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Disease X represents a yet unknown human pathogen which has potential to cause a serious international epidemic or pandemic. The COVID-19 pandemic has illustrated that despite being at increased risk of severe disease compared with the general population, pregnant women were left behind in the development and implementation of vaccination, resulting in conflicting communications and changing guidance about vaccine receipt in pregnancy. Based on the COVID-19 experience, the COVAX Maternal Immunization Working Group have identified three key factors and five broad focus topics for consideration when proactively planning for a disease X pandemic, including 10 criteria for evaluating pandemic vaccines for potential use in pregnant women. Prior to any disease X pandemic, collaboration and coordination are needed to close the pregnancy data gap which is currently a barrier to gender equity in health innovation, which will aid in allowing timely access to life-saving interventions including vaccines for pregnant women and their infants.
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INTRODUCTION

In the past decades, substantial advances have been made in the field of maternal immunization, which is well recognized as an effective public health measure to reduce the burden of certain maternal and infant infectious diseases (1). Although vaccines specifically designed for administration during pregnancy (e.g., for Group B streptococcus and respiratory syncytial virus) are now entering late-stage clinical development, the inclusion of pregnant women in clinical trials of vaccines not specifically targeted for use during pregnancy remains an under-prioritized area, as experienced in the context of SARS-CoV-2 vaccine development.

Globally, an estimated 180 million pregnancies occur annually, with the vast majority in low- and middle-income countries (LMICs) (2). The COVID-19 pandemic has reinforced the fact that pregnant women are an at-risk population for emerging infectious diseases. Therefore, in a pandemic situation, pregnant women need to be able to access potential life-saving interventions concurrently with the rest of the population. Any delay in access, for example due to waiting for comprehensive long-term safety data, places these women at risk of preventable maternal morbidity or mortality, as well as adverse pregnancy outcomes.

The lack of timely consideration of the potential needs of pregnant women was particularly stark during the current COVID-19 pandemic. Pregnant women, especially those >35 years of age or with comorbidities such as obesity or hypertension were shown to be at an increased risk of severe COVID-19 and its complications, including higher odds of intensive care unit (ICU) admission, invasive ventilation, preterm delivery, stillbirth, or maternal death (3–7). This, together with the fact that women of child-bearing age made up a significant portion of the global frontline healthcare workforce, or were often employed in other occupations at high-risk of SARS-CoV-2 exposure, meant that this vulnerable group should have been given high priority for receiving COVID-19 vaccines (8). However, while pregnant women are being increasingly recognized as a critical population for inclusion in vaccine research, they were excluded from efficacy/pivotal clinical trials for all COVID-19 candidate vaccines, consistent with standard clinical development practices and the pressures to achieve regulatory approval rapidly. As a consequence, at the time of the first COVID-19 vaccine emergency use approvals, data in pregnant women were lacking and developmental and reproductive toxicity (DART) studies were still ongoing.

Addressing the known heightened risk for severe COVID-19 disease outcomes in pregnancy, several professional societies and other vaccine recommending bodies issued permissive recommendations allowing pregnant women access to vaccination based on the clinical safety profile of the vaccine in non-pregnant adults. These permissive recommendations in many countries, mostly high-income countries (HICs), allowed many pregnant women to gain access to COVID-19 vaccination in consultation with their healthcare providers. However, despite the increased risk of severe COVID-19 in pregnant women, the lack of clinical vaccine safety data in this population from a broader range of COVID-19 vaccines, together with lack of clear regulatory consensus and conflicting messaging globally has hampered access to vaccines for many women globally, particularly those in LMICs.

The implementation of linked pregnancy and vaccine surveillance systems to rapidly collect safety information during the post-Emergency Use Authorization (EUA) approval period has now provided vital safety data (9, 10), but this remains restricted to vaccines approved in HICs where these systems exist, and does not include many of the vaccines which are the only options currently available to LMICs.

Recognizing the importance of addressing the needs of pregnant women during the COVID-19 pandemic, the COVAX COVID-19 Maternal Immunization Working Group (MIWG)—a cross-disciplinary team of experts from clinical medicine, regulatory affairs, ethics, clinical research, pharmacovigilance, and vaccine safety—developed criteria to assess the suitability of pandemic vaccine candidates for roll-out to pregnant women. In addition, the COVAX MIWG identified a number of unmet needs in data availability, study designs and implementation, communication, and regulatory considerations to facilitate COVID-19 vaccine access for pregnant women worldwide. Here we describe these criteria and unmet needs which will be of value to proactively plan for future Disease X pandemics.



EVALUATING POTENTIAL VACCINE CANDIDATES FOR USE IN PREGNANT WOMEN

Based on the COVID-19 experience, we identified ten major criteria to optimize the evaluation of pandemic vaccines for use in pregnant women (Table 1). These criteria were established based on expert discussions, evaluation of ongoing vaccine safety data, and mapping of vaccine candidate characteristics. At a minimum, data from DART studies (either for the specific vaccine or the same platform) and from clinical trials in non-pregnant adults demonstrating vaccine safety and immunogenicity should be available prior to enrolment of pregnant women in clinical trials of pandemic vaccine candidates. Trials of vaccine candidates in non-pregnant adults provide an important source of safety and immunogenicity data that may be extrapolated to pregnant women in a pandemic situation, together with any data from inadvertent exposures in clinical trial participants who became pregnant during the study. Maternal and infant outcomes from pregnant women inadvertently exposed or enrolled in vaccine trials should be monitored by clinical and laboratory measures to assess for potential increased reactogenicity and adverse events compared with the general population (11, 12). While efficacy trials do not necessarily have to include pregnant women, their exclusion prevents the collection of valuable data on both safety and efficacy during pregnancy, and should be considered if there are no factors which indicate against their inclusion. Post-EUA or post-licensure studies and pregnancy registries should be utilized for continuing assessments of maternal and infant outcomes, and a minimum follow-up period of 6 months for infant safety should be applied, with preference for at least 12 months of follow-up.


Table 1. Lessons learned from the COVID-19 pandemic: pro-active planning considerations for Disease X.
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FACTORS ENABLING VACCINATION OF PREGNANT WOMEN DURING A PANDEMIC

Three key factors and five broad focus topics were identified as critical enabling factors for vaccination of pregnant women during a pandemic situation (Figure 1). Gender equity, coordination, and collaboration were identified as cross-theme key factors which should be considered for each of the five focus topics. Gender equity is an often-overlooked factor that should be an important consideration at all levels going forward. At a scientific level, gender impacts are not routinely assessed in randomized clinical trials or observational studies, therefore data on the effects of a drug or biologic are generalized to the entire population, which may create a data gap regarding the effectiveness and safety in women and hence pregnant women. This lack of data may create a barrier to access to potentially life-saving interventions for these women. At a social level, gender inequity still significantly impacts access to healthcare, particularly in LMICs (13). For example, robust and timely safety and effectiveness data in pregnant women are needed to enable vaccine policy decisions and access to vaccines for pregnant women, and should be an important consideration for drug development going forward. Coordination between vaccine- and maternal and neonatal health experts and stakeholders from vaccine development through to implementation are vital to ensure timely vaccine access and rapid uptake and coverage in pregnant women. The third factor, collaboration between stakeholders also plays an important role in ensuring timely access to vaccines, including collection and sharing of data between vaccine developers and regulatory bodies, ensuring vaccine availability, and communication of clear messages to encourage uptake of vaccines by pregnant women. An international body such as the WHO would be the most appropriate umbrella organization for ensuring effective worldwide coordination and collaboration during a Disease X pandemic.
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FIGURE 1. Enabling factors for pandemic vaccination of pregnant women.


Across these three factors, five focus topics have been identified (Figure 1). The first focus topic emphasizes the need for data on the disease burden and outcomes in pregnant women and neonates and the suitability of current/upcoming vaccines to support recommendations. A second topic is stakeholder endorsement including clear guidance and positioning on maternal immunization from recommending bodies and professional societies, as well as timely policy updates as new data emerge. Thirdly, considerations about enabling vaccine supply include prioritization in vaccination tiers and identifying the potential financers and funding criteria for vaccination of pregnant women. The fourth broad topic identified was enabling of vaccine distribution and administration, both internationally and within countries. This includes ensuring availability of a vaccine from a suitable platform for administration during pregnancy or lactation, education of healthcare providers, ensuring access to vaccination sites, and ensuring safety monitoring and evaluation systems are in place for timely identification of any potential safety signals. Finally, maximizing vaccine uptake among pregnant women includes communication measures (e.g., social media channels) to specifically communicate benefits of vaccination vs. disease risk, addressing potential barriers to vaccination, and gaining trust and confidence in both the system and decision makers for this specific group of vaccine recipients.



LESSONS LEARNED FROM COVID-19: HOW CAN THESE BENEFIT THE DISEASE X PANDEMIC RESPONSE?

The COVID-19 experience has highlighted a number of areas where proactive preparation for a future Disease X pandemic could greatly improve rapid access to pandemic vaccines for pregnant women (Table 1). Data on background rates of maternal and fetal outcomes are lacking for many LMICs, and such data collection should be prioritized so that any impacts of disease or vaccination on these outcomes can be accurately evaluated. Existing pregnancy registries and safety surveillance systems can play a significant role in collecting these data and can therefore be utilized to estimate disease burden and vaccine effectiveness during a pandemic.

An important lesson learnt from the current pandemic is the critical need for harmonized guidance and data systems to be in place prior to initiating clinical vaccine development. Both global collaboration of important stakeholders as well as effective coordination between regulatory bodies, manufacturers, logistics, governmental leaders, professional societies, and educators is required to ensure that the appropriate data can be collected across vulnerable populations from the outset. To enable consistency globally, this would ideally be overseen by the WHO acting as a worldwide coordination and knowledge hub, with implementation performed at country-level. To enable timely vaccine access for pregnant women, generation of DART data on new vaccine platforms should be initiated as early as possible, before or in parallel with clinical trials, so that they are available as soon as safety, immunogenicity, and efficacy in non-pregnant populations has been established. Regulatory and policy requirements should be identified as early as possible, also for specific populations such as pregnant women to enable timely and robust decision-making. Furthermore, funding should be made available to address knowledge gaps in available vaccine platforms outside of a pandemic situation where possible, to consolidate the knowledge base well ahead of the next pandemic.

Another key lesson learned from the COVID-19 experience is the importance of effective communication of vaccine safety in mitigating potential hesitancy. Coincidental events can be very damaging to public confidence in a vaccine, particularly in pregnant women who are often highly concerned about vaccine safety both for themselves and for their infant (14, 15). Navigating perceived risk in a climate of mass social media, together with conflicting and changing national and international vaccination recommendations and hesitancy from healthcare providers compounds this issue. Inclusion of pregnant women early in future vaccine development, together with effective communication with the public and healthcare providers are a prerequisite to providing robust information on the risk-benefit profile of the vaccine vs. the disease and can ultimately increase public confidence in both the vaccine and the advice about its usage. Added to this, safety data collected via pregnancy registries under EUAs [e.g., V-safe (16)], together with specific safety epidemiological studies in pregnancy and frequent reviews of safety data [e.g., systematic reviews (17)] are vital for identification of any potential safety signals and to help increase confidence in the safety of the vaccines in these populations.

The introduction of a pandemic vaccine requires risk communication planning in advance of product launch, in order to be prepared to address safety issues as and when they may arise, as well as to mitigate vaccine hesitancy. Lack of public trust is often an overlooked factor leading to vaccine hesitancy, thus schemes which pro-actively involve pregnant women in science and innovation can help gain trust in the system and medical developments, as well as improving health.

As experienced during the COVID-19 pandemic, vaccine roll-out in HICs can occur rapidly, however access to vaccines in LMICs can be very limited, owing to greater buying power of HICs and vaccine nationalism (18, 19). Following the early approval of mRNA COVID-19 vaccines and a favorable safety profile in non-pregnant persons, HICs have made these vaccine widely available to pregnant women which has enabled safety and effectiveness data collection in tens of thousands of pregnant women. In contrast to HICs, the majority of the 90 million pregnant women in sub Saharan Africa and South East Asia still do not have access to COVID-19 vaccines, either due to lack of access or restrictive vaccination policies. To mitigate these potential inequalities in future pandemics, it is paramount that access to vaccines should be agreed early in the planning stages jointly with manufacturers, thus avoiding contractual agreements which restrict equitable global supply. Further, vaccine developers can aid in reducing inequality by performing clinical trials in LMICs, which provides vital safety and efficacy data in these settings and aids in approval and prioritization of vaccination of pregnant women by national governments.

In conclusion, pro-active planning, networking, funding support, advocacy from trusted recommending organizations, confidence and education on how and when to include pregnant women in pandemic vaccine development are paramount to ensure timely data collection and access to vaccines. Prior to a future Disease X pandemic, pro-active identification and consideration of other factors affecting vaccine delivery to pregnant women should already be in place to allow a harmonized and effective rollout of vaccines to pregnant women globally. Finally, the COVID-19 experience has taught us that we need to close the pregnancy-related data gap that is currently a barrier to gender equity in health innovation. This will enable timely access to life-saving interventions for pregnant women, reducing preventable deaths in pregnant women and their infants globally.
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Domain

Evaluation of potential pandermic
vaccines for roll-out to pregnant
women

Data needs

Regulatory considerations

Pharmacovigiance

Communication and overcoming
vaccine hesitancy

Needs

1. Results of DART studies, with advice to developers to plan for expedited conduct, analysis, and release of DART data
2. Safety data available from use of the same vaccine platform" in non-pregnant populations

3. Safety data available from use of the same vaccine candidate in non-pregnant populations.

4. Prior data on the antigen and delivery systerm/platform (subunit, non-replicating vector, vectored, mRNA, DNA, etc.) in

pregnant populations

5. Safety data on adjuvant-antigen pair testing in non-pregnant aduls, along with data from DART studies for the acjuvanted
construct, when applicable

6. Safety data from dlinical trals in pregnant and lactating wormen of vaccines utiizing the same adjuvant as the candidate vaccine
(as appropriate)

7. Safety data from participants in clinical trils who have becorme pregnant whilst i the trial or data from inadvertent exposures
during

8. Avallable local and systemic reactogenicity profile of the candidate vaccine in non-pregnant population as an indication of possible
local and systernic reactogenicity in pregnant women, with particular interest i fever after vaccination

9. Data from post-licensure studies and vaccine registries when planning post-licensure studies in pregnant women

10. Plan for safety follow up in place: minimum through delivery for the mother, and minimum 6-month (preferred: 12-month)
post-delivery follow-up for infant safety evaluation

Collection of background rates of maternal and infant outcomes, particularly in LMICs

Collection of disease burden data for Disease X actoss different epidemiological settings, once Disease X identified

Earlier collection of DART data i clinical development plans

Harmonized guidance in place for consideration of pregnant women during vaccine development

Standardized protocols and frameworks for vaccine effectiveness studies which can be utiized globally

Proactive presumption of inclusion of pregnant women in clinical development rather than exclusion

Development of systerms which can be utilized to collect data during a pandemic

Leverage existing systems for passive collection of data (e.g., obstetrics monitoring systems)

Funding, development, and utiization of pregnancy registries for vaccine pharmacovigilance, partioularly in LMICs:

Proactive recruitment of professional vaccination

champions who live in the regions of people being vaccinated

Data and information about vaccination during pregnancy and lactation to be accessible to the general public, heaithcare providers
and policy makers, in addition to scientiic communities

Proactive preparation of clear messages of the benefits of vaccines and medications during pregnancy

Effective utization of social media platforms

Positivity of messaging (rather than e.g., lack of concerning safety signals)

DART, developmental and reproductive toxicology; LIMIC, low and middle-income country.
*Same vaccine platform refers to the same or highly similar construct previously used to create a vaccine against another pathogen.
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