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Supplementary Methods 

Section 1. Classification of coexisting conditions 

Coexisting conditions were ascertained and classified based on the ICD-10 codes for the 

conditions as recorded in the electronic health record encounters of each individual in the 

Cerner-system national database that includes all citizens and residents registered in the national 

and universal public healthcare system. The public healthcare system provides healthcare to the 

entire resident population of Qatar free of charge or at heavily subsidized costs, including 

prescription drugs. With the mass expansion of this sector in recent years, facilities have been 

built to cater to specific needs of subpopulations. For example, tens of facilities have been built, 

including clinics and hospitals, in localities with high density of craft and manual workers.1  

All encounters for each individual were analysed to determine the coexisting-condition 

classification for that individual, as part of a recent national analysis to assess healthcare needs 

and resource allocation. The Cerner-system national database includes encounters starting from 

2013, after this system was launched in Qatar. As long as each individual had at least one 

encounter with a specific coexisting-condition diagnosis since 2013, this person was classified 

with this coexisting condition.  

Individuals who have coexisting conditions but never sought care in the public healthcare 

system, or seek care exclusively in private healthcare facilities, were classified as individuals 

with no coexisting condition due to absence of recorded encounters for them.  
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Section 2. Study population and data sources 

Qatar's national and universal public healthcare system uses the Cerner-system advanced digital 

health platform to track all electronic health record encounters of each individual in the country, 

including all citizens and residents registered in the national and universal public healthcare 

system. Registration in the public healthcare system is mandatory for citizens and residents.  

The databases analysed in this study are data-extract downloads from the Cerner-system that 

have been implemented on a regular schedule since the onset of pandemic by the Business 

Intelligence Unit at Hamad Medical Corporation (HMC). HMC is the national public healthcare 

provider in Qatar. At every download all severe acute respiratory syndrome coronavirus 2 

(SARS-CoV-2) tests, coronavirus disease 2019 (COVID-19) vaccinations, hospitalizations 

related to COVID-19, and all death records regardless of cause are provided to the authors 

through .csv files. These databases have been analysed throughout the pandemic not only for 

study-related purposes, but also to provide policymakers with summary data and analytics to 

inform the national response.     

Every health encounter in the Cerner-system is linked to a unique individual through the HMC 

Number that links all records for this individual at the national level. Databases were merged and 

analysed using the HMC Number to link all records whether for testing, vaccinations, 

hospitalizations, and deaths. All COVID-19-related healthcare was provided only in the public 

healthcare system. No private entity was permitted to provide COVID-19-related hospitalization. 

COVID-19 vaccination was also provided only through the public healthcare system. These 

health records were tracked throughout the COVID-19 pandemic using the Cerner system. This 

system has been implemented in 2013, before the onset of the pandemic. Therefore, we had the 
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health records related to this study for the full national cohort of citizens and residents 

throughout the pandemic.  

Demographic details for every HMC Number (individual) such as sex, age, and nationality are 

collected upon issuing of the universal health card, based on the Qatar Identity Card, which is a 

mandatory requirement by the Ministry of Interior to every citizen and resident in the country. 

Data extraction from the Qatar Identity Card to the digital health platform is performed 

electronically through scanning techniques.  

All SARS-CoV-2 testing in any facility in Qatar is tracked nationally in one database, the 

national testing database. This database covers all testing in all locations and facilities throughout 

the country, whether public or private. Every polymerase chain reaction (PCR) test and a 

proportion of the facility-based rapid antigen tests conducted in Qatar, regardless of location or 

setting, are classified on the basis of symptoms and the reason for testing (clinical symptoms, 

contact tracing, surveys or random testing campaigns, individual requests, routine healthcare 

testing, pre-travel, at port of entry, or other).  

Before November 1, 2022, SARS-CoV-2 testing in Qatar was done at a mass scale where about 

5% of the population were tested every week.2 Based on the distribution of the reason for testing 

up to October 31, 2022, most of the tests in Qatar were conducted for routine reasons, such as 

being travel-related, and about 75% of cases were diagnosed not because of appearance of 

symptoms, but because of routine testing.2,3 Subsequently, testing rates decreased, with less than 

1% of the population being tested per week.4 All testing results in the national testing database 

during the present study were factored in the analyses of this study.  

The first large omicron wave that peaked in January of 2022 was massive and strained the testing 

capacity in the country.2,4-6 Accordingly, rapid antigen testing was introduced to relieve the 
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pressure on PCR testing. Implementation of this change in testing policy occurred quickly 

precluding incorporation of reason for testing in a large proportion of the rapid antigen tests. 

While the reason for testing is available for all PCR tests, it is not available for all rapid antigen 

tests. Availability of reason for testing for the rapid antigen tests also varied with time.  

Rapid antigen test kits are available for purchase in pharmacies in Qatar, but outcome of home-

based testing is not reported nor documented in the national databases. Since SARS-CoV-2-test 

outcomes were linked to specific public health measures, restrictions, and privileges, testing 

policy and guidelines stress facility-based testing as the core testing mechanism in the 

population. While facility-based testing is provided free of charge or at low subsidized costs, 

depending on the reason for testing, home-based rapid antigen testing is de-emphasized and not 

supported as part of national policy.  

Qatar launched its COVID-19 vaccination program in December 2020, employing mRNA 

vaccines and prioritizing individuals based on coexisting conditions and age criteria.3,7 COVID-

19 vaccination was provided free of charge, regardless of citizenship or residency status, and was 

nationally tracked.3,7  

Qatar has unusually young, diverse demographics, in that only 9% of its residents are ≥50 years 

of age, and 89% are expatriates from over 150 countries.8,9 Further descriptions of the study 

population and these national databases were reported previously.2,3,6,9-13  
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Section 3. Laboratory methods and variant ascertainment. 

Real-time reverse-transcription polymerase chain reaction testing 

Nasopharyngeal and/or oropharyngeal swabs were collected for polymerase chain reaction 

(PCR) testing and placed in Universal Transport Medium (UTM). Aliquots of UTM were: 1) 

extracted on KingFisher Flex (Thermo Fisher Scientific, USA), MGISP-960 (MGI, China), or 

ExiPrep 96 Lite (Bioneer, South Korea) followed by testing with real-time reverse-transcription 

PCR (RT-qPCR) using TaqPath COVID-19 Combo Kits (Thermo Fisher Scientific, USA) on an 

ABI 7500 FAST (Thermo Fisher Scientific, USA); 2) tested directly on the Cepheid GeneXpert 

system using the Xpert Xpress SARS-CoV-2 (Cepheid, USA); or 3) loaded directly into a Roche 

cobas 6800 system and assayed with the cobas SARS-CoV-2 Test (Roche, Switzerland). The 

first assay targets the viral S, N, and ORF1ab gene regions. The second targets the viral N and E-

gene regions, and the third targets the ORF1ab and E-gene regions. 

All PCR testing was conducted at the Hamad Medical Corporation Central Laboratory or Sidra 

Medicine Laboratory, following standardized protocols. 

Rapid antigen testing 

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) antigen tests were performed 

on nasopharyngeal swabs using one of the following lateral flow antigen tests: Panbio COVID-

19 Ag Rapid Test Device (Abbott, USA); SARS-CoV-2 Rapid Antigen Test (Roche, 

Switzerland); Standard Q COVID-19 Antigen Test (SD Biosensor, Korea); or CareStart COVID-

19 Antigen Test (Access Bio, USA). All antigen tests were performed point-of-care according to 

each manufacturer's instructions at public or private hospitals and clinics throughout Qatar with 

prior authorization and training by the Ministry of Public Health (MOPH). Antigen test results 
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were electronically reported to the MOPH in real time using the Antigen Test Management 

System which is integrated with the national Coronavirus Disease 2019 (COVID-19) database. 

Classification of infections by variant type 

Surveillance for SARS-CoV-2 variants in Qatar is based on viral genome sequencing and 

multiplex RT-qPCR variant screening14 of weekly collected random positive clinical samples,3,15-

19 complemented by deep sequencing of wastewater samples.17,20,21 Further details on the viral 

genome sequencing and multiplex RT-qPCR variant screening throughout the SARS-CoV-2 

waves in Qatar can be found in previous publications.2,3,5,11,15-19,22-26 
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Section 4. COVID-19 severity, criticality, and fatality classification.  

Classification of Coronavirus Disease 2019 (COVID-19) case severity (acute-care 

hospitalizations),27 criticality (intensive-care-unit hospitalizations),27 and fatality28 followed 

World Health Organization (WHO) guidelines. Assessments were made by trained medical 

personnel independent of study investigators and using individual chart reviews, as part of a 

national protocol applied to every hospitalized COVID-19 patient. Each hospitalized COVID-19 

patient underwent an infection severity assessment every three days until discharge or death. We 

classified individuals who progressed to severe, critical, or fatal COVID-19 between the time of 

the documented infection and the end of the study based on their worst outcome, starting with 

death,28 followed by critical disease,27 and then severe disease.27  

Severe COVID-19 disease was defined per WHO classification as a SARS-CoV-2 infected 

person with “oxygen saturation of <90% on room air, and/or respiratory rate of >30 

breaths/minute in adults and children >5 years old (or ≥60 breaths/minute in children <2 months 

old or ≥50 breaths/minute in children 2-11 months old or ≥40 breaths/minute in children 1–5 

years old), and/or signs of severe respiratory distress (accessory muscle use and inability to 

complete full sentences, and, in children, very severe chest wall indrawing, grunting, central 

cyanosis, or presence of any other general danger signs)”.27 Detailed WHO criteria for 

classifying Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection severity 

can be found in the WHO technical report.27  

Critical COVID-19 disease was defined per WHO classification as a SARS-CoV-2 infected 

person with “acute respiratory distress syndrome, sepsis, septic shock, or other conditions that 

would normally require the provision of life sustaining therapies such as mechanical ventilation 
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(invasive or non-invasive) or vasopressor therapy”.27 Detailed WHO criteria for classifying 

SARS-CoV-2 infection criticality can be found in the WHO technical report.27  

COVID-19 death was defined per WHO classification as “a death resulting from a clinically 

compatible illness, in a probable or confirmed COVID-19 case, unless there is a clear alternative 

cause of death that cannot be related to COVID-19 disease (e.g. trauma). There should be no 

period of complete recovery from COVID-19 between illness and death. A death due to COVID-

19 may not be attributed to another disease (e.g. cancer) and should be counted independently of 

preexisting conditions that are suspected of triggering a severe course of COVID-19”. Detailed 

WHO criteria for classifying COVID-19 death can be found in the WHO technical report.28
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