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The recent severe acute respiratory syndrome coronavirus 
2 (SARS-CoV-2) disease (COVID-19) is now a major public 
health issue that raised an international emergency situation 
and serious concern as recognized by the WHO [1]. SARS-
CoV-2, an enveloped single-stranded RNA beta-coronavi-
rus, is a highly contagious virus with a high mortality rate, 
particularly in people with immunocompromised conditions 
[2]. Most COVID-19 patients present with fever, cough and 
respiratory symptoms, and a fraction requires mechanical 
ventilation. Based on some reports, the rate of death in such 
patients may be up to 10% [3]. In addition, subjects without 
clinical symptoms may serve as sources of transmission.

The first line for detecting of SARS-CoV-2 is a real-time 
reverse transcription PCR (rRT-PCR) test, though it suffers 
from some limitations, such as variations in the positive rate 
and sensitivity in different types of clinical specimens, such 
as Bronchoalveolar lavage fluid, sputum, nasal swabs, fibro-
bronchoscope brush, pharyngeal swabs, feces and blood 
[4], low universal availability and lengthy time of detec-
tion [5]. On the other hand, computed tomography (CT) 
has shown promising results in the detection, diagnosis 
and management of COVID-19 [6]. However, this imaging 
modality is not feasible for early detection and diagnosis 
of COVID-19, and some studies indicated no CT findings 
in these patients. Other imaging modalities, such as chest 
radiography [7], ultrasound [8] and PET [9,10], have also 
been evaluated, but they have not been used as the first-
line diagnostic test. However, a study by Polverari et al. [11] 
observed the presence of bilateral, diffuse and intense 18F-
FDG uptake in the lower lobes in asymptomatic COVID-
19 patients referred for PET/CT-based restaging of 
non-small cell lung cancer [11]. In this case, active inflam-
matory processes were reported by radiologists, while the 
CT pattern was highly suspicious for ongoing COVID-19 
pneumonia and there were no other clinical symptoms. 
COVID-19 was confirmed later by rRT-PCR in this patient. 

In addition, Albano et al [12]. reported that PET/CT is an 
appropriate modality for detecting COVID-19 in asympto-
matic patients. In addition, the role of nuclear medicine in 
COVID-19 is elaborated by Juengling et al. [13].

As a critical issue, there are no specific treatments for 
COVID-19, though a number of experimental antivirals 
and existing drugs targeting other viruses are being tested. 
In addition, medical care is provided to relieve and treat 
the symptoms of the disease. Several drugs, such as type 
1 interferon (IFN-I), chloroquine, ivermectin, aerosolized 
α-interferon, lopinavir, ritonavir, ribavirin, remdesivir, 
darunavir, mAb targeting PD-1 (Camrelizumab) and IL6 
(Tocilizumab) alone or in combinations have been tested 
resulting in variable outcomes in different patients [14–
16]. In addition, a wide range of in-vitro, in-vivo, in-silico 
and clinical trials are in progress to find the best matches.

Molecular imaging techniques, including planar gamma 
camera (scintigraphy) or 3D single-photon emission com-
puted tomography (SPECT) and PET, employ short-lived 
radiolabeled tracers to characterize and visualize biochem-
ical and molecular processes of disease in vivo. Various radi-
onuclides are commonly used for viral infection imaging. 
In addition, radionuclides with favorable characteristics are 
used in the treatment of a wide range of diseases. Some of 
these studies indicated the feasibility of this therapy for 
viral infections [17]. On the use of PET/CT for the man-
agement of bacterial infectious diseases, Tucker et al. [18] 
applied an interesting approach. In this animal study, phar-
macokinetic models were developed by using dynamic 
11C-rifampin PET/CT to study intralesional antimicrobial 
distribution in tuberculous meningitis.

In the present work, we propose a theranostic approach 
based on radiolabeled antiviral drugs, antibodies and 
clustered regularly interspaced short palindromic repeats 
(CRISPR)-associated proteins for early detection and 
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treatment of SARS-CoV-2 disease. This approach is com-
posed of components constituting a unique approach, 
including the use of theranostic radionuclides, radionu-
clide-based imaging and antiviral drugs/antibodies and 
CRISPR-associated proteins.

Theranostic radionuclides are the key components of the 
proposed approach. These radionuclides emit radiation 
that could be used for imaging and treatment. Several 
radionuclides in combinations with monoclonal antibod-
ies or antiviral drugs have been used for treatments of 
viral infections or inflammation. Radioimmunotherapy of 
infections induced by viruses such as HIV, HSV and HPV 
has been reported in the literature [19–21]. Conversely, 
some studies have suggested and applied low-dose radi-
ation to treat pneumonia or other inflammatory diseases 
[22,23]. Calabrese et al. [24] pointed out the capacity 
of low doses of radiographs to suppress inflammatory 
responses in treating pneumonia based on some histori-
cal studies that applied radiation to treat pneumonia dur-
ing the first half of the 20th century. Recently, low-dose 
radiation therapy was proposed as a new treatment strat-
egy for COVID-19 [25]. The main mechanistic basis is 
that low levels of radiation can induce anti-inflammatory 
responses, such as decreasing levels of proinflammatory 
cytokines like IL-1β or inhibiting leukocyte recruit-
ment. As such, an absorbed dose of 30–100 cGy of radi-
ation delivered to the lungs of patients with COVID-19 
pneumonia may result in the reduction of inflammation. 
Ghadimi-Moghadam et al. [26] introduced a modified 
treatment method for COVID-19 patients based on a sin-
gle dose of 100, 180 or 250 mSv of radiograph radiation. 
They claimed that these doses could modulate excessive 
inflammatory responses, regulating lymphocyte counts 
and controlling bacterial co-infections in patients with 
COVID-19.

In our proposed radiation-assisted treatment, a wide 
range of radiation doses could be delivered to the infected 
regions locally and specifically by using antibodies or 
antiviral drugs. Radiation emitted from radionuclides will 
act in three ways: direct-hit, cross-fire and immunomodu-
lation. Radiation destroys the infected cells and disables 
the virus through the first two effects, whereas radiation 
triggers fundamental antiviral immune parameters, such 
as natural killer cells and interferon production to cope 
with the viral functions, through the immunomodulation 
effect. A number of theranostic radionuclides are com-
mercially available and used mostly for cancer treatment. 
Yet, they could also be used in viral infectious diseases. 
For example, 68Ga-90Y or 68Ga-177Lu pairs are theranostic 
radionuclides employed for various applications [27]. In 
addition, 64Cu, 83Sr, 86Y, 124I and 152Tb could be used in 
the clinical setting [28].

Although there is no specific antibody or drug for radi-
olabeling and targeting the infected regions, several 

potential antiviral/antibodies are available for early 
phase studies. Previous antiviral drugs/antibodies that 
have been investigated for the Middle East Respiratory 
Syndrome Coronavirus (MERS-CoV) and SARS-CoV 
could be tested. It should be noted that the target recep-
tors on the host cell surfaces are different for these viruses 
that should be taken into account for drug administra-
tion. Based on previous studies, angiotensin-converting 
enzyme 2 (ACE2) and dipeptidyl peptidase-4 (DPP4) are 
target receptors for SARS-CoV and MERS-CoV, respec-
tively [29]. In this light, anti-ACE2 mAbs may be feasi-
ble choices. In addition, other inhibitors such as peptidic 
fusion inhibitors and protease inhibitors could be exam-
ined. Because the host receptor for SARS-CoV is similar 
to SARS-CoV-2 (ACE2), the treatments for SARS-CoV 
can be extrapolated for use in SARS-CoV-2. In addition, 
the spike protein located on the viral membrane responsi-
ble for virus entry; hence inducing host immune response 
is a key potential target for developing new antiviral 
drugs. Table 1 summarizes some potential antibodies and 
antiviral drugs previously investigated as potential ther-
apeutic approaches for SARS-CoV. These drugs may be 
potentially labeled with theranostic radionuclides.

CRISPR and the associated proteins (Cas) system is 
a powerful tool for cellular DNA genome editing. The 
endonuclease activity as an adaptive immune system 
in prokaryotes is nowadays accepted as a popular tool 
to develop a wide range of clinically significant drugs 
including antivirals [30]. Recently, comprehensive viral 
research studies have focused on CRISPR-Cas based 
antiviral strategies against HIV-1, HPV-B, EBV, HSV and 
HCV [31,32]. More recently, CRISPR-Cas has been sug-
gested for the diagnosis and treatment of SARS-COV-2 
[33,34]. However, the potential of this approach for the 
management of COVID-19 remains to be assessed in 
preclinical and clinical settings. The platform, called 
specific high-sensitivity enzymatic reporter unlocking 
(SHERLOCK), a portable and ultrasensitive CRISPR-
based tool for the detection of RNA or DNA from clin-
ically relevant samples, may be valuable for COVID-19 
detection [35]. In addition, CRISPR-associated proteins 
could be labeled with radionuclides for improved detec-
tion, tracking and treatment of COVID-19. Furthermore, 
by radiolabeling the CRIPR Cas proteins, the biological 
behavior of SARS-COV-2 in living systems could be elab-
orately studied.

To image radiolabeled antiviral/antibody drugs or 
CRISPR proteins with theranostic radionuclides, a molec-
ular imaging modality is needed. This could be either 
planar scintigraphy, or 3D imaging modalities of SPECT 
or PET [36]. The selection of the optimal modality is 
dictated by the type of the radionuclide, associated costs 
and the need for deployment in a larger population. The 
imaging system detects photons emitted from the radio-
nuclides and converts them to visible images or numbers 
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(quantified). They have to provide high-quality images in 
terms of the signal-to-noise ratio [17]. On the other hand, 
the main components of the imaging systems including 
collimators, detectors and image processing software also 
should have dedicated designs to quantify minimum lev-
els in radioactive regions of the infected areas for early 
diagnosis of the disease.

Another important aspect of our proposed approach is 
the evaluation and understanding of the pathogenesis of 
COVID-19. Based on experience and knowledge gath-
ered from previous SARS-CoV and MERS-CoV studies, 
molecular imaging modalities could play critical roles 
in fostering understanding of complex mechanisms of 
diseases. In previous studies, the immune response to 
MERS-CoV was studied by PET/CT [37], whereas other 
studies used PET/CT to quantify lung infection, the 
inflammatory burden of disease, and responses to anti-in-
flammatory therapies [38]. Chefer et al [39] inserted a 
SPECT/CT compatible reporter gene into MERS-CoV 
to demonstrate that a functional SPECT/CT reporter 
gene can be inserted into a virus. We herein suggest radi-
olabeled drugs, antibodies and CRISPR/Cas proteins 
as theranostic and active agents for the treatment and 
understanding of COVID-19.

In conclusion, the proposed approach could be investi-
gated to treat and track the treatment of COVID-19 in 
the early phases. This approach is based on the use of 
theranostic-radiolabeled antiviral drugs, antibodies and 
CRISPR-associated proteins. Further preclinical and 
clinical studies are needed to examine the feasibility 
of this strategy. Although the role of molecular imaging 
modalities is not fully investigated, few published reports 
seem to suggest that PET/CT could be used for early 
detection. Furthermore, therapeutic delivery and track-
ing of radiolabeled drugs and the study of mechanisms of 
pathogenesis could be of significant interest using molec-
ular imaging and theranostics.

Acknowledgements
None.

Conflicts of interest
There are no conflicts of interest.

References
1	 Lai C-C, Shih T-P, Ko W-C, Tang H-J, Hsueh P-R. Severe acute respiratory 

syndrome coronavirus 2 (SARS-CoV-2) and corona virus disease-2019 
(COVID-19): the epidemic and the challenges. Int J Antimicrob Agents 
2020; 55:105924.

2	 Yang Y, Islam MS, Wang J, Li Y, Chen X. Traditional Chinese medicine in the 
treatment of patients infected with 2019-new coronavirus (SARS-CoV-2): a 
review and perspective. Int J Biol Sci 2020; 16:1708–1717.

3	 Wu Z, McGoogan JM. Characteristics of and important lessons from the 
coronavirus disease 2019 (COVID-19) outbreak in China: summary of a 
report of 72 314 cases from the Chinese center for disease control and 
prevention. JAMA 2020; 323:1239–1242.

4	 Wang W, Xu Y, Gao R, Lu R, Han K, Wu G, et al. Detection of 
SARS-CoV-2 in different types of clinical specimens. JAMA 2020; 
323:1843–1844.

5	 Hope MD, Raptis CA, Shah A, Hammer MM, Henry TS; Six Signatories. 
A role for CT in COVID-19? What data really tell us so far. Lancet 2020; 
395:1189–1190.

6	 Fang Y, Zhang H, Xie J, Lin M, Ying L, Pang P, et al. Sensitivity of chest CT 
for COVID-19: comparison to RT-PCR. Radiology 2020:200432. [Epub 
ahead of print].

7	 Wong HYF, Lam HYS, Fong AH-T, Leung ST, Chin TW-Y, Lo CSY, et al. 
Frequency and distribution of chest radiographic findings in COVID-19 
positive patients. Radiology 2020:201160. [Epub ahead of print].

8	 Peng Q-Y, Wang X-T, Zhang L-N, Group CCCUS. Findings of lung 
ultrasonography of novel corona virus pneumonia during the 2019–2020 
epidemic. Intensive Care Med 2020; 46:849–850.

9	 Zou S, Zhu X. FDG PET/CT of COVID-19. Radiology 2020:200770. [Epub 
ahead of print].

10	 Qin C, Liu F, Yen T-C, Lan X. 18 F-FDG PET/CT findings of COVID-19: a 
series of four highly suspected cases. Eur J Nucl Med Mol Imaging 2020; 
47:1281–1286.

11	 Polverari G, Arena V, Ceci F, Pelosi E, Ianniello A, Poli E, et al. 
18F-Fluorodeoxyglucose uptake in patient with asymptomatic severe acute 
respiratory syndrome coronavirus 2 (Coronavirus Disease 2019) referred 
to positron emission tomography/computed tomography for NSCLC restag-
ing. J Thorac Oncol 2020; 15:1078–1080.

12	 Albano D, Bertagna F, Bertoli M, et al. Incidental Findings Suggestive 
of COVID-19 in Asymptomatic Patients Undergoing Nuclear Medicine 
Procedures in a High-Prevalence Region. J Nucl Med 2020; 61:632–636.

13	 Juengling FD, Maldonado A, Wuest F, Schindler TH. The role of nuclear 
medicine for COVID-19: time to act now. J Nucl Med 2020; 61:781–782.

14	 Sallard E, Lescure FX, Yazdanpanah Y, Mentre F, Peiffer-Smadja N. Type 1 
interferons as a potential treatment against COVID-19. Antiviral Res 2020; 
178:104791.

15	 Touret F, de Lamballerie X. Of chloroquine and COVID-19. Antiviral Res 
2020; 177:104762.

16	 Choy KT, Wong AY, Kaewpreedee P, Sia SF, Chen D, Hui KPY, et al. 
Remdesivir, lopinavir, emetine, and homoharringtonine inhibit SARS-CoV-2 
replication in vitro. Antiviral Res 2020; 178:104786.

17	 Bray M, Di Mascio M, de Kok-Mercado F, Mollura DJ, Jagoda E. 
Radiolabeled antiviral drugs and antibodies as virus-specific imaging 
probes. Antiviral Res 2010; 88:129–142.

Table 1  Summary of studies reporting on the use of various antiviral drugs and antibodies investigated as potential agents for the treat-
ment of SARS-CoV

Drug name Type Mechanism of action References

S230 mAb Blocking spike protein subunits and ACE2 cellular receptor [40]
CR3014 mAb Blocking spike protein subunits and ACE2 cellular receptor [41]
80R mAb Blocking spike protein subunits and ACE2 cellular receptor [42]
4D4 mAb Inhibiting the postinteraction in the viral penetration [43]
F26G19 mAb Blocking spike protein subunits and ACE2 cellular receptor [44]
Type 1 interferons Cytokine Slowdown of cell metabolism and Adaptive immunity [14]
Remdesivir Antiviral drug Inhibiting viral RNA polymerase action [16]
Lopinavir Antiviral drug Protease inhibitor [16]
Emetine Antiprotozoal Protein synthesis inhibitor [16]
Homoharringtonine Anticancer Protein synthesis inhibitor [16]
Chloroquine Antimalarial/antiviral Increases late endosomal and lysosomal pH [15]
Ivermectin Antiparasite/antiviral Cell hyperpolarization [45]

ACE2, angiotensin-converting enzyme 2.



Copyright © 2020 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

840  Nuclear Medicine Communications  2020, Vol 41 No 9

18	 Tucker EW, Guglieri-Lopez B, Ordonez AA, Ritchie B, Klunk MH, Sharma 
R, et al. Noninvasive 11C-rifampin positron emission tomography reveals 
drug biodistribution in tuberculous meningitis. Sci Transl Med 2018; 
10:eaau0965.

19	 Dadachova E, Wang XG, Casadevall A. Targeting the virus with radioimmu-
notherapy in virus-associated cancers. Cancer Biother Radiopharm 2007; 
22:303–308.

20	 Dadachova E, Casadevall A. Radioimmunotherapy of infectious diseases. 
Semin Nucl Med 2009; 39:146–153.

21	 Phaeton R, Jiang Z, Revskaya E, Fisher DR, Goldberg GL, Dadachova E. 
Beta emitters rhenium-188 and lutetium-177 are equally effective in radio-
immunotherapy of HPV-positive experimental cervical cancer. Cancer Med 
2016; 5:9–16.

22	 Calabrese EJ, Dhawan G, Kapoor R, Kozumbo WJ. Radiotherapy treatment 
of human inflammatory diseases and conditions: optimal dose. Hum Exp 
Toxicol 2019; 38:888–898.

23	 Dhawan G, Kapoor R, Dhamija A, Singh R, Monga B, Calabrese EJ. 
Necrotizing fasciitis: low-dose radiotherapy as a potential adjunct treatment. 
Dose Response 2019; 17:1559325819871757.

24	 Calabrese EJ, Dhawan G. How radiotherapy was historically used to treat 
pneumonia: could it be useful today? Yale J Biol Med 2013; 86:555–570.

25	 Kirkby C, Mackenzie M. Is low dose radiation therapy a poten-
tial treatment for COVID-19 pneumonia? Radiother Oncol. 
2020;147:S0167-8140(20)30185-7.

26	 Ghadimi-Moghadam A, Haghani M, Bevelacqua J, Jafarzadeh A, Kaveh-
Ahangar A, Mortazavi S, et al. COVID-19 tragic pandemic: concerns over 
unintentional ‘directed accelerated evolution’ of novel coronavirus (SARS-
CoV-2) and Introducing a modified treatment method for ARDS. J Biomed 
Phys Eng 2020; 10:241–246.

27	 Jalilian AR. An overview on Ga-68 radiopharmaceuticals for positron emis-
sion tomography applications. Iran J Nucl Med 2016; 24:1–10.

28	 Qaim SM, Scholten B, Neumaier B. New developments in the production 
of theranostic pairs of radionuclides. J Radioanalytical Nuclear Chemistry 
2018; 318:1493–1509.

29	 Shanmugaraj B, Siriwattananon K, Wangkanont K, Phoolcharoen W. 
Perspectives on monoclonal antibody therapy as potential therapeutic 
intervention for Coronavirus disease-19 (COVID-19). Asian Pac J Allergy 
Immunol 2020; 38:10–18.

30	 Koujah L, Shukla D, Naqvi AR. CRISPR-Cas based targeting of host and 
viral genes as an antiviral strategy. Semin Cell Dev Biol 2019; 96:53–64.

31	 Wang G, Zhao N, Berkhout B, Das AT. CRISPR-Cas based antiviral strate-
gies against HIV-1. Virus Res 2018; 244:321–332.

32	 Soppe JA, Lebbink RJ. Antiviral goes viral: harnessing CRISPR/Cas9 to 
combat viruses in humans. Trends Microbiol 2017; 25:833–850.

33	 Zhang F, Abudayyeh OO, Gootenberg JS. A Protocol for Detection of COVID-
19 Using CRISPR Diagnostics. Cambridge, MA: Broad Institute, MIT, 2020.

34	 Chekani-Azar S, Gharib Mombeni E, Birhan M, Yousefi M. CRISPR/Cas9 
gene editing technology and its application to the coronavirus disease 
(COVID-19), a review. J Life Sci Biomed 2020; 10:01–09.

35	 Wang L, Wang Y, Ye D, Liu Q. Review of the 2019 novel coronavirus  
(SARS-CoV-2) based on current evidence. Int J Antimicrob Agents 2020; 
55:105948.

36	 Chandra RAR. Nuclear Medicine Physics: The Basics: Wolters Kluwer 
Health/Lippincott Williams & Wilkins, 2017.

37	 Lütje S, Marinova M, Kütting D, Attenberger U, Essler M, Bundschuh RA. 
Nuclear medicine in SARS-CoV-2 pandemia: 18F-FDG-PET/CT to visualize 
COVID-19. Nuklearmedizin 2020; 59:276–280.

38	 Das KM, Lee EY, Langer RD, Larsson SG. Middle east respiratory 
syndrome coronavirus: what does a radiologist need to know? AJR Am J 
Roentgenol 2016; 206:1193–1201.

39	 Chefer S, Seidel J, Cockrell AS, et al. The Human Sodium Iodide Symporter 
as a Reporter Gene for Studying Middle East Respiratory Syndrome 
Coronavirus Pathogenesis. mSphere 2018; 3:e00540–18.

40	 Walls AC, Xiong X, Park YJ, Tortorici MA, Snijder J, Quispe J, et al. 
Unexpected receptor functional mimicry elucidates activation of coronavirus 
fusion. Cell 2019; 176:1026–1039.e15.

41	 ter Meulen J, Bakker AB, van den Brink EN, Weverling GJ, Martina BE, 
Haagmans BL, et al. Human monoclonal antibody as prophylaxis for SARS 
coronavirus infection in ferrets. Lancet 2004; 363:2139–2141.

42	 Zhang L, Liu Y. Potential interventions for novel coronavirus in China: a 
systemic review. JJ Med Virol 2020; 92:479–490.

43	 Coughlin MM, Prabhakar BS. Neutralizing human monoclonal antibodies 
to severe acute respiratory syndrome coronavirus: target, mechanism of 
action, and therapeutic potential. Rev Med Virol 2012; 22:2–17.

44	 Berry JD, Hay K, Rini JM, Yu M, Wang L, Plummer FA, et al. Neutralizing 
epitopes of the SARS-CoV S-protein cluster independent of repertoire, 
antigen structure or mAb technology. MAbs 2010; 2:53–66.

45	 Caly L, Druce JD, Catton MG, Jans DA, Wagstaff KM. The FDA-approved 
drug ivermectin inhibits the replication of SARS-CoV-2 in vitro. Antiviral 
Res 2020; 178:104787.


