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Background: Brucellosis is the most common global bacterial zoonotic disease. Italian annual 2015 report
on animal brucellosis control that was submitted to the Integrated National Plan of the Italian Health
Ministry showed that the Italian region with the highest prevalence and incidence of brucellosis was
Sicily (3.3%). This study aims to demonstrate the burden of disease and the epidemiological trend of
human and animal brucellosis in Messina, Sicily, from 1997 to 2016.
Methods: The analysis was conducted in the twenty-years 1997-2016. We examined the computerised
and paper registers of the Messina Provincial Health Agency n.5 to evaluate human and animal brucellosis
reports.
Results: 1462 cases of human brucellosis were reported with an important outbreak in 2016 in which
were reported 137 cases while the prevalence of infected cattle and sheep/goats decreased from 3.8%
and 8%, respectively, in 1997 to 1.7% for both in 2016. A statistically significant correlation was observed
between the decrease of both animal and human cases during the considered period.
Conclusions: Our study demonstrate that brucellosis is still present in Sicily with a number of cases iden-
tified in both animals and humans and it hypothesises a large number of probable underreported cases.
Our findings confirm the need to improve knowledge of the risks associated with consuming raw milk
and its derivatives, mainly from sheep and goats, and demonstrates that public health would benefit from
cooperation between human and veterinary health services.
© 2018 The Authors. Published by Elsevier Limited on behalf of King Saud Bin Abdulaziz University
for Health Sciences. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction brucellosis has become more of occupational disease, especially in
those working with infected animals or their tissues (i.e. farmers,

Zoonoses are diseases transmissible from animals to humans livestock breeders, veterinarians and laboratory workers) [10-12].

through direct contact or through food, water and environment
and represent an important public health problem [1-3]. Brucel-
losis is the most common global bacterial zoonotic disease [4-6].
Ruminant brucellosis is generally transmitted to humans through
the ingestion of unpasteurised milk derived from infected animals
(usually cattle, goats and sheep), contaminated undercooked food
or through an occupational exposure. However, the high temper-
atures during cooking and pasteurisation rapidly kill Brucella spp.
[7-9]. In countries where it is common practice to pasteurise milk,
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However, brucellosis remains an important zoonotic disease in
areas where Brucella spp. is endemic in sheep and goats, such as
the Mediterranean basin, Southwest Asia and parts of Latin America
[13].

In 2015, 27 countries in the European Union reported a total
of 437 confirmed cases of human brucellosis, with a notification
rate of 0.09/100,000 individuals. As in previous years, the coun-
tries that reported the highest rates of brucellosis were Greece (109
confirmed cases with a notification rate of 1/100,000 individuals),
Italy (105 confirmed cases with a notification rate of 0.17/100,000
individuals) and Portugal (46 confirmed cases with a notification
rate of 0.44/100,000 individuals), which collectively accounted for
59.5% strongly of all confirmed cases that year. Spain was fourth,
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with 33 confirmed cases and a notification rate of 0.07/100,000
individuals [14]. These countries are not officially brucellosis-free
in either cattle, sheep or goats. Between 1998 and 2010, 8483 cases
of human brucellosis were reported to the Italian Informative Sys-
tem of Infectious Diseases and 6260 (74%) of these individuals were
hospitalised. A total of 89% of reported cases occurred in the south
of Italy, particularly in Campania, Puglia, Calabria and Sicilia. How-
ever, the number of reported cases decreased during these 13 years.
This observation was noted in all Italian territories, even in the
southern regions where the annual number of reports has dropped
significantly over time [15]. Despite this positive trend, brucellosis
remains an important health problem in Sicily. Of the total 316
cases notified in Italy in 2005, 92.4% were reported in this region,
even with the well-known problem of underreporting [16,17].

Italy issued laws to eliminate bovine, sheep and goat brucellosis,
which have led to a substantial decline of brucellosis and to the
eradication of the disease in the northern Italian regions. In 2002,
Sicily issued the decree 519/2002 entitled “Implementation of the
extraordinary plans for the control of bovine, ovine and caprine
brucellosis”. Moreover, in November 2006, the Ministry of Health
issued the ‘Extraordinary veterinary police measures on tuberculo-
sis, bovine and buffalo brucellosis, ovo-caprine brucellosis, bovine
leukosis in Calabria, Campania, Puglia and Sicily’, which was mod-
ified and updated in 2012 and 2015 [18-20]. However, eradication
programmes in the south of Italy, especially in Sicily, were hin-
dered by the incomplete control of movement, the identification
of animals, the lack of putting down of infected animals and the
traditional breeding practices described above.

In 2014, in Sicily and Puglia were positive for brucellosis 1519
cattle on a total of 1723 animals culled during the year. A total of
13,529 sheep and goat were positive in Calabria and Sicily in 2015
and 16,170 were culled [21].

According to the Regional Veterinary Epidemiological Bulletin
(which is published by the Regional Experimental Zooprophylactic
Institute) in December 2016, of the total official regionally-
controlled infected cattle/sheep and goat farms, 76.3% and 69.1%,
respectively, were in Messina [22].

This descriptive study aims to demonstrate the epidemiological
trend of human and animal brucellosis in Messina, Sicily, from 1997
to 2016, showing the persistence of this infection and the necessity
of increasing the official control to improve the health condition of
breeding animals and human safety.

Material and methods
Data collection

The analysis was conducted in the twenty-years 1997-2016. In
these years, the population resident in the entire Messina province,
from 1997/12/31 to 2016/12/31 decreased of 3.1% ranging from
656,646 to 636,653 in the two years respectively. 37.3% of inhab-
itants live in Messina town. The entire provincial territory is the
Provincial Health Agency n.5 (ASP 5) of the Sicilian Region. The
all Agency is subdivided in 8 districts, one of these includes the
Messina town. The computerised and paper registers of the Public
Health, Epidemiology and Preventive Medicine Unit of the Messina
ASP 5 Prevention Department collect all the human brucellosis
reports from all districts. These registers were used to identify
human cases, which were subsequently subdivided by gender, age
and the month of occurrence.

Similarly, the computerised and paper registers of the Vet-
erinary Epidemiology Unit of the Messina ASP 5 Prevention
Department collect all cases of animal brucellosis of the entire
provincial territory and were used to identify all animal cases.

Statistical analysis

Statistical processing was performed using version 10 of
StatSoft” software. Descriptive statistics were used to find the per-
centages. Linear regression and Pearson’s correlation tests were
performed to assess the relationship between animal and human
cases. Significance was assessed at the P<0.05 level.

Results
Human cases

A total of 1462 cases of human brucellosis were reported
between 1997 and 2016. Interestingly, the first 7 years (1997-2003)
were characterised by more intense peaks than the rest of the con-
sidered period, which can be attributed to the increasing levels of
official controls after the emanation of decree 519/2002. Despite
the decreasing numbers of notified cases during the considered
period, the infection persists in our territories with a number of
cases that, in 2016, resulted in an important outbreak totalling 137
notified cases. The outbreak then ended as evidenced by only 8
expected cases reported between January and August 2017 (data
not shown). The numbers of cases reported per year and the inci-
dences are shown in Fig. 1A.

During 1997-2015, males accounted for 60% of all cases and
females accounted for 40%. The 25-64 age group was the most
affected, accounted for 58% of all cases, and was followed by the
>65 (15%), 15-24 (14%) and 0-14 (13%) age groups. The hospitali-
sation rate was 82% and only 6% was accounted for by workers who
were at risk of contracting brucellosis (i.e. veterinaries, breeders,
farmers and butchers). Concerning the 2016 outbreak, there was
no significant difference between affected males and females. The
age groups percentages during this time were very similar to those
of the entire period. The hospitalisation rate was 46% and only 2%
were at-risk workers. The monthly reporting trend during the 2016
outbreak is shown in Fig. 1B.

The peak number of reports occurred in the first part of the year,
from February to July. This trend was consequent to the origin of the
outbreak. Seven different sources of the outbreak were identified,
of which 40 cases were related to the distribution of a local cheese
(‘tuma’) during the living nativity scene at Christmas 2015 in a vil-
lage in the southern suburbs of the city. The rest of the reported
cases were all concentrated in the southern part of the city and
were related to the consumption of fresh cheeses bought in shops
supplied by small local retailers.

Analysing the reported and the hospitalized human cases, we
observed a rather overlap during the years except in the 2016 out-
break in which the hospitalization rate was 46% compared to an
81% average hospitalization rate of all previous years (Fig. 2).

Animal cases

During the considered period, the number of controlled farms
for cattle and sheep/goats has increased considerably from 44% and
37%, respectively, in 1997 to 100% for both in 2016. The number of
controlled cattle and sheep/goats also increased during this period
from 36.2% and 30.1%, respectively, in 1997 to 100% for both in 2016
(Fig. 3A-B). The increase was consequent to the implementation of
decree 519/2002, which led to an overlap between controllable and
controlled farms (Fig. 3C-D).

In addition, the prevalence of infected cattle and sheep/goats
decreased from 3.85% and 8%, respectively, in 1997 to 1.7% for
both in 2016 (Fig. 3E-F). A similar decrease was also observed for
the number of infected animals that were culled or died (data not
shown).
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Fig. 1. Epidemiological trend of reported human cases during the twenty years 1997-2016 (A) and monthly trend of reported cases during the 2016 outbreak (B).
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Fig. 2. Comparison between number of reported and hospitalized human cases.

A statistically significant correlation was observed between ani-
mal and human cases during the considered period (r 0.461 for
cattleandr0.426 for sheep/goats) (Fig. 4A-B). Particularly, the slope
was significant both for cattle and sheep/goats (P<0.01 for both).
Analysing the steepness of the slope we observed that a 5% reduc-
tion of seropostivity in cattle and sheep/goats leads to a decrease of
208 (95% CI: 184.21-288.37) and 62 (95% CI: 56.72-81.51) human
cases respectively.

Discussion

Brucellosis is still one of the most common zoonoses in the
world. Brucella melitensis is known to be the most pathogenic
species of the Brucellaceae family, producing the most intense
symptoms, the greatest tissue damage and the highest incidence
of localisation in body organs, systems or tissues [23]. However, a
separate study reported that there was no evidence that B. meliten-
sis was more virulent than Brucella abortus or that infections due to
B. abortus were less severe than infections with B. melitensis, despite
the higher prevalence of B. melitensis in humans [24]. Bovine bru-
cellosis is mainly sustained by B. abortus, as cattle are the natural
host and reservoir of this microorganism; secondary hosts include
bison, buffalo, camel and moose, while casual hosts include pigs,
horses and dogs. B. melitensis is the primary etiologic agent of sheep
and goat brucellosis.

Brucellosis has been a compulsory notification disease in Italy
since 1934 and reached its highest incidence in humans in the late
1940s after World War I1 (20 cases per 100,000 inhabitants). Start-
ing from the second half of the 1950s, following the adoption of

national and regional control plans, a decrease in the incidence of
the disease in humans and animals was observed [25]. Due to these
efforts, the majority of Italian provinces are now classified as “offi-
cially undamaged territories”; however, brucellosis continues to be
an important disease in many areas of the Mediterranean region
[26].

Indeed, brucellosis is still present in Sicily with a number of cases
identified in both animals and humans. This situation is strongly
linked to the persistence of a large number of infected animals
in this territory, especially in the sheep and goat population. In
fact, sheep and goat breeding is the main zootechnical activity
of the region and is one of the most important resources for the
regional economy. The production of local cheese by smallhold-
ers and small-scale farmers is frequent in this region. In addition,
the promiscuity of the different animals (sheep, goats and cattle)
is very common and increases the possibility of contamination,
transmission and the spread of infections [27].

The annual 2015 report on brucellosis control that was submit-
ted to the Integrated National Plan of the Italian Health Ministry
showed that 99.6% of companies covered by the programme for
the elimination of bovine brucellosis were checked and that the
region with the highest prevalence and incidence was Sicily (3.3%).
The same report also showed that 97.4% of the companies cov-
ered by the eradication programme of sheep and goat brucellosis
were checked and that the regions with the highest prevalence and
incidence were Sicily (3.7%) and Calabria (1.1%).

Sheep, goats, and their products appear to be the major sources
of infection, as demonstrated by the elevated number of brucel-
losis cases in these animals compared to cattle; the prevalence of



864 A. Facciola et al. / Journal of Infection and Public Health 11 (2018) 861-866
A B
120% 120%
100% e 100%
/ 1 N/
80% | B 80% =
60% 60%
40% 40%
20% I 20%
0% 0%
A ® & 9 f @ N D b 0 A DO N I ORI
S LS TS T 5 & LT T T 5 55
mmm % controlled farms =% controlled cattle mmm % controlled farms —% controlled sheep/goats
y=0.0273x +0.5912 R? = 0514 y=0.027x +0.5934 R?= 0.5705 ¥ = 0.0256x + 05626 R* = 0.4014 ¥=0.0311x+ 0.5022R¢ = 0.486
C D
—e—Controllable farms ~«—Controlled farms —e—Controllable farms —o—Controlled farms
4000 2500
3500
2500 .
p SR 1500
2000 e e i -
1500 1000
1000
500
500
0 0
2 P PP P ST L E A PO N QD0
O O B L O S & & S & ey P P A S SIS » e Q& S O N O O > D o
FFEFS T LT T TS TS S S S S S T T T T P T N T S0 s T T T
E F
¥ =-0.0009x + 0.0307 R? = 0.4711 y =-0.0049x + 0.1082 R* = 0.7761
45% 14%
4.0% 155
@
35% s
o
© ary S 10%
£ 30% g
2 25% G 8%
= <
8 20% © 6%
5 <3
2 15% 5
@ S 4%
5 1.0% o
= )
0.5% I I
0.0% 0% I I
A P N > $ e & Q N O D X S Lo g N 4 $H A P S 0 N I
F ST TP T S 5 5 S T T S 5 s O

Fig. 3. Comparison between controlled farms and animals for cattle (A) and sheep/goats (B). Graphics C and D show the overlap between controlled and controllable farms
for cattle and sheep/goats respectively. Prevalence of cattle (E) and sheep/goats (F) brucellosis in the considered period.
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losis are variable in different countries. In Argentina the average
incidence rate is 1.7 [28], in Nigeria ranges from 9.9 to 15% in cattle
[29], in Libya the prevalence of the disease is 0.2% in cattle, 8.3% in
sheep, and 14.8% in goats [30].
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Epidemiological data on the incidence of human brucellosis are
most likely underestimated, as the disease has nonspecific signs
and symptoms [9,31].

During the period considered in this study, the affected subjects
were commonly young adult males and there was no correlation
between infection and working risk, as the percentage of at-risk
workers was very low during all periods, probably because the out-
breaks did not originate from controlled farms but from unofficial
farming families. This finding is not in agreement with other stud-
ies [12]. Because the difference between the sexes is not linked
to occupational risks, probably males are less careful about drink-
ing unpasteurised or raw milk or eating uncontrolled cheese than
females.

This study also showed that official controls efficiently reduced
the incidence of the disease in animals and humans, with a sig-
nificant decrement of infected compared to controlled animals
following the enactment of decree 519/2002. This finding was in
line with those seen in other studies [32]. The statistically signifi-
cant correlation between animal and human infection means that
veterinary surveillance could eliminate human brucellosis, as was
seen in the northern regions [33].

However, the infection persistence indicates that small breed-
ers, often in the form of farming families who produce and
distribute homemade cheese, could evade the official controls and
be a major cause of the current situation. Particularly, the habit of
adding raw milk to finished cheese to improve its taste is one of
the principle causes of the infection. In fact, when it was possible
to identify the cause of the infection, the major implicated foods
were always local cheeses (“primosale”, “tuma” and “ricotta”).

Moreover, the difference in the hospitalisation rate between
1997-2015 and the 2016 outbreak reveals a probable and signifi-
cant underreporting rate. Indeed, in light of the high hospitalisation
rate registered in the first period, it is very likely that only the
hospitalised cases were reported and not those treated at home.
Probably, the media attention focused on the most recent out-
break has prompted physicians to also report the cases treated at
home. Probably, a large number of non-hospitalized cases were not
reported by family physicians, thus escaping official surveillance.

Conclusions

Brucellosis remain an important public health problem world-
wide. Our findings, although related to a local area, are surely
overlapping to the epidemiological situation of endemic Mediter-
ranean countries. The main public health goal is to decrease
the prevalence of brucellosis among humans by eliminating the
infection sources. Prevention should include implementing of the
governmental surveillance programme to collect all suspected
cases of brucellosis and fight the underreporting which is still much
probable in the studied area; creating a smooth and fast flow of data
reporting from peripheral laboratories to the specific national cen-
tre and endowing peripheral centres with the qualified laboratory
personnel and equipment. Moreover, it is also necessary to enforce
animal controls, vaccinate all susceptible animals and increase the
level of education and awareness among people, especially regard-
ing the consumption of not controlled milk and derivatives. Finally,
the constant prevalence of the infection in animals, particularly
sheep and goats, suggests the need to improve the official con-
trol measures and eradication efforts, especially in breeds that are
currently not controlled and in which a high prevalence of ani-
mal brucellosis is often present. This confirms the need to improve
knowledge of the risks associated with consuming raw milk and its
derivatives, mainly from sheep and goats, and demonstrates that
public health would benefit from cooperation between human and
veterinary health services.

Limit of the study

This research focused the attention on a problem that has
present in many parts of world but that has become uncommon
in high-income countries such as Northern Europe and United
States. For this reason, the findings could not interest the public
health actions in the latters. Moreover, we hypothesise an impor-
tant under-notification rate of the disease but we are not able to
demonstrate or quantify it.
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