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Introduction



Mass gatherings and infectious disease

• Mass gatherings (MGs) are characterized by a high 
concentration of people at a specific time and location.

• May lead to increased: 
• risk of importation of infectious agents in the hosting country

• risk of outbreak with an unexpectedly high mortality or morbidity

• risk of international disease spread
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• Hajj is the holy pilgrimage for Muslims 

• ~ 2-3 million people gather in 0.65 km² area 

located in Makkah 

• Pilgrims arrive from ~ 180 countries

• Different age groups (majority >40 yo) 
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Meningococcal outbreaks shaped vaccination policy for Hajj 



Questions 

• What is the impact of the mass gathering event, Hajj, on the 
transmission of meningococcal disease ?

• What is the impact of different vaccination coverage and 
efficacies on the probabilities of outbreaks ? 



Methodology 



The Model 

• A compartmental, meta-population, and age 
structured

• to simulate meningococcal transmission among 
pilgrims in Mecca, whole KSA, and other pilgrims’ 
origin.

• Each cluster shares the same representation of 
the infection and demographic processes.

• The processes are simulated following a set of 
ordinary differential equations
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Baseline transmission Transmission with vaccination



Populations were clustered in 5 groups



Key model parameters (base case)



Model calibration

• Using the historical epidemiological data from meningococcal 
surveillance, the model was calibrated to identify the best fit of 
the surveillance data from 1995-2001, and was validated from 
2002-2011

• Cluster-specific transmission parameters: Betac

• Hajj-specific transmission parameters: BetaH

• year-to-year variation in IMD transmission



Results



Calibration results 
and density effect



Impact of lack of vaccination compliance among 
pilgrims

Decrease of vaccination 

coverage among pilgrims could 

lead to outbreaks among 

pilgrims, yet also among other 

populations in Mecca and KSA



Impact of routine vaccination on Hajj-associated IMD

Routine vaccination across KSA reduces the number of IMD cases due to Hajj. 

Routine vaccination in Mecca only have small impact on Hajj-related IMD across the country 



The impact of vaccine efficacy on IMD outbreaks

• Reduced vaccine 
efficacy would 
significantly increase the 
risk of outbreaks during 
Hajj



Interpretations and Conclusions

• Hajj is a catalyst for IMD transmission not only among pilgrims, 
but also among the populations from which the pilgrim are 
originating  

• Higher density significantly increases the transmission of IMD  

• Maintaining a high vaccination rate among pilgrims is important 
to prevent outbreaks during Hajj and outside 

• Maintaining a routine vaccination in KSA is important to reduce 
Hajj-associated outbreaks 

• Efficacy of the vaccine plays an important role in reducing the 
impact of Hajj 



Limitations

• Simplified IMD transmission in Hajj:  
• only 5 clusters were considered in our model whereas pilgrims 

originate from more than 100 countries

• No serogroup-specific modeling 

• Data for calibration lack granularity to better express the 
epidemiological changes overtime and impact of vaccination

• Other preventive and non-pharmaceutical interventions were 
not considered
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