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Abstract
Background: Despite the wide use of vaccination, measles outbreaks still occur. 
Aims: This study assessed cases notified during a measles outbreak in northern Sudan in 2011 and the response of the 
health authorities to contain the outbreak. 
Methods: The records of all measles cases reported to the River Nile State health ministry in 2011 from the Abu Hamad 
locality, a gold-mining area, were reviewed together with the actions of the health authorities at the time of the outbreak. 
Seventeen gold-mining clusters were included. Data on demographic, clinical, geographic and chronological characteris-
tics of the cases were extracted. 
Results: The outbreak occurred from 27 January to 3 May 2011 with the peak in epidemiological week 9. A total of 445 
measles cases were recorded, giving an incidence of 27.1 per 10 000 of the mining and resident population. Most cases 
(87.4%) were aged between 15 and 34 years. High fever was the most common symptom (99.3% of the cases), followed by 
conjunctivitis (80.4%); haemorrhage was recorded in 29.4%. Most cases (84.9%) were unvaccinated. Six deaths occurred 
(case fatality: 1.3%); two from cerebral coma and four from haemorrhagic shock. Severity of disease was significantly as-
sociated with place of origin of the cases (P = 0.003).
Conclusion: The measles outbreak in the gold-mining areas in Abu Hamad had serious consequences attributed to poor 
environmental conditions, overcrowding, poor nutrition and lack of vaccination. The health authority response helped 
end the outbreak. The local health authority should consider the gold-mining areas as a potential risk to public health in 
their future plans. 
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Introduction
Measles is a serious infectious disease affecting all age 
groups, particularly children under 5 years (1–3). An indi-
vidual with measles can spread the infection to healthy 
contacts a few days before and after the onset of the rash. 
Once recovered from measles, immunity is life-long 
(4,5). A suspected outbreak of measles is defined as “the 
occurrence of five or more reported suspected cases of 
measles in one month per 100 000 population living in 
a geographical area (e.g. district/block)” (6). A confirmed 
measles outbreak is defined as “the occurrence of three 
or more confirmed measles cases (at least two of which 
should be laboratory-confirmed; IgM positive) in a health 
facility/district/block (approximate catchment popula-
tion of 100 000) in a month” (6). 

The measles vaccine is one of the best public health 
strategies to reduce morbidity and mortality caused 
by measles. During 2000–2017, the annual reported 
measles incidence decreased 83%, from 145 to 25 cases 
per million population (7) and the estimated number of 
measles cases and deaths declined by 80% (7–10). Despite 

global immunization efforts, outbreaks in developed 
and developing countries have been recorded, which are 
attributed to pockets of a population where vaccination 
coverage is low (11,12).  

A well-established case surveillance system can 
ensure early detection, investigation and confirmation 
of every suspected measles case in a community (13). 
Detection of an outbreak relies on the ability of the 
responsible authority to recognize an increase in 
measles cases significantly above the number normally 
expected. Response to measles outbreaks includes 
immunization, case management and raising public 
awareness (14).

Sudan is a sub-Saharan African country with a 
population of 33 419 000 people (2011 census) (15). The 
country started measles vaccination in 1985 (16). A 
measles elimination programme was adopted at both 
the national level and state levels. During 2004, River 
Nile State implemented four strategies to eliminate 
measles through catch-up and follow-up vaccination 
campaigns which achieved 100% coverage. A second dose 
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of the measles vaccine was introduced in 2012 and is 
recommended to be given at 18 months of age (17).  Sudan 
adopted the guidelines of the World Health Organization 
(WHO) and United Nations Children’s Fund (UNICEF) for 
childhood immunization, and immunization coverage 
reached 85% of children aged one year in 2012 (18). As 
with other complications of measles, the risk of death is 
highest in children and young adults (19).

The aim of this report was to review the notified cases 
of measles during a measles outbreak that occurred in 
the traditional (non-organized, rural) gold-mining areas 
in Abu Hamad, River Nile State, north Sudan in 2011 and 
document the response of the health authority.

Documentation of this outbreak is important 
because of its occurrence in an unusual setting. The 
gold miners worked in remote and poor areas where 
essential health services are lacking, and there is 
constant movement in and out of the areas. Most 
of the miners came from the western part of Sudan 
where vaccination rates are low. These factors may 
disturb the measles herd immunity. Some of the cases 
presented with haemorrhagic symptoms which are 
rarely reported in the literature during the measles 
outbreak. This report also documents the interventions 
taken to contain the outbreak. In light of the outbreak, 
it is important that the local health authority consider 
the gold-mining areas as one of the potential risks for 
public health in their future plans. 

Methods
Study setting
River Nile State is in the northern part of Sudan and 
covers an area of 122 123 km². It has a population of  
1 190 578 (2010) (15). The state borders Egypt in the north, 
Northern and North Darfur States in the west, Red Sea 
and Kassala states in the east and Khartoum State in the 
south. River Nile State has six localities (Abu Hamad, 
Berber, Atbara, Ad Damar, Shendi and Al Matamma). 
Abu Hamad was the most affected by the 2011 measles 
outbreak, especially those working in gold mining. Abu 
Hamad is in the northern part of the state and has a pop-
ulation for 69 056 (5.5% of the total population of River 
Nile State), in addition to an estimated 95 029 gold min-
ers who come from different parts of Sudan or neigh-
bouring countries. According to the River Nile State un-
published EPI report, 2011–2012, the age distribution of 
the Abu Hamad population was as follows: 9.4% were < 
1 year, 17.3% were 1–5 years, 34.6% were 6–15 years and 
38.7% were > 15 years. 

The gold-mining areas are located in the desert far 
from the urban areas on the banks of the River Nile. At 
the time of the outbreak, there were 17 gold-mining areas, 
the biggest of which was Gabgaba where most of the 
measles cases were reported. The area is characterized 
by overcrowding, poor health infrastructure and poor 
hygiene facilities. All these factors have a negative impact 
on the public health (20).

The River Nile State health system provides both 
curative and preventive health services through the 
public and private sector. The public health facilities for 
River Nile State include 33 hospitals and 318 primary 
health care centres as well as three military and two 
police hospitals (21). The private health facilities include 
three hospitals and five health centres. In Abu Hamad 
locality, there is one public sector hospital, 10 public 
sector primary health care centres and one private health 
care centre.

Sudan has a good surveillance system for infectious 
diseases. The Federal Ministry of Health has a well-
established Expanded Programme on Immunization 
(EPI) that provides vaccination services free of charge to 
all the population. This programme has had a system of 
case-based and laboratory-based surveillance to monitor 
measles cases and deaths since 2006. Good-quality 
surveillance has been maintained in 30 sentinel sites. 

During this outbreak, the health ministry of River 
Nile State, with support from the Federal Ministry of 
Health, monitored and coordinated the outbreak control 
activities in Abu Hamad locality, mainly in the gold-
mining areas where the outbreak occurred. 

Surveillance and case definition of measles
In Sudan, measles is a disease that requires mandatory 
notification. The local health authorities report suspected 
and confirmed measles cases to the Federal Ministry of 
Health monthly. During the 2011 outbreak, this procedure 
was modified within a few days of onset of measles in 
the index case on 1 February 2011. Physicians and medical 
assistants working in both public and private sectors in 
the state were notified through official letters and mobile 
telephone numbers and were asked to report suspected 
measles cases to both the local health authorities and the 
State health ministry within 24 hours. Local health au-
thority personnel made an epidemiological investigation 
of suspected cases including laboratory investigations 
and contact-tracing. 

A suspected measles case was defined as any person 
within the Abu Hamad locality with a fever (≥ 38 °C), 
generalized rash and at least one of the following 
symptoms: cough, coryza or conjunctivitis during the 
period 27 January to 3 May 2011. A confirmed case was 
defined either as a laboratory-confirmed case or a case 
with an epidemiological link to a confirmed case (22). 
Line listing was done which included the demographic 
and clinical characteristics of each suspected case, 
vaccination history, date of onset of symptoms and 
outcome. For calculation of the cumulative measles 
incidence rate, we divided the number of suspected 
cases reported through the surveillance system during 
the outbreak period (2011) by the estimated population 
of Abu Hamad locality plus the estimated number of 
miners and multiplied by 10 000 (23). A daily bulletin 
was prepared and sent to the Federal Ministry of 
Health with information on age, sex, case fatality rate 
and control measures implemented. The data from 
these bulletins were used for our report. The Federal 



154

EMHJ – Vol. 26  No. 2 – 2020Research article

Ministry of Health and the WHO country office in 
Khartoum sent a mission with experts from EPI, the 
epidemiology department of the Federal Ministry 
of Health and the national public health laboratory. 
Together with the State health ministry team, they 
visited Abu Hamad hospital and some of the gold-
mining areas. An action plan was put in place to 
contain the outbreak. All outbreak investigation steps 
and control activities were supported by the Federal 
Ministry of Health. 

Statistical analysis
Data were cleaned and entered into Microsoft Excel and 
then converted to SPSS, version 21. The chi-squared test 
was used to compare associations between proportions, 
such as the deaths, and other variables, e.g. age, symp-
toms and workplace. A P-value ≤ 0.05 was considered sta-
tistically significant.

Ethical considerations
Ethical approval was obtained from the Ethical Commit-
tee of the College of Medicine, Nile Valley University and 
State Ministry of Health. All personal data were kept con-
fidential and used only for the purpose of the study.

Results
Epidemiological characteristics
The outbreak occurred mainly in 17 gold-mining areas of 
Abu Hamad locality and lasted from 31 January to 3 May 
2011. A total of 445 cases were reported, giving an inci-
dence of 27.1 per 10 000 of the mining and resident popu-
lation. Of the 445 cases, 25 were suspected cases that had 
no epidemiological links, 22 were laboratory-confirmed 
cases and an epidemiological link was found in 398 cases.

The male to female ratio of cases was 27: 1. The mean 
age of cases was 25.5 (standard deviation 7.4) years, and 
young adults aged 15–34 years were the most affected 
age group, 389 (87.4%) (Table1). The place of origin of the 
cases differed; most had migrated from other states of 
Sudan (mostly North Kordofan State in western Sudan), 
and a few cases were from neighbouring countries such 
as Eritrea and Ethiopia (Table 1). Gabgaba, which is the 
biggest of the gold-mining areas in the locality, had the 
greatest proportion of cases, 133 (29.9%) and Al Galah 
and Al Gouz had the fewest, with one case (0.2%) each 
(Table 1).

Of the 445 notified cases, 378 (85%) were unvaccinated 
(Table 2). A statistically significant association was found 
between age group and vaccination status (P < 0.001) 
(Figure 1).

Clinical presentation
Table 2 shows the symptoms, complications and haem-
orrhagic symptoms of measles cases. About a third of the 
cases (35.7%) experienced loss of consciousness and two 
(0.4%) went into a coma. No statistically significant corre-
lation was found between age and clinical characteristics 
of the patients (P > 0.05).

Table 1 Sociodemographic characteristics of notified measles 
cases, Sudan, 2011

Characteristic No. %
(n = 445)

Sex

Male 429 96.4

Female 16 3.6

Age group (years)

< 1 1 0.2

1–4 1 0.2

5–14 13 2.9

15–24 197 44.3

25–34 192 43.1

35–44 28 6.3

≥ 45 13 2.9

Place of origin (n=423)

North Kordofan State 203 48.0

River Nile State 51 12.1

South Darfur State 46 10.9

North Darfur State 28 6.6

Khartoum State 25 5.9

El Gezira State 20 4.7

Kassala State 9 2.1

West Darfur State 9 2.1

Northern State 7 1.7

Sennar State 6 1.4

Gedaref State 5 1.2

South Kordofan State 4 0.9

Ethiopia 4 0.9

West Kordofan State 2 0.5

Eritrea 2 0.5

Blue Nile State 1 0.2

Red Sea State 1 0.2

Residence in gold-mining area 

Gabgaba 133 29.9

Twaheen 101 22.7

Namira 72 16.2

Alkhala 34 7.6

Aldahab company 21 4.7

Shalateen 21 4.7

Abu Hamad town 15 3.4

Alnabia 15 3.4

Kurgus 9 2.0

Egypt border 7 1.6

Atbara 3 0.7

Umserah 4 0.9

Wadi Arab 3 0.7

Hourse Naseb 3 0.7

Al Hush 2 0.4

Al Galah 1 0.2

Al Gouz 1 0.2
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Of the 445 cases, 186 (41.8%) were admitted to hospital 
and the average length stay was 5 days. Routine laboratory 
investigations were done for all cases admitted to 
hospital, including haematological and biochemical tests. 
The blood samples were tested by ELISA. For samples that 
were not conclusive, then real-time polymerase chain 
reaction was done. These tests are done in the National 
Public Health Laboratory at Khartoum. Specific tests for 
measles (real-time polymerase chain reaction and IgM) 
were conducted for only 29 cases (Table 2). This was 
because of the scarcity of laboratory resources so priority 
was for well-prepared samples – bad packing of samples 
and maintenance of the cold chain during transportation 
were challenges. The measles tests gave positive results 
for 76% (22/29) of the cases tested. All cases admitted to 
hospital were managed based on their symptoms. Most 
of the patients recovered and were discharged. However, 

six cases died between 16 and 28 February 2011, all of 
whom were males, giving an overall case fatality rate of 
1.3%. Four of the six patients who died were unvaccinated. 
The highest case fatality rate was in the age group ≥ 45 
years (7.7%), followed by children aged 1–14 years (6.7%), 
then adult’s aged 35–44 years (3.6 %), and finally young 
adults aged 15–34 years (0.8%). 

The severity of measles was strongly associated with 
outcome, gold-mining area and place of origin. Two 
measles cases went into a coma and died; one of these 
cases was younger than 14 years and the second was in 
the age group 25–34 years (P < 0.001). Four measles cases 
with haemorrhage died (P = 0.014). The highest numbers 
of reported cases were from Gabgaba and these case were 
also the most severe (P = 0.015). A statistically significant 
association was found between severity of disease and 
place of origin of the cases (P = 0.003).

Measles outbreak
The first reported case (index case) was a 33-year-old Su-
danese national. He had migrated from the western part 
of Sudan for work and worked mainly in Gabgaba. He felt 
sick on 27 January 2011 and was admitted to hospital on 
28 January with a skin rash, fever, conjunctivitis, cough, 
headache, anorexia, myalgia and backache. He was un-
vaccinated. Analysis of routine data allowed an addition-
al case to be identified that had been notified in the same 
place. Many of the measles cases (n = 133) came from 
the same mining area (Gabgaba) as the index case. This 
measles outbreak spread rapidly in large areas because of 
overcrowding, poor environmental conditions and mal-
nutrition. The outbreak started in epidemiological week 
4 and ended in week 18, 2011 (Figure 2). The highest num-
ber of cases (peak) was reported on 1 March (week 9) and 
then the numbers continued to decline until 3 May 2011 
(week 18) after isolation of cases and implementation of 
other control measures (Figure 3). 

Outbreak response
In response to the clusters of measles cases, active trac-
ing of susceptible contacts was done by the local health 
authority. An outbreak investigation was launched at the 
gold-mining areas in Abu Hamad locality especially in 
areas reporting many cases (Table 1). A public awareness 
campaign was implemented at the most seriously affect-
ed places (during week 9 until week 18). This campaign 
was done with media support. Physicians were urged to 
play their part, and the telephone numbers of the state 
epidemiology director and state EPI coordinator were 
made available to physicians for further information or 
any kind of support. In addition, mobile cinema shows 
were used to raise awareness, lectures were given and 
pamphlets were distributed to the public mainly in the 
markets and areas where people gather. The key messag-
es included early reporting to the hospital any cases of 
skin rash, fever, haemorrhage or any unexplained sign 
or symptom, avoidance of overcrowded areas, the impor-
tance of vaccination, and the importance of early diagno-
sis to prevent complications.

Table 2 Clinical characteristics and complications of notified 
measles cases (n = 445), Sudan, 2011

Characteristic Yes No

No. % No. %

Symptoms

Fever 442 99.3 3 0.7

Conjunctivitis 358 80.4 87 19.6

Arthralgia 348 78.2 97 21.8

Myalgia 275 61.8 170 38.2

Backache 337 75.7 108 24.3

Anorexia 432 97.1 13 2.9

Headache 365 82.0 80 18.0

Complications

Pneumonia 376 84.5 69 15.5

Blurring of vision 337 75.7 108 24.3

Loss of consciousness 159 35.7 286 64.3

Coma 2 0.4 443 99.6

Haemorrhagic symptomsa

Haematemesis 131 29.4 314 70.6

Melena 107 24.0 338 76.0

Haemoptysis 103 23.1 342 76.9

Epistaxis 97 21.8 348 78.2

Haematuria 32 7.2 413 92.8

Characteristic No. %

Vaccination status

Vaccinated 67 15.1

Not vaccinated 378 84.9

Sample taken

No 4 0.9

Yes 29 6.5

Unknown 412 92.6

Outcome

Survived 439 98.7

Died 6 1.3
aMultiple answers were possible.
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In addition, a vaccination campaign was conducted 
by the health authorities following confirmation of 
the measles outbreak. The campaign had two parts 
depending on the targeted groups. The main campaign 
targeted the gold-mining areas where miners were 
distributed over a very large area in the desert. For 
this part, well-prepared mobile teams were needed. 
The second part of the campaign targeted the urban 
community of Abu Hamad. The targeted population 
for the vaccination campaign was 95 029 people. 

Vaccination coverage was 67.6%, which was less than 
expected because the gold miners were often moving 
and the population itself changed. All suspected and 
confirmed cases were managed free of charge as is the 
usual practice in the case of outbreaks. 

Discussion 
The measles outbreak in 2011 occurred in gold miners in 
Abu Hamad locality in River Nile State with 445 cases re-
ported from the end of January to 1 May. This outbreak 

Figure 1 Age distribution of notified measles cases according to vaccination status, Sudan, 2011 (n = 445, P < 0.001)
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occurred mainly among young adult men from different 
geographical and demographic backgrounds who lived 
in crowded housing in the gold-mining region. Quite a 
large proportion of the cases had haemorrhagic symptoms 
suggesting a severe form of measles (haemorrhagic mea-
sles) characterized by dark, haemorrhagic skin eruptions, 
which is generally rare (19). 

Because of the widespread use of measles vaccination, 
the incidence of measles has fallen worldwide (24). 
However, measles continues to circulate in many 
countries and remains one of the leading killers of 
children globally (9). In the 2011 outbreak in Sudan, the 
case fatality rate (1.3%) was significantly associated with 
age (P < 0.001) with the highest rate in those more than 
45 years (7.7%). This shifting of measles deaths to the 
older age group could be because the affected population 
was mostly gold miners. This upward shift is consistent 
with an outbreak that occurred in Bavaria, Germany in 
2007 (25). This can be explained by non-vaccination or 
suboptimal measles vaccination coverage and a delay in 
implementing follow-up supplementary immunization 
activities (26). Moreover, migration of young people 
from areas with low vaccination coverage to the gold-
mining areas can threaten herd immunity and increase 
the likelihood of infectious disease outbreaks (4,14). 
Nonetheless, about 15% of the measles cases in the 2011 
outbreak were vaccinated but scientists are still not 
entirely sure why certain individuals who are fully 
vaccinated get the measles. However, due to biological 
and environmental factors, individuals’ immune systems 
can respond differently. 

Geographically the outbreak of measles occurred in 
rural areas, mainly in the gold-mining areas, rather than 

the urban areas of Abu Hamad locality. The association 
between severity of disease and place of origin could be 
due to the low immunization status of individuals from 
these areas compared with those coming from and living 
in North Sudan. 

Outbreaks affecting young adults and older people 
pose several challenges for control because these 
individuals are highly mobile, especially in gold-
mining areas, and they have more social contacts 
beyond their family than young children. This explains 
the rapid progression of this outbreak. Despite the 
efforts of the local health authority to implement 
isolation measures, raise awareness of the community, 
and publicize advice to the population to check and 
update their vaccination status, the outbreak lasted 
for 14 weeks (epidemiological weeks 4 to 18). Because 
of logistics and financial issues, it took longer for 
local health authorities to put in place sufficient 
control measure, so the response was delayed. Two 
supplementary vaccination campaigns were carried 
out, which is in line with WHO recommendations 
which strongly advise supplementary immunization 
activities during outbreaks in closed communities or 
institutions (27). A study in Africa showed that mass 
vaccination campaigns could slow epidemic spread of 
a disease even in urban settings (28). 

In the 2011 outbreak in Sudan, 85% of the cases 
were unvaccinated which may be because of many 
contributing factors such as poor accessibility of health 
facilities, complex logistics, weak health systems, lack of 
government funding, civil unrest and displaced persons, 
especially in the eastern states of Sudan as most cases 
came from these areas. 

Figure 3 Epidemiological curve of cases during the measles outbreak, Sudan, 2011 
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There were some limitations to the data available. 
The vaccination status of cases was based on patient 
recall; therefore, recall bias might have occurred. The 
available line list did not provide full information on 
duration of hospital admission which would have been 
useful for reporting further complications that occurred 
for cases. 

Conclusion
The measles outbreak in the gold-mining areas of Abu Ham-
ad locality was associated with serious consequences which 
could be attributed to poor environmental conditions, over-
crowding, poor nutrition and lack of vaccination. The health 
authority response helped bring the epidemic to an end.
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وباء الحصبة في صفوف عمال مناجم الذهب في ولاية نهر النيل، السودان، 2011
أمل سُليمان، وديع المدهون، سُفيان نور،أحمد المبارك، سارة بشارة، ميساء عثمان، هيثم عوض الله، محمد أحمد

الخلاصة
الخلفية: على الرغم من استعمال اللقاح المضاد للحصبة على نطاق واسع، فما زالت أوبئة الحصبة تحدث. 

رت الدراسة الحالات المبلغ عنها أثناء أوبئة الحصبة في شمال السودان في عام 2011، واستجابة السلطات الصحية لاحتواء هذا الوباء.  الأهداف: قدَّ
طرق البحث: رُوجِعَتْ سجلات حالات الحصبة التي أُبلغت إلى وزارة الصحة بولاية نهر النيل في عام 2011 من محلية »أبو حمد،« وهي منطقة 
للتنجيم عن الذهب، واستُعرضت الإجراءات التي اتخذتها السلطات الصحية وقت حدوث الوباء. وأُدرجت المجموعات المعنية بتعدين الذهب 

بإجمالي 17 مجموعةً. واستُخرجت البيانات المتعلقة بالخصائص السكانية، والسريرية، والجغرافية، والزمنية. 
النتائج: وقع الوباء في الفترة من 27 يناير/كانون الثاني إلى 3 مايو/أيار 2011 ووصلت إلى ذروتها في الأسبوع التاسع. وسُجل ما مجموعه 445 
حالة حصبة، بواقع 46.8 حالة لكل 10000 نسمة من السكان العاملين في التعدين. وتراوحت أعمار معظم الحالات )87%( بين 15 و34 عاماً. 
وكانت الحمى المرتفعة هي أكثر الأعراض الشائعة )99.3% من الحالات( يليها  التهاب الملتحمة )80.4%(. وسُجلت حالات نزيف في %29.4 

Flambée de rougeole chez des mineurs d’or de l’État du Nil (Soudan) en 2011
Résumé
Contexte : Malgré le recours généralisé à la vaccination, des flambées de rougeole surviennent toujours. 
Objectifs : La présente étude a évalué les cas notifiés lors d’une flambée de rougeole dans le nord du Soudan en 2011 ainsi 
que la réaction des autorités sanitaires pour endiguer cette flambée 
Méthodes : Les dossiers de l’ensemble des cas de rougeole notifiés au ministère de la Santé de l’État du Nil en 2011 par la 
localité d’Abu Hamad, zone d’exploitation minière aurifère, ainsi que les mesures d’intervention des autorités sanitaires 
au moment de la flambée, ont été examinés. Au total, 17 groupements de mines d’or ont été inclus. Des données sur les 
caractéristiques démographiques, cliniques, géographiques et chronologiques ont été extraites. 
Résultats : La flambée est survenue du 27 janvier au 3 mai 2011, le pic ayant été atteint durant la neuvième semaine 
épidémiologique. Au total, 445 cas de rougeole ont été enregistrés, soit une incidence de 46,8 pour 10 000 parmi la 
population de mineurs. La majorité des cas (87 %) étaient âgés de 15 à 34 ans. Une forte fièvre était le symptôme le plus 
courant (99,3 % des cas), suivi par une conjonctivite (80,4 %). Une hémorragie a été rapportée dans 29,4 % des cas. La 
plupart des cas (84,9 %) n’étaient pas vaccinés. Six décès sont survenus (taux de létalité : 1,3 %) ; deux étaient dus à un coma 
cérébral et quatre à un choc hémorragique.  Une relation statistiquement significative a été constatée entre la sévérité de 
la maladie et l’origine géographique des cas (p = 0,003).
Conclusions : La flambée de rougeole dans les zones d’exploitation minière aurifère de la localité d’Abu Hamad était 
associée à de graves conséquences, dues à des conditions environnementales défavorables, à la promiscuité, à une mauvaise 
alimentation et à une vaccination insuffisante. L’intervention des autorités sanitaires a permis d’enrayer la flambée.
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من المرضى. ولم تكن معظم الحالات قد تلقت التطعيم )84.9%(. ووقعت 6 وفيات )معدل إماتة الحالات: 1.3%(؛ اثنتان منها بسبب الغيبوبة 
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