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1. Introduction

The World Health Organization (WHO) defines zoonoses as “the interface of
diseases and infections between animals and humans”, which may be acquired
through contact with animals or by consumption of contaminated food. Ac-
cording to WHO, the main diseases related to the consumption of meat in Brazil
are salmonellosis, tuberculosis, cysticercosis and other diseases of the food tox-
ic-infections group (PINTO, 2008). In the main, cysticercosis and tuberculosis
are highly relevant in public health since they affect populations with high mor-

bidity rates. In fact, the two diseases are associated to socially and economically
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low level populations and to eating customs, hygiene and inadequate handling
and the clandestine commerce of products derived from animals.

Clandestine commerce is a constant concern to veterinary inspection services
worldwide. Difficulties to eradicate this trade are proportional to the state of de-
velopment of the country, to economic issues and to cultural standards. The
clandestine meat and milk commerce in Brazil (implying the purchase and sell-
ing of cattle contaminated by tuberculosis, contaminated dairies, falsification of
Sanitary Inspection labels and cattle pens that seem to come directly from the Mid-

dle Ages, on the outskirts of big cities) and the lack of reliable statistical data on cat-

ter. They also have the “advantage” of buy-

overnment authorities should guide the popu-

ticercosis complex in cattle focuses on the parasite cycle that
e ingestion of 7aenia saginata eggs through the consumption of con-
water or food. Cysts harbor in the muscles of the intermediate host
le),and form cysticerci. The ultimate host (humans) is infected by eating raw
or pmdercook meat, or drink larva-contaminated water. Larvae develop in the
small intestine. When they turn adults, they eliminate proglottids with the eggs
at the moment of defecation and contaminate the environment.

The taeniasis-cysticercosis cycle ends when a series of preventive measures are
taken against human infection by the etiological agent, with the extermination of
the parasite from the environment. In several regions, however, few prophylactic
measures are taken. In fact, Brazil lacks basic sanitation, especially in the poor,
government-abandoned areas where diseases prevail. The establishment of beef
inspection in abattoirs is highly relevant to hinder or, at least, to reduce the

number of cattle carcasses improper for human consumption.

2. Tuberculosis
2.1. History

Tuberculosis, caused by a single microbe agent in humans, is one of humanity’s

DOI: 10.4236/fns.2018.96049

643 Food and Nutrition Sciences


https://doi.org/10.4236/fns.2018.96049

L.S.S. eBarrosetal.

oldest and most serious diseases. It has been the cause of high mortality rates
and declared a global emergency by the World Health Organization in 1993 [1].
Tuberculosis has victimized people worldwide since times immemorial. Em-
ploying DNA sequencing, researchers have detected traces of a tuberculosis
agent in bone samples of an extinct species of bison which lived in North Amer-
ica some seventeen thousand years ago [2] [3]. Similar discoveries were obtained
from wild sheep and musk oxen fossils. In fact, it seems that bacteria from the
Mpycobacterium tuberculosis (MTB) complex were widely diffused among bo-

vine species which went over to North America through thegB@hming Straits by

ippocrates modified such belief by his

thought it was a divine

clinical description. The amed phthisis, signifying “consump-
tion”, due to the
the first anatomi ection of the lungs of human corpses was undertaken in
the 17" and 18"

patientspwith tuberculosis. It was only in 1839 that Johann Schonheim first called

ibed the lesions caused by the disease and distinguished the productive and
exuddtive tuberculosis types. In 1868, Villemin inoculated rabbits with tubercu-
losis matter retrieved from humans and bovines and proved that tuberculosis
was an infectious disease. However, Robert Koch was the great discoverer of the
pathology. In 1882, he identified the tuberculosis bacillus that caused the disease
in humans and named it Mycobacterium tuberculosis. Koch’s discoveries went
further and in 1884 he multiplied the microorganism in vitro. In 1891, he de-
veloped the tuberculin test which is currently an important diagnosis tool in ve-
terinary medicine [10] [11]. Further, the discovery of different morphological,
pathological and in vitro culture characteristics between M. bovis and M. tuber-
culosis occurred in 1896 and 1898 by Klein and Gibbs [3].

In 1901, several researchers thought that M. bovis would be capable of trig-
gering the disease in humans. Ten years later, German and British researchers
observed cases of tuberculosis caused by M. bovis in children who had taken

contaminated milk. They confirmed the high pathogenic potential of the myco-
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bacterium for human health. Further, confirmation of aerial transmission only
occurred in 1937 [3]. In fact, till the 1970s, M. bovis was considered a variant of
M. tuberculosis and referred to the microorganism as Mycobacterium tubercu-
losis subsp. bovis or Mycobacterium tuberculosis var. bovis. However, Karlson
and Lessel recommended change in the classification for a new species [8].
Tuberculosis arrived in Brazil with the Portuguese colonial enterprise and the
subsequent contact between the natives and the infected settlers and Jesuits dur-
ing the Evangelization process. In fact, several natives died of tuberculosis [6]

de Anchieta

[9]. Letters written in 1555 by Ignatius of Loyola and in 158

in every 100,000 inhabitants [6]. High
During this period, approximately 1

large cities, high poverty
ciency Syndrome (AIDS),
in herds and theyri

s as its etiological agent [14] [15] [16]. The agent belongs to
acteria, Order Actinomycetales, Family Mycobacteriaceae and Ge-
acterium, with approximately 127 species and 11 subspecies, ranging
een saprophyte and opportunist microorganisms and obligatory pathogenic
organisms [17] [18]. In fact, it is a member of the MTB complex with other six
species, namely Mycobacterium tuberculosis, M. microti, M. africanum, M. ca-
netti, M. caprae and M. pinnipeddi. They have a high genetic closeness (99.95%)
to DNA and to gene 16S Ribosomal Ribonucleic Acid (rRNA) [19] [20] [21]
[22], albeit distinct in phenotype, pathogenicity and tropism among the hosts
[20].

The term tuberculosis is employed to characterize the disease caused by mi-
croorganisms M. tuberculosis, M. bovis and M. avium, respectively causing ill-
ness in humans, bovines and fowls. The other species of the mycobacteria cause
mycobacteriosis [23]. Similar to other mycobacteria, the bacillus M. bovis is ap-
proximately between 0.2 and 0.7 um wide and between 0.5 and 10 um long, im-
mobile, aerobic, non-former of spores, alcohol-acid resistant (BAAR), stained by
Ziehl-Neelsen method (ZN), slow growth, host-dependent and pyrazina-
mide-resistant [11] [22] [24] [25] [26].
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Its cell wall has singular characteristics and is composed of lipids forming be-
tween 20% and 40% of the bacillus’s dry weight, most of which are mycolic acids
which impair the removal of fuchsine by the alcohol-acid bleacher used in Gram
method. They act within the colonies’ characteristics and, coupled to wall glyco-
lipids, induce toxicity responses that stimulate the host for a granulomatose in-
flammatory response [11]. They also contribute towards cell permeability, resis-
tance to several disinfectant agents and enzyme activity of macrophages by inhi-
biting the formation of phagolysosomes [14].

Although mycobacteria are not spore-forming, the feat he external

Although M. bovis ten
mestic mammals may be
[30]. The disease

humans to bovines, mainly involving the inhalation of particles released by

coughs and respiration, or even by the consumption of bacillus-infected milk
and meat [23] [34]. Immediately on being infected by the agent and even prior
to the formation of lesions in the tissue, the animal may disseminate the disease
to the rest of the herd [35]. In fact, the respiration system is the infection’s main
entrance (80% - 90% of all cases) through the inhalation of aerosols with the ba-
cillus [11] [14] [36]. Although M. bovis may also be eliminated in milk, faeces,
semen, urine, utero-vaginal secretions, caused by abscedation of lymph nodes,
the contagiousness of susceptible animals in contact with contaminated pasture,
water and troughs is rare [22] [30] [31]. Consumption of bacillus-contaminated
pasture, water and fomites rank second to respiration. However, the mouth is
the main entrance of M. bovis in the case of young animals and humans [14]
[27] [37].
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Clinical symptoms depend on the infected organ or system. The main clinical
signs comprise progressive slimming, apathy, high fever, dyspnea, dysphagy,
noisy respiration and coughing [23] [30]. Live animals are diagnosed by tuber-
culinization, or rather, intradermal inoculation of tuberculin (simple and com-
parative intradermal proof), which causes a reaction of type 4 hypersensitiveness
in M. bovis infections. Post-mortem exams and microbiological and histopatho-
logical cultures are also a help in the diagnoses of bovine tuberculosis [38].

Macroscopic findings are characterized by granulomatous nodular lesions,

called tubercles, which develop in any type of organ or tissue may lie in

sions in several organs
lungs. Chronic lesions are
sule and by nodu
The treatment ¢

sis, through prophylactic activities involving diagnosis and sanitation of bo-
ving'breeding sites, active sanitary vigilance, reduction of the prevalence and
occurrence of the disease and the decrease of impacts on human and animal life.
The above also includes totally free and monitored homesteads and, conse-
quently, the competitiveness of Brazilian beef cattle herds through the produc-
tion of animal-derived products with low sanitary risks for the public health
[41].

Joint work between PNCEBT and official government inspection service and
agricultural-broodstock defense service by slaughtering positive bovines,
coupled to notification of lesions suggesting tuberculosis in carcasses and viscera
during post-mortem inspections, should improve sanitary vigilance activities

and the monitoring of the efficaciousness of the program in Brazil [43].

2.3. Economic Impact of Tuberculosis on Cattle

Mean prevalence percentage of tuberculosis-infected cattle in Brazil between
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1989 and 1998 reached 1.3% [41] [44]. A survey comprising 1600 homesteads
and 23,000 animals, undertaken in the central and southern regions of the state
of Minas Gerais, Brazil, in 1999, revealed a prevalence of 0.8% of infected ani-
mals. Approximately 5% of homesteads featured tuberculization-test-reagent
animals. Further, 2019 bovines from 278 homesteads in the Federal District,
Brazil, in 2004, revealed a 0.0305% and 0.419% prevalence of animals and farms,
respectively [41].

Bovine tuberculosis has been included in the list of diseases with mandatory

notification. Notifications reach MAPA through informatioxz ced by ser-

veys [43].

Economic impacts caused by M. b

and total or partial discardi

the international beef trade, with significant economic losses for Brazilian beef

lings for Industrial and Sanitary Inspection of Ani-

d Products (RIISPOA), the carcasses with tuberculosis-suggestive le-

tiple or generalized miliary lesions should be forwarded for the rendering
progess. In the case of localized and discrete lesions, restricted to lymph nodes
and organs, the removal of the affected parts and sterilization by heat become
mandatory [48]. There is a 50% decrease in total price rate when diseased car-
casses are heat sterilized, whereas no payment is due in the case of rendering
[35].

Several studies [42] [47] [49] [50] have assessed the prevalence of tuberculo-
sis-suggesting lesions in bovine carcasses during sanitary inspection. Needless to
say, prevalence varied according to region and period of the year. In
south-western region of the state of Bahia, Brazil, 0.12% of carcasses in 58,268
beef cattle showed tuberculosis-suggestive lesions [49]; in the state of Mato
Grosso, percentage reached 0.48% over 41,193 [42]; in the north-eastern region
of the state of Sdo Paulo, percentage was 0.27% over 38,172 [47]; in the cen-
tral-western region of the state of Sdo Paulo, percentage reached 0.81% over
95,655 [50].

DOI: 10.4236/fns.2018.96049

648 Food and Nutrition Sciences


https://doi.org/10.4236/fns.2018.96049

L.S.S. eBarrosetal.

2.4. Human Tuberculosis

Tuberculosis is evidently hazardous to public health. Almost one third of world
population is affected by Mycobacterium spp. Although less than half the num-
ber of new cases of tuberculosis estimated by the World Health Organization
(WHO) is notified, there are nearly nine million new cases worldwide and 1.5
million people die yearly from the disease [51]. Among the twenty-two countries
involving 80% of tuberculosis cases worldwide [52] [53], India ranks first, with

1,856,000 new cases a year. Brazil ranks 16" in the number of new cases and 22™

with regard to disease occurrence coefficient [35] [54].

There is an estimated prevalence of about 50 millio

rate by infectious agents [17] [55].

There were 87,233 cases, or rathe

Ministry (SINAN/MS). In

humans reached 9.4 million, or rather, 137:100,000 inhabitants, with 4.1 million

35,000 were lung
ing to WHO, dete reached 88% [55].

tely 8.6 million people became committed by tuberculosis

de between 1990 and 2012: estimates reached 1.3 million in 1990,
ereas th'e number decreased to 940,000 in 2012. The same decrease has also
ported in Brazil: there was a 20.4% reduction between 2003 and 2013

deaths wo

[5
pasteurization and strict beef inspection norms [23] [56]. Within the context of

. Decrease may be attributed to control and eradication programs, to milk

181 priority municipalities listed by PNCT, underscored municipalities lie in the
south-eastern region of the country, followed by those in the northeastern and
southern regions of Brazil. The states of Sdo Paulo and Rio de Janeiro are the
south-eastern states forming 76.5% of priority municipalities with the highest
notification rates in human tuberculosis in the country [55] [57].

Although M. bovis was pinpointed as the cause of tuberculosis in humans and
animals only in the late 19" century, it was only in the 20" century that the neg-
ative impacts of the microorganism on animal productivity and on human
health were acknowledged [56]. Pathogenesis of bacteria M. bovis and M. tu-
berculosis is similar for humans since the two agents develop similar clinical and
anatomic-pathological types [23] [58]. It has been estimated that in developed

countries 1% to 2% of tuberculosis cases in humans are caused by M. bovis,
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whilst estimates range between 10% to 20% (if not more) in underdeveloped
ones [59].

People in contact with infected cattle or with products derived from these
animals, such as veterinaries, abattoir workers, animal handlers and butchers are
prone to be affected by the disease, especially those recovering from other dis-
eases or immunodeficient persons [42] [44] [60]. Moreover, physiological and
immunological factors linked to children, elderly people and AIDS patients raise
infection risks in these people. The most common is the extrapulmonary form of

tuberculosis [56].

Pet animals, such as cats and dogs inhabiting a rural

sweating constitute the

people of all ages, but m

ticercosis Caused by Cysticercus bovis

. Historical Review

Parasitism by the genus 7aenia in humans predates history. Several investiga-
tions have revealed that such interrelationships occurred prior to the domestica-
tion of animals and the introduction of agriculture [63]. The conviction that
eating the flesh of certain animals may cause illnesses is a concept hailing from
3000BC. For example, Jewish ancient laws prohibited the consumption of meat
of certain animals (pork, for instance) due to their awareness of the transmission
of cysticercosis [64]. Taxonomy of the larval form, called Cysticercus bovis, ori-
ginates from the Greek terms “kystic” and ‘“kercos”, respectively meaning
gallbladder and appendix [65]. However, the relationship between the adult and
larval forms of Taenia saginata in bovines was only discovered by Levckart in
1861 after observing the development of cysticerci in calf tissues artificially in-

fected by Taenia saginata proglottids [63]. A revision of Levckart’s observations
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by Oliver in 1969 revealed that the disease was actually a zoonosis due to the
possibility of the development of tapeworms in humans through the consump-

tion of cysticerci from infected cattle [65].

3.2. Bovine Cysticercosis

Bovine cysticercosis is a powerful zoonotic parasite disease causing great eco-
nomic and health liabilities. Its etiological agent is Cysticercus bovis, the infect-
ing larval form of Taenia saginata [66] [67] [68]. Taenia saginata is the adult

cestode which, coupled to the larval form Cysticercus bop the tape-

humans are the sole hosts
diate hosts of

droglottids. The latter may be found on the hands, clothes and

gion of humans [73].

n cattle and humans [75] [76]. Adult parasite-bearing humans are the main
vectors in the contamination of the environment when they excrete parasite eggs
in non-adequate places. Pastures and water sources for the consumption of ani-
mals and humans are thus contaminated. In fact, the accidental ingestion of
human faeces together with pasture and water by bovines is a common event
[72] [75].

Human excreta deposited in the open air and dried in the sun cause the eggs
to become lighter. They are air-borned to long distancing, contaminating pas-
tures, crops, kitchen gardens and water sources [15] [71]. Eggs present in the
environment remain viable for weeks and months if the best humidity and tem-
perature rates are available [73] [77]. Bovines ingest 7. saginata eggs together
with food and water. The eggs hatch in the small intestine due to the pancreatic
juice. The released cysticerci penetrate the intestine mucus and reach the great
blood-supplying tissues through the blood circulation [69] [78] [79]. Heart mus-

cles, skeleton striate, masseter and pterygoid muscles, diaphragm, tongue and
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esophagus are the main sites for the formation of cysts in cattle [80]. Cysticerci
remain in these tissues till they develop into cysts. They become visible 15 days
after egg ingestion. They are seen under the microscope as a solid transparent or
a semi-transparent spot with approximately 1 mm diameter [35] [71].

Cysticerci mature within 84 days and reach a diameter of approximately 1 cm.
They have a white-ashy color and are filled with liquid enveloped by a thin fibr-
ous capsule that reveals a single movable scolex. They remain viable for several
weeks and months. Dead cysts contain friable to calcified caseous mass, exhibit-

ing live and dead cysts within a single carcass [15] [70]. Ho sticercosis

places where the finishing of confined cattle predominates [35] [78] [75] [82].

Taking into consideration that the Brazilian cattle herd amounts to more than
215.20 million [83], the liabilities caused by cysticercosis may be estimated at
R$ 24.5 million, with a mean prevalence of 5%. Further, the occurrence of the
disease is a relevant indirect indicator of the herd’s sanitary conditions in a de-
termined farmstead or region. It also demonstrates the occurrence of the adult
parasite in human populations close to the sites on which the animals pasture
(84].

Southeastern Brazil has the highest occurrence rate in bovine cysticercosis
[71], perhaps due to greater sanitary control in abattoirs. A survey in abattoir
with sanitary control for 1980-2001 in the state of Sdo Paulo, Brazil, gave a mean
prevalence of 4.28%. Further, animals from the same state had the highest pre-

valence (5.80%) when compared to those from the states of Minas Gerais
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(5.02%) and Goias (1.88%), Brazil [85]. Cattle from the Aragatuba region in the
state of Sdo Paulo, Brazil, featured 4.18% prevalence between January 1990 and
June 2000. In fact, all the municipalities which exported cattle from the region
had cysticercosis-positive cattle [86]. In fact, several studies have shown that
prevalence indexes in bovine cysticercosis continued high in the state, with rates
close to 9.37% for the 1999-2001 period [87] and 2.9% for the period between
2000 and 2002 [88].

Liabilities caused by bovine cysticercosis within the beef chain are a great

concern to abattoirs, beef industries and stock breeders. Sin

ains live cysts, a reduction of up to 30% when cold treated, and up to 50%
when heat sterilized [35] [75]. Approximately 29,708,550 kg of beef were de-
stroyed due to cysticercosis in the state of Parana, Brazil, during 2004-2008. At a
mean price of R$ 60.40 per 12 kg in the same state at the time, liabilities reached
R$ 120 million [90].

Several measures for the interruption of the parasite’s evolution cycle and
avoidance of the dissemination of infection by parasites may be found in the
Good Practices for Agriculture and Stock Breeding and in the Codex Alimenta-
rius of Brazilian beef production chain [91].

Training workers involved in the production in process makes them aware of
the need to adopt basic hygiene habits, such as washing hands after going to the
toilette, proper hygiene of fruits and vegetables prior to ingestion, the use of
proper sites for human sanitary necessities, correct disposal of excreta, ingestion
of cooked beef and supply of food and water to animals in places distant from

human dejects-contaminated areas [92].
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Although albendazole sulfoxide is an important alternative for the control and
treatment of bovine cysticercosis during development, due to 89% - 100% the-
rapeutic efficiency and for the decrease of the occurrence of taeniasis in humans,
it is not an easy method. Cysticercosis does not produce any symptoms in bo-
vines and thus diagnosis and decision-taking are difficult. Further, anti-parasite
activities do not hinder economic liabilities and carcass discarding since the cal-
cification of cysts is enhanced, leading towards the removal and destruction of
the affected parts [71].

Needless to say, sanitary inspection in abattoirs is perhap he most ef-

mals [77] [90].

Veterinary inspection shoul
related industries to warr
the premises and of wor,

would ensure quality for

people or vectors of infectious diseases [64] [65] [66] [67] [77] [90].
Further, public health laboratories should control the quality of beef, milk and

tinned products commercialized in Brazil to prevent the commercialization of
bad products and exercise an educational stance in small- and medium-size in-
dustries. In fact, only big industries can afford to have the required control.
Quality control should not be restricted to research on microbial agents but
should be extended to the detection of chemical additives in amounts above
those permitted by law. Unfortunately, Brazilian sanitary authorities undertake
control of additives every 10 years on the revalidation of the product [67] [77]
[90].

The war on clandestine animal-derived products makes mandatory a politi-
cally coercive attitude, even though such policy would be considered unpopular

to people who prefer the product in natura and purchased by installments. If
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development programs vis-a-vis small producers are not forthcoming to reallo-
cate them within the market, if educational and consciousness-raising activities
remain lacking among consumers, if sanitary supervision and inspection fail to
warrant food safety to the population, the issue of clandestine commerce of an-
imal-derived products will not be eliminated in Brazil. In the wake of current
paradigms, it may be concluded that the magnitude of clandestine beef com-
merce in Brazil makes mandatory urgent sanitary measures to protect the popu-
lation exposed not merely to infections with bovine tuberculosis but also with

several other diseases vectored by contaminated milk and bee

4. Future Research

may expect that future research enhances the establishment of a national
network which is capable of organizing international integrated R&D projects,
including the production of medicines. Brazil has great importance in this field
due to the fact that it features several neglected diseases and has a considerable

infrastructure for research and production of medicines for these morbidities.

5. Final Considerations

Sanitation in the slaughter line is one of the most effective ways of assistance in
the control and prevention of diseases of public health interest, for taking away
what you drive, viscera and footers with the warning signs of illnesses commer-
cialized. The importance of cysticercosis and tuberculosis in acts as for the eco-
nomic sector and the adoption of control measures become indispensable.

One point that tends to be favorable for the even greater reduction in the oc-

currence diseases, especially cysticercosis, in the next few years are the updates
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observed in the new RIISPOA of March 29, 2017, which have become more
stringent from a health point of view compared to the previous one, which pro-
ducers are more concerned about the measures of control and prevention of
their herds in order to obtain lower penalties Refrigerators.

Some studies have also been found in the literature that also retrospective
evaluation of the evolution of the occurrence of tuberculosis and cysticercosis in
certain states and establishments of slaughter, but these were composed of
maximum of five years of evaluations. In this study, the long period of 21 years

of monitoring of the data provided a greater insight into the ior of occur-

rence of both diseases.

vine.
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