Veterinary Medicine: Research and Reports

Dove

REVIEW

Contagious Bovine Pleuropneumonia: Challenges
and Prospects Regarding Diagnosis and Control
Strategies in Africa

Nma Bida Alhaji'
Paul Idoko Ankeli?

Livinus Terhemba lkpa®
Olutayo Olajide Babalobi?

'Public Health and Epidemiology
Department, Ministry of Livestock and
Fisheries, Minna, Nigeria; 2Mycoplasma
Laboratory, Bacterial Research Division,
National Veterinary Research Institute,
Vom, Nigeria; 3Department of Veterinary
Public Health and Preventive Medicine,
University of Ibadan, Ibadan, Nigeria

Correspondence: Nma Bida Alhaji
Ministry of Livestock and Fisheries,
AbdulKareem Lafene Secretariat
Complex, Department of Public Health
and Epidemiology, Minna PMB 175,
Nigeria

Email nmabida62@gmail.com

This article was published in the following Dove Press journal:
Veterinary Medicine: Research and Reports

Abstract: Contagious bovine pleuropneumonia (CBPP) is an infectious and contagious
respiratory disease of cattle, caused by Mycoplasma mycoides subsp. mycoides (Mmm). In
this review, basic epidemiological features of CBPP, complicated by existing different strains
of Mycoplasmas with similar biochemical characteristics, with preference to Sub-Saharan
Africa are discussed. Many sub-Saharan African countries are challenged by variable gaps
that include diagnostic tools and control strategies. Science-based issues on diagnostic
procedures, vaccination, treatment, and other control strategies are discussed. Participatory
epidemiology (PE), a diagnostic technique used in the identification and solving of animal
health problems in rural communities, was also discussed. PE application, in conjunction
with conventional diagnostic tools, will improve CBPP identification in pastoral rural com-
munities and promote control of the disease in Africa. Furthermore, adequate CBPP control
can be achieved through stronger political commitments from governments by prioritizing
the disease among major diseases of high economic importance to the livestock industry for
surveillance and control. Investment in CBPP control in endemic African countries will
assure food security, livelihoods and the general well-being of people, and international
trade.

Keywords: contagious bovine pleuropneumonia, Mycoplasma mycoides subsp. mycoides,
economic impact, diagnostic tools, control strategies, sub-Saharan Africa

Introduction
Contagious bovine pleuropneumonia (CBPP) is an infectious and contagious
respiratory disease, mainly of cattle, caused by Mycoplasma mycoides subsp.
mycoides (Mmm)." 1t is transmitted by direct or close contact between infected
cattle and susceptible animals, and remains an important constraint to cattle pro-
duction in many sub-Saharan African countries.”” It is a disease with very high
economic importance, with the ability to compromise food security in endemic
areas.” It was the only bacterial disease contained in the former List “A” Diseases
grouping of the World Organization for Animal Health (OIE) requiring urgent
outbreak reporting.®

CBPP is insidious in nature with associated control difficulties, and remains
a big problem for most cattle producing sub-Saharan African countries. The
economic depressions of the 1980s and 1990s that affected many countries in
Africa and the subsequent imposed structural adjustment programmes have led to
the decline of funding in public veterinary services. These have resulted in poor to
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no surveillance and control of CBPP in endemic areas.’
Other factors such as decreases in veterinary services
patronage by pastoralists, impacts of movement control
on pastoral livelihoods, and decline in the enforcement of
animal health policies by the veterinary authorities have
decreased the effectiveness of mitigation measures used
against the disease. All these have consequently led to
increased prominence of the disease in many parts of
East, Central, and West African countries.® With declining
livestock and animal health budgets in Africa, most gov-
ernments rely a lot on bilateral and multilateral interna-
tional donor organizations for funds to finance animal
disease control programs, which could not be sustained
continuously due to inadequate or the absence of financial
contributions from recipient African governments, result-
ing to a total lack of enforcement of control measures.’

Many efforts have been made to effectively control
CBPP in Africa despite the challenges, but with varying
degrees of success. Efforts made in the past include the
Joint Project 28 (JP 28) of the 1970s, and the Pan African
Control for Epizootics (PACE). During the JP 28 imple-
mentation, control of CBPP was carried out through
a policy of compulsory mass vaccination campaign in the
endemic foci of Africa, followed by quarantine, and test
and slaughter with compensation of infected cattle, and
disease outbreaks reporting.”'® However, the mass vacci-
nation encountered serious problems mainly due to refusal
of the pastoralists to allow their animals to be vaccinated
for fear of post-vaccination reactions.'® Unfortunately,
outcomes of these efforts were not encouraging as envi-
saged. Furthermore, a combined control effort for rinder-
pest and CBPP was jointly conducted during the Pan
African Rinderpest Campaigns (PARC), in which vaccine
containing both rinderpest and CBPP attenuated strains
was used. This ended in 1999 and rinderpest was eradi-
cated but CBPP still persists despite continuation of
a mass vaccination campaign against it, though epilepti-
cally using T1/44 CBPP vaccine.”'® As a consequence,
CBPP still persists in many cattle farms in the continent.
Nevertheless, the implementation of monitoring systems
of the PACE for the transhumance cattle has not been
widely effective especially in Central and Western
African countries due to lack of cooperation from the
herders.’

For vaccination programs, the quality of vaccines used
to control CBPP has declined in recent times due to
militating factors that include problems of independent
in Africa,

quality control by some manufacturers

inadequate handling of vaccines by inoculators during
vaccination campaigns, such as poor cold chain mainte-
nance, and usage of vaccines with sub-optimal quantities
of Mmm strains.”'" The consequence has been the occur-
rence of post-vaccination reactions in a few vaccinated
cattle and occasional deaths. Also, some serological tests
do not effectively detect vaccinated cattle, especially at
sub-clinical and chronic stages, leading to poor ascertain-
ment of sero-monitoring of effective and efficient vaccina-
tion coverage and establishment of herd immunity levels.’

The study of CBPP epidemiology in endemic situations
is problematic due to its insidious nature. This has resulted
in poor understanding of its basic biology, immunology,
pathogenesis, and distribution. In view of these challenges,
effective surveillance and control of the disease will
require understanding of its epidemiology and control
strategies for good inferences to be made on such factors
as herd immunity levels.'> With the continuous declining
resource allocation to public sector veterinary services in
many African countries, information deficits are often
most evident in those areas with large cattle populations,
hard-to-reach (remote), and poverty high level. Expansion
in livestock production system, conflicts, terrorism, and
complex ecological changes such as climate change and
environmental degradation, as well as socio-cultural activ-
ities of pastoralists are current challenges promoting live-
stock diseases such as CBPP in the livestock farming
communities of Africa.'® These issues are potential factors
that can modify interactions between hosts and disease
agents with consequent alteration in the distribution and
prevalence of CBPP. Identifying the lineages of Mmm
strains circulating in Africa will be essential for diagnosis
and control of the disease as it will provide information on
the status of the available strains for effective vaccine
development.

CBPP has been reported to be associated with high
economic losses for herders and the livestock industry. In
1853, South Africa lost over 100,000 cattle in 2 years due
to CBPP introduction into the region.'* An estimated
annual loss attributable to CBPP in some African countries
was around US$ 2 billion.'> In 2006, the cost of losses due
to morbidity and mortality in CBPP affected animals in 12
sub-Saharan African countries was estimated at 30 million
Euros, while the total economic cost was estimated at
44.8 million Euros or 3.7 million Euros per country.” In
the northern part of Nigeria, the economic cost of CBPP in
the livestock industry was estimated to be US$ 1.5 million
in 1996.'° However, the total economic cost due to CBPP
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in pastoral herds of Niger State, North-central Nigeria was
estimated at US$ 294,800.30."7

To shed light on these perspectives, this review exam-
ines the epidemiologic features of CBPP with emphasis on
its causative agent, host, distribution, disease pathogenesis
and pathology, and clinical manifestations in cattle herds.
It also discusses the challenges and likely prospects asso-
ciated with the diagnosis and control strategies in sub-
Saharan Africa.

Epidemiology
The Disease and Causative Agent
CBPP is a severe infectious transboundary disease of
cattle, caused by Mycoplasma mycoidess subspecies
mycoides strain of the Class Mollicutes."'®?° It is char-
acterized by fever, nasal discharge, cough, difficult respira-
tion, severe edema, and proliferation of interstitial tissues
in the lungs, diffused pneumonia, and serofibrionous
pleurisy.?! During epidemics, hyper-acute and acute
forms of the disease predominate at the onset, while sub-
acute and chronic clinical manifestations become more
apparent as the epidemic progresses.”>** For this reason
and coupled with the fact that some infected animals could
be carriers, it is sometimes difficult to detect clinical CBPP
cases in endemic areas.”* When CBPP outbreak occurs in
a susceptible cattle herd that has never been challenged by
the disease, it causes up to 100% morbidity and nearly
50% mortality of the herd.”> The incubation period during
natural infection is not known.?® Until the end of 2004, it
was the only bacterial disease in the World Organization
for Animal Health (OIE) 15 “List A” diseases, whose
occurrence or re-occurrence in any member country must
be reported to the organization within 24 hours, with
weekly follow-up and 6-monthly evaluation.”” With the
formation of the PACE in 1999, surveillance and reporting
of CBPP in some African countries improved, but sadly
declined after completion of the programme.”®
Mycoplasmas belong to the class Mollicutes. Other
members of this class are Ureaplasmas, Acholeplasmas,
and Spiroplasmas. The Mycoplasmas cluster previously
consisted of six closely related mycoplasmas which were
made up of several ruminant pathogens, comprising of the
following species or subspecies: Mycoplasma capricolum
subsp. capricolum, M. capricolum subsp. capripneumo-
niae, M. mycoides subsp. capri, M. mycoides subsp.
mycoides large-colony (LC), M. mycoides subsp. mycoides
small-colony (SC), and Mycoplasma bovine biotype 7 now

called M. leachii. M. mycoides subsp. capri, M. mycoides
subsp. mycoides large-colony (LC), and M. mycoides
subsp. mycoides small-colony (SC) are the best-known
three species in the Mycoplasma mycoides cluster.
However, M. mycoides subsp. mycoides large-colony
(LC) is now considered as a serovar of M. mycoides
subsp. capri and the nomenclature of M. mycoides subsp.
mycoides small-colony (SC) has been changed to
M. mycoides subsp. mycoides (Mmm). Therefore, Mmm
now belongs to the classical M. mycoides cluster consist-
ing of five pathogenic mycoplasmas: M. mycoides subsp.
mycoides, M. mycoides subsp. capri, M. capricolum subsp.
capricolum, M. capricolum subsp. capripneumoniae, and
M. leachii, sharing many genotypic and phenotypic traits
and causing diseases in ruminants.'>*

In 1995, Mmm was grouped into two epidemio-
geograpghically distinct clusters: a cluster that contains
strains isolated from different European countries, and
another that contains African and Australian strains.*’
Epidemiological and clinical investigations revealed that
CBPP outbreaks of European origin are less virulent
when compared with those observed in Africa. Mmm
are pathogenic bacteria, with small sizes (500-1500 bp),
lack a cell wall, are extremely fastidious in vitro, and
form centre colonies on solid medium. Some Mmm are
parasitic in nature, colonize the mucosal epithelium, and
rely on the host for most nutritional requirements, while
the majorities are commensals, but occasionally opportu-
nistic, and invade lung tissues following other bacterial or
viral infections.?'? Mycoplasmas are resistant to antimi-
crobials that affect the cell walls and are also fragile to
the environment due to the absence of cell walls. They
have higher mutation rates than conventional bacteria,
which indicates that they can rapidly develop resistance

to antimicrobials, and

33,34

including oxytetracyclines

tylosin.

Hosts and Transmission
Under natural conditions, Bos indicus and Bos taurus
cattle are susceptible to Mmm, while there is variability
in breed susceptibility in cattle, with trypanotolerant
breeds more susceptible.’> Also, water buffaloes are sus-
ceptible to Mmm, but it does not affect domestic
buffaloes.>> CBPP has been reported in Asian yaks and
American bison, but not in African buffaloes (Syncerus
caffer). Sheep and goats are resistant to the disease.”
The epidemiology of CBPP has been characterized by
direct transmission through contacts, a long incubation
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period, and likely early mycoplasma excretion during the
course of the disease that takes up to 20 days before
clinical manifestations and after recovery that takes up to
2 years in carriers (lungers). CBPP epidemiology in sub-
Saharan Africa is dominated by different factors that
include: disease occurrence in only cattle species, an
absence of reservoir host in wildlife, and close contact
transmission between susceptible cattle and infected
ones. Also, uncontrolled movements of cattle play
a significant role in CBPP maintenance in Africa.’®
Disease transmission by close contact between the infected
and susceptible cattle occurs almost exclusively when
exhaled aerosols, especially those generated by cough,
are inspired.*’”® Certain management practices that
include kraaling (keeping cattle together in a small hut)
at night and mixing of herds along stock routes and at
watering points also promote CBPP transmission. The
spread and impact of the disease is also favored by long-
distance trekking of cattle along stock routes, as it pro-
vides opportunities for frequent contact of cattle within
and between herds and the dust generated by mass move-
ment increases pathogen spread.”” The nomadic culture
and transhumance practice of the herdsmen have signifi-
cantly contributed to the spread of CBPP in many African
countries.’”** With the isolation of Mmm from the foetus
of an infected dam, trans-placental transmission has been
indicated.*! Meanwhile, Mmm has been also isolated from
the urine of an infected cattle in acute stages of CBPP,
with titers ranging between 102 and 108 Mmm per
milliliter of urine. It has also been isolated from semen
and sheath washings of two bulls.**** However, the sig-
nificance of urine or semen in the natural transmission of
Mmm is unknown, while transmission through fomites and
contaminated fodder has been reported under experimental
conditions.** Outbreaks occur more extensively in cattle
on transits, with the incubation period lasting from a few
days to 6 months. In the susceptible cattle herds, the
infection rate can be as high as 90% and the death rate
can reach 50%, and 25% of the infected cattle can recover
and may become carriers, showing no clinical signs. The
disease first came to Africa from Europe but its epidemiol-
ogy in the later continent is still not well understood.'®*>

Although water buffaloes are susceptible to CBPP, the
mode of transmission of the disease from buffaloes to
cattle is still unknown. Generally, Mmm has been epide-
miologically described as specific for large ruminants, but
has been also reported to be isolated from small
ruminants.*® Two strains of Mmm (C305 and C425) have

been isolated from caprine lungs, and three strains (0326,
0512, and 0526) have been isolated from ovine milk.
Small ruminants can, therefore, serve as potential reser-
voirs for Mmm and need to be considered in the surveil-

lance and control programme for CBPP in Africa.*®*’

CBPP Distribution in Africa

Except in South America and Madagascar, the occurrence of
CBPP has taken place at some times worldwide.” The dis-
case is endemic in most of the pastoral cattle herds of
Western, Central, and Eastern Africa, Angola, and Northern
Namibia.*® Cattle herds in East, Central, and West Africa are
believed to have been infected by cattle traded from India in
the 19th century.*® Although CBPP was eradicated from the
US and Great Britain in the 19th century, it still persists in
many African countries, and was widespread in 12 countries
in Africa between 2007 and 2008.>">

In the 1980s, the geographical distribution of CBPP
was limited and almost no outbreaks were observed due to
annual combined vaccination campaigns from the efforts
toward the control of Rinderpest. The disease gained
a wider extension in Africa in the 1990s as it re-invaded
countries such as Botswana, Tanzania, and Rwanda that
had eliminated it in the past. However, Botswana suc-
ceeded in regaining a free status after very strict sanitary
measures. The incidence of CBPP is increasing in many
countries of Africa and had been reported in at least 27
countries in equatorial, central, and southern Africa by the
end of 1999.>>>*

In 2015, CBPP was considered to be present in all sub-
Saharan African countries. The Southern part of the con-
tinent is still considered to be free of the disease due to the
physical barriers that prevent its spread, such as the
Namibian veterinary cordon fence, but the Southern
African Development Community (SADC) countries are
clearly still at risk (Figure 1). Most cattle herds in sub-
Sahara African countries are infected with Mmm, except
such countries as Senegal and Gambia in West Africa, and
Gabon and Congo Brazzaville in Central Africa that do not
report the disease.”

Since 2006, 18 countries in the west, central, east, and
southern regions of Africa, except Congo DR, and Gabon,
have been reporting CBPP to the African Union Inter-
African Bureau for Animal Resources (AU-IBAR).
However, DRC and Gabon started reporting in 2010. In
countries that reported the disease, 304 epidemiological
units were affected by the disease, involving 16,836 cases
and 3007 deaths, with an estimated case fatality rate of
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Figure | Distribution of CBPP and risks of introduction in southern areas of Africa.
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Notes: Reproduced with permission from FAO, 2016, Can contagious bovine pleuropneumonia (CBPP) be eradicated? ht:tp://www.fao.org/3/a—i<€>I26e.pdf.54

17.9%. The highest number of CBPP outbreaks was
reported in Ghana (75) followed by Central African
Republic (43) and Ethiopia (29) (Table 1). CBPP is ende-
mic in most of the West, Central, and East African coun-
tries, with at least 24 countries (45%) regularly reporting
outbreaks every year for a 10 years period (Figure 2). The

disease is also encroaching on new areas with The Gambia
reporting an outbreak in 2013 for the first time after being
free of the disease for 45 years. CBPP has now also been
reported in a few countries in Southern Africa (Angola,
Namibia, and Zambia). The reported morbidity and mor-
tality as well as case fatality rates have been variable and

Table | Countries in Sub-Saharan Africa Reporting CBPP to the AU-IBAR

Country Outbreaks Cases Deaths Slaughtered Destroyed
Burkina Faso 203 45 0 0
Cameroon 8 384 16 41 0
Central African Republic 43 3674 1270 0 0
Chad 17 342 200 37 18
Congo, DRC I5 8277 458 1361 0
Cote d’lvoire 18 595 215 13 7
Ethiopia 29 457 112 12 0
Gabon 3 0 0 0 0
Ghana 75 127 | 115 0
Mali 204 82 119 0
Niger 6 41 10 0 0
Nigeria 22 489 96 221 9
Somalia 12 69 16 0 0
Sudan 2 202 92 108 0
Tanzania 399 177 0 0
Togo 9 13 3 | 0
Uganda 22 1330 193 67 0
Zambia 7 30 21 0 |
Total 304 16,836 3007 2095 35
Note: Reproduced with permission from AU-IBAR.>®
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there appears to be no clear seasonal pattern to the
outbreaks.>”

The occurrence and distribution of CBPP in cattle
herds is influenced by many intrinsic and extrinsic factors
that include intermittent infections, age, genetic constitu-
tion, crowding, climatic conditions, and stress from trans-
portation, and handling. These importantly determine the
final outcome of Mmm infection in herds.>®

Pathogenesis and Pathology

The pathogenesis of CBPP in susceptible animals is char-
acterized by the development of thrombosis in the pulmon-
ary vessels, which may occur prior to the establishment of
pneumonic lesions. The process of thrombosis formation is
not well known, but partly believed to be mediated by
induction of cytokines.”” The disease causes a variety of
pneumonia in the lung lobes, with prominent dilated inter-

lobular septa resulting from high out-pouring of plasma and
fibrin in them, giving a “marbling” effect to the lung.”' The
characteristic inflammatory reactions led to bronchitis,
bronchiolitis, and alveolitis, while neutrophils and mono-
nuclear cellular response predominantly constitute early
inflammation in Mycoplasma pneumonia. Pathologically,
CBPP causes unilateral pulmonary necrosis, marked sero-
sanguineous fluid accumulation in the interstitia and pleura,
and sometimes sequestration.”* An important component of
the pathological changes is vasculitis, which indicates
marked exudation and pleurisy. Thrombosis can cause
ischemic necrosis and infarcts of the lung. Anoxia and
toxaemia can lead to death of the affected cattle.”®
Mollicutes produced some substances that are very
vital in the pathogenesis of CBPP. They produce peroxide
and super-oxide that may cause disruption of host cell
integrity. Ureaplasma species produce urease that may
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cause injury to host tissues due to an effect of ammonia
produced from urea hydrolysis. Mycoplasma phospholi-
pases, potentially important in pneumonia, may reduce
surface tension of the alveolar surfactants, thereby causing
atelectasis. Mmm has a galactan polymer that modulates
the immune response and promotes its dissemination.”'

Clinical Manifestations

CBPP is manifested in four forms: hyperacute, acute, sub-
acute, and chronic forms. The hyperacute form is seen at the
onset of the disease outbreaks, may affect up to 10% of the
infected herd, and sudden death occurs often without other
clinical signs. About 20% of the affected cattle are observed
during the acute form, with the course usually running from 5
to 7 days, and characterized by fever, self isolation from the
herd, anorexia, and difficult breathing that is labored and
painful. Other signs that may be observed include abdominal
breathing and “grunting” during expiration. Affected cattle
may develop a shallow, dry, and painful cough that is often
observed during exercise. Affected animals may protest
when pressure is applied between the ribs because of pain
and could sometimes react violently.>® Also, affected animals
in acute form stand with nostrils dilated, mouth open, and
panting for air, head, and neck extended, forelegs spread
apart, frothy saliva accumulation in and around the mouth,
and nasal discharge, sometimes streaked with blood.
Furthermore, some affected animals may develop swellings
of the throat and dewlap in this stage. About 40% to 50% of
the affected cattle are most frequently seen in subacute form
with characteristic signs resembling those in the acute form,
though they could be less severe and with recurrent fever.
Some cattle may directly go into the chronic stage, which is
a natural evolution of both acute and subacute stages. The
clinical manifestations gradually regress, though affected
cattle may still manifest fever, anorexia, and loss of weight.
Young calves often manifest swollen, hot, and painful limb

joints that result in lameness.**>°

Diagnosis

Diagnosis of CBPP relies on clinical examinations, post-
mortem inspections, and laboratory analyses through cul-
ture and isolation procedures, and serological analyses.
Protein and nucleic acid-based molecular techniques have

also evolved and are more specific.?**>¢°

Clinical Examinations
When first introduced into a herd that has not been previously
challenged with the disease, it causes high deaths of cattle.

Few of them may die rapidly showing signs of only fever.
However, clinical signs start manifesting several days to
months after Mmm infection, indicating that the disease can
occur in a herd long before clinical signs are manifested,
which makes tracing back difficult especially where there is
a long interval practice between vaccination campaigns, and
where antimicrobials are often used to manage clinical cases.>

The use of clinical signs for the diagnosis of CBPP in
pastoral herds in Africa is generally more feasible in the
acute stage of the disease when symptoms are apparent, with
adult cattle showing persistent cough and respiratory distress
due to pleuropneumonia, and calves show lameness due to
arthritis.**>° The severity of manifested signs declined propor-
tionally to the duration of the disease presence in the herd. All
mentioned clinical signs are not pathognomonic to CBPP. It is,
therefore, important during clinical diagnosis to rule out other
differential diseases that could present similar clinical mani-
festations such as acute pasteurellosis, hemorrhagic septice-
mia, actinobacillosis, bovine tuberculosis, abscesses or hydatid
from the differential

cysts, or traumatic pericarditis

diagnosis.”

Post-Mortem Examinations

Post-mortem examinations often show gross pathological
lesions, such as sequestra, which are encapsulated necrotic
pulmonary lesions. In the acute stage, gross pathological
lesions in the lungs are characterized by fibrinous deposits
on the parietal surfaces and interlobular spaces distension
due to accumulation of straw coloured serofibrinous
exudates.’"*®! Pathological lesions commonly affect one
lung and are often localized in the diaphragmatic lobe
with a characteristic marbling appearance, while the
pleural cavity may contain large quantities of clear, yel-
low-brown fluid with pieces of fibrin.’

On palpation, lesions can be detected while red and
grey areas of hepatisation are seen upon incision. Gross
lesions are characterized by formation of necrosis in the
lobules and interlobular septa and early sequestrum for-
mation are seen in subacute cases. Gross lesions in chronic
cases are characterized by well-defined sequestra sur-
rounded by fibrous capsules, and adhesions, which are

connecting thickened viscera and parietal pleura.’®*%>

Serological Analysis

The Complement Fixation Test (CFT) and competitive
Enzyme Linked Immunosorbent Assay (c-ELISA) are ser-
ological tests recommended by the OIE for herd-level
serological diagnosis and are commonly used for the
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disease investigation in Africa. The CFT sensitivity to
Mmm infection vary with the clinical stage of CBPP man-
ifestation, which is high in acute stage due to the high
level of circulating complement fixing
immunoglobulin.'#4*3462 A sensitivity of 98% has been
reported in a study on CBPP outbreaks in Botswana with
post mortem lung lesions used as a gold standard.®
However, a lower sensitivity of 64% has been observed
from a study conducted elsewhere in Italy, where the
disecase had very low prevalence due to an eradication
programme.*®

A c-ELISA using a specific monoclonal antibody tar-
geting Mmm antigens have been used in many herds in
Africa.?®* Cross-reactions with other Mycoplasma spe-
cies were not reported, while 96% sensitivity and 97%
specificity were observed.?*%*

Immune responses development detected by both CFT and
c-ELISA have been observed in cattle vaccinated with live
attenuated CBPP vaccine.>*® However, sero-prevalence stu-
dies on vaccinated cattle herds in some African countries have
shown poor agreement between CFT and c-ELISA.®” Attempts
to apply serological techniques to assess the efficiency of
vaccination in cattle vaccinated against the disease have not
been successful, because vaccination that involves use of T1/
44 or T1-SR vaccine strains does not always induce detectable
antibody responses. It is, therefore, not advisable to use only
CFT or cELISA to monitor the efficiency of a vaccination. It s,
therefore, noteworthy that CFT or c-ELISA can be used to
detect natural infections in cattle herds in Africa even in the
areas where a vaccination campaign has not been regularly
conducted because post-vaccination antibodies do not persist
after 3 months. Both tests are useful only in the diagnosis of the
disease in herds and not for individual infected cattle.%®

A 48 kDa protein has identified field strains of Mmm in
Europe, Africa, and Australia and is named LppQ. The
protein has been applied in the detection of Mmm in
experimentally infected cattle using Immunoblotting test
and could be used also for the diagnosis of CBPP under

natural conditions in Africa.®®

Molecular Analyses

Mycoplasmas, including Mmm, have been traditionally iso-
lated by biochemical and antigenic techniques using culture
and identification.”””" These techniques have been limited by
their low sensitivity and specificity due to cross-reactivity of
antigenic determinants of closely related species, bacterial
contamination, and time and labour intensive laboratory pro-
cedures. With the introduction of polymerase chain reaction

(PCR) in 1994, considerable improvements have been made
because it has provided a quicker and more sensitive diagnosis
of CBPP.”>"* However, identification of Mmm has been pro-
blematic because of the close phylogenetic relatedness
between it and other members of the M. mycoides cluster that
include M. mycoides subsp. mycoides biotype large colony
(now serovar of M. mycoides subsp. capri), M. mycoides
subsp. caprii, M. capricolum subsp. capricolum,
M. capricolum subsp. capripneumoniae, and M. leachii.
Also, there have been difficulties in the identification of
Mmm and other members of the “mycoides cluster”, which
was due to shared genetic, immunologic, and biochemical
characteristics.”*’® These are some of the challenges encoun-
tered by molecular laboratories in Africa.

The challenges notwithstanding, PCR has provided power-
ful diagnostic procedures for the specific identification of
Mmm strains, as well as robust fast detection, identification,
and differentiation of members of the M. mycoides
cluster.”*”*77? Of particular interest is the use of nested
PCR systems that are sensitive for the detection of Mmm in
cultures and clinical materials with very low numbers of target
organism.”**°

Studies on the molecular epidemiology of Mmm have
indicated that there are three lineages of Mmm in Africa, and
these are the African, Australian, and European lineages.”>*!
An important element, insertion sequence IS/296, has
difficulty associated with

differentiation.**™ In an investigation that involves the use

cased the earlier species
of a DNA probe against IS element, distinct strains of the
African and Australian, and European origins within Mmm
subspecies were identified.®* It has been identified that the
variability in the two strains was due to a lack of 8.84-kb
deletion in European strains but present in strains of African
and Australian origins.’® The insertion of IS7296 upstream of
this deletion area was considered stable enough for species
typing, and thence applied as a molecular marker in the restric-
tion fragment length polymorphism (RFLP) analysis of strains
of Mmm.2*% Furthermore, the location of this maker has been
used for the development of PCR assay that specifically iden-
tified and differentiated Mmm of these geographical
backgrounds.®

Insertion sequences (ISs), which are useful molecular
markers for the diagnosis and epidemiological studies of
bacterial pathogens, can cause large genomic rearrange-
ments in bacteria, such as deletions, insertions, and inver-
sions. IS elements are mobile DNA segments that are less
than 2.5 kb, with structural and organizational similarities.
They possess one or two Open Reading Frames (ORFs),
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and on rare occasions three or more.** These genes encode
proteins required for the transposition of IS elements, such
as a transposase. The termini of IS elements normally form
inverted repeats (IRs), which is the recognition and clea-
vage sites of the IS-encoded transposase, in the transposi-
tion reactions.® Only two IS elements have been
attributed to Mmm, the 1S1296 and 1S1634.5“*” During
IS typing with an IS/296-specific probe, Mmm strains
were clustered into two major epidemiologically distinct

geographical groups.®**

Participatory Epidemiology

Pastoral communities in Africa are mostly found in under-
developed and hard-to-reach environments. Surveillance and
research of CBPP and other livestock diseases in these loca-
tions are very hard to carry out because the human populations
are small, highly mobile, and move with their livestock across
large grazing areas that have few means of modern
communication.*® Also, most of the pastoralists live in trans-
boundary ecosystems and traverse across international borders
for transhumance and nomadic grazing. Conventional
approaches to surveillance and research of diseases in such
circumstances need considerable flexibility, commitment, and
resources. With constraints of resources in these socio-
economic disadvantage communities, pastoralists themselves
become more valuable sources of information on livestock
diseases.* One useful approach for disease identification in
rural hard-to-reach areas of Africa is by the use of Participatory
Epidemiology (PE) techniques.”®!

PE uses participatory techniques for research and surveil-
lance of diseases in rural settings. As a proven approach, it can
be used to overcome many of the limitations associated with
conventional research and surveillance methods, and has been
used to solve a number of animal health issues.***"* It uses
participatory rural appraisal (PRA) tools to collect qualitative
epidemiological data or intelligence information possessed by
the communities through observations, existing knowledge,
and traditional oral history to improve on the understanding
of animal health issues.”* PRA tools are a range of techniques
that allow for collection and analysis of data through learning
and facilitation platforms that enable local people to play a role
in defining, analyzing, and solving their socio-economic pro-
blems, that is, collection of epidemiological data and their
transformation to information.”

PE uses local knowledge for disease identification and
control programmes, which have been both effective and
acceptable to the stakeholders.”” Since PE recognizes local
people to be very rich in detailed traditional knowledge

and vocabulary about infectious diseases that affect their
socio-economic livelihoods and well-being, it can be used
for adequate description of clinical presentations and epi-
demiological patterns as well as identification of main
pathological lesions of CBPP in hard-to-reach pastoral
cattle herds environments in Africa and other developing
countries.

Control Strategies

Four essential control approaches that include vaccination,
treatment, movement control, and stamping-out through
slaughter with compensation have been adopted towards miti-
gation of CBPP in Africa.? Each of these mitigation measures
reduces the occurrence of the effective reproductive number
(R,) of Mmm in cattle populations.” Unfortunately, most of the
CBPP affected countries in Africa do not apply all of these
measures at the same time due to technical and logistic reasons.
However, the AU-IBAR advocated a policy for control of the
disease in Africa, which includes epidemiological data and
information collection to identify foci of CBBP occurrence
through active surveillance, regular annual mass vaccination of
cattle herds two intervals in a year for at least 5 consecutive
years with attainment of herd immunity, and effective move-
ment control from and towards the infected foci.>* Application
of a mass vaccination campaign to vaccinate all herds in
endemic areas two times in a year for 5 years implies close to
100% vaccination coverage and concurrent application of
movement control will effectively mitigate the menace of the
disease in Africa.”

In many areas endemic with the disease, managing it has
been challenging, mostly due to a lack of animal identification
systems and difficulty in animal movement restriction and
control. CBPP vaccination campaigns have been carried out
in many African countries using T1/44 vaccine. Although it is
the most commonly used vaccine, it does not confer 100%
immunity and conferred immunity only lasted for a short per-
iod of 6 months and can induce severe adverse reactions.”®
Notwithstanding the low efficacy of this vaccine as well as the
low vaccination coverage in many herds, it still remains the
most widely used vaccine for the control of the disease in
Africa.?® CBPP vaccination is mostly based on the inoculation
of freeze-dried live attenuated Mmm T1/44 vaccine.””*® There
is also a streptomycin resistant variant (T1/sr) vaccine that was
used in combination with rinderpest vaccine during the rinder-
pest campaign.”® As previously indicated, this approach was
very successful for rinderpest eradication in Africa but not for
CBPP as its occurrence still persists. Despite the application of
vaccine that contains a minimum dose of 107 viable Mmm per

Veterinary Medicine: Research and Reports 2020:1 |

submit your manuscript 79

Dove


http://www.dovepress.com
http://www.dovepress.com

Alhaji et al

Dove

dose, as recommended by the OIE, for vaccinated susceptible
cattle to be induced adequate immunity against the infection,
CBPP still persists in Africa due to earlier mentioned
limitations. >

The use of antimicrobials for the management of clinical
cases of CBPP is a standard field practice in many cattle herds
in Africa. Pastoralists and veterinarians practicing in the field
have attested to the beneficiary effects of treatment with anti-
microbials. Control of CBPP using antimicrobials has been
reported to reduce the impact of CBPP in affected cattle
population cattle.? Studies have shown that when antimicro-
bials are used on an infected cattle herd, they reduce the Mmm
infection rate by 50% while the mortality rate is reduced by
64%, and prevalence is also reduced from 75.4% to 33.2%.”
Therefore, use of an appropriate treatment regime can reduce
effects of CBPP by at least half. Although widely used, anti-
microbial treatment against CBPP is still not an official prac-
tice of the control of CBPP because of the suspicion that it may
increase development of Mmm resistant strains, mask clinical
disease occurrence, promote formation of sequestra, and
increase the number of carrier cattle in herds.*® The presence
of infected cattle with masked CBPP clinical signs in herds
makes disease diagnosis difficult, making infections in herds
unrecognized and  promoting Mmm  transmission.
Antimicrobials are still widely used by the pastoralists to
manage CBPP in Africa, and studies have also demonstrated
the usefulness of antimicrobials against the disease in both in-
vivo and in-vitro studies.>***!°%!% In a clinical trial, long-
acting tetracycline has been shown to be effective in reducing
the clinical severity of the disease in affected cattle but ineffec-
tive in the prevention of viable Mmm. Although the direct
impact of tetracycline on individual treated cattle was encoura-
ging as clinical damage was reduced, the indirect effect
observed on the population was not, because clinical signs of
the disease were masked.'*'**

The use of antimicrobials for control of CBPP in
affected cattle herds in endemic areas is theoretically pro-
hibited due to the lack of antimicrobial efficacy against the
disease clinically. However, antimicrobials are still widely
used by herders and professionals in the field in Africa.
Though antimicrobials usage may greatly reduce transmis-
sion of Mmm to healthy ones, adequate mitigation against
the disease can be achieved through concurrent application
with 103,105

Nevertheless, the use of marbofloxacin and spiramycin

of antimicrobial treatment vaccination.
groups has been fruitful in the treatment of contagious
caprine pleuropneumonia (CCPP), a similar disease in

sheep and goats, as they produced a higher (70%) curative

rate than the oxytetracycline group (40%) and a lower
fatality rate (30%) than the oxytetracycline group
(60%)."°® This treatment regiment can be used for CBPP
mitigation in endemic herds.

Control of CBPP by movement control and stamping-out
could not be effectively adopted in many countries in Africa
because the measures are too costly and logistically difficult,
while many of them are faced with limited financial resources.
Vaccination and treatment are still the better alternatives and
possibilities for CBPP control in Africa.'"” CBPP was eradi-
cated through stamping-out and strict animal movement con-
trol in the US, Japan, and Western Europe,&48 but not
successfully practiced in most African countries. It is important
to note that stamping-out was successfully applied to control
the disease in Botswana.'® Unfortunately, stamping-out may
not be practicable in most of the CBPP endemic countries in
sub-Saharan Africa because of its capital intensive nature, and
vaccination remains the most effective control strategy.
Nevertheless, vaccination can only be successful and effective
if it is repeated at regular short intervals of 6 months for 2 years,

and annual coverage for 3-5 years consecutively. ®%

Immunity Against Mmm Infections

The use of attenuated T1/44 live strain for vaccination
remains the most effective method of choice for the con-
trol of CBPP since stamping-out and movement control
are difficult to implement by most disease endemic coun-
tries in Africa. Field observations have indicated that
naturally recovered cattle develop immunity against
Mmm but may be re-infected. However, no information
is available on the understanding of what is meant by
“infected and recovered” cattle in herds.'®”

Although the widely used T1/44 attenuated live vaccine
has been known to provide immunity for up to 1 year, it
cannot prevent formation of gross pathological lesions in
which that it
induces limited immunity.''® However, no study has reported

challenged animals, indicates only
Mmm infections to induce solid immunity continuously in
infected cattle. The main protective mechanism against the
disease in the immunology of CBPP is not understood.*'
Although the actual nature of the protective response against
Mmm is still under investigation, there is a postulation that
describes involvement of immune responses in protection
against Mmm during a primary infection and is thought to
contribute to a reduction in disease severity because of the
available acquired immunity induced after vaccination.”>'"!
Many studies have described the role of CD4+ T-cells in

the protection of animals against Mmm during its primary
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infection."'*'"® A correlation between high numbers of myco-
plasma-specific IFNy secreting CD4+ T lymphocyte subsets
and a mild form of the disease during primary infection has
been observed.!'>!"*!'® However, CD4+ T-cells protective
role against Mmm in vaccinated cattle is still under
contest.'"” IFNy, a cytokine, is produced mainly by natural
killer and natural killer T-cells as part of the innate immune
response and by CD4 Thl and CDS cytotoxic T lymphocyte
effector T-cells when antigen-specific immunity develops.''® It
plays an important role in innate and adaptive immunity
against viral and intracellular bacterial infections, and activates
macrophages that possess aberrant expressions associated with
autoinflammatory and autoimmune diseases that have immu-
nostimulatory and immunomodulatory effects.''® To provide
evidence for a protective role of IFNy secreting CD4+ T-cells,
a study has reported that total depletion of CD4+ T-cells in
infected animals has led to a dramatic increase in CBPP
severity and mortality during Mmm primary infection.'"®
Ascribing protection of infected cattle to high antibody
titers against Mmm during primary infection will be difficult,
since no readily available study has reported direct correlation
between antibody titers and disease severity in infected ani-
mals. The only assumption was that innate responses could
play an important role in the protection. However, there are
studies that have reported the protective role of CD4+ T-cells
against Mmm in combination with antibody production after
vaccination or during secondary infection.''* Since CBPP
occurrence in naive herds is often associated with very high
mortality, there is an indication that the induced immune
responses are not sufficient or may be too late to adequately
protect against the infection. All these assertions indicate that
CD4+ T-cells driven acquired responses play a minor defen-
sive role against primary Mmm infection."'” Furthermore, the
poor immunity protection provided after vaccination with live
T1/44 attenuated vaccine could be correlated with the low cell
mediated immune response elicited during the infection.'"’
Therefore, the role of innate, acquired cell mediated, and
humoral immunity in conferring protection in Mmm infected
cattle is still under investigation. However, the pathological
lesions caused by Mmm infection, even after vaccination, are
important indications of an immunopathological process.'?’
In the final note, the diagnosis of CBPP should be
based on both the presence of its lesions and demonstra-
tion of Mmm in infected tissues and serological tests be
used at the herd level for herd immunity assessment.
CBPP control in sub-Saharan Africa is still constrained
by several factors that include deterioration of quality
veterinary services and paucity of financial resources for

diagnostic and sustained control programmes, as well as
the absence of policies on cattle movement control within
and between countries. These problems have promoted
dissemination of the disease in most parts of Africa.
However, effective CBPP control in Africa is achievable,
but only through stronger political commitments that will
prioritize the disease among major diseases of very high
economic importance to the continent’s livestock industry.
CBPP endemic countries should convince regional organi-
zations, international bodies, and funding partners to
invest in CBPP control as a basis for improving food
security, livelihoods, and the general wellbeing of people.

Conclusions
Contagious bovine pleuropneumonia presently poses
a series of challenges to livestock industry and socio-
economic welfare of pastoralists in sub-Saharan Africa.
These challenges cover not only the epidemiological fea-
tures but also several important methodological gaps that
concern the diagnostic tools and control strategies. As out-
lined above, serological tests and molecular methods are
available for diagnosis, but a little bit complex and expen-
sive. There is a need to make available simpler and more
rapid field tests that can be effectively and efficiently used to
provide highly sensitive and specific results in the field.
Many countries in Africa do not have the capacity to provide
manpower and facilities for mitigation of infectious animal
diseases emergence, such as CBPP, due to inadequate infra-
structures, limited financial resources, non-functional animal
health establishments, terrorisms, and social conflicts that
affect pastoralists. In some countries, status of current CBPP
prevalence is not known due to the absence of active sur-
veillance and disease outbreaks reporting. Effective control
of the disease in Africa can be, therefore, achieved if pri-
mary endemic areas and predisposing factors influencing its
occurrence are fully investigated. Addressing these chal-
lenges will assist in the design and implementation of diag-
nostic and control strategies that will mitigate the disease
dynamic in the continent. Also, the use of Participatory
Epidemiology, in conjunction with the conventional diag-
nostic tools, will improve identification of CBPP in hard-to-
reach pastoral rural communities, promote control of the
disease, and assure food security in Africa.
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