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a b s t r a c t 

Human cytomegalovirus (HCMV) is a beta herpes-virus, which affects human being as a lifelong infection. HCMV 

is the prominent cause for the infections of congenital with a 1.0–2.4% incidence of live-births, along with pos- 
sible severe classic cytomegalovirus. Crucial HCMV infection is usually asymptomatic in healthy hosts but it can 
cause severe or sometimes fatal illness in immuno-compromised neonates and individuals. Various conventional 
methods such as PCR, virus isolation, antigenemia test, histological and serological are available for detection of 
HCMV. Among all the analytical techniques, biosensors clinched as the most advanced technology, which offers 
many features such as simplicity, inexpensive, highly sensitive, and effective approach. The future of diagnosis 
will rely on the development of point-of-care devices, which can be used at the site of need, resource-restricted 
settings, and provides affordability. This review describes various analytical methods for the detection of HCMV 

emphasizing biosensing methods. 
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. Introduction 

Human cytomegalovirus (HCMV), also referred to as HHV-5 in some
iterature is a ubiquitous beta - herpesvirus. The virus undergoes peri-
ds of activity and latency in the body of the host indeterminately and
an be reactivated due to many stress factors [1] . HCMV consists of a
sDNA genome that is wrapped with an iscodelta-hedral shaped protein
omplex, known as a capsid [2] . The DNA together with capsid forms
he nucleocapsid, which is then covered with a protein layer known as
egument. A lipid bilayer (envelope) further covers the tegument nucle-
capsid ( Fig. 1 ). Likewise, the glycol-proteins are also embedded within
he envelope, which allows the virus to interact within the host cell [2] .

Among all the herpesviruses, HCMV is relatively sensitive towards
ow-pH, agents which are lipid-dissolving and heat. The half-life of hu-
an cytomegalovirus at 37 ˚C is 60 min, which is comparatively un-

table at 20 ˚C. To maintain its infectivity, it requires being stored at
70 ˚C. HCMV induces infections extending from mild subclinical in-
ections to extreme congenital irregularities and interstitial pneumonia
n immune-suppressed patients. A crucial infection of HCMV is mainly
symptomatic in healthy hosts which can cause severe disease and even-
ually fatal illness in immune-compromised neonates and individuals
1] . HCMV is the prominent cause for the infections of congenital with
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–2.4% incidence of live-births, along with possible severe classic cy-
omegalovirus. 

The brain damage, loss of hearing in children, and significant health
ssues of HIV-infected patients and transplant recipients are the infec-
ious causes of congenital CMV [2] . Intrauterine infections of HCMV
an cause microcephaly, hepatosplenomegaly, and significant morbid-
ty, involving low birth weight, encephalitis, chorioretinitis and mental
etardation [2] . In immune-competent adults, the virus remains hidden
n a wide range of cell types including lymphocytes and myeloid lineage
ells, as well as smooth muscle cells and endothelial cells, which lines
lood vessels [ 3 , 4 ]. In these individuals, early treatment with antivi-
als can control the infections of HCMV but some difficulties occur like-
oxicity, the emergence of anti-viral drugs resistant strains [3] . HCMV
s connected through cancers like colorectal, breast, and brain [4] . 

HCMV is the most prevalent among some groups of population
uch as old people, immune-compromised and younger people [5] .
owever, it was found that HCMV prevalence increases with the age.
hough prevalence in developing countries also dependent on the socio-
conomic status and sex preferences among individuals [6] . As in a par-
icular study, the infection in the population was found to be approx-
mately 60% in developed countries while it was 100% in developing
ountries [ 7 , 8 ]. There can be a chance of transmission from mother to
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Fig. 1. Structure of human cytomegalovirus representing its components. 
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eonatal through transplacental, secretion from cervical or vagina, and
hrough mother’s feed after birth. However, the aforementioned trans-
ission also depends on socio-economic status [5] . 

The molecular techniques are the most prominent method used for
he quantitative diagnosis of viruses, mainly in the specimen’s periph-
ral blood [9] . Among current clinical methods, RT-PCR is the best vi-
ble and accurate technique for the diagnosis of viruses. The RT-PCR
hows better results, easy to use, and has a somewhat improved ability
o quantify the targets. Moreover, PCR coupled techniques also came
nto existence for the detection of viruses [10-14] . However, point-of-
are devices are still required to fulfill the demand for early and fast di-
gnosis. Various biosensors have been developed, which overcome the
imitation associated with the conventional methods [15-24] . The future
f diagnosis will rely on the development of point-of-care devices, which
an be used at the site of need, resource-restricted settings, and provides
ffordability. The answer to these entire requirements is biosensors, as
hey offer all the aforementioned characteristic features. 

In this study, we have presented the existing human cytome-
alovirus-RNA, virus particle, Ag and Ab diagnostic methods. The is-
ues around false-positive and false-negative outcomes in clinical prac-
ice, as well as unsolved were also addressed. Furthermore, new detec-
ion methods were discussed, such as novel nanoparticle-based different
iosensors that may be used in the future to increase the efficiency of
uman cytomegalovirus detection assays. 

. Various methods of diagnosis of HCMV 

.1. Molecular methods for detection of HCMV 

There are various diagnostic methods available for the detection of
CMV including molecular methods such as PCR [10] , virus isolation

25] , antigenemia tests, and various other serological tests [26] . 
2 
Among all methods, PCR is the most exploited method for the de-
ection of various viral diseases [27] . PCR for the detection of CMV
NA has the potential aptitude to detect a low variable sequence of
NA. Moreover, the method can be used for the detection of HCMV
NA in various samples such as plasma, whole blood, Broncho-alveolar

avage fluid or cerebrospinal fluid [27] . Real-time PCR was employed
or the detection of Cytomegalovirus infection by Ross et al., using saliva
nd urine samples from a large cohort of infants, which gave 98% pos-
tive results [28] . The serological tests provide detection of CMV IgG
r IgM, which can identify the patient, had a previous infection or not.
umerous serological tests are combined with direct hemagglutination,
LISA (enzyme-linked immunosorbent assay), radioimmunoassay, anti-
omplement immunofluorescence and complement fixation [25] . David
t al. described the serological detection of HCMV - DNA in the serum
f human tonsillar lymphocytes using three approaches in efforts to val-
date presence of HCMV in tonsils: (i) Isolation of virus from cultures of
he cell, (ii) Immuno-histochemical staining immune- peroxidase tech-
ique intended for the detection of viral antigens (iii) DNA dot- hy-
ridization through HCMV- DNA probe intended to identify viral- DNA.
hey concluded that infectious HCMV and other viruses were not iso-

ated in cell–cultures and no viral antigens were sensed by immune per-
xidase staining in the tonsillar tissue [29] . The serological tests are not
hat sensitive, as they have a false result probability of about 5% [25] .
irus isolation is one of the oldest methods used for the detection of
CMV. Amini et.al. were isolated HCMV from a new human fetal fore-

kin fibroblast-derived cell line. The cytomegalovirus developed mainly
n diploids fibroblasts cells of humans, which cultured at 36 °C for 1–
 weeks and analyzed to identify HCMV inclusions in fibroblasts. This
ethod required 15 days to show the results, thus making it extremely
nsuitable [30] ( Table 1 ). 

The quick and initial detection of pathogens is the key to set the
est anti-infectious therapy. However, even problematic is strain vari-
tion and the increasing degree of multiple drug resistance, which are
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Table 1 

Summary of procedure, advantages and disadvantages of conventional methods of HCMV. 

Polymerase chain reaction (PCR) Virus isolation Antigenemia test Histological analysis Serological test 

Procedure Detection of nucleic acid 

target sequence [32] 

Isolation of the 

CMV virus from a 

clinical sample 

[25] 

The quantitative analysis gives 

the idea of a viral load that 

helps in monitoring patients 

before and after therapy [33] 

Characterize intranuclear 

inclusions in CMV [34] 

Identification of 

CMV IgG and IgM 

[25] 

Advantages Efficient in the detection of 

CMV DNA in various samples 

like-plasma, blood, 

Broncho-alveolar lavage fluid 

or cerebrospinal fluid [27] 

Sensitive for CMV 

DNA in various 

samples [35] 

Useful for assessing the 

possibility of ailment 

development [36] 

The method is very simple 

and non-expensive [37] 

It is very rapid so 

that a result can 

be available within 

the same day 

Disadvantages Increased analytical sensitivity 

leads to lower clinical 

specificity [38] 

Requires total 

asepsis [39] 

It is labor-intensive and does 

not approve of automation 

[40] 

This method does not apply to 

all specimens. Test errors and 

false-negative results are 

vulnerable [41] 

Gives reasonably 

accurate results 

within a minutes 

[34] 
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itting forward a great challenge to clinical works. Due to the variation
n strains and drug resistance become more inescapable, the prevention
nd control of viruses have been a thoughtful issue in recent years [31] .
herefore, there is a need for a point of care (POC) analysis that is much
ore rapid and precise. POC devices also reduce the burden on hospital

taff during epidemics. In present era, various sophisticated POC came
nto existence but yet to be commercialized. Therefore, if efforts are
ade in this direction then it can be a boon to the global population.
he diseases can be effectively managed only when it is diagnosed at
n early stage. This is why biosensors appear as an excellent alternative
r as a complementary analytical tool of diagnosis. Table 1 summarizes
he procedure, advantages and disadvantages of various conventional
ethods for detection of HCMV. 

We emphasize herein the usage of biosensors for the detection of
ytomegalovirus. 

.2. Biosensing methods/Biosensors for detection of HCMV 

.2.1. Concept of biosensors 

The biosensor is a device, which comprises a biological recognition
lement, engaged in the direct-spatial interaction through IUPAC defi-
ition i.e., transduction system. Biosensors can operate as devices that
hange a biological and physical event into a measurable signal [42] .
t involved a bio-sensing component like- living cells, enzyme tissue
hat offers selectivity and a transducer, which changes the chemical re-
ponses into a processable signal [43] . In detail, the biosensor involves
hree elements- the first element is the bio-mediator i.e., a biologically
erived material such as biological sensitive elements, cell receptors,
ucleic acids, organelles, microorganisms’ tissue and antibodies [44] .
he second element is transducer i.e., piezoelectric, electrochemical and
ptical, which converts the signal by the help of signal resultant from
he interactions of analytes through the signal from biological-element,
hich is measurable. The third element is a signal processor / allied

lectronics, responsible for easily monitoring the result of the visualiza-
ion method [44] . Certain biosensors need a procedure of bio-mediator
mmobilization to the surface of the sensor (glass, polymer, metal, poly-
er and other materials) with the help of chemical/physical methods

45] as shown in Fig. 2 . 
Different biosensors for the detection of HCMV were compared ac-

ording to the limit of detection (LOD), linearity, sensitivity, and speci-
city. Each parameter influences the functionality of the device. How-
ver, among every measurement, the LOD and linearity play a signifi-
ant role in the fabrication of the device. Biosensors should be able to
etect a very low amount of the analyte and clinical values [46] . The
OD shall be represented in units of concentration and shall signify the
inimum quantity of analyte in the sample, the concentration of which
ay be calculated with appropriate precision and accuracy within cer-

ain experimental conditions. The LOD is widely used as proof of the con-
3 
istency of the biosensor, i.e. the lower the detection limit, the greater
he applicability of the device [46] . Other parameters such as specificity
nd precision also depict the functionality of the biosensor. The biosen-
or should be highly specific towards the specific analyte so that false
egative and false positive results could be avoided. Fig. 2 represents the
arious components of biosensors indicating bio-recognition elements,
ypes of transducer and amplifier . 

.2.2. Types of biosensors for optimum detection of HCMV -DNA 

Electrochemical DNA biosensors for optimum detection of HCMV -DNA :
NA is suitable for the application of biosensing, as the base-pairing in-

eractions among complementary sequences are robust and accurate. In
 standard setup, immobilization of ssDNA probe sequence inside the de-
ection layer, at which place the base-pairing interactions required DNA
arget to the surface [47] . The repeated, effectively uniform structure of
NA makes its assemblage well-defined upon the surface of identifica-

ion. At this interface that critical dynamics of target and capture take
lace to generate the detection signal, thus, predictable immobilization
f probe sequences of nucleic acid, while preserving their latent affinity
o DNA target is essential to the whole performance of the devices [48] .
owever, this recognition occurrence is recorded at last that depends on

he transduction of the signal process, whether it is mechanical, electro-
hemical, or optical [48] . With the aforementioned principle, biosensing
ethods such as microarrays, DNA chips and DNA sensors tend to at-

ain interest, as they can detect target DNA with higher sensitivity [48] .
n electrochemical identification of the DNA system has been produced

o quantify the amplified 406-base pair DNA sequence of HCMV sensi-
ively. This technique was focused on the target, HCMV DNA hybridiza-
ion with Au-NPs modified oligonucleotide, accompanied by the libera-
ion of Au by acid therapy. Therefore, the evaluation of the solubilized
uIII ions via ASV with a sandwich-type Screen-printed microband elec-

rode (SPBME) through CV indirectly was performed. Its conjunction of
he sensitive Au-III evaluation at SPMBE with the high amount of Au-
II released to every AuNPs probe, enables the identification of 5 pM of
mplified HCMV DNA fragment [49] . But somehow additional develop-
ents are needed likewise for the production of the compacted, simple

o use, easily handled device, or with the target of working in the lesser
ssay volumes and also takes lesser response time for increasing the sen-
itivity and low limit of detection . To overcome this drawback, Narang
t al. proposed a DNA sensor employing an amperometric microfluidic
aper-based analytic device (EPAD) combined from zinc – silver nano-
looms and the probe HHV- 5 DNA for the diagnosis of human herpes
riginated via cytomegalovirus also called human herpesvirus (HHV-5)
50] . Through this research analyte transfer from the volume of sample
o the element for bio-recognition, reduced proportions and volumes
ere shown to be improved. Distances among bio-recognition elements
nd analyte were also reduced in this approach, which leads to a de-
rease in response time. EPADs have shown to be highly selective and
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Fig. 2. Flow chart of representation of components of biosensors indicating bio-recognition elements, types of transducer and amplifier . 

Fig. 3. Diagrammatic representations of components of optical biosensor. 
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ave marketing potential, as it is simple and has amplified sensing and
educing interference from electro-active species. There was a limit of
etection i.e., 97 copies per ml and holds a great value to clinical eval-
ation [50] . 

Optical sensing of HCMV through surface plasmon resonance method: In
ptical biosensors, the detection of analytes is facilitated through opti-
al fibers based on absorption, scattering of light, or fluorescence. These
iosensors are most attractive, as they are accomplished by doing the
ultiplexed diagnosis [50] . In these optical biosensors, waveguide de-

ices and optical fibers are used to improve detection sensitivity by in-
reasing the interaction between the sensor surface and the guiding light
 Fig. 3 ). The different types of analytes can be identified utilizing var-
4 
ous record wavelengths. These biosensors have found applications in
arious in-vitro phenomena. An optical biosensor essentially identifies
nd quantifies the changes in various characteristics of a sample such as
uorescence, phase shift, absorbance, and reflectance. By simply using
uorescent dyes or labeling of aptamers with fluorescence, optical de-
ection can be performed [51] . Gietmann et al. showed the interfacing
etween the peptide and immobilized protease of HCMV, which was
haracterized through biphasic surfaces of surface plasmon resonance
SPR) signal-dependent bio-sensor. In this method, an enzyme is immo-
ilized on the surface of the sensor chip by coupling of amines resultant
n the active enzymes through high catalytic-efficiency as compared to
he enzymes present in the solution, because of the lower k value. The
m 
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Fig. 4. Schematic representation of a sandwich immunoassay. 
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onitoring of small changes in a chip surface mass, this direct real-time
inding test offers quantitative and qualitative data on biomolecular in-
eraction. Observing the immobilized enzyme’s hydrolytic activity, they
ssessed its overall significance for interaction analysis. The simultane-
us binding detection and conformation changes using optical biosen-
or technology are expected and conformational changes are of great
mportance for the added characterization of the enzymatic properties
f HCMV protease and to the diagnosis of inhibitors of specifically this
nzyme [52] . 

Piezoelectric affinity sensor for detection of HCMV underlining strand

isplacement amplification method: A Piezoelectric affinity sensor was es-
ablished by Susmel et al. to detect the IgB epitope of HCMV [53] . The
ensor employed antibodies immobilized onto the Au electrode. The de-
eloped biosensor was disposable and the sensing mechanism of detec-
ion was immune fluorescence on a functionalized surface. The draw-
ack of this method is a low sensitivity, which restricted its applicability
o samples with low viral loads. The benefits of this technique are that
t is inexpensive, fast and highly specific, because of Ab/Ag interaction
54] . 

Chen et al. introduced a strand displacement amplification (SDA).
t is a well- designed nucleic-acid amplification method, which could
perate under the terms of a constant temperature. They developed a
obust liquid phase identification system, in which the crystal oscillator
late was mounted using a simply adjustable screw-a-threaded clamping
ethod and positively implemented the new sensor system to the real-

ime HCMV SDA monitoring system [55] . 
Immunosensor for detection of HCMV through electrochemical and op-

ical transduction: Immuno-sensors are appealing diagnostic tools which
re being widely used in biological research due to their high-affinity
nteractions between antigens and antibodies [55] . The electrochem-
cal immunosensors combine the specificity of antibody-antigen detec-
ion processes with exemplary electrochemical transduction capabilities
inked to high specificity, speed of analysis, and compatibility with mo-
5 
ile devices ( Fig. 4 ). By relating the benefits of biosensor area along with
he difficulties HCMV detection, mainly in human samples, like- easy
nd disposable electrochemical immunosensor was developed to detect
he glycoprotein-B of HCMV in the urine sample. The glycoprotein-B
gB) was chosen as an antigen of electrochemical immunosensor. Since
B is prevailing Ag into the human cytomegalovirus envelope, about
00% of infected patients produce Abs against gB protein. HCMV gB
ay be considered as a prominent factor for utilizing for the production

f HCMV detection assay. Using above mentioned approach, a method
as proposed, which was dependent on the immunoassay i.e., sandwich
based type with secondary antibody (Abs) labeled with Au NPs, that
ermits the AgNPs precipitation leading to enhanced immunosensor’s
ensitiveness. Glycoprotein-B detected via electro-chemical stripping-
nalysis of AgNPs quantitatively, set down upon immuno-sensor by
atalysis through nano-gold labels [56] The numerous parameters like-
SA concentration, antibody concentration, silver enhancer concentra-
ion, the silver deposition time, and glycoprotein B incubation time were
djusted. This sensor showed a detection limit of 3.2 ± 0.2 ng/mL. The
ensor was employed in real samples like - urine in which the biologi-
al matrix does not inhibit through immune-sensor diagnosis capability
56] . But, the reproducibility of such an approach wasn’t very effective
ue to the randomized immobilization of the primary antibody on the
orking electrode that culminated in limited antigen recognition effi-

iency, weak signals compared to the large proportion of this antibody
tilized. 

To rectify this problem Pires and coworkers employed glycoprotein
B to develop a simple enzyme immunoassay based on magnetic- parti-
le (mpEIA) for the identification of the glycoprotein B of CMV in urine-
amples. Magnetic- beads were altered with the protein - G (MBs-PrG)
nd were employed in immunoassays for promoting the immobilization
f antibodies on the solid- phase. The sensor arrangement was based
pon the analyte i.e. B-HCMV sandwiched between the primary MAb
MBs-PrG-mAb1) and secondary anti-gB-HCMV antibody (Ab2-HRP) to
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ermit the spectrophotometric detection. The estimated detection limit
or gB-HCMV was 30pg / mL, which appeared to be very favorable for
urther assessment. The time required for the detection was about 3 h
aking it a more rapid and simple method of detection [57] . The detec-

ion of glycoprotein-B by the electrochemical-immunosensor in urine
or detecting HCMV is a modest and disposable technique for human
amples [58] . 

CMV- pp65 antigen also occurs during the period of early stages
f the disease or is scattered into the human vascular endothelial cells
HVECs), peripheral blood leukocytes (PBLCs), or body fluids through
uick, effective and extremely specific method for early detection of
MV pp 65. Huang et al., 2016 reported a specific electrochemical
mplification immune-sensor for the identification of Cytomegalovirus
 pp65 antigen created upon Pt and Pd nanoparticles functional-
zed single-walled carbon nanotubes nano horns (Pt-PdNPs@SWCNHs).
WNCHs are new- a type of carbon nanomaterial showing benefits like
ower impurity levels, fewer adverse effects and higher surface area.
owever, SWNHs have a much smaller pore size that could easily ab-

orb small molecules and ultimately improve catalyst stability. The fab-
icated sensor was able to identify different concentrations of CMV
p65 antigen under optimized environments showing linearity of 0.1–80
g/mL and a low detection limit i.e., 30 pg/mL and displayed brilliant
electivity as well as stability. Therefore, this sensor could be employed
s a valuable method for the early and point-of-care detection of HCMV
nfection in clinical trials [59] . Another biosensor for the detection of
MV pp65 was reported by Lei et al., in 2018 based on SnS 2 quan-
um dots (SnS 2 QDs), which were new emitters for the ultrasensitive
etection of the CMV- pp65 antibody (anti-CMV pp65) via smart circu-
ar peptide-DNA nano-machine amplification. Compared to the above-
tated immunosensors, this sensor’s detection limit (LOD) was lower
0.33 fM) with higher sensitivity and specificity [60] . 

Further, for the quantitative and high throughput multiplexed analy-
is, BIE (biosensor based on imaging ellipsometry) could consider being
vident. Sun and coworkers in 2015 reported an immunosensor for the
dentification of CMV antibodies in human serum based on BIE. CMV
ntigen i.e., CMV-3A was cast on silicon and employed to capture anti-
odies against CMV in the serum. An antibody used against the antigen
as human immunoglobulin G (anti-IgG). The sensor displayed LOD of
round 0.01 IU / mL, which was an outstanding approach to the point
f care research [61] . 

A label-free immunosensors have nowadays attracted much inter-
st. Graphene nanosheets, which are 2D honeycomb lattices of sp 2 –
onded carbon atoms have attracted tremendous attention recently, be-
ause of their unique thermal, mechanical and electrical properties. It
as reported by Zeng et al. in 2016 for the determination of PP65 phos-
hoprotein antigen. Screen-printed carbon electrode was altered with a
anocomposite made from multiwalled carbon- nanotubes (MWCNTs),
raphene nanosheets, and chitosan and 1-butyl-3-methylimidazolium
exafluorophosphate [62] . AuNPs were immobilized on the electrode
nd incorporated into layers of the polymeric redox mediator thionine.
he monoclonal antibodies raised against PP65 were immobilized on
he surface with amine-gold interaction. Then finally, horseradish per-
xide (HRP)was employed for the blockage of the remaining active sites
n the surface of AuNPs and to work as an enzyme in immunoassay. The
onitoring of electrocatalytic reduction of hydrogen peroxide by HRP
as done by pulse voltammetry. Under improved conditions, the dif-

erential pulse voltammetry signal on typical working voltage of 0.5V,
ecreased with increasing concentration of PP65 from 0.12 to 300 pg
mL and displayed a LOD of 30 pg/mL. Thus, the stated electrochemical
mmunosensor could be a potential approach for PP65 detection [62] . 

Relatively, the danger of postnatal infection may be significant for
remature offspring in particular by breast milk. To resolve the issue
f breastfeeding adaptation and in the existing context, Py et al. pro-
osed an HCMV biosensor, based on sandwich ELISA principle in a dy-
amic flow configuration (lateral flow immuno chromatography). The
6 
aper discusses research that has just begun for the detection of HCMV
n breast milk, which is the potential to set up a simple in utilization
nd fast point of care (POC) tool. This would allow for a corresponding
daption of the strategy for feeding milk, as the peak of HCMV infec-
ion arises after 4 to 8 weeks of birth. The detection of HCMV utilizes
 particular secondary Abs coupled from HRP that ultimately identifies
he virus being captured. After adding the substrate of an enzyme, a col-
rimetric reaction occurred which allowed the conversion of substrate
o a blue-colored product. The LOD was 2.8 × 10 − 4 μA and holds the
otential for further studies for the detection of HCMV by their cost-
ffective, easy – manufacturing, and lightweight portability for in-field
easurements [63] . Pires et al., 2019 developed an easy, responsive,

eversible, and compact system based on the analyte protein gB sand-
iched between the primary monoclonal antibody and the secondary
nti-gB-HCMV HRP labeled antibody, thus retaining the immunoassay
cheme. The researchers used magnetic particles that had been func-
ionalized with protein G (MBs-prG). The immunosensor developed was
hown to be a compact, fast, precise, reliable, low-cost, and efficient
ethod of detecting gB in human urine samples for the useful diagno-

is/screening of HCMV infections [64] . 
The biosensors based entirely on paper are becoming increasingly

opular. It is, however hard to keep NPs in the paper substrates devoid
f binding them irreversibly from the cellulose matrix. This made it in-
eresting to create biosensors in paper-based reservoirs that integrate
anoparticle probes. Alba – Patin ͂ o et al. attempted to solve this restric-
ion using a novel technique for depositing protein decorated NPs on
he paper – substrates, which also permits to release them on demand.
his includes spotting NPs onto pieces of filter paper modified with
olystyrene sulfonate. The avidin-modified gold NPs and Abs can be
imply shifted to a receiving wet piece of paper from a dry reservoir by
asily pressing with a finger or clamp. The paper-based immunosensors
ntegrating the reservoir, allowed the identification of gB from HCMV
n serum with a LOD of 0.03 ng/ mL and a total assay time of 12 min.
he LOD attained with a short test time, together with the reservoir’s

onger shelf life, made the suggested paper – only biosensors ideal for
oint – of – care analysis [65] . 

. Conclusion and future perspectives 

CMV-related disease follows a persistent development in the lack of
ctive theragnostic involvement. Consequently, there is a general re-
uirement for sensitive, selective and rapid detection of active CMV in-
ection. The present review emphasizes the impression of biosensors and
heir sub-class of biosensors to detect HCMV. With perspective knowl-
dge of diagnosis of the HCMV, it can be concluded that the electro-
hemical methods are the finest alternative for all the necessities. Elec-
rochemical methods provide selective, sensitive and fast diagnosis of
CMV. Moreover, numerous miniaturized devices are also exploited

or electrochemical sensing. Currently, paper-based biosensor has trans-
ormed the sensing, as it provides many beneficial features like- cost-
ffective, fast response, facile approach, non- tedious and minimal re-
uirement of the sample. The electrochemistry has advantageous char-
cteristics over the other current measuring systems, because on-field
etection of electrochemical biosensors can be fast, simple, and low cost.
ts distinctive characteristics show various novel functionalized elec-
rochemical biosensors. During the past few years, there is an definite
mprovement of sensors. Furthermore, in the current scenario, a very
ew method came into light during the global pandemics of COVID-
9, which can be applied to the diagnosis of various viral diseases. The
RISPR (Clustered regularly interspaced short palindromic repeats)-Cas
ystem, a new diagnostic tool which is sensitive and specific. This model
as been effectively exploited for the diagnosis of COVID-19 and helps
n developing POC devices. Therefore, the above method can also be
pplied for the diagnosis of herpes virus and in addition, the device can
e interfaced with the smartphone and with telemedicine ( Table 2 ). 
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Table 2 

Summary of different biosensors to detect the HCMV. 

Biosensor Principle Markers detected Limit of Detection (LOD) Advantages Disadvantages Ref. 

Electrochemical - 

DNA Sensor 

Based on ASV on 

SPMBE 

HCMV DNA 2.225ng/mL -Fast- Low -cost -Highly buffered 

solution may interfere [49] 

Based on EPAD 

integrated with Zn 

– Ag nanoblooms 

HHV-5 DNA 97 copies /mL -The massive device 

can be produced with 

a simple and fast 

fabrication process 

-Requires expensive 

wax printers. 

-Requires an extra 

heating step after wax 

deposition. 

[50] 

Optical-biosensor SPR dependent 

method 

Human 

cytomegalovirus 

protease and peptide 

interactions. 

- -Reusable 

-Label-free 

-High sensitivity 

-Simple 

-Low selectivity 

- Non- specific binding 

to surfaces. 

-It requires strict 

observance. 

[52] 

Piezoelectric 

Biosensor 

Based on the 

strand 

displacement 

amplification 

technique 

The nucleic acid of 

CMV 

- - Highly sensitive. 

- Less time-consuming. 

- Dynamic real-time 

detection. 

- Fast 

-Its inability to 

efficiently amplify long 

target sequences. 

- Usually for dynamic 

measurement only. 

-High-temperature 

sensitivity 

[55] 

fImmuno Sensor Sandwich- 

immunoassay 

dependent 

gB-human 

cytomegalovirus in a 

urine sample and 

blood samples 

prepared in buffer 

3.3 ± 1.7ng/mL 

(Blood samples) 

preparing by using 

buffer and 

3.2 ± 0.2ng/mL (urine 

sample) 

-Acceptable 

reproducibility 

-Low detection range 

i.e. 5-15ng/mL. 

- The efficiency of 

antigen detection is 

small. 

- Low signal compared 

to a large number of 

antibodies. 

[56] 

Based on Sandwich 

immunoassay 

gB-HCMV in urine 

samples 

0.09 ng/ mL -Rapid 

-Easily quantified. 

-Low stability 

-Short shelf life 

-High cost. 

[57] 

Based on signal 

amplification 

employing Pt and 

Pd nanoparticles. 

Cytomegalovirus pp65 

antigen 

0.03 ng/mL -Highly specific. 

-Highly sensitive. 

-Highly stable. 

-Costly antibodies. 

-Multiple steps 

required. 

[59] 

Based on electro 

chemilumines- 

cence 

(ECL) 

cytomegalovirus pp65 

antibody (anti-CMV 

pp65) 

0.33fM -Sensitive 

-Modest cost 

-Selective 

-Low optimization 

time. 

-Complicated 

preparation 

-Low compatibility 

[60] 

Based on 

ellipsometry 

CMV-3A 0.024 ng/mL -Non- destructive 

measurement 

- Large measurement 

range. 

-Real-time monitoring 

-Fast 

measurement 

- High thickness 

sensitivity. 

-Low spatial 

resolution. 

-Difficulty in the 

characterization of the 

low absorption 

coefficient. 

-Indirect analysis. 

-Optical model for 

data analysis. 

[61] 

Based on sandwich 

immunoassay 

PP65 phosphoprotein 

antigen. 

30 × 10 − 5 ng/ mL -Simple 

-Cost-effective 

-Highly sensitive 

-Redox species 

leakage. 

-Limitation to the 

indirect detection 

system 

[62] 

Based on sandwich 

ELISA 

HCMV in breastmilk - -Simple 

-Reliable 

-Highly sensitive 

-Expensive cost of 

instrumentation set- 

up. 

- Surface modification 

is a challenge 

- Optical devices 

required. 

-Low selection range. 

[63] 

Based on the 

analyte protein gB 

sandwiched 

between the 

primary 

monoclonal 

antibody and the 

secondary 

anti-gB-HCMV HRP 

labelled antibody 

gB-HCMV in urine 

samples 

- -Simple 

-Portable 

-sensitive 

-Surface modification 

requirement [64] 

Based on 

nanoparticle 

reservoir on paper 

substrates 

glycoprotein B from 

HCMV in serum 

0.03ng /mL - Storage of protein 

decorated NPs on a 

paper substrate 

-Cost-effective 

-Low resolution. 

-Unstable upon 

heating. 

[65] 
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