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Introduction
The danger to world or regional public health from the escape from microbiology
laboratories of pathogens capable of causing pandemics, or Potentially Pandemic
Pathogens (PPPs) has been the subject of considerable discussion1,2,3,4 including
mathematical modeling of the probability and impact of such escapes5. The risk of such
releases has generally been determined from estimates of laboratory infections that are
often incomplete, except for the recent 2013 Centers for Disease Control (CDC) report6,
which is a significant source of recent data on escapes from undetected and unreported
laboratory-acquired infections (LAIs).
This paper presents an historical review of outbreaks of PPPs or similarly
transmissible pathogens that occurred from presumably well-funded and supervised
nationally supported laboratories. It should be emphasized that these examples are only
the “tip of the iceberg” because they represent laboratory accidents that have actually
caused illness outside of the laboratory in the general public environment. The list of
laboratory workers who have contracted potentially contagious infections in
microbiology labs but did not start community outbreaks is much, much longer. The
examples here are not “near misses;” these escapes caused real-world outbreaks.
Methods of pathogen identification
Modern genetic analysis allows pathogens to be identified, and given a sufficient
catalog of isolates of the same pathogen, it is possible to determine if two specimens are
identical or very closely related. Because all pathogens that are circulating in the
environment show genetic changes over time, one can date the time the pathogen
circulated. For instance, for 20th century human and swine influenza viruses beginning in
the 1930s, one can generally place a virus to a particular year. With modern rapid
genomic analysis outbreaks can be traced with considerable accuracy: for instance the
2009 pandemic pH1N1 influenza outbreak has been analyzed with confidence limits of
branchpoints in its first wave defined within days or weeks, and individual transmission
chains can be identified7.
Example #1: British smallpox escapes, 1966, 1972, 1978
The WHO’s successful effort to eradicate natural transmission of smallpox in the
1970s highlighted the risk that virology laboratories posed as a source of epidemics. This
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was clearly demonstrated in the United Kingdom, where from 1963-1978 only 4 cases of
smallpox (with no deaths) were reported from smallpox endemic areas, while during the
same period at least 80 cases and 3 deaths were the result of three separate escapes of the
smallpox virus from two different accredited smallpox laboratories.8 Much of the current
policy and practice in biosafety and biocontainment of dangerous pathogens can be traced
to the political and professional reaction to these outbreaks.
The UK became a sensitive test system for smallpox laboratory escapes because it
ended compulsory smallpox vaccination in 1946. Public sentiment in the UK had always
included significant resistance to and apathy towards vaccination, and so by the mid
1960s and through the 1970s a large proportion of children and young adults had never
been vaccinated, and many older persons were never re-vaccinated after initial childhood
or military vaccinations. Thus the protective herd immunity in the general public, which
earlier rendered impotent any laboratory escapes, disappeared. At the same time, the
considerable volume of travel and immigration from smallpox endemic areas of Africa
and the Indian subcontinent meant that surveillance for imported smallpox cases was
required. UK maintained several smallpox laboratories at medical schools for both
research and to support clinical diagnosis.
The first laboratory outbreak to be recognized began in March 1972, in a 23 year
old laboratory assistant at the London School of Hygiene and Tropical Medicine, who
had observed harvesting of live smallpox virus from eggs. This had been done on an open
bench, as was routine, the laboratory having no isolation cabinets at that time. Before she
was placed in isolation, she infected two visitors to a patient in an adjacent bed, both of
whom died. They in turn infected a nurse, who survived9.
The recognition of this laboratory escape resulted in several investigations, which
led to the establishment of guidelines for laboratories handling smallpox and other
dangerous pathogens. These recommendations included handling dangerous pathogens
in biological safety cabinets only in certain dedicated rooms by specifically trained and
designated personnel. Also guidelines were issued for isolation with dedicated gowns and
gloves, and the establishment of proper ventilation facilities to maintain negative pressure
in these rooms and cabinets. These recommendations are the direct precursors to the
current Biosafety Laboratory (BSL) level protocols.
By 1977 the natural chain of smallpox transmission had been interrupted, and the
WHO was in the process of reducing the number of laboratories holding smallpox virus.
In August of 1978 a 40 year old medical photographer at Birmingham Medical School
developed smallpox, and died. She infected her mother, who survived. She worked in a
studio and darkroom that was immediately above the smallpox laboratory at Birmingham
Medical School. Investigation revealed that although the long established laboratory had
been inspected and approved to handle smallpox virus, it did not have sufficient facilities
to meet the new biocontainment requirements, and was scheduled to be decommissioned
at the end of 1978. Moreover, work on smallpox had accelerated substantially in order to
complete existing projects before the closing, and work with smallpox was performed by
laboratory personnel who did not receive appropriate training and supervision, and
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appropriate isolation practices were frequently violated. The most likely route of
exposure of the Medical Photographer was by transport of infectious aerosols generated
by a centrifuge through building ventilation ducts that were improperly sealed and
allowed aerosols to be delivered to one of the Photographer’s working spaces. Laboratory
notebooks and the photographer’s work logs indicated that the strain infecting the
photographer was handled in the laboratory on the same days that the photographer
worked in the potentially contaminated workspace, on dates consistent with the
photographer’s calculated exposure date. Dr Henry Bedson, a world renowned smallpox
investigator who was responsible for the Birmingham laboratory, committed suicide as a
result of the outbreak (Shooter 1980).
The 1978 investigation re-examined a 1966 smallpox outbreak, which in
retrospect was strikingly similar to the 1978 outbreak. The earliest case identified in
1966 was in a medical photographer who worked at Birmingham Medical School in the
same facility as the 1978 case. This outbreak was caused by a low-virulence strain of
smallpox (variola minor), and it caused at least 72 cases of smallpox from February to
August 1966, spread through the midlands of Britain, and Wales. The vast majority of
cases were in unvaccinated children or young adults. There were no deaths.
Retrospective review again revealed variola minor had been manipulated in the smallpox
laboratory at a time appropriate to cause the infection in the photographer working a floor
above.
Example #2: The “re-emergence” of H1N1 human influenza in 1977.
Human influenza H1N1 viruses appeared with the 1918 pandemic, and persisted,
slowing accumulating small changes in its genome (with a major change in 1947), until
the H2N2 “Asian” flu appeared in 1957, causing a worldwide pandemic. H1N1 influenza
virus then apparently became extinct, and was not isolated for 20 years. In 1969 the
“Hong Kong” H3N2 virus replaced the H2N2 virus, and is still circulating.
In September 1977 an H1N1 influenza virus was isolated from human infections
in the Far East region of the Soviet Union, and in early 1978 the Chinese reported they
had isolated H1N1 virus in May of 1977 in northeast China adjacent to the Soviet
outbreak1011. Using the early genetic tools available at the time, the 1977 H1N1 virus was
found to be closely related to H1N1 human influenza viruses circulating in 1949-1950,
but not to those circulating earlier or later12, 13.
The 1977 H1N1 flu virus rapidly spread worldwide, in a pandemic that was
restricted largely to people under ~ 21 years of age. Older persons had been exposed to
related H1N1 viruses prior to 1957, and carried substantial immunity. Mercifully, the
“re-emergent” H1N1 virus was not very virulent. Although illness was widespread,
affecting 20-70% of those under 20 years of age in school or military camp outbreaks in
the first year14, deaths were few. Many asymptomatic infections were detected by
serology (Kung 1978).
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The appearance of this “time-traveling throwback” puzzled virologists, because
no similar examples had previously been identified in influenza or other similar viruses.
Initially escape of a virus kept in storage from c1950 from a virology lab was discussed,
but such a laboratory accident was denied by Chinese and Soviet virologists (Kung 1978,
Beveridge 1978). Western virologists quietly let the matter of a laboratory escape origin
for the 1977 H1N1 virus drop from discussion, out of an abundance of scientific caution,
and also out of an eagerness not to offend the Russian and Chinese scientists, whose early
gestures of cooperation in worldwide influenza surveillance system were very important
to foster, because such cooperation would allow tracking influenza globally.
Discussions of the origins of the 1977 H1N1 gave rise to hypotheses of natural
“biological stasis” or viral latency in an undefined animal. Experimental investigations
of possible transmission of human H1N1 viruses in avians were pursued, but with
minimal success and no demonstration of persistent avian transmission15, nor were
human viruses identified in avians in very extensive subsequent surveys. The ambiguous
term “frozen evolution” was coined, allowing for the freezing to be biologically
functional, metaphorical, refrigerative, or natural.
A 2006 paper16 claimed to have isolated H1N1 influenza virus RNA from ice and
meltwater from Siberian lakes that were frequented by migratory birds. Since migratory
birds naturally carry and shed a wide variety of influenza viruses, and since year to year
variations in the amount of thawing of lake ice might allow influenza viruses shed from
the migratory birds to remain physically frozen for a number of years, the paper stated
this might be the mechanism for the re-emergence of the 1977 H1N1 flu. It emphasized
the 1977 H1N1 link because the RNA sequences it reported isolating from the lakes were
closely related to sequences of three H1N1 reference viruses that it characterized as being
of avian origin that circulated in the late 1960s.
Problems soon arose with this paper, however. The authors issued a correction17
in 2007 indicating the H1N1 reference strains originally characterized as avian and from
the 1960s were in fact of human origin, and dated from the 1930s. A paper highly critical
of the 2006 Siberian Lake paper was published in 200818, presenting strong evidence that
the reported isolation of influenza RNA from nature was the result of contamination in
the laboratory by the standard reference strain of human H1N1 virus (isolated in 1933)
that was used as a positive control in that laboratory.
Presently, with detailed sophisticated genomic analysis available, and with 32
years of circulation of the 1977 H1N1 virus available for study, no evidence of natural
genomic stasis has been identified. It has become clear that its appearance in 1977 was
almost certainly due to escape from a virology lab of a virus sample that had been frozen
since c1950. Only since ~ 2008 have virologists actually begun to make the suggestion
of a probable laboratory release in scientific papers: “The reemergence in 1977 is
unexplained and probably represents reintroduction to humans from a laboratory
source19,” and “…little A/H1N1 evolution is evident over the twenty-year period of the
virus’s global disappearance, supporting earlier suggestions that this subtype was most
likely accidentally reintroduced into human circulation from a laboratory environment20.”
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It should be noted that this paper calculates the 1977 H1N1 virus had been circulating for
~ 1year before it was reported, so that geographic origin cannot be stated with certainty.
Only since 2009-2010 did major papers begin to state directly the 1977
emergence of H1N1 influenza was a laboratory related release: “The most famous case of
a released laboratory strain is the re-emergent H1N1 influenza A virus which was first
observed in China in May of 1977 and in Russia shortly thereafter21.” The paper made
this statement in part because the continued “agnostic” approach to the 1977 reemergence introduced unacceptable errors in calculating the genomic divergence dates
for influenza virus strains.
Public awareness of the 1977 H1N1 pandemic and its likely laboratory origins has
been virtually absent. Virologists and public health officials with the appropriate
sophistication were quickly aware that a laboratory release was the most likely origin, but
they were content not to publicize this, aware that such embarrassing allegations would
likely end the then nascent cooperation of Russian and Chinese virologists, which was
vital to worldwide influenza surveillance. An abundance of caution in making such
suggestions was also in their own self-interest. The 1976 “swine flu” alarm and
subsequent immunization program that proved to be unneeded caused 532 cases of
Guillain-Barre syndrome and 32 deaths. It was widely considered a misadventure, and
had severely damaged the public and political credibility of the virology and public
health communities. An acknowledgement of a pandemic originating from their
laboratories would have only worsened it. The most plausible reason for a Chinese or
Russian laboratory to thaw out and begin growing a c1950 H1N1 virus in 1976-77 was as
a response to the US 1976 “swine flu” program, which resulted in a program to immunize
the entire US population against H1N1 influenza virus. It was clearly a rational response
for other countries with virology capabilities to explore making their own H1N1
vaccines. Thawing available frozen stocks of virus was necessary, because H1N1 was no
longer circulating. Modern commentators have begun to articulate this connection
between the 1976 Swine flu immunization program and the 1977 H1N1 re-emergence:
“Perhaps an even more serious consequence [of the 1976 swine flu episode] was
the accidental release of human-adapted influenza A (H1N1) virus from a research study,
with subsequent resurrection and global spread of this previously extinct virus, leading to
what could be regarded as a ‘self-fulfilling prophecy’ epidemic.”(Zimmer 2009)
The speculation that the 1977 release may have been related to H1N1 vaccine
research is supported by the observation that in the initial outbreaks in China, nine of the
ten viral isolates expressed “temperature sensitivity” (Kung 1978). Temperature
sensitivity normally an uncommon trait, but one that was in the 1970s (and still is) a
fundamental trait for making live attenuated influenza vaccines. Temperature sensitivity
generally occurs only after a series of substantial laboratory manipulations and selections.
Interestingly, further investigation indicated the circulating strains in 1977-78 were often
comprised of mixed temperature-sensitive and normal components, and that temperature
sensitivity apparently disappeared from the post-1978 H1N1 lineage rapidly22. Escape of
a mid-protocol population of H1N1 virus undergoing laboratory selection for temperature
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sensitive mutants would provide such a mixed population. In 1976-77 laboratory
personnel in their late teens or early 20s would not have been exposed to pre-1957 H1N1
influenza viruses, and been susceptible to laboratory infections. The low severity of the
1977 pandemic might be in part due to the temperature sensitivity of the virus, a trait that
limits virus replication in pulmonary tissues.
Example #3 Venezuelan Equine Encephalitis in 1995
Venezuelan Equine Encephalitis (VEE) is a viral disease transmitted by
mosquitoes that intermittently erupts in regional or continental-scale outbreaks in the
Western Hemisphere that involve equines (horses, donkeys and mules), termed
epizootics, and often with concurrent epidemics among humans. The disease in equines
creates high fever and severe neurological symptoms (colloquially termed “pesta loca”
[crazy plague] in Spanish, or “blind staggers” in English) and a high, 19-83% fatality
rate. In humans symptoms can vary from asymptomatic to a mild influenza-like febrile
illness to a severe acute incapacitating febrile illness often with neurological symptoms
(headache, depression, incoordination, mental clouding, epileptic seizures). Though its
severity varies between outbreaks, VEE in humans may be fatal (up to ~5%) or,
particularly in children, leave permanent neurological disability (epilepsy, paralysis,
mental retardation) in 4 to 14% of clinical cases. In humans and equines miscarriages
and stillbirths are increased.
Outbreaks typically occur in South America, though the 1969-71 continental-scale
epizootic/epidemic reached from Central America through Mexico to Texas. VEE viruses
are classified by their surface antigens, with the types causing large scale epizootics and
epidemics being classed as type IAB and IC (termed epizootic strains), and types causing
only sporadic human or equine disease in localized areas falling into types ID, IE, IF and
II through VI (termed enzootic strains).
With modern genomic investigations available since the mid 1990s, programs of
surveillance of mosquitoes and wildlife in regions at risk have discovered that in nature
the enzootic VEE viruses are maintained by continuous transmission by mosquitoes in
small mammals in the tropical and subtropical western hemisphere. The
epizootic/epidemic type IAB and IC viruses appear suddenly without evidence of
ongoing transmission during the long intervals between major outbreaks23. Moreover,
genomic studies indicate that the epizootic types of VEE originate from the enzootic
strains, specifically strain ID having given rise to the epizootic/epidemic types IAB and
IC through a process of mutation24. VEE virus, like influenza virus shows rapid
spontaneous changes in its genome, so that one can determine not only the genetic
relatedness but also quantify the chronological distance separating different viral strains.
This is where the elegance of modern viral genomics becomes an embarrassment
to virologists. It is clear from the genomics that while the enzootic type ID VEE virus
can indeed mutate into the epizootic/epidemic types IAB and IC, it has, in fact, only done
this on three occasions: ID to IAB some time in the 1930s and ID to IC in 1963 and 1992.
There had been significant outbreaks of VEE every few years from the 1930s to the
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1970s, however, and analysis showed that the numerous type IAB outbreaks were
essentially matches to the original 1938 IAB VEE isolation that had been used in
veterinary vaccines since the late 1930s. The veterinary vaccines had used inactivated
(i.e. “killed”) whole virulent viruses. VEE is notoriously hard to inactivate in the lab, and
laboratory infections were common. It was clear that many batches of the veterinary
VEE vaccines had not been completely inactivated, in which residual infective virus
remained.
From 1938 to 1972, the VEE vaccine was causing most of the very outbreaks than
it was called upon to control, a viscous cycle indeed, and another example of “selffulfilling prophecy” outbreaks.
The recognition that inadequately inactivated vaccines caused most VEE
outbreaks caused a change in the veterinary vaccine seed virus to an attenuated strain,
and VEE outbreaks apparently ceased for 20 years, from 1973 to 199225. Then, in 1992 a
VEE outbreak in Venezuela occurred which proved to be a IC virus that was shown by
genomic studies to have spontaneously arisen from enzootic type ID viruses circulating in
the area where it arose, much like what had also occurred in the same area of Venezuela
in 1962-64, when ID had mutated to a IC and caused an outbreak. The two IC VEE
viruses, from 1962-64 and 1992, were distinct from each other, and arose from different
genetic lines of ID viruses. The mystery of how epizootic VEE viruses arise naturally
was apparently solved.
However, in 1995 a major VEE epizootic and epidemic hit Venezuela and
Colombia, with a type IC virus also the cause. There were at least 10,000 human VEE
cases with 11 deaths in Venezuela26 and an estimated 75,000 human cases in Colombia,
with 3,000 neurological complications and 300 deaths27. Household attack rates ran 1357% and VEE virus was isolated from 10 stillborn or miscarried human fetuses28.
Full genomic studies identified the 1995 virus as identical to an 1963 isolate with
no sign that this virus had been circulating and the acquiring small genetic mutations
indicative of replicating in hosts for 28 years. It was another case of “frozen evolution.”
But it could not be another case of an outbreak caused by a defective inactivated VEE
vaccine, because the 1963 type IC VEE virus had never been used to make a vaccine.
Possible trans-ovarian transmission in mosquito vectors had been explored previously
with negative results29. Suspicion fell on an inadvertent release from a virology lab, either
by an unrecognized infection of a lab worker or visitor, or escape of an infected
laboratory animal or mosquito. VEE is easily transmitted by the aerosol route during
laboratory manipulations, and laboratory infections with VEE are common in
unvaccinated persons. In this outbreak there was considerable circumstantial evidence
for such a laboratory escape. The 1963 type IC VEE virus was used in an “inactivated”
form as a reagent for testing purposes, and this reagent preparation was tested and was
found to contain live virus. This reagent was used in the virology laboratory in Venezuela
located where the 1995 outbreak first appeared, which was in an area without ongoing
circulation of type ID enzootic viruses related to the 1963/1995 IC virus, and an area
removed from where de novo IC VEE outbreaks had previously originated. Moreover, a
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report from this lab of an IC virus isolated from a surveillance mosquito pool in 1983
proved to be identical to the IC antigen strain, indicating a previous laboratory
contamination event. The major scientific group working on VEE published a paper in
2001 stating the outbreak most likely was a laboratory escape, though this could not be
proven30.
The situation becomes less clear-cut, because in 2005 the same group reported
small outbreaks from 2000 and 2003 with multiple isolations of IC virus from equids in
Venezuela, this time one identical to the 1995 virus31. Yet another example of “frozen
evolution” but during a period when the 1963/1995 IC virus was no longer used widely
as a reagent preparation, and it originated in an area with ongoing enzootic transmission
of VEE viruses. The VEE working group backed off its earlier conclusion that the 1995
outbreak was likely laboratory mediated, but was unable to propose a natural process for
the genomic stasis they reported.
The VEE working group clearly has great expertise, and one must respect their
judgment that the 2000 isolations are valid and laboratory circumstances are significantly
different than in 1995, so that natural genomic stasis may indeed exist for VEE and is
worthy of further investigation. Several proposed mechanisms for genomic stasis for
VEE have been proposed and investigated. VEE circulates in a complex ecological
pattern, with enzootic transmission involving a variety of mosquito and mammalian
hosts, so various theories allowing genomic stasis have been proposed, such as latency in
an arthropod line or mammalian host. These have been investigated with multi-year
surveys in enzootic and post-epizootic areas, and no definite evidence of persistent
epizootic strains have been found in arthropods or small mammals. In addition to the
negative surveys, the short lifespans of small mammals and of the potential arthropod
hosts preclude viral latency from explaining the 5 or 28 year hiatuses in the appearances
of the “frozen” IC epizootic viruses, and no evidence has been found for latency in the
longer-lived human and equine hosts. Transovarian “vertical” propagation of viruses in
arthropods between mother and progeny has been described with some pathogens in
arthropods, and this has been investigated experimentally with VEE in VEE vectors,
without positive results32.
It is clear that laboratory strains of VEE virus have a decades-long established
habit of re-appearing showing “frozen evolution,” and causing “self-fulfilling prophecy”
epidemics. It is clear that escape of laboratory strains of this virus through faulty
vaccines has occurred multiple times in the past. Strong circumstantial evidence exists
for an inadvertent escape in 1995, and a re-emergence in 2000 is without explanation.
Example 4: SARS laboratory escapes outbreaks after the SARS epidemic
The SARS outbreak of 2002-2003 eventually spread to 29 countries, causing over
8,000 infections and at least 774 deaths. Because many cases were in hospital workers
(1707, amounting to 21%), it had the potential to shut down health care services where it
struck33. By imposing strict (sometimes draconian) quarantines on exposed persons and
isolation of patients, and even more because of good fortune and dedicated (indeed,
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heroic) medical personnel, it was contained and extinguished by July 2003. Quarantines,
closure of factories and travel restrictions caused economic losses estimated at $ 40
billion worldwide, with an estimated 2.6% GDP loss in China, 1.05% GDP loss in Hong
Kong, and 0.15% GDP loss to Canada34.
SARS is particularly dangerous to handle in the laboratory because there is no
vaccine, so all laboratory workers are susceptible. It can be transmitted through
aerosol/droplet mechanisms: the very large (321 cases) Amoy Gardens outbreak in Hong
Kong was traced to infectious aerosols created by turbulent flushing water flow in the
sewer lines: this turbulent flow generated aerosols that were sucked back up into
numerous adjacent apartments through dry floor drains by negative pressure generated by
bathroom exhaust fans! (Abraham 2005).
Moreover, about 5% of SARS patients are “super-spreaders” who pass the
infection to many (over 8) secondary cases35. One case (ZZ) spread SARS to directly to
28 persons during one 18-hour hospitalization, before transfer to another hospital, where
he infected 93 additional hospital personnel. At a third hospital he infected 23 staff and
19 patients, and at a forth 20 hospital staff (Abraham 2005). Another super-spreader in
Beijing infected at least 59 secondary cases. A super-spreader originally infected by ZZ
in China visited Hong Kong but fell ill and remained in his hotel room, but managed to
spread SARS to 10 secondary cases whose only associations were using a common
elevator or hallway. These Hong Kong hotel exposures were international tourists,
however, and were responsible for spreading SARS to Canada, Ireland, the US,
Singapore, and Vietnam36. A 72-year old was already ill when he boarded flight CA112
from Hong Kong to Beijing on March 15, after having visited a niece ill with SARS in a
Hong Kong hospital. Besides introducing another transmission chain in Beijing, on the
two-hour flight he infected 20 other passengers and 2 flight attendants, who spread the
disease to Mongolia, Singapore, Taiwan, and re-introduced new infection chains back
into Hong Kong37 (Abraham 2005).
The existence of SARS “super-spreaders” makes even a single laboratory
infection into a potential pandemic.
SARS has not naturally recurred, but there have been six separate “escapes” from
virology labs studying it: one each in Singapore and Taiwan, and in four distinct events at
the same laboratory in Beijing.
The first escape was in Singapore in August 2003, in a 27-year-old virology
graduate student at the National University of Singapore. He had not worked directly
with SARS, but SARS was present in the virology laboratory where he worked with West
Nile Virus (WNV). Investigation showed that his preparation of WNV was contaminated
with SARS virus, and that this was the likely origin of his infection. After falling ill on
Aug 26, he sought outpatient medical care in several venues, and was admitted to the
hospital only on September 3. Fortunately he recovered and there were no secondary
cases. Investigation revealed multiple shortcomings in infrastructure, training and
observed procedures at the laboratory, and remedial actions were ordered38.
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The second escape was in Taiwan in December 2003, when a SARS research
scientist fell ill on a return airflight after attending a medical meeting in Singapore Dec 710. Although he felt is illness was SARS, he remained at home for 5 days, unwilling to
seek medical care because he dreaded bringing disgrace to himself and his institution. He
was only persuaded to enter the hospital when his father threatened to commit suicide39.
Preliminary investigation implicated a laboratory exposure due to an attempt to
decontaminate a bag of leaking biological waste, perhaps without proper protection and
against protocol the day before he left for Singapore40. His 74 contacts in Singapore were
put under quarantine for ten days, but again, fortunately none developed SARS. An
expert committee from WHO investigated the laboratory and its procedures, and
recommended improvements41.
This second outbreak further shook the virology communities in Asia, where
many labs held and worked on SARS samples. On December 18, 2003 WHO released a
new protocol for handling SARS specimens in the post-outbreak period, with special
emphasis on reducing risk of and performing surveillance to detect laboratory
infections42. Although this protocol was clearly created after the first (Singapore) escape,
WHO chose to parse its words to avoid offending members. Perhaps distinguishing
between a primary laboratory infection and secondary spread into a community
“outbreak,” it chose to treat the risk as hypothetical, stating in the introduction:
“The possibility that a SARS outbreak could occur following a laboratory
accident is a risk of considerable importance, given the relatively large number of
laboratories currently conducting research using the SARS-CoV or retaining specimens
from SARS patients. These laboratories currently represent the greatest threat for
renewed SARS-CoV transmission through accidental exposure associated with breaches
in laboratory biosafety.”
The hypothetical outbreak was not long in coming.
On April 22, 2004 China reported a suspected case of SARS in a 20-year-old
nurse who fell ill April 5 in Beijing. The next day it reported she had nursed a 26-yearold female laboratory researcher who had fallen ill in March 25. Still ill, the researcher
had traveled by train to her home in Anhui province where she was nursed by her mother,
a physician, who fell ill on April 8 and died April 19. The researcher had worked at the
Chinese National Institute of Virology (NIV) in Beijing, which is part of China’s Center
for Disease Control (CDC), and which was a major center of SARS research. The
investigation at NIV also uncovered an unrelated laboratory infection in a 31-year old
male laboratory researcher at the NIV who fell ill on 17 April43. The entire NIV institute
was closed and all of its 200 employees placed in quarantine in a hotel. Subsequent
investigation confirmed these first three cases as SARS, and eventually identified a total
of nine cases, in three generations, including health care workers and their family
contacts44. Neither of the two primary patients had worked with live SARS virus, and
WHO investigators had “serious concerns” regarding biosafety procedures at the NIV45.
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Several Chinese and international groups investigated the outbreak at the NIV,
and identified in retrospect two additional SARS laboratory infections at the NIV that had
previously gone unrecognized and had begun in February 200446. A joint China CDC
and WHO investigation found many shortcomings in biosecurity at the NIV, and traced
the specific cause of the outbreak to an inadequately inactivated preparation of SARS
virus that was used in general (not biosecure) laboratory areas in the NIV, including the
one in which the two primary cases worked. It had not been tested to confirm its safety
after inactivation, as it should have been. The WHO also found more general
shortcomings in the handling of live SARS virus and a lack of surveillance of laboratory
personnel for laboratory infections.
Li Liming, director of the China CDC and his deputy directory, the director of the
NIV and his deputy director, and the director of the division where the two index cases
worked were removed from their positions and found guilty of negligence in overseeing
safety at the institution47. The Chinese government also decided to move the China CDC
campus from its position in a residential neighborhood to an area “more remote from
downtown,” and to allocate funds for more advanced laboratory equipment and
infrastructure48.
Interestingly, the virology community is still reticent to discuss laboratory
escapes: despite the considerable alarm these escapes created in the public health
community and the participation of US CDC personnel in their investigation, they go
unmentioned in the “10 years after” historical review of SARS by the CDC.49
Example 5: Foot and Mouth Disease (FMD) from Pirbright 2007
Foot and Mouth Disease (FMD) is a veterinary disease that affects primarily
cloven-hoofed domestic animals (pigs, sheep and cattle). It has been eradicated in North
America and most of Europe. It is highly transmissible, capable of spreading through
direct contact and even through some prepared meats (sausages, airline food), on boots of
farm workers (or tourists’ shoes: that’s why there’s that question “have you visited a
farm” on the re-entry customs checklist coming into the USA), and even by aerosol
spread.
FMD only occasionally causes a mild disease in humans, though exposed humans
can carry the virus for up to three days, potentially an important method of spread. FMD
causes a more serious disease in animals. Often fatal in young animals, survivors are
stunted and lose their economic value. Adult animals die less often, but fail to gain
weight or drop in milk production, and can become carriers. Most importantly, strict
international quarantine regulations mean that an outbreak will cause all livestock and
meat from that country to be banned from international trade. Various methods of
outbreak control exist, but all are draconian, requiring massive culling (killing) of “in
contact” but otherwise healthy animals surrounding index cases. Restrictions on all
animal movement and often all commerce through infected areas are imposed, resulting
in secondary economic losses from loss of tourism and general economic activity.
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For instance, in the UK in 2001 a FMD outbreak ran from February to October
2001, with travel and export restrictions lasting into 2002. To control the outbreak, all
susceptible livestock within 3 kms of an active case were culled. At its peak, 80,00093,000 animals a week were killed and burned on farms, a total about10 million sheep
and cattle. Its direct cost was about $ 6.9 billion with overall costs to the British
economy estimated at $ 16 billion.
On August 3, 2007 an outbreak of FMD was reported on a farm in the UK,
initially with at least 38 cases in cattle identified. Quarantine measures were introduced
and an investigation begun, with culling of surrounding livestock. Most countries banned
UK livestock and meat exports. The virus was quickly identified as a strain that had
caused a 1967 outbreak in the UK, but was not currently circulating in animals anywhere.
Another case of “frozen evolution.” However, this outbreak was 2.8 miles (4.6 kms)
south of Pirbright, where the only two facilities in the UK that were authorized to hold
FMD virus were located. One was the UK Institute for Animal Health (IAH), the other
Merial, a commercial veterinary FMD vaccine manufacturer. They both used the 1967
FMD strain, the Merial facility in large amounts (10,000 l) for vaccine manufacture.
Operations were suspended at Merial on August 4 and its license to operate withdrawn. A
second FMD outbreak quickly appeared near the first, and animal movement with the UK
restricted and quarantine zones encompassing both the Pirbright campus and two affected
farms were put in place on Aug 750. An initial investigation also published August 7
found no evidence for aerosol or surface water transmission of FMD virus from Pirbright,
was investigating other wastewater issues, and suggested human carriage might have
occurred51.
Investigation eventually showed that a waste-water line carrying partially treated
waste water from the Merial vaccine plant to the final waste treatment plant run by IAH
had gone without routine inspection or maintenance, was damaged, leaking, and had an
unsealed manhole opening to the surface, so was capable of contaminating ground and
surface water. It became clear that Merial and the IAH each considered the other
responsible for such inspection and maintenance, and it had gone undone. The non-secure
wastewater line ran through a construction area that recent heavy rains had turned into
deep mud, and construction vehicles traversed it and exited the Pirbright campus without
inspection or monitoring. These trucks sometimes used the road that passed by the first
affected farm. It was concluded that contaminated mud from the defective wastewater
line at Pirbright had been carried on tyres or underbody of construction vehicles and
caused the first outbreak52.
For a brief time the outbreak was thought to have ended, and restrictions in the
Pirbright area were lifted September 8, 2007. The UK applied to the EU to lift most
restrictions on animal exports from the UK to EU on September 11, 2007.
However, on September 12, 2007 FMD was again reported, this time 30 miles
north of Pirbright, again with the same 1967 strain of FMD. From September 18-30
multiple additional outbreaks of FMD appeared in the same area. A national embargo on
all animal shipment was imposed, and new surveillance zones expanded rapidly until,
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overlapping they encompassed a portion of Heathrow Airport and were cut across by the
major M4, M3 and M25 motorways. Rapid (real-time) genomic analysis had been
ongoing during this outbreak, and indicated a single escape of FMD from Pirbright,
which first spread between the two farms of the August outbreak, then went unnoticed at
third farm before it blossomed again in mid September. Follow-up investigations
identified the intermediate farm53.
The 2007 UK FMD outbreak identified 278 infected animals, and required 1578
animals to be culled54. It disrupted UK agricultural production and exports, and cost an
estimated 200 million pounds. The ban of meat exports was particularly damaging as UK
beef had only just exited a 10-year embargo by the EU because of BSE (Mad Cow
Disease) in May of 2006.
FMD is such an easily transmitted virus with such potential to cause massive
economic damage it would appear that manipulating it in a virology laboratory in a FMD
free area is manifestly fraught with hazard. Particularly when it might escape by an
“invisible” breach in biosafety as it did at Pirbright, and where it might lurk undetected
despite heavy surveillance as it did between the two outbreaks.
In the US, previous law had banned it on the continental US, so FMD virus is
currently only held in the USDA Plum Island facility off of Long Island (in a facility
originally built in the 1950s for anti-animal BW work). Currently a replacement facility
under the Department of Homeland Security (DHS), the National Bio-and Agro-Defense
Facility (NBAF) is under construction in Manhattan, KS. The move of FMD research to
the agricultural heartland of the US was opposed by many groups, including the GAO,
but DHS decided on the KS location and construction is ongoing. So much for learning
from other’s experience.
Conclusions
There are some common themes in these narratives of escaped pathogens.
Undetected flaws in the functioning of what was considered at the time to be an adequate
standard of technical biocontainment is one theme, as demonstrated in the UK smallpox
and FMD cases. Transfer to and handling of inadequately inactivated preparations of
dangerous pathogens in areas of the laboratory with reduced biosecurity levels (allowable
if the preparation is actually inactivated) is another theme, demonstrated in the SARS and
VEE escapes. Poor training of personnel and slack oversight of laboratory procedures
negated policy efforts by national and international bodies to achieve biosecurity in the
SARS and UK smallpox escapes. The recent appearance of a cohort of immunologically
naïve people in the general population, which previously had been uniformly immune
was a factor in the UK smallpox and the 1977 H1N1 escapes; in this regard it should be
remembered that there is no immunity at all in the general population to most potentially
pandemic pathogens currently under discussion, such as Avian influenza and SARS.
It is hardly reassuring that despite stepwise technical improvements in
containment facilities and increased policy demands for biosecurity procedures in the
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handling of dangerous pathogens, that escapes of these pathogens regularly occur and
cause outbreaks in the general environment. Looking at the problem pragmatically,
question is not if such escapes will happen in the future, but rather what the pathogen
may be and how such an escape will be contained, if indeed it can be contained at all.
Advances in genetic manipulation now allow the augmentation of virulence and
transmissibility in dangerous pathogens, and such experiments have been funded and
performed, notably in the H5N1 avian influenza virus. The advisability of performing
such experiments at all, and particularly in laboratories placed at universities in heavily
populated urban areas, where laboratory personnel who are potentially exposed are in
daily contact with a multitude of susceptible and unaware citizens is clearly in question.
If such manipulations should be allowed at all, it would seem prudent to conduct
them in isolated laboratories where personnel are sequestered from the general public and
must undergo a period of “exit quarantine” before re-entering civilian life55. Such
isolated “detached duty”, while inconvenient for the lifestyle of virologists, is hardly
foreign to them, since many experience prolonged periods of inconvenient and dangerous
field work in the collection of viruses in the field, and certainly many other natural
scientists do prolonged and isolated field work as well. The “inconvenience” barrier that
requiring such isolation may present to principal investigators and other personnel may
act as a natural screening factor to insure that dangerous manipulations to dangerous
pathogens are only undertaken when genuinely indicated.
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