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Abstract: Driven by necessity, the COVID-19 pandemic caused by SARS-CoV-2 has accelerated the
development and implementation of new vaccine platforms and other viral therapeutics. Among
these is the therapeutic use of antibodies including single-domain antibodies, in particular the
camelid variable heavy-chain fragment (VHH). Such therapies can provide a critical interim inter-
vention when vaccines have not yet been developed for an emerging virus. It is evident that an
increasing number of different viruses are emerging and causing epidemics and pandemics with
increasing frequency. It is therefore imperative that we capitalize on the experience and knowledge
gained from combatting COVID-19 to be better prepared for the next pandemic.
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1. Introduction

Single-domain antibodies (sdAb) are the smallest fragments of antibody that retain
the full antigen-binding capacity of a conventional antibody. The majority of sdAbs are
derived from camelid heavy-chain antibodies. In addition to conventional antibodies,
members of the Camelidae family also produce heavy-chain-only antibodies containing a
single variable domain instead of two variable domains (VH and VL) found in the anti-
gen-binding fragment (Fab) of conventional immunoglobulin G antibodies (Figure 1). The
first nanobody-based therapy (calpacizumab) was approved in the European Union in
2018 and in the USA in 2019 and for the treatment of acquired thrombotic thrombocyto-
penic purpura (aTTP), a rare blood-clotting disorder associated with an over-production
of the von Willebrand factor. Calpacizumab is a bivalent, humanized variable domain
antibody targeting the A1 domain of the von Willebrand factor, which inhibits interaction
with the platelet glycoprotein Ib-IX-V receptor [1]. Viral targets for which VHH antibodies
have been developed include SARS-CoV-2, the causative agent of COVID-19 [2], Middle
East respiratory syndrome Coronavirus (MERS-CoV) [3], betacoronavirus [4] and influ-
enza A virus [5].
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Figure 1. Schematics of (A) conventional immunoglobulin G (IgG1) showing two heavy chains
(blue) and two light chains (green), which are folded into constant and variable domains. The fab
domains consist of two variable domains (the variable fragment, Fv) and two constant domains
acting as a structural framework. The smallest intact functional unit of IgG1 consists of a single
heavy (VH) and light (VL) chain linked by an oligopeptide. (B) Camelid heavy-chain antibody (IgG2
and IgG3 fractions) consists of only heavy chains and the smallest functional antigen-binding frag-
ment is the VHH, which stands for the variable domain (VH) of heavy-chain antibodies. (C) Each
variable domain of the IgG1, IgG2 and IgG3 contains three hypervariable loops, known as comple-
mentary determining regions (CDRs) between four less variable framework regions (FR). Modified
from [6]. Created with BioRender.com (accessed on 31 December 2022).

2. Phage Display of VHH-Based Libraries for Pandemics

Like many other display-based recombinant antibodies, VHH are commonly derived
from a library of antibody genes that are displayed on phage particles by panning against
the target of interest. Different approaches to generating a VHH phage library include the
immunization of an alpaca or llama and cloning of the VHH gene amplified by a PCR
using reverse-transcribed RNA extracted from isolated lymphocytes into phagemid. Al-
ternatively, VHH that bind the target protein of interest can be selected by panning against
a ‘naive’ or synthetic VHH library. Ye et al. [7] generated a naive phage display library
with a diversity of 7.5 x 101 different VHH sequences using B cells from the spleen, bone
marrow and blood of nearly a dozen non-immunized llamas and alpacas. In another ap-
proach, Tsoumpeli et al. [8] used a PCR to introduce diversity into the CDR3 of a camelid
VHH scaffold known to function as an intrabody.

The possibility of using either naive or immune libraries derived from closely related
viruses in case of a pandemic for immediate antibody development is vital. This is essen-
tial, especially in cases where a rapid response is required. It is foreseeable that during the
onset of a pandemic, a rapid response can be mobilized by first developing VHH antibod-
ies using naive libraries because it affords a shorter time frame from screening to antibody
identification compared to traditional hybridoma technologies. The smaller size VHH al-
lows for easy production using a prokaryotic host to meet worldwide demands, which is
more difficult with mammalian cell expression systems. Although VHH antibodies iso-
lated from naive or synthetic libraries are generally lower in affinity, the need to undergo



Antibodies 2023, 12, 7

30f6

affinity maturation of just a single domain would be less complicated for engineering than
a standard two-domain antibody. However, the potential cost implications involved in
the removal of endotoxin contamination in prokaryotic expression systems could be a hin-
dering factor for large-scale production of the VHH antibodies in the long run. Therefore,
the application of alternative expression systems such as algae (spirulina) [9], Nicotiana
benthamiana plants [10] or by in vivo delivery (mRNA therapy) could potentially reduce
the cost of implementing VHH antibodies into society.

There are several publications showing the use of immunized camelid-based libraries
for COVID-19 response [11-13]. Although antibodies generated by immune libraries gen-
erally exhibit higher affinities, good quality neutralizing antibodies have also been re-
ported from naive and synthetic VHH libraries [14]. Whether derived from naive or im-
munized libraries, VHH will have to undergo humanization for therapeutic applications
in line with regulations. Therefore, the development of VHH antibodies much like other
antibody formats would require the design and planning of a suitable selection strategy
depending on the planned downstream application of the antibody.

3. Advantages and Disadvantages of VHH

Until recently, most progress in the development of single-domain antibodies was in
the field of cancer diagnostics and treatment (see review [8]). Characteristics of VHH that
mean they have been avidly pursued in the cancer field are equally applicable to treatment
of viral diseases including COVID-19. The VHH CDR3 are generally longer than conven-
tional VH domains thus providing a larger epitope coverage and compensating for the
loss of the VL domain repertoire [15]. The relatively small size of the VHH domains also
allows them to bind occluded epitopes that conventional vaccines may not be able to elicit
antibodies against [16]. This is critical as these epitopes are generally conserved with very
low variability making them less subject to immunity-based selection pressures. An ex-
ample is the binding of VHH to a highly conserved epitope in the receptor-binding do-
main (RBD) of the SARS-CoV-2 spike protein [17]. Their small size also means VHH have
drug-like properties in terms of bioavailability [6], although they can be cleared too rap-
idly and need to be modified, for example by fusing with conventional Fc to improve their
pharmacokinetic (PK) profile. It is also easier to select specific binders against conforma-
tional epitopes; as for other viruses, the majority of neutralizing antibodies against SARS-
CoV-2 spike protein recognized conformational rather than linear epitopes [18]. Produc-
tion of VHH is relatively easy to scale up making it ideal for immediate and large-scale
production for global consumption. Their smaller size means expression in bacteria is eas-
ier; conventional antibodies require assembly of four polypeptide chains and extensive
disulphide bond formation for functionality.

Recently, a paper reported the isolation of VHH antibodies against SARS-CoV-2 us-
ing an immune alpaca library with a high thermostability of up to 95 °C. Additionally, the
reported VHH antibody also has an affinity in the picomolar range, which makes it very
attractive. More importantly, the restricted use of just a single binding domain did not
restrict the broadly neutralizing effects as it was able to withstand immune-escape muta-
tions found in the alpha, beta, gamma, epsilon, iota, and delta/kappa lineages [13]. Criti-
cally, this suggests that the presence of only a single binding domain in VHH antibodies
is sufficient to generate good neutralizing anti-infectives.

Availability of the DNA sequence encoding the phage-displayed antibody fragment
means the selected antibody fragments can be rapidly further engineered, for example to
achieve affinity maturation. Zupancic et al. [19] used an error-prone PCR and selection of
clones with improved affinity of the SARS-CoV-2 spike protein, but also accidentally dis-
covered that swapping the three CDRs between low-affinity clones also produced VHH
with improved affinity. Schepens et al. [18] used a protein-modelling approach to identify
a single amino-acid change that increased the affinity of VHH for the SARS-CoV-2 RBD.
There are also straightforward approaches to ‘humanize’ camelid VHH domains [8,14],
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which is important for reducing immunogenicity to the scaffold [20]. With further engi-
neering, two or three VHHSs can be combined into a single polypeptide chain, without
compromising folding or binding affinities [21,22], to generate neutralizing antibodies
[23]. Engineering of the VHH domains to generate fusion molecules such as VHH-Fc and
multi-domain VHH can improve their half-lives [24]. As they are more soluble and stable,
VHH can be nebulized and administered using an inhaler to target the respiratory tract in
the case of SARS-CoV-2 [25,26]. They can also be lyophilized and could be stockpiled in
case of a future epidemic/pandemic.

A key feature of the COVID-19 pandemic has been the need to keep up with variants.
It appears that VHH may have an advantage in this respect. So far, the only receptor-
binding antibody that is cross-neutralizing is a VHH (VHH-72), which was produced by
repeatedly immunizing a llama with SARS-CoV-1 and MERS-CoV spike proteins [4]. Mul-
tivalent and multi-specific molecules combining two or more antibodies might not only
improve efficacy but also protect against resistance due to virus-escape mutants [27].

A potential Achilles’ heel that became apparent during a phase I clinical trial of a
therapeutic VHH was that aggregation can result in (liver) toxicity and immune reactivity
in patients with pre-existing anti-drug antibodies. This however can be addressed by de-
veloping in vitro assays to screen for aggregation-resistant VHH [8] and modifications to
improve stability, for instance adding a negatively charged tail to the C-terminus can re-
duce aggregation [28].

4. Application of VHH in Pandemic Response

The recent COVID-19 pandemic has highlighted the shortcomings of the health re-
sponse mechanism in many countries. Although a PCR-based diagnostic was the gold
standard diagnostic recommended by the World Health Organization (WHO), it was ev-
ident that PCR-based diagnostics were not the solution for the rapid testing of a global
population. Ultimately, when considering that the pandemic does not discriminate be-
tween developed and under-developed countries, cheaper and less complicated testing
was necessary to ensure the greater population receives testing. The general characteris-
tics of VHH antibodies discussed earlier highlights how VHH antibodies can be applied
for the development of alternative diagnostic platforms. The most common and reliable
approach that is cost-effective and easy to perform is the lateral flow assay.

VHH antibodies have been shown to work well in lateral flow assays and other im-
munoassays for the detection of infectious agents such as norovirus [29] and trypano-
somes [30]. In the case of COVID-19, VHH antibodies have been applied in lateral flow
[31] and even hemagglutination assays [32].

During pandemics, especially when dealing with new and unknown infections, there
is a need to rapidly obtain a better understanding of the infection and research reagents
like antibodies are critical to enable researchers to carry out faster studies. Hence, VHH
antibodies can help fill that void especially when dealing with new infections where the
reagent supply or availability is scarce. Antibodies developed recombinantly have the ad-
vantage of a faster turnaround time if compared to animal-immunization-based polyclo-
nal antibodies and the even longer time required for hybridoma production due to the
complexity of screening. Therefore, recombinant antibodies like VHH would provide an
added advantage in this respect to ensure preparedness.

5. Prospects

In response to the emergence of COVID-19, the World Health Organization activated
its global strategy and preparedness plan (the R&D Blueprint). This provides a roadmap
for the rapid activation of efforts to develop effective tests, vaccines, and medicines
against a list of priority diseases. The current R&D Blueprint list includes COVID-19; Cri-
mean-Congo haemorrhagic fever; Ebola virus disease and Marburg virus disease; Lassa
fever; MERS-CoV and SARS; Nipah and henipaviral diseases; Rift Valley fever; Zika; and
“Disease X” (to allow for emergence of an unknown pathogen). With the recent emergence
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of mpox (previously called monkeypox) infections in new regions, there is also a possibil-
ity that novel VHH antibodies would be developed to establish rapid diagnostics and po-
tentially neutralizing antibodies for therapy. Developing VHH against known viruses and
identifying effective cross-reactive antibodies that could be used if related viruses emerge
could be a key component of future pandemic preparedness.

Author Contributions: Conceptualization, ]JM.D., T.S.L. and K.C.G.; writing—original draft prep-
aration, ].M.D.; writing—review and editing, ] M.D., T.S.L. and K.C.G. All authors have read and
agreed to the published version of the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.

12.

13.

14.

15.

16.

Scully, M.; Cataland, S.R.; Peyvandi, F.; Coppo, P.; Knobl, P.; Kremer Hovinga, ]J.A.; Metjian, A.; de la Rubia, J.; Pavenski, K.;
Callewaert, F.; et al. Caplacizumab Treatment for Acquired Thrombotic Thrombocytopenic Purpura. N. Engl. |. Med. 2019, 380,
335-346. https://doi.org/10.1056/NE]Moa1806311.

Stefan, M.A; Light, Y.K.; Schwedler, J.L.; Mcllroy, P.R.; Courtney, C.M.; Saada, E.A.; Thatcher, C.E.; Phillips, A.M.; Bourguet,
F.A.; Mageeney, C.M.; et al. Development of potent and effective synthetic SARS-CoV-2 neutralizing nanobodies. MAbs 2021,
13, 1958663. https://doi.org/10.1080/19420862.2021.1958663.

Zhao, G.; He, L.; Sun, S.; Qiu, H.; Tai, W.; Chen, J.; Li, J.; Chen, Y.; Guo, Y.; Wang, Y.; et al. A Novel Nanobody Targeting Middle
East Respiratory Syndrome Coronavirus (MERS-CoV) Receptor-Binding Domain Has Potent Cross-Neutralizing Activity and
Protective Efficacy against MERS-CoV. ]. Virol. 2018, 92, e00837-18. https://doi.org/10.1128/JV1.00837-18.

Wrapp, D.; De Vlieger, D.; Corbett, K.S.; Torres, G.M.; Wang, N.; Van Breedam, W.; Roose, K.; van Schie, L.; Hoffmann, M.;
Pohlmann, S.; et al. Structural Basis for Potent Neutralization of Betacoronaviruses by Single-Domain Camelid Antibodies. Cell
2020, 181, 1004-1015.e1015. https://doi.org/10.1016/j.cell.2020.04.031.

Hanke, L.; Knockenhauer, K.E.; Brewer, R.C.; van Diest, E.; Schmidt, F.I.; Schwartz, T.U.; Ploegh, H.L. The Antiviral Mechanism
of an Influenza A Virus Nucleoprotein-Specific Single-Domain Antibody Fragment. mBio 2016, 7, e01569-16.
https://doi.org/10.1128/mBio.01569-16.

lIezzi, M.E.; Policastro, L.; Werbajh, S.; Podhajcer, O.; Canziani, G.A. Single-Domain Antibodies and the Promise of Modular
Targeting in Cancer Imaging and Treatment. Front. Immunol. 2018, 9, 273. https://doi.org/10.3389/fimmu.2018.00273.

Ye, G,; Gallant, J.; Zheng, J.; Massey, C.; Shi, K.; Tai, W.; Odle, A.; Vickers, M.; Shang, J.; Wan, Y.; et al. The development of
Nanosota-1 as anti-SARS-CoV-2 nanobody drug candidates. eLife 2021, 10, e64815. https://doi.org/10.7554/eLife.64815.
Tsoumpeli, M.T.; Gray, A.; Parsons, A.L.; Spiliotopoulos, A.; Owen, J.P.; Bishop, K.; Maddison, B.C.; Gough, K.C. A Simple
Whole-Plasmid PCR Method to Construct High-Diversity Synthetic Phage Display Libraries. Mol. Biotechnol. 2022, 64, 791-803.
https://doi.org/10.1007/s12033-021-00442-4.

Jester, B.W.; Zhao, H.; Gewe, M.; Adame, T.; Perruzza, L.; Bolick, D.T.; Agosti, J.; Khuong, N.; Kuestner, R.; Gamble, C.; et al.
Development of spirulina for the manufacture and oral delivery of protein therapeutics. Nat. Biotechnol. 2022, 40, 956-964.
https://doi.org/10.1038/s41587-022-01249-7.

Teh, Y.H.; Kavanagh, T.A. High-level expression of Camelid nanobodies in Nicotiana benthamiana. Transgenic Res. 2010, 19,
575-586. https://doi.org/10.1007/s11248-009-9338-0.

Wu, X,; Cheng, L.; Fu, M.; Huang, B.; Zhu, L.; Xu, S.; Shi, H.; Zhang, D.; Yuan, H.; Nawaz, W.; et al. A potent bispecific nanobody
protects hACE2 mice against SARS-CoV-2 infection via intranasal administration. Cell Rep. 2021, 37, 109869.
https://doi.org/10.1016/j.celrep.2021.109869.

Anderson, G.P; Liu, J.L.; Esparza, T.J.; Voelker, B.T.; Hofmann, E.R.; Goldman, E.R. Single-Domain Antibodies for the Detection
of SARS-CoV-2 Nucleocapsid Protein. Anal. Chem. 2021, 93, 7283-7291. https://doi.org/10.1021/acs.analchem.1c00677.

Guttler, T.; Aksu, M.; Dickmanns, A.; Stegmann, K.M.; Gregor, K.; Rees, R.; Taxer, W.; Rymarenko, O.; Schunemann, J.;
Dienemann, C.; et al. Neutralization of SARS-CoV-2 by highly potent, hyperthermostable, and mutation-tolerant nanobodies.
EMBO ]. 2021, 40, €107985. https://doi.org/10.15252/embj.2021107985.

Dong, J.; Huang, B.; Jia, Z.; Wang, B.; Gallolu Kankanamalage, S.; Titong, A.; Liu, Y. Development of multi-specific humanized
llama antibodies blocking SARS-CoV-2/ACE2 interaction with high affinity and avidity. Emerg. Microbes Infect. 2020, 9, 1034—
1036. https://doi.org/10.1080/22221751.2020.1768806.

Bannas, P.; Hambach, J.; Koch-Nolte, F. Nanobodies and Nanobody-Based Human Heavy Chain Antibodies As Antitumor
Therapeutics. Front. Immunol. 2017, 8, 1603. https://doi.org/10.3389/fimmu.2017.01603.

Strokappe, N.M.; Hock, M.; Rutten, L.; McCoy, L.E.; Back, ].W.; Caillat, C.; Haffke, M.; Weiss, R.A.; Weissenhorn, W.; Verrips,
T. Super Potent Bispecific Llama VHH Antibodies Neutralize HIV via a Combination of gp41 and gp120 Epitopes. Antibodies
2019, 8, 38. https://doi.org/10.3390/antib8020038.



Antibodies 2023, 12, 7 6 of 6

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Schepens, B.; van Schie, L.; Nerinckx, W.; Roose, K.; Van Breedam, W.; Fijalkowska, D.; Devos, S.; Weyts, W.; De Cae, S.;
Vanmarcke, S.; et al. An affinity-enhanced, broadly neutralizing heavy chain-only antibody protects against SARS-CoV-2
infection in animal models. Sci. Transl. Med. 2021, 13, eabi7826. https://doi.org/10.1126/scitranslmed.abi7826.

Gattinger, P.; Niespodziana, K.; Stiasny, K.; Sahanic, S.; Tulaeva, I.; Borochova, K.; Dorofeeva, Y.; Schlederer, T.; Sonnweber, T.;
Hofer, G.; et al. Neutralization of SARS-CoV-2 requires antibodies against conformational receptor-binding domain epitopes.
Allergy 2022, 77, 230-242. https://doi.org/10.1111/all.15066.

Zupancic, ].M.; Desai, A.A.; Schardt, ].S.; Pornnoppadol, G.; Makowski, E.K; Smith, M.D.; Kennedy, A.A.; Garcia de Mattos
Barbosa, M.; Cascalho, M.; Lanigan, T.M.; et al. Directed evolution of potent neutralizing nanobodies against SARS-CoV-2 using
CDR-swapping mutagenesis. Cell Chem. Biol. 2021, 28, 1379-1388.e7. https://doi.org/10.1016/j.chembiol.2021.05.019.

Sang, Z.; Xiang, Y.; Bahar, L; Shi, Y. Llamanade: An open-source computational pipeline for robust nanobody humanization.
Structure 2022, 30, 418-429.e3. https://doi.org/10.1016/j.str.2021.11.006.

Titong, A.; Gallolu Kankanamalage, S.; Dong, J.; Huang, B.; Spadoni, N.; Wang, B.; Wright, M.; Pham, K.L.J.; Le, A.H,; Liu, Y.
First-in-class trispecific VHH-Fc based antibody with potent prophylactic and therapeutic efficacy against SARS-CoV-2 and
variants. Sci. Rep. 2022, 12, 4163. https://doi.org/10.1038/s41598-022-07952-4.

Wagner, T.R.; Schnepf, D.; Beer, ].; Ruetalo, N.; Klingel, K.; Kaiser, P.D.; Junker, D.; Sauter, M.; Traenkle, B.; Frecot, D.I; et al.
Biparatopic nanobodies protect mice from lethal challenge with SARS-CoV-2 variants of concern. EMBO Rep. 2022, 23, e53865.
https://doi.org/10.15252/embr.202153865.

Ma, H.; Zeng, W.; Meng, X.; Huang, X.; Yang, Y.; Zhao, D.; Zhou, P.; Wang, X.; Zhao, C.; Sun, Y.; et al. Potent Neutralization of
SARS-CoV-2 by Hetero-bivalent Alpaca Nanobodies Targeting the Spike Receptor-Binding Domain. J. Virol. 2021, 95. e02438-
20. https://doi.org/10.1128/jvi.02438-20.

Hoefman, S.; Ottevaere, I.; Baumeister, J.; Sargentini-Maier, M.L. Pre-Clinical Intravenous Serum Pharmacokinetics of Albumin
Binding and Non-Half-Life Extended Nanobodies®. Antibodies 2015, 4, 141-156.

Gai, J.; Ma, L; Li, G,; Zhu, M,; Qiao, P.; Li, X;; Zhang, H.; Zhang, Y.; Chen, Y.; Ji, W.; et al. A potent neutralizing nanobody
against SARS-CoV-2 with inhaled delivery potential. MedComm 2021, 2, 101-113. https://doi.org/10.1002/mco02.60.

Haga, K.; Takai-Todaka, R.; Matsumura, Y.; Song, C.; Takano, T.; Tojo, T.; Nagami, A_; Ishida, Y.; Masaki, H.; Tsuchiya, M.; et
al. Nasal delivery of single-domain antibody improves symptoms of SARS-CoV-2 infection in an animal model. PLoS Pathog.
2021, 17, e1009542. https://doi.org/10.1371/journal. ppat.1009542.

Xiang, Y.; Nambulli, S.; Xiao, Z.; Liu, H.; Sang, Z.; Duprex, W.P.; Schneidman-Duhovny, D.; Zhang, C.; Shi, Y. Versatile and
multivalent nanobodies efficiently neutralize SARS-CoV-2. Science 2020, 370, 1479-1484.
https://doi.org/10.1126/science.abe4747.

Goldman, E.R; Liu, J.L.; Zabetakis, D.; Anderson, G.P. Enhancing Stability of Camelid and Shark Single Domain Antibodies:
An Overview. Front. Immunol. 2017, 8, 865. https://doi.org/10.3389/fimmu.2017.00865.

Doerflinger, S.Y.; Tabatabai, J.; Schnitzler, P.; Farah, C.; Rameil, S.; Sander, P.; Koromyslova, A.; Hansman, G.S. Development
of a Nanobody-Based Lateral Flow Immunoassay for Detection of Human Norovirus. mSphere 2016, 1. e00219-16.
https://doi.org/10.1128/mSphere.00219-16.

Pinto Torres, J.E.; Goossens, J.; Ding, J.; Li, Z.; Lu, S.; Vertommen, D.; Naniima, P.; Chen, R.; Muyldermans, S.; Sterckx, Y.G.; et
al. Development of a Nanobody-based lateral flow assay to detect active Trypanosoma congolense infections. Sci. Rep. 2018, 8,
9019. https://doi.org/10.1038/s41598-018-26732-7.

Maeda, R.; Fujita, J.; Konishi, Y.; Kazuma, Y.; Yamazaki, H.; Anzai, I.; Watanabe, T.; Yamaguchi, K,; Kasai, K.; Nagata, K,; et al.
A panel of nanobodies recognizing conserved hidden clefts of all SARS-CoV-2 spike variants including Omicron. Commun. Biol.
2022, 5, 669. https://doi.org/10.1038/s42003-022-03630-3.

Townsend, A.; Rijal, P.; Xiao, J.; Tan, T.K.; Huang, K.A.; Schimanski, L.; Huo, J.; Gupta, N.; Rahikainen, R.; Matthews, P.C.; et
al. A haemagglutination test for rapid detection of antibodies to SARS-CoV-2. Nat. Commun. 2021, 12, 1951.
https://doi.org/10.1038/s41467-021-22045-y.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual au-
thor(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.



