viruses.
TMA-based assays for the detection of HCV and HIV1 are commercially available, developed by Hologic (San
Diego, CA, USA). The Aptima HCV RNA qualitative assay
is used for the detection of HCV RNA in human plasma or
serum. The assay utilizes TMA to amplify conserved regions within the 5′-UTR of the HCV genome. The assay
has LoD of 7.5 IU/ml with a speciﬁcity of 99.6%. NASBAbased kits for detection of HIV-1, CMV, enterovirus, and
RSV are also commercially available, developed by bioMérieux Clinical Diagnostics. The NucliSens Easy Q RSV
A and B assay is developed by bioMérieux (Marcy l’Etoile,
France), and it is used for qualitative detection of RSV in
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respiratory samples of diﬀerent types. The assay is based
on real-time NASBA, and it targets F gene of RSV. Moore
et al. [77] evaluated the performance of the commercial
test kit using 508 respiratory specimens that were tested
by direct immunoﬂuorescence and culture. The assay was
found to be more sensitive than culture and immunoﬂuorescence assay. The sensitivity and speciﬁcity of the
assay were determined to be 99% and 87%, respectively,
compared to immunoﬂuorescence assay with turnaround
time of <4 hours.
2.1.5. Loop-Mediated Isothermal Ampliﬁcation (LAMP).
LAMP is another isothermal nucleic acid ampliﬁcation
method that is extensively utilized for sensitive, speciﬁc,
rapid, and cost-eﬀective detection of both DNA and RNA
viruses in human specimens. The method was ﬁrst developed by Notomi et al. [78] and rapidly gained popularity in diagnostic virology. The method employs four to
six unique primers and DNA polymerase with stranddisplacement activity to amplify target DNA [78, 79]. The
addition of RT in LAMP reaction (RT-LAMP) permits the
ampliﬁcation of RNA target [80]. Primer sets for LAMP
initially reported by Notomi et al. [78] include the forward
inner primer (FIP), backward inner primer (BIP), forward
outer primer (F3), and backward outer primer (B3). The
primers are speciﬁcally designed to recognize six precise
regions from a targeted nucleic acid sequence. Nagamine
et al. [79] later added two loop primers, namely, forward
loop primer (LF) and backward loop primer (LB), to
accelerate LAMP assay. Owing to the use of four to six
speciﬁc primers, LAMP assay has outstanding sensitivity
and speciﬁcity in the detection of target nucleic acids
[79, 81]. A detailed description of the LAMP reaction
mechanism is available in reviews by Becherer et al. [81],
Tomita et al. [82], and Silva et al. [83], which use illustrations to explain the mechanism. The LAMP reaction is
performed in constant temperature between 60–65°C,
alleviating the need for expensive specialized equipment.
The method requires only inexpensive heating block or
water bath, making it very useful under poor laboratory
settings [84]. The LAMP reaction takes turnaround time
of <1 hour and the ampliﬁed product can be detected by
several methods, including the real-time measurement of
the turbidity caused by precipitated magnesium pyrophosphate using a turbidimeter, visual detection of
magnesium pyrophosphate precipitation following completion of the reaction, detection of ﬂuorescence under
ultraviolet light or natural light by adding an intercalating
ﬂuorescent dye to the ﬁnal reaction mixture, and visualization of the bands with various sizes using agarose gel
electrophoresis [84–87].
LAMP assay has been successfully utilized to the rapid
detection of a number of DNA viruses in human specimens, such as HSV-1 with LoD of 10 copies of HSV-1
DNA/μl and no cross-reactions with other selected viruses
[85], hAdV40 and hAdV41 with LoD of between 50 and
100 copies of DNA/reaction, no cross-reactions with other
selected viruses, and turnaround time of 60 minutes [88],
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EBV with sensitivity of 86.4%, speciﬁcity of 100%, compared to serological assay, and only 45 minutes of ampliﬁcation of the target sequences [89], and CMV with
LoD of 10 DNA copies/μl, no cross-reactivity with other
viruses, and turnaround time of 1 hour after RNA extraction [90].
The utility of LAMP is expanded by merging it with
reverse transcription (RT) into RT-LAMP to allow the
rapid detection of RNA viruses in clinical specimens.
Recently, for instance, Huang et al. [91] developed a rapid
RT-LAMP assay for diagnosis of SARS-CoV-2 with LoD
of 80 copies of viral RNA/ml in a sample within a
30 minutes reaction. This assay was validated by using 16
clinical samples (8 positives and 8 negatives) that were
also tested by RT-qPCR. The testing results of the assay
were consistent with RT-qPCR method, suggesting RTLAMP assay can be used for rapid, simple, cost-eﬀective,
and sensitive detection of SARS-CoV-2 in respiratory
samples. Similarly, Lu et al. [92] developed the RT-LAMP
method for rapid detection of SARS-CoV-2 with LoD of
30 RNA copies/reaction and turnaround time of
40 minutes . Further, Baek et al. [93] developed a rapid
RT-LAMP assay for early detection of SARS-CoV-2. The
assay has LoD of 100 RNA copies/reaction, which is close
to that of RT-qPCR with a rapid detection span of
30 minutes . RT-LAMP assay has also been developed to
detect Middle East respiratory syndrome coronavirus
(MERS-CoV) with LoD of 3.4 copies of MERS-CoV RNA/
reaction along with the same sensitivity as MERS-CoV
RT-qPCR, no cross-reaction to other respiratory viruses,
and results available in <1 hour [87]. Kurosaki et al. [94]
detected acute Ebola virus infection by RT-LAMP coupled
with a portable device. The sensitivity and speciﬁcity of the
assay was 100% each, compared to RT-qPCR and turnaround time of 35 minutes . In one study, RT-LAMP was
more sensitive than conventional RT-PCR and NASBA
[95]. The assay has been also developed for rapid detection
of dengue virus [84], inﬂuenza A (H1N1) pdm09 virus
[96], H5N1 avian inﬂuenza virus [97], HCV [98], HIV-1
[99], RSV [46], and ZIKV [100] in clinical samples. RTLAMP-based commercial test kits are available for the
detection of SARS-CoV-2 in respiratory specimens. The
assay is developed by Color Genomics (USA), and it uses
three SARS-CoV-2 speciﬁc primer sets targeting N gene ,
E gene , and ORF1a region, respectively, and a fourth
control primer set targeting human ribonuclease P
(RNaseP). It has LoD of 0.75 copies of viral RNA/μl with
70 minutes reaction. The assay received EUA from the US
FDA in respiratory specimens. Abbott Diagnostic Scarborough, Inc. (USA) has also developed RT-LAMP-based
test (ID NOW COVID-19 assay) for direct detection of
SARS-CoV-2 in nasal, nasopharyngeal, or throat swabs.
The kit has received EUA from US FDA. The assay targets
RdRp gene of SARS-CoV-2. The LoD of the test is 125
genome equivalents (GE)/ml with positive results in
<5 minutes and negative results in 13 minutes . LAMP
primer sets such as the Loopamp primer set for avian ﬂu
H5 and H7 and FluA inﬂuenza are commercially available
from Eiken Chemical Co., Ltd. (Japan).
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2.2. DNA Microarrays. DNA microarray technologies have
the capacity to identify medical viruses [101]. In DNA
microarray diagnosis, ﬂuorescently labeled viral nucleic
acids in a test sample are used to screen an array of oligonucleotide probes immobilized on a solid surface (e.g.,
glass slide). The oligonucleotide probes used here are
speciﬁc for the genome of the target virus. The results of
hybridization between immobilized probes and target
sequences labeled with ﬂuorescent dyes are detected and
quantiﬁed by ﬂuorescence-based detection [16, 51, 72].
Extensive literature exists demonstrating the utility of
DNA microarray for the detection of medical viruses in
human specimens. Chiu et al. [102] used DNA microarray
for high-throughput multiplex detection of viruses in
nasopharyngeal aspirate samples originated from children
infected with respiratory viruses. The assay demonstrated
overall sensitivity of 87% to 90% and speciﬁcity of ≥99% in
the detection of RSV, inﬂuenza A virus, and rhinovirus/
enterovirus compared to RT-PCR. In one study, DNA
microarray was utilized for simultaneous detection of
HSV-1/2, VZV, EBV, CMV, human herpesvirus-6 types A
and B (HHV-6 A/B), and adenovirus in clinical samples
with LoD of 10 GE/reaction for each virus without crossreactivity [103]. DNA microarray was also used to identify
viral causes of meningitis and encephalitis with overall
sensitivity of 93% and speciﬁcity of 100%, compared to
single-virus PCR [104]. DNA microarray was also utilized
for high-throughput multiplex detection of gastrointestinal viruses [105], viruses transmitted by small mammals
and arthropods [106], herpesviruses, enteroviruses and
ﬂaviviruses [107], HIV-1, HIV-2, and hepatitis viruses
[108] and dual infection with two dengue virus serotypes
[109] in human specimens. DNA microarray was used to
identify and genotype drug-resistant mutations of HIV
[110, 111] to detect and genotype drug-resistant hepatitis
B virus (HBV) mutations [112], to detect and genotype
SARS coronavirus [113], and to detect and determine
lineage of inﬂuenza B viruses [114]. During an outbreak of
SARS in China in 2002, DNA microarray also served for
the discovery of a new member of the coronavirus family
[115].
DNA microarray technology is a high-throughput tool as
it allows multiplex detection of a large number of potential
viral pathogens in clinical specimens [102–105]. The technique does have a number of limitations nevertheless, including being too expensive to be used for routine clinical
diagnosis, labor-intensive, and time-consuming (the hybridization process may take hours to days to complete).
Nonspeciﬁc hybridization between test materials and
immobilized probes can aﬀect the sensitivity of the assay. In
addition, designing of speciﬁc probes requires almost
complete information of the genetic makeup the virus of
interest. The assay detects only those viral pathogens that
have target probes on the array [72, 116, 117].
2.3. Next-Generation Sequencing (NGS). NGS ﬁnds itself
very useful in diagnostic virology as it can directly analyze
viral nucleic acid fragments extracted from clinical
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specimens [118, 119]. Generally, NGS involves preparation
of test sample, sequencing of the target nucleic acid fragments using one of the available NGS platforms, and analysis
of the sequence data using suitable bioinformatic tools
[10, 120]. Several companies produce diﬀerent NGS machines that use diﬀerent methods of sequencing, reagents,
and data analysis tools [119]. For example, pyrosequencing
(Roche 454) detects release of pyrophosphate following
incorporation of nucleotides in a DNA polymerization
process. Illumina’s NGS platforms detect release of ﬂuorescent labels from incorporated nucleotides in a DNA
polymerization process. The emerging technologies like
Oxford nanopore (MinIon) platform sequences the target
nucleic acid by sensing the ionic current of DNA/RNA
molecules that pass through the nanopores [10, 119, 120].
Despite its high sequence error rate (up to 38.2%) [121],
MinION nanopore sequencer has merits over other NGS
platforms. Firstly, it can generate longer read lengths (up to
882 kb) in real time [122], making it suitable for whole
genome sequencing of viral pathogens with short turnaround time [123, 124]. Secondly, it is portable and no
Internet is required for analysis, making it deployable in the
ﬁeld during outbreaks of viral infections [125]. Thirdly, it has
low capital cost, making it aﬀordable in low-income
countries and budget-restricted laboratories across the globe
[121].
NGS has been used in diagnostic virology for several
applications. Recently, Kustin et al. [126] used NGS for rapid
and robust identiﬁcation of respiratory viruses in clinical
samples. It was applied to track inﬂuenza A (H1N1) pdm09
virus [127]. Dessilly et al. [128] used NGS for the detection of
HIV-1 drug resistance mutations. NGS was also conducted
to discover a new Ebola virus [129].
Unlike PCR and DNA microarray methods, NGS
does not require prior knowledge of genomic sequences
of the viral pathogens. It does not also require target
speciﬁc PCR primers and oligonucleotide probes
[126, 130]. However, the use of NGS in clinical laboratories is limited because of the following reasons: the
turnaround time, the number of samples per run, cost of
sequencers, and requirement of skills in bioinformatics
[10, 128, 131].

3. Immunological Diagnostic Techniques of
Medical Viruses
The humoral branch of the immune system makes antibodies in response to viral infections. This natural response of the human body against viral infection is
utilized for the development of immunological diagnostic
methods. Several immunological diagnostic techniques
are available for the detection human viral infections in
clinical samples, including enzyme-linked immunosorbent assay, western blotting, immunoﬂuorescence assay,
and hemagglutination inhibition assay. The principles of
these assays rely on the formation of antigen-antibody
complex and consist of clinical specimens, whole virus or
viral antigen, and an indicator [10, 19, 20].
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3.1. Enzyme-Linked Immunosorbent Assay (ELISA). In
ELISA, enzyme conjugated antibody is utilized to detect the
presence of speciﬁc antiviral antibody or viral antigen in
human specimens. In positive sample, the reaction between
an enzyme conjugated with an antibody and colorless
chromogenic substrate leads to the formation of a colorful
product. In the absence of antigen/antibody in the clinical
specimen, no color is produced. The intensity of the color is
directly proportional to the amount of antigen-antibody
complex formed. The color change can be observed by the
naked eye or read by a spectrophotometer, which can
measure the absorbance. Several enzymes, including alkaline
phosphatase, horseradish peroxidase (HRP), and β-galactosidase, have been used for ELISA. There are several variants of ELISA, but the two main types are antigen-capture
ELISA (also called sandwich ELISA) and antibody-capture
ELISA (also called indirect ELISA) [19, 132]. As illustrated in
Figure 4, the ﬁrst method detects viral antigen by immobilizing antibody speciﬁc for the viral protein of interest on a
microtiter well [22]; the second technique detects antiviral
antibody in a patient sample by coating whole virus or viral
protein on a microtiter well [133].
ELISA is sensitive and speciﬁc, easy to perform, and has
a short turnaround time for results. Consequently, the assay
has been developed and extensively utilized for the detection and serosurveillance of human viral pathogens.
Recently, Adams et al. [134] developed antibody-capture
ELISA for the detection of SARS-CoV-2 IgM or IgG in
human plasma samples. The assay was tested by using 40
plasma samples from RT-PCR-conﬁrmed SARS-CoV-2
infected patients and 50 plasma samples from healthy
control. It demonstrated overall sensitivity of 85%, compared to RT-PCR and speciﬁcity of 100% in the detection of
anti-SARS-CoV-2 IgG or IgM in plasma samples. This assay
detected IgG levels in all of RT-PCR positive individuals
from ≥10 days following symptoms onset with a sensitivity
of 100%. Similarly, Colavita et al. [135] developed antibodycapture ELISA for the detection of anti-SARS-CoV-2 IgG,
IgM, and IgA in serum samples. The assay was validated
using 553 serum samples collected from suspected and
conﬁrmed SARS-CoV-2 infection cases, healthy donors,
and patients positive for other infections or autoimmune
conditions. The assay showed overall sensitivity of 91.7%
and 97.9% for the detection of IgG and IgA in serum
sample, respectively, and speciﬁcity of >96% for all antibody types, compared to IFA reference test. Chen et al. [22]
also developed antigen-capture ELISA for the detection of
MERS-CoV in clinical specimens. The assay demonstrated
a LoD of <1 ng of MERS-CoV-recombinant nucleocapsid
protein/ml and speciﬁcity of 100%. Antigen-capture ELISA
was developed for rapid detection of dengue virus NS1 and
diﬀerentiation of DENV serotypes in human specimens.
The overall sensitivity and speciﬁcity of the test were
84.85% and 100%, respectively, compared to RT-qPCR, and
the sensitivity rates for serotyping were 88.2%, 94.7%, 75%,
and 66.6% for DENV serotype 1 (DENV1), DENV2,
DENV3, and DENV4, respectively, with no cross-reactivity
among serotypes [136]. ELISA was also employed for the
detection of several other medical viruses, including Ebola
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Figure 4: Diagram of the two principles of ELISA. (A) Sandwich
ELISA. (B) Indirect ELISA. Abbreviations: E, enzyme; S, substrate;
P, product.

virus [133], HSV-2 [137], SARS-CoV [138], hepatitis viruses [139], H5N1 inﬂuenza virus [140], and ZIKV [141].
Commercial antibody-capture ELISA-based test kit
(Anti-ZIKV IgA, IgG or IgM ELISA) is available, developed
by Euroimmun AG (Germany), for serodiagnosis of acute
and past ZIKV infections. The assay uses ZIKV-speciﬁc NS1
recombinant antigen. The overall sensitivity and speciﬁcity
of the assay are 100% and 94%, respectively, compared to
RT-PCR. Creative Diagnostics (USA) also developed
sandwich ELISA-based commercial kit (HIV 1 and 2 Ag/Ab
ELISA kit) for qualitative determination of antigens or
antibodies to HIV-1 and HIV-2 in human serum or plasma
samples. The assay uses recombinant HIV antigens (HIV-1
glycoprotein (gp)41, gp120, and HIV-2 gp36) and anti-HIV
viral gag protein p24 antibodies. The LoD of the assay for the
detection of HIV p24 antigen is about 1pg/ml. Moreover,
Bio-Rad (France) developed NS1 Ag capture ELISA-based
commercial kit (Platelia Dengue NS1 Ag) for the qualitative
or semiquantitative detection of dengue virus NS1 antigen in
human serum or plasma samples. The assay employs antiNS1 monoclonal antibody (Mab) as capture antibody and
anti-NS1 Mab-HRP conjugate as detection antibody. The
sensitivity rates of the assay related to virus serotype are
88.9%, 87.1%, 100%, and 93.3% for DENV1, DENV2,
DENV3, and DENV4, respectively, compared to RT-PCR,
and speciﬁcity of the assay is 100% for all serotypes. Recently, Euroimmun AG (Germany) has developed antibodycapture ELISA-based kit (Anti-SARS-Cov-2 ELISA IgG) for
qualitative detection of IgG to SARS-CoV-2 in human serum
or plasma samples. The assay uses recombinant S1 protein of
SARS-CoV-2 as capture antigen. The assay has received EUA
from US FDA for use in authorized laboratories. The estimated sensitivity and speciﬁcity of the assay are 90% and
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100%, respectively, compared to nucleic acid ampliﬁcation
test. Epitope Diagnostics, Inc. (USA) has also developed two
types of ELISA kits (COVID-19 IgG ELISA and COVID-19
IgM ELISA Kits) for the detection of anti-SARS-CoV-2 IgG
and IgM in human serum samples, respectively. COVID-19
IgG ELISA kit uses SARS-CoV-2 recombinant antigen and
HRP labeled anti-human IgG antibody. COVID-19 IgM
ELISA employs anti-human IgM antibody and HRP labeled
SARS-CoV-2 recombinant antigen. The assays have a LoD of
5IU/ml. The kits are approved by FDA for clinical and
research use.
3.2. Western Blotting Analysis. Western blotting (also known
as immunoblotting) assay detects viral proteins or antiviral
antibodies. For detection of viral proteins, denatured whole
viral proteins are ﬁrst separated by sodium dodecyl sulfatepolyacrylamide gel electrophoresis (SDS-PAGE). Viral
proteins are then electrotransferred onto nitrocellulose
membrane. The membrane is then incubated with enzyme
conjugated antibodies speciﬁc for the viral proteins. If the
viral proteins are bound by enzyme labeled antibody, addition of a chromogenic substrate leads to the formation of
colored bands at the sites of the viral antigens (Figure 5)
[19, 132]. For detection of antiviral antibodies, viral speciﬁc
denatured proteins are electrophoretically blotted onto nitrocellulose membrane after subjected to SDS-PAGE. The
membrane is then incubated with patient serum. If the
patient serum contains antibodies against the viral proteins,
they will bind to their speciﬁc viral proteins. The addition of
enzyme conjugated secondary anti-human antibody and a
chromogenic substrate results in the production of colored
bands at the locations of the viral proteins [142].
Immunoblotting has been used in clinical diagnosis
for serosurveillance and as conﬁrmatory tests for human
viral infection. He et al. [143] developed western blot assay
for detection of antibodies against SARS-CoV in human
serum samples. The assay demonstrated a sensitivity of
98.3% and speciﬁcity of 90.9%, compared to IFA. Western
blotting assay was also used for the detection of antiChikungunya virus antibody in human serum. Sensitivity
of 83.3% and speciﬁcity of 96.7% were demonstrated by
the assay using 30 sera from conﬁrmed Chikungunya
virus infected patient and 30 normal sera [144]. In one
study, western blotting was a promising method for
surveillance of HIV-1 infection in resource-limited regions [145]. The assay was also used for the detection and
conﬁrmation of HCV and HIV infections [146–148].
Western blotting assay is also commercially available. For
example, J. Mitra and Co. Pvt. Ltd (Mumbai, India) developed commercial kit (HIV 1 and HIV 2 western blot)
for the detection of antibodies to HIV-1 and HIV-2 in
human serum or plasma samples. The assay uses preblotted nitrocellulose membrane strips with resolved
HIV-1 viral lysate and HIV-2 antigen (gp36). The assay
has 100% sensitivity and 100% speciﬁcity when compared
with licensed western blot test. GS HIV-1 Western Blot kit
for the detection of antibodies to HIV-1 in human serum,
plasma, or dried blood spots is also available developed by
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Bio-Rad Laboratories (Redmond, USA). The assay uses
preblotted nitrocellulose membrane strips with resolved
HIV-1 viral proteins. The assay has 100% sensitivity and
87.2% speciﬁcity, compared to licensed HIV-1 western
blot test.
3.3. Immunoﬂuorescence Assay. Immunoﬂuorescence assay
is commonly conducted for the detection of viral antigens or
antiviral antibodies in clinical samples. The assay is conducted in two formats: direct immunoﬂuorescence assay
(DFA) that detects viral antigens in patient sample [149] and
indirect immunoﬂuorescence assay (IFA) that detects antiviral antibody [150] or viral antigen [151] in clinical
specimen. In the DFA, antibody that recognizes viral antigen
is directly conjugated to ﬂuorescent dye. In the IFA, viral
antigen speciﬁc antibody is unlabeled and is detected with a
second ﬂuorescently labeled anti-human antibody (Figure 6). IFA is more sensitive than DFA because several
ﬂuorescently labeled anti-immunoglobulin antibodies bind
to each antiviral antibody, increasing the intensity of ﬂuorescence at the site of each antiviral antibody. The most
widely used ﬂuorescent dye in diagnostic virology is ﬂuorescein isothiocyanate (FITC), which emits an intense yellow-green ﬂuorescence, but rhodamine, which emits a deep
red ﬂuorescence, is also available. After staining, the specimen is examined under ﬂuorescence microscope with a
source of incident UV light [1, 16, 132].
IFA was used for the diagnosis of SARS. The assay
showed 100% sensitivity and 100% speciﬁcity in the detection of anti-SARS-CoV IgG in human serum samples
when compared to RT-PCR [150]. Madhusudana et al. [152]
developed IFA for the detection of anti-rabies virus antibodies in human serum and CSF. When compared to the
mouse neutralization test, the assay demonstrated a sensitivity of 97.2% and a speciﬁcity of 97.9%. IFA was also used
for direct detection of HSV antigen in clinical specimens
with sensitivity of 84.6% and speciﬁcity of 95.7%, compared
to the tissue culture method [151]. Moreover, IFA was
applied for subtyping of inﬂuenza A virus with 100%
agreement to RT-PCR [153]. IFA was also used for the
detection of EBV [21] and as a conﬁrmatory test for HIV-1
[154]. Concerning DFA, in one study, it showed 60% sensitivity and 96% speciﬁcity in the detection of pandemic
inﬂuenza A (H1N1) pdm09 in children when compared to
RT-qPCR [149]. In another study, DFA showed high
speciﬁcity (99–100%) in comparison to RT-qPCR for the
detection of RSV in children [155]. IFA-based commercial
test kit (Anti- ZIKV IIFT) is available, developed by
Euroimmun AG (Germany), for the detection of ZIKV
infection. The assay uses the complete ZIKV particles as
antigen. Consequently, cross-reactivities with antibodies
against viruses of the ﬂavivirus family can occur. De Ory
et al. [156] evaluated the performance of the assay using 126
positive and 102 negative samples. The assay showed 96.8%
sensitivity and 72.5% speciﬁcity. OXOID Limited (UK)
developed DFA-based kit (IMAGEN inﬂuenza virus A and B
test) for the detection and diﬀerentiation of inﬂuenza A virus
and inﬂuenza B virus in human specimens. The assay uses
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Figure 5: Schematic of immunoblot analysis of viral protein. Abbreviations: M.W., molecular weight; SDS-PAGE, sodium dodecyl sulfatepolyacrylamide gel electrophoresis; NCM, nitrocellulose membrane.

FITC labeled anti-inﬂuenza A virus or inﬂuenza B virus
monoclonal antibodies. The assay has 100% sensitivity and
100% speciﬁcity, compared to the cell culture method.
3.4. Hemagglutination Inhibition (HI) Assay. Some viruses
such as dengue virus, adenovirus, rubella virus, measles
virus, and inﬂuenza virus have hemagglutinin antigen on
their surfaces that binds and agglutinates RBCs termed
hemagglutination (HA). The inhibition of the ability of the
viruses to agglutinate RBCs is utilized for the development of
HI assay. In the HI assay, serial dilutions of serum sample are
prepared in a microtiter plate. Then, a speciﬁed amount of

viral hemagglutinin is added. Finally, appropriate RBCs are
added. The absence of HA indicates a positive reaction. This
is judged by tilting the microtiter plate, which allows free
RBCs to stream (Figure 7). The dilution rate where complete
inhibition of agglutination of RBCs occurred is recorded.
The HI titer, therefore, is the reciprocal of the last serum
dilution which completely inhibits HA [10, 132, 157]. HI was
utilized for a number of applications in diagnostic virology.
The assay was used for serosurveillance of inﬂuenza A
(H1N1) pdm09 virus [158] and measles virus [159]. In one
study, HI assay was applied to assess the eﬃcacy of pandemic
inﬂuenza vaccine [160]. In a validation study using sera from
79 RT-qPCR-conﬁrmed cases and 176 sera from a
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Figure 6: Schematic of the principles of immunoﬂuorescence assays: (A) direct immunoﬂuorescence assay; (B) indirect immunoﬂuorescence assay.
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Figure 7: Hemagglutination inhibition assay of avian inﬂuenza virus. When the RBCs are alone, they will settle in the bottom of the well.
Where speciﬁc antibody is absent in the clinical specimen, the viral hemagglutinin is free to agglutinate the RBCs. The HI titer of S1–S5 is 210.
Abbreviations: R, RBCs only; V + R, virus and RBCs; PC, positive control; S, sample (unpublished data).

nonexposed population, HI assay showed high sensitivity
(92%) and speciﬁcity (91%) for the detection of human
infection with 2009 pandemic H1N1 virus [161].
Immunological diagnostic methods are widely employed
in routine clinical diagnosis of human viral infections
worldwide. The methods have several advantages, such as
high sensitivity and speciﬁcity, relatively simple to conduct,
rapidity, and possibility of testing several specimens simultaneously [10, 138]. However, immunological-based
assays do have several limitations. The assays are subject to
interferences. Interferences in immunoassays may result
from the presence of (a) cross-reactive agents in the sample
that carry similar or the same epitopes as the viral antigen of
interest, leading to false-positive result [10, 162]; (b) endogenous antibodies, like autoantibodies, heterophilic antibodies, or human anti-animal antibodies in the specimen.
Despite the fact that viral antigen is not present in the

sample, endogenous antibodies may interact with antiviral
antibodies or detection antibodies, leading to false-positive
result [162, 163]. The speciﬁcity of immunoassay may be
aﬀected when they are used in malaria-endemic areas. As it
is known, Plasmodium induces nonspeciﬁc polyclonal B-cell
activation that leads to generation of nonspeciﬁc antibodies
[164]. These broad speciﬁc antibodies may react with a
variety of antigens, leading to false-positive test. In one
study, of 34 samples from PCR conﬁrmed malaria patients,
14 samples were positive or borderline for anti-ZIKV antibodies in commercially available ZIKV ELISA test kit.
When these 14 samples were tested using virus neutralization assay, ZIKV infection was not demonstrated in the 11
samples [165]. HI assay is laborious and time-consuming.
The interpretation of the assay results between laboratories
may be diﬀerent as no standard reagents are available for the
assay [153, 157, 166]. In case of IF assay, prolonged exposure
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of specimen to UV light leads to fading of ﬂuorescence that
could result in false-negative test [167]. Reagents and
equipment that are used in some of the immunoassays are
expensive [10, 11].

4. Status of Diagnostic Methods of Medical
Viruses in Ethiopia
Most of viral diseases are endemic to Ethiopia [168].
Serosurveys have demonstrated the high prevalence rate of
HBV [169, 170], HCV [170], HIV [171], and HSV-2 [137].
The population is vulnerable to rabies [172] and inﬂuenza
[173]. Rotaviral diarrhea is the leading cause of morbidity
and mortality in children [174]. Recently, like other nations
in the globe, public health and economic sectors of Ethiopia
are heavily challenged by COVID-19 pandemic.
Immunological methods, mostly commercial ELISA test
kits [137, 169] and immunochromatographic test kits
[170, 175], are used for the detection of viral infections in
most clinical laboratories in the country. IFA technology is
available only in Ethiopian Public Health Institute for the
detection of rabies virus infection in suspected dogs that bit
humans [176]. Conventional RT-PCR is used for the detection of inﬂuenza virus in human specimens in National
Inﬂuenza Laboratory [173]. Recently, the RT-qPCR technique is widely used in several research institutes, universities, and clinical laboratories for the detection of SARSCoV-2 in clinical samples. In general, few molecular techniques such as conventional PCR and RT-PCR are utilized in
research institutes and universities for research purposes.
Since most laboratories are budget-restricted and do not
have trained laboratory personnel, molecular methods are
not used for routine clinical diagnosis of human viral infections in the country. Nationwide use of RT-qPCR
technologies for the diagnosis of COVID-19 and the experiences obtained will open the door to introduce molecular techniques for routine laboratory testing of other
human viral infections.

5. Conclusion
The introduction of nucleic acid-based diagnostic tests into
diagnostic virology has made tremendous improvement in
the detection of human viral infections. Since nucleic acidbased diagnostic tests are highly sensitive and speciﬁc, they
play a crucial role in the diagnosis and control of medical
viruses. Molecular diagnostic methods diagnose viral infections by detecting viral RNA or DNA. Therefore, these
techniques can pick infected individuals before antibody
response is mounted against the virus in question. This is
especially important in young, elderly, and immunosuppressed patients. However, they are beyond the reach of
resource-limited nations due to their high cost, instrumentation complexity, and requirement for technical expertise. Immunoassays also play a signiﬁcant role in the
diagnosis and serosurveillance of viral infections worldwide.
Although immunotechniques are easy to perform and inexpensive compared to molecular methods, they are not
widely available in low-income countries. Consequently,
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scientists are working hard to develop inexpensive good
quality tests in low-income nations. Moreover, most
countries in the developing world are training their citizens
abroad and inland at postgraduate level by opening relevant
departments and institutes.
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