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Abstract

Despite being eradicated from Europe and probably the rest of the world, contagious bovine
pleuropneumonia (CBPP) continues to plague sub-Saharan Africa affecting at least 25 countries, in
particular Ethiopia, Ghana, Tanzania, Cameroon, Angola, Nigeria and Zambia. Evidence has shown
that the causative agent, Mycoplasma mycoides subsp. mycoides, may have emerged from a closely
related goat pathogen as recently as 300 years ago, which corresponds to the first description of
CBPP in Europe. Numerous new vaccines have been produced over the last 20 years in an effort to
improve on the protection afforded by the T1/44, a live vaccine in continuous use in Africa for over
60 years but none have so far succeeded; indeed, many have exacerbated the condition. In this
review, we argue that the present tools for diagnosis and control are adequate for eradication and
what is necessary are resources to improve vaccine coverage to levels of at least 80%, last seen in the
1970s when CBPP was restricted to very few countries of Africa. In addition, a study in Namibia
supported the concept that strategic and targeted antimicrobial treatment can play a critical part in
the control alongside regular and comprehensive vaccination.
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Review Methodology: The authors are all experts in the CBPP field, are familiar with the recent and historic literature and know the main
researchers and their work; information for the review was obtained from their personal collections of relevant articles and supplemented by
personal experience, current awareness services provided by their respective institutions and by regular use of PubMed and CAB abstracts.

Introduction

In 1993, the Ad Hoc OIE Committee on contagious bovine
pleuropneumonia (CBPP) met in Paris to draw up plans to
eradicate this centuries-old disease from all parts of the
world. This initiative was stimulated by the alarming spread
of CBPP in sub-Saharan Africa and its unexpected
re-emergence in southern Europe in the 1980s after an
apparent absence of over a decade. At one point, CBPP
simultaneously affected France, Portugal, Spain and then
spread to Italy causing significant economic impact [1]. The
disease was eventually stamped out in Europe by test and
slaughter with the last case seen in northern Portugal in
1999. In Africa, however, despite the great advances in
diagnostic technology and improved epidemiological tools
over the last 20 years, it is fair to say that eradication is as far

off as ever with the disease endemic in at least 25 countries.
So what has gone wrong in Africa?
Part of the problem appears to be the obsessive focus

on development on new vaccines and diagnostic tests
when we would argue that the present tools are adequate
for eradication. Indeed, the most effective tool for detecting
CBPP in Italy during the early 1990s was abattoir sur-
veillance enabling trace-back to infected herds [2]. The
continued investment in vaccines and tests unfortunately
diverts funds away from the real task of increasing vaccine
coverage with, admittedly, the far from perfect T1/44
vaccine. However, it should be remembered that this
vaccine was sufficient to bring about a huge reduction of
cases in many parts of Africa in the 1970s. At this time,
veterinary services were functioning effectively and annual
vaccine coverage in some countries was close to the 80%,
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which is the minimum considered, necessary to give some
hope of eradication [3]. Today there are few countries or
regions in Africa, which are approaching even half this
vaccine coverage.
In the last half of the twentieth century, the only African

country to eradicate CBPP was Botswana, which was
achieved by slaughter of all cattle in the infected region [4].
This of course was motivated by their lucrative export of
cattle meat to the European Union, which would have been
severely compromised had the disease been allowed to
become endemic. However, this eradication had huge
economic and political implications for the country in the
short term.
This review looks at selective aspects of the develop-

ments in our knowledge of CBPP, including the evolution
of the causative mycoplasma, Mycoplasma mycoides subsp.
mycoides, its worldwide distribution and methods of
control. For more comprehensive reviews, readers should
refer to Egwu et al. [5], Nicholas et al. [4] and Nicholas
et al. [1].

Evolution of the Causative Mycoplasma of CBPP

M. m. mycoides is a member of the M. mycoides cluster,
which consists of five important ruminant pathogens, which
share immunological, genetic and biochemical features. The
decision to omit the ‘SC’ (small colony) from the name was
taken as recently as 2012, when it became clear that there
were sufficient differences between SC and the other
member of the subspecies previously referred to as LC
(large colony) to merit separation; LC became incorpor-
ated into the subspecies capri with which it was largely
indistinguishable biologically and clinically [6].
CBPP was thought by some sources to have existed

‘since time immemorial’ [7], although detailed descriptions
do not appear until the late eighteenth century when
Bourgelat first distinguished it from other lung diseases [8].
Evidence to date suggests that the origin of the disease
may be relatively recent and possibly initiated by changes
in livestock husbandry. The goat pathogen, M. mycoides
subsp. capri shows great variation in the sequence of
the 16S rDNA gene, frequently used as a taxonomic clock
for bacteria, suggesting a long period of evolution [9].
M. mycoides subsp. mycoides, on the other hand, is
remarkably homogenous with little sequence variation
even between African and European strains. This could
indicate a much more recent emergence. Furthermore,
using next generation sequencing and Bayesian analysis,
Dupuy et al. [10] were able to date the most recent
common ancestor of M. m. mycoides to around the end of
the seventeenth century (give or take 100 years) possibly
evolving following infection of cattle by M. m. capri, as
a result of mixed livestock farming. Interestingly, a similar
event may have been seen with another member of
the M. mycoides group: the genetically homogeneous
M. c. capripneumoniae, the cause of contagious caprine

pleuropneumonia (CCPP); this mycoplasma may have
mutated from the closely related but genetically diverse
M. c. capricolum, although this is yet to be proven.

CBPP in Europe

After nearly 20 years absence of disease to date, it is
probably safe to say that it is unlikely that CBPP will be seen
in Europe again. There is no live trade of cattle from
endemic areas of sub-Saharan Africa, and though European
borders now stretch well into Asia, there is little evidence
of pockets of CBPP existing there [1].
CBPP had persisted in Europe for the first half of

the twentieth century before appearing to die out around
1967. Then something quite unexpected happened: the
disease reappeared in France in 1980, Spain in 1981,
Portugal in 1983 and finally in Italy in 1990. What was even
more unusual was that isolates from these new outbreaks
were almost identical. Furthermore, comparative analysis of
the new European isolates with African strains showed that
the former did not oxidise glycerol, resulting in little
hydrogen peroxide production attributable to the lack of
the enzyme L-α glycerol phosphate oxidase [11]; African
strains on the other hand produced copious amounts
of this toxic oxygen radical. Subsequently, genetic
analysis revealed a genomic segment of 8.8 kb, present in
African strains, which was completely missing in these new
European strains [12]; within this region was a copy of the
lppB gene, a potential virulence factor, and the glycerol
uptake gene. A single European strain from outbreaks in
France in 1967 before the re-emergence did not have this
deletion. How had this deletion occurred in the European
strains? While mycoplasmas are not averse to losing genes
– a process that has been going on for over 2 billion years as
they evolved degeneratively from cell-walled ancestors –

the latest was a huge loss over a very short space of time.
Unfortunately, the events surrounding the deletion will

probably remain a mystery, but concerns about CBPP in
Europe were sufficiently grave that research into new
vaccines was being carried out in some laboratories. This
was not widely known as official policy to control CBPP in
Europe centred on slaughter of affected herds because
vaccine antibody would adversely affect serological disease
surveillance. Did European laboratories have the technol-
ogy at the time to attempt molecular attenuation or could
serial passage, the most widely practised method, bring
about such massive loss of genetic material? And most
alarmingly, how could such a strain appear in cattle in four
European countries in such a short space of time? It has
been speculated that the movement of cattle ‘immunised’
with this so-called attenuated strain may have been
responsible for these new outbreaks, but no evidence
exists to support this [13].
An experimental infection in cattle in Switzerland, which

compared a single new European strain with an African
strain, provided some evidence to support the view that
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this deletion produced strains that were less virulent than
African ones [14]. But some doubts remained in those who
saw the lesions in the unexpected outbreaks in Italy in the
early 1990s and those in Portugal 1983–1999 because of the
severity of the lesions, particularly early in the epidemic [1].
In fact mortality was reported in three French herds
(up to 50% in one small herd) in the Pyrenees in 1980 [15].
While clinical signs were often absent because of the close
confinement of the cattle and, of course, the widespread
use of antibiotics in Europe, lung lesions were often
spectacular, completely destroying whole lungs, although
usually only one, a differential diagnostic characteristic of
CBPP. Moreover, exercising these normally stationary
animals could readily stimulate coughing. It was evident
that as the disease progressed over time in Europe, it
became more chronic in nature with the sequestrum
becoming the dominant lesion, but this was also true
in cattle in parts of Africa where CBPP was endemic. In
addition, there was no evidence to suggest that strains in
Europe before 1967 were particularly virulent. This cyclical
nature of CBPP outbreaks was well known to researchers
in Africa 40–50 years ago: as the epidemic progressed, the
disease became milder [5]. Although a great deal of work
has been done on the pathogenicity mechanisms of
M. m. mycoides, there is still much unknown.

CBPP in Asia

In Asia, CBPP has been reported in recent times from India,
Bangladesh and Myanmar, but these countries are now
believed to be disease-free [16]. Little information in the
English language emerged from China until the last decade.
The disease caused great economic losses to China’s cattle
industry between the 1950s and 1970s severely affecting
Mao’s ‘Great Leap Forward’. But, following an eradication
campaign initially involving mass vaccination using a novel
live vaccine, prepared initially in rabbits, with reported high
immunogenicity and protection, followed by quarantine and
slaughter, CBPP was eradicated in 1989 [17]. Sporadic
outbreaks are believed to occur in the Middle East largely as
a result of importation of cattle from North East Africa,
though few reports have appeared lately.
Suspicions that CBPP was present in Turkey have not

been confirmed by small surveys performed in the last few
years. In the most comprehensive study, just under 1000
animals at abattoirs in eastern Turkey were tested by
serological methods; clinical samples were also taken from
cattle showing suspicious lung lesions [18]. Less than 0.5%
of sera were seropositive and no M. m. mycoides was
isolated from any lesions suggesting that CBPP was absent.
The very low seroprevalence was consistent with false
positivity rates of serological tests used.
There was little evidence also of the presence of CBPP in

the majority of provinces in Afghanistan during a recent
survey of cattle; the testing of sera by competitive ELISA
and immunoblotting failed to show any positive sera.

However, the cattle tested represented only 0.03% of the
total population of the country, so a larger survey is
required to confirm these findings [19].

CBPP in Africa

It is well documented that CBPP was carried to South
Africa in 1854 with an imported bull from the Netherlands,
where it spread rapidly via trek oxen into the Transvaal
where it killed 100 000 animals within 2 years. It further
spread by cattle movements to countries now known as
Namibia, Zimbabwe, Botswana and then eventually to
Angola, Zambia and possibly to the Congo region. Some
believe that the infection of NorthWest and East Africa had
separate origins possibly through Abyssinia (now Ethiopia)
with a British expeditionary force led by General Napier in
1868 (R. Windsor personal communication). This is very
unlikely as there was no evidence at all that India, from
where the expedition started, was infected at the time;
indeed, CBPP was not reported there until 1910. A third
scenario suggests that CBPP was always present in Africa as
accounts by a German explorer described ‘lungenseuche’
(the great cattle death) around Lake Chad in 1869,
recognised possibly as CBPP, which was decimating cattle
populations in the region; the explorer reported that these
outbreaks were regular occurrences and appeared to have
spread from the West [20]. However, this could also be
explained by the colonization of West Africa by Portuguese
settlers bringing infected cattle anytime between the
sixteenth and nineteenth centuries as suggested by
Dupuy et al. [10].
Evidence from molecular epidemiological studies, initially

hampered by the close homogeneity of strains of
M. m. mycoides, has now shed light on the diversity of
strains throughout Africa. Using multilocus sequence
analysis, Manso-Silvan et al. [21] divided African strains
into three distinct groups: Central and Eastern African,
West African and Southern African. Variable number
tandem repeat analysis appeared more discriminatory and
showed clear differences between strains from Southern
and East Africa [22]. These studies could support a multi-
origin scenario for CBPP into Africa but could equally be
accounted for by the mutation of strains as they spread
through Africa from a single source. Using next generation
sequencing of several representative strains, Dupuy et al.
[10] concluded that those circulating in sub-Saharan Africa
today are descended from a strain that existed in the early
nineteenth century, and given the margin of error of their
methods, this is highly likely to be the introduction from the
Netherlands midway through this century.
Data from the OIE show that up to 2015, at least

25 countries were affected by CBPP, although more are
probably affected as some do not carry out regular or
comprehensive surveillance. Countries reporting the most
outbreaks in the decade up to 2015 include: Ethiopia (624),
Ghana (585), Tanzania (173), Angola (168), Cameroon
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(144), Zambia (127), Nigeria (123), Togo (123), Cote
D’Ivoire (113), Bukina Faso (105), Benin (85), Congo (68),
Chad (55), Uganda (51) and Kenya (51). It is interesting to
note that the disease prevalence has hardly changed over
the last 20 years showing that attempts at control have been
mostly unsuccessful. The disease in sub-Saharan Africa
is mostly characterized by a chronic endemicity with
occasionally severe outbreaks when naïve herds are
exposed to infected animals moved, often illegally, across
borders. One such example involved cattle purchased
in Zambia and brought across the Zambezi to the Caprivi
region of Namibia, which led to huge losses of up to 50%
mortality in some herds [23]. Namibia itself is mostly free
of disease but suffers from incursions from Angola in areas
close to the border ironically as a result of the improving
military situation here leading to less well-manned security
posts and broken fencing.

Control

Traditionally, CBPP in Africa has been controlled by the live
T1/44 vaccine, which has been used for over 60 years.
Vaccination has been shown to be successful when cover-
age of the cattle population of a country or region is high
and maintained over successive years. However, it is well
known that the vaccine provides only short-term immunity,
can cause severe adverse reactions and is rarely effective
in the face of an outbreak. Furthermore, mathematical
modelling has shown that even a mass vaccination campaign
over a 5-year period is unlikely to achieve eradication unless
other strategies are used [24].
Previously, it was believed that mycoplasma infections

did not respond well to antimicrobial treatment and indeed,
their use was discouraged or prohibited because of the fear
of creating carrier animals that could spread infection [8].
However, it is common knowledge that in the absence of an
effective vaccine or sufficient coverage, farmers and field
veterinarians will use antibiotics as the only available
control option. In 2006, the first official use of antimicrobial
treatment to control an outbreak of CBPP was reported in
the Caprivi region of Namibia [25]. The disease had been
introduced from Zambia in 2003 and outbreaks were very
severe, with mortality as high as 50% in the small herds of
the region. In total, there were 37 outbreaks, which killed
many cattle. Vaccination was immediately implemented,
but animals continued to die and there were serious
concerns that the disease would become endemic and
spread to other cattle-rearing areas of Namibia. It had
previously been shown experimentally that treatment of all
CBPP-affected cattle with the antimicrobial danofloxacin
(Advocin; Pfizer Animal Health) could significantly reduce
transmission of the mycoplasma to other cattle [25].
Therefore, all clinically affected or seropositive herds
were treated in the Caprivi with the antimicrobial accord-
ing to the manufacturer’s recommendations [26]. The
number of new cases fell immediately with only three

animals dying within the first 3 months after treatment
and no more overt cases after that. Clinical monitoring
continued for 2 years during which no more cases were
reported. Annual vaccination was instigated following the
last outbreak. In the years following antimicrobial treat-
ment, there were only sporadic and minor outbreaks in the
east of Caprivi, where it was not possible at the time of the
outbreaks to treat all cattle because of the seasonal flooding
of the Zambezi; importantly, there have been no cases
in the main cattle-rearing region in the south-west of
the Caprivi. The eradication of CBPP from this region,
where some 100 000 cattle are kept, represents a significant
achievement as it is known that CBPP can persist
indefinitely in small populations [3].
Evidence had also been advanced that the effect of

antimicrobial treatment is to accelerate the healing process
by promoting fibrosis in the lung, further inhibiting
mycoplasma transmission [1]. The results of the Caprivi
study supported the concept that strategic and targeted
antimicrobial treatment can play a critical part in the
control of CBPP alongside regular and comprehensive
vaccination. Mariner [3] has been an advocate of this
approach and concluded: ‘this is an example of innovation in
civil society leading to the development of an evidence base
for an institutional shift in policy’. The metaphylactic
approach of antibiotic treatment is also the most effective
way of preventing the development of antibiotic resistance
(Peter Lees, personal communication).
In vitro antibiotic susceptibility testing of 41 isolates of the

mycoplasma pathogen has shown that at least 10 anti-
microbials were still effective against CBPP [27] and, despite
their widespread use in Africa, antimicrobial resistance was
not yet evident. Further work is necessary to check the
current field situation and to identify and evaluate suitable,
cost-effective antimicrobials, focusing on correct dosing
regimens. Regular monitoring of antimicrobial resistance of
field strains is, of course, another essential requirement.

Future Vaccines

For a new vaccine to replace T1/44, it should, ideally, be
stable, given in a single dose, provide a longer duration of
immunity and higher levels of protection and not cause
adverse reactions. Few vaccines to date have met these
criteria. It would seem that only live vaccines could achieve
the majority of these targets such as the Ben-1 vaccine used
in China, where protection rates with lyophilised product
were reported to be 100% even after 2 years [17]. Trials to
test this vaccine in the African environment are currently
underway, though the unusual production method of
generating enough pleural fluid in experimentally infected
animals may provide a challenge.
A succession of inactivated vaccines has been tried and

tested over the last two decades. Two new approaches to
vaccination against CBPP were reported by Nicholas et al.
[28]. The first consisted of a whole cell mycoplasma vaccine
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inactivated with saponin (an approach, which had pre-
viously been found to be protective for bovine mycoplas-
mosis, contagious agalactia and CCPP) and the second
comprised a recombinant subunit vaccine prepared from
the highly immunogenic lipoprotein LppQ [14]. In spite of
two vaccinations at six weekly intervals and high antibody
responses, there was no evidence in the small number
of animals used of any protection afforded by either
preparation; indeed, there appeared to be an exacerbation
of pathology in the vaccinated animals compared with
unvaccinated contact controls. Lesions and fibrin were
most extensive and pleural fluid more abundant in
vaccinated animals. In the LppQ group, half the cattle
died before the end of the experiment, while a quarter died
in the saponin group. This compared to just under half that
died in the control group.
Using more traditional approaches, Mwirigi et al. [29]

compared the protective capacity of the live T1/44 vaccine
with two inactivated preparations of the Afadé of
M. m. mycoides, challenged with a virulent strain. The
protection levels were poor for the formalin-inactivated
vaccine, but the heat-inactivated preparation was marginally
better than T1/44 at just over 80 and 74%, respectively.
These findings indicate that low doses of heat-inactivated
M. m. mycoides can offer protection to a level similar to
the current live-attenuated (T1/44) vaccine formulation,
though it would be more expensive to produce.
Antibody levels as detected by current serological tests

have always been poor indicators of protection and indeed
have frequently been linked to postchallenge pathological
reactions. Schieck et al. [30] found that animals with CBPP
sequestra had significantly higher antibody levels against
surface proteins than the animals that cleared mycoplasma
from their lungs. The authors suggested that high antibody
titres might play a role in the establishment of pathological
changes, such as vasculitis.
The N terminus of the transmembrane lipoprotein

Q (LppQ-N’) of M. m. mycoides has been identified as
a major antigen and a possible virulence factor in CBPP.
Mulongo et al. [31] immunized cattle with purified
recombinant LppQ-N’ formulated in Freund’s adjuvant,
which showed a strong seroconversion to the lipoprotein.
However, the vaccine provoked severe post challenge
glomerulonephritis probably brought about by the devel-
opment of antigen–antibody immune complexes.
A study by Carozza et al. [32] showed the potential of

a viral-vectored prototypic vaccine, which gave rapid
and strong humoral and cell-mediated immune responses
in mice against lipoprotein A, a major antigen of
M. m. mycoides. This represented a first step in developing
a recombinant vaccine against CBPP but is a long way from
producing one for use in the field against CBPP. Further
down the road towards a subunit vaccine is a Canadian–
Kenyan consortium who have adopted a reverse vaccinol-
ogy approach and identified groups of vaccine candidates
that are recognized in naturally affected cattle [33].
Several cocktails of these antigens have been shown to be

protective in small groups of challenged cattle. It is hoped
that the positive results can be extrapolated in larger trials
with better protective rates and duration of immunity
superior to the T1/44 vaccine.

Final Remarks

Despite frequent meetings at the Food and Agriculture
Organization (FAO) in Rome on CBPP over the last
20 years including one titled: ‘Antibiotics to the Rescue’
in 2006 to discuss new approaches to control based on
targeted use of chemotherapy, very little real activity is
evident in the field, partly due to the lack of funds but more
often as the result of the inability of the delegates to
co-operate. There are reports that in vivo antibiotic trials
and evaluation of the Chinese vaccine are beginning, but
progress has been painfully slow. There are hopes that
progress will accelerate now that the Bill and Melinda Gates
Foundation have identified CBPP as a priority for funding.
If international and national bodies are serious about
eradicating or even controlling CBPP, then extra funds
should be set aside to improve vaccine coverage using the
T1/44 with targeted use of antibiotics in outbreaks over-
seen by international experts. The development and use of
increasingly sensitive diagnostic and epidemiological tests
will only confuse what is a relatively easy disease to identify
and will divert funds to where it is really needed. Although
slow in identifying the disease, the Italian veterinary control
authorities eradicated the disease in less than 3 years by
movement control, a policy of test and slaughter mainly
based on abattoir surveillance and enabled by an effective
animal identification system. This is presently not feasible
amongst the numerous affected countries of sub-Saharan
Africa. However, rinderpest was a much more difficult
disease to eradicate but was eventually successfully cleared
from the world. As outlined nearly 25 years ago in Paris,
an eradication plan for CBPP is eminently achievable if the
will and co-operation is there. For now, it seems that the
elimination of CBPP is as far away now as it was then.
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