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Abstract—The novel coronavirus disease (COVID-19) pan-
demic outbreak is the most startling public health crises with
attendant global socio-economic burden ever experienced in
the twenty-first century. The level of devastation by this
outbreak is such that highly impacted countries will take
years to recover. Studies have shown that timely detection
based on accelerated sample testing and accurate diagnosis
are crucial steps to reducing or preventing the spread of any
pandemic outbreak. In this opinionated review, the impacts
of metal organic frameworks (MOFs) as a biosensor in a
pandemic outbreak is investigated with reference to COVID-
19. Biosensing technologies have been proven to be very
effective in clinical analyses, especially in assessment of severe
infectious diseases. Polymerase chain reactions (PCR, RT-
PCR, CRISPR) - based test methods predominantly used for
SARS-COV-2 diagnoses have serious limitations and the
health scientists and researchers are urged to come up with a
more robust and versatile system for solving diagnostic
problem associated with the current and future pandemic
outbreaks. MOFs, an emerging crystalline material with
unique characteristics will serve as promising biosensing
materials in a pandemic outbreak such as the one we are in.
We hereby highlight the characteristics of MOFs and their
sensing applications, potentials as biosensors in a pandemic
outbreak and draw the attention of researchers to a new vista
of research that needs immediate action.

Keywords—Covid-19, Biosensors, Metal organic frame-

works, Infectious diseases testing and detection, Pandemic

outbreak.

INTRODUCTION

As at 6.03 pm CEST, 10 March, 2021, there have
been 118,684,343 COVID-19 cases, including 2,633,281
deaths confirmed globally by WHO, ECDC, NCDC
and John Hopkins University.120 Since the first case of
COVID-19 was detected in China’s Hubei province in
late 2019, stringent measures such as lockdowns, travel
bans, border closure etc. have been imposed in order to
control or stop the spread of the outbreak, yet the
global spread of the virus has continued to record
significant increase with attendant global socio-eco-
nomic burden.31,88 In fact, reports from WHO and
John Hopkins University reveals that the second wave
of the outbreak is more devastating thus has left people
in great fear.93

Sample testing is an essential first step to responding
to any pandemic outbreak.31,45 Diagnosis plays a
decisive role in making prompt decisions on detection,
contact tracing, isolation, management and treatment
of infected persons.45 However, in the ongoing COV-
ID-19 outbreak, most countries are unable to meet up
with the massive diagnostic testing order given by
WHO.79,83,86 This has resulted in a continuous spread
due to community transmission.79,86

As suggested by WHO, the general benchmark for
adequate testing for a positive rate is around 3–12%
per 1000 persons.23 South Korea, Uruguay, Germany
and Australia recorded a positive rate of 1% hence
being considered as countries with lowest COVID-19
related deaths in the world.24,37 South Korea was able
to achieve the feat through their intensive testing
programs occasioned by ‘‘drive-through’’ and ‘‘phone
booths’’ tests.81 On the other hand, countries like
Mexico and Nigeria have positive rates of 20–50% (a
case is found for every few tests conducted), indicating
the unlikelihood of testing widely enough to find all
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cases.37 No wonder the number of new confirmed cases
keep increasing daily.120

Apart from the disparity in country’s political and
policy frameworks which may hinder the control of the
continuous spread of the pandemic, the biosensing
technologies (technologies behind testing and diagno-
sis) are important factors to consider. A biosensor is a
device used for the detection of biological and bio-
chemical agents; employing a biologically derived or a
biomimetic recognition element while either
undergoing a biochemical reaction (for example, en-
zyme-based biosensors) or binding the target molecule
in a highly specific way. Studies have shown that
biosensing devices, materials or technologies for test-
ing infectious diseases or at time of pandemic outbreak
must rigorously satisfy requirements of accessibility
and affordability, rapidity, high sensitivity and selec-
tivity, robustness, flexibility and simplicity in usage,
ability to be mass produced etc.15,81

The present trend in the daily reports on the con-
firmed cases of the COVID-19 globally may be a
pointer to the fact that the biosensing technologies
currently in used for SARS-COV-2 testing are not
satisfactory. It is pertinent to review the type of assays,
strength and limitations of the commonly used
biosensing methods since the pandemic outbreak and
explore the potentials of other versatile biosensing
materials and technologies such as metal organic
frameworks (MOFs) for possibility of development
and utilization in solving diagnostic problem associ-
ated with the current and future pandemic outbreaks.

METAL ORGANIC FRAMEWORKS (MOFS)

AND THEIR CHARACTERISTICS

Metal Organic Frameworks (MOFs) are advanced
structures that are highly ordered, porous and cus-
tomizable. They grow in a crystal form and are ex-
tremely flexible, especially when combined with
nanoparticles for additional functionality or
attributes.70,137 MOFs are made of metal clusters
coordinated with organic linkers to generate a large
Langmuir surface area and small-to-medium-sized
pores.54 MOFs are defined as porous structures con-
structed from the coordinative bonding between metal
ions and organic ligands or bridging ligands.138 The
linkers or bridging ligands consist of carboxylates, or
anions, such as phosphonate, sulfonate, and hetero-
cyclic compounds while the inorganic units are the
metal ions or clusters called secondary building units
(SBUs).138 The coordination number, geometry of the
metal ions and the nature of the functional groups
determine the geometry of MOFs. Based on this we
have octahedron with six points of extension, trigonal

prism with five points, square paddle-wheel (four
points), and triangle with three points. Some com-
monly used metals for synthesis of MOFs include La,
Zn, Cr, Cu, In Co, Fe and Ag while some common
organic linkers or ligands include 1,4-benzenedicar-
boxylate or terephthalate moiety (H2bdc), Benzene-
1,3,5-tricarboxylate moiety (H3btc), 4,4¢-
biphenyldicarboxylate (H2bpdc), 1,4-bis(imidazol-1-
ylmethyl)benzene (Bix), 1,3,5-benzenetriphosphoric
acid, 1,5-naphthalenedisulfonic acid, 4,4-bipyridine,
2,5-dihydroxybenzene-1,4-dicarboxylic acid
(H4dhbdc), 2,6-naphthalenedicarboxylic acid (H2ndc),
adamantane tetracarboxylic acid (H4atc), 4,4¢,4¢¢-ben-
zene-1,3,5-tryyl-benzoic acid (H3btb).

138 Figure 1
shows the typical skeletal structure of MOF and some
examples of ligand structures.

MOFs are often synthesized using solvothermal,
ionothermal, diffusion, microwave, ultrasound-assisted
and template-directed syntheses methods.33,65,128,143

Figure 2 shows the different synthesis methods for
MOFs. MOFs may be classified based on the type of
metals and guest species into five categories, viz.
transition metal MOFs, rare earth metal (REM)
MOFs, composite structure MOFs, heterometallic
MOFs, and S-block metal MOFs.103 Most MOFs are
simply named after the institutions from where they
were produced. Examples include MIL-101 [Cr3O(OH,
F, H2O)3(1,4-bdc)3] and other MIL-series named after
Materials Institute Lavoisier and commonly used for
drug delivery,48 HKUST-1 [Cu2(H2O)2(CO2)4] named
after Hong Kong University of Science and used for
adsorption and storage,67 UiO-66-NH2 named after
University of Oslo and used for biosensing 121 and an
isoreticular MOF IRMOF-9 [Zn4O(bpdc)3] used for
adsorption and storage.95 In comparison to other high-
class materials such as graphenes, carbon nonatubes,
gold nonatunes etc., MOFS are emerging class of
porous inorganic-organic high profile hybrid com-
pounds which have attracted much attention in recent
time due to its stunning properties and wider applica-
tions.75 Figure 3 shows comparison of MOFs with
other materials in terms of properties.

MOFS AS BIOSENSORS

There are different sensing platforms, viz. lumines-
cence, surface plasmon resonance, electrochemical,
impedance, fluorescence imaging (magnetic resonance
imaging MRI), interferometry and solva-
tochromism.18,49,69,97,98,142 Recently, MOFs have been
explored as Biological and biochemical sensors.11,36

Hao and Yan36 developed a lanthanide-functionalized
MOF as a fluorescent probe for hippuric acid in urine
which was considered as the biological indicators of
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toluene exposure. The fabricated sensor, according to
the authors has several attractive features, including
high sensitivity, excellent selectivity, fast response time
(~ 1 min), broad linear range (0.05–8.0 mg/mL), and
good reversibility and regeneration.36 The sensor was
successfully applied to determination of hippuric acid
in human urines with recoveries in the range of 93.5–
102.9%. The high porosity, tuneable chemical com-
position, large surface area, high crystallinity, and

potential for post synthetic modification for molecular
recognition have made MOFs promising candidates
for biosensing application.80 Besides, the inherent
luminescence of many MOFs have made it useful in
sensing platforms.97,98 Some MOFs and their
biosensing applications are summarized in Table 1.
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FIGURE 1. Typical Structure of MOF and Some examples of organic linkers of ligands. Adapted from Sharmin and Zafar.137 �
2016 The Author(s).
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FIGURE 2. Schematic of commonly used approaches for high-throughput synthesis of MOFs. Reproduced with permission from
Kukkar et al. 50. � 2018 Elsevier B.V.

FIGURE 3. Stunning Properties of MOF Compared to other high class materials.
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MOFS AS BIOSENSING MATERIALS

IN PANDEMIC OUTBREAKS

Viruses are often the culprit in epidermic and pan-
demic outbreaks. They are infectious agents, mostly in
nanoscale capable of causing various diseases.82 MOFs
have been used as biosensors during epidermic and
pandemic outbreaks.

Sensing of Human Immunodeficiency Virus

The retrovirus is a RNA virus whereby its DNA is
integrated into its host chromosomal DNA.8,82

Detection at the early stage of infection may be diffi-
cult due to the rare proviral DNA expression in the
infected host.99 The Human Immunodeficiency Virus
(HIV), which belongs to the genus Lentivirus within
the family of Retroviridae and subfamily Orthoretro-
virinae99 is a human retrovirus. Based on the genetic
characteristics and differences in the viral antigens,
there are two types of HIV: HIV-1 and HIV-2.99,100

The HIV-1 type is believed to have evolved from non-
human primate immunodeficiency viruses from the
Central African chimpanzees (SIVcpz)30,32 while the
HIV-2 type is linked to the West African sooty man-
gabeys (SIVsm) as the origin.100 HIV infection results
in acquired immunodeficiency syndrome (AIDS), a
disease that is associated with the depletion of the
CD4

+T cell of the host.8 According to the WHO, at the
end of 2019, an estimated 38.0 million people are living
with HIV and about 33 million deaths have resulted
from AIDS-related sicknesses.118 Because early diag-
nosis and treatment of HIV can improve survival and
reduce morbidity, the Centers for Disease Control and
Prevention have recommended routine testing.4

Examples of such routine test are the western blot and
enzyme-linked immunosorbent assay (ELISA) assay.82

Nevertheless, because of reaction of samples with one

or more of the antigens, these methods suffer from
some false positive and negative outcomes.82 Re-
searchers have taken advantage of large specific sur-
face area, high porosity, fluorescence quenching, high
loading efficiency, easy functionalization, and tunable
pore properties of MOFs to deploy them in biosensing
applications including the biosensing of HIV.

Yang et al.130 applied
[Cu3(Cmdcp)2(dps)4.(H2O)4(SO4)]n for the detection
of human immunodeficiency virus-1 double-stranded
DNA (HIV-1 ds-DNA). The 3-dimentional structure
of the MOF enhanced the distinction between the ds-
DNA and ss-DNA molecules. The intrinsic quenching
properties of the unsaturated Cu(II) metal ion coor-
dination centre and the conjugated p-electron system
of the aromatic groups on both linkers enabled elec-
trostatic and hydrogen bonding via p-stacking inter-
actions of the probe DNAs with the MOF, leading to
photoinduced electron transfer (PET) fluorescence
quenching. There was also a strong interaction
between the probe DNA and the target DNA se-
quence. The non-target DNA sequences were between
50 and 86% less fluorescence than the target sequence
in the dsDNA assay due to the diminished effect of its
concentration. The probe recorded a high selectivity
and 196pM detection limit for the viral dsDNA.130

Notably, the interaction of the MOF
[Cu3(Cmdcp)2(dps)4Æ(H2O)4(SO4)]n with the compli-
mentary sequences of HIV ds-DNA: carboxyfluores-
cein FAM-labeled probe ss-DNA, 5¢-FAM-
TTCTTCTTTTTTCT-3¢ (P-DNA-1) and SUDV
RNA: 5-FAM-TTAAAAAGTTTGTCCTCATC-3 (P-
DNA-2) showed that the fluorescence intensity of the
complimentary sequences of both HIV ds-DNA and
SUDV RNA decreased upon the addition of the MOF.
The quenching efficiency (QE%) of both HIV ds-DNA
and SUDV RNA sequences were 65 and 76% respec-
tively, indicating that the MOF efficiently quenched
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FIGURE 4. Fluorescence spectra of P-DNA-1 (a, 50 nM) and P-DNA-2 (b, 50 nM) incubated with MOF
[Cu3(Cmdcp)2(dps)4.(H2O)4(SO4)]n of varying concentrations at room temperature. Insets: plots of fluorescence intensity at 518
nm versus the concentrations of MOF [Cu3(Cmdcp)2(dps)4.(H2O)4(SO4)]n. Reproduced with permission from Yang et al.129. � 2015
American Chemical Society.
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the fluorescence of both P-DNA-1 and P-DNR-2 se-
quences. The fluorescence spectra of both HIV-1 ds-
DNA and SUDV RNA complementary sequences are
presented in Fig. 4.

Zhu et al.144 reported the successful application of a
2-D transition metal MOF Cu(H2dtoa) [i.e. N,N¢-
bis(2-hydroxyethyl)dithiooxamidatocopper(ii)] for
detection of HIV-1 U5 long terminal repeat DNA se-
quence with detection limits of 3nM, high sensitivity
and selectivity. The mechanism of action was enhanced
by the intrinsic quenching properties of the metal ion
Cu2+, coordination centre and conjugated p-electron
system of the dithiooxamide linkers. These properties
led to the non-covalent binding of the 6-carboxyfluo-
rescein or FAM single stranded DNA (ssDNA) probe
via p-stacking interactions with the MOF, which
quenched its fluorescence in a process called photo
induced electron transfer (PET).80,144 There occurred a
turn-on sensing of the viral gene when the target DNA
was added due to the release of the probe from the
MOF and the fluorescence restoration.80 The probe-
MOF exhibits a linear increase in the range of 10–
100 nM and the sensor system was believed to be
highly sensitive and selective. The Fluorescence spectra
of the FAM-labeled DNA–Cu(H2dtoa) in the presence
of different concentrations of target DNA is shown in
Fig. 5a. Similarly, Fig. 5b depicts the fluorescence
spectra of the FAM labeled probe DNA 2–Cu(H2dtoa)
in the presence of different concentrations of throm-
bin.

Zhao et al.140 isolated six water-stable zinc(II)
zwitterionic carboxylate compounds with 1D chain,
2D networks and 3D MOFs structures through the
coordination reaction of {Na3[Na9(Cbdc-
p)6(H2O)18]}n with Zn(NO3)2Æ6H2O. Among the iso-
lated compounds, the 2D sheet, {[Zn(Cbdcp)(bpe)1/
2]Æ2H2O}n compound was found to efficiently quen-

ched the fluorescence of P-DNA. The authors had se-
lected a FAM-labeled P-DNA 50-FAM-
TTCTTCTTTTTTCT-30 as complementary sequences
for HIV ds-DNA and noticed that the fluorescence
intensity of P-DNA decreased upon the addition of
{[Zn(Cbdcp)(bpe)1/2].2H2O}n compound. The
quenching efficiency (QE%) was 73% with the satu-
ration concentration calculated as 10mM. It was pro-
posed that the compound formed a noncovalent
complex P-DNA@2 system with its functional aro-
matic rings, the carboxylic acid groups, the positively
charged pyridinium and Zn2+ cation centers and 2D
plane structure (Fig. 6).

Sensing of Ebola Virus (Sudan Virus) RNA Sequence

Ebola virus disease (EVD), formerly known as
Ebola haemorrhagic fever is a viral hemorrhagic fever
of humans and other primates that first appeared in
1976 in two simultaneous outbreaks.44 EVD is caused
by Ebola viruses (EBOV), single-strand RNA viruses
of the family Filoviridae.78 There are about five species
of EBOV, namely Zaire, Bundibugyo, Sudan, Reston
and Tai Forest. Although the fatality rate varies from
specie to specie of EVD, it is in the range of 50–
90%.44,104 The chronology of previous Ebola virus
disease outbreaks and the actual fatality rate can be
found in the WHO recent reports.119 EBOV infects its
host cell by attaching to the receptors through the GP
glycoprotein and getting endocytosed in host vesicles.44

The C-type lectins DCSIGN and DC-SIGNR is piv-
otal in the process as they bind to Ebola glycopro-
teins.44 The entry pathway of EBOV into host cell, the
binding to cell-surface receptors, the slashing of the
viral GP1 protein into N-terminal fragment Ebola
within the endosome, and the digestion of cathepsin B
into GP2 are illustrated in Fig. 7. The laboratory
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FIGURE 5. (a) Fluorescence spectra of the FAM-labeled DNA–Cu(H2dtoa) in the presence of different concentrations of target
DNA. Inset: plot of fluorescence intensity vs. concentrations of target DNA. (b) Fluorescence spectra of the FAM labeled probe DNA
2–Cu(H2dtoa) in the presence of different concentrations of thrombin. Inset: plot of fluorescence intensity vs. logarithm of
concentrations of thrombin. The concentration of dye-labeled probe DNA 1and DNA 2 is 50 nM. Reproduced with permission from
Zhu et al.143 (� Royal Society of Chemistry 2013) and Miller et al.80 (� 2016 The Authors).
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FIGURE 7. Illustration of the entry pathway of Ebola Virus into host cell 44. The process begins with the EBOV getting attached to
the cell surface receptors and internalizing in the endosome.44,78,104,118 In the endosome, the endosomal proteases (cathepsin B
and cathepsin L) fragment the viral GP1 protein into N-terminal 44,77,103. Cathepsin B thereafter digests it into GP2 that helps in
the fusion of the viral envelope and the endosomal membrane.44,78,104 The viral genome is then release into the cytoplasm.44,78,104

Upon release, the proteolysis of GP1 is inhibited by CA07444,78,104 paving way for the progression of the infection. The figure was
reproduced with permission from Kaushik et al.44 � 2015 Elsevier B.V.

FIGURE 6. Proposed mechanism for the detection of target HIV ds-DNA sequences based on a fluorescent biosensor formed
from compound 2 and fluorophore-labeled probe ss-DNA. Reproduced with permission from Zhao et al.139. � 2016 Published by
Elsevier B.V.
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diagnosis of EBOV includes polymerase chain reac-
tion, enzyme-linked immunosorbent assay (ELISA),
antigen ELISA, immunohistochemistry, fluorescence
assay, electron microscopy, indirect immunofluores-
cence assay (IFA), immuno-blot (western blot),
biosensors SPR, QCM, optical, and DNA-based flu-
orescence nanobarcodes methodology.19,44,104

Yang et al. 130 became the first to use MOFs in the
detection of EBOV and this was right after the 2014
outbreak in Sudan. Yang and co-workers developed a
water-stable three-dimensional Cu-based metal–or-
ganic framework [Cu3(Cmdcp)2(dps)4Æ(H2O)4(SO4)]n
(where H3CmdcpBr = N carboxymethyl-3,5-dicar-
boxylpyridinium bromide; dps = 4,4¢-dipyridyl sul-
phide) for the detection of the Sudan Ebola virus
(SUDV) RNA sequences.130 The MOF exhibited un-
ique pore shapes with aromatic rings, positively
charged pyridinium and unsaturated Cu(II) cation
centers, free carboxylates, tessellating H2O, and coor-
dinating SO4

2� on the pore surface. To investigate the
selective detection of the Sudan virus RNA sequences,
the authors studied the interaction of the synthesized
MOF with carboxyfluorescein (FAM)-labeled probe
ss-DNA, 5¢-FAMTTAAAAAGTTTGTCCTCATC-3¢
(P-DNA-2), a complementary sequence of SUDV
RNA.130 It was found that, upon addition of the
MOF, the fluorescence intensity of PDNA-2 decreased
significantly (Fig. 8) with quenching efficiency 76%
and the saturation concentration of the P-DNA was
found to be 30 lM. The authors proposed that the
interaction of [Cu3(Cmdcp)2(dps)4Æ(H2O)4(SO4)]n with
P-DNA-2 was through electrostatic, p-stacking, and/or
hydrogen-bonding interactions that resulted in the
formation of a noncovalent complex, P-DNA-2@1121

that quenched the fluorescence of FAM through a
photoinduced electron-transfer process. The P-DNA-
2@1 system was deemed effective fluorescent sensor
for Sudan virus RNA sequence with detection limits of
73 pM.

In a subsequent work attempting to further explore
and expand the scope of application of MOFs in Ebola
virus detection, Yang and co-researchers reacted La(-
NO3)3Æ6H2O with the polar, tritopic quaternized car-
boxylate ligands N-carboxymethyl-3,5-
dicarboxylpyridinium bromide and N-(4-carboxyben-
zyl)-3,5-dicarboxylpyridinium bromide to obtain two
water-stable metal–organic frameworks (MOFs) of
{[La4(Cmdcp)6(H2O)9]}n (1, 3D) and
{[La2(Cbdcp)3(H2O)10]}n (2, 2D).132 The 3D structure
of MOF 1 and the 2D plane structure of MOF 2 are
shown in Fig. 8. Similar to their previous work,130 the
interaction of MOFs 1 and 2 with FAM-labelled P-
DNA 5¢-FAMTTAAAAAGTTTGTCCTCATC-3¢, a
complementary sequence of SUDV RNA was studied.
It was found that MOFs 1 and 2 quenched the pho-

toluminescence of the P-DNA due to the formation of
P-DNA@1 and P-DNA@2 systems. The quenching
efficiencies of 1 and 2 to P-DNA were reported as 70.2
± 5.3 and 57.3 ± 5.3%, with saturated concentrations
of 45 and 40 lM, respectively. The authors attributed
the higher quenching efficiency of MOF 1 in compar-
ison to MOF 2 to the exposure of positively charged
quaternary ammonium centers at the edge of the sur-
face area of 1 that provided a stronger electrostatic
interaction with P-DNA.

A water-stable metal–organic framework of a zwit-
terionic carboxylate with dysprosium 90 and a 3D
metal–organic framework (MOF) of {[Cu(Cmdcp)(-
phen)(H2O)]2Æ9H2O}n (phen = phenanthroline)92 have
also been reported as sensitive and selective fluores-
cence sensor for the detection of Ebola virus
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FIGURE 8. (a) Fluorescence spectra of P-DNA-2 (50 nM)
incubated with Yang et al.129 synthesized MOF of varying
concentrations at room temperature. Insets: plots of
fluorescence intensity at 518 nm versus the concentrations
of the MOF. (b) Fluorescence quenching efficiency of P-DNA-2
(50 nM) by the prepared MOF, dps, H3CmdcpBr, and CuSO4 of
different concentrations in 100 nM Tris-HCl buffer (pH 7.4) at
room temperature. Adapted with slight modification from
Yang et al.129 � 2015 American Chemical Society.
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Sensing of Zika Virus and Dengue Virus RNA Sequence

Zika and Dengue are mosquito-borne fla-
vivirus.116,117 Zika virus (ZIKU) was first identified in
Uganda in 1947 in monkeys and later in humans in
1952 in Uganda and the United Republic of Tanza-
nia.116 Beside Africa, ZIKU disease outbreaks have
been recorded in Asia, the Pacific, and the Americas.116

Dengue virus (DENV) is prevalent in the tropical and
sub-tropical climates worldwide, mostly in urban and
semi-urban areas. There are four DENV serotypes
(DENV-1, DENV-2, DENV-3 and DENV-4), imply-
ing that it is possible to be infected four times.117

Presently, the diagnoses of DENV and ZIKV are
based on virus isolation cultures, Enzyme-linked
immunosorbent assay (ELISA), genomic RNA detec-
tion using Polymerase Chain Reaction (PCR), and
fluorescent biosensor.57 As earlier mentioned, the flu-
orescent biosensing technology is gaining attention in
the detection of virus nucleic acids because of the
advantages of high sensitivity and rapid response
time.57,60,105,111

Xie et al.124 successfully applied a three-dimensional
Cu-based zwitterionic MOF, [Cu(Dcbcp)(bpe)]n (1,
Dcbcp = N-(3,5-dicarboxylbenzyl)-(3-carboxyl) pyri-
dinium, bpe = 1,2-bis(4-pyridyl)ethylene), for simul-
taneous detection of ZIKV and DENV RNA
sequences. The detection limits for ZIKV were 192 pM
and 121pM for single and synchronous fluorescence
analysis respectively. For DENV, single and syn-
chronous fluorescence analysis recorded 332 and
184pM detection limits respectively. The MOF so
synthesized and characterized could form electrostatic,
p stacking and/or hydrogen bonding interactions with
two different fluorophore-labeled DNA probes which
created two sensing systems used as fluorescent sensing
platforms for the viruses’ detection.124 The single and
synchronous fluorescence analysis recorded high
selectivity and sensitivity. There was less interference
with other mismatched RNA sequences. The authors
reported that the sensing system showed potential
application in the diagnosis of other virus associated
infectious diseases which have similar clinical mani-
festations.124

Sensing of Thrombin

The MOF Cu(H2dtoa) had also been used to target
thrombin.80,144 Thrombin is an endogenous protein or
natural enzymes involved in the coagulation cascade,
where it has a key role in the formation of fibrin clots
by converting fibrinogen to fibrin.53 The same assay
principle for HIV-1 U5 long terminal repeat DNA
sequence was applied but with detection limit of 1.3
and 5–100 nM linear range. The sensor system was

highly sensitive and selective as well and there was no
effect on lysome bovine serum albumin and human
IgG enzymes on signal.80,144 The fluorescence spectra
of the FAM-labeled probe DNA 2–Cu(H2dtoa) in the
presence of different concentrations of thrombin is
presented in Fig. 5b.

DETECTION ASSAYS RELEVANT

TO SARS-COV-2 AND COVID-19 DIAGNOSIS

The detection assays relevant to COVID-19 diag-
nostic testing and screening are categorized based on
detection targets: (i) nucleic acid tests: which detects
the presence of viral ribonucleic acids (RNA) using
amplification steps based on reverse transcriptase
polymerase chain reactions (RT-PCR); (ii) antigen
tests: which detect the presence of a viral antigen as
part of a surface protein; and (iii) antibody tests: which
detect the presence of the antibodies such as
immunoglobulin M (IgM) and IgG generated against
the severe acute respiratory coronavirus-2 (SARS-
COV-2).1,62

In any case, enzyme-linked immunosorbent assays
(ELISA), lateral flow assays (LFA) and chemolumi-
nescence assays (CLIA) are the three most used assays.
Besides, virus neutralisation tests and whole genome
sequencing may be used to specifically detect neutral-
ising antibodies and determine the sequence of the
SARS-CoV-2 virus respectively. LFA is used for test-
ing pregnancy and ovulation at home. It usage is
simple, equipment-free hence cost-effective, and rapid
thus very essential in biosensing and nanotechnol-
ogy.47,76,81,85 In addition to the understanding of the
assays, the diagnostic specimens are important factors
to consider. Data comparing the accuracy of test
methods suggest that test sensitivity may vary by type
of specimen.1,55 Specimen for SARS-CoV-2 diagnostic
tests can be taken from the upper (nasopharyngeal/
oropharyngeal swabs, nasal aspirate, nasal wash or
saliva) or lower (sputum or tracheal aspirate or bron-
choalveolar lavage) respiratory tracts.84 According to
Yang et al.,133 the most accurate sample for the diag-
nosis of SARS-CoV-2 is sputum, followed by nasal
swabs and throat swabs.

CURRENT BIOSENSING TECHNIQUES

FOCUSED ON COVID-19 DIAGNOSIS

The technology behind testing is biosensing.22,81 A
biosensor is an analytical device which detect biologi-
cal and biochemical component by employing biomi-
metic elements or biologically derived materials
(nucleic acids, antibodies, antigen, enzymes, orga-
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nelles, tissues, microorganisms etc.) that interact with,
bind with, or recognize the analyte under study.7 The
detector or transducer makes use of optical, electro-
chemical, electrochemiluminescence and piezoelectric
principles to transform one signal into another for easy
measurement and quantification.7 The biosensing
techniques for SARS-COV-2 basically employ nucleic
acids/DNA and antibody/antigen biomimetic compo-
nents or biologically derived materials.94 The methods
available in literature for COVID-19 testing are pre-
sented in Table 2 and the current diagnostic methods
and potential portable biosensors for COVID-19
demonstrated diagrammatically in Fig. 9.

In all the methods presented, polymerase chain
reaction (PCR)-based test methods are the most uti-
lized. PCR involves amplification of RNA of the virus
to produce a sensitive and selective detection. The re-
verse transcriptase polymerase chain reaction (RT-
PCR) is currently the standard reference method for
COVID-19 diagnosis.6,28 However, there are so many
limitations associated with the method 6:

1. Rapidity: PCR-based methods do not offer the
rapidity required in a pandemic outbreak as results
may take from four hours up to three days.

2. Skill set: Highly skilled personnel are required to
perform the tests.

3. Sensitivity and Selectivity: Standard PCR methods
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TABLE 2. Current biosensing techniques focused on COVID-19 diagnosis.

S. no. Method Read out time Sensitivity/Specificity References

1 RT-qPCR 4 h 71%/NA 29,115

2 RT-digital PCR 90%/100% 71,110,127

3 MNPs based RT-qPCR 30 min NA 43,141

4 LAMP-based colorimetric method 20–30 min 97.6% 107,136

5 CT Scan NA 97%/25% 2,87,108

6 LFICS-Au NPs colloid (IgM + IgG) 15 min 88.66%/90.63% 20,61

7 ELISA (IgM + IgG) 2 h 87.3%/100% 123

8 Chemiluminescence (total Ab)/Automated NA 86.9%/99.2% 51,122

9 CRISPR-based assay 30–40 min 95%/100% 9,34

LAMP Loop mediated isothermal amplification, LFICS lateral flow immunochromatographic strip, ELISA Enzyme-linked immunosorbent

assay, Ab antibody, CRISPR clustered regularly interspaced short palindromic repeats.

FIGURE 9. Schematic diagram of current diagnostic methods and potential portable biosensors for COVID-19. (a) A human being
infected with SARS-CoV-2. (b) Sampling from suspected cases or patients and common specimens. (c) Biomarkers and other
biochemical indicators for diagnosis of COVID-19. (d) Current detection methods to corresponding biomarkers or indicators. (e)
Potential ultrasensitive biosensors, especially EC biosensor and SERS-based biosensors, for virus antigens detection.
Reproduced with permission from Cui and Zhou.20 � 2020 Elsevier B.V.
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may be less sensitive thereby producing false nega-
tive results in COVID-19 patients with unclear
clinical symptoms2,81

4. Flexibility: PCR’s flexibility of scaling up for other
nucleic acids in an easy and rapid manner is limited
due to amplification of spurious nucleic acid con-
taminations.5,6

5. Sample handling: Genetic material may be dena-
tured during handling and transportation since
PCR samples require specialized handling, leading
to false negatives.

6. Sample Preparation: PCR analysis requires prepa-
ration of the number of tests and the extraction kits.
Shortage of the test kits may hamper efforts to
ramp up COVID-19 testing81

7. Discrepancy in Results: The consistency among
results may be affected by the quality of reagents
utilized by different PCR kit manufacturers.

In what seems to be a good news, there is a method
called Clustered Regularly Interspaced Short Palin-
dromic Repeat (CRISPR) mainly employed in gene
editing, which is believed to be promising in terms of
rapidity, affordability, easy usage, high sensitivity and
selectivity in quantifying nucleic acids in low resource
setting.9 However, the versatility of CRISPR is af-
fected since it still uses a target amplification such as
loop-mediated isothermal amplification (LAMP) and
recombinase polymerase amplification (RPA) which
requires different primers and probes for each target.6,9

This has led to the introduction of so many versions of
CRISPR such as CRISPR-chip for electrical detection
of genetic mutations using Cas9 (CRISPR-Cas9),35

electrochemical CRISPR-biosensor for microRNA
using Cas13a (CRISPR-Cas13a),10 custom CRISPR-
Cas12a/gRNA complex 40 etc., leading to discrepancies
in operations and results which in turns delays or
complicate the nature of diagnosis required in a pan-
demic outbreak. In view of the aforementioned, the
biosensing community is urged to create a more robust
and versatile system for solving diagnostic problem
associated with the current and future pandemic out-
breaks.

PROSPECTIVE VIEW OF MOFS

AS BIOSENSING MATERIALS FOR COVID-19

At present, the reverse transcription polymerase
chain reaction (RT-PCR) remains the recommended
laboratory diagnostic method for COVID-19.31,106

However, there are reports of a number of RT-PCR
false-negative results on confirmed infection cases.91,125

It is a fact that a single negative PCR result does not
rule out COVID-19 infection and the culture currently

is two negative PCR results.31,106 In a recent study of
167 COVID-19 infection patients by Xie et al.,125 five
patients with positive chest computed tomography
(CT) received false-negative COVID-19 infection after
RT-PCR test. Repeated swab tests on the five patients
confirmed the patients as positive to COVID-19. More
so, the current RT-PCR-based detection techniques
require high manpower and long processing time.125

Other diagnostic techniques like the CT scan and cul-
ture methods are not suitable for fast-response detec-
tion and real-time analysis.134 Hence, it is imperative
that scientists begin to think in other directions. De-
spite the roll-out of COVID-19 vaccines, the virus
might not disappear with a brink of eyes. As earlier
mentioned, MOFs possess outstanding properties that
endeared them for the development of biosensors.
Besides, there are proven cases where MOFs have been
used in detection of viruses (HIV, Ebola, Zika, Den-
gue, etc.) and infectious diseases.58,92,121,130 The high
specificity and selectivity of MOFs towards the detec-
tion of other viruses and diseases as presented in Sec-
tion 4 should also be the motivation for the
development of MOFs biosensors for COVID-19
detection. This could be a pointer to the huge poten-
tials of MOFs in the fight against SARS outbreaks.

Advantages of MOFs as a Potential Biosensor
for SARS-COV-2 Nucleic Acids, Antigens and Antibody

Assay

Nucleic Acids Detection

MOF possesses a unique fluorescence quenching/
recovery with continued decline of fluorescence inten-
sity compared to the traditional fluorescence nano-
quenchers such as gold nanotubes, graphenes,
graphene oxides etc.42,59,77,89 This makes it promising
in detection of SARS-CoV-2 viral RNA (nucleic acid).
The fluorophore-labeled probes could be adsorbed on
MOF through various interactions including electro-
static interactions, hydrogen bonding, and p–p stack-
ing with negatively charged aromatic nucleic acid
sequences similar to those presented in Sections 4.1,
4.2 and 4.3 for HIV-1 ssDNA, SUDV and HIV ss-
DNA. The fluorescence of dyes on probes could be
quenched by metal ions, such as Cu2+, Fe3+, Zn2+,
Dy3+ or coplanar structure via the process of fluores-
cence resonance energy transfer (FRET).112,113 The
specific hybridization of probe DNA (P-DNA) with
target virus-related nucleic acids sequences could form
stable rigid double or triple-stranded DNA structures
and would be released from the surface of MOF due to
their low affinity toward nanomaterials, leading to
efficient recovery of fluorescence.26,41,112,113 The pos-
sible nucleic acid detection mechanism and quenching/
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recovery processes are depicted in Fig. 10. Again, the
abundant functional groups and positively charged
metal ions in MOF may provide various interactions,
such as electrostatic interactions, hydrogen bonding,
and p–p stacking for adsorption of fluorophore-la-
beled probes as presented in Fig. 11.

Antigen Detection

With MOF-based detection platform, many viruses
such as Avian leukosis virus (ALV),66 Japanese
encephalitis virus (JEV),129 HIV,25 hepatitis A virus
(HAV) 73 have been effectively detected by antigen
detection methods which are primarily based on the
ELISA and molecular imprinting technology. Molec-
ular imprinting technology is antigen detection tech-
nology that possesses remarkable advantages of brief
and inexpensive preparation and prospective selectiv-
ity.113 The imprinted particles can capture the target
virus quickly and show excellent selectivity for viruses
because the imprinted sites are generated during
imprinting.73 Although earlier approaches to viruses’
detection using molecular imprinting faced a challenge
of large size viruses of 20–900 nm, this can be over-
come by finding an imprinted carrier with sufficient
surface area for providing additional imprinting sites.
MOF is a typical material with high surface area,
which is basically related to its porous structure. For

example, MIL-100 (Cr) and MIL-101 (Cr) have a large
pore of 2.5–2.9 and 2.9–3.4 nm, respectively. The lar-
ger surface area of the MOF can provide more
imprinting sites for virus detection, which is beneficial
to expand the linear range and improve sensitivity.
With the large surface area advantage, other viral
antigens detection methods, such as electrochemilu-
minescent immunosensing,74 immunochromatographic
assay,68 sandwich-immunoassay LSPR chip46 may be
adopted. Electrochemical immunoassay has many
advantages, including good reproducibility, high sen-
sitivity, low cost, fast and accurate analysis, which has
attracted widespread attention in virus detection.113

Antibody Detection

MOFs-based fluorescence biosensor for antigen
detection has a suitable adsorption capacity for
molecular probes which is more conducive to fluores-
cence recovery compared to similar class of materials,
such as single-walled carbon nanotubes (SWCNTs)
and grapheme oxides (GO).114 Its application in
SARS-COV-2 antibody detection will offer a high
selectivity which is mainly based on the specific
recognition of antibodies and antigens. Wei et al.114

developed a Cu-based novel biosensor MOF
(H2dtoaCu) for the detection of influenza virus H5N1

antibody and the ss-DNA linked with H5N1 antigens
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FIGURE 10. (a) Schematic diagram of the viral nucleic acid detection mechanisms (b) The linking methods of coordination
polymer in MOF with DNA. (c) Fluorescence quenching properties of MIL-101 toward FAM-labeled DNA. Reproduced with
permission from Wang et al.112 � 2017, American Chemical Society.
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and fluorescent dye 5¢ 6-carboxyfluorescein were ad-
sorbed by the MOF, resulting in the effective
quenching of fluorescence making it easy to recover.
This was because aromatic compounds (such as FAM)
could be less strongly bound to MOF through non-
covalent van der Waals interactions, making the fluo-
rescence easier to be recovered compared to GO and
SWCNT which is quite difficult. The MOF was proven
to be advantageous in terms of sensitivity, rapidity,
cracking and stable period’s detection, simplicity in
operation and cost-effectiveness.114 This could be
adopted in SARS-COV-2 or similar strands of virus.
The composition of the MOFs such as metal ions,
functional groups; and properties such as geometry,
size, porosity and stability are important factors to
consider when developing MOF based biosensors for
diagnoses of SARS-COV-2 and similar viruses. Stock
and Biswas102 and Wang et al.113 have presented de-
tailed information on these factors.

Challenges Associated with Incorporating MOFs
in Viral Diagnosis and Steps to Address Them in Future

Researches

The major challenges associated with MOF-based
viral detection and diagnostic strategies are the detec-
tion limit, instability of some MOFs in aqueous med-
ium and complex physiological environments,64,109

biological toxicity of some metal ions in the MOFs and
complex in vivo environment.14 The detection limit of

MOFs ranged from pM to nM and is not low enough
to detect a low level of viruses in the clinical samples,
hence may affect sensitivity. To improve on this, future
researches should consider the following (1) designing
structures of MOFs with reduced particle sizes to
amplify fluorescence signal as well as enhance high
quenching efficiency and good selectivity; (2) inte-
grating viral RNA in developing novel biosensors
using nanoparticles, such as MOF-derived porous
carbon41; (3) generating automated ultrasensitive
MOFs-based biosensors with high-throughput screen-
ing in a large-scale, combining electrochemistry tech-
nologies21 and high class devices like lab-on-a-chip96;
(4) combining MOF with metal oxides, metal particles,
or carbon materials for electrochemical detection of
viruses will be a promising direction since oxide is
known to enhance binding ability, biological activity,
and sensing performance.101

To address the challenge of MOFs instability in
aqueous medium and complex physiological environ-
ment, water-stable MOFs can be constructed with
zwitterionic carboxylate ligands131 or zwitterionic thi-
olate56 and some metal ions including Zn2+110 and
Zr4+13 Moreover, water-stable MOFs can be obtained
by doping metal ions.145 For instance, small amounts
of second metals such as Mn2+, Zn2+, Mg2+ and Ca2+

can be incorporated into metal clusters to enhance the
stability of MIL-100 (Fe) moiety.3
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FIGURE 11. The interaction between the MOF and probe DNA (taking FAM-ssDNA as an example). Reproduced with permission
from Wang et al.113 � 2020 American Chemical Society.
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In the case of biological toxicity of some metal ions
in the MOFs and in vivo environment, the detection
performance and safety of MOF-based biosensing
need to be further verified in vivo and some biocom-
patible metal ions (such as Fe2+/Fe3+, Ni3+, Zr4+,
Mn2+, Mg2+, Ca2+, Zn2+), or biomaterials (such as
liposomal bio-conjugates). Green synthetic routes
using Sonochemistry should also be considered.27,75

MOFs functional modification with target ligands (viz:
aptamers)12,38 enhance its functionalities, with detec-
tion performances much better than the biosensor
platforms based on graphene oxide.26

CONCLUSIONS

The science of biosensors as diagnostic tools is
highly promising. Embracing these tools can ensure
life-saving decisions on the handling, understanding,
and treatment of pandemic strains. As the world con-
tinues to be ravaged with COVID-19 pandemic and
with the uncertainties surrounding the current COV-
ID-19 diagnosis approaches, this review tends to draw
the attention of researchers towards thinking in the
direction of metal organic frameworks (MOFs) as a
biosensor in COVID-19 pandemic outbreak. The
application of MOFs as biosensors in pandemic out-
breaks such as Human Immunodeficiency virus, Ebola
virus, Zika virus, Dengue virus, and as biosensor for
sensing Thrombin have been highlighted. The attrac-
tive features of MOFs that endeared them for
biosensing applications include the large surface area,
tailorable structure, high porosity, tunable size, and
versatile functionality. Because COVID-19 pandemic
may not disappear anytime soon despite the rolling out
of vaccine, early testing and isolation would remain the
safest approach and taking proactive steps to utilize
MOFs biosensor may be a significant milestone. As a
promising potential platform for detecting SARS-
CoV-2, MOF has the following advantages (1) it can
be used as an adsorption and fluorescence quenching
platform; (2) MOF with unique structure can be de-
signed using molecular imprinting technology; (3)
MOFs can serve as a simple and effective fluorescence
anisotropy amplification platform for SARS-COV-2
detection.
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