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Reflection & Reaction

Was the Black Death yersinial plague?
Didier Raoult and Michel Drancourt1

argue that their recovery of DNA-
sequences specific to Yersinia pestis
from skeletons believed to date from
the mid-14th-century Black Death
should put a stop to further
“speculation” regarding the cause of
the epidemic “unless our work is
proved to be wrong.”

There are several reasons to
question the ancient DNA results
reported for the Black Death pathogen
by Raoult et al.2 First, the dating of
their samples is uncertain. Based on
archaeological evidence, the skeletons
that were examined could only be
dated to within an interval of more
than 100 years that broadly bracketed
the first European outbreak of the
Black Death (1347–51). The invest-
igators nonetheless argue that the
skeletons must be from the Black
Death because they were found in a
“common catastrophe grave”. This
burial contained only three indiv-
iduals, which distinguishes it from the
genuine mass burials of several
hundred skeletons found in cemeteries
such as East Smithfield in London,
UK,3 and Heiligen Geist in Lübeck,
Germany.4

Later the same authors write, 
“The Black Death killed up to 90% of
the Medieval population of the
Montpellier area [where their samples
were found] within 30 years [referring
to an unpublished source]. The human
remains we obtained in a catastrophe
grave were dated to be from the 14th
century. Therefore, any remnant of
this period has a 90% probability of
being related to the Black Death. And
the fact that the three skeletons we
studied were lying in a common catast-
rophe grave enhances this probab-
ility”.2 This assertion is based on
dubious assumptions. If the first
several outbreaks of the Black Death in
Montpellier did indeed kill 90% of the
local population, this figure would
greatly exceed estimates from other
regions based on sources such as
manorial court records and bishops’
registers of institutions to vacated
benefices, estimates that generally fall
below 50%.5 And even in the event that
90% of the standing population died

during each of the various outbreaks of
the Black Death during the 14th
century, that is not equivalent to saying
that 90% of all deaths over the course
of the 14th century can be attributed to
the Black Death. Therefore the claim
that any skeletons from 14th-century
Montpellier have a 90% probability of
being related to the Black Death is a
statistical non sequitur. If we further
question the claim that the sampled
skeletons come from a common
catastrophe grave (rather than a
slightly unusual non-catastrophe
grave), and if we allow for a realistic
degree of uncertainty in the dating of
the grave, the association between their
samples and the Black Death seems less
certain.

Another cause for concern is the
possibility of laboratory contam-
ination with modern yersinial DNA.
Ancient DNA analysis is based on
PCR, which renders it exquisitely
sensitive to contamination by DNA
from sources other than the intended
samples. Raoult and Drancourt’s new
method of “suicide PCR” is an
important contribution because it
eliminates re-amplification of past
ancient DNA amplicons studied in the
same laboratory, but it does not
prevent accidental amplification of
intact modern DNA. This fact would
not be an issue if modern Y pestis DNA
had never been present in Raoult and
Drancourt’s lab. Raoult et al2 were
careful to ensure that no modern 
Y pestis sequences were used (eg, as
positive controls) in their study of the
Montpellier skeletons, but an earlier
paper6 reveals that DNA from Y pestis
strain 6/69 M biotype orientalis had
been used as a positive control in
previous research in their laboratory.
The PCR products reportedly obtained
from the medieval skeletons were
identical to the homologous sequences
in that same modern strain—or at
most differed from them at a single
base pair. This fact in itself is not proof
of contamination since all known
modern strains of Y pestis share the
same sequence for this portion of the
pla gene. But it still leaves open the
possibility of contamination by
modern Y pestis DNA.

A recent ancient DNA analysis of
skeletons from East Smithfield, the
only well-documented mid-14th-
century Black Death cemetery ever
excavated, failed to recover any
sequences specific to Y pestis.7 It is, of
course, difficult to interpret negative
results, especially in ancient DNA
analysis, but it is perhaps relevant 
that this particular research group 
had never used modern yersinial
sequences as positive controls in 
their laboratory (M B Prentice, 
St Bartholomew’s and the Royal
London School of Medicine and
Dentistry, London, UK, personal
communication).

We suggest, therefore, that the
ancient DNA work of Raoult,
Drancourt, and their colleagues stands
in need of replication and should 
not forestall further research on the
cause of the Black Death. We agree
with Graham Twigg8 that recent
epidemiological studies of the Black
Death9–12 point to a pathogen very
different from modern Y pestis. In
view of the intervening 650-year
period of microbial evolution, we
suggest that the Black Death pathogen
is unlikely to exist in anything like its
original form.
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Author’s reply

James Wood and Sharon DeWitte-
Aviña compare their deductions 
from ecclesiastic records of the
Middle Ages to our work on the 
teeth from human remains. Many
historical controversies similar to
that surrounding the cause of 
Black Death have been resolved by
modern science. Genetic analyses
terminated the romantic ruminations
about the escape of Anastasia
Romanov, the daughter of the
Russian tsar Nicholas II, and
speculations about the survival of 
the son of Louis XVI in France.
Challenging hypotheses with
confirmatory or contradictory data is

the normal process of science and 
I am waiting to see such data.
Cooperation between archaeologists,
dentists, and clinical microbiologists
is needed. We are ready for blind
tests on teeth from the Middle 
Ages in this matter. I believe 
that scientific investigation provides
new evidence, not simply new
speculations about weak data or
ancient anecdotes found in a library.
Of course contamination is always a
critical question when using PCR.
Anybody practising this technique
can see that this question was central
in our work.1,2

In the absence of new evidence,

the result is unsubstantiated
speculation that does not contribute
seriously to the debate on the origins
of Black Death.

Didier Raoult

Correspondence: Professor Didier
Raoult, Unité des Rickettsies, Faculté de
Médecine, 27 Bd Jean Moulin, 13385
Marseille Cedex 5, France. 
Tel +33 491324375; fax +33 491387772

References
1 Drancourt M, Aboudharam G, Signoli M, 

Dutour O, Raoult D. Detection of 400-year-old
Yersinia pestis DNA in human dental pulp : an
approach to the diagnosis of ancient septicemia.
Proc Natl Acad Sci USA 1998; 95: 12637–40.

2 Raoult D, Aboudharam G, Crubezy E, Larrouy G,
Ludes B, Drancourt M. Molecular identification by
“suicide PCR” of Yersinia pestis as the agent of
Medieval Black Death. Proc Natl Acad Sci USA
2000; 97: 12800–03.

Severe acute respiratory syndrome in developing countries

As your recent editorial and news
report describe,1,2 severe acute
respiratory syndrome (SARS) has
rapidly become a threat to inter-
national health and much still needs to
be done to limit the spread of
infection. SARS has already crossed
the borders of 28 countries in five
continents since the initial cases
became known in late February, 2003,
with the most recent cases (as of April
26) being detected in Bulgaria and
Mongolia. According to recent WHO
briefings, more SARS cases can be
expected along the routes of
international travel. The widespread
international repercussions of similar
outbreaks of respiratory disease, such
as Spanish influenza (1918), Hong
Kong influenza (1968), Russian
influenza (1977), and avian influenza
(1997), remind us that containing
SARS and disrupting international
transmission is vital to international
public-health security.

Guénaël Rodier, director of
Communicable Disease Surveillance
and Response at WHO, mentioned in
a briefing that SARS can become a

long-term threat in the developing
world where the main burden of
infectious diseases such as AIDS,
tuberculosis, and malaria is located. At
a time when vital aspects of the disease
remain unknown the probability 
of SARS cases escaping surveillance 
is much higher in developing than 
in developed countries. Moreover,
poor surveillance, protection against
nosocomial infection, and quarantine
facilities will add to the risk of SARS
spreading in developing countries.
Public awareness on the subject is still
low and there might be transmission
chains that have not yet been
recognised and can lead to new local
epidemics. All possible steps need to 
be taken to prevent the spread of 
SARS in countries with limited means
of surveillance. In particularly, impor-
tation of goods, international travel,
and movement of military troops 
need to be brought under strict
scrutiny. A prevention policy needs 
to be formulated that is related 
to the health infrastructure and
hospital infection-control capacities 
of developing countries. Before

populations in developing countries
are exposed to SARS, national
response plans should be prepared
that focus on improving coordination
and communication between the
medical and public health sectors and
other agencies such as civil defence,
animal health, the military, and the law
enforcement community. Monitoring
and reporting mechanisms need to 
be included in the surveillance 
network that can help contain diseases
like SARS.
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