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A b s t r a c t: Aim: To evaluate the current practices in laboratory disease dete-
ction, biosafety and biosecurity measures and information-sharing systems available to 
the public health systems in R. Macedonia and the Balkan region. 

Methods: Epidemiological studies were reviewed from the region to examine 
the high incidence of localized forms of human brucellosis.  

Results: There is clearly a need for the development of a South Eastern Euro-
pean regional network for sharing information aimed at disease surveillance, early 
reporting and efficient containment of human brucellosis. Given the zoonotic nature of 
the disease’s onset and progression, public health strategies aimed at containing and 
eventually eliminating human brucellosis require a broader national and regional bioen-
gagement framework that involves human and veterinary diseases detection systems, 
deployment of medical countermeasures, epidemiology and a supportive laboratory in-
frastructure, strategic stockpiles and information sharing.  

Conclusions: A systems-centric framework for a national and regional strategy to 
combat human brucellosis is essential, and should be comprised of: a) a disease threat and 
surveillance framework at the national and broader regional level, b) laboratory perfor-
mance evaluation metrics, c) best practices for information-sharing and regional coordi-
nation, and d) a coordinated regional strategy to improve biosafety and biosecurity. 
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Introduction 

Threats posed by biological agents are not confined by geographical 
barriers, as the health and security of a nation is intertwined with regional and 
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global health and security. The spread of infectious diseases such as Brucellosis 
continues to be a major public health challenge for public health departments 
globally, requiring a multifaceted preparedness and coordinated response mea-
sures. 

As one of the most common zoonotic infections worldwide, Brucellosis 
presents a unique national and regional public health burden in the Balkan 
region and other South Eastern European (SEE) countries. Brucellosis is among 
the most common zoonotic infections caused by bacteria of the genus Brucella. 
Although several domesticated animals serve as reservoirs, often the primary 
source for human exposure to the pathogen is in the form of contaminated ani-
mal products such as milk, cheese and other dairy products, inhalation of aero-
solized pathogen, and direct contact with domestic animals and animal products. 
In the United States, brucellosis costs the dairy and beef producers $30 million 
annually due to infections and mandatory elimination of populations with infec-
ted animals [1]. Over the past century, the livestock industry in the US has suf-
fered billions of dollars in direct losses and costs to control and eliminate the 
disease.  

An added concern with the Brucella species is that it has been tradi-
tionally considered a biological weapon, and the bacteria listed under the Select 
Agents and Toxins list by the US Department of Health and Human Services 
(HHS) and the Department of Agriculture (USDA), and Category B pathogen 
by the WHO. Brucella species are potential bio-threat agents due to: a) the rela-
tive ease of airborne transmission of the pathogen, b) ability to induce a chronic 
debilitating disease with low mortality but high morbidity, c) no human vaccine 
is currently available and treatment regimen with multiple antibiotics remains 
problematic, d) wide distribution in environmental reservoirs, and e) vague early 
clinical manifestations preventing rapid detection and identification.   

Effective management of a public health disease burden such as brucel-
losis, which also has potentials for national and regional security, requires integ-
rated biosurveillance information acquisition, managment and sharing capabili-
ties at national and regional levels. This requires an effective government agen-
cy level, and international level coordination such that data collected from mul-
tiple sources can be analysed and the results disseminated within the share-
holder community in a reporting format that is meaningful and actionable to 
multiple and diverse government and regional entities. Such an effort to combat 
the threat of brucellosis in Macedonia and in the broader region appears urgent. 

Published public health epidemiological findings reveal that whereas 
EU countries in general have declining incidence of brucellosis, with many wes-
tern European countries now declaring the region as "Officially Brucellosis-
Free" (OBF), the disease remains endemic in the Balkans and the Mediterranean 
countries, and there is a marked resurgence of the disease in parts of the former 
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Soviet Union [2]. The public health burden due to brucellosis in these regions is 
mostly linked to consumption of pathogen-contaminated dairy products, inade-
quate resources for early detection and reporting, reduction in support for vete-
rinary health services, and an overall lack of healthcare networks. 

Clearly, human brucellosis is an endemic public health disease burden 
with likely national and regional security implications for R. Macedonia and the 
broader Balkan region. Published studies from this region indicate the lack of a 
regional network and a systems-centric approach to early detection and repor-
ting, as well as implementation of a national programme aimed at improved ve-
terinary healthcare and effective management of human brucellosis disease. This 
paper will provide a conceptual framework with potential dual applications in 
the public health and national and regional security domains consisting of: a) 
threat assessment framework for disease surveillance, b) bioengagement-related 
information-sharing and coordination at national and regional levels, and c) 
implementation of biosafety and biosecurity practices to ensure the safety of the 
animal product supply chain, occupational and environmental safety measures. 
 
 

Threat assessment 
 

The disease is caused by six variants of bacteria of the genus Brucella, 
of which B. melitensis accounts for nearly 90% of the reported cases of Bru-
cellosis worldwide [3, 4]. A key concern is that an array of livestock animals 
serve as reservoirs that includes cattle (B.abortus), dogs (B.canis), sheep, goats, 
and camel (B.melitensis) and pigs (B.suis), enabling exposure to the biological 
pathogen in occupational and familial settings. Published reports are scanty on 
the nature and incidence of brucellosis in the Balkan and SEE region, but 
limited evidence from the region suggest most of the reported disease incidence 
is caused by B.melitensis in sheep, goats, and humans, and is a serious public 
health burden for R. Macedonia, Greece and the adjacent countries of the 
former Yugoslavia [5].  

Figure 1 summarizes the reported annual incidence of brucellosis in R. 
Macedonia over the past decades. The nature and extent of the public health 
burden due to brucellosis in Macedonia is unclear, but limited published eviden-
ce suggests that a majority of over 54% of the disease incidence has a positive 
family history and remained localized in farms and exposure to home-produced 
milk and related dairy products [6]. Studies on the clinical and epidemiological 
characterization of Brucellosis have revealed interesting regional differences in 
the clinical profiles.   

Studies in Macedonia over two tim- periods of 1990–91 (group 1) and 
2003–05 (group 2), illustrated in Figure 2, have revealed a generally compa-
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rable clinical profile with arthralgia, malaise and fever as typical clinical mani-
festations. However, a higher rate of osteoarticular and cutaneous eruptions 
were observed in group 2 patients.  Similarly, a much higher incidence of perip-
heral arthritis was reported in group 2 patients (41%) compared to 22% in group 
1 patients [7]. A recent study summarizing the human brucellosis clinical sce-
nario in the Indian subcontinent context reported a relatively comparable clini-
cal profile, albeit with certain unique clinical features [8].  
 

 
 

Figure 1 – Incidence of documented cases of brucellosis in the Republic  
of Macedonia for the Period 1990–2009 (Source: Bosilkovski et al. 2009). 

Slika 1 ‡ Incidenca na dokumentirani slu~ai na bruceloza vo  Republika 
Makedonija vo periodot od 1990‡2009 (Izvor: Bosilkovski i sor. 2009) 

 
Figure 2 –  Clinical manifestations serving as ideal indicators to brucellosis disease 
detection and surveillance in R. Macedonia (Source: Bosilkovski et al. 2007, 2009). 

Slika 2 ‡ Klini~ki manifestacii koi slu`at kako idealen indikator za 
otkrivawe na zaboleni od bruceloza i za biolo{ko istra`uvawe i nadzor 

vo R. Makedonija (Izvor: Bosilkovski i sor. 2007, 2009) 
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Figure 3 summarizes the clinical findings in 740 patients infected with 
B.melitensis. Although fever (78%) and arthritic pain (21%) were predominant 
features just as in the Macedonian medical epidemiological studies, a signifi-
cantly higher percentage of splenomegaly (17%), hepatomegaly (10%) and sple-
nohepatomegaly (15%) was observed in the Indian patient samples, pointing to 
a strong lymphatic and immune system component involvement in the clinical 
profile. Reliable clinical and medical epidemiological data is essential to develop 
evidence-based disease syndromic surveillance, taking into account differences 
in clinical profiles likely to be due to the pathogenic species or stain involved, 
demographic differences in populations exposed to the pathogen, and clinical 
criteria employed in the early detection of the disease by clinicians and public 
health specialists in various parts of the world.  
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Figure 3 – Clinical manifestations key to disease detection and surveillance  

(based on Mantur et al. 2007). 
Slika 3 ‡ Klu~ni klini~ki manifestacii za otkrivawe na zaboleni  

i za biolo{ko istra`uvawe i nadzor (spored Mantur i sor. 2007) 
 
As far as pathogen threat assessment and biosecurity are concerned, 

Brucella species B.melitensis, B.abortus, and B.suis are classified as select 
agents by the US Centers for Disease Control and Prevention (CDC) and the 
US. Department of Agriculture (USDA). The European Union and most Euro-
pean countries classify these species under Risk Group 3 for select agents. Bru-
cella species are highly infectious when transmitted by aerosol and incapacitate 
with flu-like fevers that generally do not respond well to antibiotic therapy. 
Hence, brucellosis was one of the prime candidates for weaponization due to its 
low lethality, ease of manufacture, and the fact that it does not cause uncontrol-
lable epidemics due to its short shelf-life and sensitivity to light. It was conside-
red a ‘humane’ weapon. Several nationals with active biological weapons were 
involved in large-scale production and field-testing activities. Much of the bio-
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logical weapons related potential of the Brucella species remain a legacy topic 
of academic interest, although its potential as a biological weapon cannot be 
ruled out.   

The infectious dose for human is unknown while the mode of environ-
mental transmission and exposure are through ingestion, direct dermal contact 
accentuated by skin ruptures or wounds, and mucous membranes. Inhalation of 
aerosolized particles is a potential route under certain conditions and is conside-
red one of the primary exposure pathways under laboratory conditions. Brucella 
species are extremely susceptible to environmental degradation in the aeroso-
lized form and can be quickly inactivated by sunlight. Potential sources of in-
fected materials included animal products, infected tissues, blood, urine, vaginal 
discharges, aborted foetuses, contacts in abattoirs, and laboratory-acquired di-
seases. A comprehensive threat assessment of the Brucella species requires a 
systematic biological hazard assessment and environmental hazard and risk 
evaluation based on weighted consideration of various intrinsic biohazard and 
environmental factors related to transmission, infectivity and fate [9–11]. 
 
 

Biosurveillance 
 

Effective biosurveillance of brucellosis at the national and regional 
levels requires integration of heterogeneous data from relevant national agen-
cies in the areas of human, animal and plant health to generate operationally re-
levant outputs in the form of alerts, warnings, and supportive quantitative analy-
tics. The analytical elements would have to fundamentally delineate disease 
incidence either as a biological outbreak or a biological attack.  Depending on 
the biosurveillance early indicators and warning (I&W), national and regional 
stakeholders are provided with near-instant access to information for decision 
support. 

Figure 4 provides a notional outline of a biosurveillance system and 
information flow to support data analysis, generation of alerts and sharing of 
output with national and regional partners. The information flow outlines key 
elements of science and analysis approach: a) data source, b) data store, c) data 
analysis, and d) output. These enable detection of the disease at early stages in 
the endemic regions and accurately locate event clusters, pathogen identification 
and characterization and supportive evidence to justify further medical epide-
miological or biosecurity investigations depending on the situation. Ultimately, 
the goal of a brucellosis biosurveillance system is to detect and characterize 
outbreaks through the collection and analysis of data, and is comprised of a) 
detection of individual cases, b) detection of clusters of cases, using a variety of 
grouping formats, c) disease outbreak characterization, d) number of individu-
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als, families, and farming community clusters affected, e) pathogen agent identi-
fication, f) potential routes of environmental transmission and possible exposure 
pathways, and g) locating the source point for the disease origin. 
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Figure 4 – Notional Outline of an Integrated System with Components of Syndromic 

Disease Surveillance and Biosurveillance Information Flow, Data Analysis, and Output 
for Sharing at the Local, National, Regional and International Levels 

Slika 4 ‡ Idejna ramka za integriran sistem so komponenti za istra-
`uvawe i nadzor na sindromi na bolesti i za protok na informacii  
za biolo{ko istra`uvawe i nadzor, analiza na podatoci i razmena  

na informacii na lokalno, nacionalno, regionalno i me|unarodno nivo 
 
The public health disease burden due to brucellosis in Macedonia and 

the broader region remains murky due to lack of reliable data and under-re-
porting of the disease incidence. Going beyond routine syndromic disease sur-
veillance and taking into account data from veterinary and environmental sour-
ces provides a better basis to define disease baselines and identify the disease 
process and related environmental factors associated with exposure.   

Figure 5 is a box diagram illustrating a mathematical model of disease 
process and progression, in this case SARS, found consistent with the actual 
observations in the greater Toronto area. The disease process delineated in Fi-
gure 5 is fundamentally applicable to the brucellosis problem in Macedonia and 
the greater Balkan Region, since the disease to a considerable extent remains 
either undiagnosed or under-reported. Epidemiologists have applied mathemati-
cal models to predict whether isolation and quarantine would stop the spread of 
SARS in the greater Toronto area in Canada [12]. Adopting the overall simpli-
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city of the mathematical model, an effort could be made in R. Macedonia and 
the greater Balkan region on the brucellosis-related health burden to assess the 
number of undiagnosed and underreported cases. The susceptible (S), and po-
tentially exposed (E) populations consisting mostly farming communities in the 
rural areas form the population universe to develop brucellosis public health 
burden assessments. Intervention policies such as veterinary healthcare, easy 
access to healthcare networks and a policy related to food safety could be used 
to predict reduction of the disease burden. Reliable baseline disease burden data 
together with population demographics are necessary to compare model-based 
results with actual reductions in disease burdens. 

 
Figure 5 – A generic mathematical model for clinical intervention to stop spread  
of infectious diseases (adopted from Castillo-Chavezetal, 2003 based on a study  

to stop spread of SARS outbreak in Canada) 
Slika 5 ‡ Osnoven matemati~ki model za klini~ka intervencija za 

zapirawe na {ireweto na zaraznite bolesti (Prilagodeno od Castillo-
Chavezetal, 2003 bazirano na studijata za zapirawe na epidemijata  

na SARS vo Kanada) 
 

Any effective public health or national security-centric efforts in com-
bating Brucellosis at national and regional levels requires effective biosurveil-
lance analysis comprised of an optimum mixture of computer processing of data 
collected from various human, veterinary and environmental related sources and 
human interpretation. Currently, the majority of the disease surveillance related 
analysis is performed by human analysts who are experts in the domain. Analy-
sts interpret the biosurveillance data by applying individual and collaborative 
bodies of knowledge about biological agents and their propensities for certain 
routes of transmission. Over the past decade, there has been a growing apprecia-
tion of the potential to automate more of the cognitive work performed by ana-
lysts, as reflected in the growing body of research on appropriate supporting al-
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gorithms. Several systems currently exist that would provide capabilities to: a) 
perform plug and play analytical modules, b) detect brucellosis disease subsets 
from clusters of reported cases with overlapping medical syndromic features, c) 
visualization of data for temporal and spatial analysis, to enable location of ca-
ses/clusters, regional distribution and overlapping multiple data sources. Brucel-
losis is an endemic public health problem in Turkey, just as it is in R. Macedo-
nia and the Balkan Region. A recent study developed Geographic Information 
System (GIS) based disease maps to identify geographical distribution and dise-
ase etiology of data from multiple sources to perform spatial statistics and data 
analysis [13].  

Figures 6 and 7 illustrate the tremendous value of biosurveillance 
systems using multiple data sources. Figure 6 illustrates disease clusters and 
spatial distribution by density of the total of farm animals (cattle, sheep and 
goats) for various provinces in Turkey during the years 1996 to 2006.  Figure 7 
is the result of a multivariate analysis of the brucellosis disease clusters visua-
lized for various provinces in Turkey. Clearly the highest prevalence of 
brucellosis reported from the provinces of Turkey were also the same areas 
where the density of farming animal and family-owned farms were highest, 
clearly suggesting scenarios for exposure pathways for the disease centered on 
farming communities and the density of distribution of farm animals, which for 
the most part are the reservoirs and source of human exposure to the pathogens.  

 

 
Figure 6 – The number of total farm animals (cattle, sheep, goats) distribution 

 (1 : 1,000) for the provinces of Turkey for the period of 1996–2006  
(Based on Demirel et al. 2009) 

Slika 6 ‡ Broj i distribucija na vkupno `ivotni na farmi (goveda, ovci, 
kozi) (1 : 1,000) vo provinciite vo Turcija vo periodot od 1996‡2006 

(Bazirano na Demirel et al. 2009) 
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Figure 7 – Multivariate LISA cluster map of number of farm animals against brucellosis 

rate of disease mapped for the provinces of Turkey, 1996–2006  
(Based on Demirel et al. 2009) 

Slika 7 ‡ Multivarijantna LISA-cluster mapa za broj na `ivotni na farma 
i stapki na zaboleni od bruceloza mapirani vo provinciite na Turcija, 

1996‡2006 (Bazirano na Demirel et al. 2009) 
 

Table 1 is an illustrated set of detection and characterization algorithms 
applied for the detection of various disease outbreaks, and clustering and spatial 
analysis of disease outbreaks. The application of automated tools using disease 
detection and characterization algorithms could greatly assist disease outbreak 
assessment. Given the endemic nature of brucellosis in many parts of R. Mace-
donia and the adjacent region, sporadic reports of disease outbreaks are avai-
lable. Any public health intervention measure under such circumstances would 
first have to detect individual cases followed by the detection of clusters of 
cases indicative of the nature and extent of the disease outbreak. A more crucial 
element of disease identification and characterization algorithms is their ability 
to identify the biological agent, potential routes of transmission, sources of pat-
hogen, environmental receptors, release points, and the potential number of 
veterinary cases and humans affected.  

While spatial analysis detects disease clusters and data visualization and 
overlay of multiple data sources link likely environmental factors associated 
with exposure and assist detection and characterization of the pathogen, tempo-
ral analysis provides a time-line on the origin and development of the disease 
process for biosurveillance and disease outbreak investigations. Temporal analy-
sis components in disease surveillance systems would depend on data proces-
sing and filtering techniques to detect any temporal anomaly in reported data 
streams and apply temporal correlation methods using standard statistical data 
analysis methodologies. Whereas spatial analysis and GIS displays and data 
overlays of raw counts and clusters result in disease maps, temporal analysis 
will reveal the timeline and trajectory of the progression of the outbreak. 
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Table 1 – Tabela 1 
 

Disease Detection and Characterization Algorithms Bring Computational Power 
 and Automated Processes for Biosurveillance 

Otkrivawe na bolest i karakterizacija na algoritmi so kompjuterska 
tehnika i avtomatsko procesirawe za biolo{ko istra`uvawe i nadzor 

 

Detection and Characterization Tasks Algorithms 
Detecting a single case Bayesian diagnostic network. Rule 

engine 
Detecting temporal anomaly in university 
time series data 

Cusum, recursive least squares 
(RLS), change point statistic, 
wavelet, moving average 

Detecting spatial anomaly in univariate time 
series data 

Kulldorf spatial scan 
Bayesian spatial scan 

Computing posterior probabilities over 
existence of outbreak, causative biological 
agent, source, route of transmission  

Bayesian Aerosol Release Detector 
(BARD)  

Projecting future extent Gaussian Plume and other aerosol 
dispersion models 

Providing economic information BioEcon 
 
Spatial and temporal analysis of the disease outbreak together with vi-

sualization tools are essential components of a biosurveillance system. For visu-
alization helps analysts understand large amounts of data and locates well-defi-
ned relationships among various entities displayed as they become immediately 
apparent. In order to more effectively manage medical and veterinary health in-
vestments to combat brucellosis and facilitate outbreak investigations, public 
health agencies in R. Macedonia and the greater Balkan region could benefit 
much from a shared technology platform that allows broader data analysis and 
visualization of high risk regions and locates potential risk factors linked to 
exposure and disease etiology. 
 
 

Regional bioengagement framework 
 

The threat posed by endemic or new and emerging diseases is not con-
fined by geographical barriers to the point that the effectiveness of any public 
health intervention strategy depends to a large measure on regional and global 
responses to the threat. The outbreak of SARS and the threat of H1N1 (swine) flu 
are examples of an emerging landscape where a disease outbreak would require a 
concerted, multifaceted preparedness and response measures from national 
agencies, regional networks and international partners and NGO organizations.  
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Brucellosis as one of the most common zoonotic infections worldwide 
has dramatically altered the public health landscape in many parts of the world 
including R. Macedonia and the greater Balkan region. Factors ranging from 
sanitary, environmental and socioeconomic factors together with increased inter-
national travel have alerted us to the global landscape of brucellosis.  Therefore, 
given the nature of the complex systems involved: nature, society, and technical 
domains compounded by an assortment of stakeholder communities, a multi-
tude of national agencies, regional networks and NGOs participating at national, 
regional and international levels, a systematic bioengagement strategy to com-
bat brucellosis requires a systems-centric approach. A System of Systems (SoS) 
bioengagement approach to combat brucellosis offers multiple advantages com-
pared to approaching the problem in isolated vertical silos. Conceptually, the 
SoS approach is premised on the arrangement of interdependent systems and 
connections to provide a capability greater than the sum of the member systems. 
The SoS is attained either by grouping subsystems based on common cha-
racteristics, or by functional elements.  

 
Table 2 – Tabela 2 
 

Systems-Centric Approach Provide Greater Capabilities to Combat a Multifaceted 
Public Health and Biosecurity Threat such as Brucellosis. 

Systems-Centric pristapot obezbeduva pogolemi mo`nosti za suzbivawe  
na povekeslojnite zakani po zdravjeto i biolo{kata bezbednost  

kako {to e brucelozata 
 

Brucellosis Problem Element Features of a System of Systems Approach 
and Benefits 

Autonomy of component 
systems  

Autonomy of individual component systems is reta-
ined, while working to fulfill the overall purpose. 

Belonging of various component 
entities 

Decision to belong is based on cost/benefit asses-
sment of each entity; and a desire to meet the 
broader goals. 

Connectivity of programme 
areas by design or function 

Dynamically supplied by participating entiti-
es/systems, connections at multiple levels; highly 
enabled by a net-centric architecture. 

Diversity of management 
hierarchy, interplay of various 
systems and functions 

Autonomy of component systems, and committed 
belonging and connectivity at multiple levels 
increases diversity. 

Emergence of capabilities to 
address desirable and 
undesirable outcomes. 

A new set of emergent capabilities attained, a 
shared platform for information exchange, pre-
vention, early detection and management better 
enabled.  

Table 2 summarizes the advantages of a system-centric approach to 
brucellosis by problem elements. Ownership of data systems by a stakeholder 
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community requires a well-articulated data sharing agreement, identifying 
shared resources to a SoS based entity without compromising system autonomy, 
but allowing connectivity to data systems aimed at creating new capabilities that 
cannot be achieved by a stand-alone system. Many of the current challenges in 
combating brucellosis centre on difficulty in information-sharing, collective 
threat assessments, quality standards in prevention and medical intervention 
approaches and harmonizing guidelines to protect veterinary and human health, 
together with measurers for environmental monitoring. 

Figure 8 illustrates a high-level, conceptual system-centric biological ar-
chitecture of a shared system to combat brucellosis. As seen in the architectural 
layers, the primary operational domain remains a global layer comprised of natio-
nal, trans-boundary (regional) and international layers where multiple and often 
overlapping investments are made to combat a public health menace such as 
brucellosis. Also, the threat layer investments made in the domain of national se-
curity, covering threat of infectious diseases, overlap public health and disease 
prevention related investments. These investments, grouped either as public health 
oriented for endemic disease burdens such as brucellosis, new emerging out-
breaks and potential misuse have national and/or regional security consequences.  
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Figure 8 – Systems-centric biological architecture to combat brucellosis as a public 

health menace and a potential national/regional biosecurity threat 
Slika 8 ‡ Sistem-centri~na biolo{ka arhitektura za suzbivawe  

na bruceloza kako zakana za zdravjeto na lu|eto i kako potencijalna 
nacionalna/regionalna zakana po biolo{kata bezbednost 
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The technical domain layer is perhaps the most versatile and highly 
distributed capability that requires a careful assessment of resident capabilities 
and how they contribute to key focus areas defining the next layer, the focus 
areas (Layer 4). Layer 4 represents combined investments in technology base 
development by government-sponsored research and development capabilities, 
academia and private sector investments in medical countermeasures develop-
ment both for veterinary and human health and, finally, the combined techno-
logy capability development by the international agencies vested with global di-
sease prevention and health protection. The technology base and capabilities de-
veloped in this layer are uneven, since priorities in investments are driven by the 
government entities and public sectors with vested responsibility to protect the 
public from threatening new/emerging diseases and provide a lasting solution to 
systemic public health disease burdens.  

Nations and regional groups have invested significant resources based 
on threat awareness, biosurveillance and early detection and characterization, 
prevention and protection measures and, finally, response and recovery related 
operations either due to major disease outbreaks having far-reaching public 
health/national security implications such as foot and mouth disease (FMD), 
Bovine Spongiform Encephalopathy (BSE), Severe Acute Respiratory Synd-
rome (SARS), or H1N1; or threats having potential for bioterrorism involving 
dual-use biological materials. A systems approach allows leveraging of invest-
ments in public health oriented programmes to gain insight on potential natio-
nal/regional security threats, and vice versa. A systems-centric biological archi-
tecture will afford the overlapping emergence of capability based on efficient 
information-sharing platforms and optimum utilization of resources committed 
to prevention, biosurveillance, and emergency response functions. What follows 
are two examples illustrating how biological architectural layers interplay in the 
development of new capabilities for brucellosis detection and management.  

First, food safety programmes are a critical component of any effective 
brucellosis prevention programme. Measures aimed at evaluating the microbio-
logical safety of food, and especially milk and milk-based products generated 
from small farming communities, is an essential element if the goal is to elimi-
nate at the sources of exposure the pathway to most of the infected population 
(Layer 3). Brucellosis is very rare in much of the industrialized world, but re-
mains a public health challenge stemming mostly from direct human contact 
with infected animals, or through exposure to animal products such as unpasteu-
rized milk, cream, cheese and other dairy products (Layer 4). A food microbio-
logical safety surveillance programme based on a rapid field test to detect and 
identify the pathogen in infected environments and food products would have 
considerable impact in reducing the exposure burden at the source level (Layer 
5). Second, biosurveillance of livestock and free-ranging wildlife that constitute 
reservoirs of Brucella spp. is the other key intervention layer in the bioengage-
ment architecture. Risk assessment for disease transmission using both unidirec-
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tional and bidirectional models for contact between disease-borne and disease-
free animals, either in livestock or free-ranging wildlife, provide a fairly accu-
rate estimate of the probability of infection in wildlife, which could be used as 
the basis for serological field testing plans. According to published risk asses-
sment studies, it would take approximately 2 years before a brucellosis infected 
animal is detected in wildlife and livestock either clinically or through serolo-
gical testing [14]. Quantitative risk measures for the detection of infected ani-
mals drives investments in Layer 4 and information sharing capability at the 
global layer (Layer 1).  
 

 
Conclusions 

 
Regions where the disease has remained endemic for a long period, 

such as France, Latin America and Israel, have attained a measurable level of 
control, whereas parts of Central Asia, Central and Eastern Europe, Russia and 
the FSU nations, the Balkans and the Middle East have generally witnessed a 
worsening of the disease burden. Human brucellosis is illustrative of an ende-
mic threat in R. Macedonia and the Balkan region. Clearly a need exists in the 
region for a systems-centric framework as part of a broader strategy to combat 
human brucellosis. The key features of a systems-centric approach should be 
centred on a disease threat and surveillance framework with a service-oriented 
architecture for information-sharing at the national and broader regional level. 
Subsystem components should consist of laboratory performance evaluation 
programmes and a coordinated regional strategy for biosafety and biosecurity.  
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R e z i m e  
 

INTEGRIRAN REGIONALEN BIOANGA@MAN  
ZA BORBA SO BRUCELOZATA 

 

Rao V. 
 

CSC agencija za odbrana, Nacionalni i odbranbeni programi, 
Aleksandrija, Virxinija, SAD 

 
 

Cel: Da se evaluiraat sega{nite praktiki za laboratorisko otkri-
vawe na brucelozata, merkite za biolo{ka bezbednost i sigurnost, kako i 
sistemite za informirawe dostapni na javno-zdravstvenite sistemi vo R. 
Makedonija i Balkanskiot region.  

Metodi: Napraven e pregled na epidemiolo{ki studii od regionot 
so cel da se analizira visokata incidenca na lokaliziranite formi na 
bruceloza kaj lu|eto. 

Rezultati: Postoi jasna potreba od razvoj na regionalna mre`a vo 
Jugoisto~na Evropa za razmena na informacii naso~eni kon nadzorot na 
bolesta, ranoto izvestuvawe i efikasnoto ograni~uvawe na brucelozata 
kaj lu|eto. Poradi zoonotskata priroda na po~etokot i progresijata na 
zaboluvaweto, javno-zdravstvenite strategii naso~eni kon ograni~uvawe 
ili eventualno eliminirawe na brucelozata kaj ~ovekot, imaat potreba od 
po{iroko nacionalno i regionalno anga`irawe na biolo{kite resursi vo 
vid na konstrukcija koja vklu~uva sistemi za detekcija na bolesti kaj ~o-
vekot i `ivotnite, upotreba na medicinski protivmerki, infrastruktura 
za epidemiolo{ka i laboratoriska poddr{ka, strate{ki grupirawa na 
resursite i razmena na informacii. 

Zaklu~oci: Sistemski naso~enata konstrukcija za nacionalna i 
regionalna strategija za borba so brucelozata kaj lu|eto e esencijalna i se 
sostoi od: a) Sistem za nabquduvawe i nadzor na zakanite od bolesta na 
nacionalno i po{iroko regionalno nivo, b) Sistem za evaluacija na laba-
ratoriskite performansi, v) Najdobri protokoli za razmena na informa-
cii i regionalna koordinacija, i g) Koordinirana regionalna strategija za 
pododbruvawe na biolo{kata bezbednost i biosigurnost. 
 
Klu~ni zborovi: bruceloza, zoonoza, prevencija i kontrola, populaciski 
nadzor. 
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