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Abstract

Background: Brucellosis is one of the common diseases between humans and animals. We aimed to assess the
annual incidence rate, the geographical distribution of Malta fever using GIS and its time trend.

Methods: This was an ecology study carried out in exploratory mixed design. The study population was the
individuals with brucellosis in Iran during the years 2009-2018. Data analysis has been done using Joinpoint
regression analysis and GIS at a significant level of « = 0.05.

Results: The average annual incidence rate of the disease rate was 19.91 per one hundred thousand people.
The trend of the changes in the incidence between 2009 and 2018 has increased and the Annual Average Per-
cent Change increased by 4.6%. However, a joinpoint was observed in 2014 and the incidence has changed sig-
nificantly at this point in time, so that the annual incidence of the disease has increased more strongly between
2009 and 2014 (APC=17.1%) and then from 2014 to 2018, the incidence of the disease has decrease (APC=-
9.2%). The spatial distribution showed that the western and northwestern provinces have high incidence rate,
but the northern and southern provinces have low incidence rate.

Conclusion: The incidence of brucellosis in Iran is higher than in developed countries and similar to develop-
ing countries. Ten-year trend of disease incidence increased slightly, but it has decreased in recent years. It is
necessary to improve the surveillance system and increase facilities for prevention and treatment in the high-risk
areas including the west and northwest of Iran.
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Introduction

Malta fever or brucellosis is one of the common
zoonotic disease that usually transmitted to hu-
man by infected livestock and consuming non-
pasteurized dairy products(1). Brucella melitensis is
the most common and acute pathogen that can
cause various symptoms such as sudden tremors,
and create general body pains (2).

Malta fever has a high prevalence in developing
countries, and due to the lack of appropriate
monitoring and control programs, its incidence
rate has increased recently (3). This disease car-
ries a large economic burden and causes consid-
erable socio-health complications in endemic are-
as. Brucellosis causes about 500,000 cases annual-
ly all over the world (4).

Iran is the fourth country in the world where
Malta fever is endemic (5). Due to the large
number of nomads, traditional livestock breeding
methods, as well as lack of timely vaccination of
livestock, Malta fever is still one of the most im-
portant communicable diseases in Iran. In Iran,
16,000 cases of Malta fever are reported annually
6, 7).

In order to understand the epidemiology of dis-
eases, how diseases are transmitted, identifying
the pathogen, source, reservoir, incubation period,
ways of prevention and treatment in order to re-
duce the prevalence, we must first increase our
awareness about the spatial distribution and time
trends of the diseases. Place and time are two
important factors in the spread of brucellosis (8).
Few studies in Iran have investigated the epide-
miology of brucellosis (9), so this study was con-
ducted to determine the temporal trend and spa-
tial distribution of brucellosis in Iran during the
years 2009-2018 so that appropriate health inter-
ventions can be made to prevent new cases in the
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coming years and in provinces with high risk of
the disease.

Methods and Materials

Study type and design

This study was an ecological study that was car-
ried out by exploratory mixed design. Explorato-
ry means that these types of studies explore and
describe spatial patterns and temporal trends of
the occurrence of the diseases. Moreover, the
meaning of mixed is that in these studies, the ef-
fect of location (multiple-group study) and the
effect of time (time-trend study) is simultaneously
evaluated and measured (10, 11).

Sources of data collection

Three types of data were used in this study, in-
cluding: 1) data related to patients obtained from
Infectious diseases atlas of Ministry of Health
and Medical Education. 2) Data related to the
population of the provinces taken from the Sta-
tistical Center of Iran. 3) Data related to the geo-
graphic coordinate of the patients. After data col-
lection, the data were cleaned, and finally these
three sources were merged and entered in the
data analysis.

Geographical setting and description of the
Study Area

Iran is a country in southwest of Asia with an
area of 1,648,195 km? located in the Middle East
region. According to the latest information pub-
lished by the World Bank, its population in the
year 2021 was 85,028,760 (12). The geographical
setting of Iran shown in Fig. 1.

1447



Iran J Public Health, Vol. 53, No.6, Jun 2024, pp.1446-1456

< © o © o <
<t < ) ('] o w
L 1 1 [ ] [ ] 1
N
“ =40
%, e w c
‘%%\,\ - g%
Bl gy e
“n\ Aurbll,ln ‘r )y S Noﬂh ~ S
:L s Zanfa' Glhn\ ‘ ‘Q(ﬁ“ /"ﬂ(ho;{sam., ‘-f.,‘\
, g —
\ ; S Mi-ndlran Yan ( |
36 - ‘u.lpvdemﬂ nd ,,%m.m a5~ o S — 3 36
N o nen —. Khorasan ¢
v Wmad:m & —Qom s T A {(
r\;hah 2 —— —— f —
e e P T { @
’ b T Lorestan ofe ~ A 7
& Yliam P Esfahan s (
N = Yazd U South \
32 - b N2 { A [) Khorasan | b 32
Y { Khuzestan A %) =7 ~ sl Lo
[ W, i zaach “ 73
L %% \ { N |/
N | % ) N Y / -
%Y W {
NS p Kerman \
Ae™ Fars :
ﬁ%% A\ \T“-’"‘ ; \\ N
28 - \3i§@ Ui 7 s Log
R e I | Baluchestan )
\:S—»\ /aé”,nm(\’ "‘),« l,l —
3 8 e
Z \_ F-&\' /
e
24 0_ |ZL 250 500 750 1,000 24
1] | ) L) ) 1
£ & 0 o [} @
N (=23 o

Fig. 1: Geographical setting of Iran

Descriptive analysts

The incidence rate and the average annual inci-
dence rate of the disease per 100,000 people was
used for descriptive analysis of the data. We cal-
culated the annual incidence rate for each prov-
ince in Iran for every year in the study period.
Then calculated Average the annual incidence
rates for all provinces each year. This the average
annual incidence rate for Iran during the study
period.

Temporal trend analysis

For examine the time trend of the disease, first
the incidence rate and the average annual inci-
dence rate per 100,000 people between 2009 and
2018 were obtained; then the of the time trend
changes of the incidence rate was analyzed by
Joinpoint regression analysis software and its lat-
est version (Joinpoint Regression Program ver-
sion 4.7.0.0 0 — Feb 26, 2019).

Joinpoint regression analysis is used to detect the
trends and time points when disease incidence
rates change significantly. In this study, disease
incidence rate (per 100,000 people) and the fre-
quency of brucellosis disease were considered as
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dependent variables and the year of diagnosis was
as independent variable. Then, considering that
the dependent variable followed the Poisson dis-
tribution, we used the natural log-linear model to
obtain the Annual Percent Change (APC) and
Average Annual Percentage Change (AAPC) val-
ues. Moreover, to determine the number and ex-
act time of Joinpoints when the occurrence of
the diseases changes significantly, Grid Search
was used. The P-value was calculated using the
Monte Carlo method with 4499 repetitions.
Likewise, Bayesian Information Criterion (BIC)
and Sum of Squared Errors (SEE) were used to
evaluate the precision of the models and select
the best one (13-15).

Spatial distribution analysis

ArcGIS software version 10.8 was used to draw
the zoning of the disease incidence rates. The
zoning method was based on the Natural Breaks
classification system, which is a reliable Geosta-
tistical method grouping similar values of a dis-
tribution. A Natural class is the most optimal
class range found "naturally" in a data set. A class
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range is composed of items with similar charac-
teristics that form a "natural" group within a data
set. In this method based on Jenks Optimization
Method, the individuals ot values that have the
most similarities with the members of their group
and the most differences with the members of
other groups will set in one group.

Ethical Approval

This article is the result of a research project with
ethics code IR.SEMUMS.REC.1401.200, ap-
proved by the Research and Technology Vice-

Chancellor of Semnan University of Medical Sci-
ences.

Results

Descriptive results

The total number of patients over ten years was
155,059. During the years 2009 to 2018, the aver-
age annual incidence rate of the disease was 19.91

per 100,000 people (Table 1).

Table 1: Brucellosis incidence per 100,000 people in provinces of Iran during 2009-2018

Province 2009 2010 2011 2012 2013 2014 201> 2016 2017 2018
East Azerbaijan 2.94 16.92  21.40 34.96 41.16 44.24 34.22 23.68 18.70 13.59
West Azerbaijan 31.28  24.69 34.47 56.69 56.61 51.03 4419 3314 3735 4411
Ardebil 16.93 14.87 14.90 14.62 20.29 20.06 39.97 33.69 3437  41.96
EsfahanIsfahan 1.30 7.60 10.46 13.25 19.17 16.62 15.91 14.90 13.94  12.20
Alborz 0.00 1.11 3.19 3.40 6.41 5.25 5.21 4.83 8.75 6.86
Ilam 20.98 16.75 20.62 22.42 23.85 26.44 24.17 18.79 22.05 15.96
Bushehr 0.31 1.00 2.71 2.93 3.05 5.05 3.17 3.61 2.87 2.58
Tehran 1.57 1.33 1.52 2.00 2.51 2.71 4.07 2.87 2.43 2.09
Chahar Mahall and Bakhtiari 11.87 15.39 28.84  24.72 22.02 23.89 29.38 14.24 14.29 19.63
South Khorasan 19.58 33.60  26.50 23.27 33.20 55.04 30.88 25.62 1844  19.32
Razavi Khorasan 20.72  28.79 32.65 35.25 42.26 40.10 35.17 29.57 39.84 47.64
North Khorasan 7.10 15.88 2374 2953 40.07 46.71 46.53 44.03 37.59 34.21
Khuzestan 0.00 8.62 7.35 7.38 9.54 6.81 7.34 6.01 11.32 10.12
Zanjan 25.74  22.78  27.96 30.47 43.22 59.33 56.34 51.92 40.24  38.76
Semnan 24.28 15.59 18.55 19.41 33.43 31.05 41.34 19.65 18.58 12.79
Sistan and Baluchestan 2.90 7.50 6.08 4.34 6.16 3.66 3.01 3.32 5.67 10.07
Fars 12.91 14.61 20.54  28.02 24.82 24.54 26.01 20.08 17.31 16.21
Qazvin 16.98 16.64  26.05 26.48 29.43 36.01 39.24 3227 27.08 27.13
Qom 3.61 6.55 6.86 6.28 11.77 7.46 12.51 6.19 3.71 5.44
Kordestan 28.21 23.88 35.89 50.33 63.58 101.73 83.48 60.64 77.07  50.06
Kerman 18.43 15.66 14.32 15.96 19.15 16.56 19.20 15.86 18.04  19.26
Kermanshah 43.84  37.33 39.74 39.26 54.31 63.67 70.78 43.07 37.32  35.31
Kohgiluyeh and Buyer Ahmad 17.88 9.03 9.26 10.16 12.94 27.64 18.52 20.48 15.35 16.99
Golestan 15.37 16.34 11.14 19.16 32.52 28.66 27.41 23.92 19.28 19.31
Gilan 1.63 2.80 2.66 3.05 2.64 2.39 3.65 3.75 3.07 4.58
Lorestan 47778  36.52 4817 66.00 72.68 100.06 115.69 80.65 66.33  68.33
Mazandaran 10.49 14.49 14.15 18.14 16.53 11.13 12.71 12.85 13.59 13.92
Markazi 33.21 31.69 42.36 51.87 41.97 35.84 38.01 30.64 30.33  39.13
Hormozgan 212 2.40 1.08 1.36 1.69 1.06 0.86 1.63 1.38 1.19
Hamadan 25.11 33.54  47.49 65.22 85.60 96.28 74.91 50.80 51.14 68.98
Yazd 14.61 13.16 16.12 13.11 26.61 15.33 19.37 13.53 14.65 20.24
Average Annual Incidence Rate  15.47 16.35 19.89 23.83 29.01 32.46 31.71 24.07 2329 2381
for IRAN
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Time trend results

The results related to the trend of the disease
based on the year analyzed by Joinpoint regres-
sion has been shown in Fig. 2 and Table 2.

In Fig. 2, the incidence of the disease by year has
been shown. The trend of changes in the inci-
dence of the disease during the years 2009 to
2018 has increased and AAPC has increased by

4.6%. However, a joinpoint was observed in 2014,
and the incidence of the disease has changed sig-
nificantly at this point in time, so that the annual
incidence of the disease has increased more
strongly between 2009 and 2014 (APC=17.1%),
then from 2014 to 2018, the incidence has de-
creased (APC= -9.2%). More information about
this time trend is shown in Table 2.

All: 1 Joinpoint

35

10

Average Anuual Incidence Rate

* Observed
2009-2014 APC =17.14*
2014-2018 APC = -9.19*

9
2 o s Zs 5 Ve

Time

03 > % % = 5 >

) 0 2
‘e LA ‘s

* Indicates that the Annual Percent Change (APC) is significantly different from zero at the alpha = 0.05 level,

Final Selected Model: 1 Joinpoint.

Fig. 2: Temporal analysis with joinpoint regression models fitted to Average Annual Incidence Rate of Brucellosis in
Iran during 2009-2018

Table 2: More details of temporal analysis with regression models of connection point corresponding to the average
annual incidence of brucellosis

Time frame APC P-value AAPC P-value
Point es- 95% CI Point 95% CI
timate estimate
2009-2014 17.1 9.9,24.9 <0/001 4.6 0.4,9.0 <0/001
2014-2018 -9.2 -17.1,-0.6  <0/001

Spatial distribution results
To analyze the spatial pattern of brucellosis, first
the Incidence Rate of the disease was calculated

1450

during the years 2009 to 2018, and then the zon-
ing of the disease was drawn in the GIS envi-
ronment (Figs. 3 to 5).
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Fig. 3: Incidence of brucellosis during the years 2009(A), 2010(B), 2011(C) and 2012(D)

Figure A-3, which shows the incidence rate in
2009, the two provinces with the highest inci-
dence rate include Lorestan (IR=47.77) and
Kermanshah (IR=43.88) provinces, and the three
provinces with the lowest incidence rate include
Alborz Province (IR = 0), Khuzestan (IR=0) and
Bushehr (IR=0.30).

Figure B-3, which shows the incidence rate in
2010, the three provinces that had the highest
rate of incidence include the provinces of Ker-
manshah (IR=37.32), Lorestan (IR=36.52) and
South Khorasan (IR=33.60) and three provinces
with a lower incidence rate including the prov-
inces of Bushehr (IR=0.99), Alborz (IR=1.11)
and Tehran (IR=1.33).

Available at:  http://ijph.tums.ac.ir

Figure C-3, which shows the incidence rate in
2011, the three provinces that had the highest
incidence rate include the provinces of Lorestan
(IR=48.16), Hamedan (IR=47.48) and Markazi
(IR = 42.36) and three provinces with lower inci-
dence rates including Hormozgan (IR=1.07),
Tehran (IR=1.51) and Gilan (IR=2.66).

Figure D-3, which shows the incidence rate in
2012, the three provinces that had the highest
incidence rate include the provinces of Lorestan
(IR=66.00), Hamadan (IR=65.22) and West
Azerbaijan (IR=506.68) and three provinces with a
lower incidence rate including the provinces of
Hormozgan (IR=1.36), Tehran (IR=2.00) and
Bushehr IR=2.93).
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Fig. 4: Incidence of brucellosis during the years 2013(A), 2014(B), 2015(C) and 2016(D)

Figure A-4, shows the incidence rate in 2013, the
three provinces that had the highest rate of inci-
dence include the provinces of Hamedan
(IR=85.59), Lorestan (IR=72.68) and Kurdistan
(IR=63.58) and three provinces with a lower in-
cidence rate including the provinces of Hor-
mozgan (IR=1.69), Tehran (IR=2.51) and Gilan
(IR=2.63).

Figure B-4, shows the incidence rate in 2014, the
three provinces that had the highest rate of inci-
dence include the provinces of Kurdistan
(IR=101.73), Lorestan (IR=100.05) and Hama-
dan (IR=96.27) and three provinces with a lower
incidence rate including the provinces of Hor-
mozgan (IR=1.06), Gilan (IR=2.39) and Tehran
(IR=2.71).

1452

Figure C-4, which shows the incidence rate in
2015, the three provinces that had the highest
rate of incidence include the provinces of
Lorestan (IR=115.69), Kurdistan (IR=83.48) and
Hamadan (IR=74.91) and three provinces with a
lower incidence rate including the provinces of
Hormozgan (IR=0.86), Sistan and Baluchistan
(IR=3.00) and Bushehr (IR=3.16).

Figure D-4, which shows the incidence rate in
20106, the three provinces that had the highest
rate of incidence include the provinces of
Lorestan (IR=80.65), Kurdistan (IR=60.63) and
Zanjan (IR=51.91) and three provinces with a
lower incidence rate including the provinces of
Hormozgan (IR=1.63), Tehran (IR=2.87) and
Sistan and Baluchistan (IR=3.31).
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Fig. 5: Incidence of brucellosis during the years 2017(A) and 2018(B)

Figure A-5, shows the incidence rate in 2017, the
two provinces that had the highest rate of inci-
dence include the provinces of Kurdistan
(IR=77.06) and Lorestan (IR=06.32) and three
provinces with a lower incidence rate including
the provinces of Hormozgan (IR=1.37), Tehran
(IR=2.42) and Bushehr (IR=2.87).

Figure B-5, shows the incidence rate in 2018, the
two provinces that had the highest rate of inci-
dence include the provinces of Hamedan
(IR=68.98) and Lorestan (IR=68.33) and three
provinces with lower incidence rates including
the provinces of Hormozgan (IR=1.19), Tehran
(IR=2.08) and Bushehr (IR=2.58).

Discussion

The average annual incidence rate of brucellosis
during the years 2009 to 2018 was 19.91 per
100,000 people. The annual average incidence of
the disease in the whole country was 38.67 per
100,000 and considering that only a small per-
centage of brucellosis cases are diagnosed in Iran,
the actual incidence of the disease is probably
significantly higher than the number of reported
cases (16).

A comparison of the incidence rate of Malta fe-
ver in Iran with other countries showed that the
incidence in Iran is significantly higher than in
developed countries such as the United States
and Most European countries (17). The disease is

Available at:  http://ijph.tums.ac.ir

still endemic in the countries of the Middle East,
and the incidence rate has been reported high in
Iran (23.8), Turkey (26.2), Syria (160.3), Saudi
Arabia (21.4), as well as Iraq (27.8). However, in
many countries, the incidence is very low per
100,000 people such as United States (0.04), Italy
(0.9), Spain (1.3), Russia (0.4), Chile (0.006) and
France (0.05) (18). Uneven distribution in differ-
ent countries can be attributed to the low socio-
economic status and undeveloped condition in
farming and ranching industry (19).

In the assessment of the time trend, we found
that the disease incidence has increased by an
average of 4.6% between 2009 and 2018. The
incidence of new cases of the disease is increasing
in Iran. The incidence of brucellosis in Iran in-
creased from 2011 to 2014 and in 2015 compared
to 2014 has decreased and its reduction in 2015
can be attributed to the increase in animal health
and vaccination (17). During the 9-year study pe-
riod in Iran, the incidence of brucellosis has in-
creased between 2010 and 2014. From 2014 to
2017, there was a decreasing trend, but in the last
year of the study, this trend increased again (20).
The spatial distribution of the disease in Iran dur-
ing ten years showed that the western and north-
western provinces of Iran have a high incidence,
the northern and southern provinces of Iran have
a low incidence, and the central provinces have
an average incidence. The distribution of the dis-
ease is uneven throughout the country, though
some cases have been reported in all provinces of

1453



Iran J Public Health, Vol. 53, No.6, Jun 2024, pp.1446-1456

the country; however, its prevalence is more in
the western, northern and northwestern provinc-
es, in the Zagros Mountain region (21, 22). The
highest incidence of Malta fever in the years
2006-2015 was in the provinces of Lorestan,
Hamadan and Kurdistan, Markazi, Kermanshah,
East and West Azarbaijan and North Khorasan,
South Khorasan and Razavi Khorasan (17). The
results of this study were completely compatible
with the results of the present study.

Differences between countties in the incidence of
this disease, there are also fundamental differ-
ences within countries. For example, the inci-
dence rate in Iraq and Egypt varies 4 to 5 times
depending on the region. This highlights the in-
fluence that climate, environmental, socioeco-
nomic, and lifestyle factors have on the disease
incidence (23, 24).

In the western provinces of Iran, due to the
proximity to the Zagros Mountain and the pres-
ence of clump oak forests and fertile soil, the
main economic activities of the people are farm-
ing and ranching. Moreover, due to the move-
ment of nomads, these areas have a higher rate of
Malta than other parts of Iran (25). The provinc-
es outside the Zagros Mountains, such as Qom
and Tehran, the incidence rate was 7 and 10 cases
per 100,000 cases, respectively (7). The studies
are in line with our study and show that the inci-
dence rate of brucellosis in the Zagros Mountains
is significantly higher than other provinces, relat-
ed to the high incidence of brucellosis in Iraq and
Turkey (21).

The studies have stated several reasons for the
high incidence of brucellosis in the Zagros region,
among them, we can mention to the density of
livestock in these areas. Zagros region accommo-
dates 43% (more than 34 million people) of the
total population of Iran and 52 % of the coun-
try's livestock including cows, sheep and goats.
On the other hand, most of the nomadic and ru-
ral population of the country live in the Zagros
Mountains and have a close contact with animals.
These residents often assist in the birth of ani-
mals and are in contact with the placenta and re-
lated secretions, which are the potential agents
for the transmission of Brucella bacteria. Other
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reasons include the low level of hygiene and the
lack of access to antibacterial detergents and dis-
infectants in these areas. Besides, most popula-
tion of in these rural areas, especially nomads,
have insufficient training in terms of transmission
manifestations and complications of brucellosis.
Among other reasons, it can be mentioned to the
continuous consumption of unpasteurized, raw,
and semi-raw dairy products (such as milk and
cream). Due to living in impassable areas, trans-
portation, monitoring and vaccination of grazing
herds are very difficult and not very effective.
Often, several breeders meet in one place and
cause transmission of Brucella from one herd to
another (26-29).

One limitation of this study was the absence of
investigation and evaluation of the temporal
trend and spatial distribution of brucellosis post-
2018, which was attributed to the researchers'
inability to access cleaned data.

3

Conclusion

The incidence of brucellosis in Iran is higher than
developed countries and similar to developing
countries and the incidence of new cases is in-
creasing at a relatively high rate. Generally, during
the years 2009 to 2018, the average annual inci-
dence rate of the disease was 19.91 per 100,000
population. The areas with high incidence or
high-risk cluster during these ten years were
mostly related to the western and northwestern
regions of the country, and the areas with low
incidence or low-risk cluster were related to the
southern and northern regions of Iran. Especially
the increase of new cases and the high number of
these cases in the western and northwestern re-
gions of the country, it is hoped that the results
will help to make appropriate decisions and accu-
rately target health interventions in these regions.
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