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Technical Synthesis 

View the full Technical Synthesis at 
bit.ly/CoVICIS-Policy-Technical-Synthesis 

Module 1: Lessons from Science during COVID-19 
This module provides background on multi-disciplinary, international research collaborations 
funded by the European Commission during the hot phase of the COVID-19 pandemic to 
monitor its spread, evolution and assess how to protect people from its worst effects.  

Module 2: Pandemic preparedness and response  
The COVID-19 pandemic saw a substantial investment into collaborative research projects that 
would produce evidence to support public health decisions. This research produced extremely 
helpful findings for combating the pandemic during the fast-moving, pre-peak, and post-peak 
phases, where mitigation and control measures became most urgent. They also produced a 
range of findings that can inform future policy decisions on pandemic preparedness and 
response. This module extracts detailed lessons from science that can inform pandemic 
preparedness and how to intervene in future pandemics. 

Module 3: Effects of vaccines and antibodies from prior infection on 
COVID-19 
During the COVID-19 pandemic, governments invested in rapid development of vaccines to 
prevent and counteract the SARS-CoV-2 virus. This provided a critical moment in history to 
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understand the challenges and opportunities afforded by vaccines during a pandemic. This 
module summarizes key lessons regarding the effect of vaccines and antibody evolution on 
morbidity and mortality during the COVID-19 pandemic. 

Module 4: Public health outreach requires population-specific 
design 
The COVID-19 pandemic provided important lessons on how populations respond to pandemics 
and efforts to combat them. This module summarizes lessons from science about designing 
public health strategies for the best effect during a pandemic. 

Module 5: COVID-19 effect on children and vulnerable populations 
Not all people experienced COVID-19 the same way. Both the virus itself and the efforts made by 
governments and multilaterals to protect public health during the pandemic produced different 
effects in different populations. This module summarizes the evidence on how COVID-19 
affected children and vulnerable populations. 

Module 6: Long-COVID 
One tragic effect of the COVID-19 population remains the largely unresolved effects of “long 
COVID.” This incapacitating response to the SARS-CoV-2 virus has left a lasting mark on a 
substantial number of people infected by SARS-CoV-2. This module summarizes the current 
scientific outlook on long COVID.  

Module 7: Research considerations, knowledge and evidence gaps 
that merit further study 
Researching the spread and evolution of a pandemic-causing virus is complicated. Before 
COVID-19, the approach of governments and multi-laterals to pandemic preparedness had 
remained largely abstract. The rapid scale-up of research during COVID-19 reaped many rewards. 
It also highlighted key gaps in knowledge that remain to be filled. This module provides an 
overview of areas where scientific advancement remains a priority. 
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Module 1: Lessons from Science during COVID-19 
This module provides background on CoVICIS, a multi-disciplinary, international research 
collaboration funded by the European Commission during the hot phase of the COVID-19 
pandemic to monitor its spread, evolution and assess how to protect people from its worst 
effects.  

In January 2022, Centre Hospitalier Universitaire Vaudois (CHUV) launched the three-year EU-
Africa Concerted Action on SARS-CoV-2 Virus Variant and Immunological Surveillance (CoVICIS) 
project with 14 partners from Switzerland, Italy, France, Germany, the Netherlands, Ethiopia, and 
South Africa. Together, they aimed to contribute to the early identification of emerging COVID-19 
Variants of Concern; and obtain in-depth understanding of the risk and protective factors to 
SARS-CoV-2 infection as well as the evolution of the virus in different risk, gender and age groups.  

CoVICIS represented a global approach to combatting the SARS CoV-2 pandemic, coupling state-
of-the-art virologic and immunologic platforms with large genomic surveillance studies and 
diverse cohorts in Europe and sub-Saharan Africa (SSA).  

The rapid investment of the European Union (EU) in projects like CoVICIS and others in the Cohort 
Coordination Board (CCB) network during the pandemic was unprecedented and invaluable. It 
enabled citizens and policymakers to have access to valid evidence about how to reduce the 
spread of SARS-CoV-2 during the early critical years of the pandemic. The heterogeneity of 
research design and population-specific responses typically makes it difficult to generate a clear 
and generalizable picture of how a virus like SARS-CoV-2 spreads and affects different groups of 
people, as well as how vaccines and other tools should be used to tackle a public health crisis. 
For this reason, international research collaboration is critical to quickly compare cross-border 
data, combine expertise of different institutions, and produce policy-relevant recommendations 
that can save lives and reduce morbidity.  

CoVICIS was one such approach that helped provide crucial data to decision-makers to inform 
evidence-based approaches to address the pandemic. 
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Who cares, or should care, and why? 
The World Health Organization ended COVID-19 qualification as public health emergency of 
international concern on 5 May 2023. Given the evolution of the SARS-CoV-2 virus, and the 
absence of vaccines providing long-lasting protection, COVID-19 entered an endemic phase.  

During the pandemic’s “hot” phase, public health surveillance agencies were highly engaged with 
COVID-19 researchers and eager to quickly capitalize on COVID-19 research findings to adapt 
national public health responses. Some researchers reported meeting with public health and 
surveillance authorities as often as weekly during this time, which informed decisions about a 
myriad public health policy decisions, including: 

 How to stop the exponential spread of the virus;  

 Whether schools, public venues and public transportation should be opened or closed; 

 Who should be the first to get vaccines when they became available; and 

 How frequently vaccines should be administered.  

This close, day-to-day collaboration early in the pandemic was crucial to inform a timely and 
effective pandemic response. While other priorities have since arisen to occupy policymaker 
attention, PPPR nonetheless requires constant vigilance and maintenance of the networks and 
connections that have already been formed. 

To avoid the risk of another deadly pandemic, decision-makers need to maintain their focus on 
pandemic PPPR planning, wisely building on what was learned during the COVID-19 pandemic.  

Findings and recommendations 
A full report (see link here) summarizing 2.5 years of published research details more than thirty 
findings and recommendations. In brief, these can be grouped into those related to PPPR; and 
those specifically related to COVID-19. 

Pandemic Preparedness, Prevention and Response 
Finding Recommendation 
Multidisciplinary, international research 
collaboration, combined with high-quality, 
varied and longitudinal cohort data is 
needed to help policymakers respond to 
pandemic questions about multivalent 
immunity and treatment options for 
different contexts and populations.  

Governments and multilaterals that wish to 
prepare for and manage emerging pandemics 
should prioritize substantial, ongoing funding 
for international, multidisciplinary research 
collaboration with large, varied cohorts and a 
sufficiently long-term time horizon to monitor 
viral changes, the impact of vaccines or other 
interventions, and their effects in different 
contexts and populations and over time. 
 

Pandemic prevention and response 
requires vigilance regarding viral evolution 
and must include longitudinal patient data 
monitoring, especially among 
immunocompromised and other at-risk 
populations.  
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Finding Recommendation 
Long-term international collaboration is 
urgent and essential for monitoring 
pathogenesis, emergence of variants of 
concern (VOC), virulence of new variants, 
international spread of VOC and response 
to vaccines.  

Public health administrative / register-
based data needs to be better 
standardized, harmonized, and shared to 
manage international pandemic response 
efficiently and effectively.  

To ensure efficient and effective pandemic 
response, governments and multilaterals 
should invest in regional and international 
harmonization of regulatory requirements for 
sharing of data and equipment and/or include 
provisions within the research grant that 
enable flexible means of overcoming 
administrative obstacles to effective 
international research cooperation. 

COVID-19 
Finding Recommendation 
Vaccination, including boosters has proven 
to be a safe and effective way to lessen the 
public health impacts of the COVID-19 
pandemic on the general population, and 
especially on fragile populations.  

To lessen the effect of a pandemic, 
governments should invest in rapidly 
developing and producing safe and effective 
vaccines; ensuring the general population – 
especially high-risk groups, and particularly in 
low and middle-income countries -- has 
equitable access to vaccines; and adopting a 
holistic strategy that includes public health 
measures to manage pandemics effectively. 

Population behavior was a major factor 
influencing COVID-19 morbidity and 
mortality, as individual traits and 
characteristics affected vaccine uptake.  

Governments and multilaterals need to fund 
and launch public education campaigns to 
reduce vaccine hesitancy. The campaigns 
should take into account messages which 
build on areas of science which vaccine 
resisters are known to trust, e.g., cancer 
treatment. People more likely to contract 
COVID-19 require better targeting and 
outreach during the next pandemic. 

Although children overall were less 
severely affected by COVID-19, 
adolescents experienced post COVID 
symptoms overlapping with other viral 
infections, and children from low- and 
middle-income countries were 
disproportionately affected.  

Funded research on COVID-19 requires 
inclusion and special focus on children and 
adolescents to yield insights into how the 
virus attacks different immune systems. The 
Global Accelerator for Pediatric Formulations 
(GAP-f) framework should be applied to 
COVID-19 medicines, ensuring widespread 
access to all safe and effective drugs, 
enabling the rapid development of age-
appropriate formulations, and developing 
specific access plans (including stability, 
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storage, packaging, and labeling) for 
distribution in LMICs. 

While COVID-19 has become endemic, it 
still presents great risk to vulnerable and 
immune-compromised people, whom 
“long COVID” continues to disable. This 
requires further study. 

Governments and healthcare providers need 
to make all efforts to ensure that vulnerable 
populations get vaccines. Immunity 
monitoring in vulnerable and at-risk 
populations requires long-term investment. 
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Module 2: Pandemic preparedness and response  
The COVID-19 pandemic saw a substantial investment into collaborative research projects that 
produced crucial evidence to inform public health measures. These collaborations generated 
relevant findings to help address the pandemic during the fast-moving, pre-peak, and post-peak 
phases, where mitigation and control measures became most urgent. They also produced a range 
of findings that can inform future policy decisions on pandemic preparedness and response. This 
COVID Cohort Policy Insight module extracts detailed lessons from scientific studies that can 
inform pandemic preparedness and how to intervene in future pandemics. 

International research collaboration plays an essential role in effectively addressing global 
health crises like pandemics by considering the diverse geographical, sociopolitical, and 
public health contexts that affect the trajectory of a pandemic virus. The inclusion of both 
European and African institutions in genomic surveillance under CoVICIS enabled essential 
comparative evolution of the spike protein and the pressure of variants of concern on vaccine 
efficacy. The findings helped inform vaccine development and vaccine schedules.  

Combining findings from both European and African vaccine studies enabled researchers to 
compare how people responded to different type of vaccines. For example, while most people in 
European studies received mRNA-based vaccines, in Ethiopia the most-available vaccine was 
the adenovirus based vaccine (ChAdOx). Also, in Europe, as second and third generation 
vaccines came out from Moderna and 
Pfizer, people got updated vaccines, but 
African countries had limited access to 
these next generation vaccines. With 
these different cohorts, researchers could 
compare the value of updating the 
vaccines, and the impact of immune 
imprinting on subsequent exposures.  

Because researchers could study 
outcomes among cohorts who had: not 
been previously infected (“naïve 
individuals”); already been infected; 
and/or both been infected and been 
vaccinated with different vaccines, it was 
possible to make valuable comparisons 
and recommendations about the relative 
impact of the emerging variants of 
concern in these different contexts. 
Having different cohorts on different 
continents provided very helpful insights 
in the updating of vaccination schedules. 

“(South) Africa didn’t get next generation 
vaccines, whereas in Europe, as the new 

generation vaccines came out from Moderna and 
Pfizer, people got updated vaccinations. So, we 

could compare the value of updating the 
vaccines with a more modern VoC or not and the 

impact of immune imprinting on subsequent 
exposures. Having these different cohorts on 

different continents gave insight into the value of 
upgrading the vaccination schedule. From the 

data that we see in South Africa, there probably 
was little value of updating your vaccines 

because of the immune imprinting that occurred 
with the ancestral strain. This kind of information 

is important because at the WHO level, there 
were committees deciding which VoC should be 

incorporated into your next vaccine…Does 
upgrading the vaccine add value? The data we’ve 

seen does not convince us that there was much 
added value. “ 

-- Key informant 
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What’s needed to support collaborative research networks  
The experience of CoVICIS and other cohort studies recommends alternative formats of 
European Commission calls for research proposals to foster and sustain collaborative networks 
as a general practice, also with respect to a more efficient approach of accessing and sharing 
data. This means that: (a) calls could include incentives for transdisciplinary consortia, 
comprising different fields of public health relevant topics, but also containing an incentive and 
formula for the inclusion of data owners; (b) geographic origin could be interpreted more broadly 
by encouraging and facilitating participation of different European regions instead of a single 
partner institution from Member States, thus fostering from the outset a wider landscape of data 
sources; (c) standard wording for broad informed 
consent could be incorporated in call documents as a 
requirement to be adopted by future consortia in order 
to facilitate data sharing; (d) dedicated funding could be 
set aside (or related separate calls could be initiated) for 
coordination and harmonization, of multicentric 
studies; and (e) knowledge scouting activities could be included as a dedicated work package, 
producing evidence while studies are underway in order to confirm scientific importance and 
usefulness of early project results for decision making.  

EU funding for international research collaborations could be more effective if it became less 
complicated and more flexible to adapt to changes in the research environment. For example, 
procuring equipment for research outside Europe was prohibitively complicated. For example, 
the amount of time it took to receive approval for shipping equipment to Ethiopia exceeded the 
funding period for the research grant. The rules governing things like depreciation rates, and who 
has the right to buy and move equipment, were so rigid as to prevent the research from going 
ahead as planned during the grant period. Similarly, it was nearly impossible for researchers to 
be able to assess costs for logistics under these sorts of complications and restrictions, and 
there was no room to discuss flexible means to overcome the restrictions so that the research 
could go forward as needed.  

Scientists reported collaborating well together under EU consortia, but that additional resources 
are needed to come together more effectively. Better integration of information, data, and results 
arising from all the studies would be helpful for practical learning. In-person exchanges could 
benefit this approach, such as through a multi-day program where all Horizon Europe funded 
cohorts could present their data and develop new, funded collaborations to deliver last-mile 
findings and determine what investigations are needed to drive the field forward.  

Multidisciplinary investigation boosts research capacity during a pandemic. Bringing together a 
comprehensive, multidisciplinary team of clinicians, virologists, epidemiologists, statisticians, 
and experts in artificial intelligence enables investigation of multiple aspects of a pandemic, 
including natural and vaccine-induced immunity to different viral variants in different 
populations, the clinical course and long-term follow-up of hospitalized COVID-19 patients, and 
the best strategies to control the spread of different viral variants in schools. The collaborations 
that emerged enabled population-level studies with thousands of participants and created 

The biggest barrier is always 
finance. There’s never enough 

money for cross-collaboration.  

-- Key informant 
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bridges between lab science and cohort research that enabled a “whole picture” overview of the 
effects of the pandemic and its responses.  

Strengthening the relationships between and resourcing of information technology (IT) and 
computational experts and infrastructure in local institutions, such as hospitals and universities, 
could enable innovation in developing other federated approaches for the analysis of clinical data 
on a larger scale. This may also necessitate making funding available for IT and data curation 
support for data contributors who may not be full partners of a research consortia.  

The availability of high-quality, varied cohort data generated through these collaborations 
increases the range and usefulness of findings about natural and vaccine induced immunity and 
treatment options appropriate for different contexts and populations. The analysis of a large 
sample of retrospective and prospective data about the acute phase of SARS-CoV-2 infection in 
hospitalised patients, and viral variants and vaccination in several European and non-European 
countries enabled better understanding of risk factors for disease severity and the interplay 
between SARS-CoV-2 variants, immune responses, and vaccine efficacy. Research design 
strengths included large sample size, the long study duration covering different waves of COVID-
19, and the collection of biological samples to facilitate future research. Having a simple assay, 
and tracking data longitudinally, enables monitoring of whether vaccines have different effects 
for different populations.  

Healthcare workers are invaluable to pandemic research. During the pandemic, researchers 
needed volunteers who would be willing to participate in research “cohorts” looking into the 
effects and immune responses of SARS-CoV-2 infection. Despite the overwhelming workload 
that healthcare workers experienced during the most severe phase of the pandemic, many 
volunteered for these studies: ''their willingness to continue being sampled, stabbed and 
swabbed, enabled the research to take place”. 

Communicating science for policy 
Effective research communication for urgent decision making requires training. There was an 
urgent need to provide science-based 
evidence during the pandemic to inform 
policy decisions. In contexts where science 
is routinely integrated with public policy, and 
scientist-decision maker relations are well 
established or policymakers are better 
versed in understanding research science, 
communication seemed much easier and 
more effective. In contexts where policy 
decisions are routinely based on politics, 
rather than science, or where science is seen 
as an elitist activity, as seemed to be the case 
in South Africa, effective relations and 
communications had to be created and 
nurtured in the pressure cooker environment 
of a lethal pandemic.  

I wish policymakers would make informed 
decisions. Most of the time (more in some 

contexts than others), they are made from a 
political point of view. Regarding COVID-19, I 

wish to have to continue with surveillance 
sites rather than going back to business as 

usual. With malaria, it was abandoned during 
COVID, and now we’re having a malaria 

outbreak. Maybe we are making the same 
mistake with COVID-19. If we continue 

tracking disease, we can prevent outbreaks.  

-- Key informant 
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Research scientists were often not well versed in understanding how communities perceived 
SARS-COV-2, especially now in the endemic phase where pictures and reports of overflowing 
hospitals and people dying are not visible. During the active pandemic, urgent work took 
precedent over the strengthening of public and decision-maker oriented communications skills.  

In the context of a public health emergency, researchers need better skills on how to 
communicate decisions in a context of uncertainty. In the beginning, CoVICIS researchers 
reported feeling that different local agencies did not communicate clear, consistent, and 
harmonized messages to the public. Such an approach is critical when communicating to the 
general (i.e., non-expert) population . Researchers and government agencies need to be better at 
communicating urgent issues in a clear 
and consistent way, e.g., important 
pandemic precautions, how to protect 
oneself, the importance of vaccines. 
Research is needed to inform government 
decision making, but ministries of health 
and sub-national health agencies need to 
be able to both understand the research 
findings and communicate them 
effectively to the public.  

Several CoVICIS researchers recommend 
maintaining the exchange between the 
scientific community and authorities on 
an ongoing basis. In the height of the 
pandemic, there were inter-disciplinary 
groups working on COVID-related studies 
in some countries, and a close and active 
relationship with the authorities. Unfortunately, as the impact of the pandemic began to wane, 
these communication approaches were abandoned. While large, out-of-scope surveillance 
systems are not necessary, a targeted system that keeps communication open and decision 
makers regularly updated would help ensure that the next pandemic will not have to start from 
scratch (i.e., maintaining ever-warm systems).  

Often, policy decision makers required answers much sooner than researchers could produce 
validated results. Policy decisions were made with very limited scientific information, despite 
scientists typically not communicating evidence until data is sufficiently complete and validated, 
which is virtually unattainable in a fast-moving, emergency pandemic setting. For example, 
school systems, publicly accessible buildings, and public transportation managers needed to 
know whether it was safe to remain open. ''In South Africa, some of the vaccine results very early 
in the pandemic showed little effect in preventing infection on a young healthy population, so the 
vaccines were turned down. That led to many avoidable deaths. In that instance, the studies 
lacked data on the effect of vaccines on elderly and immune compromised populations. As a 
result, decision makers sent initial vaccines back, and to this day, South Africa has poor access 
to vaccines, though it would be helpful for COVID-vulnerable populations''.  

This was a unique time in the world because the 
policymakers needed the scientists, who were 

required to decipher the information. It was a 
critical relationship. Did the scientists message 

properly? It depends on where you were in the 
world and what the policymakers wanted to hear. 

There were issues around school closures and 
evaluating the reopening of schools. This was an 

important collaboration, so that parents, 
teachers and the health system could be 

informed about school closures. There was a lot 
of hesitancy around getting kids back in schools. 

How well did we communicate? It varied, so 
leveling up would help. 

-- Key informant 2024 
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Research scientist training generally focuses on technical scientific skills, not how to 
communicate nuanced or caveated findings to decision makers and the general public. During 
the pandemic, many research scientists suddenly found themselves lacking media 
communication skills that had not previously been in demand. As a result, the public and 
decision makers sometimes misunderstood or misinterpreted the scientific findings that were 
communicated. This may have exacerbated public frustration with governments 
pronouncements and activity restrictions, which could have inadvertently fed vaccine hesitancy.  

Sharing data 
Collaborations created during the COVID-19 pandemic had to overcome complex obstacles for 
data sharing. The research of four projects funded under the Horizon2020 program provided 
insight into the complexities of sharing patient level data from observational cohorts. Informants 
contributing to this brief recognized much of this paper’s underscored challenges: regulatory 
frameworks for data protection across the EU, and elsewhere, impeded data sharing; a lack of 
consensus on the choice of interoperability standards, considering that the General Data 
Protection Regulation (GDPR) obstructed data availability; and suboptimal data science literacy 
in the health sector meant that the investigating teams had to solve these problems in order to 
conduct the research needed to combat a rapidly evolving pandemic situation. Tacconelli et all 
(2022) have provided a helpful summary (see Table 2) of some of these data sharing challenges, 
as well as guidelines and a detailed range of recommendations to tackle those, from non-binding 
implementing rules recognized by Member States, to various standardization and harmonization 
recommendations, both prospective and retrospective, and the necessary resources to 
implement those improvements, and to invest in less labor intensive AI developments.  

Research findings with relevance across policy areas 
There are two other important points of intersection between COVID-19 cohorts research and 
other major policy concerns that merit further study, reflection, and discussion: One Health 
affects pandemic prevention, preparedness and response through understanding transmission 
dynamics between environments and people, including vector control; and AMR, which relates 
to transmission pathways, treatment and prevention approaches, and phylogenetic relationships 
among detected pathogens to understand more effective prevention models. 

The EU has taken some measures to address these issues. Notably, the European Cooperation in 
Science and Technology (COST), which has existed since 1971, funds research and innovation 
networks; connects research initiatives across Europe and beyond; and seeks to enable 
researchers and innovators to grow their ideas in any science and technology field by sharing 
them with their peers. The project BE READY was funded in 2022 to organize and establish 
European partnerships for pandemic preparedness. Part of the project is to develop a Strategic 
Research and Innovation Agenda (SRIA). BE READY will coordinate the creation of Partnerships 
between the European Commission (EC) and interested partners, with strong involvement of 
public authorities such as policymakers and research funding agencies. In 2024, the European 
Regions Research and Innovation Network issued a European partnership for pandemic 
preparedness Call for Proposals for transformative investments in research for pandemic 
preparedness with strong collaboration and coordination between European actors, including 
the appropriate infrastructures and networks. 
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Module 2 – Summary of key take-aways and recommendations  
Key take-aways Recommendations 
International research collaboration 
is essential for global concerns like 
pandemics. 

Governments and multilaterals that wish to prepare 
for and manage emerging pandemics should 
prioritize ongoing funding for international research 
collaboration as an essential part of pandemic 
preparedness and management. 

Multidisciplinary investigation boosts 
research capacity and expertise 
during a pandemic. 

To ensure that international research collaboration 
can identify all the relevant factors involved in 
pandemic prevention and control, funding agencies 
need to encourage multi-disciplinary collaboration 
in preparation for, and during pandemics. 

The availability of high quality, varied, 
and longitudinal cohort data 
increases the applicability and 
usefulness of findings about natural 
and vaccine induced immunity and 
treatment options appropriate for 
different contexts and populations. 

To maximize the utility of pandemic research, 
funding must be substantial enough to support a 
large, varied cohort over a sufficiently long duration 
to, among other relevant factors, monitor changes 
in the virus, impact of vaccination or other 
interventions, and its effects over time. 

Healthcare workers are invaluable to 
pandemic research. 

Healthcare workers merit supplemental income 
and other support to compensate for their essential 
contributions and sacrifices during future 
pandemics. 

Effective research communication for 
urgent decision making requires 
training. 

Ongoing, structured mechanisms for 
communication should be developed to ensure that 
research science evidence routinely informs policy 
decision making. 

Academic and research institutions should 
incorporate public communications training into 
their standard researcher education and training 
programs. 

Ongoing, structured mechanisms for 
communication among scientific, policymaking, 
and decision-making officials should be 
maintained, if at a lighter level, for continued 
pandemic preparedness as part of an ever-warm 
approach. 

Research collaborations created 
during the COVID-19 pandemic had to 
overcome complex obstacles for data 
sharing. 

To ensure efficient and effective pandemic 
response, governments and multilaterals should 
invest in regional and international harmonization of 
regulatory requirements for sharing of data and 
equipment and/or include provisions within the 
research grant that enable flexible means of 
overcoming administrative obstacles to effective 
and nimble international research cooperation. 
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Key take-aways Recommendations 
COVID-19 cohort research has 
implications for other policy areas, 
such as AMR and One Health 

Policymakers should seek ways to continue 
relevant cohort research on the consequences of 
COVID-19 for AMR and One Health policies. 
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Module 3: Effects of vaccines and antibodies from 
prior infection on COVID-19 
During the COVID-19 pandemic, governments invested in rapid development of vaccines to 
prevent and counteract the SARS-CoV-2 virus. This provided a historic moment to understand the 
challenges and opportunities afforded by vaccines during a pandemic. This module summarizes 
key lessons regarding the effect of vaccines and antibody evolution on morbidity and mortality 
during the COVID-19 pandemic. 

Vaccines are a safe and effective way to address COVID-19.  
Findings from the monitoring of different variants, including of their pathogenesis, virulence, 
response to vaccines, response to monoclonal antibodies, and other related factors have 
demonstrated repeatedly that vaccines are safe and effective for the general population. COVID-
19 vaccines are also safe and effective for use amongst vulnerable populations, although 
immunocompromised people benefit less from vaccination and are potentially more at risk than 
the general population. 

Vaccine boosters appear to help prevent and weaken the severity of breakthrough infections 
(Porru, S. et al 2023). Regular boosting can also be effective in preventing infection and disease 
in very late adulthood (Varasi, I. et al 2023). Where the above-cited studies found that vaccines 
prevented reinfection, some studies found that SARS-CoV-2 reinfections were frequent during 
the Omicron transmission period, though characterized by mild or no symptoms. COVID-19 
vaccination had the strongest protective effect against reinfection, with a 93% vaccine 
effectiveness by second booster following an Omicron primary infection (Cegolon, L. et al 2023).  

Systematic review and meta-analysis show that the effectiveness of COVID-19 vaccines against 
laboratory-confirmed Omicron or Delta infection and symptomatic disease rapidly wanes over 
time after the primary vaccination cycle and booster dose. Estimated vaccine effectiveness 
against both laboratory-confirmed Omicron infection and symptomatic disease was lower than 
20% at 6 months from the administration of the primary vaccination cycle and less than 30% at 9 
months from the administration of a booster dose. Compared with the Delta variant, a more 
prominent and faster waning of protection against both laboratory-confirmed Omicron infection 
and symptomatic disease was found. These results can inform the design of appropriate targets 
and timing for future vaccination programs (Menegale, F. et al 2023). T-cell immunity provides 
durable protection against severe illness 

Studies in Africa have provided evidence showing that there may have been limited value in 
updating vaccines for subsequent variants of concern. Where antibodies no longer recognize the 
virus, T-cell immunity seems to provide longer term memory, even in the absence of vaccine or 
exposure, and it is cross-reactive between variants. Antibody response does not necessarily 
protect someone from the virus: a positive antibody test may reflect antibodies that are not 
functionally relevant to defend them from COVID-19 infection (Altmann and Boyton 2020). 
Repeated vaccination can play a role in broadening immune responses, as T-cells are not the only 
immune response that can be helpful, but the T-cell immunity is the key factor in preventing 
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severe disease. Investments in developing vaccines against variants of concern should thus be 
carefully informed by the evidence for the expected protective immune responses that such 
vaccines are likely to confer. 

Vaccines are safe and essential to pandemic control  
Both vaccines and previous SARS-CoV-2 infections help reduce severity of illness, 
hospitalization, and mortality (Hedberg et al, Feb 2024; Bellocchi et al, Aug 2023). Mass 
vaccination was very effective in reducing severe disease, deaths, and disease burden. SARS-
CoV-2 infections occur even after a full vaccination course; however, the clinical course is 
favorable and severe outcomes are reduced (De Maria, L. et al 2023). One study found that a third 
BNT162b2 mRNA vaccine dose improved protection against the Omicron and reduced the risk of 
severe disease (Kevličius, L. et al 2023).  

Key take-aways Recommendations 
The vaccines developed for COVID-19 
and their boosters are safe and effective, 
especially in fragile populations, 
although immunocompromised people 
do not benefit as much from vaccination 
and are potentially more at risk than the 
general population. 

To lessen the effect of a pandemic, governments 
should invest in rapidly developing and 
producing safe and effective vaccines; ensuring 
the general population – especially high-risk 
groups, and particularly in low and middle-
income countries – has equitable access to 
vaccines; and adopting a holistic strategy that 
includes public health measures with robust 
healthcare systems that can manage pandemics 
effectively. 

Immunocompromised people must remain 
vigilant to protect themselves from exposure to 
coronavirus, even if they are vaccinated. 

Vaccine boosters are needed to ensure 
continued protection. 

Vaccination program schedules must closely 
follow the research regarding speed at which 
vaccine effectiveness wanes for each VOC. 

T-cell immunity provides durable 
protection against severe illness. 

Cost-benefit analysis might be merited to inform 
the development of variant-specific vaccines in 
the future. 

SARS-CoV-2 as a public health problem 
could be solved by pursuing better 
vaccines, as well as other prevention and 
therapeutic tools 

Research is needed on therapeutic antibodies 
and next-generation vaccines based on broadly 
neutralizing antibodies that target conserved 
regions of the SARS-CoV-2 spike protein. 
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Module 4: Public health outreach requires 
population-specific design 
The COVID-19 pandemic provided important lessons on how populations respond to pandemics 
and efforts to combat them. This module summarizes lessons from research studies about 
designing more effective public health strategies during a pandemic. 

Public health outreach requires population-specific design 
Great variability in vaccine uptake requires more sophisticated public outreach and education. 
Vaccine uptake varied substantially by age groups in combination with region of birth, education 
level, and disposable income. This highlights the need to implement measures to reduce such 
social inequalities in vaccine uptake. As the difficulties to reach socioeconomic vulnerable areas 
with vaccination campaigns have been well known even before the onset of the COVID-19 
pandemic, we suggest a more tailored strategy to reach these areas in future vaccination 
campaigns (Hedberg, P. et al 2023). 

People who were at greater risk during the COVID-19 pandemic included: 

• Men, the youngest and oldest age groups, individuals with lower levels of education and 
unemployed/inactive (Seabra, S. et al 2024)  

• Younger patients with underlying diseases, with special focus in low-income groups and 
non-national origin (Hedberg, P. et al 2023) 

The role of health and social care providers in informing patients and the public about the benefits 
of vaccination cannot be understated. This is a well-known and powerful approach to influence 
vaccine uptake and should take place during all relevant interactions. Improved regional 
strategies reflecting local sociocultural contexts can also facilitate more effective outreach. 
Public and individual trust and knowledge of vaccines are pivotal to promote high rates of vaccine 
coverage and population-wide prevention (Hedberg, P. et al 2023). These efforts should also be 
reinforced for other priority vaccinations, such as influenza and pneumococcal vaccines, 
amongst risk groups, and in preparation for future pandemics. 

Behavior is a major risk factor  
Geography, seasons, and population behaviour affected COVID-19 transmission, while 
transmission in schools was found to be insignificant (Bellerba F., et al 2023). Combatting 
misinformation and harmful, inaccurate perceptions about vaccines at the community-level is 
crucial for pandemic preparedness and response. A growing anti-vaccine community has 
resisted vaccination and may be considered at-risk during future pandemics. Campaigns to 
reach these people might benefit from messaging that reflects the fact that the people rejecting 
vaccines typically rely on science and routinely accept, for example, highly expensive oncological 
and other life-saving therapies. In a similar vein, people who have “at-risk” and chronic health 
conditions are more likely to behave in ways that reduce their likelihood of infection (Seabra, S. 
et al 2024). If immunocompromised people are not vaccinated against the coronavirus, there are 
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consequences for the entire healthcare system: addressing the heightened healthcare needs of 
immunocompromised people during a pandemic is costly. 

Due to the significantly higher infection risk faced by healthcare workers (HCWs) and the limited 
number of significant risk factors, it is suggested that all HCWs require protection regardless of 
individual traits, such as advancing age or regular smoking (Reinkemeyer, C. et al, 2023). 

Some factors to address when designing vaccine outreach campaigns: 

• Continued emphasis on regular COVID-19 vaccination including boosters, especially for 
those at high risk of severe COVID-19, even in settings with widespread infection-induced 
immunity (Kassanjee, N. et al, 2024). Efforts to encourage adherence to other protective 
behaviours, such as hand washing and mask wearing, should be enhanced during 
vaccination campaigns because people may relax these behaviors regardless of the 
dynamics of the epidemic. (De Gaetano, A. et al, 2023). Furthermore, it remains important 
to continue to vaccinate individuals with prior COVID-19 exposure to achieve herd 
immunity (de Meijere, G. et al, 2023). 

• Simpler mandates for isolation may increase awareness and actual compliance, 
reducing testing costs, without compromising mitigation. High booster vaccination 
uptake remains key for controlling new waves (de Meijere, G. et al, 2023).  

• Addressing the specific concerns of immigrant communities, and tailoring outreach and 
awareness campaigns, are essential to improving vaccination uptake. Targeted 
interventions, such as awareness campaigns for parents, can be effective to improve 
vaccination rates. (de Meijere, G. et al, 2023).  

• In addition to reducing infections as shown in modelling studies, repeated screening in 
school settings can lead to a better understanding of the extent of transmission in schools 
during a pandemic and importation risk at the community level (Kremer, C. et al, 2023). 

• Special testing approaches for homeless people should also be considered. A periodic 
antigen-detecting rapid diagnostic test (Ag-RDT)-based screening approach for people 
experiencing homelessness (PEH) at point of care could guide preventive measures, 
including prompt isolation, without referral to hospital-based laboratories for molecular 
test confirmation in case of positive detection, even in individuals asymptomatic for 
COVID-19. This could help reduce the risk of outbreaks in shelter facilities. (De Nardo, P. 
et al, 2023) 

Non-pharmaceutical measures are crucial, particularly for highly contagious strains, as 
breakthrough infections in vaccinated individuals contribute to community spread, and 
underreporting leads to infections being undetected. (Article here) 
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Dangerous viruses require close monitoring and reporting 
The rapid evolution of the coronavirus demanded constant monitoring for pandemic response 
and adaptation (Bellochi, M.C. et al, 2023), as will be required for similar viral outbreaks in the 
future. SARS-CoV-2 evolved to escape both natural and vaccine-induced immunity; vaccination 
may have also accelerated mutation (see “Red Queen effect”). The potential impact of 
vaccination on SARS-CoV-2 evolution should be incorporated into future vaccination strategies 
that target most at-risk populations, especially if vaccination campaigns plan to cover a 
substantial portion of the population. Viral recombination and mutations in immunologically-
relevant genomic regions that enhance virulence and fitness must be considered when designing 
future vaccination strategies (Rouzine, I. and Rozhnova, G., 2023).  

Studies with prolonged and regular follow-up of specific interventions can help determine the 
durability of protective immunity in the context of an ongoing epidemic (Parisi, S.G. et al, 2022). 
Surveillance of SARS-CoV-2 evolution over time and in different geographical areas remains a 
priority to adapt our defenses against a pandemic (Dragoni, F. et al, 2022). 

Specific factors that merit special study include: 

• Because the virus modifies rapidly, it is important to monitor over time the neutralizing 
antibodies and the efficacy of antibodies or immune molecules being used in vitro,  
testing them to understand if the molecule is still efficient weeks or months later. During 
the pandemic, new molecules and antibodies appeared in the studied cohorts, and then 
diminished within a few months, no longer neutralizing the virus (Source: FGD referencing 
forthcoming Lorenzo, et al; Gupta, A., et al, 2023).  

• There is a need for a standardized approach to the investigation of and reporting on 
comorbid conditions with SARS-CoV-2, including strongyloidiasis. Future studies should 
aim for a comprehensive patient assessment, focused on factors that may influence the 
evolution or the diagnosis of the virus in question, such as the baseline characteristics of 
the patients, evolution of the virus and cohort antibodies, and effectiveness of 
treatments. Clinicians should screen and treat for comorbid infections in co-infected 
patients who receive specific COVID-19 therapies that are immunosuppressive. (Rosca, 
E.C. et al, 2023). 

• Immunocompromised patients faced a considerable risk of prolonged viral shedding and 
emergence of escape mutations after early therapy with sotrovimab. These findings 
underscore the importance of careful monitoring and the need for dedicated clinical trials 
in this patient population (Gliga, S. et al, 2022). 
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Key take-away Recommendation 
Individuals’ traits and characteristics 
affected their risk level, either due to 
their intrinsic vulnerability to the virus 
or due to personal factors affecting 
vaccine access or uptake. 

People more likely to contract COVID-19 require 
better targeting and outreach during the next 
pandemic. 

Population behavior – especially 
vaccine resistance – was a major factor 
for COVID-19 morbidity and mortality 

Public education campaigns should be funded to 
reduce vaccine hesitancy. The campaigns should 
take into account messages which build on areas 
of science which vaccine resisters are known to 
trust, e.g., cancer treatment. 

The virus evolves rapidly Pandemic response requires vigilance regarding 
viral evolution and must include longitudinal 
patient data monitoring, especially among 
immunocompromised and other at-risk 
populations.  

 

  

http://www.covicis.eu/resources/
mailto:karen@bonstar.be
mailto:SPalmer@iavi.org


 COVID Cohort Policy Insight Series   |   March 2025 

 www.covicis.eu/resources/ 
                karen@bonstar.be  |   SPalmer@iavi.org  Page 21 of 42 

Module 5: Effect of COVID-19 on children and 
vulnerable populations 
Not all people experienced COVID-19 the same way. The impact of viral evolution and the efforts 
made by governments and multilaterals to protect public health during the pandemic produced 
different effects in different populations. This module summarizes the evidence on how COVID-
19 affected children and vulnerable populations. 

Child-specific findings  
Children were less affected, but not unaffected, by COVID-19. Because children have typically 
been asymptomatic when infected with COVID-19, monitoring the spread of the virus among 
children requires special attention since it is difficult to conduct surveillance that tracks the 
spread of respiratory viruses among asymptomatic populations. With the worst of the COVID-19 
pandemic behind us, it has been well established that children are less severely affected by 
COVID-19 than adults, but not unaffected.  

In some countries, children were not initially a target population because they were generally not 
seriously sick or dying from COVID-19. Researchers and decision-makers paid attention to 
whether schools should be closed to limit transmission, but after schools were opened, there 
was confusion about whether and/or how to close classes if someone had an infection. It was 
very difficult to know how to balance the social and educational needs of children against the 
risks of COVID-19 to the children themselves and the broader community. 

The impact of post-infectious conditions in general may deserve special attention, but on a larger 
population scale, the impact of SARS-CoV-2 infection alone on children and adolescents was 
less significant than the other effects of the pandemic. A systematic review of 35 studies focusing 
on children, adolescents and young adults (up to age 20) found that post-viral fatigue was a 
shared feature between post-COVID and post-Epstein Barr Virus (EBV) conditions (Minotti, C. et 
al, 2024). While acute respiratory infections (ARIs) from SARS-CoV-2 cannot easily be 
differentiated from ARIs from other causes, they were associated with a higher morbidity among 
children. Overall outcomes, however, were generally good (Redfern, A., et al, 2023). 

The clinical manifestations of COVID-19 in children were found to vary by age and viral variants, 
with Omicron more likely to be associated with upper respiratory symptoms (Di Chiara, C. et al). 
Hospitalization rates were higher in patients infected with RSV (Respiratory Syncytial Virus) vs 
Omicron in all age groups, but no differences were observed between influenza and Omicron. 
RSV infections more often require hospitalization and respiratory support, underscoring the 
importance of preventive measures, such as recently approved RSV vaccines (Hedberg, P. et al, 
2023). 

A systematic review confirmed overlap between post-viral infection symptoms following acute 
COVID-19 and other viral infections, with some shared clinical features, duration of symptoms, 
and affected age subgroups. Studies found similarities between general post-viral and post-
COVID-specific symptoms. For example, fatigue, a dominant feature of the post-Epstein Barr 
Virus (EBV) condition, was also among the most frequently reported symptoms by studies on 
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post-COVID, especially in older children and adolescents. Fatigue may be long-lasting, up to 
several months after acute disease, and possibly exposes these young patients to limitations in 
everyday tasks and activities, including school attendance, with consequences for their families 
as well. Another feature shared by both post-COVID and acute conditions after infection by 
viruses affecting the gastrointestinal tract was persistent diarrhea, especially related to younger 
children in the latter (Minotti, C. et al, 2024).  

Some symptoms appear to be specific to post-COVID infection. This is the case for taste or smell 
alterations and of neurocognitive symptoms, such as lack of concentration, all reported among 
adolescents, representing a separate category as compared to younger pediatric patients. 
Possible effects of SARS-CoV-2 on the nervous system and its consequences on neuro-sensory 
functions have been postulated, with specific mechanisms yet to be established. Despite long-
lasting symptoms, recovery post-COVID appears to be achieved in more than half of the cases 
(Minotti, C. et al, 2024). 

There are different findings regarding the duration of immune responses after infection. 
Understanding the immune response to SARS-CoV-2 is crucial to optimize pediatric vaccination 
strategies. Children develop higher SARS-CoV-2 antibody titers compared to adults, possibly due 
to enhanced T and B regulatory responses. mRNA vaccines induce stronger and longer-lasting 
humoral and cellular responses in  children previously infected with SARS-CoV-2. SARS-CoV-2 
antibody titers gradually decrease, with a more rapid decline during the first 6 months, leading to 
reduced protection against reinfection. Humoral responses to SARS-CoV-2 in infants and young 
children may offer robust protection against reinfection in the pediatric population. Two-dose 
hybrid immunity demonstrates superior efficacy. Booster doses should be considered as part of 
immunization strategies for children (Di Chiara, C. et al, 2023). 

A severe multisystem inflammatory syndrome in children (MIS-C) related to SARS-CoV-2 has 
been described after infection. A limited number of reports have analyzed the long-term 
complications related to pro-inflammatory status in MIS-C. Even though preliminary results 
seem to suggest that MIS-C is not a long-term risk condition for children's health, a longer follow-
up is mandatory to confirm this hypothesis (Zuccoti, G., et al, 2023). 

At-risk children 
Malnourished or obese children have body composition negatively affected by COVID-
19. Limiting physical activity and having a sedentary lifestyle may lead to an accumulation of 
adipose tissue even in healthy children who experienced MIS-C long-hospitalization (Di Profio, E. 
et al, 2023).  

Children in low- and middle income countries (LMICs) are disproportionally affected by SARS-
CoV-2, possibly due to lower antibody levels (van Weelden, G. et al). Off-label COVID-19 drug 
prescription is widespread due to the lack of clinical trials in children younger than 12 years and 
weighing less than 40 kg, but relatively safe and generally leading to clinical benefit. However, 
access to care, including medicine availability, differs widely globally. The Global Accelerator for 
Pediatric Formulations (GAP-f) framework should be applied to COVID-19 medicines, ensuring 
widespread access to all safe and effective drugs, enabling the rapid development of age-
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appropriate formulations, and developing specific access plans (including stability, storage, 
packaging, and labeling) for distribution in LMICs (Dona, D. et al, 2023). 

Alternatives to closing children’s activities should be considered to improve overall health 
and well-being. While the role of children is often underestimated when based on routine 
surveillance, repetitive COVID-19 screening in schools can reduce spillover effects in the 
community. Children mainly acquired SARS-CoV-2 in school, risking spillover to households 
(Kremer, C. et al, 2023). Physical activity was beneficial for mental health during the COVID-19 
pandemic among younger age groups. This suggests that interrupting sports activities can have a 
disproportionately negative impact on children’s health and well-being during pandemic periods 
(Tomezzolli, E. et al, 2023). 

More research needed for child well-being 
The clinical manifestations of COVID-19 in children were found to vary by age and viral variants, 
with Omicron more likely to be associated with upper respiratory symptoms. Further population-
based studies are needed to validate existing findings, and active surveillance is essential for 
assessing the severity of future virus variants (Di Chiara et al, 2023). The following specific 
research would be helpful: 

• Expanded research with additional samples of hospitalized age-matched infants with 
SARS-CoV-2 to determine why children from LMICs are disproportionally affected by 
SARS-CoV-2 (van Weelden, G. et al).  

• The long-term implications of severe SARS-CoV-2 pneumonia in young children in LMICs 
(Redfern, A. et al, 2023). 

• Development of additional preventive strategies to protect immunocompromised 
children from infection and severe disease (Di Chiara et al, 2023).  

Finally, clinical development of COVID-19 antivirals and monoclonal antibodies requires 
acceleration to ensure pediatric indication and allow worldwide availability of therapeutics that 
will enable more equitable access to COVID-19 treatments among children (Dona, D. et al, 2023). 

Vaccines can help strengthen immunity in vulnerable populations.  
Immunocompromised people and patients who receive immunosuppression treatment benefit 
less from vaccination and are potentially more at risk than the general population. Increasing 
vaccination coverage, including booster doses, could improve the prevention of infection, 
hospitalization, serious illness, and death among people undergoing cancer treatment. (Cona et 
al 2023). Repeated vaccine doses in some populations, including those who have already 
contracted the virus, can revive waning immunity (Parisi, S.G. et al, 2022). For example, the third 
mRNA vaccine dose is key to establishing protection against SARS-CoV-2 infection in most 
people living with HIV (PLHIV). (Vergori, A. et al, 2023).  

In a cohort of “well-treated PLHIV”, HIV infection was not found to be a risk factor for severe 
outcomes with COVID-19 (Hedberg, P. et al, 2022). Mortality was strongly associated with 
suboptimal HIV control, and the prevalence of these risk factors increased in later COVID-19 
waves. It remains a public health priority to ensure PLHIV are on suppressive antiretroviral therapy 
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and vaccinated and manage any disruptions in care that occurred during the pandemic. The 
diagnosis and management of comorbidities, including tuberculosis, should be optimized 
(KassanjeeR., et al, 2023). Vaccination was also found to be key to preventing COVID-19 among 
people with Mpox (Girometti, N., 2023).  

Although booster dosage in solid organ transplant recipients is associated with a progressive 
increase in antibody response (AbR), one fourth of this population remains negative or with 
suboptimal antibody levels. Unfortunately, clinical characteristics are of limited value in 
developing high performing predictive models of negative AbR. (Giannella, M. et al, 2023)  

Pregnancy and pandemics 
Pregnant women and their infants are almost invariably excluded from previous pandemic 
preparedness and response research, which can delay access to countermeasures, despite their 
being at increased risk of severe outcomes. During COVID-19, only three phase 2 vaccine trials 
were conducted with pregnant women, with recommendations for vaccination in pregnancy. This 
contributed to vaccine hesitancy and avoidable deaths (Thorne, C. Presentation during CCB call 
June 2024). 

Context matters 
The needs of African health and surveillance systems differ from European. African countries 
largely have less regulatory coordination and infrastructure than in Europe. This may mean that 
African countries have more flexibility to develop innovative ways of storing and disseminating 
results. Many African countries may benefit substantially from the development of innovative e-
health applications for healthcare professionals to store and disseminate results. At the same 
time, African governments can be overburdened when inundated by multiple small and different 
solutions, such as when a system requires a paid license and technical training. As such, 
innovative systems should be adapted to a country's existing infrastructure and strategies, such 
as DHIS 2 or nationally developed systems. From an operational point of view, decision-makers 
and researchers need to think carefully through how they can strengthen research 
operationalization, including diagnostics, supply chain logistics, and which stakeholders should 
be involved. 

E-health systems provide opportunities to simplify processes 
To implement systems in Africa, it is also important to first know how new systems can be 
sustained beyond study periods and to strategically assess which type of systems and how many 
can reasonably be implemented. While it is important to have different approaches, it is also 
critical to perform high-quality research that is both feasible and appropriate to the context. WHO 
Guidelines may facilitate this.  

Vigilance and Surveillance is a priority 
We need to continue to capacitate cross-disease genomic surveillance, including for influenza, 
RSV, and cholera on a pan-African basis.  
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Vigilant monitoring of immunity remains important for millions of vulnerable or at-risk people, 
such as older people, people with co-morbidities such as diabetes, and PLHIV who are not virally 
suppressed through anti-retroviral treatment. While SARS-CoV-2 transitions to endemicity, it is 
not yet predictable, and there may be other coronaviruses with pandemic potential. As such, 
continued genomic and immunological surveillance is important, particularly for vulnerable 
groups. Among PLHIV, further studies are needed to define the role of the fourth vaccine dose and 
what immunovirological parameters may impact the success of vaccination. (Vicenti et al, 2023) 

Key take-away Recommendation 
COVID-19 manifested differently in 
children.  

The special challenges of studying COVID-19 in 
children merits additional study and could yield 
broader insights into how the virus attacks 
different immune systems, providing relevant 
insights to viral infections among children. 

Although children were less severely 
affected by COVID-19, adolescents in 
particular did experience post COVID-
19 symptoms, of which most 
overlapped with other viral infections. 

Include adolescents in cohort studies. 

The experience of the SARS-CoV-2 
pandemic, with the surge of post 
COVID-19 conditions also in pediatric 
patients, should be adopted as a model 
for preparedness for future pandemics 
and to better comprehend the true 
post-acute burden of other viral 
infections. 

International bodies should establish consistent 
and shareable definitions, and develop a 
consensus on outcomes, to effectively evaluate 
patient follow-up and quantify the burden. 
 

Although schools were a major vector 
for transmission among children, with 
spillover effects in the broader 
community, the negative impact of 
shutting down children’s group 
activities may be greater. 

Alternatives to closing down children’s activities 
should be considered. 

Children from LMICs are 
disproportionally affected by SARS-
CoV-2, possibly due to lower antibody 
levels resulting from general nutrition 
and health status. 

The Global Accelerator for Pediatric Formulations 
(GAP-f) framework should be applied to COVID-19 
medicines, ensuring widespread access to all safe 
and effective drugs, enabling the rapid 
development of age-appropriate formulations, 
and developing specific access plans (including 
stability, storage, packaging, and labeling) for 
distribution in LMICs 

While COVID-19 has become endemic, 
it still presents great risk to vulnerable 
and immune-compromised people. 

Monitoring immunity in vulnerable or at-risk 
populations requires long-term investment. 

People with compromised immune 
systems require repeated vaccination 
to be protected from COVID-19. 

Governments and healthcare providers need to 
make all efforts to ensure that vulnerable 
populations are vaccinated. 
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The lack of inclusion of pregnant 
women and people in clinical trials of 
vaccines contributed to vaccine 
hesitancy and thus avoidable deaths. 

Researchers should design clinical trials of 
vaccines and other medical counter-measures to 
generate data on pregnant women and people, 
including protocols to support continued 
participation upon pregnancy. 

Context is key to effective intervention, 
noting that African health system needs 
are substantially different than 
European 

To be effective, decision-makers must ensure that 
policy decisions are context-appropriate. 
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Module 6: Long-COVID 
One tragic effect of the COVID-19 pandemic remains largely unresolved – “long COVID.” This 
incapacitating response to the SARS-CoV-2 virus has left a lasting mark on a substantial number 
of people. This module summarizes the current scientific outlook on long COVID.  

Further study needed on long COVID 
Long COVID, or post-COVID disease, requires increased and sustained study. Post-COVID and 
other post-viral infection syndromes present an overlap of pathogenesis, onset, progression, and 
symptom profile. As different definitions are in use for long COVID, it makes it challenging to 
conduct meta-analyses (Minotti, C. et al, 2024). Some symptoms appear to be specific to post-
COVID as a unique condition. This is the case of taste or smell alterations and of neurocognitive 
symptoms, such as the lack of concentration, all reported among adolescents, representing a 
separate category as compared to younger pediatric patients. Possible effects of SARS-CoV-2 on 
the nervous system and its consequences on neuro-sensory functions have been postulated, 
with mechanisms yet to be established (Minotti, C. et al, 2024v). 

As Minotti et al. observe, a better understanding of post-COVID as a unique condition, sharing 
features with other post-viral syndromes, is needed. This demands a multidisciplinary approach 
and international awareness, especially concerning its manifestation and impact amongst 
children and adolescents. Key areas warranting future research include: the eventual rate of 
recurrence of symptoms after recovery, considering more extended periods of follow-up; the 
evaluation of possible differences between children with pre-existing conditions before COVID-
19 and previously healthy patients, as well as the comparison of persistent symptoms developed 
after an asymptomatic/pauci-symptomatic acute infection. Moreover, the healthcare burden and 
socio-economic consequences for children and their families urge further study. (Minotti, C. et 
al, 2024) 

Long COVID has not been a major topic of concern or research in Africa and it is unclear whether 
this is because it is not prevalent, under-diagnosed, or ignored. For African cohorts, it would be 
useful to understand the long-term impact of COVID-19 during the present endemic phase. This 
requires maintaining existing studies as long as possible to see if COVID-19 infections are 
diminishing, or if they follow a seasonal pattern. One or two years is an insufficient observation 
period to generate sufficient data to understand critical aspects of COVID-19 management, 
including  reinfection patterns, long-term clinical impacts, and long-term protective immunity 
four or five years after the peak of the pandemic. 

Key take-away Recommendation 
Long COVID continues to disable people 
and requires further study. 

Governments and multilaterals should continue 
longitudinal research with cohorts to find 
solutions to long-COVID 
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Module 7: Research considerations, knowledge 
and evidence gaps  
Researching the spread and evolution of pandemic viruses is complicated. Before COVID-19, the 
approach of governments and multi-laterals to pandemic preparedness had remained largely 
abstract. The rapid scale-up of research during COVID-19 reaped many rewards. It also 
highlighted key gaps in knowledge that remain to be filled. This module provides an overview of 
areas where scientific advancement remains a priority. 

Research design considerations 
The COVID-19 pandemic was unprecedented, and the European Union and its Member States 
worked rapidly to direct research resources towards international collaboration on pandemic 
surveillance, understanding and response. Repeated studies corroborate the benefits of an 
integrated and comprehensive, internally collaborative surveillance system, and shed light on its 
limitations and on the need for additional research to improve future implementations of 
participatory surveillance platforms (Wittwer, S. et al, 2023). International collaboration is urgent 
and essential for pandemic response to effectively monitor pathogenesis, variants of concern, 
virulence of new variants, and response to vaccines.  

Standardized approaches are needed 
Translating clinical data and research findings among labs and clinics is essential to enable 
effective interpretation of results and accurately inform evidence-based recommendations and 
procedures. Bridging the information gaps that exist among labs and clinics, and sharing data and 
evidence across national boundaries is difficult, but invaluable. Funding and trust-building are 
required to maintain such international collaboration; a wealth of tools, including digital 
innovations are available for this purpose. Future studies should aim for a comprehensive patient 
assessment, focused on factors that may influence the evolution or the diagnosis, such as the 
baseline characteristics of the patients, evolution, and treatments, should be consistently 
assessed across studies. Establishing consistent, agreed upon definitions and procedures for 
these studies is likewise important to effectively evaluate patient follow-up and quantify the 
burden (Minotti, C. et al, 2024). For example, a standardized approach to investigation and 
reporting on SARS-CoV-2 coinfection with comorbid conditions is needed. 

It would be strategic to prospectively identify how data can be harmonized to facilitate 
comparability. Some countries made a national effort to develop a single protocol, but this 
remains challenging to do internationally. In larger randomized trials, there were more effective 
efforts to standardize protocols at the international level. Observational studies present unique 
challenges as they are composed of many data levels that require harmonization. 

Further efforts are needed from individual country governments to support the adoption of 
common standards for health data. Additionally, as foreseen also by the General Data Protection 
Regulation (GDPR) in the European Union, unprecedented public health threats such as the 
COVID-19 pandemic should prompt the re-evaluation of certain very stringent local legal and 
ethical requirements that do not allow researchers to deliver informative research in a timely 
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manner. Alternatively, Member States could provide common guidance on the application of 
such requirements in pandemic scenarios (Taconelli, E. et al, 2022).  

Data challenges and needs  
Future studies should aim for a comprehensive patient assessment, focused on factors that may 
influence viral evolution or accurate diagnosis, such as the baseline characteristics of the 
patients. Clinicians should screen and treat for co-morbid infections in patients with SARS-CoV-
2 who receive specific immunosuppressive COVID-19 therapies. Additionally, standardized 
guidelines for reporting future research in this area should be developed (Rosca, E.C. et al, 2023). 
The application and translation of most existing COVID outcome prognosis scores appear 
unreliable, with a high risk of bias. Guided development and predictor selection would improve 
the generalizability of the scores and may enhance future pandemic preparedness (Appel, K. et 
al, 2023). 

The Cohort Coordination Board (CCB) endeavored to infer a possible set of variables from 
studying long COVID that could be useful for future post-infective studies. However, it is 
challenging to define a pre-determined set of variables, because they are influenced by factors 
such as clinical sites, subjectivity of healthcare professionals, local culture, organization of local, 
regional, and national health systems, and the time and resources of patients.  

Reported cases are a considerable underestimate and a generally poor predictor of true infection 
burden, especially because case reporting differs by age. An inference-based modeling approach 
to reconstruct the burden of true infections and hospital admissions in children, adolescents, 
and adults can be used to understand age-specific epidemiology through successive pandemic 
waves in countries where random community surveys uncovering true pandemic dynamics are 
absent but basic surveillance and statistical data are available (Bodea, O. et al, 2024). 

Rate of clearance is a robust outcome measure for pathogen clearance studies. Pharmacometric 
evaluation characterizes therapeutic responses. This allows comparison between drugs and 
between doses and informs the selection of therapies for evaluation (such as in phase 3 clinical 
trials) or deployment (PLATCOV presentation CCB meeting 20 May 2024).  

Vaccine hesitancy and treatment follow-up are major barriers to 
pandemic response 
The impact of vaccine research and development is weakened when people do not trust the 
science enough to be vaccinated. We have an incomplete understanding of why people are 
influenced by misinformation and disinformation about vaccines. Even with extensive evidence 
of a vaccine’s effectiveness, if the context is not considered or effective messaging is not 
developed, many people may still refuse to be vaccinated. Further, some patients and study 
participants are not motivated to return for follow-up visits. Reasons for this are varied and may 
include COVID-19 no longer being perceived as a threat. As the worst impacts of the pandemic 
wane, what arguments can support continued research and foster trust in science that facilitate 
increased vaccination rates in the future? Clinical scientists need to collaborate with social 
scientists to better understand these drivers, yet to date, there has not been enough of this type 
of collaboration – more is needed in the future.  
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CoVICIS and cohort studies established resources that will be 
helpful in the future 
Several virological and serological biobanks have been created that can provide a wide range of 
data and insights to inform future pandemic response, including sequencing data, variant 
characterization, long-term sequelae, cross-cohort comparison, and the analysis of the 
differences by host genetics. Nasopharyngeal swabs and blood taken will continue to enable 
sequencing of the virus to assess the influence of host genetics in the response to different 
variants of concern or vaccination. In future outbreaks, researchers can access those samples 
and see if there is evidence to inform biomedical and public health responses to new or emerging 
variants. 

High participation rates needed 
High participation rates are key for participatory surveillance data to adequately mirror traditional 
infectious disease surveillance. Traditional surveillance (TS) usually relies on health care 
providers and generally suffers from reporting lags that prevent immediate response plans. 
Participatory surveillance, an innovative digital approach whereby individuals voluntarily monitor 
and report on their own health status via web-based surveys, has emerged in the past decade to 
complement traditional data collection approaches. A study found that where participation was 
high, a significant trend between lagged participatory surveillance data and traditional 
surveillance infection rates was found, suggesting that participatory surveillance data could be 
used for early detection. Wittwer, S. et al. (2023) found that forecasting models integrating both 
approaches increased accuracy by up to 3% relative to a 14-day forecast model based exclusively 
on traditional surveillance data. These results corroborate previous studies regarding the benefits 
of an integrated and comprehensive surveillance system and shed light on its limitations and on 
the need for additional research to improve future implementation of participatory surveillance 
platforms (Wittwer, S. et al., 2023).  

Machine learning 
Federated data analysis1 and machine learning does offer a solution for the delivery of a highly 
agile, robust and scalable system enabling fast real-time analysis of highly sensitive and up-to-
date clinical data. It could also enable integration of the clinical participant-level data with the 
complex data that is often not formatted into a table. Thes solution requires that data owners are 
equipped with the infrastructure and expertise to maintain the local nodes of harmonized 
datasets. This requirement, in itself, poses a challenge because not all federated approaches are 
created equal since some systems rely on more resources than others. Furthermore, the fact that 
analysts cannot directly see the data, prompts the question about their ability to identify the 
source of potential distortions.  

 
1 Data federation is a software process that enables numerous databases to work together as one. Using 
this technology is highly relevant for accessing sensitive biomedical health data, as the data remains within 
appropriate jurisdictional boundaries, while metadata is centralized and searchable and researchers can 
be virtually linked to where it resides for analysis. See here. 
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Centralizing data infrastructures 
Centralized data infrastructure is still important and – where data can be shared centrally (e.g., 
when broad informed consent for future use is available) – may be the preferred option because 
of the ease of curation and storage and the need for computational resources for OMICS data 
analysis. While the federated approach is further developed, the centralized approach will remain 
an important alternative, especially if the data is shared between trusted institutions with the 
appropriate safeguards in place (Taconnelli E. et al, 2022). 

An important consideration that concerns both centralized and federated arrangements relates 
to the limits of anonymization conversions: data cannot be converted in any formats and 
anonymized indefinitely and therefore pseudonymization is used. The problem, as emerged from 
the SYNCHROS stakeholders' dialogue, is that the legal basis for such pseudonymization 
conversions is still unclear. Manipulation of data for pseudonymization/anonymization purposes 
may undermine its scientific value. An important way forward is thus to ensure any manipulation 
of data for pseudonymization purposes will be aligned to the longitudinal characteristics 
of cohort studies concerned (i.e., temporal and location dimensions). The proposal for a 
Regulation the European Parliament and of the Council for a European Health Data Space 
(EHDS)2 offers a promising framework to address many of the challenges addressed in this paper, 
where the future EHDS regulation would provide the much needed legal basis to access and use 
secondary health data under European Union’s GDPR (for research, innovation, policy 
making, patient safety or regulatory activities) and where the EHDS would be built on strong data 
governance, data quality and interoperability.  

It will be important to monitor the evolution of this legislation and its practical application by 
European Union Member States according to the provisions foreseen (e.g., the setting up of 
a digital health authority at MS level; a common infrastructure at EU level to facilitate cross border 
exchange of electronic health data; self-certification schemes for Electronic Health Record 
systems to ensure interoperability; the secure processing environment for secondary data and 
related costs; and provisions related to the joint controllership for EU infrastructures) (Taconelli, 
E. et al, 2022). 

Data collection and overall study limitations  

Cohort size 
Many studies, especially those relating to key populations, cited small population and cohort size 
as a limiting factor. This argues for greater funding and time to include larger populations as larger 
sample size strengthens findings (Parisi, S.G. et al, 2022). More longitudinal data, over a longer 
period of time, is needed on COVID-related topics for strategic policy making and preparation for 
the next pandemic. Among others, a six-month research project may be sufficient to draw 
preliminary conclusions, but longer follow-up is mandatory to confirm the research hypothesis 
(Zuccoti, G., et al, 2023). While the WHO or Africa Center for Disease Control (CDC) will conduct 
long term surveillance, their research will not provide as in-depth evidence as multi-nationally 
coordinated research studies like CoVICIS and are less likely to research correlates of immunity. 

 
2 Currently close to adoption, see here. 
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Insufficient admin / register data  
For primary research, administrative and register data was sometimes insufficient to fully answer 
the research questions. Hospital and health system administrative codes describe and account 
for medical conditions, but administrative codes often do not give a granular enough picture of 
the severity of these conditions, possibly resulting in residual confounding. Register-based data 
did not fully facilitate identifying and grading the severity of investigated health conditions 
(Hedberg, P. et al, 2023). 

Incomplete, unclear or missing data 
Data extraction could be challenging due to missing, incomplete, or unclear descriptions of the 
information. This could be due to the need for standardized methodology and clear reporting 
criteria contributing to substantial methodological variation in SARS-CoV-2 studies. Intensive 
Care Unit capacities and admission criteria differ substantially by geographical setting, thus 
making it more difficult to evaluate generalizability between  studies. (Hedberg, P. et al, 2023)  

Researchers found it difficult to detangle the contribution of COVID-19 disease from other co-
infections that would naturally place immunocompromised individuals at risk for re-activation of 
untreated comorbid infections. It was also difficult to determine the effect of pre-existing co-
infections on the severity of COVID-19 (Rosca, E. et al, 2023). 

For secondary, meta-analysis, data relating to secondary outcomes (lost school days, activity 
limitation, and emergency department evaluations) were only available from few studies, all on 
post-COVID, indicating a gap in current knowledge about long-term effects of post-viral 
conditions on children, their families and quality of life. There was limited data available from 
Asia and South America and a complete lack of data from African countries, which was also 
highlighted in a 2021 bibliometric analysis (Minotti, C. et al, 2024). 

In some contexts, data on reason of hospital discharge was not available; policies governing data 
capture at time of hospital discharge could be standardized across the EU or internationally 
(Thorne, C. Presentation during CCB call June 2024). 

Key take-away Recommendation 

International collaboration is urgent 
and essential for monitoring 
pathogenesis, variants of concern, 
virulence of new variants, and response 
to vaccines for pandemic prevention 
and response.  

To make pandemic prevention and response 
more effective, governments and multilaterals 
would be wise to establish permanent, dedicated 
funding for international research collaboration  

Conducting in-depth monitoring of the 
responses of diverse populations over 
time enables understanding of how viral 
mutation affects vaccine effectiveness 
and health outcomes 

To access the evidence necessary for ongoing 
pandemic response, governments and 
multilaterals should invest sufficiently in 
longitudinal research for monitoring of diverse 
populations’ response to variants of concern. 
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Small cohort size and a lack of 
standardize protocol between different 
studies limits generalizability of results. 

Funding for research studies that seek to 
understand and respond to pandemics that affect 
all populations should be substantial enough to 
ensure that the population / cohort sample size is 
large and/or well-connected with comparable 
studies in other contexts or with other cohorts. 

Longitudinal monitoring of specific 
cohorts is necessary to confirm the 
effects of specific risk factors over time.  

Funding for long-term research projects can 
increase the value of the results. 

Register-based data and administrative 
codes are sometimes not sufficient to 
answer the research questions fully. 

Multilaterals may want to establish an  
administrative / register-focused data review 
panel to identify and address major gaps.  

Substantial gaps exist in accessibility of 
data from other regions of the world.  

To improve pandemic response, international 
decision-makers may work to increase 
accessibility to data from all world regions. 
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Annex 1: Glossary 
Acronym/ Term Meaning 

AbR Antibody response  

Africa CDC African Center for Disease Control 

ARI Acute respiratory infections 

CCB Cohort Coordination Board 

COVID-19 Coronavirus disease (COVID-19), an infectious disease caused by the 
SARS-CoV-2 virus (Source: WHO) 

DIPs Defective interfering particles  

EBV Epstein Barr Virus, one of the most common human viruses in the world 
and spreads through bodily fluids, primarily saliva. EBV can cause 
infectious mononucleosis and other illnesses. 

EHDS Regulation the European Parliament and of the Council for a European 
Health Data Space  

EU European Union 

FGD Focus Group Discussion, a focus group conducted with experts as part of 
the data collection required for this report. Participants were promised 
anonymity in their remarks.  

GAP-f Global Accelerator for Pediatric Formulations 

GDPR General Data Protection Regulation, a European Union regulation on 
information privacy in the European Union and the European Economic 
Area.  

HCWs Healthcare workers 

IT Information Technology  

KII Key Informant Interview, an interview conducted with experts as part of 
the data collection required for this report. Participants were promised 
anonymity in their remarks. 

LMICs Low- and middle-income countries 

mRNA Messenger ribonucleic acid (RNA) is a type of single-stranded RNA 
involved in protein synthesis. 

MIS-C Multisystem inflammatory syndrome in children is a group of symptoms 
linked to swollen, called inflamed, organs or tissues. 

PLWH People living with Human immunodeficiency virus (HIV), the virus that 
causes Acquired Immune Deficiency Syndrome (AIDS) 

RSV Respiratory Syncytial Virus Infections 

SARS-COV-2 Severe Acute Respiratory Syndrome Coronavirus, the virus that causes a 
respiratory disease called Coronavirus disease 19 (COVID-19). (Source: 
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Coronaviridae Study Group of the International Committee on Taxonomy 
of Viruses) 

SYNCHROS SYNergies for Cohorts in Health: integrating the Role of all Stakeholders 

VOC Variant(s) of Concern. The term variant of concern (VOC) for SARS-CoV-
2, which causes COVID-19, is a category used to identify variants of the 
virus where mutations in their spike protein receptor binding domain 
(RBD) substantially increase binding affinity (e.g., N501Y) in RBD-hACE2 
complex (genetic data), while also being linked to rapid spread in human 
populations (epidemiological data). 

WHO World Health Organization 
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