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EXECUTIVE SUMMARY  
 

The World Health Organization (WHO) Advisory Committee on Variola Virus 
Research (ACVVR) held its twenty-first meeting from 30 October to 1 November 
2019 at WHO headquarters in Geneva, following the conclusion of the May 2019 
seventy-second World Health Assembly (WHA) to allow retention of variola 
virus stocks to advance development of smallpox countermeasures for outbreak 
preparedness.  

Variola virus repositories 

The Committee received reports on the variola virus collections held at the 
authorized repositories at the State Research Centre of Virology and 
Biotechnology (VECTOR), Koltsovo, Novosibirsk Oblast, Russian Federation and 
at the Centers for Disease Control and Prevention (CDC), Atlanta, Georgia, the 
United States of America.  

Research update 

The Committee received detailed reports on the progress of approved research 
using live variola virus. Research proposals had been received in 2019 from the 
two WHO collaborating centres authorized to hold variola virus, the United 
States Centers for Disease Control and Prevention and VECTOR. Proposals for 
continuing or new projects were presented for 2020 within the broader context 
of research goals for a three-year period to 2022. 

Antiviral agents 
The Committee received progress reports on approved antiviral agent research 
on antiviral agents. Additional studies on the only approved smallpox antiviral 
tecovirimat are approaching completion. The United States Centers for Disease 
Control and Prevention proposes study of a new antiviral agent, ST-357. VECTOR 
expects to achieve licensure of NIOCH-14 in the Russian Federation by 2022 and 
proposes to continue preclinical evaluation of other compounds. Both centres 
propose continuing to explore individual, or mixtures of, monoclonal antibodies 
as alternative avenues to treatment of smallpox, and several studies look 
promising. The United States Centers for Disease Control and Prevention 
continues to characterize mouse models susceptible to systemic variola virus 
infection for evaluating antiviral agents. 

Vaccines 
Development of vaccinia-based vaccines against smallpox continues, with the 
primary objective being to enhance vaccine safety and a main challenge being to 
ascertain correlates of effectiveness. A modified vaccinia Ankara (MVA) vaccine 
licensed in the EU and Canada against smallpox was approved in the US in 
September 2019 for prevention of smallpox and monkeypox, the first vaccine 
approved for monkeypox. VECTOR continues to develop an attenuated 4th 
generation vaccine, VacDelta6, with Phase 1, 2 and 3 trials planned and licensing 
expected by 2022. Japan continues to study the 3rd generation vaccine LC16m8, 
licensed for prevention of smallpox, to ensure protectiveness in an outbreak.  
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Diagnostics 
With respect to diagnostics, polymerase chain reaction (PCR)-based detection systems 
approved by the US FDA or licensed in the Russian Federation have the capacity to  
detect and distinguish variola virus from other orthopoxviruses. It was recommended 
that work continue to transition the technology to new platforms to keep it up to 
date. Work for protein-based point of care assays was presented and discussed.  

Paleogenomics 

The Committee discussed the emerging issue of paleogenomic research in human 
remains, where variola virus DNA may be the subject of investigation or an 
incidental finding. The Committee observed that the WHO Recommendations on 
the distribution, handling, and synthesis of variola virus DNA prohibit retention 
of more than 20% of the variola virus genome in any single place except for the 
two approved WHO collaborating centers. It also noted that the highly 
fragmented DNA found in ancient samples did not represent a risk to human 
health. It was recognized that further guidance was needed for laboratories 
undertaking this type of work and that WHO Recommendations concerning 
variola virus DNA will need revision. 
 
Monkeypox 

The Committee reviewed updates on monkeypox emergence in affected 
countries and discussed the application of smallpox medical countermeasures to 
monkeypox prevention and control, including a vaccine study underway in the 
Democratic Republic of the Congo, and a proposed a field study of the antiviral 
tecovirimat in the Central African Republic. The Committee expressed interest in 
continuing discussions to develop orthopoxvirus laboratory collaboration in a 
form which would cover both smallpox and monkeypox diagnostic capacity. 
 

Smallpox archives 

The Committee was informed that the WHO Smallpox Archives had been 
inscribed in the United Nations Educational, Scientific and Cultural Organization 
Memory of the World Register in 2017. WHO had announced plans to 
commemorate the fortieth anniversary of the declaration of smallpox 
eradication. All participants of the twenty-first Committee meeting were invited 
to visit the WHO Smallpox Archives on the third meeting day. 

Conclusion 

The Committee expressed support for the continued development of antiviral 
agents against smallpox to supplement the single approved agent to date. The 
Committee noted progress on monoclonal antibodies as well as their limited 
applicability for outbreak response currently. The Committee agreed to 
recommend that work continue for those vaccines already in development. The 
Committee noted that point-of-care tests are desirable but was split as to 
whether the use of live variola virus for this work is essential.  
 

Research not already approved during the meeting would be reviewed in detail 
by the Committee following written submission of proposals.  
 

Other recommendations offered by the Committee are summarized in this 
report.  
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MEETING PROCEEDINGS  
 

Secretariat report 

1. Opening of the meeting 
 
The twenty-first meeting of the WHO Advisory Committee on Variola Virus 
Research (hereinafter referred to as “Committee”) was held at WHO 
headquarters, Geneva, Switzerland from 30 October to 1 November 2019. The 
meeting was chaired by Professor Geoffrey L. Smith and Dr Supamit 
Chunsuttiwat served as session chair on the third day. The rapporteur was 
Dr Nina Mattock. The agenda is appended as Annex 1 and the list of participants 
as Annex 2.  
 
The objectives of the meeting were to:  

- Review progress of approved research with live variola virus 
- Discuss the public health benefit of approved smallpox research and identify 

emerging issues 
- Agree on a research programme and recommendations for 2019–2022 
 
Dr Mike Ryan, Executive Director, WHO Health Emergencies Programme 
opened the meeting. He recalled that the Committee had performed important 
functions since 1999, and that we are now 40 years on from the eradication of 
smallpox. Nonetheless, there was genuine concern that we were in an era of 
increasing biologic risk, in part due to advances in technology. Therefore, it was 
important now to reflect on how the global community scrutinized all research 
projects, including those involving variola virus. Citing the reemergence of 
monkeypox, he mentioned that opportunities were presenting themselves, such 
as how the countermeasures developed over the last 20 years could be useful for 
other orthopoxviruses, as well as the need to continue to encourage better 
networking between laboratories. Dr Ryan appreciated the coordination and 
communication in two recent incidents (mentioned below) and said that 
although biologic risk remained, we were now in a better position to manage it. 
Due to rapidly changing technology and new areas of research, WHO would seek 
recommendations from the Committee on further guidance for research that 
may involve variola virus DNA. Thus, he welcomed the participants and 
highlighted the importance of their work.   

2. Report of the WHO Smallpox Secretariat  
 
Dr Rosamund Lewis of the WHO Smallpox Secretariat gave an overview of the 
past year and mentioned the upcoming fortieth anniversary of the certification 
and declaration of smallpox eradication. Celebration of the fortieth anniversary 
of smallpox eradication would serve as the foundation for a new WHO exhibition 
and museum to be launched in the coming year.  
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In May 2019, at the seventy-second WHA, Member States had discussed the 
timing of destruction of variola virus stocks and endorsed retention of live 
variola virus for 3 to 5 years to pursue research. They noted that the first 
antiviral medication against smallpox had been licensed in 2018 and that the 
Committee had recommended continuation of research to develop further 
antiviral treatments. The Committee was requested to discuss variola virus 
research proposals from the two WHO collaborating centres – at the State 
Research Centre of Virology and Biotechnology (VECTOR) of the Russian 
Federation, and the United States Centers for Disease Control and Prevention 
(CDC) – in the context of a three-year time frame, so as to align with the 
consensus reached by Member States at the seventy-second WHA.  
 
The WHO smallpox vaccine emergency stockpile of about 30 million doses 
included 2.7 million doses in a physical stockpile. As vaccine potency had last 
been tested in 2016, plans were in place to repeat these important tests.  
Dr Lewis referred to several recent events, including the surfacing of decades-old 
vials containing lyophilized material reported by a Member State. The 
Committee would also discuss paleogenomic research on variola virus DNA 
fragments found in mummified or other human remains.  
 
In other activities, WHO had contributed to development of guidance on planning 
for the international deployment of medical countermeasures during a public 
health emergency and would continue to engage in the global health security 
agenda. A new Science Division was formed in WHO to oversee research, and to 
consider ethics and responsible research in the context of health security. WHO 
acknowledged the rapid development of new technologies, and the importance 
of collaboration between laboratories to improve diagnostic capacity as well as 
to enable rapid response to natural, accidental or deliberate events.  
 
Concerning monkeypox, WHO was developing training modules for public health 
professionals in affected countries in West and Central Africa, with the support 
of the United States Centers for Disease Control and Prevention, the Nigeria 
Centre for Disease Control and other partners.  
 
This year the Committee meeting had been extended to broaden discussion on 
the public health benefits of the work, as the importance of this had been 
highlighted by discussions at the seventy-second WHA. The most immediate 
public health benefits were a safer vaccine, global and national vaccine stocks, a 
licensed anti-smallpox drug, and diagnostic tests that identify and distinguish 
smallpox from other diseases. These benefits could now also be considered and 
tested for future prevention and control of monkeypox.  

3. Variola virus repositories biosafety/security inspection   
 
Dr Kazunobu Kojima, Technical Officer, WHO Health Emergencies Programme, 
recalled WHA resolution WHA60.1 (2007) requesting the Director-General to 
maintain biennial inspections of the two repositories, ensuring that research 
facilities and conditions of storage of the virus met the “highest requirements for 
biosafety and biosecurity”.  The inspection team was constituted of experts of 
diverse relevant professional backgrounds and from different WHO Member 
States, with observers participating from the other repository. VECTOR had been 
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inspected in January 2019, and the United States Centers for Disease Control and 
Prevention in May 2019.  Final reports are available.1 2 
 
The inspection protocol had 16 elements based upon European Committee for 
Standardization (CEN) Workshop Agreement 15793 (CWA 15793). Improvement 
was seen in both repositories and there were no critical findings. In answer to a 
question on the type of issues found, an example given was that there had been 
some inconsistencies in biosafety training records, and these had been corrected.  
Actual plans would be submitted, and the next inspections would be in 2021.  
 
As biosafety and biosecurity procedures were validated through onsite visit and 
documentary review, members inquired as to the reasons for not directly 
observing research undertaken in the BL4 laboratories. It was noted that as the 
WHO inspection teams were from different Member States, the clearance process 
for them to visit the labs while in operation could be protracted. Observing 
ongoing work may create conditions of exposure, training would have to be 
arranged locally for inspectors and the team may need to respect a period of 
quarantine following exposure according to national policy. Both laboratories 
had vaccination requirements in place for access under different circumstances.  
 
After discussion the Committee recommended a compromise in which the 
WHO collaborating centers would make available a video of work in 
progress rather than having inspectors visit the laboratories while they 
were in operation.   
 

Variola virus repository reports  

4. Report on the variola virus collection at the WHO Collaborating Centre for 
Orthopoxvirus Diagnosis and Repository for Variola Virus Strains and DNA at 
VECTOR, Rospotrebnadzor, Russian Federation – Dr Rinat Maksyutov 
 
Dr Rinat Maksyutov reminded the Committee that VECTOR, with its WHO 
collaborating centre established in 1997, had a collection of 120 strains of 
variola virus originating from Europe, Asia, Africa, South America and the 
Eastern Mediterranean, comprising a total of 1446 vials. Research with this 
collection was in compliance with national and international requirements. All 
necessary safety and security features were in place, and access to the 
permanent repository was strictly limited.  
 
No work involving the use of live variola virus was conducted in 2019 due to 
ongoing renovations in the Smallpox Facility; such work was scheduled to be 

                                                        
1 Report of the World Health Organization (WHO) Biosafety Inspection Team of the Variola Virus Maximum 
Containment Laboratories to the State Research Centre of Virology and Biotechnology (“SRC VB VECTOR”), 
Koltsovo, Novosibirsk Oblast, Russian Federation, 28 January-2 February 2019. WHO/WHE/CPI/2019.26, 
available at https://apps.who.int/iris/bitstream/handle/10665/330690/WHO-WHE-CPI-2019.25-eng.pdf. 
 
2 Report of the World Health Organization (WHO) Biosafety Inspection Team of the Variola Virus Maximum 
Containment Laboratories to the Centers for Disease Control and Prevention (CDC), Atlanta, Georgia, United 
States of America, 20-24 May 2019. WHO Document WHO/WHE/CPI/2019.26, available at 
https://apps.who.int/iris/bitstream/handle/10665/330691/WHO-WHE-CPI-2019.26-eng.pdf. 

https://apps.who.int/iris/bitstream/handle/10665/330690/WHO-WHE-CPI-2019.25-eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/330691/WHO-WHE-CPI-2019.26-eng.pdf
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resumed from January 2020 should the proposed research projects involving the 
use of live variola virus be approved by WHO. In the meantime, work continued 
on inactive variola virus genomic material and other orthopoxvirus studies.  
 
In answer to a question regarding the fire reported by VECTOR in September 
2019, it was noted that the incident had occurred in a non-laboratory part of a 
different building destined for future work on influenza as a WHO collaborating 
centre, during renovations by an independent organization. No work with any 
biological material was ongoing at the time of the fire. The Smallpox Facility and 
repository were unaffected by this incident.  
 

5. Report on the variola virus collection at the WHO Collaborating Centre for 
Smallpox and Other Poxviruses at the Centers for Disease Control and Prevention, 
USA – Dr Victoria Olson 
 
The variola virus repository at the United States Centers for Disease Control and 
Prevention maintains the highest level of biosafety containment and restricted 
access. Exercises for emergency scenarios were regularly carried out. Approved 
research projects using live variola virus continued through March 2019. As per 
usual practice, the laboratory was decontaminated for annual maintenance in 
April and the WHO inspection took place in May 2019. Work resumed in June 
2019. During the past year, there had been no complete withdrawals from or 
additions to the long-term repositories.  
Variola virus was removed from the repository to undertake approved research 
as follows:    
- maintain/regenerate non-infectious material for diagnostic support (27 

uses); 
- evaluation of monoclonal antibodies as antiviral agents (26 uses); 
- evaluation of the ability of tecovirimat to inhibit different strains of variola 

virus with unique sequences in the viral target gene (F13L) (32 uses); 
- characterization of the humanized mouse model (13 uses), to determine its 

utility in understanding potential medical countermeasures against smallpox; 
and 

- development of less reactogenic vaccines (19 uses). 

Research reports 

6. Summary of proposals from WHO collaborating centres for research with live 
variola virus – Prof Geoffrey L. Smith 
 
Six proposals had been received from the United States Centers for Disease 
Control and Prevention and these had been approved by WHO in 2019 following 
review by the Committee members. They had been circulated to Committee 
members, a majority of whom had been in favour of continuing all six projects, 
although some reservations had been expressed about the project involving a 
humanized mouse model.  
 
Three new proposals had been received from VECTOR just ahead of this meeting; 
two of these were recommended for approval by a clear majority of Committee 
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members while the third, regarding completion of vaccine studies, would require 
further discussion at this meeting.   

Stock replenishment and genome sequencing 

7. Approved research 2018/2019: Replenishment of the stocks at VECTOR with non-
infectious material derived from live variola virus and required for diagnostics 
development – Dr Rinat Maksyutov 
 
Dr Maksyutov informed members that following prior confirmation of the 
viability of 55 isolates held at VECTOR, virus was grown in cell culture and the 
DNA analysed. The variola virus DNA prepared had been used to test kits for 
diagnosis of human pathogenic orthopoxviruses. The Vector-MPCR-smallpox test 
kit based on multiplex polymerase chain reaction (MPCR) licensed in the Russian 
Federation in 2011 had been replaced by a multiplex TaqMan real-time PCR test 
for diagnosis of four pathogenic orthopoxviruses (variola virus, monkeypox 
virus, cowpox virus, and vaccinia virus) in a single reaction. The Vector-MPCRrt-
smallpox kit licensed in the Russian Federation in 2016 was verified in 2019 
with specimens from a human case previously diagnosed with cowpox.   
 
In 2017, the complete genomic sequences of 24 variola virus isolates had been 
determined. In 2018, variola virus strains in the stocks at VECTOR from 
geographic regions not previously studied were cultured. In 2019, full-genome 
sequencing was performed on these strains and the extracted DNA samples were 
also tested with the Vector-MPCRrt-smallpox kit. Altogether 8 strains were 
sequenced during the year under review, such that, to date, full-genome 
sequencing had been completed for 32 of the total 120 variola virus strains in the 
repository. Plans for 2020–2022 included additional full-genome sequencing of 
as many of the remaining 88 strains as possible; it would only be necessary to 
grow virus before sequencing if the material available was insufficient.  
 
There was discussion about whether additional variola virus sequence 
information from both repositories should be published. It was noted that there 
had been extensive debate about this issue prior to publication of the first 
sequences in the early 1990s, and since then the sequences of ~ 50 additional 
strains of variola virus had been published and deposited in public databases.  
The Committee recommended that sequences of additional variola virus 
genomes should be published. 
 

8. Approved research 2018/2019: Use of live variola virus to maintain and 
regenerate non-infectious variola virus derived materials for diagnostics 
development support – Dr Victoria Olson 
 
Dr Victoria Olson presented findings on work begun in 2013 with 135 samples 
with good epidemiologic history (date and location of isolation, and/or history of 
passage in embryonated eggs during the final years of the smallpox eradication 
programme). Methods were optimized in 2013–2016 so that scab material could 
be directly sequenced using newer methods such as Illumina. These methods 
were welcome because they avoided the need for virus cultivation and facilitated 
sequencing even in samples where no viable virus was present. Ten samples still 
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required sequencing. In 2019, a further 19 original samples with sufficient 
information had been identified for sequencing (for a total of 154 samples). 
 
Dr Olson presented the new sequences obtained during the year under review. In 
total, 141 sequences were now completed (of 154 currently planned), up from 
the 68 presented in September 2018. New isolates continued to group 
geographically with previously published genomes. Understanding the 
variability within the genome would help assess the performance of diagnostic 
assays. New sequence information yielded ten variations in the amino acid 
sequence of the variola virus F13 protein (the target of the antiviral tecovirimat). 
Members discussed the possible impact of these mutations on the function of the 
protein and its sensitivity to tecovirimat. This is described under section 11.  
 
The team planned to finalize the genomic sequencing for publication by the next 
meeting of the ACVVR.  The Committee discussed whether there was a need to 
collect new sequence data and noted that additional data might help anticipate 
whether a virus strain would be sensitive to tecovirimat, or whether existing 
diagnostic assays would retain sensitivity and specificity. The Committee 
agreed that the sequencing of available isolates should be done within the 
next 3 years.  
 

Antiviral agents and animal models 

Research, animal models and public health benefit  

9. Approved research 2018/2019: Discovery and testing of novel chemical antivirals 
for smallpox treatment and prevention – Dr Sergey Shchelkunov 
 
Dr Sergey Shchelkunov reminded the Committee that in 2018, a range of 
chemical compounds had been tested against variola virus in cell culture. In 
2019, a wider range of synthesized compounds were tested against 
orthopoxviruses in cultured Vero cells. The Ind.3a strain of variola virus was 
used, as well as strains of vaccinia, cowpox, and ectromelia viruses, and 
compounds were compared to the reference compound cidofovir. The most 
effective against variola virus was KSM-19, a derivative of N-acylhydrazone. 
Thirteen compounds were found to be highly active against the surrogate 
orthopoxviruses, and it was proposed to include these in further testing using live 

variola virus. Testing in cell culture would be completed in 2020 and testing in vivo in 

2021–2022.  

 
The Committee recommended that an in vivo screen of lead compounds 
against other orthopoxviruses should be conducted prior to testing 
compounds against variola virus.  

10. Preclinical studies on the anti-smallpox drug NIOCH-14 and next steps for 
licensure – Dr Sergey Shchelkunov  
 
Dr Shchelkunov informed the Committee that preclinical studies with a finished 
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dose formulation of the antiviral drug NIOCH-143, in the form of gelatin capsules 
for oral use, had been completed. These studies employed the Ind-3a strains of 
variola virus, and a strain of ectromelia virus, in mice, rats and guinea pigs. When 
NIOCH-14 was used in high doses in mice, survival against mousepox was 100% 
(control mice did not survive). Within a therapeutic window of 4 days post 
infection, survival was 100%; within 5 days post infection survival was 80%, 
whereas in the control group, none survived. Therapeutic benefit against variola 
virus was also evident in mice.  
 
The safety study of NIOCH-14 had allowed the agent to be classified as a low-
hazard substance. In mice, no pronounced or long-lasting changes were seen in 
physiological, histological, haematological or biochemical parameters. No 
immunotoxic or allergenic properties, reproductive toxicity or mutagenic activity 
were observed in mice, rats, or guinea pigs. The pharmacokinetics study of 
NIOCH-14 in animal models showed that it was converted into the active 
metabolite ST-2464 and a secondary metabolite5. 
 
In conclusion, NIOCH-14 was safe, bioavailable, and highly effective against 
orthopoxviruses when administered orally. Phase 1 clinical trials were proposed 
for 2020, Phase 2 and 3 trials for 2021–2022, and registration for 2023–2024.  
 

11. Approved research 2018/2019: Evaluation of antiviral tecovirimat against a panel 
of live variola virus isolates – Dr Christina Hutson  
 
Dr Christina Hutson recalled that tecovirimat had been approved for use in the 
US in July 2018 by the United States Food and Drug Administration (FDA). 
Resistance to tecovirimat had emerged during clinical use of the drug in an 
individual with progressive vaccinia and could be generated in vitro by virus 
passage in the presence of drug. The FDA had requested testing of tecovirimat 
against an expanded panel of variola virus isolates that contained mutations in 
the F13 envelope protein. In this study, variola isolates with different amino acid 
variants of the F13 protein were screened for sensitivity to tecovirimat.  
 
The Committee noted that the effect of these mutations could not be predicted 
and the sensitivity of viruses containing these mutations to tecovirimat needed 
determination experimentally. In cases where a viable variola virus strain 
containing such individual mutation was not available, it was recommended 
that testing be conducted either with other orthopoxviruses, such as 
cowpox virus, that contained F13 with the desired amino acid sequence, or, 
failing that, cell lines could be engineered to express the mutant F13 
protein. The ability of these cell lines to complement plaque formation by 
orthopoxviruses, such as vaccinia virus, lacking the F13L gene, should be tested 
in the presence or absence of tecovirimat. If plaque formation by the virus 
lacking the F13L gene was restored on cell lines expressing the mutant F13 
protein, then the protein was functional, and if such plaque formation was 
inhibited by tecovirimat, then the protein was sensitive to the drug. 

                                                        
3 A derivative of tricyclodicarboxylic acid.  
4 The condensed derivative of pyrroledione. 
5 4-trifluoromethyl-benzoic acid. 
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The Committee also noted that the approval of tecovirimat against variola virus 
paved the way for its evaluation against monkeypox in which the target protein 
F13 was highly conserved. Fewer F13 amino acid variants had been found in 
monkeypox virus than in variola virus.  
 
Dr. Hutson presented a new proposal to be submitted by the United States 
Centers for Disease Control and Prevention regarding another compound, ST-
357, which had a different mechanism of action from tecovirimat; its target was 
the large subunit of the viral poly-A polymerase encoded by gene E1L. A proof of 
concept study had been carried out in a mouse model, and medicinal chemistry 
optimization was underway. It was proposed that leading compounds would first 
be screened against vaccinia virus, and the most promising ones would then be 
screened against representative variola isolates in the coming years. The 
committee recommended that in vivo screening of lead optimized 
compounds against orthopoxviruses should be undertaken prior to testing 
against variola virus. 
 

12. Approved research 2018/2019: Use of live variola virus to evaluate monoclonal 
antibodies as antiviral agents for smallpox – Ms Ashley Kondas  
 
Ms Ashley Kondas described a set of ongoing studies to explore the potential of 
monoclonal antibodies (mAbs) as antiviral agents. A mAb cocktail could target 
both infectious forms of orthopoxviruses – the intracellular mature virion (IMV) 
and the extracellular enveloped virion (EEV) – potentially limiting the likelihood 
of viral resistance. The United States Centers for Disease Control and 
Preventionwas working with four different partners to evaluate their mAb 
cocktails.   
 
In 2019, the United States Centers for Disease Control and Prevention efforts had 
focused on mAbs known to neutralize orthopoxviruses, so as to identify activity 
against variola virus. Assessment of individual mAbs and a mixture of mAbs 
indicated that selected mAbs effectively neutralized the IMV form of virus. The 
search for an effective mAb to neutralize the EV form continues in order to 
develop a ‘universal pox mix’.  In collaboration with two commercial entities, 
mAb cocktails shown to provide protection in several in vivo models, were being 
tested against variola virus. In vitro testing against variola virus of mAbs from a 
third commercial entity was set to begin.  
 
Future work would include humanization of the above mAbs and continued 
testing of individual mAbs and cocktails to determine their potential as 
therapeutics against orthopoxviruses. Testing of the humanized mAbs and 
cocktails for one entity and ‘universal pox mix’ options in vitro would be 
completed by October 2020. Final assessment of the above-mentioned mAb 
cocktails in vitro is predicted would be completed by 2021. Further on, it could 
be possible to repurpose therapies for human monkeypox.   
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13. Approved research: Use of live variola virus to determine whether humanized 
mice are a suitable animal model for human smallpox – Ms Ashley Kondas 
 
Ms Kondas explained that the objective of this study was to find an alternative 
to the non-human primate model which was not representative of human 
smallpox due to the intravenous infection route (non-natural) and lack of 
representation of early phases of disease. Two humanized mouse strains – Hu-
BLT and Hu-CD34 – were highly susceptible to variola virus infection in a dose 
dependant manner with an approximate 13 day incubation. Results from the 
serial sacrifice study with the hu-BLT model were presented.  Viable virus was 
detectable in the nasal cavity from day 2 post infection (pi) and spread to the 
lung, liver and salivary gland/lymph nodes by day 4 pi.  By day 9 pi, the infection 
was systemic with 22/22 tissues testing positive for viable virus. A similar study 
was completed with the Hu-CD34 mice in October 2019. Samples had been 
frozen for later analysis and would be processed using real-time PCR, virus 
culture, seroconversion and biomarker analysis, as well as nanostring analysis 
on e.g. urine, whole blood, eye, tongue, in an attempt to find an early marker of 
disease that could correlate to infection in humans.    
 
There was much discussion about the value of these models. On the one hand it 
was felt that these models were so complex and artificial that their value for 
understanding variola virus infection in humans was very limited. On the other 
hand, some Committee members thought these models were a valuable 
additional tool to evaluate therapeutic agents against variola virus alongside in 
vitro screening methods. It was proposed by the United States Centers for 
Disease Control and Prevention that the remaining in vivo work with HU-BLT 
should be completed, and that tecovirimat effectiveness be assessed in both 
models. Since Committee members had previously approved work with these 
models by a narrow majority, detailed proposals would be reviewed following 
the meeting. 
 

14. Brincidofovir: Update on development – Dr Garrett Nichols   
 
Dr Garret Nichols reported that Chimerix had demonstrated the survival benefit 
of brincidofovir in two animal models infected with rabbitpox virus or 
ectromelia virus (ECTV). In the rabbitpox model, oral brincidofovir led to lower 
viral load, lower temperature, lower respiratory rate and better weight 
maintenance. In the ECTV study, brincidofovir had improved survival. In vitro, 
resistance to brincidofovir had been slow to emerge using ECTV, while no 
resistance had been detected in the rabbitpox studies.  
 
In a two-week brincidofovir study in humans, the most common side effects 
were diarrhoea, other gastro-intestinal events, and elevation of liver enzymes. 
The findings were typically mild to moderate, transient and reversible; a regimen 
of 200 mg weekly was better tolerated than 100 mg twice a week.  A range of 
formulations of brincidofovir were available or in development, including film-
coated tablets, a suspension for paediatric use, an IV liquid formulation, and a 
blister pack for a 2–week (smallpox) treatment course.  
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Agreement had been reached with the US Food and Drug Administration (FDA) 
that the rabbitpox and ectromelia models were suitable for establishing efficacy 
for smallpox under the Animal Rule. Orphan drug designation had been accepted 
by the European Medicines Agency in Sept 2016 and by the US in June 2018. 
Formal scientific advice had been received from the Committee for Medicinal 
Products for Human Use in Nov 2017, and a preliminary meeting for a new drug 
application was anticipated for early 2020. The Committee noted that progress 
with brincidofovir was encouraging and given the activity demonstrated against 
orthopoxviruses, brincidofovir may also be useful against monkeypox.  
 

15. Deployment of tecovirimat – what is next? – Dr Dennis Hruby 
 

Dr Dennis Hruby reviewed the approval of oral tecovirimat by the US FDA in 
July 2018 under the Animal Rule. Two million treatment courses had been 
stockpiled in the US. Post marketing activities included a pharmacokinetic study, 
a drug–drug interaction study, and characterization of tecovirimat activity 
against an expanded panel of variola virus isolates or other orthopoxviruses (see 
section 11 above). A paediatric formulation (powder for reconstitution) was 
under development.  

To broaden indications for tecovirimat, assessment had included testing against 
other orthopoxviruses. A non-human primate study had been carried out to 
evaluate post exposure prophylaxis for monkeypox virus. Tecovirimat treatment 
schedules had also been evaluated against intravenous (IV) monkeypox virus 
challenge. All animals surviving an initial challenge on day 1 survived re-
challenge on day 31 and showed minimal signs of illness regardless. A new drug 

application would be submitted for an IV formulation of tecovirimat in 2020. 
Application for EMA marketing authorization would also be submitted in 2020. 
Activities towards treatment of smallpox, monkeypox, cowpox (emerging in 
Europe), and vaccinia with oral tecovirimat were underway. In Sweden, a patient 
with disseminated cowpox infection had received multiple medical 
countermeasures including tecovirimat under a compassionate use protocol.  

Dr Hruby referred to the smallpox antiviral candidate ST-357 (see section 11 
above) that was active against several orthopoxviruses. In mouse models it had 
shown activity against vaccinia, ectromelia and cowpox viruses. The United States 

Centers for Disease Control and Prevention would be seeking approval from WHO 
to initiate a study to evaluate in vitro activity against variola virus.  
 

16. Discussion on antiviral research proposals  
 
The remit of the Advisory committee on variola virus research is to consider 
research involving live variola virus that is essential for public health benefit. 
One aspect of this research is to develop medical countermeasures that could be 
used in case smallpox reemerged. To this aim, one antiviral agent, tecovirimat, 
was approved by the US FDA, and another with a similar mechanism of action, 
NIOCH-14 in the Russian Federation, had advanced considerably.  At the 2019 
WHA, Member States agreed upon a further 3 to 5-year period to enable work 
requiring live variola virus to be completed.  
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The Committee discussed further anti-viral drug development and 
recommended that work should continue until two drugs with different 
mechanisms of action were approved. 
 
Several Committee members felt that two such drugs would suffice, whereas 
others considered that more than two would be desirable.   
 
Although mAbs have good therapeutic potential and safety profiles, their need 
for intravenous delivery, and high cost of manufacture at this time, would make 
their widespread use during an emergency challenging.  
 
In discussing each project proposal, a clear majority of Committee members 
recommended that the following work should continue: two VECTOR proposals 
(discovery and testing of novel chemical antivirals for smallpox treatment and 
prevention, and use of live variola virus to evaluate monoclonal antibodies) and 
the United States Centers for Disease Control and Prevention proposals (use of 
live variola virus to characterize the effectiveness of tecovirimat against different 
strains, and to evaluate monoclonal antibodies). A proposal was invited to begin 
work with ST-357.  
 
The United States Centers for Disease Control and Prevention’s proposal for use 
of variola virus to determine whether humanized mice could be a suitable model 
for human smallpox, was not supported by many members of the Committee. 
This model offered some attributes for evaluating the effectiveness of antiviral 
agents; however, it could not replicate human smallpox. Notably an antiviral 
agent for smallpox had been licensed without recourse to this model, which did 
not exist at the time. 
 
In summary, there was quite a wide-ranging portfolio. Tecovirimat was 
approved, and request for approval of brincidofovir for a new drug application 
was expected for 2020. NIOCH-14 looked promising, with a similar mode of 
action to tecovirimat, Phase 1 trials were planned, and in the next three years 
Phase 1, 2, and 3 trials would be completed. Other potential antiviral agents were 
being assessed. Different combinations of mAbs were being evaluated.  
 
The Committee also noted that drugs developed for smallpox would also 
very likely work for monkeypox and work should be done to test this.  
 

Vaccines 

Research and public health benefit  

17. WHO Collaborating Centre for Smallpox Vaccines: Report on the smallpox vaccine 
information database – Dr Willem Luytjes  

 
Dr Willem Luytjes provided an overview of the WHO Collaborating Centre for 
Smallpox Vaccine in Bilthoven, the Netherlands. The Centre consisted of a BSL-3 
laboratory, with 3 senior scientists and a technician. It held vaccinia virus seed 
and reference materials required for production, potency testing and quality 
control of first and second-generation smallpox vaccines. These materials were 
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accessible at the request of WHO, and trained and vaccinated personnel were 
available and able to take any necessary measures.  
 
The Centre also housed a smallpox vaccine information database, in Word files, 
scans and pdf formats, available for sharing at the request of WHO. Materials 
collected included documents and protocols for handling and testing of vaccines, 
information on vaccine manufacturers and production, plus relevant literature in 
the public domain and relevant Dutch historical information. It may be of 
interest to include international historic information, a database on vaccine 
adverse events, and information about what vaccines are available in national 
stockpiles. Currently WHO had very little information on the latter. The 
Committee recommended that as much of this information as possible 
should be made available.  
 

18. Preclinical and Phase I clinical studies on the anti-smallpox vaccine VACΔ6, and 
next steps for licensure – Dr Rinat Maksyutov 
 
Dr Maksyutov reported that the highly immunogenic anti-smallpox vaccine 
VACΔ6, created from a vaccinia virus strain by the deletion of six virulence genes, 

was genetically stable, with a passage history of 71 generations. In preclinical 
trials in a range of animal models and chicken eggs, the vaccine had shown high 
specificity and safety, with side effects limited to local irritation.  
 
Phase 1 clinical trials began in May 2019 and would be completed in Dec 2019. 
The objectives of this trial, in four previously unvaccinated groups of men and 
women aged 18–40 years, were to study the safety, tolerability and 
immunogenicity of the vaccine when administered intracutaneously by syringe, 
as well as determine the dose and number of immunizations needed. Phase 2 and 3 
clinical trials were planned for 2020–2021, and licensure (marketing 
authorization) in the Russian Federation was expected in 2022.  
 
The main advantage of VAC∆6, compared to the product commercially available 
in the Russian Federation, was lower reactogenicity. The vaccine would first be 
licensed for use in the general population and monitored for adverse events.   
 

19. Assessment of the neutralizing activity of vaccinated animals’ sera using variola 
virus to support the development of less reactogenic fourth generation vaccines – Dr 
Rinat Maksyutov 
 
In preclinical studies in 2019, the ability of the fourth-generation vaccine VAC∆6 
to generate antibodies in rabbits, mice and guinea pigs, and the capacity of the 
sera of vaccinated animals to neutralize vaccinia virus and variola virus (strains 
Ind-3a and Butler) to ascertain the effectiveness of humoral immunity generated 
by VAC∆6, were assessed. The activity of the vaccine had been demonstrated; 
neutralizing antibody levels had not declined in sera collected after one year. 
Two-dose intracutaneous vaccination protected rabbits and guinea pigs against 
intranasal infection with vaccinia virus, and protected mice against ectromelia. 
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Beginning in March 2020, titres of neutralizing antibodies to variola virus in sera 
collected from animals during Phase I trials would be determined, using the 
neutralization test in Vero cells. Phases 2 and 3 clinical trials planned to be 
carried out until 2022 would include assessing variola virus neutralizing 
antibody titres in human sera from study participants. 
 
Members of the Committee queried the use of variola virus to determine 
antibody titres in vitro, but this was required to meet Russian regulatory 
requirements. Different routes of administration had been used in the animal 
models, but the intradermal route was the most effective. Although devices 
developed in recent years would give a more reliable intradermal inoculation, 
they would need to be cleared by the Ministry of Health to be used in humans, 
and hence had not been used.  
 
It was suggested that the VAC∆6 vaccine may be useful against other 
orthopoxviruses such as monkeypox, and it was anticipated that, if there were no 
adverse events during and after initial clinical trials, the vaccine would be 
proposed for use in a clinical trial for monkeypox in affected countries. 
 

20. Approved research 2018/19. Use of live variola virus to support less reactogenic 
vaccine development: continued evaluation of third generaton vaccines – Dr 
Christina Hutson 
 
Dr Hutson presented final results from a non-inferiority clinical trial with 200 
vaccinia-naïve subjects comparing MVA-Bavarian Nordic (MVA-BN)6 with ACAM 
20007. Findings demonstrated that variola virus neutralization titres of sera 
from MVA and ACAM2000 vaccinees were not significantly different. Following 
licensing in 2013 of MVA-BN for prevention of smallpox in the European Union 
and Canada, MVA-BN was approved by the FDA in September 2019 for 
prevention of both smallpox and monkeypox. MVA-BN thus became the first 
FDA-approved smallpox vaccine with little or no replication in 
immunocompetent humans and the only approved vaccine in the world for 
prevention of monkeypox.  
 
Dr Hutson also provided an update on a study to compare the neutralizing 
antibody response against two variola virus strains (Solaiman and Sierra Leone) 
in which the LC16m88 vaccine of KM Biologics (Japan) was being compared to 
Dryvax®9; the trial had been carried out in collaboration with the National 
Institute of Infectious Diseases, Tokyo, Japan. Preliminary findings indicated that 
LC16m8 had a good efficacy profile; the study would be completed in June 2020 
following further quality control testing.  
 
Dr Hutson concluded that the neutralization of variola virus by third generation 
vaccines had increased confidence that the vaccines would be effective against 

                                                        
6 A non-replicating vaccinia vaccine; renamed JYNNEOS® in the United States. 
7 A live smallpox vaccine manufactured from vaccinia cell cultures. 
8 An attenuated, replication-competent smallpox vaccine licensed for use only in Japan. 
9 A vaccine derived from the New York City Board of Health vaccinia strain, grown in calf lymph culture. 
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smallpox. The studies of MVA-BN for regulatory approval had also paved the way 
for its evaluation for prevention of monkeypox.  
 
Members of the Committee questioned the need for continued use of variola 
virus in these studies. It was argued that the respective declines in titre seen in 
variola and vaccinia plaque reduction neutralization tests (PRNT) had not yet 
been evaluated over a long period of time. Longevity and antibody decline was 
discussed in terms of the revaccination window. Some data and sera collected 
were still to be analysed; as well, data from the MVA-BN vaccinia vaccine study in 
health workers in the Democratic Repoublic of the Congo would be collected 
over two years and would give an idea of the longevity of vaccine antibody titres.   
 

21. The MVA-BN® smallpox and monkeypox vaccine: Licensing update and plans – Dr 
Heinz Weidenthaler, Bavarian Nordic 
 
Dr Heinz Weidenthaler spoke of preclinical studies that had shown MVA-BN to 
be immunogenic and protective in monkeypox IV challenge models in macaques. 
The clinical development program consisted of 22 studies with more than 7800 
human subjects.10 In a recent Phase 2 clinical trial in HIV+ participants, 
increasing the dose and number of vaccinations had shown the vaccine to be safe 
and had confirmed that the standard dose and regimen was sufficient in this 
population. In a Phase 3 non-inferiority study comparing MVA-BN to ACAM2000, 
the neutralizing antibody levels were non-inferior at peak levels and already at 
14 days after a single vaccination. 
 
In September 2019, the FDA had approved the liquid-frozen (LF) formulation of 
MVA for use in adults aged ≥ 18 years at high risk for smallpox or monkeypox 
infection, including immune compromised persons. The vaccine had not been 
contraindicated in pregnant women in the US or Europe. There were 29 
pregnancy cases in the Bavarian Nordic databases, with approximately 14% of 
spontaneous abortions, which compares to miscarriage rates in the general 
population (of roughly 10%–20% in early pregnancy). So, although this was 
preliminary, there seemed to be no additional safety signal. 
  
MVA-BN had been developed through a 15-year partnership with the US 
government; 28 million doses of the LF formulation of MVA-BN had been 
delivered for the Strategic National Stockpile. The freeze-dried (FD) formulation 
was currently in a lot consistency study. Bavarian Nordic was investing in a 
fill/finish plant to deliver future LF and FD doses. There was an ongoing 10-year 
US Government contract for supply of FD formulation, including options for 
additional supply of LF or FD vaccines.  
 

22. Discussion on vaccine research proposals 

The Committee summarized the status of new vaccine development and 
licensure. The LC16m8 vaccine was available in Japan, recommended to be given 
                                                        
10 Of the 22 trials, 5 were in HIV-positive subjects, 2 in atopic dermatitis subjects and 1 in stem cell 
transplant patients. 
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in a prime / boost schedule. The MVA vaccine had been approved for prevention 
of smallpox in a two-dose schedule for those not previously immunized in the 
European Union11 in July 2013 for adults; in Canada12 in November 2013 for 
those with contraindications to traditional first- and second-generation vaccines; 
and in the US13 in September 2019 for adults at risk of exposure. Only in the US 
was MVA licensed for monkeypox and also only for adults at risk. The Delta 6 
vaccine being developed in the Russian Federation was entering the final stages 
of clinical trials and regulatory approval was expected within three years.14 
 
The Committee discussed the need for further work for vaccines. Initial PRNT 
tests with variola virus had been completed with follow-up testing for LC16m8 
to be completed within the next year. So the work to make better vaccines for 
which, in part, variola virus stocks had been retained was nearing completion, 
although gaps remained in age group coverage for children, and two-dose 
schedules would present operational challenges during an emergency.  

The Committee discussed manufacturing capacity.15 The new approved vaccines 
e.g. LC16m8 and MVA-BN are additions to other vaccines licensed and 
commercially available (e.g. ACAM 2000) as well as first- and second-generation 
vaccines held in national and global stockpiles. Notwithstanding existing vaccine 
stockpiles, if smallpox were to re-emerge, would the vaccine manufacturing 
capacity be sufficient? The Committee had in previous years recommended that 
the number of doses of vaccine in the WHO physical and donor-pledged 
stockpiles should be increased. Vaccines now in development could help in this 
regard. The WHO preparedness team was seeking updated information on the 
current pledged stockpile, as to expiry dates for example, as well as information 
on production capacity and potential for scale-up in an emergency.   
 
So, in summary, the Committee considered that MVA was licensed in three 
jurisdictions for adults at risk or for whom replicating vaccines are 
contraindicated, that LC16m8 was available in Japan, and that for VacDelta6 
there was a pipeline of work over the next three years to reach licensure. 
 
The Committee recommended that all work on the vaccines already in 
clinical trials should be completed but was not supportive of using live 
variola virus to begin preclinical research with new vaccine candidates.  
 

                                                        
11 As IMVANEX®. 
12 As IMVAMUNE®. 
13 As JYNNEOS®. 
14 Moreover, both MVA and another attenuated vaccinia vaccine, the modified Copenhagen strain NYVAC, 
had been used as poxvirus vectors in vaccine development for other infectious and chronic diseases. There 
was, however, no information on immunogenicity for orthopoxvirus prevention for these products. 
15 It was shared that Japan could produce 80 million doses a year of LC16m8, and Bavarian Nordic capacity 
for MVA was about 10 million a year. These figures may change. 
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Diagnostics 

Research and public health benefits  

23. Technology, testing platforms and point-of-care tests for orthopoxviruses: Issues 
and challenges – Dr Mark Perkins  
 
Dr Mark Perkins pointed out that, while the focus of diagnosis for human 
monkeypox was currently on real-time quantitative PCR assays typically 
performed in sophisticated laboratory settings, new and simpler near-patient 
molecular testing platforms were being developed. A cartridge-based nucleic 
acid amplification test (NAAT)16 was the most widely implemented molecular 
platform in Africa and had, for example, reduced the time taken for diagnosis of 
tuberculosis from 6 weeks to 2 hours. However, having the technology did not 
necessarily mean it would be used or widely accessible.  
 
The NAAT was a portable rapid diagnostic device that could serve as a point-of-
care test in endemic areas; it was sensitive, specific and, in a proof of principle 
evaluation, had differentiated various orthopoxviruses, including monkeypox 
and cowpox. It was a simple test and worked well in both laboratory and field 
conditions.  
 
Dr Perkins spoke of commercial flexibility and willingness to extend the range of 
equipment and materials to include diseases such as HIV, sexually transmitted 
diseases (STDs), and Ebola. While incorporating multiple diseases would raise 
the price, a larger-scale manufacturing potential would help lower the cost. As it 
would be difficult to negotiate pricing strategy with 140 countries, negotiations 
to bring down manufacturing prices took place with donors.  
 

24. Development of a stand-alone kit for rapid immunochemical diagnosis of 
orthopoxviruses in clinical specimens – Dr Sergey Shchelkunov 
 
A nucleic acid amplification test kit, Vector-MPCRrt-Smallpox, had received 
marketing authorization and was licensed for manufacture and medicinal use in 
the Russian Federation in 2016. The purpose of this current project was to create 
a sensitive, rapid, easy-to-use and inexpensive immunochemical point-of-care 
test to detect orthopoxviruses; to develop a dot immunoassay, assess its 
performance, and manufacture experimental batches to test with a range of 
orthopoxviruses, including those pathogenic for humans.  
 
Preparations of vaccinia, ectromelia, cowpox, and varicella-zoster viruses were 
used to develop the test, with normal rabbit serum as negative control. The assay 
for antigen detection took about 40 minutes and results were assessed visually. 
Using the diagnostic kit, it was possible to detect non-pathogenic and low 
pathogenic orthopoxviruses in the concentration range 1000–10 000 PFU 
(plaque-forming units)/ml. The assay was specific and easy to use, and results 
indicated it could be used in a field setting. 
 

                                                        
16 GeneXpert®. 
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The next steps, in 2020, would include optimizing the design and manufacture, 
and testing the kit using a wide range of orthopoxvirus variants, including the 
variola and monkeypox viruses.  
 

25. Approved research 2018/2019: Use of live variola virus to develop nucleic acid-
based and protein-based diagnostic and detection assays specific for variola virus – 
Dr Victoria Olson  
 
Dr Olson reported on studies underway to develop a rapid diagnostic assay. 
Nucleic acids assays were easy to multiplex, and were good at differentiating 
between species, but required processing of the sample, expensive equipment, 
trained technicians and laboratory infrastructure. Activities included: 

− interrogation of validated assays for sensitivity and specificity for newly-
sequenced variola virus strains; 

− adaptation of assays to new reagents and platforms; One project was the 
continued optimization of the multiplex, real-time PCR assay for use on 
portable NAAT systems under simulated field conditions (e.g. live or heat-
inactivated specimen).   

− collaboration with commercial entities to make tests field deployable, e.g. 
snap-tip design to replace costly cartridges used with the NAAT platform;  

− collaboration with the Ministry of Health, Kinshasa School of Public 
Health and the Institut National de Recherche Biomédicale (INRB) in use 
of the NAAT in remote areas of the Democratic Republic of the Congo for 
rapid detection of monkeypox;  

− evaluating assays for variola virus DNA detection in environmental 
samples (water and soil matrices in which extracted genomic DNA has 
been inserted);  

− redesign of an assay previously reported on.17  
 
Compared with nucleic acid-based tests, protein-based diagnostics generally 
used simpler technology, and required less training and less infrastructure. 
However, the assays were only moderately sensitive.18 Activities included:  

− generation and screening of mAbs and combinations of these using a 
lateral flow assay (LFA); two combinations were being further explored; 

− collaborative work to improve sensitivity of the LFA; initial results 
suggested that multiplex LFA fluorescence detection may be possible;  

− exploration of a multi-analyte technology19 for its potential to improve 
the sensitivity of specific monoclonal antibodies to detect variola virus; 

− evaluation of a commercial LFA for monkeypox detection in the 
Democratic Republic of the Congo; a protocol was submitted to the 
Kinshasa School of Public Health internal review board. It was hoped to 
enroll 60 participants during 2020.  

 

                                                        
17 Collaboration with Altona Diagnostics. 
18 Detection of approximately 104–106 pfu/ml [~102–104 genomes/ml] compared to nucleic acid tests 
(sensitivity of 2500 pfu/ml [~25 genomes/ml]. 
19 Luminex assay. 



 
18 

 

26. Discussion on diagnostics research proposals  
 
The Committee questioned whether there was a need for live virus to evaluate 
the new platforms. In the Russian Federation, a PCR-based diagnostic was being 
developed for variola, cowpox and vaccinia simultaneously. Three more years 
were needed to complete the development.   
 
For the United States Centers for Disease Control and Prevention, nucleic acid 
diagnostic assays were FDA approved for use within the laboratory response 
network (LRN) in the United States. For new assays, evaluation was more robust 
when validated with extracted genomic DNA representative of a clinical isolate, 
rather than plasmids expressing target portions of DNA. Thus, assays would be 
validated on newer technology using extracted genomic DNA.  However, the 
research team was also of the view that transitioning assays onto platforms with 
automated systems for extraction and amplification would require evaluation 
using live variola virus to understand the limit of detection expected from 
clinical samples. Further, antigenic assays are reliant upon intact virions to 
determine sensitivity and specificity.  
 
In summary, already several diagnostics had been licensed although their 
availability is limited. Work was ongoing to make PCR-based systems more 
applicable, increase the sensitivity, and to try to develop protein-based detection 
systems, but these were not yet ready.  
 

Events, innovations and public health benefit of research 

27. Ancient DNA research, museum specimens and implications for WHO 
recommendations on handling of variola virus DNA – Professor Geoffrey L. Smith and 
Dr Andreas Nitsche  
 
Dr Andreas Nitsche briefed Committee members on the discovery in museum 
archives of preserved specimens initially thought to be of human skin with 
smallpox lesions. During a risk assessment carried out in collaboration with 
WHO, the specimens were found to be of disseminated vaccinia virus infection. 
The incident nonetheless raised the issue of what to do with clinical smallpox 
specimens, and the variola virus DNA fragments they likely contain.  
 
Dr Nitsche recalled that the WHO Recommendations concerning the distribution, 
handling and synthesis of variola virus DNA (the Recommendations),20 endorsed 
by the WHA, limited the variola virus DNA in any laboratory outside the two 
collaborating centers to 20% of a complete variola virus genome. The intent was 
to prevent the reconstruction of variola virus, whether accidental or intentional.  
Dr Nitsche proposed that the Recommendations be revised to offer guidance for 
research with ancient DNA samples that contain short fragments of variola virus 
DNA that might collectively represent more than 20% of a variola virus genome. 

                                                        
20 WHO Recommendations concerning the distribution, handling and synthesis of variola virus DNA. 2016. 
(https://www.who.int/csr/disease/smallpox/handling-synthesis-variola-DNA.pdf?ua=1, accessed 31 
January 2020). Based upon recommendations made to WHO by the WHO Ad Hoc Committee on 
Orthopoxvirus Infections (1990 and 1994) and the WHO Advisory Committee on Variola Virus Research 
(2003, 2004 and 2007). Revised 13 January 2016 (by WHO ACVVR at its seventeenth meeting).   

https://www.who.int/csr/disease/smallpox/handling-synthesis-variola-DNA.pdf?ua=1
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It was observed that scientists were often unaware of the Recommendations, as 
at national level the subject was not covered by regulations concerning genetic 
engineering or biosafety.  
 
Prof Geoffrey L. Smith offered remarks on research involving ‘ancient DNA’21 
and the Committee discussed the emerging issue of paleogenomic research in 
human remains, where variola virus DNA may be an incidental finding or the 
proposed subject of investigation. Variola virus DNA sequences could be found in 
bones and teeth of humans buried centuries ago, such as in mummies, as well as 
in burial grounds for people who had died of smallpox and pathology collections 
from smallpox patients. Samples might contain DNA representing more than 
20% of a variola virus genome, albeit in tiny fragments.  
 
Prof Smith noted that: i) poxvirus DNA is non-infectious; ii) DNA extracted from 
ancient samples is found in very short fragments (less than 100 base pairs, 
typically 60-80 base pairs, out of a ~190,000 base pair double-stranded DNA 
genome); iii) these viral DNA samples have chemical damage typical of other 
ancient DNA; and iv) it would not be possible to physically assemble a complete 
genome from such material. In discussion, Committee members were of the view 
that short variola virus DNA sequences posed no risk as they were not infectious. 
Variola virus genomes assembled computationally from short ancient DNA 
sequences could provide insight into virus evolution. Specimens discovered or 
recovered from various sources could be reinterred or returned to museums. 
 
The Committee recalled that recreation of a variola virus genome by synthetic 
biology was possible. This matter was considered by an Independent Advisory 
Group (IAG) at a meeting convened by WHO in 2015, which advised revision of 
the WHO Recommendations.22 Revised in 2016, the WHO Recommendations 
state that variola virus DNA is not infectious in its naked form, but that other than 
the designated WHO global repositories, no laboratory shall be permitted to hold 
variola virus DNA representing more than 20% of the variola virus genome.  
 
The Committee proposed that the WHO Recommendations again be revised to 
allow further exceptions to the limit on the proportion of the genome that could 
be held by a laboratory for specimens from paleogenomic sources. The 
Committee could offer technical guidance to mitigate any residual risk, such as 
maintaining DNA fragments in a form that would not allow reconstitution of an 
intact genome. It was thus recognized that WHO Recommendations would need 
to be revised to address this emerging topic. Guidance for those working with 
ancient DNA found to contain variola virus DNA fragments would also be useful. 

                                                        
21 On 15 October 2019, just prior to this meeting, WHO received a research proposal from a paleogenomic 
research team to extract DNA from human remains from burial sites in which some of the deceased may 
have died from smallpox. As the Chair was listed as a co-investigator of the proposed research, as well as a 
co-author of previous similar publications, in compliance with WHA resolution 60.1 (2007) requiring that 
Committee members be free of any conflict of interest, the topic discussion was chaired by an alternate 
Committee member. Following the meeting, the principal investigators of the proposed study initiated a risk 
assessment jointly with the Secretariat, which had been completed at the time of finalization of this report.  
22 The Independent Advisory Group on the Public health implications of synthetic biology technology 
related to smallpox, June 2015. (WHO/HSE/PED/2015. 1). The IAG recommended that WHO revise 
guidance for handling of variola virus (whole virus or fragments) with emphasis on biosafety and 
biosecurity to reduce the risk of a laboratory accident that may occur from the widespread use of synthetic 
biology technology.’ https://www.who.int/csr/disease/smallpox/synthetic-biology-technology/en/.  

https://www.who.int/csr/disease/smallpox/synthetic-biology-technology/en/
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In the meantime, WHO would support researchers who request it to undertake 
biosafety and biosecurity risk assessment in line with the Recommendations.  
 

Public health benefit of smallpox countermeasures for 
monkeypox 
 
Monkeypox was a viral zoonosis with symptoms similar to smallpox – a 
maculopapular rash on the palms of hands and soles of feet, with unknown 
incidence and a case fatality ratio for reported cases ranging from 1% to 10%. 
Monkeypox had first been identified in 1958 in monkeys, and the first human 
case was reported in 1970 in the Democratic Republic of the Congo. There had 
been rising reports of monkeypox in Africa, and the disease had been exported, 
with human cases in the US (2003), in Israel and the UK (2018) and in Singapore 
(2019). Committee members were given an update on regulatory approval of 
vaccines for monkeypox and briefed on a vaccine study underway in the 
Democratic Republic of the Congo. Discussions were held on approaches to 
planning a study of the antiviral agent tecovirimat in the Central African 
Republic. 
 

28. Update on approval and use of vaccinia vaccines for monkeypox prevention and 
control: Regulatory pathway, information needed, next steps – Dr Andrea Hulse, FDA 
 
The two vaccines licensed for smallpox by the FDA prior to 2019 were Dryvax R 
(licensed in 1931) and the second-generation vaccine ACAM 2000 (licensed in  
2007). Both vaccines with live vaccinia virus had warnings of possible severe 
side effects. The MVA-BN vaccine – an attenuated, vaccinia virus Ankara with 
little or no replication in humans – was approved in 2019 by the FDA for 
protection against monkeypox in adults at risk (see section 20 and below).   
 
Data supporting the effectiveness of MVA for prevention of orthopoxviruses 
included: a non-inferiority immunogenicity trial comparing MVA with ACAM 
2000 in military personnel, when MVA was shown to not be inferior; an 80%–
100% survival rate in non-human primates challenged with monkeypox virus 
one month after vaccination, compared with 0%–40% in controls; and 100% 
survival in mice challenged with ectromelia virus two weeks after vaccination, 
compared with 0% of controls. In total, safety had been assessed in over 7800 
human subjects in 22 studies, including HIV-infected persons, in which the 
vaccine appeared to be well tolerated. Of the 6 reported adverse events following 
vaccination, none was serious. While the licensing application had been for 
prevention of smallpox, the FDA had invited the manufacturer to seek an 
indication for prevention of monkeypox, because of outbreaks in West and 
Central Africa as well as exportation of cases. This first vaccine licensed for 
monkeypox was a direct result of research undertaken to develop medical 
countermeasures for smallpox.  
 

The manufacturer would undertake post-marketing pharmacovigilance, 
including assessment of adverse events. Gaps in clinical knowledge included lack 
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of effectiveness data in the pediatric population, pregnant women and the 
elderly. Data were also needed on the durability of vaccine protection.  
 

29. Vaccinia vaccine trial for monkeypox in the Democratic Republic of the Congo: 
Study design, progress, next steps – Dr Victoria Olson, United States Centers for 
Disease Control and Prevention, with the Institut National de Recherche Biomédicale  
 
Dr Olsen reported on collaborative studies using the MVA vaccine in the context 
of endemic monkeypox in the Democratic Republic of the Congo. Collaboration 
with the Democratic Republic of the Congo Ministry of Health, Kinshasa School of 
Public Health, and the Institut National de Recherche Biomédicale (INRB) began 
in 2010 in Tshuapa Province. In this province there were around 300 laboratory-
confirmed monkeypox cases a year (tests completed at INRB and the United 
States Centers for Disease Control and Prevention). The annual incidence was 4.4 
cases per 10 000 inhabitants, and about 4 times higher in health workers.  
 
The study on the safety and immunogenicity of the vaccine was designed as a 
cohort study of 1000 health workers; any cases of monkeypox seen were to be 
reported. Regulatory (e.g. development of investigational new drug [IND] 
protocols, as the vaccine had not been approved at the time) and logistical (e.g. 
remoteness of the province, lack of infrastructure) issues were addressed before 
the study could begin. In all, 998 healthcare workers had been enrolled, of whom 
97% received two doses of vaccine (one month apart), and 88% returned for the 
final two-year follow-up visit complete with exposure diaries (participants had 
been given diaries to complete each day, to determine side effects etc.). More 
than 7000 serum samples had been collected and were yet to be analyzed. 
Preliminary analysis had indicated that there were no severe adverse events.  
A second phase of the study had begun using the lyophilized form of vaccine, 
which would reduce cold chain challenges. The study design was the same, and 
600 health workers had been enrolled since September 2019, of whom more 
than 97% had returned to receive the second dose of vaccine.  
 
In discussion it was learned that prior to the study, up to six generations of 
person-to-person transmission had been seen among health workers in a health 
care setting, with some onward transmission to family members. Little was 
known about human-to-human transmission in the local population. One at-risk 
occupation was hunter, and the reservoir was thought most likely to be a rodent. 
In the laboratory, the monkeypox virus is capable of infecting a range of rodent 
species. Through trapping activities in Africa, antibodies against orthopoxvirus 
have been found in several rodent species, but evidence of (viable) virus has 
been found only in one rodent, a rope squirrel.  
 
At present, no cases of monkeypox among vaccinated healthworkers had been 
seen during the study. Assessment of effectiveness would be limited as there was 
no control arm to the study. It was noted that perhaps hepatitis B vaccine or 
another vaccine which health workers needed could be used as a control.  
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30. PANEL DISCUSSION. Public health benefit: antivirals for treatment of monkeypox 
– proposals, studies, regulatory needs23  
 
Dr Emmanuel Nakouné reported on the monkeypox situation in the Central 
African Republic. Human monkeypox had first been reported in 1984, and 
whereas many of the cases occurred on the border with the Democratic Republic 
of the Congo, now more cases were occurring across the country. People had 
become sick with the disease after eating meat from monkeys (in 2001, eight 
members of a family), after being bitten by rodents (in 2010, two young 
pygmies), after being bitten by a squirrel (in 2012, a patient in the north), and 
several instances of intrafamilal transmission (2015). The number of cases had 
increased during a period of insecurity in the Central African Republic when 
people moved to the forest. Most of the cases confirmed during the last 10 years 
were of patients less than 40 years of age. In 2019, between August and October, 
19 confirmed cases had been linked to the practice of going to the forest in order 
to collect caterpillars, a local delicacy for which the season was from July to 
October, and where people stayed for a month or so for this purpose.  
 
There was discussion about how antiviral drugs could be used in such a situation 
where the probability of infection was low and patients arrived late for 
treatment. The issues included:  

- regulatory issues – tecovirimat was registered by FDA and EMA only for 
smallpox;  

- access – ways of using the drug included compassionate use and 
expanded access;  

- sponsorship and insurance – to make sure the drug was used in the right 
conditions;  

- how to deliver the drug to clusters and scattered cases; 
- generation of data on clinical presentation of monkeypox, and how to 

measure efficacy and assess effects of treatment; 
- safety issues and morbidity – need to report to regulatory agencies; 
- need for a mechanism to ensure drugs were registered and available.    

 
Committee members considered that further data on safety, efficacy, and the 
possibility of resistance in a field context would be helpful. The compassionate 
use framework or a monitored emergency use protocol could be used before the 
product had been approved by the country. Benefits stemming from the few 
cases accessing tertiary medical care could include additional information on the 
clinical course of infection and illness as well as the point of intervention with 
antiviral agents. 

 

                                                        
23 See: Monkeypox: Current status in West and Central Africa. Report of a WHO Informal Consultation 
Geneva, Switzerland, 3 November 2017. Geneva: World Health Organization; 2018 
(WHO/WHE/IHM/2018.3; https://apps.who.int/iris/bitstream/handle/10665/272620/WHO-WHE-IHM-
2018.3-eng.pdf?ua=1, accessed 2 December 2019).  

 

https://apps.who.int/iris/bitstream/handle/10665/272620/WHO-WHE-IHM-2018.3-eng.pdf?ua=1
https://apps.who.int/iris/bitstream/handle/10665/272620/WHO-WHE-IHM-2018.3-eng.pdf?ua=1
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Orthopoxvirus laboratory collaboration 
 
31. Orthopoxvirus lab collaboration – Global Laboratory Alliance for Diagnosis of 
High Threat Pathogens – Dr Andreas Nitsche, RKI, and Dr Karin Von Eije, WHO  
In describing the history of proposals for orthopox lab collaboration, Dr Nitsche 
had spoken of a proposed smallpox network and had in the past outlined 
technical criteria for consideration. It was discussed that the portfolio of the 
network should address capacity for other orthopoxviruses and specifically for 
monkeypox. Once a framework had been prepared, Dr Nitsche would be able to 
look for funding and propose technical details on how to go about the 
collaboration.  
 
Dr Karin Von Eije introduced the Global Laboratories Alliance for the Diagnosis 
of High Threat Pathogens (GLADHP), set up to enhance country capacity for 
rapid diagnosis to support outbreak response, and to strengthen networks to 
address the sharing of diagnostics as needed. The GLADHP programme would 
aim to reconnect laboratory networks with crosscutting support for data sharing 
and analysis, sample sharing, diagnostics and quality assurance programmes to 
build capacity and share lessons across networks.  
 

32. Country perspectives on orthopoxvirus diagnostics – the Central African Republic, 
the Federal Republic of Nigeria, the Democratic Republic of the Congo – Dr Priscilla 
Ibekwe and Dr Emmanueal Nakouné  
 
Dr Priscilla Ibekwe presented Nigeria’s perspective on monkeypox and its 
diagnosis. Previously, there had been a case of monkeypox reported in 1971 and 
another in 1978, although at this time surveillance and diagnostic capacity were 
severely limited. In September 2017, a first suspected case of monkeypox in 
almost four decades was reported in an 11-year old child. The outbreak was 
confirmed in October 2017 and cases were reported throughout the country.  
 
From September 2017 to October 2019, there had been 395 suspected cases 
reported from 31 states; 180 of these cases from 18 states and local government 
areas (LGAs) had been laboratory-confirmed, and there was a 5.6% case fatality 
ratio – i.e. 9 patients died, of whom 5 were people with HIV. Seventy per cent of 
the confirmed cases were from the south of the country in areas with rainforest 
cover. No seasonal pattern had been noted. Several of the isolates had been 
sequenced and they grouped closely together geographically. All were of the 
West African clade and were very closely related to the 1971 and 1978 cases as 
already document in GenBank. 
 
Samples were collected from skin crusts and lesions, and from blood; they were 
transported to the national reference laboratory at the Nigeria Centre for Disease 
Control in Abuja for diagnosis - by PCR, virus isolation in cell culture, enzyme 
linked immunosorbent assay [ELISA], and antigen detection tests. The national 
reference laboratory performed PCR assays, whereas genome sequencing and 
serological assays (when serum was available) were undertaken by the CDC in 
the United States, along with repeat PCR for quality control. Future plans 
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included building capacity for genetic sequencing and serological studies and 
developing a local source of reagents for assays.  
 
Dr Nakouné presented the perspective from the Central African Republic. Real-
time PCR had been set up for diagnosis of monkeypox, and virus isolation was 
carried out in a BSL3 lab. As various specimens included serum, virus was mostly 
amplified in newborn mice before confirmation of the case. ELISA was used only 
for research purposes, to find where the prevalence was high. 
 

Between 2018 and 2019, 127 samples had been tested from patients with 
suspected monkeypox. Of 80 clinical samples from children aged less than 15 
years, 41% were positive for monkeypox; from 44 patients aged 16–39 years, 
45% were positive; from 3 patients aged over 39 years, one was positive. Thus, 
all but one confirmed cases of monkeypox were under 40 years of age.  
 
In the Central African Republic, only the Central African monkeypox clade had 
been detected, never the West African one. The natural reservoir remains 
unknown.   
 

33. The WHO Smallpox archives – introduction and history. Discussion of fortieth 
anniversary celebrations in WHO HQ – M. Villemin-Partow  

Ms Marie Villemin-Partow of the WHO Archives presented the collections of 
the Smallpox Eradication Programme (SEP), located at WHO HQ. The archives 
consisted of 122 linear metres, 600 boxes and 2000 files; and altogether 732 000 
documents, 15 000 images, tapes, 500 maps, and other artefacts.  

Original files were preserved with long-lasting acid-free material. Archivists had 
collected all documents from regional offices. A guide and inventory, volumes I 
and II, had been produced in 1982 and 1988 respectively, to help readers locate 
information in the archives.  In 2008, a digitization programme had begun. 
Access to digital materials was open to researchers and the public upon request. 
Work would continue to preserve non-paper formats including videos. 
  
In late 2017, the United Nations Educational, Scientific and Cultural Organization 
(UNESCO) had recognized the SEP archives as a unique collection, and 
recommended the records be included in the Memory of the World International 
Register. In 2018, the Swiss UNESCO commission requested the archives for 
display (exhibited at the League of Nations Museum and Fondation Bodmer).  
 
Ms Michelle Thulkanam from the WHO Department of Communications 
presented a concept for smallpox eradication celebrations in 2020 – the 40-year 
eradication anniversary. This included an online exhibition, virtual reality 
elements and a physical exhibit. Prof Smith shared remarks on the work of those 
who had led the smallpox eradication campaign and recalled the passing of 
Donald A Henderson, Frank Fenner and Keith R. Dumbell.  
 
The meeting terminated with a visit to the archives of the Smallpox Eradication 
Programme at the WHO premises.  
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PROGRAMME OF RESEARCH 
 
The proposed research programme for the period 2020 to 2022 emanating from 
the meeting by consensus of the participants and the chair is outlined below. The 
recommendations of the Committee are summarized in the next section. 
 

Research agenda 
 
The purpose of the research agenda overseen by the WHO Advisory Committee 
on Variola Virus Research is to continue to develop medical countermeasures to 
enhance global preparedness in the event of the re-emergence of smallpox.  
 
Before and during the course of the meeting, the WHO variola virus repository 
research teams were invited to present their research proposals for 2020 within 
a larger framework for the period 2020 to 2022. This will offer Committee 
members advance visibility on the work expected to be completed ahead of the 
next discussion by Member States, while allowing it to continue reviewing and 
providing recommendations on detailed proposals each year.  
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Table. Proposed research using live variola virus presented by WHO global variola virus repositories for 2020 to 2022 
Area of work United States Centers for Disease Control and Prevention VECTOR 
Genome 
sequencing 

Complete genomic sequencing of 20 strains with adequate 
epidemiological information.  
 

Complete the genome sequencing of the remaining 88 strains.  

Diagnostics 
 

Adapt and optimize multiplex nucleic acid tests for new platforms. 
Continue development and optimization of protein-based tests.  

Optimize the design of the immunochemistry test kit using 
orthopoxviruses, including variola and monkeypox viruses 

Antivirals Tecovirimat 
Complete testing of tecovirimat in vitro against variola virus strains 
with F13L gene mutations, in 2020. For variola virus F13 variants no 
longer available, use surrogate orthopoxviruses with such mutations 
or create cell lines expressing F13 protein to evaluate tecovirimat for 
infection with vaccinia virus strain lacking the F13L gene. 
 
ST-357 
Initiate a study to evaluate in vitro activity of antiviral candidate ST-
357 and optimized derivatives against variola virus. 
 

Monoclonal antibodies and antibody mixes 
Complete screens of individual and mixes of mAbs to neutralize 
variola virus within optimized IMV and EV assays in 2020.  
Assist in creating a new universal poxvirus monoclonal mix and 
evaluate final products in variola virus PRNTs by 2021. 

NIOCH-14 oral formulation 
Assessing the oral formulation of NIOCH-14: 
Complete Phase 1 clinical trials in 2020. 
Complete Phase 2 and 3 trials for 2021–2022.  
Complete registration in 2023–2024.  
 
New compounds 
Test 13 compounds found to be highly active against 
orthopoxviruses against live variola virus.  

Complete testing in cell culture in 2020  

Complete testing in vivo in 2021–2022.  

 

Monoclonal antibodies and antibody mixes 
Evaluate antivirals against smallpox based on monoclonal antibodies. 

Vaccine 
 

Complete efficacy testing of LC16m8 in June 2020. 
Finalize testing on long-term titer samples from MVA-BN and/or 
LC16m8 vaccine trials (as samples are available).   

VACdelta6 
Complete Phase 1 clinical trials (adults 18–40 years) by Dec 2019. 
Undertake Phase 2 and 3 clinical trials in 2020–2021 and assess 
variola virus neutralizing antibody titres from sera of participants. 
Complete registration in 2022.  

Animal 
models 

Humanized mouse models 
Complete the remaining in vitro work on the HU-BLT model.  
Continue to assess Hu-BLT and Hu- CD34 models using tecovirimat 
(proposed but not approved).   

 

NB.   This multi-year research agenda was presented to the WHO Advisory Committee on Variola Virus Research at their twenty-first meeting in individual 
presentations. Proposals were reviewed by Committee members in order to provide recommendations to WHO as outlined further in this report. 
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RECOMMENDATIONS 
 
The Committee made the following recommendations: 
 
On research with live variola virus, it was recommended to  

• continue work on the antivirals tecovirimat, brincidofovir, ST-357, and NIOCH-14, 
and on preclinical evaluation of other compounds and monoclonal antibodies. 

• complete work on vaccines already in clinical development – the 4th generation 
vaccine VacDelta6, and the 3rd generation vaccine LC16m8.  

• continue to assess tecoviromat activity against variants of the F13 protein target 
of tecovirimat using surrogate orthopoxviruses and/or cell-lines expressing F13. 

• continue work on the transitioning of PCR-based technology to new diagnostic 
platforms.  

• approve the three written proposals submitted by VECTOR for 2020 before the 
meeting, and invite further proposals as needed. 

• invite the United States Centers for Disease Control and Prevention to submit 
written proposals for 2020 immediately following the meeting for review and 
consideration.  

• publish available variola virus genomic sequences in GenBank. 
• note that some members were of the view that there is no need to use live 

variola virus for any new vaccines or for point-of-care diagnostics, and that 
further work on humanized mouse models is not warranted. 

 
On repository inspections, it was suggested that 

• the inspection team request and view video recordings of research underway as 
an additional level of inspection regarding the biosafety and biosecurity of 
variola virus research facilities. 

 
On the WHO Collaborating Centre for Smallpox Vaccines 

• collect further information on smallpox vaccines, including but not limited to 
global historic information, information on adverse events and vaccines held in 
national stockpiles,  

 
On laboratory network collaboration it was suggested that 

• orthopoxvirus laboratory collaboration be further developed in a form that 
covers both smallpox and monkeypox diagnostic capacity. 

 
On paleogenomics, it was recommended to 

• review the WHO Recommendations on the distribution, handling, and synthesis 
of variola virus DNA (2016) 

• develop guidance for researchers working with ancient DNA found to contain 
variola virus DNA fragments 

 
On monkeypox prevention and control, it was recommended to 

• continue to explore steps to support regulatory review of smallpox medical 
countermeasures (therapeutics, vaccines, diagnostics) in different jurisdictions 
in order to secure approval for monkeypox where appropriate and feasible 
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ANNEXES  

Annex 1  Agenda  

 Twenty-first meeting of the Advisory Committee on Variola Virus Research  

Agenda  
Objectives of the meeting 

- Review progress of approved research with live variola virus 
- Discuss the public health benefit of approved smallpox research and identify 

emerging issues 
- Agree on a research programme and recommendations for 2019–2022 

 
Wednesday, 30 October 2019 – Day one                     Dr Geoffrey Smith, Chair, ACVVR 

Session 1. Opening and report of the WHO Smallpox Secretariat 
Time   
08:30 Registration  

09:00 Opening remarks and introductions  
Dr Mike Ryan, Executive 
Director, Health Emergencies  
Dr Sylvie Brian, Director, 
Infectious Hazards 
Management Department 

09:20 Report of the Smallpox Secretariat Dr Rosamund Lewis 
WHO Smallpox Secretariat 

09:40 Variola virus repositories biosafety inspections 
 

Dr Kazunobu Kojima  
WHO Biosafety officer 

10:00 Discussion  

Session 2. WHO collaborating centre reports – Variola virus collections 
10:15 Report on the variola virus collection at the WHO 

Collaborating Centre for Orthopoxvirus Diagnosis 
and Repository for Variola Virus Strains and DNA 
at FBRI SRC VB VECTOR, Rospotrebnadzor, 
Novosibirsk Region 

Dr R. Maksyutov, Director 
General, FBRI SRC VB 
VECTOR, Rospotrebnadzor, 
Russian Federation 

10:30 Report on the variola virus collection at the WHO 
Collaborating Centre for Smallpox and Other 
Poxviruses – Centers for Disease Control, USA 

Dr V. Olson, Chief, Poxvirus 
and Rabies Branch, Centres 
for Disease Control, Atlanta, 
Georgia, USA 

10:45 Discussion  
 Break  
11.30 Summary of proposals from WHO collaborating 

centres for research with live variola virus 
Prof G.L. Smith, Chair ACVVR 

11.45 Approved research 2018/19: Replenishment of 
the stocks with non-infectious material, derived 
from live variola virus, required for diagnostics 
development 

Dr R. Maksyutov, VECTOR 

12:00 Approved research 2018/19: Use of live variola 
virus to maintain and regenerate non-infectious 
variola virus derived materials for diagnostic 
development support 

Dr V. Olson, CDC 
 

12:15 Discussion  
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 LUNCH 
 

Session 3. ANTIVIRALS – Research and public health benefit 
14.00 Approved research 2018/2019: Discovery and 

testing of novel chemical antivirals and antivirals 
based on monoclonal antibodies for smallpox 
treatment and prevention  

Prof S. Shchelkunov 
VECTOR 

14:30 Preclinical studies on the anti-smallpox drug 
NIOCH-14 and next steps for licensure  

Prof S. Shchelkunov 
VECTOR 
 

14:45 Discussion on VECTOR antivirals research 
projects 
 

 

15.15 Approved research 2018/2019: Use of live variola 
virus to characterize effectiveness of antiviral 
therapeutic: additional data for tecovirimat 

Dr C. Hutson 
CDC 

 Break   
16:00 Approved research 2018/2019: Use of live variola 

virus to evaluate antiviral agents (monoclonal 
antibodies) against variola virus  

A. Kondas 
CDC 

16:20 Approved research 2018/2019: Use of live variola 
virus to determine whether mice are a suitable 
animal model for human smallpox 

A. Kondas 
CDC  

16:50 Development of Brincidofovir for smallpox  Dr WG Nichols 
Chimerix 

17:00 Tecovirimat – What is next?        Dr D. Hruby 
SIGA Technologies 

17:10 Discussion on the United States Centers for 
Disease Control and Prevention’s antivirals 
research projects 
 

 

   
 CLOSE OF DAY ONE  
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Thursday, 31 October 2019 – Day two           Dr Geoffrey Smith, Chair, ACVVR 

Session 4. VACCINES – Research and public health benefit  
9:00 WHO Collaborating Centre for Smallpox Vaccine:  

Report on the smallpox vaccine information database 
Dr W. Luytjes 
RIVM 

9:20 Preclinical and Phase I clinical studies on the anti-
smallpox vaccine VACdelta6, and next steps for licensure 

Dr R. Maksuytov 
VECTOR 

9:40 Assessment of the neutralizing activity of vaccinated 
animals’ sera using variola virus to support the 
development of less reactogenic fourth-generation 
smallpox vaccines  
Approved research 2018/2019: vaccinated animals’ sera   
Proposed research 2019/2020: vaccinated volunteers’ 
sera 

Dr R. Maksuytov 
VECTOR 

10:00 Discussion on VECTOR vaccine research updates and 
plans 

 

 Break  
11:00 Approved research 2018/2019: Use of live variola virus 

to support less reactogenic vaccine development: 
continued evaluation of “third” generation vaccines  

Dr C. Hutson 
CDC 

11:20 Update on “third” generation smallpox vaccine LC16m8 WHO Secretariat  
On behalf of KMB, 
Japan 

11:25 The MVA-BN® smallpox and monkeypox vaccine – 
licensing update and plans  

Dr H. Weidenthaler 
Bavarian Nordic 

11:30 Discussion on the United States Centers for Disease 
Control and Prevention’s vaccine research updates and 
plans 

 

 LUNCH 
 

Session 5. DIAGNOSTICS – Research and public health benefit 
13:30 Technology, testing platforms and point of care tests for 

orthopoxviruses. Issues and challenges. 
Dr M Perkins 
WHO 

13:45 Development of a stand-alone kit for rapid 
immunochemical diagnosis of orthopoxviruses in clinical 
specimens  

Prof S Shchelkunov 
VECTOR 

14:00 Approved research 2018/19: Use of variola virus to 
develop protein based diagnostic and detection assays 
specific for variola virus 

Dr V. Olson 
CDC 

14:20 Discussion of diagnostic research updates and plans  
 Break  

Session 6. Closed session for ACVVR members and advisers  
15:30 Discussion on live variola virus research agenda 2020–

2022, recommendations and pending issues 
 

17:00 Membership renewal. Administrative matters.  Secretariat  
 

CLOSE OF DAY TWO 
 

19h00 DINNER – venue in Le Grand-Saconnex 
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Friday, 1 November 2019 – Day three      Chair, Dr Supamit Chunsuttiwat 

Session 7. Public health benefit of research, innovations and events 
 
9:00 Ancient DNA research, museum specimens and 

implications for WHO recommendations on handling of 
variola virus DNA 

Prof G.L. Smith Univ. 
Cambridge 
Dr A. Nitsche, RKI 

9:30 Discussion   
10:00 Vaccinia vaccine trial for monkeypox in the Democratic 

Republic of the Congo – Study design, progress, next 
steps 

Dr V. Olson, CDC  
with INRB, Democratic 
Republic of the Congo 

10:20 Update on approval and use of vaccinia vaccines for 
monkeypox prevention and control – regulatory 
pathway, information needed, next steps 

Dr A. Hulse, FDA 
Prof S. Shchelkunov, 
VECTOR 

10:30 Discussion   
 Break  
11:30 PANEL   Public health benefit: Antivirals for treatment of 

monkeypox – proposals, studies, regulatory needs 
Panel**  

12:00 Discussion   

 LUNCH  

Session 8. Orthopoxvirus laboratory collaboration  
13:30  Country perspectives on orthopoxvirus diagnostics  –   

The Central African Republic, the Federal Republic of 
Nigeria, the Democratic Republic of the Congo 

Dr P. Ibekwe, NCDC 
Dr E. Nakouné 
Institut Pasteur 
Bangui 

14:00 History of and proposals for orthopoxvirus lab 
collaboration  
Global Laboratory Alliance for Diagnosis of High Threat 
Pathogens 

Dr A. Nitsche, RKI 
Dr K. Von Eije, WHO 

14:30  Discussion on laboratory collaboration  
 

 

15:00 The WHO Smallpox Archives – Introduction and history 
Discussion of fortieth anniversary celebrations 

M. Villemin-Partow 
WHO Archives 

15:30 CLOSE OF DAY THREE and ACVVR 21 
 

16:00 Visit to the WHO Smallpox Archives 
M. Villemin-Partow 
WHO Archives 

 
** Panel speakers: 3 minutes each 
Dr Cavaleri (European Medicines Agency) 
Dr Damon (Centres for Disease Control and Prevention, United States) 
Dr Hruby (SIGA Technologies, Inc) 
Dr Nakouné (Institut Pasteur Bangui, République Centrafricaine) 
Dr Olliaro (International Severe Acute Respiratory and Emerging Infection Consortium, 
Oxford University) 
Dr O’Rear (US Food and Drug Administration)  
Dr Shchelkunov (VECTOR, State Research Center of Virology and Biotechnology, Russian 
Federation) 
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Diseases (NCEZID), Centers for Disease Control and Prevention (CDC), Atlanta 
GA, United States of America 
 
Dr Robert Drillien, Research Scientist, Institute of Genetics and Molecular and 
Cellular Biology (IGBMC), Illkirch, France 
 
Professor Andrew Endy*, Professor, Department of Bioengineering, Stanford 
University, Stanford, CA, United States of America     
 
Professor Mariano Esteban, Director, Depto de Biología celular y molecular, 
Centro Nacional de Biotecnologia (CSIC), Madrid, Spain 
 
Dr George W. Korch, Director, National Biodefense Analysis and 
Countermeasures Center, and President, Battelle National Biodefense Institute, 
Frederick, United States of America  
 
Professor J. Michael Lane*, Professor Emeritus of Preventive Medicine, Emory 
University School of Medicine, Atlanta GA, United States of America 
 
Dr Willem Luytjes, Senior Virologist, Head of the Vaccine Research Department, 
National Institute for Health and Environment, Bilthoven, The Netherlands 
 
Dr Rinat A. Maksyutov, Director General, Federal Budgetary Research Institution, 
State Research Center of Virology and Biotechnology VECTOR, Rospotrebnadzor, 
Koltsovo, Russian Federation 
 
Dr Jean-Vivien Mombouli, Director General, Laboratoire National de Santé 
Publique, Brazzaville, Congo 
 
Dr Andreas Nitsche, Head of Division, Highly Pathogenic Viruses, Centre for 
Biological Safety, Robert Koch Institute, Berlin, Germany 
 
Professor Geoffrey L. Smith (Chair), Head, Department of Pathology, University 
of Cambridge, Cambridge, United Kingdom 
 
Professor Muyembe Tamfum*, Director, Institut National de Recherche Bio-
Médicale (INRB), Kinshasa, Democratic Republic of the Congo  
 
Professor Wenjie Tan, Chief and Professor of Biotech Center for Viral Disease 
Emergency, National Institute for Viral Disease Control and Prevention, Chinese 
Center for Disease Control and Prevention, Beijing, China 



 
33 

 

Professor Oyewale Tomori*, Professor of Virology and Fellow, Nigerian Academy 
of Science, University of Lagos, Lagos, Nigeria  
 
Dr Aissatou Toure, Head of Immunology Unit, Institut Pasteur Dakar, Dakar, 
Senegal  
 
Professor Henda Triki, Chief, Laboratory of Clinical Virology, Institut Pasteur de 
Tunis, Tunis Belvédère, Tunisia  
 
Dr Zalini binti Yunus*, Senior Director, Biological & Toxin Weapons  
Convention Nucleus, Science & Technology Research Institute for Defence 
(STRIDE), Ministry of Defence, Kajang, Malaysia  
  
* These members were unable to attend the meeting 

 
ADVISERS TO THE COMMITTEE 
 
Dr Antonio Alcami, Research Professor, Centro de Biologia Molecular, Severo 
Ochoa, Madrid, Spain 
 
Dr Clarissa Damaso, Associate Professor, Instituto de Biofisica Carlos Chagas 
Filho, Federal University of Rio de Janeiro, Rio de Janeiro, Brazil  
 
Dr. Elena V. Gavrilova*, Deputy Director General for Research, Federal Budgetary 
Research Institution, State Research Center of Virology and Biotechnology 
VECTOR, Rospotrebnadzor, Koltsovo, Russian Federation (presentations given 
by Dr Shchelkunov on her behalf) 
 
Dr Christina L. Hutson, Lead, Virus-Host Molecular Interactions Team (VHMI), 
Poxvirus and Rabies Branch (PRB), Division of High Consequence Pathogens and 
Pathology (DHCPP), National Center for Emerging and Zoonotic Infectious 
Diseases (NCEZID), Centers for Disease Control and Prevention (CDC), Atlanta 
GA, United States of America  
 
Dr Ashley Kondas, Microbiologist, Virus-Host Molecular Interactions Team 
(VHMI), Poxvirus and Rabies Branch (PRB), Division of High Consequence 
Pathogens and Pathology (DHCPP), National Center for Emerging and Zoonotic 
Infectious Diseases (NCEZID), Centers for Disease Control and Prevention (CDC), 
Atlanta GA,, United States of America 
 
Professor Hermann Meyer, Head of Department, Bundeswehr Institute of 
Microbiology, Munich, Germany 
 
Dr Victoria Olson, Chief, Poxvirus and Rabies Branch (PRB), Division of High-
Consequence Pathogens and Pathology (DHCPP), National Center for Emerging 
and Zoonotic Infectious Diseases (NCEZID), Centers for Disease Control and 
Prevention (CDC), Atlanta GA, United States of America 
 
Professor Sergey N. Shchelkunov, Head, Department of Genome Studies and 
Development of DNA Diagnostics of Poxviruses, Federal Budgetary Research 



 
34 

 

Institution, State Research Center of Virology and Biotechnology VECTOR, 
Rospotrebnadzor, Koltsovo, Russian Federation 
 
Dr David Ulaeto, Department of Biomedical Sciences, Defence Science and 
Technology Laboratory (Dstl), Salisbury, United Kingdom 
 
Dr Priscilla Ibekwe, Deputy Director, Nigeria Centre for Disease Control, Nigeria  
 
Dr Emmanuel Nakouné, Scientific Director, Institut Pasteur, Bangui, Central African 
Republic 
 
* These advisers were unable to attend the meeting 

 
INVITED PRESENTERS 
 
Dr Marco Cavaleri, Head of Office, Anti-infectives and Vaccines in the Human 
Medicines Evaluation Division, European Medicines Agency, Amsterdam, The 
Netherlands 
 
Professor Peter Horby, Executive Director, ISARIC Global Support Centre, 
International Severe Acute Respiratory and Emerging Infection Consortium, 
Oxford, United Kingdom  
 
Dr Dennis E. Hruby, Chief Scientific Officer, SIGA Technologies Inc., Corvallis, 
United States of America 
 
Dr Andrea Hulse, Chief, Clinical Review Branch II, Office of Vaccine Research and 
Review, Center for Biologics Evaluation and Research, US Food and Drug 
Administration (FDA), United States of America 
 
Dr. W. Garrett Nichols, Chief Medical Officer, Chimerix, Durham, United States of 
America 
 
Professor Piero Olliaro, Director of Science, ISARIC Global Support Centre, 
International Severe Acute Respiratory and Emerging Infection Consortium, 
Oxford, United Kingdom  
 
Dr Jules O’Rear, Lead Clinical Virologist, Division of Antiviral Products, Center for 
Drug Evaluation and Research, US Food and Drug Administration (FDA), United 
States of America 
 
Mr Yasuhiko Shinmura*, Manager, Development Department, R&D Division, 
Kikuchi Research Center, KM Biologics, Kikuchi-si, Japan (presentation given by 
the WHO Secretariat on his behalf) 
 
Dr Heinz Weidenthaler, VP, Clinical Strategy, Bavarian Nordic GmbH, 
Martinsried, Germany 
 
* This presenter was unable to attend the meeting 



 
35 

 

OBSERVERS 
 
Dr Jørgen de Jonge, Senior Scientist preclinical influenza vaccines, Centre for 
Immunology of Infectious Diseases and Vaccines, Centre for Infectious Disease 
Control, National Institute of Public Health and the Environment (RIVM), 
Bilthoven, The Netherlands 
 
Dr Delia A Enria, Former Director, Instituto Nacional de Enfermedades Virales 
Humanas – Julio Maiztegui, Buenos Aires, Argentina. Representing the WHO 
Strategic and Technical Advisory Group for Infectious Hazards.  
 
Dr Joachim Mariën, Disease ecologist at outbreak research team, Institute of 
Tropical Medicine Antwerp, Antwerp, Belgium 
 
Michael Merchlinsky, Scientific Program Manager, Biomedical Advanced 
Research and Development Authority (BARDA), Department of Health and 
Human Services, Washington, United States of America  
 
 
Secretariat 

Dr Sylvie Briand, Director, Infectious Hazards Management, Health Emergencies 
Programme, WHO, Geneva, Switzerland 

Ms Alexandra Hill, Technical Officer, Infectious Hazards Management, Health 
Emergencies Programme, WHO, Geneva, Switzerland  

Dr Kazunobu Kojima, Technical Officer, WHE/CPI/PCB, Health Emergencies 
Programme, WHO, Geneva, Switzerland 

Dr Rosamund Lewis, Smallpox Secretariat, Infectious Hazards Management, 
Health Emergencies Programme, WHO, Geneva, Switzerland  

Ms Anne Mazur, Principal Legal Officer, Office of the Director-General, WHO, 
Geneva, Switzerland 

Dr Mark Perkins, Network Leader, Infectious Hazards Management, Health 
Emergencies Programme, WHO, Geneva, Switzerland  
 
Dr Mike Ryan, Executive Director, WHO Health Emergencies Programme 

Ms Nikola Sklenovska, Consultant, Infectious Hazards Management, Health 
Emergencies Programme, WHO, Geneva, Switzerland  

Dr Michel Thieren, Medical Officer, Science Division, WHO, Geneva, Switzerland 

Dr Maria Van Kerkhove, Acting Manager, Infectious Hazards Management, Health 
Emergencies Programme, WHO, Geneva, Switzerland  

Dr Karin Von Eije, Technical Officer, Infectious Hazards Management, Health 
Emergencies Programme, WHO, Geneva, Switzerland  
 



 
36 

 

 

Annex 3  Research proposals for 2020 
 
Annex 3a.  
Research proposals presented for 2020 VECTOR and WHO approval status 

Proponent and projects Yes No Majority opinion and notes Approval 

date 

VECTOR 
     

1. Assessment of the 

neutralizing activity of 

vaccinated volunteers’ sera 

using variola virus to support 

the development of less 

reactogenic fourth-generation 

vaccines. 

6 6 - 

Discussed during ACVVR 21. 

These data were required for 

forthcoming federal approval 

and registration. Consensus after 

discussion was to recommend 

approval of the studies.  

November 

2019 

2. Discovery and testing of 

novel chemical antivirals for 

smallpox treatment and 

prevention 

9 3 Yes 

Recommended for approval 

during ACVVR 21 following 

prior review 

November 

2019 

3. Use of live variola virus to 

evaluate antivirals against 

smallpox based on 

monoclonal antibodies. 

9 2 Yes 

Recommended for approval 

during ACVVR 21 following 

prior review 

November 

2019 
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Annex 3b.  
Research proposals presented for 2020 United States Centers for Disease Control 
and Prevention and WHO approval status 

Proponent and projects Yes No Majority opinion and notes Approval 

date 

CDC  

Use of live variola virus to: 

    

 

1. Maintain and regenerate 

non-infectious variola virus 

derived materials for 

diagnostic development 

support [continuing] 

7 4 Yes 

Presented and discussed during 

ACVVR21; proposal submitted and 

reviewed after the meeting 

December 

2019 

2. Characterize effectiveness 
of antiviral therapeutic 

[tecovirimat] [completing] 

10 1 Yes 

Presented and discussed during 

ACVVR21; proposal submitted and 

reviewed after the meeting 

December 

2019 

3. Characterizise effectiveness 

of novel anti-viral 

therapeuteutic ST-357 [new] 

10 1 Yes 
Discussed during ACVVR21; proposal 

submitted and reviewed in November 

December 

2019 

4. Evaluate antivirals 

(monoclonal biologics) 

against variola virus 

[continuing] 

10 1 Yes 

Presented and discussed during 

ACVVR21; proposal submitted and 

reviewed after the meeting 

December 

2019 

5. Determine whether mice are 

a suitable model for human 

smallpox, providing means to 

evaluate medical 

countermeasures against 

authentic agent [continuing] 

5 6 

 

Part

ial 

Presented and discussed during 

ACVVR21; proposal submitted and 

reviewed after the meeting 

The ACVVR members were split on 
this recommendation. After seeking 
clarification on study components, 
WHO decision was as follows: 

Completion of sample processing for 
in vivo study previously approved for 
2019 and undertaken (see Annex 2c): 
WHO Approved. 

Efficacy study of tecovirimat before or 
after live variola virus administration: 
Not approved by WHO.  

Reasons considered. The ACVVR did 
not reach a consensus; tecovirimat is 
already FDA-approved; the selected 
mouse model, study design, and public 
health rationale are to be more fully 
described for further consideration.  

January 

2020 

(partial) 

6. Support less reactogenic 

vaccine development: 

continued evaluation of third 

generation vaccines 

[continuing] 

10 1 Yes 

Presented and discussed during 

ACVVR21; proposal submitted and 

reviewed after the meeting 

December 

2019 
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7. Develop protein based 

diagnostic and detection assay 

specific for variola virus 

[continuing] 

6 4 Yes 

Presented and discussed during 

ACVVR21; proposal submitted and 

reviewed after the meeting 

December 

2019 

 
 
Annex 3c.  

Research proposals presented for 2019 by CDC and WHO approval status 

Proponent and projects Yes No Majority opinion and notes Approval 

date* 

CDC (studies for 2019)     
 

1. Use of live variola virus to 

support less reactogenic 

vaccine development: 

continued evaluation of third 

generation vaccines 

8 2 Yes 

Presented and discussed during 

ACVVR20; proposal submitted 

after the meeting 

June 2019 

2. Use of live variola virus to 

develop protein based 

diagnostic and detection 

assays specific for variola 

virus 

6 3 Yes 

Presented and discussed during 

ACVVR20; proposal submitted 

after the meeting 

June 2019 

3. Use of live variola virus to 

maintain and regenerate non-

infectious variola virus 

derived materials for 

diagnostic development 

support 

7 3 Yes 

Presented and discussed during 

ACVVR20; proposal submitted 

after the meeting 

June 2019 

4. Use of live variola virus to 

determine whether mice are a 

suitable model for human 

smallpox 

6 5 Yes 

Extended discussion at 

ACVVR20 followed by written 

proposal and review led to 

recommendation for approval 

due to promising data presented 

as update.  

 

June 2019 

5. Use of live variola virus to 

evaluate antivirals against 

variola  

7 3 Yes 

Presented and discussed during 

ACVVR20; proposal submitted 

after the meeting  

June 2019 

6. Use of live variola virus 

for testing antiviral 

therapeutic 

5 2 Yes 

Study presented out of cycle 

(June 2018) following FDA 

request, recommended for 

approval by 5 of 7 responding 

ACVVR members, discussed at 

ACVVR 20 (Sept 2018), 

partially approved.  

February 

2019 (partial) 

* Continuing studies approved for 2018 had received extension of approval until March 2019, prior to 

closure of facilities for cleaning in April and inspection in May 2019. 

** There were no proposals presented by VECTOR for the 2019 research period.  
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Annex 4  Abstracts of presentations  
 
Report on the variola virus collection at the WHO Collaborating Center for 
Orthopoxvirus Diagnosis and Repository for Variola Virus Strains and DNA 
at FBRI SRC VB VECTOR, Rospotrebnadzor 
 
Maksyutov RA, Shchelkunov SN 
WHO Collaborating Centre for Orthopoxvirus Diagnosis and Repository for 
Variola Virus Strains and DNA at Federal Budgetary Research Institution (FBRI), 
State Research Centre (SRC) of Virology and Biotechnology (VB), VECTOR, 
Rospotrebnadzor, Koltsovo, Novosibirsk Region, Russian Federation 

 
Organization of and experimentation with the Russian variola virus (VARV) 
collection at the WHO Collaborating Centre for Orthopoxvirus Diagnosis and 
Repository for Variola Virus Strains and DNA at FBRI SRC VB VECTOR, 
Rospotrebnadzor is in compliance with national and international requirements, 
and the WHO recommendations. Working instructions (standard operating 
procedures) have been developed that govern the implementation of research as 
well as all other supporting and monitoring activities. For the handling of 
accidents and emergencies, response plans are in place to contain possible 
outbreaks or accidents, and first responder teams are established. 
 
Currently, the VARV collection comprises 120 strains, originating from Europe 
(EURO), Asia (SEARO), Africa (AFRO), South America (AMRO), and the Middle 
East (EMRO). 
 
The VARV strains in the repository are stored in a freeze-dried or frozen form as 
well as in the form of primary specimens isolated from human patients in the 
past (scabs). 
 
Work involving the use of live variola virus was conducted at FBRI SRC VB 
VECTOR, Rospotrebnadzor, from 3 September 2018 to the end of 2018, on the 
following topics: 

 
1. Discovery and testing of novel chemical antivirals for smallpox treatment 

and prevention. 
2. Replenishment of the stocks with non-infectious material, derived from live 

variola virus, required for diagnostics development. 
3. Assessment of the neutralizing activity of vaccinated animals’ sera using 

variola virus to support the development of less reactogenic fourth-
generation vaccines. 

 
No work involving the use of live variola virus was conducted at FBRI SRC VB 
VECTOR, Rospotrebnadzor, in 2019 due to renovations ongoing in the Smallpox 
Research Facility. 
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The WHO Collaborating Centre for Smallpox and other Poxviruses at the 
Centers for Disease Control and Prevention Atlanta, GA: Report on the 
variola collection for the 2019 ACVVR meeting 
 
Christina Hutson, Ashley Kondas, Matthew Mauldin, Kimberly Wilkins, Todd Smith, 
Zachary Weiner, Yu Li, Jinxin Gao, Hui Zhao, Christine Hughes, Victoria Olson 
Poxvirus and Rabies Branch, Centers for Disease Control and Prevention, Atlanta, 
Goergia, United States of America 
 
The WHO Collaborating Centre for Smallpox and other Poxviruses at the Centers 
for Disease Control and Prevention in Atlanta, Georgia, continues to maintain one 
of two consolidated, international collections of variola virus strains. The 
majority of these viruses were originally isolated on embryonated eggs and 
characterized during the final years of the smallpox eradication campaign. The 
virus collection is maintained in two separate freezers, one of which is a back-up 
freezer remaining largely untouched. Secure databases addressing WHO 
recommendations and US select agent requirements have been constructed and 
maintained to track usage of variola virus. Annual reports on the status of these 
collections are provided to WHO. No new variola virus seed pools were added to 
working stocks between 2018 and 2019. In 2019, aliquots from nineteen original 
isolates were removed from the repository freezer and processed for full 
genomic sequencing. These isolates were selected based on historic information 
available such as geographic location.  
 
In the last year, WHO-approved research activities utilizing variola virus from 
the inventory have focused on: 1) neutralization potential of antivirals 
(monoclonal biologics); 2) evaluation of sera from vaccination regimens to 
assess efficacy based on variola virus neutralization; 3) development of protein 
based diagnostics and detection assays specific for variola virus; 4) regeneration 
of non-infectious material for diagnostic support; 5) evaluation of the antiviral 
activity of tecovirimat across multiple F13L variants; and 6) determining 
whether humanized mice are a suitable animal model for human smallpox. The 
laboratory space was in active use from June 2018 to March 2019; the laboratory 
underwent decontamination prior to preventive maintenance during April 2019. 
After preventive maintenance, the laboratory remained inactive while the WHO 
biosafety inspection occurred on 20–24 May 2019. The laboratory once more 
became operational on 6 June 2019. In the United States, variola virus is a select 
agent and is subject to the select agent regulations (42 CFR part 73). 
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Replenishment of the stocks with non-infectious material, derived from 
live variola virus, required for diagnostics development 
 
Maksyutov RA, Sergeev AlA, Kabanov AS, Tregubchak TV, Gavrilova EV, Shchelkunov SN 
WHO Collaborating Centre for Orthopoxvirus Diagnosis and Repository for 
Variola Virus Strains and DNA at Federal Budgetary Research Institution (FBRI), 
State Research Centre (SRC) of Virology and Biotechnology (VB), VECTOR, 
Rospotrebnadzor, Koltsovo, Novosibirsk Region, Russian Federation 
 
In 2001–2003, a collaborative project was conducted with the WHO 
Collaborating Centre for Smallpox and Other Poxvirus Infections at CDC, Atlanta, 
USA, for testing the viability of 55 isolates of variola virus (VARV) from the 
stocks held at VECTOR. For 21 variola virus strains from different geographical 
areas, the virus was grown in Vero cell culture, DNA preparations were 
extracted, and collections of 20 amplicons embracing the entire viral genome 
were produced. These DNA amplicons of each VARV strain were subjected to 
hydrolysis by different restriction endonucleases followed by electrophoretic 
separation of the sub-fragments prepared (RFLP analysis). Computer-assisted 
analysis of data obtained made it possible to identify the phylogenetic 
relationships of the VARV isolates studied. 
 
The collection of VARV DNA thus prepared was used to test diagnostic kits in 
development for DNA diagnosis of human pathogenic orthopoxviruses. As a first 
step, a test kit was developed for species-specific diagnosis of human pathogenic 
orthopoxviruses based on a classic variant of multiplex PCR. The test kit, Vector-
MPCR-Smallpox, received marketing authorization in 2011 and was licensed for 
manufacture and medicinal use in the Russian Federation. The conventional PCR 
techniques are currently being replaced by real-time PCR assays (RT-PCR). 
Based on real-time PCR, we developed a method of multiplex TaqMan real-time 
PCR (MuRT-PCR) for the specific detection and differentiation of DNA of four 
human pathogenic orthopoxviruses in one reaction. The developed test kit, 
Vector-MPCRrt-Smallpox, received marketing authorization and was licensed for 
manufacture and medicinal use in the Russian Federation in 2016. 
 
In 2017, using Illumina-based next generation sequencing (NGS) technology and 
the previously derived collection of VARV DNA preparations, the complete 
genomic sequences of 24 VARV isolates were determined and computer-assisted 
analysis of these data was performed.  
 
In 2018, five VARV strains maintained in the stocks at FBRI SRC VB VECTOR, 
Rospotrebnadzor, were cultured, particularly those from geographic regions not 
previously studied, in order to extract DNA preparations of these strains. In 
2019, full-genome sequencing of extracted genomic DNAs was performed as well 
as testing of the extracted DNA samples with the help of the reagents kit, Vector-
MPCRrt-Smallpox. 
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Use of live variola virus to maintain and regenerate non-infectious variola-
derived materials for diagnostic development support 
 
Victoria Olson, Ashley Kondas, Kimberly Wilkins, Todd Smith, Jason Gao, Christina Hutson, 
Yu Li 
Poxvirus and Rabies Branch, Centers for Disease Control and Prevention, Atlanta, 
Georgia, United States of America 
 

The ability to validate nucleic acid and protein-based diagnostics is critical for 
early detection and recognition of smallpox. False negatives or false positives 
will affect global public health efforts. New types of orthopoxviruses continue to 
be identified and can confound current diagnostic assays. Furthermore, older 
nucleic acid diagnostic platforms are no longer supported by some companies, 
necessitating validation of newer platforms. The need to maintain variola virus 
(VARV) DNA and antigen stocks at the WHO Collaborating Centre (WHO CC) for 
Smallpox and other Poxvirus Infections remains important for future diagnostics 
development and validation. Building rapid and accurate diagnostics is critical 
for disease containment in the event of smallpox reemergence. This presentation 
updates the results from use of VARV to validate several DNA diagnostic assays. 
 
Assay validation is more robust when confirmed with extracted genomic DNA, 
representative of that which would be extracted from a clinical isolate, rather 
than plasmids expressing the target portions of DNA. For sensitivity analysis, use 
of virus DNA extracted from purified virions allows calculation of the limit of 
detection (LoD). Additionally, greater understanding of the variability within 
VARV genomes will help to understand the sensitivity and specificity of nucleic 
acid diagnostic assays. During the last year, 19 original VARV samples were 
sequenced without propagation; and compilation of VARV samples sequenced in 
previous years was completed. These new sequences have been used to 
interrogate United States Centers for Disease Control and Prevention’s 
diagnostic assays as well as assays developed by collaborators. Numerous 
mismatches have been identified in target regions of the assays, requiring 
laboratory testing to verify sensitivity. United States Centers for Disease Control 
and Prevention’s diagnostic assays have been confirmed to retain the ability to 
detect VARV near the LoD. Further sequencing has also identified variability in 
the amino acid sequence of the target for the approved anti-viral compound for 
smallpox (tecoviromat).  Completing the United States Centers for Disease 
Control and Prevention’s database of VARV sequences will improve 
understanding of limitations and ability to use countermeasures such as 
diagnostics and antiviral therapies. 
 
Diagnostics development over the past year has focused on validation of new 
reagents and/or equipment as technology advances, to retain US Food and Drug 
Administration (FDA) approval. Most notably, FDA approval was received for use 
of a non-variola orthopoxvirus assay with a second master mix in October 2018. 
Another new reagent is a negative extraction control for the VARV specific and 
non-variola orthopoxvirus assays to aid in preventing false positive results. As of 
December 2018, one of the two FDA approved platforms for real-time PCR 
testing of clinical samples was discontinued. The WHO-CC continues to work 
with partners within the Centers for Disease Control and Prevention to bring a 
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second FDA approved platform online for laboratory testing; verification data 
generated are being compiled for submission as two special 510(k)s to the FDA.   
 
Over the last year, collaborative projects that work in synergy with preparedness 
activities have continued. One project was the evaluation of a multiplex assay 
that can differentiate VARV from other orthopoxviruses within a single reaction. 
Testing in 2018 revealed a primer and probe issue and the assay was redesigned; 
preliminary results for the upgraded multiplex kit are presented. Another 
government partner-designed assay for detection of VARV in environmental 
samples as part of bio-surveillance activities is currently being tested. Spiked soil 
samples and aerosol collection buffer are used to determine ability to detect 
extracted variola virus DNA material within these matrices. 
 
The advantages of this PCR platform, and planned study components, will be 
presented. Optimization of the multiplex, real-time PCR assay for use on the 
portable GeneXpert system continued during the year. Additional assay 
conditions were evaluated to ensure detection of live or heat-inactivated VARV. 
The results of these experiments will be presented at the 2019 ACVVR meeting 
during the diagnostics presentation along with protein-based diagnostics. 
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Discovery and testing of novel chemical antivirals for smallpox treatment 
and prevention 
 
Shchelkunov SN, Shishkina LN, Bormotov NI, Sergeev AlA, Kabanov AS, Serova OA, 
Mazurkov OYu, Yurganova IA, Agafonov AP, Maksyutov RA 
WHO Collaborating Centre for Orthopoxvirus Diagnosis and Repository for 
Variola Virus Strains and DNA at Federal Budgetary Research Institution (FBRI), 
State Research Centre (SRC) of Virology and Biotechnology (VB), VECTOR, 
Rospotrebnadzor, Koltsovo, Novosibirsk Region, Russian Federation 
 
The discovery of novel antivirals for the treatment and prevention of smallpox 
remains relevant. 
 
In 2018, 20 chemical compounds with a selectivity index (SI) greater than 8 were 
used for antiviral testing in vitro against variola virus (VARV); the compounds 
were selected from 66 novel compounds screened in Vero cell culture infected 
with surrogate orthopoxviruses (vaccinia virus, cowpox virus, and ectromelia 
virus). These chemical compounds had been synthesized by Novosibirsk 
Institute of Organic Chemistry of the Siberian Branch of the Russian Academy of 
Science (NIOCH SB RAS). Cidofovir was used as a reference drug. 
 
Nine chemical compounds were identified that were active against VARV, using 
the parameter of selectivity index (SI), which expresses a compound’s in vitro 
efficacy in the inhibition of virus replication. Of these, 3 compounds with SI 
values from 8 to 16 belong to borneol derivatives; 3 compounds with SI from 5 to 
11 are derivatives of (+)-camphor thiosemicarbazone; 3 compounds with SI from 
20 to 68 are N-acylhydrazones based on (+)-camphor. At the same time, the SI 
value of Cidofovir in relation to VARV reached 30. 
 
In 2019, SRC VB VECTOR tested more than 100 novel compounds relating to 
different classes of chemicals in vitro against surrogate orthopoxviruses. Among 
these, 20 were compounds of the NAV, Db, and Ms series containing a 
monoterpene scaffold or an adamantane fragment obtained from NIOCH SB RAS, 
and 20 compounds were benzyl derivatives of adamantane synthesized at 
Samara State Technical University (SamSTU). 
 
It was established that 13 compounds of the NAV series revealed antiviral 
activity with an SI value greater than 350 against vaccinia virus, of which 3 
compounds created on the basis of isobornylamine, having a bicyclic scaffold and 
phenylamide or benzylamide fragments, had SI values from 2320 to 7340. Of the 
chemical compounds synthesized by SamSTU, 7 compounds had an SI value 
greater than 60, while 3 compounds related to N-adamantylated 
arylcarboxamides had SI values for vaccinia virus varying from 1090 to 2320. 
 
Thus, it is proposed to include at least 15 chemical compounds with the highest 
SI values against surrogate orthopoxviruses in further testing using live VARV. 
It is imperative to continue this research in order to discover chemical 
compounds of different classes with the potential to be developed as drugs 
against orthopoxviruses pathogenic for humans or animals, including VARV. 
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Preclinical studies on the anti-smallpox drug NIOCH-14 
 

Shchelkunov SN, Shishkina LN, Bormotov NI, Skarnovich MO, Sergeev AlA, Skarnovich MA, 
Mazurkov OYu, Serova OA, Gamaley SG, Shimina GG, Sysoyeva GM, Bateneva AV, Taranov 
OS, Danilenko ED, Agafonov AP, Maksyutov RA 
WHO Collaborating Centre for Orthopoxvirus Diagnosis and Repository for 
Variola Virus Strains and DNA at Federal Budgetary Research Institution (FBRI), 
State Research Centre (SRC) of Virology and Biotechnology (VB), VECTOR, 
Rospotrebnadzor, Koltsovo, Novosibirsk Region, Russian Federation 
 

A finished dosage formulation (FDF) of the anti-smallpox drug NIOCH-14 has 
been developed in the form of hard gelatin capsules for oral use; it contains a 
chemical compound (7-[N'-(4-trifluoromethylbenzoyl)-hydrazinocarbonyl]-
tricyclo[3.2.2.02,4]non-8-en-6-carboxylic acid) and excipients. 
 
The FDF formulation of NIOCH-14 has low toxicity; when administered 
intragastrically at a dose of 5 g/kg it did not cause the death of mice, and it is safe 
as judged by acute and chronic toxicity in experiments in mice and rats. Neither 
single nor multiple daily (for 30 days) intragastric administration of NIOCH-14 
FDF at doses of 50 and 150 mg/kg in mice and rats produced pronounced or 
long-lasting changes in physiological, histological, hematological or biochemical 
parameters. NIOCH-14 did not reveal any immunotoxic or allergenic properties, 
reproductive toxicity or mutagenic activity in mice, rats, or guinea pigs. 
 
In solvents used for mass spectrometry, and in the bodies of animals, NIOCH-14 
is converted into an active metabolite, 4-trifluoromethyl-N-(3,3a, 4,4a, 5,5a, 
6,6a-octahydro-1,3-dioxo-4,6-ethenocycloprop [f] isoindole-2 (1H)-yl) 
benzamide (ST-246). Following a single oral administration to mice of a 
suspension of NIOCH-14 FDF in a capsule at a dose of 50 μg/g of body weight, 
the maximum concentration (Cmax) of ST-246 in the sera of mice reached 19.63 
μg/ml within 3 hours while the absolute bioavailability (Fabs) made 61.1%. 
Following a single oral administration to rabbits of NIOCH-14 FDF in a capsule at 
a dose of 60 μg/g of rabbit body weight, the Cmax value of ST-246 was 0.63 μg/ml 
within 6 hours while the Fabs value of NIOCH-14 FDF in rabbits made 5.0%. 
 
In intranasal infection of mice with ectromelia virus (ECTV) at a dose of 10 LD50 
and the administration of NIOCH-14 FDF, the 50% effective dose was 4.12 μg/g 
of mouse body weight, and when using doses greater than 12.5 μg/g, the mouse 
survival rate was 100%. The therapeutic window, a period of effective use of 
NIOCH-14 FDF, reached 5 days post ECTV infection; the median survival time 
increased, and virus titres in lungs, liver and spleen decreased significantly 
compared to a control group of mice infected with ECTV. In the groups of mice 
infected with variola virus (VARV) at a dose of 30 ID50 and received NIOCH-14 
FDF, the percentage of infected mice, and of virus titres in lungs, decreased 
significantly compared to a control group of mice infected with VARV.  
 
Thus the NIOCH-14 finished dose formulation was demonstrated to be safe, 
bioavailable, and highly effective against orthopoxviruses when administered 
orally and could be recommended for further clinical studies. 
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Use of live variola virus to characterize effectiveness of the antiviral 
therapeutic tecovirimat 
 
Christina Hutson, Todd Smith, Matthew Mauldin, Christine Hughes, Ashley Kondas, Jinxin 
Gao, Yu Li, Victoria Olson 
Poxvirus and Rabies Branch, Centers for Disease Control and Prevention, Atlanta, 
Georgia, United States of America 
Douglas W. Grosenbach, Dennis E. Hruby, Andrew Russo, Lek Chinsangaram, Candace 
Lovejoy.  SIGA Technologies, Inc. 
 

Current consensus supports the need for at least two antiviral compounds, with 
discrete mechanisms of action, to be licensed and available. The US Food and 
Drug Administration (FDA) approved therapeutic agent tecovirimat (i.e. ST-
246)24 has been tested extensively in vivo with animal models, including the non-
human primate variola virus (VARV) model. Although tecovirimat has shown 
efficacy against several orthopoxviruses, it has also been noted that changes in 
the orthopoxviral F13L gene allows for resistance to tecovirimat; additionally, 
resistance emerged during use of the drug in extended treatment of an individual 
with progressive vaccinia. Therefore, the FDA requested that the antiviral 
activity of tecovirimat be tested against an expanded panel of VARV isolates as a 
post marketing requirement/commitment.    
 
The objective of this study was to screen representative VARV isolates from 
different F13L amino acid (AA) variants in vitro against tecovirimat. Using 
NCBI’s BLAST algorithm, 53 published F13L genes were identified from 
GenBank. These, along with 61 sequences from unpublished genomes recently 
generated by the United States Centers for Disease Control and Prevention (total 
n=114) were compared by visual examination of multi-sequence alignment and 
haplotype analyses. Fifteen nucleotide haplotypes (unique sequences) were 
identified which translated to 8 unique AA variants, with one of these unique 
variants identified only within the new unpublished United States Centers for 
Disease Control and Prevention’s sequence data. Within the United States 
Centers for Disease Control and Prevention’s repository, isolates from 6 of the 8 
variants were available for screening. Variant 1 is found in 78.1% of all isolates 
(94.7% of all isolates belong to one of three AA variants [1, 5, or 7]). Variants 3, 
4, 6 and 8 matched to only one isolate each. Multiple isolates with variants 1 and 
5 were tested previously. Variant 6 was identified from an isolate only available 
at the VECTOR repository and has been previously tested. Variant 8 was 
identified from one United States Centers for Disease Control and Prevention’s 
unpublished sequence; however, the sample was used previously to completion 
for sequencing so was not available.  
 
Using a cytopathic effect assay, 7 VARV isolates from 5 AA variants were 
screened for tecovirimat sensitivity. Results showed all isolates were sensitive 
with half-maximal effective concentrations (EC50) of 0.01–0.03 µM. The 90% 
effective concentration (EC90) was also in the nanomolar range (0.02–0.15 µM) 
for all isolates. Although isolates with variant 1 had been previously screened, 
the Japan_1951_Harper isolate was selected due to its use in in vivo models and 

                                                        
24 Marketed as TPOXX 
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for comparison to previous results. Indeed, the EC50 for the Japan_1951_Harper 
isolate was similar to published EC50 for previously screened variant 1 isolates.  
 
Results of this screening effectively doubled the number of VARV isolates and 
tripled the number of F13L AA variants screened against tecovirimat at the 
United States Centers for Disease Control and Prevention. Additional VARV 
isolates were previously tested by VECTOR using a homologous chemical 
compound. Including the VECTOR screening, seven AA variations in F13L have 
been tested, with one (variant 8) not available. These results increase confidence 
in the effectiveness of tecovirimat as a medical countermeasure and help in 
fulfilling the post-marketing commitment with FDA. However, we are continuing 
to expand our genetic database of VARV sequences and have identified 
additional F13L AA variants within original VARV samples. Including all of these 
new VARV sequences, there are now 18 unique nucleotide haplotypes that 
translate to 10 unique AA variants. Newly identified AA variants should also be 
screened (if available) for tecovirimat sensitivity to confirm ability of tecovirimat 
to inhibit all known VARV F13L variants.  
 
In summary, of 114 sequences of this gene analysed, 78 were identical, 
suggesting the gene was highly conserved. Although variations were seen in the 
F13L gene in different clades, the variations did not seem to separate solely 
based on geography. It was proposed to complete the testing of tecovirimat 
against variola virus in vitro within a year, using recombinant cell lines 
expressing the F13L sequence of interest where necessary. 
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Use of live variola virus to evaluate monoclonal biologics against variola 
virus 
Ashley Kondas, Christina Hutson, Victoria Olson, Poxvirus and Rabies Branch, Centers 
for Disease Control and Prevention, Atlanta, Georgia, United States of America 

Iuliia Gilchuk, James Crowe, The Vanderbilt Vaccine Center 

Darryl Sampey, BioFactura, Inc.  

Jeffrey L Nordstrom, MacroGenics, Inc.  
 
The objective of smallpox bioterrorism preparedness is to save lives if smallpox 
re-emerges. Recently, tecovirimat was the first therapeutic to be licensed for 
treatment of smallpox. The search for an agent with a different mechanism of 
action continues; monoclonal antibodies (mAbs) or cocktails could meet this 
need. In recent years mAbs have been approved for treatment of different 
conditions/pathogens, including cancer, anthrax, and respiratory syncytial virus. 
The Biomedical Advanced Research and Development Authority (BARDA) 
recently announced an R&D contract for advanced development of medical 
countermeasure for treatment of smallpox. A mAb cocktail for orthopoxviruses 
(OPXVs) could include at least two mAbs to target both infectious forms of virus, 
potentially limiting viral resistance by having multiple viral targets.  
 
In 2019, the United States Centers for Disease Control and Prevention’s efforts 
focused on identifying biologic therapeutics against VARV that were previously 
shown to neutralize other OPXV (in vitro and in vivo) using plaque reduction 
neutralization assays (PRNT). We have continued collaboration with the 
Vanderbilt Vaccine Center and identified 3 VARV intracellular mature virion 
(IMV) and 7 VARV external enveloped virion (EV) neutralizers. Previously, the 
Vanderbilt Vaccine Center created two cocktails of mAbs (Mix4 and Mix6) with 
high capacity to neutralize both forms of infectious non-VARV OPXVs. However, 
new data presented here suggest that neither mix is ideal for VARV treatment as 
the EV targeted mAbs are not strong VARV neutralizers. We are re-evaluating 
mAbs that neutralized VARV in monkeypox virus (MPXV) PRNTs to develop a 
universal OPXV mix.  
 
Commercial entities also produce mAbs directed against OPXVs. In 2018, we 
presented preliminary VARV performance data of mAbs and cocktails from two 
commercial entities. In 2019, cocktails from these and a third commercial entity 
underwent a challenge using the intravenous non-human primate (NHP) model 
where treatment was administered following a lethal MPXV challenge. Survival 
rates for company A and B products were 9/10 and 8/10 respectively. The 
United States Centers for Disease Control and Prevention also determined EC50 
values for individual mAbs and cocktails against both IMV and EV forms of VARV 
using our PRNT assays for Companies A and B product. Our data demonstrate 
that Companies A and B cocktails neutralized VARV in vitro. Evaluation of mAbs 
and cocktails from company C is underway. We will provide information on the 
VARV EC50 values in our IMV and EV PRNTs, results of the NHP studies, and 
future steps towards licensure including humanization of the mAbs as well as 
final quality control testing.   
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Use of live Variola virus to determine whether humanized mice are a 
suitable animal model for human smallpox 
 
Ashley Kondas, Todd Smith, Nadia Gallardo-Romero, Cassandra Tansey, Jana Ritter, Matthew R 
Mauldin, Laurie Seigler, Victoria Olson, Christina Hutson  

WHO Collaborating Center for Smallpox and other Poxvirus Infections, Atlanta, 
Georgia, United States of America 
 

In the United States, variola virus (VARV) is a select agent and is subject to the 
select agent regulations (42 CFR part 73). Historically, laboratory research 
efforts have tested several animal species for susceptibility to VARV, but as yet, 
non-human primates (NHPs) are the only non-human animals that exhibit overt 
illness. In order to induce illness in NHPs, the required infectious dose (~1x108 
VARV plaque forming units [pfu]) is much greater than the dose required for a 
natural human smallpox infection, and the model necessitates an intravenous 
inoculation. Because of these limitations, a number of surrogate animal models 
of orthopoxvirus (OPXV) disease have been developed to evaluate the efficacy of 
various safer smallpox vaccines/therapeutics. Many of these models also have 
limitations, such as short disease incubation periods, which do not resemble 
human smallpox. As a result, these systems are suboptimal for evaluating 
efficacy of antivirals as therapeutics (after symptom onset). The development of 
a more permissive/representative VARV animal model would facilitate testing of 
therapeutics. Humanized mice (hu-mice) have become an invaluable tool for 
modeling human disease and investigating human-specific therapeutic 
candidates as they provide an excellent alternative to NHPs.  
 
Previously, we presented our 2015 pilot study that evaluated 3 types of 
humanized female mice (BLT, hu-CD34 and PBMC), obtained from Jackson 
Laboratories. During this pilot study, mice were inoculated via an intranasal (IN) 
challenge with VARV (7x103 or 7x105 pfu JAP51_hrpr strain). This study 
identified that, following challenge, all three mouse strains were susceptible to 
VARV, and subsequent pathologic, electron microscopy, tissue culture and 
immunohistochemical (IHC) analyses supported infection as the cause of 
morbidity in mice that succumbed to disease following an approximate 13-day 
window. This finding was further validated by an evaluation of the background 
mouse (NSG), which was resistant to VARV challenge. The 2015 study findings 
suggested that humanized mice (particularly BLT and hu-CD34) have the 
potential to serve as a model for smallpox disease. In order to further 
characterize the model, a dosage study was conducted with four different VARV 
inoculums via the IN route (1.2X103, 3.3X101, 2.2 and 0.1 pfu; 5 mice per dose) 
using the BLT mice; preliminary results from this study were presented at the 
2018 ACVVR meeting. The BLT strain was chosen as it has been reported that 
there is a detectable IgM and, to a lesser extent, IgG response in BLT mice when 
utilizing immunization protocols. During this study, 5/23 mice had detectable 
VARV neutralizing titres after viral challenge; higher challenge doses would 
likely have resulted in more animals with detectable titres, which could be a 
beneficial marker when testing therapeutics. In 2018, we also conducted a serial 
sacrifice study to characterize virus trafficking and evaluated if early biomarkers 
of disease could be detected in the BLT model. For this study, animals were 
challenged with 9.38x104 pfu IN and mice were euthanized at pre-determined 
time points. Similar to surrogate OPXV models, viable virus was first detected in 
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the nasal cavity on day 2 post infection (pi) and spread to the lungs, liver and 
salivary gland/lymph nodes by day 4 pi. By day 9 pi, the infection was systemic 
with 22/22 tissues testing positive for viable virus. Results of the BLT dosage 
and serial study studies will be presented, including preliminary biomarker 
analysis. In 2019, we further characterized the hu-CD34 model by conducting a 
serial sacrifice study similar in design to the BLT serial sacrifice study. The 
samples have been collected and frozen for further analysis including 
determining viral trafficking, biomarker evaluation and seroconversion.   
 
The features of this animal model make it suitable for efficacy testing of potential 
antiviral therapeutics against VARV infection, i.e. in the ability of therapeutics to 
protect mice following a VARV challenge. The BLT serial sacrifice study showed 
that the infection is systemic by day 9 pi, which is approximately 3–4 days before 
mortality; this time frame would allow for rigorous therapeutic testing in this 
animal model. Having these models fully characterized, and results published in 
a peer-reviewed journal, will allow the FDA to assess the usefulness of this 
animal model for evaluation of smallpox medical countermeasures. The FDA 
does not require additional evaluation of ST-246 (tecovirimat) against live VARV 
in vivo but may require this information should attempts be made to license 
another anti-VARV therapeutic. By characterizing this unique animal model, the 
global community will have vital information concerning its utility for testing 
future therapeutics against VARV in vivo. 
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Deployment of tecovirimat – What is Next?  

Dennis E. Hruby 
SIGA Technologies, Inc. 

Review of oral tecovirimat approval and post-marketing activities 

Activities underway to broaden the approved indications for tecovirimat 

 Post exposure prophylaxis 

 Other orthopoxviruses (e.g. monkeypox) 

 Recombinant oncology poxvirus vector complication 

Update on the development of IV tecovirimat – NDA in 2020 

Update on EU approval – MAA submission in 2020 

Introduction of a promising second smallpox antiviral candidate – ST-357 
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Preclinical and Phase I clinical studies on the anti-smallpox vaccine, 
VACdelta6, and next steps for licensure 
 
Gavrilova EV, Maksyutov RA, Shchelkunov SN 
WHO Collaborating Centre for Orthopoxvirus Diagnosis and Repository for 
Variola Virus Strains and DNA at Federal Budgetary Research Institution (FBRI), 
State Research Centre (SRC) of Virology and Biotechnology (VB), VECTOR, 
Rospotrebnadzor, Koltsovo, Novosibirsk Region, Russian Federation 

 
Given there is almost no anti-smallpox immunity in the population, work has 
been ongoing to develop preventive and therapeutic anti-smallpox products for 
the purpose of human health protection from the threat of orthopoxvirus 
infections circulating in nature. To date, a finished dosage formulation of the 
fourth-generation vaccine, VACΔ6, has been developed that is based on an 
attenuated vaccinia virus strain, with the deletion of six virulence genes.  
 
Preclinical studies on the specific activity (authenticity testing, storage stability 
assay, specific activity testing in animal models and in embryonated chicken 
eggs, pyrogenicity testing, innocuity testing) and vaccine safety (studying acute 
and chronic toxicity and local irritation effects in two animal species: guinea pigs 
and rabbits; immunotoxic properties in mice; allergenic properties in guinea 
pigs; mutagenic effects in tests in vitro and in vivo; effects on the central nervous 
function in a thiosemicarbazide test in mice; effects on the reproductive function 
in rats) were successfully completed. In addition, work was conducted to study 
the levels of antibodies neutralizing variola virus in the blood of immunized 
animals (rabbits, guinea pigs, and mice). Based on the results of the studies, a 
document package for clinical trials was prepared and submitted for review to 
the Ministry of Health of Russia in order to receive authorization to conduct 
Phase I clinical trials. 
 
In February 2019, authorization was issued by the Ministry of Health of Russia to 
conduct Phase I clinical trials that were launched in May of this year, with the 
involvement of 60 volunteers. The objective of the clinical trials is to determine 
the dose and number of immunizations and to study the safety, tolerability, and 
immunogenicity of the fourth-generation anti-smallpox vaccine, VAC∆6, when 
administered intradermally. In December 2019, the Phase I clinical trials will be 
completed, and, based on their results, a decision regarding Phase II–III clinical 
trials will be made. 
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Assessment of the neutralizing activity of vaccinated animals’ sera using 
variola virus to support the development of less reactogenic fourth 
generation vaccines 

 
Gavrilova EV, Sergeev AlA, Kabanov AS, Nesterov AE, Yakubitsky SN, Shchelkunov SN, 
Maksyutov RA 
WHO Collaborating Centre for Orthopoxvirus Diagnosis and Repository for 
Variola Virus Strains and DNA at Federal Budgetary Research Institution (FBRI), 
State Research Centre (SRC) of Virology and Biotechnology (VB), VECTOR, 
Rospotrebnadzor, Koltsovo, Novosibirsk Region, Russian Federation 
 
The neutralization test for variola virus (VARV) by the sera of vaccinees is of 
great importance for assessing the specific activity of novel investigational anti-
smallpox vaccines that do not cause typical skin manifestations/signs. So the 
most reliable data, allowing judgment about the effectiveness of the generated 
protective humoral immunity while looking into finding an optimal application 
scheme of such vaccines across various regimens and methods of vaccination, 
are the neutralizing activity values of antibodies in the sera of vaccinees using 
different VARV strains. 

 
As part of the preclinical studies of our investigational fourth generation 
smallpox vaccine, VACdelta6, research was conducted into its ability to generate 
antibodies in rabbits, mice and guinea pigs, neutralizing both VACV and VARV 
(strains Ind-3a and Butler), in comparison to antibodies generated by a 
conventional first-generation smallpox vaccine for cutaneous administration. 
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Use of live Variola virus to support less reactogenic vaccine development:  
continued evaluation of “third” generation vaccines 
 
Christina Hutson, Matthew Mauldin, Ashley Kondas, Christine Hughes, Laurie Seigler, 
Whitni Davidson, Victoria Olson 
Poxvirus and Rabies Branch, Division of High-Consequence Pathogens and 
Pathology, Centers for Disease Control and Prevention, Atlanta, Georgia, United 
States of America 
 
Darja Schmidt, Niels Wulff  
Bavarian Nordic 
 
Yasuhiko Shinmura, Kengo Sonoda  
KM Biologics Co., Ltd. (successor of KAKETSUKEN) 
 
Masayuki Saijo 
National Institute of Infectious Diseases, Japan 
 

Variola virus (VARV) neutralization in vitro remains an informative surrogate 
measure of smallpox vaccine efficacy. The plaque reduction neutralization test 
(PRNT), which measures the ability of immune sera to neutralize mature virus 
forms (MV), has been used as a primary endpoint for the evaluation of vaccines. 
Our prior studies, using sera from vaccinia virus vaccinees (vaccinated with 
MVA-BN, ACAM2000, Dryvax or LC16m8), have indicated neutralization 
endpoint titres may differ when using different species of target viruses. Slight 
differences in orthopoxvirus antigens likely account for these differences. 
Furthermore, our data have demonstrated that vaccinee sera neutralized 
different strains of VARV with different levels of efficiency.   
 
Development of new vaccines has included significant focus on use of attenuated 
vaccine strains, such as Modified Vaccinia Ankara (MVA) and LC16m8. These 
“third generation” vaccines, however, were never tested directly for efficacy 
against smallpox during the eradication campaign since most were developed 
towards the end or after eradication. We have found a statistically significant 
difference in the neutralization titres of vaccinee serum when using different 
target viruses (VARV – heterologous target, versus vaccinia virus – homologous 
target). Therefore, evaluation of the ability of sera to neutralize the MV form of 
VARV will provide a more informative surrogate measure of efficacy. The role of 
VARV neutralization as a surrogate marker for vaccine efficacy is important for 
evaluation of vaccines that do not elicit a “take”, the traditional measure of 
effectiveness.  
 
At the September 2018 ACVVR meeting, we presented data detailing the 
repeatability and sensitivity of the PRNT methods previously approved by the 
United States (US) Food and Drug Administration (FDA) for determining MV 
neutralizing capacity of MVA (Modified Vaccinia Ankara) vaccinee sera against 
VARV. Testing of blinded study samples (including repeat evaluations) was 
completed in December of 2018 following methods in the FDA approved 
Analytical Plan and Redevelopment Report and results were shared with 
Bavarian Nordic for unblinding. Results of statistical analyses demonstrated that 
VARV neutralization titres of sera from Bavarian Nordic’s MVA (a non-replicating 
smallpox vaccine) and ACAM2000 vaccinees were not significantly different. 
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Final reports for the data are currently being written. MVA-BN was approved in 
in September 2019, the first non-replicating smallpox vaccine approved in the US 
and the only FDA approved vaccine for prevention of monkeypox infection.  
 
Additionally, testing of LC16m8 and Dryvax® vaccinee serum samples against 
two VARV strains (Solaiman and Sierra Leone) using clinical trial samples was 
conducted to increase dataset size for improved statistical power. Testing of 
samples is ongoing. 
 
It is also important to determine the neutralizing titres from serum samples 
collected for long-term VARV titre comparisons. Understanding the longevity of 
the immune response of vaccinees will better inform policy and guidance on use 
of these medical countermeasures. If these serum samples were available for 
testing and approval was obtained, similar PRNT assays with VARV would 
determine the length of the neutralizing response following vaccination.  
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Brief update on the “third” generation smallpox vaccine LC16m8 during 
this reporting period  

Saijo M  
National Institute of Infectious Diseases, Japan 
 
KM Biologics continues to maintain the production system and capability for 
LC16m8 vaccine without any issues.  

KM Biologics continues to conduct research to comparatively evaluate 
neutralizing antibody response against monkeypox virus between the LC16m8 
vaccinees and the Dryvax vaccinees. The findings indicate LC16m8 has a good 
efficacy profile.  

J-SVRG including KM Biologics continues to conduct collaborative research with 
the United States Centers for Disease Control and Prevention to comparatively 
evaluate neutralizing antibody response against several variola virus strains 
between the LC16m8 vaccinees and the Dryvax vaccinees. The research findings 
will be updated from the United States Centers for Disease Control and 
Prevention.  
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MVA-BN induces protection against monkeypox in non-human primates 
and has favorable immunological and safety profiles in humans including 
persons with a history of AIDS 

Weidenthaler H, Bavarian Nordic 

Over 100 monkeypox cases were reported in Nigeria since 2017, with travellers 
to the UK, Israel, and Singapore becoming ill and incidents of secondary 
transmission further raising concerns. MVA-BN is the only approved monkeypox 
vaccine, with nonclinical and clinical evidence supporting its safety and efficacy. 

In a nonclinical study, cynomolgus macaques were vaccinated with placebo  
(N = 5), 1 standard MVA-BN dose (N = 6), or 2 standard MVA-BN doses 4 weeks 
apart (N = 6) before intravenous challenge with monkeypox virus 5 weeks later. 
In a recent Phase 2 clinical study evaluating safety and immunogenicity of MVA-
BN in humans with a history of AIDS (CD4 nadir ≤ 200 cells/µL), participants 
were randomized to receive 2 standard (N = 27) or double doses (N = 29) 4 
weeks apart or 2 standard doses on the same schedule with a 12-week booster 
(N = 31). In the pivotal Phase 3 clinical study in healthy volunteers, immune 
responses were compared following MVA-BN (N = 220) and ACAM2000 
(N = 213) standard vaccination regimens. In all studies, safety was monitored 
and neutralizing antibody levels and seroconversion (antibody appearance or 
≥ 2 x baseline level) were assessed. The standard dose was ≥ 0.5 x 108 TCID50. 

In macaques, 1 or 2 doses of MVA-BN were 100% protective against monkeypox 
compared with those receiving placebo, who all succumbed to infection. A single 
dose induced a rapid neutralizing response in macaques with 100% 
seroconversion after 2 weeks. In immunocompromised humans, seroconversion 
with the standard dose was 60.0% four weeks post-dose 1 and 100% two weeks 
post-dose 2. Doubling the dose did not strengthen the neutralizing response, but 
a booster resulted in 1.7-fold higher antibody levels compared to the standard 
schedule at 12 months. In healthy human volunteers, neutralizing antibodies at 
peak visits were almost twice as high following MVA-BN compared with 
ACAM2000. Already after a single dose of MVA-BN, neutralizing antibody levels 
were comparable to ACAM2000 14 days post-dose, a timepoint considered 
protective for ACAM2000 based on traditional indicators of efficacy. In both 
macaques and humans, antibody levels post-dose 2 were higher compared with 
post-dose 1 (approximately 10- to 20-fold) and comparable to levels previously 
correlated with orthopoxvirus protection. In humans, injection site pain was the 
most common side effect and no MVA-BN-related severe adverse events of 
special interest were reported. 

In conclusion, MVA-BN was immunogenic and reached levels considered 
protective in both macaques and humans. FDA approved the liquid-frozen 
formulation of MVA-BN in September 2019 for use in adults aged ≥ 18 years 
(including immune compromised individuals) at high risk for smallpox or 
monkeypox infection. 
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Development of a stand-alone kit for rapid immunochemical diagnosis of 
orthopoxviruses in clinical specimens 
 
Shchelkunov SN, Poltavchenko AG, Filatov PV, Yorsh AV, Yakubitsky SN, Agafonov AP, 
Maksyutov RA 
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Variola Virus Strains and DNA at Federal Budgetary Research Institution (FBRI), 
State Research Centre (SRC) of Virology and Biotechnology (VB), VECTOR, 
Rospotrebnadzor, Koltsovo, Novosibirsk Region, Russian Federation 
 

The purpose of the project is to create a sensitive, rapid, and easy-to-use point-
of-care immunochemical test to detect orthopoxviruses. A prototype of a stand-
alone kit for orthopoxvirus detection has been developed, including synthetic 
carriers with test and control areas and analytical baths filled with ready-to-use 
working solutions. The kit makes it possible to perform dot immunoassay within 
40 minutes using rabbit polyclonal antibodies against vaccinia virus as a capture 
reagent immobilized on a carrier, on the one side, and to use a detection reagent 
associated with colloidal gold, on the other side. The evaluation of the 
effectiveness of detection of vaccinia virus (strain L-IVP), cowpox virus (strain 
GRI-90), and ectromelia (strain K-1) has demonstrated the sensitivity of virus 
detection in unpurified culture preparations to be 103–104 PFU/ml. The test does 
not detect any cross-reactions with heterogeneous viruses (measles, rubella, and 
varicella) that cause exanthematous diseases. The completeness of the assay, 
ease of analysis, and the ability to visually record the results make it possible for 
the test to be used in an off-laboratory setting. 

 
The plan of further work includes optimization of the kit's manufacturing 
technology and design of its accessories; manufacture of experimental batches of 
the kit and their testing using a wide range of orthopoxviruses (including 
smallpox and monkeypox viruses highly pathogenic for humans), as well as the 
development of a codes and specifications package for the kit's manufacture. 
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Use of live variola virus to develop virus-specific protein-based diagnostic 
and detection assays  
 
Victoria Olson, Michael Townsend, Ashley Kondas, Christina Hutson, and Subbian S 
Panayampalli 
Poxvirus and Rabies Branch, Centers for Disease Control and Prevention, Atlanta, 
Georgia, United States of America 

 
The ability to validate protein-based diagnostic capacity is critical for early 
detection and recognition of smallpox should a bioterror incident result in 
reintroduction. The consequences of either false negatives, or false positives, will 
significantly impact global public health efforts. During the 2014–2016 Ebola 
response in West Africa, the need for rapid and accurate diagnostic capacity in 
remote or central laboratories was critical for successful disease containment. 
This presentation will update results from utilization of variola virus (VARV) to 
validate several protein-based diagnostic assays. In the United States, VARV is a 
select agent and is subject to the select agent regulations (42 CFR part 73). 
 
The United States Centers for Disease Control and Prevention has completed 
assessment of monoclonal antibodies (mAbs) developed in prior years using a 
multiplexed meso scale discovery (MSD) format assay with inactivated virus. 
Testing of antibody combinations in both capture and detection positions show 
that the use of a polyclonal antibody (pAb) inclusive test remains the most 
sensitive for detection of orthopoxviruses (OPXVs) and that incorporation of a 
mAb with pAb involves trade-offs between sensitivity and specificity. Highly 
specific VARV mAbs in combination with pAb have shown detection of VARV 
around 5 X 104 pfu/ml, but low-level cross-reactivity with other OPXVs was 
observed with these combinations at concentrations higher than 1 X 107 pfu/ml. 
These results suggest a multiplexed assay incorporating mAbs, with varying 
species specificity, along with pAbs will provide the most robust point-of-care 
assay.   
 
Recently, researchers at Arizona State University (ASU) developed a low-cost 
multiplex fluorescent lateral flow assay (LFA), which improved the sensitivity by 
2–3 orders of magnitude compared to traditional LFA formats. We have 
established collaboration with ASU to evaluate fluorescent LFA using mAbs 
directed against vaccinia virus or monkeypox virus (MPXV). Based on the results, 
we will incorporate VARV detection mAbs in the multiplex format. Preliminary 
experimental results from ASU in fluorescent LFA will be discussed. We are also 
evaluating the potential utilization of LFA for field use in the Democratic 
Republic of the Congo, endemic to MPXV infections. We have completed follow-
up training of field staff for use of OPXV generic point-of-care tests to detect 
MPXV in patient lesion samples. Results are expected to provide real-world 
evidence of the suitability of lab-developed assays for detection of 
orthopoxviruses and to help understand logistic challenges that will be faced.  
 
In parallel, we are also exploring other platforms expected to improve antigen 
detection sensitivity. Using Luminex-based assay, a limit of detection was 
observed as low as 1 X 103 pfu/ml. We will explore this technology for multiplex-
detection of OPXVs using species-specific mAbs.  
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Novel utilization of smallpox medical countermeasures – challenges to 
vaccination against endemic orthopoxvirus disease (monkeypox) 
 
Victoria Olson  
Poxvirus and Rabies Branch, Centers for Disease Control and Prevention, Atlanta, 
Georgia, United States of America 
 
In 1980, the WHO announced the eradication of the first disease, smallpox, after 
a concerted global vaccination effort. Despite this tremendous public health 
achievement, smallpox remains a feared disease, having killed more than 300 
million individuals during the twentieth century before eradication. Concerns 
have escalated in recent years as technology has advanced to allow the 
reconstruction of viruses from published genomic sequences. Bioterrorism 
preparedness has focused on stockpiling medical countermeasures against high-
consequence pathogens that will provide protection and treatment of disease. 
Considerable progress has been achieved in the development of vaccines as well 
as antiviral therapies against smallpox. However, since smallpox no longer exists 
in nature, understanding of medical countermeasures must be inferred from 
surrogate methods, such as studies against other endemic orthopoxvirus 
diseases.  
 
Monkeypox virus is the orthopoxvirus that causes the most severe human 
disease today. Monkeypox is endemic in several regions of Africa, causing 
substantial (up to ~10%) case fatality. This presentation will focus on the 
successful implementation of vaccination for 1000 healthcare workers in the 
Democratic Republic of the Congo with a potentially safer, attenuated smallpox 
vaccine (MVA-BN). The challenges presented conducting this trial within 
resource-poor regions will be discussed as well as creative solutions and 
opportunities for future medical countermeasure evaluations. Saving lives 
should smallpox ever re-emerge depends upon understanding how medical 
countermeasures can be appropriately and effectively used against smallpox. 
 



 
 
 
 

 


