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Abstract: Aim: To present the epidemiology of brucellosis and to assess and
suggest public health intervention strategies to control brucellosis in rural India.

Methods: The paper is based on a review of various serological and other stu-
dies and evidence on brucellosis in India.

Results: Brucellosis is present in all livestock systems. Although the true inci-
dence for human brucellosis is not available, various state specific studies and extrapo-
lated incidence (321 cases annually) have shown that it is a serious disease present in
the population. The studies also show that there is a conducive condition and environ-
ment for wide-spread human infection on account of unhygienic conditions and poverty
in rural areas which need public health attention and intervention.

Conclusion: The paper suggests that brucellosis needs to be included in public
health education and public awareness programmes, particularly in the rural areas of
India. It also suggests promoting safe livestock practices, active co-operation between
health and veterinary services and a paradigm shift from the current ‘biomedical model’
to a ‘sociocultural model’ for the elimination of brucellosis in India.

Key words: brucellosis, zoonoses, control/eradication strategy, health education.

Country Overview

India is located in Southern Asia, bordering the Arabian Sea, the Bay of
Bengal, Pakistan, Bangladesh, Bhutan, China, and Nepal, covering an area of
3,287,263 sq km. According to the 2001 census, the country’s population was
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1,028,737,436. The constitutional name of the country is the Republic of India.
It is world’s largest democracy and second most populous country after China.
It emerged as a major power in the 1990s with its fast-growing economy, with
changing socio-political, demographic and morbidity patterns, which are dra-
wing global attention in recent years. Despite having several growth-orientated
policies and programmes, the widening economic, regional and gender dispa-
rities are major challenges for the country and particularly for the health sector.

About 75 percent of the health infrastructure, medical manpower and
other health resources are concentrated in urban areas while 72.2 percent of the
population live in rural areas. Communicable and infectious diseases dominate
the morbidity pattern, especially in rural areas. However, non-communicable
diseases are also on the rise. The health status of the population is still a cause
for grave concern, especially the rural population. This is reflected in many
indicators of the health status of the population in India, i.e. the life expectancy
at birth (63.7 years), infant mortality rate (57/1000 live births), and maternal
mortality ratio (254/100,000 live births). Despite the National Rural Health
Mission programme, the differences in urban-rural health indicators are wide
where the infant mortality rate is 62 per thousand live births for rural areas as
compared to 39 per thousand live births for urban areas [1]. Only 31.9 percent
of all government hospital beds are available in rural areas as compared to 68.1
percent for the urban population. At a national level the current bed-population
ratio for Government hospital beds for urban areas (1.1 beds/1000 population)
is almost five times the ratio in rural areas (0.2 beds/1000 population) [2-4].
Apart from this shortfall in infrastructure, a shortfall in trained medical
practitioners who are willing to work in rural areas is also one of the factors
responsible for poor health care delivery systems in rural areas. The number of
trained medical practitioners in the country is as high as 1.4 million, including
0.7 million graduate allopaths [3]. Nevertheless, the rural areas are still unable
to access the services of the qualified doctors. There is shortfall of 8% of
doctors in Primary Health Centres (PHC), 65% for specialist at Community
Health Centres (CHC), 55.3% for male health workers, and 12.6% for female
health workers [4]. Basic demographic and socioeconomic indicators as well as
some health care system indicators for India are presented in Box 1.
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Box | —IIperpapa 1

Demographic, socio-economic aspects and health care system indicators for India
Lemozpaghcku, coyuo-exoHoMCKU acileKiuu U UHOUKATUOPU HA CUCILLEMOTLL
Ha 30pasciugenaitia 3awiniuitia 6o Unouja

Land area (2001 Census) 3,287,263 sq km
Population (2001 Census) 1,028,737,436
Rural population
(2001 Census)
Population density 325
Population Growth (2001-07) | 1.4%
GDP growth (2007-08) 9.0%
Gross national income per
capita

: Literacy rate 64.8 (Rural 58.7)
Male — 63.7 years,
Female — 66.9 years

742,490,639 (72.2 %)

2,460 (PPP international $)

Life expectancy at birth

Fertility rate 2.5 birth per woman
o b Maternal Mortality Ratio .
= L P 254/100,000 births
\ _-...... "_“ [T==" i:;'--“- Sex ratio 933/1000 (Rural: 946/1000)
h"‘_ \ . "\ Access to improved 339
B ) sanitation

Total it health
otal expenditure on hea 109 (Intl $, 2006)

per capita

Total expenditure on health 49
[as % of GDP (2006)] )
Doctors per thousand 0.47

Hospital Beds per thousand | 0.8 (Rural —0.19)
Source: Census of India 2001, Sample Registration System April 2009, World Development Indicators 2008
National family Health Survey-III (2006-06), World Bank’s ‘India at a glance’, World Health Statistics 2008

Introduction

Brucellosis is an important but neglected emerging endemic zoonotic
communicable disease in India. It remains a significant threat to human health
in India, especially to the rural population. The population residing in rural
areas are primarily engaged in agriculture, including animal husbandry, and
thus having close contact with domestic animals and the wildlife population [5].
The increasing demand for dairy products accompanied with changing and in-
tensified farming practices have raised concern about the increased transmission
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of brucellosis in rural areas. Brucellosis is a serious public health problem in
many developing countries and in regions of high endemicity such as Africa, the
Mediterranean, the Middle East, parts of Asia and Latin America [6]. Though
brucellosis has been eradicated in many developed countries [7], it remains
largely an uncontrolled and neglected [8, 9] disease in India.

In India, 742 million people live in rural areas in 638,588 villages and
thousands of small towns. About five million households in the country are
engaged in the rearing of small ruminants (sheep and goats), rabbits and other
allied activities. These populations live in close contact with domestic and wild
animals because of their dependence on animals for power, milk and other ani-
mal products which make the population at a greater risk of acquiring a zoono-
sis, including brucellosis. The disease has added importance considering that
animal husbandry and dairy development play a prominent role in the rural eco-
nomy in supplementing the income of rural households, particularly the land-
less, small and marginal farmers. It also provides subsidiary occupation in semi-
urban areas and more so for people living in hilly, tribal and drought-prone
areas where crop output may not sustain the family. Coupled with these are con-
ducive environments for the spread of the disease on account of poor socio-eco-
nomic status, poor sanitation and hygiene, poor health infrastructure and servi-
ces, illiteracy, and lack of awareness which makes the rural people more vul-
nerable to brucellosis than those in urban areas.

India has the largest livestock population in the world. It accounts for
57 percent of the world’s buffalo population and 14 percent of the cattle popula-
tion. According to the Livestock Census (2003), the country has about 185 mil-
lion cattle, 98 million buffaloes, 61.47 million sheep, 124.36 million goats and
13.91 million pigs of which 2.18 million are cross-bred/exotic pigs. Considering
the damage done by the infection in animals in terms of decreased milk pro-
duction, abortions, weak offspring, weight loss, infertility and lameness, brucel-
losis is one of the most serious diseases of livestock. It is also a major impede-
ment for the trade [10].

In humans, brucellosis often occurs through contact with infected ani-
mals or materials and through skin abrasions. Symptoms in human brucellosis
can be highly variable, ranging from non-specific, flu-like symptoms (acute form)
to undulant fever, arthritis, orchitis, epididymitis, fatigue, malaise, chills, sweats,
headaches, myalgia, arthralgia, and weight loss [11, 12]. Human brucellosis was
once thought to be predominantly transmitted through animal contact. However,
it is now being increasingly realized that animal products such as milk and meat
products are frequently the source of disease transmission [11]. Dairy products
prepared from unpasteurized milk such as soft cheeses, yoghurts, and ice-cream
may contain a high concentration of the bacteria and consumption of these is an
important cause of brucellosis. It is the commonest mode of transmission in
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case of B.melitensis and B.abortus infections in the general population [9, 12].
Skinning stillborn lambs and kids and aborted foetuses, which may be heavily
contaminated with Brucella spp., also presents a high risk of brucellosis [13].
Other means of infection include inhalation of airborne animal manure particles.
Inhalation is often responsible for a significant number of cases in abattoir
employees [14]. In addition, laboratory-acquired Brucella infection due to acci-
dental ingestion, inhalation and mucosal or skin contact is a major health hazard
for laboratory workers handling cultures of the virulent or attenuated strains.
The disease has been recognized as one of the common laboratory-transmitted
infections and has been reported to occur in clinical, research, and production
laboratories [15, 16]. Another issue of concern is the use of Brucellae as a bio-
logical weapon. Although there is no reported case of bio-terrorism using Bru-
cella spp. [17], nevertheless, Brucellae are not difficult to grow and disperse
(the American military weaponized Brucella suis in 1954). The transmission to
humans may result in prolonged illness and long-term sequelae [18].

Epidemiology of brucellosis in India

Brucellosis is the most common zoonosis accounting more than 500,000
cases in the world annually [19] and remains a worldwide problem, predomi-
nantly in developing countries including India. Epidemiological evidence shows
that in India brucellosis is present in different species of mammalian farm
animals including cattle, goats, buffalo, yaks, camels, horses and pigs [20]. Five
percent of cattle and 3 percent of buffaloes are infected with brucellosis [21].
Ten of the 28 states of India indicated the cumulative incidence in sheep 7.9
percent as compared to 2.2 percent in goats [21]. Species of main concern in
India are B. melitensis, and B. abortus. Brucella melitensis is widespread and is
the major cause of abortion in sheep and goats in India. B. melitensis is the most
virulent and common strain for man and it causes severe and prolonged disease
with a risk of disability. B. abortus is the dominant species in cattle. Bovine
brucellosis is widespread in India and appears to be on the increase in recent
times, perhaps due to increased trade and rapid movement of livestock [21].

Brucellosis has been reported from almost all the states of India [22].
Although the situation varies widely between states, extrapolated incidence
(321 human cases annually) has shown the presence of human brucellosis in the
population [23]. Despite the fact that the true incidence of human brucellosis is
unknown and no data are available for India [10], it has been estimated that the
incidence of brucellosis may be 25 times higher than the reported incidence due
to misdiagnosis and underreporting [24]. One of the reasons for misdiagnosis
and underreporting is because in many cases patients have pyrexia of unknown
origin or the symptoms and signs are confused with those of other diseases such
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as typhoid fever, rheumatic fever, spinal tuberculosis, pyelitis, cholecystitis, throm-
bophlebitis, autoimmune disease, and tumours [25, 26]. Brucellosis imitates a
variety of clinical entities which makes it difficult and challenging to diagnose
for an unaware physician. Nevertheless, several publications indicate that human
brucellosis is a fairly common disease in India [27]. Table 1 shows some of the

studies reporting the incidence and prevalence of brucellosis in India.

Table 1 — Tabema 1

Study reports for prevalence of brucellosis in India
H3zsewitiau 00 citiyouu 3a tipesanerya Ha 6pyyeaosaitia 60 Mnouja

Authors

Study findings

Mathur, 1964 [27]

Reported 8.5% sero-prevalence of brucellosis among
dairy personnel in contact with infected animals.

Chahota ef al., 2003 [28]

Reported a severe outbreak of brucellosis
in an organized dairy farm leading to abortions,
retained placenta and stillbirth in cows.

Panjarathinam et al., 1986
[29]

Reported 8.5% prevalence of Brucella agglutinins
recorded in human cases in Gujarat.

Thakur & Thapliyal, 2002

Reported a prevalence rate of 4.97% in samples

Chadda ef al., 2004 [32]

[30] obtained from persons exposed to animals.
Barbuddhe et al., 2000 Reported much higher seroprevalence rate
[31], in specific risk groups such as abattoir workers.

Sen et al., 2002 (33)

Reported 28 (6.8%) seropositive cases in a group
of 414 patients with patients with pyrexia of unknown
origin.

Kadri et al., 2000 [34]

Reported 28(0.8%) seropositive cases in a group
of 3,532 patients with patients with pyrexia
of unknown origin.

Mantur et al., 2006 [35]

Reported 495 adult patients in Bijapur
with the prevalence of 1.8%.

Koshi et al., 1971 [36]

Reported 10 cases of brucellosis diagnosed
by serology or by isolation in a study at Vellore.

The studies indicate that the presence of brucellosis in animals, with a
potential for continuous transfer to humans is an important epidemiological
issue [37]. Although the situation is not alarming, it is important to include
brucellosis in public health education and awareness programmes considering
the conducive condition and environment for wide-spread human infection in
rural areas on account of unhygienic conditions and poverty.
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Need of Public Health Intervention in Rural Areas

In rural areas, apart from agriculture, dairy, animal husbandry, free gra-
zing, movement with frequent mixing of flocks of sheep and goats, unrestricted
trade and movement of animals, use of local cattle yards and fairs for trading,
and poor farm hygiene make rural people vulnerable to the spread and transmis-
sion of the infection. Increasing demand for dairy products and protein, chan-
ging agricultural methods, and increased trade and movement of animals have
caused concerns that the prevalence may increase. Brucellosis is present in all
livestock systems and transmitted to humans from infected domestic animals.
Considering the poor health infrastructure and manpower in rural areas, the
focus should be on preventive measure coupled with strengthening the curative
health care services for early diagnosis and treatment. The study by Aulakh et
al. shows that brucellosis is widespread in cattle and buffaloes and the only
alternative to control and eradicate the disease is a statutory mass vaccination of
livestock [10, 38, 39]. Since the treatment of animal brucellosis is very expensive
and often unsuccessful and compensation for slaughter of infected animals is not
available, the government should encourage the mass vaccination of livestock.
Animal owners should be taught about the importance of vaccination of their
animals. Learning lessons from other countries, brucellosis can be controlled.
For example, many South American countries report control of brucellosis by
use of RB 51 vaccine combined with serological monitoring. In many countries,
the use of B.abortus strain vaccine in cattle and B.melitensis strain Rev1 vaccine in
goats and sheep has resulted in the elimination or near-elimination of brucel-
losis in these animals. A plan for the control of bovine brucellosis has already
been developed in India [24]. In spite of the clinical efficacy and cost effecti-
veness of vaccination of livestock, the limited availability of vaccines and lack
of awareness have led to the persistence of brucellosis in rural areas of India.

The possibility of human to human transmission of Brucella infection
[40—42] is another concern. Although a safe and effective vaccine for humans is
not available [11], human brucellosis can be treated with a combination of anti-
biotics (10). Although, Brucellae are somewhat inaccessible to antibiotics as they
are facultative intracellular pathogens, and clinical efficacy does not always
correlate with in vitro susceptibility [41], many antimicrobials are active against
Brucella species. Apart from curative intervention, prevention to stop the spread
is very important considering its communicable nature. The lack of human vac-
cines and effective control measures make it necessary for doctors and other
health care workers to take protective measures. Protective clothing / barriers
while handling stillbirths / products of conception and cultures can reduce occu-
pation-related brucellosis [42]. Prevention is dependent upon increasing public
awareness through health education programmes and safe livestock practices
and active cooperation between health and veterinary services. A control pro-
gramme for human brucellosis would depend to a large extent on public health
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education about the disease and its risk factors, good administrative arrange-
ment and ensuring the maximum co-operation of the community, particularly
between health and veterinary authorities. Clinicians practising in endemic areas
must be familiar with this disease and develop a high degree of clinical suspi-
cion based on epidemiological information. The absence of an effective brucel-
losis control programme in the country needs a public health education pro-
gramme about the disease and its risk factors, along with good administrative
arrangement, ensuring the maximum co-operation between line departments,
particularly between health and veterinary authorities.

Framework for Public Health Intervention

The prevention and eradication of brucellosis in human beings can be
accomplished in rural areas by bringing together medical and veterinary
workers with combined medical, veterinary and public health approach. It could
be further strengthened by establishing veterinary public-health units, usually
within the organisational framework of village, block, district, state and at
central level. It is hoped that this approach will gear toward improving service
delivery in rural areas in the control and elimination of brucellosis and ensure
access, coverage, quality of services and safety.

e ~

Active co-operation Policyand
between health pregrammes Collaborative
racaarchandBaction
Public heaith System
apgrcach Strengthening

e [

Figure 1 — Framework for public health intervention in rural areas to control Brucellosis
Cauka 1 — Pamxka 3a jasno-30pasciligeHa unitiep8eHyuja 60 pypasruitie loopayja
3a KoHiipoaa Ha bpyyeao3ailia
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The framework developed above suggests that spread of brucellosis in
animal and humans can be reduced and controlled through developing effective
public health intervention strategies by developing an appropriate policy and
programmes focussing on rural areas. At present, there is no national program-
me focussing on brucellosis. Little attention is given to curative services and
livestock vaccination and no focus is on prevention, health education, safe live-
stock practices and awareness. For the eradication of brucellosis, there should
be a mass vaccination programme of livestock. Most of the researches done are
laboratory-based, focussing on clinical aspects of brucellosis and ignoring the
socio-cultural and other determinants responsible for the spread of the disease.
It is important to include brucellosis in public health education and to come out
of a reductionist approach focussed only from a veterinary perspective. Brucel-
losis can be eliminated by promoting epidemiological investigations, health
education aimed at increasing awareness of risks and the burden of human bru-
cellosis in the affected communities, encouraging health promotion, disease pre-
vention, intervention measures, implementation of local, regional and interna-
tional standards related to food safety, enhanced regulations on the trading of
animals and animal products at national and international levels.

Conclusion

Prevention of human brucellosis should be focussed mainly on the eli-
mination of infection in animals and humans along with hygiene, vaccination
and effective heating and pasteurization of dairy products. Although India has a
policy for the control of brucellosis in dairy cattle, the present focus is very
much towards the curative services rather than preventive. Brucellosis must be
included in public health education, and public awareness programmes, particu-
larly in the rural areas. A paradigm shift from the current ‘biomedical model’ to
a ‘sociocultural model’ is imperative for the control and elimination of brucel-
losis in India. In conclusion, brucellosis is a serious public health challenge
having socio-economic problems and an unaccounted financial burden which
needs joint efforts, promotion of intersectoral action, regional and international
cooperation, as well as technical and financial support.
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Peszume

BPYHEIO3A: TIOTPEBA O JABHO-3IPABCTBEHA HTEPBEHIIMJA
BO PYPAJIHA MUHINJA

Kymap A.

Xasuep unctiiuitiyii 3a coyujaana sawitiuitia, Panyuu, Hrouja

Llea: Jla ce mpe3eHTHpa enujeMHoONIOTHjaTa Ha Opymeno3aTa M fa ce
ofpenaT M MpEeAIoXaT jaBHO-3[paBCTBEHN MHTEPBEHINM 3a KOHTpPOJa Ha OpyIe-
no3ata Bo pypanHa Mapnja.

Meitioou: OBoj Tpyn e 6a3upaH Ha MperJie]] Ha Pa3NuIHU CEPOJIOMIKN 1
APYIH! CTY[NH, KaKO U eBHACHIMjaTa 3a Opynenos3a Bo Muanja.
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Pesyaitiaitiu: Bpyneno3ara e IpuCyTHa Kaj cUTe BIIOBH JOOUTOK. Mako
BHCTHHCKAaTa WHIWICHIIA Ha OpylLesio3aTa Kaj YOBEKOT € HEeIOCTaIHa, Cenudny-
HU CTY[M{ Off pa3jIMvHH ApKaBH M eKCTpanoipaHa nHuuAeHna (321 cmydaj ro-
[HUIIHO), TIOKaXKaJe fieKa MPEeTCTaByBa CEPHO3HO 3a00JyBathe MPUCYTHO BO MOIY-
nanpjata. CTyamuTe, UCTO Taka, MOoKaXasne ieka ocTojaT (haBOpU3NPAUKH YCIIO-
BI W OKOJIMHA 32 IMIMpewe Ha mH(eKnmjaTa Mefy JIyfeTo Ha CMeTKa Ha HEXUTHEH-
CKUTE COCTOjOM M CHpOMAIITHjaTa BO PYpalHHTE IOfpadja kou OapaaT jaBHO-
37paBCTBEHO BHIMaHNE W MHTEPBEHIIH]ja.

3axayuok: OBOj Tpym mpefiara Opyneno3aTa fa Oufe BKIyY€Ha BO
jaBHO-37paBCTBEHATa €fyKallija 1 MpOrpaMHTe 32 jaBHAaTa CBECHOCT, OCOOEHO BO
pypanHute moppadja Ha Mupuja. Mcro Taka, mpemopadyBa mpomonyja Ha 6e3-
OGepHa paboTa co TOOUTOKOT, aKTHBHA cOpabOTKa MmoMery 3paBCTBEHUTE U Be-
TEpUHAPHUTE CIIy’KOM ¥ MPOMEHa Ha TapajgurmMara of CETallHNOT ,,0MOMEANIIH-
CKH MOfeI“ BO ,,CONMOKYITYPEH MOJEN” 3a eNMMUHANija Ha Opyleno3ara BO
Hupyja.

Knyunan 36opoBm: 6ymenosa, 300HO3a, CTpaTerdja 3a KOHTpOJIa/epajuKalja,
3[paBCTBEHA eyKalHja.
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