
In 2011, ten years after the last confirmed out-
break, the Food and Agriculture Organization of 

the United Nations (FAO) and the World Organ-
isation for Animal Health (WOAH, formerly OIE) 
jointly declared global freedom from rinderpest. 
Rinderpest, also known as cattle plague, is only 
the second infectious disease eradicated from the 
world, smallpox being the first. Over the 10 years 
since eradication, the main goal of the Rinderpest 
Post-Eradication Programme (https://www.woah.
org/en/disease/rinderpest) has been to track and 
reduce global stocks of rinderpest virus–containing 
material (RVCM). 

RVCM comprises field and laboratory strains of 
rinderpest virus; vaccine strains of rinderpest virus, 
including valid and expired vaccine stocks; tissues, 
serum, and other clinical material from infected or 
suspect animals; diagnostic material containing or 
encoding live virus; recombinant morbilliviruses 
(segmented or nonsegmented) containing unique rin-
derpest virus nucleic acid or amino acid sequences; 

and full-length genomic material, including from 
virus RNA and cDNA copies of virus RNA. Subge-
nomic fragments of morbillivirus nucleic acid not 
capable of incorporation into a replicating morbil-
livirus or morbillivirus-like viruses are not consid-
ered RVCM. 

Accounting for remaining RVCM is critical to 
limit the risk for reintroducing the pathogen by 
intentional or inadvertent release from a labora-
tory (1). In support of this effort, in 2015, FAO and 
WOAH started the Sequence and Destroy project, 
which enabled whole-genome sequencing of rin-
derpest virus (RPV) isolates before their destruc-
tion. Participating institutes were expected to de-
posit the genome sequences into publicly accessible 
databases. In addition, FAO has provided hands-
on assistance and remote support to destroy viral 
stocks in Africa and Asia and led organization of 
>5 global and regional advocacy meetings. Dur-
ing June–October 2021, a review was conducted to 
mark progress towards RVCM sequestration and 
destruction 10 years after eradication. We report 
the main findings of this review. 

The Study
In 2011, a total of 150 countries were surveyed 
regarding their RVCM stocks (2). At that time, 
35 countries (44 laboratories) reported keeping 
RVCM. In 2013, WOAH began annual surveys of 
institutes keeping RVCM. In 2013, a total of 23 
countries reported keeping RVCM; 13 kept live 
virulent virus and 19 live-attenuated virus in the 
form of vaccine (n = 17) or seedstock (n = 17), and 9 
countries kept both virulent virus and vaccine. Be-
cause FAO and WOAH worked with members to 
eliminate or transfer RVCM stocks, the number of 
countries keeping RVCM had decreased to 12 (14 
institutes) as of 2021 (Figure). In addition, FAO/
WOAH designated some of these institutes either 
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In 2021, the world marked 10 years free from rinderpest. 
The United Nations Food and Agriculture Organization 
and World Organisation for Animal Health have since 
made great strides in consolidating, sequencing, and de-
stroying stocks of rinderpest virus–containing material, 
currently kept by only 14 known institutions. This prog-
ress must continue. 
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category A or B or dual-category rinderpest-hold-
ing facilities (RHFs) (https://www.oie.int/en/
disease/rinderpest/#ui-id-3). Category A RHFs 
are designated for storing RVCM, excluding vac-
cine stocks; category B RHFs are approved for stor-
ing only manufactured vaccines and materials for  
their production. 

To confirm that no relevant findings unknown 
to WOAH had been published by research groups 
or laboratories, we reviewed the scientific litera-
ture to identify any publications about rinderpest 
virus research undertaken since 2011. A search of 
21 databases identified 623 unique publications of 
which we evaluated 17 at the full-text level (Ap-
pendix Table 1, https://wwwnc.cdc.gov/EID/
article/28/9/22-0297-App1.pdf). The search iden-
tified no institutes conducting work with RVCM 
not already known to WOAH. Nine (53%) of 17 re-
viewed studies were conducted in facilities that are 
FAO/WOAH-designated RHFs; 4/17 were pub-
lished in 2011. Besides genome sequencing data, 
the main finding from recent research was that  

vaccination of cattle with peste des petits rumi-
nants virus (PPRV) does not provide protective 
immunity against RPV (3), leading to the decision 
to maintain and even expand global contingency 
stocks of RPV vaccine (Appendix Table2). 

Members of the study team contacted a represen-
tative from each institute known by WOAH to keep 
RVCM as of August 2021 to arrange an interview 
to discuss current and historic RVCM stocks and 
laboratory biosecurity. Interviews were conducted 
remotely and accompanied by completion of a struc-
tured questionnaire. All institutes keeping RVCM, 
except for 1 located in the Middle East, responded 
to the request for an interview. Because of logisti-
cal difficulties and COVID-19–related challenges, 
interviews were not conducted with institutes in 2 
countries in Europe. Therefore, during August 8–
September 17, 2021, interviews proceeded with 11 
of the 14 institutes known to keep RVCM. Several 
of the institute directors contacted were not famil-
iar with the specific content of their RVCM stocks 
and indicated that these materials were simply in  
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Figure. Number of institutes 
(A) and countries (B) keeping 
RVCM, by year, 2011 and 
2013–2021. Data from 2011 
are based on a single study, 
whereas data for 2013–2021 
are based on WOAH country 
reports and institute director 
interviews (2021). FAO, Food 
and Agriculture Organization 
of the United Nations; RVCM, 
rinderpest virus–containing 
material; WOAH, World 
Organisation for Animal Health.
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storage, which is concerning because of the critical 
nature of these materials. At present, Africa is the 
only region actively attempting to consolidate its 
RVCM into a single facility. 

According to Resolution 18, passed in 2011 dur-
ing the 79th general session of the World Assembly 
of WOAH Delegates: “Rinderpest virus-containing 
material that is not in an approved BSL3 [Biosecurity 
Level 3] facility shall be destroyed by a validated pro-
cess or transferred to an approved BSL3 facility.” Bi-
osecurity levels for institutes keeping RVCM during 
2011–2021 ranged from BSL2 to BSL4 (Table) mean-
ing some institutes still do not meet this requirement; 
continued efforts are therefore needed. Three cat-
egory B RHFs have actively contributed to the global 
rinderpest vaccine reserve. One institute in Europe 
keeps a rinderpest RBOK (Muguga-modification of 
the Kabate-0-strain) vaccine seed bank sufficient to 
produce ≈800,000 doses. One institute in the WOAH 
Asia and the Pacific region biannually produces a 
total reserve of ≈772,000 doses of LA-AKO (master 
seed virus) strain vaccine. One institute in Africa has 
a historic reserve of ≈959,000 doses of RBOK vaccine. 
Three RHFs have participated in sequence and de-
stroy projects, and 2 more have initiated the approval 
process for sequence and destroy projects from the 
FAO/WOAH rinderpest secretariat. 

During recent genomic analysis of PPRV isolates 
held at an FAO/WOAH–designated RHF, 1 sample 
was found to contain a sequence that aligned with 
RPV in addition to PPRV sequences. A traceback 
investigation found that this sample, obtained from 
the field by another institute in the early 1970s, ap-
pears to have been destroyed. All materials derived 
from the original stock before the contaminated sam-
ple was identified were uncontaminated, but those 
derived from the contaminated stock were RPV-
contaminated, so contamination appears to have oc-
curred inside the institute, from an unknown source, 

but likely during a period in the late 1990s when 
both RPV and PPRV were being manipulated con-
currently at the institute. All contaminated samples 
were destroyed. After examining all other samples 
being manipulated during the same period, the in-
stitute concluded that no others were contaminated. 
Records indicated that the institute had not shared 
this sample with other facilities and that it would 
thereafter screen all PPRV samples by PCR for RPV 
before sharing them. No contaminated samples had 
escaped containment and all processes to secure 
stocks appeared to be working well. Risks associat-
ed with remaining global stocks are being evaluated 
and will be presented in a future publication.

Conclusions
We document discovery of RPV-contaminated PPRV 
samples; our findings suggest that because of risk for 
cross-contamination, other laboratories should take 
precautions with samples manipulated alongside 
RPV, especially PPRV. Although progress is being 
made in consolidating RVCM stocks, 2 of 6 nonap-
proved institutes known to keep RVCM stockpiles 
have indicated no plans to destroy or transfer them 
to an FAO/WOAH RHF. Therefore, in spite of the 
progress, much work remains. Current FAO/WOAH 
strategy is to continue removing RVCM from non-
approved laboratories and advocating for reduced 
RVCM stocks in FAO/WOAH-designated RHFs. Ul-
timately, the only remaining RCVM materials should 
be manufactured vaccines and materials for vaccine 
production and diagnostics. 
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Table. Regional institutes with rinderpest virus–containing material, by biosafety level and type, for 2013 and 2021* 
Category Africa Asia, Far East, and Oceania Europe Middle East The Americas World 
Biologic safety level       
 2 3/0 1/2 0/0 1/1 1/0 6/3 
 2+ 0/0 0/1 0/0 0/0 0/0 0/1 
 3 4/1 9/3 3/3 0/0 2/1 18/8 
 3+ 0/0 0/0 1/1 0/0 0/0 1/1 
 4 0/1 0/0 2/0 0/0 0/0 2/1 
 Unknown 1/0 0/0 0/0 0/0 0/0 1/0 
Type       
 A 0/0 0/1 0/1 0/0 0/1 0/3 
 B 0/0 0/1 0/0 0/0 0/0 0/1 
 A/B 0/1 0/1 0/1 0/0 0/0 0/3 
Unofficial 8/1 10/3 6/2 1/1 3/0 28/7 
Overall 8/2 10/6 6/4 1/1 3/1 28/14 
*Values are given as 2013/2021 numbers. 
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Antimicrobial Resistance
•  Outbreak of Mucormycosis in Coronavirus 

Disease Patients, Pune, India 

•  Severe Acute Respiratory Syndrome  
Coronavirus 2 and Respiratory Virus  
Sentinel Surveillance, California, USA,  
May 10, 2020–June 12, 2021

•  Using the Acute Flaccid Paralysis  
Surveillance System to Identify Cases 
of Acute Flaccid Myelitis, Australia, 
2000–2018  

•  Fungal Infections Caused by Kazachstania 
spp., Strasbourg, France, 2007–2020 

•  Multistate Outbreak of SARS-CoV-2 Infec-
tions, Including Vaccine Breakthrough 
Infections, Associated with Large Public 
Gatherings, United States 

•  Potential Association of Legionnaires’  
Disease with Hot Spring Water, Hot Springs 
National Park and Hot Springs, Arkansas, 
USA, 2018–2019 

•  Extensively Drug-Resistant  
Carbapenemase-Producing Pseudomonas 
aeruginosa and Medical Tourism from the 
United States to Mexico, 2018–2019   

•  Effects of Nonpharmaceutical COVID-19 
Interventions on Pediatric Hospitalizations 
for Other Respiratory Virus Infections, 
Hong Kong   

•  Systematic Genomic and Clinical Analysis 
of Severe Acute Respiratory Syndrome 
Coronavirus 2 Reinfections and  
Recurrences Involving the Same Strain

•  Mask Effectiveness for Preventing  
Secondary Cases of COVID-19, 
 Johnson County, Iowa, USA   

•  Transmission Dynamics of Large  
Coronavirus Disease Outbreak in Homeless 
Shelter, Chicago, Illinois, USA, 2020  

 •  Risk Factors for SARS-CoV-2 Infection 
Among US Healthcare Personnel, May–
December 2020  

  •  High-Level Quinolone-Resistant  
Haemophilus haemolyticus in Pediatric 
Patient with No History of Quinolone 
Exposure   

•  Global Genome Diversity and  
Recombination in Mycoplasma pneumoniae

•  Coronavirus Disease Spread during  
Summer Vacation, Israel, 2020  

•  Invasive Multidrug-Resistant emm93.0 
Streptococcus pyogenes Strain Harboring a 
Novel Genomic Island, Israel, 2017–2019   

•  Serotype Replacement after Introduction 
of 10-Valent and 13-Valent  
Pneumococcal Conjugate Vaccines in  
10 Countries, Europe   

•  Effect on Antimicrobial Resistance of a 
Policy Restricting Over-the-Counter  
Antimicrobial Sales in a Large  
Metropolitan Area, São Paulo, Brazil  

•  New Sequence Types and Antimicrobial 
Drug–Resistant Strains of Streptococcus 
suis in Diseased Pigs, Italy, 2017–2019 

•  Coronavirus Disease Case Definitions,  
Diagnostic Testing Criteria, and  
Surveillance in 25 Countries with Highest 
Reported Case Counts   

•  Effect of Hepatitis E Virus RNA Universal 
Blood Donor Screening, Catalonia,  
Spain, 2017–2020   

•  Streptococcus pneumoniae Serotypes 
Associated with Death, South Africa, 
2012–2018   

•  Streptococcus gallolyticus and Bacterial 
Endocarditis in Swine, United States, 
2015–2020  

•  Melioidosis Manifesting as Chronic  
Femoral Osteomyelitis in Patient  
from Ghana 

•  Emergence of SARS-CoV-2 Delta Variant, 
Benin, May–July 2021
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