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Background: Although mRNA-based vaccines have been in development for over two
decades, their widespread use only emerged during the COVID-19 pandemic. The
success of these vaccines has brought mRNA technology to the forefront of efforts to
develop novel vaccines. However, as this is a rapidly evolving field, there is a need for a
comprehensive and up-to-date overview of the current evidence base to guide further
research and development. This study, therefore, systematically reviewed the literature on
clinical trials using mRNA vaccines for infectious diseases other than COVID-19.

Methods: A systematic review of the literature, following the PRISMA 2020 guidelines,
identified clinical trials in infectious diseases other than COVID-19. PubMed and
ClinicalTrials.gov were screened for such clinical trials using search terms related to
mRNA vaccines, and the results of the two independent searches were combined.
Clinical trials using mRNA vaccines against either COVID-19 or non-communicable
diseases were removed, as were duplicated studies. The remaining clinical trials were
then stratified based on pathogen, status, and phase.

Results: Nine hundred and seventy-six clinical trials were identified, of which 83 met the
inclusion criteria. These included candidate mRNA vaccines against 14 viral, two bacterial
and one protozoan infection. Of these, 43 trials have concluded, 21 are active, and a
further 12 are recruiting, with the remaining not yet recruiting, enrolling by invitation, or
withdrawn. Of the 43 completed clinical trials, 26 were phase I trials, eight were phase I/II
trials, three were phase II trials, and six were phase III trials. The clinical trials captured in this
systematic review included combined vaccines, with two or more vaccines administered at
the same time, andmRNA vaccines designed to encode pathogen structural components,
in addition to pathogen-specific antibodies.

Conclusion: This systematic review identified clinical trials investigating mRNA vaccine
candidates against multiple infectious diseases, other than COVID-19, with the majority
targeting viral infections. Despite the lack of long-term data, this systematic review
suggests that these mRNA vaccine candidates are safe and effective with the potential
to shape the field of preventive medicine. Beyond the prevention of infectious diseases,
mRNA vaccines are showing promise against cancer and potential applications in
autoimmune and other diseases.
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INTRODUCTION

Vaccination is widely regarded as one of modern medicine’s most
successful and cost-effective prophylactic interventions, leading to the
successful eradication of smallpox in 1980 and limiting the prevalence
and incidence of many other infectious diseases [1]. Despite several
advancements and breakthroughs in conventional vaccine
development, there are still no vaccines available for many
infectious diseases [2]. Globalisation and climate change have
accelerated the diffusion of infectious pathogens through human
and animal vectors, increasing the risk of emerging and re-emerging
pathogens spreading [3]. This highlights the need for versatile vaccine
platforms with easily scalable production for rapid response to such
threats. One promising technology lies in messenger ribonucleic acid
(mRNA) vaccines, which have the potential to revolutionise the field
of preventive medicine by overcoming the hindrances presented by
conventional vaccination methods.

Traditional vaccination methods have proved ineffective
against pathogenic microorganisms with more complex
virulence mechanisms and immune evasion strategies, such as
the human immunodeficiency virus (HIV) and the malaria
parasite Plasmodium falciparum [4]. Unlike live-attenuated
vaccines, mRNA vaccines do not contain live or replicating
pathogens and therefore carry no risk of reversion to the wild
type and causing infection. Since mRNA remains in the
cytoplasm and does not integrate into the host genome, the
potential for insertional mutagenesis that can be theoretically
associated with some DNA-based or viral vector vaccines is
avoided [5]. Although there is no evidence of vaccines against
infectious disease leading to such mutagenesis, the use of
integrative vectors, such as those used for gene therapy in
severe combined immunodeficiency, has been associated with
insertional oncogenesis [6]. Given public concerns around
vaccination and the increase in vaccine hesitancy clear
information regarding vaccines is essential.

Currently, mRNA vaccine constructs exist in two primary
forms: conventional/non-replicating mRNA (NRM) and self-
amplifying mRNA (SAM) [7]. Essentially, both types of
mRNA vaccines consist of a modified mRNA molecule and a
delivery system that encapsulates the mRNA payload [8, 9] but
differ in design and mode of action. Specifically, SAM vaccines
incorporate genetic information that encodes the open reading
frame (ORF) of the target antigen, a 5′ 7-methylguanosine
triphosphate (m7G) cap structure, 5′ and 3′ untranslated
regions (UTRs), a 3′-poly A tail, and a viral replicase complex
that allows for mRNA self-amplification within cells [8–10]. In
contrast, NRM vaccines have the typical structure of a eukaryotic
mRNA [11] and thus lack the viral replication machinery that
characterises SAM vaccines, and do not undergo any
amplification steps following endosomal escape [8, 10]. This
lack of direct antigen expression in NMR vaccines eliminates
the risk of anti-vector immunity [12], but the viral replication
machinery of SAM allows for an improved, prolonged expression
of antigens and subsequent immune recognition, ultimately
increasing the production of pro-inflammatory cytokines and
immune cell activation [12]. SAM vaccines show promise in
stimulating strong immunological responses, but prolonged

activation of the innate immune response can cause
downstream effects in mRNA expression, leading to a decline
in mRNA vaccine efficacy [13].

To date, multiple mRNA vaccines designated against challenging
pathogens, such as HIV, the rabies virus, the respiratory syncytial
virus (RSV), the Zika virus, the cytomegalovirus (CMV), and the
influenza virus [14–16], among other pathogenic microorganisms,
have made it into clinical trials. However, as this is a relatively new
approach in a rapidly evolving field, there is a need for a
comprehensive, up-to-date overview of current clinical trials to
guide further research and development. Although literature
reviews of mRNA vaccines exist [4, 15, 17], along with systematic
reviews of mRNA vaccine against COVID-19 [18,19], to our
knowledge this is the first systematic review of mRNA vaccines
for infectious diseases other than COVID-19. Given the increase in
mRNA vaccine trials, the shift in vaccine platforms, and the
emergence of new infectious disease threats, providing a
comprehensive overview of ongoing and completed clinical trials
of mRNA vaccines across multiple pathologies is critical to guide
further research and development.

METHODOLOGY

A systematic review of the existing literature was undertaken,
following the Preferred Reporting Items for Systematic Review
and Meta-Analysis (PRISMA) 2020 guidelines to evaluate the
current state of clinical trials in mRNA vaccines for infectious
diseases other than COVID-19. Keyword searches were
conducted in the PubMed database, to identify relevant, peer-
reviewed articles published. The search strategy consisted of the
following combination of keywords: [(infection) AND (mRNA)
AND (clinical trial) NOT (COVID)]. Additionally, the
ClinicalTrials.gov online database was searched using the
keyword “mRNA vaccines” to identify individual clinical trials
using mRNA vaccines for infectious diseases other than COVID-
19. The title and abstract of each article generated by the keyword
searches were screened to identify eligible studies and exclude
irrelevant studies by two independent reviewers, and any
ambiguities were clarified through discussion.

Following the initial evaluation, the full texts of the remaining
search outputs were assessed for inclusion based on the following
eligibility criteria: i) clinical trials in humans ii) the study reports
on mRNA vaccines for infectious diseases other than COVID-19,
iii) the article is written in English. Irrelevant studies, such as
those articles focusing on mRNA vaccines for the treatment of
cancer or COVID-19, along with duplicates were excluded to
maintain a focus on mRNA vaccines against infectious diseases
other than COVID-19. Details of the study selection process are
illustrated in the PRISMA flow diagram (Figure 1), together with
the justifications for their elimination.

RESULTS

A total of 976 records were identified in the initial search. At
screening, 868 were classified as not eligible due to their focus
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on topics irrelevant to the scope of this study and were
removed. The title, diseases, and intervention details of
108 records were independently screened for relevance by
two individuals. A total of 106 full-text records were then
assessed for eligibility based on the established eligibility
criteria, and any disagreements were resolved through
discussion between the two authors. Of these 106 records,
five studies were removed as the study design fell outside the
scope of mRNA vaccines. An additional 18 entries were
excluded due to duplication, as they consisted of repetitive
information. Finally, 83 studies were included in this review.
Of these, 82 were clinical trials sourced from the
ClinicalTrials.gov database and one study was sourced

from the PubMed database. A summary of the study
characteristics of all completed clinical trials using mRNA
vaccines against infectious diseases identified is presented in
Table 1 and the remaining clinical trials, those that are
ongoing, are presented in Table 2.

The purpose of this review was to provide a comprehensive
overview of clinical trials using mRNA vaccines for infectious
diseases other than COVID-19. mRNA technology has
emerged as a promising vaccine platform with revolutionary
potential in preventive medicine. A significant proportion of
the literature is centred on mRNA vaccines against COVID-19,
but substantial research has also been conducted on mRNA
vaccines for other infectious diseases. Of the clinical trials

FIGURE 1 | PRISMA flow diagram showing the process of study selection for records retrieved from the ClinicalTrial.gov and PubMed databases.
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TABLE 1 | Characteristics of completed clinical trials using mRNA vaccine candidates against infectious diseases other than COVID-19.

Pathogen
group

Condition(s) Intervention(s) Immunogen(s) Route of
administration

Sponsor Phase NCT Number Ref

Virus CHIKV mRNA-1944 CHKV-24 IV ModernaTX, Inc. I NCT03829384 [20]
mRNA-1388 CHIKV West African strain

37,997 full structural
polyprotein

IM I NCT03325075 [21]

CMV mRNA-1647, mRNA-1443 NS NS ModernaTX, Inc. I NCT03382405 [22]
mRNA-1647 gB IM ModernaTX, Inc. II NCT04232280 [23]

I NCT05105048 [24]
HIV iHIVARNA-01 NS InG Judit Pich

Martínez
I NCT02413645 [25]

Influenza VAL-506440 HA IM ModernaTX, Inc. I NCT03076385 [26]
VAL-339851 HA IM ModernaTX, Inc. I NCT03345043 [27]
mRNA-1010 HA IM ModernaTX, Inc. III NCT05827978 [28]

III NCT05566639 [29]
III NCT05415462 [30]
I/II NCT04956575 [31]
II NCT05868382 [32]

mRNA-1020, mRNA-1030 HA, NA IM ModernaTX, Inc. I/II NCT05333289 [33]
mIRV, bIRV, qIRV HA IM Pfizer I/II NCT05052697 [34]
mRNA-1011, mRNA-1012 HA IM ModernaTX, Inc. I/II NCT05827068 [35]
MRT5407 HA IM Sanofi Pasteur I/II NCT05553301 [36]
MRT5410 HA IM Sanofi Pasteur I/II NCT05624606 [37]
MRT5413 HA IM Sanofi Pasteur I/II NCT05650554 [38]
CVSQIV HA IM CureVac I NCT05252338 [39]
Monovalent mRNA HA IM Sanofi Pasteur I NCT06118151 [40]
GSK4382276A NS IM GlaxoSmithKline I NCT05446740 [41]
sa-mRNA (Dose 1–3) HA IM Seqirus I NCT06028347 [42]
H3 mRNA/LNP HA IM Sanofi Pasteur I NCT05829356 [43]
Flu mRNA NS IM GlaxoSmithKline I/II NCT05823974 [44]
Quadrivalent influenzamodRNA HA of 4 seasonal strains IM Pfizer III NCT05540522 [45]
Monovalent mRNA NA NA IM Sanofi Pasteur I NCT05426174 [46]
PF-07852352, PF-07836391,
PF-07836394, PF-07836395,
PF-07836396, PF-07867246,
PF-07871987, PF-07914705,
PF-07915048/ Influenza
saRNA

NS IM Pfizer I NCT05227001 [47]

NiV mRNA-1215 Prefusion stabilised F
covalently linked to G
monomer (Pre-F/G) of
Malaysian strain NiV

IM NIAID I NCT05398796 [48]

RABV CV7201 RabG NS CureVac I NCT02241135 [49]
CV7202 NS IM CureVac I NCT03713086 [50]

RSV mRNA-1345 RSV preF IM ModernaTX, Inc. I NCT04528719 [51]
III NCT06060457 [52]
III NCT05330975 [53]

mRNA-1777 RSV preF IM Merck Sharp &
Dohme Corp.

I N/A [54]

ZIKV mRNA-1325 NS NS ModernaTX, Inc. I NCT03014089 [55]
mRNA-1893 NS NS ModernaTX, Inc. I NCT04064905 [56]

II NCT04917861 [57]
HMPV
and HPI

mRNA-1653 anti-hMPV, anti-PIV3 (NS) IM ModernaTX, Inc. I NCT04144348 [58]
NS I NCT03392389 [59]

RSV and
HMPV

RSV/hMPV mRNA LNP 1–2,
RSV mRNA LNP, hMPV
mRNA LNP

RSV: preF, HMPV: preF IM Sanofi Pasteur I NCT06237296 [60]

RSV and
Influenza

RSV: RSVpreF and Influenza:
gIRV

RSV: preF, Influenza: HA
(H1N1 A/Sydney, H3N2 A/
Darwin, B/Austria, B/
Phuket)

IM Pfizer I NCT05788237 [61]

Protozoa Malaria BNT165b1 PfCSP IM BioNTech SE I NCT05581641 [62]

Abbreviatons: CHIKV: chikungunya virus, CMV: cytomegalovirus, gB: Glycoprotein B, HA: hemagglutinin, HIV: human immunodeficiency virus, HMPV: human metapneumovirus, HPI:
human parainfluenza infection, InG: Inguinal Intranodal, IM: intramuscular, IV: intravenous, NA: neuraminidase, NiV: nipah virus, NS: not specified, RABV: rabies virus, Ref: Reference, RSV:
respiratory syncytial virus, ZIKV: Zika Virus.
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included in this review 43 trials were reported as completed. Of
the 40 ongoing clinical trials 21 are active, 12 are recruiting,
five are not yet recruiting, one is enrolling by invitation only,
and one has been withdrawn. Of the 43 completed clinical
trials 26 were phase I trials, eight were phase I/II trials, three
were phase II trials and six were phase III trials. These included
candidate mRNA vaccines against 14 viral infections, two
bacterial infections and one protozoan infection.

Completed Clinical Trials for mRNA Vaccine
Candidates Against Viral Infections
Viral infections are an obvious target for mRNA vaccines due
to the rapid rate of mutation seen in many viruses and their
use of specific surface proteins for infection. Over
60 candidate mRNA vaccines were elucidated by this
systematic review, against 14 different viral pathogens
with the results of the completed clinical trials
summarised below.

Chikungunya
The safety and pharmacology of the mRNA vaccine candidate
mRNA-1944 were evaluated in a phase I clinical trial
(NCT03829384) [20]. The vaccine, encoding the heavy and
light chains of a CHIKV-specific monoclonal neutralising
antibody, CHKV-24, demonstrated neutralising activity
against CHIKV in humans at titres considered
therapeutically optimal and remained durable for at least
4 months at dosages of 0.3 and 0.6 mg kg−1 with no
indication of severe adverse events [103]. A second dose of
0.3 mg kg−1 stimulated a 1.8-fold increase in neutralising
antibody titres in serum and durability, although neutralising
antibody responses were only assessed for up to 48 h following
intravenous infusion; therefore, further evaluation in the form
of extended studies is necessary to determine the efficacy of
mRNA-1944 in the long term.

Taking a different approach Moderna TX, Inc. has
developed an mRNA-LNP CHIKV vaccine construct
encoding the full structural polyprotein of the CHIKV West
African strain 37,997, mRNA-1388, which has completed a
phase I clinical trial (NCT03325075) [21]. The results
demonstrated favourable tolerability at various dosages
(i.e., 25, 50, and 100 μg) with mild solicited local (e.g., pain
and tenderness) and systemic (e.g., headache, generalised
myalgia, and fatigue) adverse reactions. Neutralising
antibody and CHIKV binding antibody titres increased in a
dose-dependent manner in all participants, and
seroconversion was higher in the 100 μg dosage group.
Although mRNA-1388 produced strong and durable
neutralising antibody responses, the study was conducted in
a non-endemic area. Additionally, the impact of sex and
ethnicity on immune responses was not assessed; thus, there
is a need for further research on the at-risk populations. Since
the vaccine immunogen was derived from a non-predominant
global genotype, further investigation would also be necessary
to determine whether any antigenic variations across strains
will affect the neutralising activity of mRNA-1388 sera.

Cytomegalovirus
Bivalent CMV mRNA-LNP vaccine formulations, mRNA-1647
and mRNA-1443, which co-express both gB and PC
glycoproteins have been explored in a phase I clinical trial
(NCT03382405) [22]. Only mRNA-1647 moved forward to
phase II (NCT04232280) [23], after the clinical material of
mRNA-1443 failed to meet internal standards after 1 year of
storage, raising concerns about its safety and efficacy due to poor
long-term stability [104]. The safety, reactogenicity, and
immunogenicity of mRNA-1647 were also explored in a
further phase I clinical trial [24] with results showing the
generation of neutralising antibodies and a sustained immune
response 6 months after the third dose [105].

Human Immunodeficiency Virus Type 1
A naked mRNA (iHIVARNA) therapeutic vaccine candidate
expressing a novel HIV immunogen in conjunction with
TriMix mRNAs was recently evaluated in chronic HIV-1-
infected patients on antiretroviral therapy in a phase I clinical
trial (NCT02413645) [25], where it demonstrated promising
outcomes. TriMix mRNAs are a combination of three mRNA
sequences that encode for activation molecules (Human CD4L,
constitutively active TLR4 [(caTLR4]), and CD70), which
enhance T-cell activation and subsequent antigen presentation
by dendritic cells [106]. Three intranodal immunisations of
iHIVARNA at varying doses (100–1200 μg) were well
tolerated by the study participants, with the majority of
adverse reactions being unrelated to the vaccine [107]. The
vaccine demonstrated good safety with moderate HIV-1-
specific T cell responses and has now progressed to phase II
for further evaluation. Interestingly, the authors also reported an
interaction between increasing viral load titres and immune
responses that target vaccine-encoded epitopes.

Influenza
In total 30 clinical trials using mRNA vaccines against influenza
were captured in this systematic review, 21 of which have
concluded. The earliest influenza mRNA-based vaccines to
enter clinical trials, mRNA-H10N8 (NCT03076385) [26] and
mRNA-H7N9 (NCT03345043) [27], were well tolerated with
strong humoral immune responses in humans when
administered intramuscularly as a two-dose regimen [108].
Interestingly, intradermal immunisation led to high rates of
solicited adverse events, and enrolment was discontinued [108].

A further mRNA vaccine candidate, mRNA-1010, has been
extensively studied across different clinical trials [28–30]
assessing its safety, immunogenicity, and potential efficacy as a
seasonal flu vaccine. The vaccine demonstrated a strong safety
profile across different studies, similar to that of Fluarix, a
licensed influenza vaccine comprising inactivated HA and NA
viral particles) [29, 30]. mRNA-1010 also demonstrated
favourable immunogenicity against influenza A strains,
H1N1 and H3N2, with higher rates of participants achieving
protective antibody titres when compared to Fluarix [29, 30].
However, no statistical difference was noted in disease prevention
between mRNA-1010 and Fluarix [29], with mRNA-1010
demonstrating lower efficacy against influenza B strains,
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TABLE 2 | Characteristics of ongoing clinical trials using mRNA vaccine candidates against infectious diseases other than COVID-19.

Pathogen
group

Condition(s) Intervention(s) Immunogen(s) Route of
administration

Sponsor Phase Status NCT Number Reference

Virus CMV mRNA-1647 gB IM ModernaTX, Inc. I Recruiting NCT05683457 [63]
EBV mRNA-1189 NS IM ModernaTX, Inc. I NCT05164094 [64]
HSV-2 BNT163 gC2, gD2, gE2 IM BioNTech SE I NCT05432583 [65]
HIV CH505M5 N197D mRNA-gp160, CH505 TF

mRNA-gp160
HIV-1 envelope protein
gp160

IM NIAID I NCT06557785 [66]

Influenza mRNA-1010 HA IM ModernaTX, Inc. II NCT05606965 [67]
DCVC H1 HA mRNA-LNP H1 HA IM NIAID I NCT05945485 [68]
Flu Pandemic mRNA (Dose level 1–7) HA IM GlaxoSmithKline I/II NCT06382311 [69]

RSV mRNA-1345 RSV preF IM ModernaTX, Inc. II NCT06143046 [70]
IN006 RSV preF IM ModernaTX, Inc. I NCT06645665 [71]
Investigational RSV vaccine 1–6 NS IM GlaxoSmithKline I NCT06573281 [72]
JCXH-108 RSV preF IM Immorna

Biotherapeutics, Inc.
I NCT06564194 [73]

RSV and
HMPV

mRNA-LNP hMPV/RSV, monovalent hMPV,
monovalent rsv

RSV: preF, HMPV: preF IM Sanofi Pasteur I/II NCT06686654 [74]

CMV mRNA-1647 gB IM ModernaTX, Inc. II Enrolling by
invitation

NCT04975893 [75]

CMV mRNA-1647 gB IM ModernaTX, Inc. III Active, not
recruiting

NCT05085366 [76]
EBV mRNA-1195, mRNA-1189 NS IM ModernaTX, Inc. II NCT05831111 [77]
VZV PF-07915234, PF-07915234, PF-07921188,

PF-07921186, PF-07921188
gE IM Pfizer II NCT05703607 [78]

IN001 gE IM Shenzhen Shenxin
Biotechnology Co., Ltd

I NCT06375512 [79]

mRNA-1468 gE IM Pfizer I/II NCT05701800 [80]
HIV mRNA-1644 eOD-GT8 60 mer IP International AIDS

Vaccine Initiative
I NCT05414786 [81]

mRNA-1644, mRNA-1644v2-Core eOD-GT8 60mer, Core-
g28v2 60 mer

IM International AIDS
Vaccine Initiative

I NCT05001373 [82]

BG505 MD39.3 mRNA,
BG505 MD39.3 gp151 mRNA,
BG505 MD39.3 gp151 CD4KO mRNA

HIV-1 BG505 envelope
protein gp151

IM NIAID I NCT05217641 [83]

Influenza MRT5421, MRT5434, MRT5429 HA IM Sanofi Pasteur I/II NCT06361875 [84]
GSK4382276A NS IM GlaxoSmithKline II NCT06431607 [85]
ARCT-2138 HA, NA IM Arcturus

Therapeutics, Inc.
I NCT06125691 [86]

H1ssF_3928 H1-specific IM NIAID I NCT05755620 [87]
RSV mRNA-1345 RSV preF IM ModernaTX, Inc. II NCT06097299 [88]

IM III NCT06067230 [89]
IM II/II NCT05127434 [90]

RSVPreF3 OA IM GlaxoSmithKline III NCT06374394 [91]
RSV mRNA-LNP (Formulation 1–2) IM Sanofi Pasteur I/II NCT05639894 [92]

RSV and
HMPV

mRNA-1345, mRNA-1365 RSV: preF, HMPV: preF IM ModernaTX, Inc. I NCT05743881 [93]

Bacteria Borrelia
burgdorferi:

mRNA-1975, mRNA-1982 OspA IM ModernaTX, Inc. I/II NCT05975099 [94]

TB BNT164a1, BNT164b1 NS IM BioNTech SE I/II NCT05547464 [95]
BNT164a1, BNT164b2 NS IM BioNTech SE I NCT05537038 [96]

Virus HIV IM I NCT06694753 [97]
(Continued on following page)
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Victoria- and Yamagata-lineage, and slightly higher influenza-
like-illness in older adult populations [30].

Optimal dosing for mRNA-1010 was explored in clinical trials
(NCT04956575) [31] and (NCT05868382) [32]. Safety and
tolerability were best balanced in the 25 μg dose group [42],
while a different formulation of mRNA-1010, mRNA-1010.6
(medium dose), showed an optimal balance between
immunogenicity and tolerability [32].

A robust immune response with a favourable safety profile,
despite some increased reactogenicity, was also demonstrated by
mRNA-1020 in a phase I/II clinical trial (NCT05333289) [33], in
which both mRNA-1020 (Dose Level A/B) and −1030 (Dose
Level B) outperformed mRNA-1010.

In a further phase I/II clinical trial (NCT05052697) [34], the
safety, tolerability, and immunogenicity of several modified
mRNA vaccine candidates were evaluated in younger and
older adults. The results suggest that the quadrivalent vaccine
(qIRV + QIV) generated the strongest immune responses,
especially against influenza A strains. An immune response to
all strains was also observed in groups that received the bivalent
formulation (bIRV AB). Immunogenicity was higher in younger
adults, although older adults who received the qIRV or bIRV
formulations showed improved immune responses. The modified
mRNA vaccines were also well tolerated with no major safety
concerns, making them promising mRNA vaccine candidates for
vaccination in broad age groups.

Nipah Virus
The Nipah virus (NiV) is a highly pathogenic zoonotic virus
belonging to the Henipavirus genus that can lead to fatal
neurological and respiratory diseases in both humans and
animals. Despite the lack of licensed NiV vaccines, research
and development efforts are underway, with some vaccine
candidates showing promise. A phase I clinical trial is the first
study of mRNA-1215 in healthy adults to evaluate the safety,
tolerability, and immunogenicity of the NiV mRNA vaccine
candidate mRNA-1215 (NCT05398796) [48]. The study was
completed in September 2024, but the results are yet to be
made available.

Rabies
The safety, reactogenicity, and immunogenic potential of the
RABV mRNA-LNP vaccine candidate CV7201, which encodes
the rabies virus glycoprotein (NCT02241135) [49] were evaluated
in a phase I clinical trial. CV7201 was generally well tolerated, but
the ability to elicit adequate immune responses was heavily
contingent on the route of administration, requiring
intradermal or intramuscular delivery employing specialised
devices to attain the desired immune response [109]. Because
of this, further development of this vaccine candidate was put on
hold in favour of a different formulation, CV7202, which
encompasses the same vaccine immunogen as CV7201 and
has been proven to induce immunological responses in non-
human primates, comparable to those elicited by commercially
available vaccines in a phase I clinical trial, (NCT03713086) [50].

Intramuscular immunisation with CV7202 was generally well
tolerated by the study participants, with no immediate adverseT
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events and no vaccine-related serious adverse events or adverse
events of particular concern throughout the trial [50]. However, a
high rate of early-onset reactogenicity involving solicited local
and mild-to-moderate systemic adverse events was observed in
participants receiving the 5 μg regimen. Injection site pain was
experienced by the majority of subjects, with one instance being
classified as severe, while the majority of the systemic adverse
events included headache, fatigue, myalgia, and chills [50]. When
administered at 1 or 2 μg, CV7202 demonstrated a more
favourable reactogenicity profile than CV7201 [50]. A two-
dose regimen of the CV7202 vaccine at both 1 and 2 μg doses
was also able to induce strong and durable neutralising antibody
responses [50]. This indication was particularly significant as it
suggests that CV7202 could be a promising candidate for further
development, considering its low reactogenicity and the
generation of robust neutralising antibody responses at both
1 and 2 μg doses: this makes it an efficient and well-tolerated
vaccine alternative. Moreover, a two-dose regimen of CV7202 at
both 1 and 2 μg doses resulted in a significant increase in RABV-
G-specific IgG antibody titres [50], further corroborating the
potential of this vaccine candidate.

Respiratory Syncytial Virus
Several potentially promising mRNA-based vaccine candidates
against RSV have been investigated in clinical trials. mRNA-1777
encodes the F protein of RSV stabilised in the prefusion
conformation. The F protein exists in two forms; a metastable
prefusion conformation and a post-fusion conformation [54].
Studies have shown that human antibodies specifically target the
prefusion conformation of the F protein upon natural exposure to
RSV [54], making this prefusion cofirmation an important
vaccine target antigen for immune recognition. A single
intramuscular injection of mRNA-1777 was generally well
tolerated by participants in all dosage groups, with no serious
vaccine-related adverse events reported [54]. The vaccine also
successfully induced RSV prefusion F-specific neutralising
antibody responses against both RSV subtypes in young adults
and older participants, targeting key functional sites of the F
protein. In this clinical trial participant immune responses were
predominantly seen to be mediated by CD4+ T cells, where as
natural infection results in a predominant CD8+ T cell response,
indicating the potential for variations between vaccine-induced
immune responses and natural infection.

A further vaccine, mRNA-1345, has been purposefully
designed and codon-optimised to improve the translation
efficacy and immunogenicity of an earlier vaccine candidate,
mRNA-1777. The results from a phase I clinical trial in
healthy adults and children (NCT04528719) [51]
demonstrated strong and durable immune responses after a
single injection, characterised by a robust increase in
neutralising antibody titres and prefusion F binding antibodies
[110]. In older adults, a fold-increase of ≥10.2 for RSVA and a ≥5.
3-fold increase for RSVB was observed in neutralising antibody
levels at month 1 post-vaccination, with persisting antibody titres
above baseline levels for 12 months [110]. Even stronger immune
responses were demonstrated in younger adults (RSVA: 20.0–23.
5-fold increase, RSVB: 11.7-16.0-fold increase), with persisting

antibody titres for 6 months [111]. The vaccine was also well
tolerated by both older and younger populations, even after a
booster dose [110, 111]. Reactions were generally mild to
moderate in severity, with no major safety concerns [110,
111]. Reactogenicity was more pronounced in older adults
following a booster dose at 12 months and comparable to the
first injection in terms of intensity, onset, and persistence [51].

The ConquerRSV study, a global randomised, double-blind,
placebo-controlled phase II/III clinical trial (NCT05127434) [90],
in which 36,814 adults were enrolled, showed that mRNA-1345
can induce a significant increase in RSV-neutralising and preF-
binding antibodies across diverse older adult subgroups,
including high-risk populations. This supports previous
findings [112]. As of 31 May 2024, mRNA-1345 (mRESVIA)
had received FDA (Food and Drug Administration) approval for
the prevention of RSV-related lower respiratory tract disease in
patients aged 60 years and over [113]. mRESVIA demonstrated
83.7% efficacy against RSV (95.88% CI, 66.0–92.2), providing
protection against both RSV-A and RSV–B subtypes [114]. The
majority of adverse reactions related to the vaccine were mild to
moderate and transient in nature [114]. mRESVIA employs the
same LNP technology as Moderna’s mRNA-based COVID-19
vaccine to deliver an mRNA sequence encoding a stabilised
prefusion F viral glycoprotein [113] and is the first mRNA
vaccine to gain FDA approval for the prevention of an
infectious disease other than COVID-19.

Zika
Two vaccine candidates, mRNA-1325 and mRNA-1893, have
been evaluated in phase I clinical trials (mRNA-1325;
NCT03014089 [55], and mRNA-1893; NCT04064905 [56]).
Both vaccines were well tolerated, with no serious adverse
events reported [115]. However, mRNA-1893 demonstrated
favourable immunogenicity, inducing higher levels of
neutralising antibodies along with serum-binding antibodies
that persisted for up to 13 months in all dosage groups.
mRNA-1893 has advanced to a phase II clinical trial
(NCT04917861) [57] where its safety, tolerability, and
reactogenicity were evaluated in healthy adults in both
endemic and non-endemic regions. The results for this study
are not yet available.

Combination mRNA Vaccines
In addition to vaccines against single pathogens the use of
combination vaccines, protecting against multiple pathogens, is
being explored. The vaccine candidate mRNA-1653, for the
combined prevention of human metapneumovirus (HMPV)
and parainfluenza virus type 3 (PIV3) has completed clinical
trials (NCT04144348 and NCT03392389) [58, 59], although the
results are yet to be made available. Another mRNA vaccine
candidate for the combined prevention of RSV and HMPV across
multiple age groups was investigated in a further clinical trial
(NCT06237296) [60], although, again, the results are not
yet available.

The combined prevention of RSV and influenza was explored
in a phase I/II clinical trial (NCT05788237) [61], investigating the
safety and effects of the combined administration of two
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interventional vaccine candidates, RSVpreF and modRNA qIRV.
The combination of the two vaccines was well tolerated with no
major safety concerns, and the majority of the adverse events
were mild to moderate. The combination did not appear to
significantly increase the incidence or severity of adverse
events compared to qIRV when administered alone. In terms
of serious adverse events, the 0.5 mL dose was better tolerated
compared to the higher 1.0 mL dose, but was associated with a
higher incidence of systemic adverse events. Further investigation
is likely to be required to determine the optimal dose due to the
small sample size and the inconsistencies observed in the safety
profiles of the 0.5 mL and 1.0 mL doses.

Completed Clinical Trials for mRNA Vaccine
Candidates That Extend Beyond Viral
Infections
Although clinical trials using mRNA vaccine candidates against
viral infections make up the majority of completed clinical trials
using mRNA vaccine candidates, one clinical trial against a
parasitic infection has been reported [62]. This phase I clinical
trial (NCT05581641) [62] evaluated an mRNA-based vaccine
encoding the Plasmodium falciparum circumsporozoite protein
(PfCSP) and was evaluated at three dose levels (DLs) to select a
safe and tolerable dose. This study was completed in September
2024, with results yet to be made available.

Ongoing Clinical Trials for mRNA Vaccine
Candidates Against Viral Infections
Herpesviruses
There are more than 100 known herpesviruses, eight of which
routinely infect humans, with enormous implications for public
health. In addition to the mRNA vaccine candidates that have
completed clinical trials, specifically those against CMV [22–24],
further clinical trials using the same mRNA vaccine candidates
against CMV andmRNA vaccine candidates against Epstein-Barr
virus (EBV) and varicella-zoster virus (VZV) are being conducted
in ongoing clinical trials. Phase II (NCT04975893) [75] and Phase
III (NCT05085366) [76] clinical trials using mRNA-1647, an
mRNA vaccine candidate for protection against CMV, are
ongoing. The potential of preventing CMV infections in
haematopoietic cell transplantation participants is set to be
evaluated in a phase I clinical trial (NCT05683457) [63]. A
phase II clinical trial (NCT06133010) [102], designated to
evaluate the efficacy of the mRNA-1647 vaccine in liver
transplant candidates and recipients was recently withdrawn
after the trial was cancelled by the sponsor. Withdrawal took
effect before participant enrolment and the reason has not been
publicly disclosed.

Two mRNA vaccine candidates, mRNA-1195
(NCT05831111) [77] and mRNA-1189 (NCT05164094) [64],
are currently being evaluated in phase I and II clinical trials to
determine their potential to protect against EBV infection. Both
trials are evaluating safety and reactogenicity, but vaccine
candidate mRNA-1195 is being used in healthy adult
participants between the ages of 18 and 55, while mRNA-1189

is being investigated in healthy individuals between the ages of 10
and 30. mRNA-1195 includes additional mRNA sequences to
mRNA-1189 (not specified) encoding EBV latent antigens, with
the aim of eliciting immune responses against both the lytic and
latent phases of EBV infection. This could potentially prevent
EBV-associated diseases, such as post-transplant
lymphoproliferative disorders and multiple sclerosis.

An mRNA vaccine candidate against VZV, modRNA
(NCT05703607) [78], is currently in phase II of clinical
testing. There are two active clinical trials, assessing the safety,
reactogenicity, and immunogenicity of IN001 (NCT06375512)
[79] and mRNA-1468 (NCT05701800) [80], which are vaccine
candidates against herpes zoster, in phases I and I/II respectively.

A major nucleoside-modified trivalent mRNA-LNP vaccine
candidate incorporating one entry molecule
(i.e., gD2 glycoprotein) and two immune evasion molecules
(i.e., gC2 and gE3 glycoproteins) has demonstrated promising
results and is now being evaluated in a phase I clinical trial
(NCT05432583) [65] in volunteers with recurrent genital herpes,
caused by HSV-2. This type of mRNA vaccine is designed to
target three distinct viral antigens, with nucleoside modifications
to enhance stability, translation efficacy, and control of
undesirable immune responses. LNP formulations primarily
comprise cationic ionisable lipids, which provide an acid
dissociation constant (pKa) almost equivalent to the pH of the
endosome during early mRNA encapsulation [116]. Thus, LNPs
aid not only in protecting the mRNA for successful encapsulation
but also in promoting the efficient endosomal escape of the
mRNA molecule into the cytosol [116].

Human Immunodeficiency Virus Type 1
Several other promising mRNA-based vaccine candidates against
HIV have entered clinical trials. mRNA-1644 encoding eOD-GT8
60mer, is currently being evaluated in a phase I clinical trial
(NCT05414786) [81], while a second version of this vaccine,
which encodes Core-g28v2 60mer, is also under investigation
(NCT05001373) [82]. Both candidates stimulate the production
of broadly neutralising antibodies that target highly conserved
regions of HIV-1 Env proteins.

A different approach towards the development of an effective
HIV-1 vaccine is also being explored in a phase I clinical trial
(NCT05217641) [83] of three HIV trimer mRNA vaccine
candidates (BG505 MD39.3, BG505 MD39.3 gp151,
BG505 MD39.3 gp151 CD4KO). The initial results showed an
acceptable safety profile, with most reactions being mild to
moderate in severity and no life-threatening events occurring
across the vaccine candidates. Early immunogenicity data suggest
that gp151-based formulations, especially at the 250 mcg dose
level, induce stronger immune responses against BG505/T332N.
Robust responses against MW965.26 were also observed across
the different vaccine candidates, with the gp151-based
formulations showing favourable immunogenicity.

In a further clinical trial (NCT06557785), [66], the safety and
immunogenicity of two mRNA-LNP vaccine candidates
(CH505M5 N197D mRNA-gp160 and CH505 TF mRNA-
gp160) will be evaluated in healthy adults. This is the first-in-
human trial for these two vaccine candidates, which aid in the
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development of broadly neutralising antibodies by expanding and
boosting CH235-like B cell precursors. Three other experimental
mRNA vaccine candidates, encoding key HIV envelope
glycoprotein-derived constructs (eOD-GT8 60mer, Core-g28v2
60mer, and N332-GT5 gp151), are also set to be explored in a
phase I clinical trial (NCT06694753) [97], for the prevention of
HIV in healthy adults.

Other Viral Infections
Other ongoing clinical trials evaluating mRNA vaccines against
viral infections include those for influenza, Japanese encephalitis
and RSV (alone and in combination with HMPV), as shown in
Table 2.

Ongoing Clinical Trials for mRNA Vaccine
Candidates That Extend Beyond Viral
Infections
A phase I/II clinical trial (NCT05975099) [94], is evaluating the
safety and immunogenicity of two candidate vaccines (mRNA-
1982 and mRNA-1975) against Lyme disease, in healthy adult
participants. Both vaccines target between one and seven
serotypes of the outer surface protein A. mRNA-1982 is a
monovalent vaccine covering a serotype specific to the bacteria
that cause the majority of cases of Lyme disease in the
United States, while mRNA-1975 covers seven serotypes that
are more prevalent in Europe. The estimated study completion
is March 2026.

In addition, two clinical trials using mRNA-based vaccine
candidates, encoding multiple Mycobacterium tuberculosis
antigens, in BCG-naïve healthy volunteers (NCT05547464)
[95], and BCG-vaccinated healthy volunteers (NCT05537038)
[96], with the aim of selecting a safe and tolerable dose in a three-
dose schedule [96] are ongoing. Both studies are active, with
estimated study completion dates in 2026 and 2027, respectively.

DISCUSSION

This systematic review aimed to improve our understanding of
the emerging field of mRNA vaccines by providing a
comprehensive overview of the clinical trials using mRNA
vaccine candidates against infectious diseases other than
COVID-19. This systematic review identified clinical trials
using mRNA candidate vaccines against 14 viral, two bacterial
and one protozoan pathogen, offering prospects for the
prevention and control of infectious diseases where
conventional vaccine strategies have failed to provide robust
protection. The review revealed a limited focus on infectious
diseases that extend beyond viral infections, exposing a significant
gap within the current mRNA development pipeline. This is likely
due to the more complex life cycles of these pathogen groups and
highlights the need for future research to expand the use of
mRNA vaccines against such pathogens, which remain major
contributors to the disease burden. The use of this methodology
provides a clear opportunity to address pressing global health
concerns, including antimicrobial-resistant (AMR) bacteria and

neglected tropical diseases. In addition to the mRNA candidate
vaccines being tested in clinical trials multiple preclinical studies
in various animal models are underway, or have concluded, with
the expectation that if successful these will progress to clinical
trials in humans. In addition to the preventative mRNA
vaccinations against infectious diseases reported in this
systematic review there are preclinical trials with mRNA
vaccines against Crimean-Congo haemorrhagic fever [117],
Ebola [118] and toxoplasmosis [119].

Of the 83 clinical trials identified in this review 43 trials have
concluded, 21 are active, and a further 12 are recruiting, with the
remaining not yet recruiting, enrolling by invitation, or
withdrawn. Of the 43 completed clinical trials 26 were phase I
trials, eight were phase I/II trials, three were phase II trials, and six
were phase III trials. One vaccine candidate has been licensed for
use in the United States, specifically for the prevention of RSV.
One further candidate vaccine, Moderna’s mRNA-1010, designed
against influenza, has completed all phases, although a regulatory
approval application has yet to be submitted.

This systematic review has a number of limitations. Only
clinical trials registered on ClinicalTrials.gov and PubMed were
included, and clinical trials were recorded as reported in these
databases, such that accuracy is dependent on databases being kept
up to date. Discrepancies have been reported between
ClinicalTrials.gov recruitment status and actual trial status, as a
result of delays in updating the status of said trials onClinicalTrials.
gov [120]. Findings on safety, efficacy, and immunogenicity were
reported in this systematic review but as many of the clinical trials
evaluated are still active, the results have not yet been made
available. The work was limited to preliminary data due to the
lack of long-term safety, efficacy, and immunogenicity assessments.
Considering the extensive research on mRNA formulations and
the considerable progress in the development of mRNA vaccines as
preventive and therapeutic tools, additional vaccine candidates are
expected to enter clinical trials in the near future, necessitating
further updates. Moreover, the variations in mRNA vaccines in
terms of formulation, mode of administration, dosage regimens,
and target diseases, mean that reaching uniform conclusions can
be complex.

Despite these limitations, the results suggest that these mRNA
vaccine candidates have good safety profiles and are
immunogenic in various experimental studies. In particular,
the findings of this systematic review show that some of these
mRNA vaccines can stimulate both humoral and cellular immune
responses. The advantages of mRNA vaccines over current
vaccine technologies include the speed with which they can be
designed and manufactured, thereby providing protection from
current circulating pathogenic variants. However, many
challenges remain around mRNA vaccines that require
resolution. The safety, efficacy, and immunogenicity of mRNA
vaccines depend heavily on the dosage regimen, mode of
administration, and vaccine formulation. Thus, further
improvements and modifications to these factors could benefit
the overall performance of these vaccines. Therefore, although
some mRNA vaccine candidates face limitations, such as stability
during storage, suboptimal immunogenicity of certain
components, and the lack of appropriate animal models to test
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certain vaccines, these issues will very likely be addressed through
further research and improvements in mRNA technology.

Further research in biologically relevant models and high-risk
populations is crucial to ensure high-quality performance within
the targeted population. In addition, ensuring the accessibility of
mRNA vaccines in endemic and low-income areas by providing
cost-effectiveness and stability even at non-ultra-cold storage
temperatures is paramount. Given that only one of these
vaccines has been licensed for use in humans, and this vaccine
was licensed in 2024, their real world efficacy remains to be seen.
Long-term safety, efficacy, and immunogenicity studies will further
benefit the development of safe and effective mRNA vaccines.

In addition to the proven efficacy of this technology against
infectious disease, which was first highlighted during the COVID-
19 pandemic, there is considerable interest in the use of mRNA
vaccines beyond the prevention of infectious diseases, with several
studies showing promise in the use of this technology to treat cancer,
including breast cancer [121], melanoma [122], and non-small cell
lung cancer [123]. There are also preclinical studies investigating the
use of mRNA vaccines against chronic inflammatory conditions
including in the murine model of multiple sclerosis [124].

Overall, this systematic review provides an overview of clinical
trials using mRNA vaccine candidates against infectious diseases
other than COVID-19, and it provides evidence to support the idea
that mRNA vaccine technology will shape the future of preventive
medicine and have a significant impact on global public health.

AUTHOR CONTRIBUTIONS

AR: conceptualization; formal analysis; writing – review and
editing. AS: formal analysis; methodology; roles/
writing – original draft; writing – review and editing. All
authors contributed to the article and approved the
submitted version.

FUNDING

The author(s) declare that no financial support was received for
the research and/or publication of this article.

CONFLICT OF INTEREST

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that
could be construed as a potential conflict of interest.

GENERATIVE AI STATEMENT

The author(s) declare that no Generative AI was used in the
creation of this manuscript.

REFERENCES

1. Rosa SS, Prazeres DM, Azevedo AM, Marques MP. mRNA Vaccines
Manufacturing: Challenges and Bottlenecks. Vaccine (2021) 39(16):
2190–200. doi:10.1016/j.vaccine.2021.03.038

2. Lamontagne F, Khatri V, St-Louis P, Bourgault S, Archambault D.
Vaccination Strategies Based on Bacterial Self-Assembling Proteins as
Antigen Delivery Nanoscaffolds. Vaccines (2022) 10(11):1920. doi:10.3390/
vaccines10111920

3. Gouglas D, ChristodoulouM, Plotkin SA, Hatchett R. CEPI: Driving Progress
toward Epidemic Preparedness and Response. Epidemiologic Rev (2019)
41(1):28–33. doi:10.1093/epirev/mxz012

4. Chaudhary N, Weissman D, Whitehead KA. mRNA Vaccines for Infectious
Diseases: Principles, Delivery and Clinical Translation. Nat Rev Drug Discov
(2021) 20(11):817–38. doi:10.1038/s41573-021-00283-5

5. Stenler S, Blomberg P, Smith CE. Safety and Efficacy of DNA Vaccines:
Plasmids vs. Minicircles. Hum Vaccin and Immunother (2014) 10(5):1306–8.
doi:10.4161/hv.28077

6. Hacein-Bey-Abina S, Garrigue A, Wang GP, Soulier J, Lim A, Morillon E,
et al. Insertional Oncogenesis in 4 Patients after Retrovirus-Mediated Gene
Therapy of SCID-X1. The J Clin Invest (2008) 118(9):3132–42. doi:10.1172/
JCI35700

7. Zhang C, Maruggi G, Shan H, Li J. Advances in mRNA Vaccines for
Infectious Diseases. Front Immunol (2019) 10:594. doi:10.3389/fimmu.
2019.00594

8. Zhang M, Hussain A, Yang H, Zhang J, Liang XJ, Huang Y. mRNA-based
Modalities for Infectious Disease Management. Nano Res (2023) 16(1):
672–91. doi:10.1007/s12274-022-4627-5

9. Pandey M, Ojha D, Bansal S, Rode AB, Chawla G. From Bench Side to Clinic:
Potential and Challenges of RNA Vaccines and Therapeutics in Infectious
Diseases. Mol Aspects Med (2021) 81:101003. doi:10.1016/j.mam.2021.
101003

10. Abdelaal A, Reda A, Lashin BI, Katamesh BE, Brakat AM, Al-Manaseer BM,
et al. Preventing the Next Pandemic: Is Live Vaccine Efficacious against

Monkeypox, or Is There a Need for Killed Virus and mRNA Vaccines?
Vaccines (2022) 10(9):1419. doi:10.3390/vaccines10091419

11. Nafian F, Nafian S, Soleymani G, Pourmanouchehri Z, KiyanjamM, Jalaei
SB, et al. Next-generation Vaccines Based on Self-Amplifying RNA.
(2022).

12. Maruggi G, Zhang C, Li J, Ulmer JB, Yu D. mRNA as a Transformative
Technology for Vaccine Development to Control Infectious Diseases. Mol
Ther (2019) 27(4):757–72. doi:10.1016/j.ymthe.2019.01.020

13. Gu Y, Duan J, Yang N, Yang Y, Zhao X. mRNA Vaccines in the Prevention
and Treatment of Diseases. MedComm (2022) 3(3):e167. doi:10.1002/
mco2.167

14. Nitika WJ, Hui AM. The Development of mRNA Vaccines for Infectious
Diseases: Recent Updates. Infect Drug Resist (2021) 14:5271–85. doi:10.2147/
IDR.S341694

15. Gote V, Bolla PK, Kommineni N, Butreddy A, Nukala PK, Palakurthi SS, et al.
A Comprehensive Review of mRNA Vaccines. Int J Mol Sci (2023) 24(3):
2700. doi:10.3390/ijms24032700

16. Chen J, Chen J, Xu Q. Current Developments and Challenges of mRNA
Vaccines. Annu Rev Biomed Eng (2022) 24(1):85–109. doi:10.1146/annurev-
bioeng-110220-031722

17. Zhang G, Tang T, Chen Y, Huang X, Liang T. mRNA Vaccines in Disease
Prevention and Treatment. Signal Transduction Targeted Therapy (2023)
8(1):365. doi:10.1038/s41392-023-01579-1

18. Fazlollahi A, Zahmatyar M, Noori M, Nejadghaderi SA, Sullman MJ,
Shekarriz-Foumani R, et al. Cardiac Complications Following mRNA
COVID-19 Vaccines: A Systematic Review of Case Reports and Case
Series. Rev Med Virol (2022) 32(4):e2318. doi:10.1002/rmv.2318

19. Xu W, Ren W, Wu T, Wang Q, Luo M, Yi Y, et al. Real-world Safety of
COVID-19 mRNA Vaccines: A Systematic Review and Meta-Analysis.
Vaccines (2023) 11(6):1118. doi:10.3390/vaccines11061118

20. ClinicalTrials.gov. U.S. National Library of Medicine (NIH). Identifier
NCT03829384. Safety, Tolerability, Pharmacokinetics, and
Pharmacodynamics of mRNA-1944 in Healthy Adults. (2021). Available
online at: https://clinicaltrials.gov/study/NCT03829384. (Accessed January
12, 2025).

British Journal of Biomedical Science | Published by Frontiers July 2025 | Volume 82 | Article 1455711

Sofroniou and Ridley mRNA Vaccines other than COVID-19

https://doi.org/10.1016/j.vaccine.2021.03.038
https://doi.org/10.3390/vaccines10111920
https://doi.org/10.3390/vaccines10111920
https://doi.org/10.1093/epirev/mxz012
https://doi.org/10.1038/s41573-021-00283-5
https://doi.org/10.4161/hv.28077
https://doi.org/10.1172/JCI35700
https://doi.org/10.1172/JCI35700
https://doi.org/10.3389/fimmu.2019.00594
https://doi.org/10.3389/fimmu.2019.00594
https://doi.org/10.1007/s12274-022-4627-5
https://doi.org/10.1016/j.mam.2021.101003
https://doi.org/10.1016/j.mam.2021.101003
https://doi.org/10.3390/vaccines10091419
https://doi.org/10.1016/j.ymthe.2019.01.020
https://doi.org/10.1002/mco2.167
https://doi.org/10.1002/mco2.167
https://doi.org/10.2147/IDR.S341694
https://doi.org/10.2147/IDR.S341694
https://doi.org/10.3390/ijms24032700
https://doi.org/10.1146/annurev-bioeng-110220-031722
https://doi.org/10.1146/annurev-bioeng-110220-031722
https://doi.org/10.1038/s41392-023-01579-1
https://doi.org/10.1002/rmv.2318
https://doi.org/10.3390/vaccines11061118
https://clinicaltrials.gov/study/NCT03829384


21. ClinicalTrials.gov. U.S. National Library of Medicine (NIH). Identifier;
NCT03325075. Safety, Tolerability, and Immunogenicity of VAL-181388 in
Healthy Participants (2024). Available online at: https://clinicaltrials.gov/
study/NCT0332507510 (Accessed January 12, 2025).

22. ClinicalTrials.gov. U.S. National Library of Medicine (NIH). Identifier
NCT03382405, Safety, Reactogenicity, and Immunogenicity of
Cytomegalovirus Vaccines mRNA-1647 and mRNA-1443 in Healthy
Adults (2017). Available online at: https://classic.clinicaltrials.gov/ct2/
show/NCT03382405?term=NCT03382405&draw=2&rank=1 (Accessed
June 10, 2023).

23. ClinicalTrials.gov. U.S. National Library of Medicine (NIH). Identifier
NCT04232280, Dose-Finding Trial to Evaluate the Safety and
Immunogenicity of Cytomegalovirus (CMV) Vaccine mRNA-1647 in
Healthy Adults. (2020). Available online at: https://classic.clinicaltrials.gov/
ct2/show/NCT04232280?term=NCT04232280&draw=2&rank=1. (Accessed
2023 June 10).

24. ClinicalTrials.gov. U.S. National Library of Medicine (NIH). Identifier
NCT05105048, A Study to Evaluate the Safety, Reactogenicity, and
Immunogenicity of Cytomegalovirus (CMV) Vaccine mRNA-1647 (2021).
Available online at: https://classic.clinicaltrials.gov/ct2/show/NCT05105048?
term=NCT05105048&draw=2&rank=1 (Accessed June 10, 2023).

25. ClinicalTrials.gov. U.S. National Library of Medicine (NIH). Identifier
NCT02413645, A Phase I, Open Label Dose Escalation Study to Evaluate
Safety of iHIVARNA-01 in Chronically HIV-Infected Patients under Stable
Combined Antiretroviral Therapy (2017). Available online at: https://
clinicaltrials.gov/study/NCT02413645 (Accessed June 10, 2023).

26. ClinicalTrials.gov. U.S. National Library of Medicine (NIH). Identifier
NCT03076385, Safety, Tolerability, and Immunogenicity of VAL-506440
in Healthy Adult Subjects (2022). Available online at: https://clinicaltrials.
gov/study/NCT03076385 (Accessed January 12, 2025).

27. ClinicalTrials.gov. U.S. National Library of Medicine (NIH). Identifier
NCT03345043, Safety, Tolerability, and Immunogenicity of VAL-339851
in Healthy Adult Subjects (2021). Available online at: https://clinicaltrials.
gov/study/NCT03345043 (Accessed January 12, 2025).

28. ClinicalTrials.gov. U.S. National Library of Medicine (NIH). Identifier
NCT05827978, Study of mRNA-1010 Seasonal Influenza Vaccine in
Adults (IGNITE P303) (2023). Available online at: https://classic.
clinicaltrials.gov/ct2/show/NCT05827978?term=NCT05827978&draw=
2&rank=1 (Accessed June 10, 2023).

29. ClinicalTrials.gov. U.S. National Library of Medicine (NIH). Identifier
NCT05566639, A Study of mRNA-1010 Seasonal Influenza Vaccine in
Adults 50 Years Old and Older (2022). Available online at: https://classic.
clinicaltrials.gov/ct2/show/NCT05566639?term=NCT05566639&draw=
2&rank=1 (Accessed June 10, 2023).

30. ClinicalTrials.gov. U.S. National Library of Medicine (NIH). Identifier
NCT05415462, A Study of mRNA-1010 Seasonal Influenza in Adults
(2022). Available online at: https://classic.clinicaltrials.gov/ct2/show/
NCT05415462?term=NCT05415462&draw=2&rank=1 (Accessed June 10,
2023).

31. ClinicalTrials.gov. U.S. National Library of Medicine (NIH). Identifier
NCT04956575, A Study of mRNA-1010 Seasonal Influenza Vaccine in
Healthy Adults (2022). Available online at: https://classic.clinicaltrials.gov/
ct2/show/NCT04956575?term=NCT04956575&draw=2&rank=1 (Accessed
June 10, 2023).

32. ClinicalTrials.gov. U.S. National Library of Medicine (NIH). Identifier
NCT05868382, Study to Evaluate the Safety, Reactogenicity, and
Immunogenicity of mRNA Vaccine Candidate Variations in Healthy
Adults (2023). Available online at: https://classic.clinicaltrials.gov/ct2/
show/NCT05868382?term=NCT05868382&draw=2&rank=1 (Accessed
June 10, 2023).

33. ClinicalTrials.gov. U.S. National Library of Medicine (NIH). Identifier
NCT05333289, A Study of mRNA-1020 and mRNA-1030 Seasonal
Influenza Vaccines in Healthy Adults (2022). Available online at: https://
classic.clinicaltrials.gov/ct2/show/NCT05333289?term=NCT05333289&draw=
2&rank=1 (Accessed June 10, 2023).

34. ClinicalTrials.gov. U.S. National Library of Medicine (NIH). Identifier
NCT05052697, A Study to Evaluate the Safety, Tolerability, and
Immunogenicity of a Modified RNA Vaccine against Influenza (2021).

Available online at : https://classic .cl inicaltrials .gov/ct2/show/
NCT05052697?term=NCT05052697&draw=2&rank=1 (Accessed June 10,
2023).

35. ClinicalTrials.gov. U.S. National Library of Medicine (NIH). Identifier
NCT05827068, A Study of mRNA-1011.1, mRNA-1011.2, and mRNA-
1012.1 Candidate Seasonal Influenza Vaccines in Healthy Adults (2023).
Available online at: https://classic.clinicaltrials.gov/ct2/show/NCT05827068?
term=NCT05827068&draw=2&rank=1 (Accessed June 10, 2023).

36. ClinicalTrials.gov. U.S. National Library of Medicine (NIH). Identifier
NCT05553301, Safety and Immunogenicity of Quadrivalent Influenza
mRNA Vaccine MRT5407 in Adult Participants18 Years of Age and
Older (2022). Available online at: https://classic.clinicaltrials.gov/ct2/show/
NCT05553301?term=NCT05553301&draw=2&rank=1 (Accessed June 10,
2023).

37. ClinicalTrials.gov. U.S. National Library of Medicine (NIH). Identifier
NCT05624606, Safety and Immunogenicity of Quadrivalent Influenza
mRNA Vaccine MRT5410 in Adult Participants 18 Years of Age and
Older (2022). Available online at: https://classic.clinicaltrials.gov/ct2/show/
NCT05624606?term=NCT05624606&draw=2&rank=1 (Accessed June 10,
2023).

38. ClinicalTrials.gov. U.S. National Library of Medicine (NIH). Identifier
NCT05650554, Safety and Immunogenicity of Quadrivalent Influenza
mRNA Vaccine MRT5413 in Adult Participants18 Years of Age and
Older (2022). Available online at: https://classic.clinicaltrials.gov/ct2/show/
NCT05650554?term=NCT05650554&draw=2&rank=1 (Accessed June 10,
2023).

39. ClinicalTrials.gov. U.S. National Library of Medicine (NIH). Identifier
NCT05252338, A Study to Evaluate the Safety, Reactogenicity and
Immunogenicity of Vaccine CVSQIV in Healthy Adults (2022).
Available online at : https://classic.c l inicaltrials .gov/ct2/show/
NCT05252338?term=NCT05252338&draw=2&rank=1 (Accessed June
10, 2023).

40. ClinicalTrials.gov. U.S. National Library of Medicine (NIH). Identifier
NCT06118151, Safety and Immunogenicity of a Monovalent mRNA
Vaccine Encoding Influenza Hemagglutinin in Adult Participants
18 Years of Age and Older (2023). Available online at: https://
clinicaltrials.gov/study/NCT06118151 (Accessed January 12, 2025).

41. ClinicalTrials.gov. U.S. National Library of Medicine (NIH). Identifier
NCT05446740, A Study on the Safety, Reactogenicity and Immune
Response of a Vaccine against Influenza in Healthy Younger and Older
Adults (2022). Available online at: https://classic.clinicaltrials.gov/ct2/show/
NCT05446740?term=NCT05446740&draw=2&rank=1 (Accessed June 10,
2023).

42. ClinicalTrials.gov. U.S. National Library of Medicine (NIH). Identifier
NCT06028347, Safety, Reactogenicity, and Immunogenicity Study of a
Self-Amplifying MRNA Influenza Vaccine in Healthy Adults (2024).
Available online at: https://clinicaltrials.gov/study/NCT06028347
(Accessed January 12, 2025).

43. ClinicalTrials.gov. U.S. National Library of Medicine (NIH). Identifier
NCT05829356, Substudy 01 - Safety and Immunogenicity of One
Monovalent Modified mRNA Vaccine Encoding Influenza Hemagglutinin
with LNP, in Adult Participants Aged 18 to 49 Years and 60 Years and above
(2023). Available online at: https://classic.clinicaltrials.gov/ct2/show/
NCT05829356?term=NCT05829356&draw=2&rank=1 (Accessed June 10,
2023).

44. ClinicalTrials.gov. U.S. National Library of Medicine (NIH). Identifier
NCT05823974, A Study to Assess the Safety and Immune Response of a
Vaccine against Influenza in Healthy Younger and Older Adults (2023).
Available online at: https://classic.clinicaltrials.gov/ct2/show/NCT05823974
(Accessed June 10, 2023).

45. ClinicalTrials.gov. U.S. National Library of Medicine (NIH). Identifier
NCT05540522, A Study to Evaluate a Modified RNA Vaccine against
Influenza in Adults 18 Years of Age or Older (2022). Available online at:
https://classic .c l inicaltr ials .gov/ct2/show/NCT05540522?term=
NCT05540522&draw=2&rank=1 (Accessed June 10, 2023).

46. ClinicalTrials.gov. U.S. National Library of Medicine (NIH). Identifier
NCT05426174, Phase I, Randomized, Modified Double-Blind, Parallel-
Group, Active-Controlled, Multi-Arm, Dose-Escalation Study to Assess

British Journal of Biomedical Science | Published by Frontiers July 2025 | Volume 82 | Article 1455712

Sofroniou and Ridley mRNA Vaccines other than COVID-19

https://clinicaltrials.gov/study/NCT0332507510
https://clinicaltrials.gov/study/NCT0332507510
https://classic.clinicaltrials.gov/ct2/show/NCT03382405?term=NCT03382405&draw=2&rank=1
https://classic.clinicaltrials.gov/ct2/show/NCT03382405?term=NCT03382405&draw=2&rank=1
https://classic.clinicaltrials.gov/ct2/show/NCT04232280?term=NCT04232280&draw=2&rank=1
https://classic.clinicaltrials.gov/ct2/show/NCT04232280?term=NCT04232280&draw=2&rank=1
https://classic.clinicaltrials.gov/ct2/show/NCT05105048?term=NCT05105048&draw=2&rank=1
https://classic.clinicaltrials.gov/ct2/show/NCT05105048?term=NCT05105048&draw=2&rank=1
https://clinicaltrials.gov/study/NCT02413645
https://clinicaltrials.gov/study/NCT02413645
https://clinicaltrials.gov/study/NCT03076385
https://clinicaltrials.gov/study/NCT03076385
https://clinicaltrials.gov/study/NCT03345043
https://clinicaltrials.gov/study/NCT03345043
https://classic.clinicaltrials.gov/ct2/show/NCT05827978?term=NCT05827978&draw=2&rank=1
https://classic.clinicaltrials.gov/ct2/show/NCT05827978?term=NCT05827978&draw=2&rank=1
https://classic.clinicaltrials.gov/ct2/show/NCT05827978?term=NCT05827978&draw=2&rank=1
https://classic.clinicaltrials.gov/ct2/show/NCT05566639?term=NCT05566639&draw=2&rank=1
https://classic.clinicaltrials.gov/ct2/show/NCT05566639?term=NCT05566639&draw=2&rank=1
https://classic.clinicaltrials.gov/ct2/show/NCT05566639?term=NCT05566639&draw=2&rank=1
https://classic.clinicaltrials.gov/ct2/show/NCT05415462?term=NCT05415462&draw=2&rank=1
https://classic.clinicaltrials.gov/ct2/show/NCT05415462?term=NCT05415462&draw=2&rank=1
https://classic.clinicaltrials.gov/ct2/show/NCT04956575?term=NCT04956575&draw=2&rank=1
https://classic.clinicaltrials.gov/ct2/show/NCT04956575?term=NCT04956575&draw=2&rank=1
https://classic.clinicaltrials.gov/ct2/show/NCT05868382?term=NCT05868382&draw=2&rank=1
https://classic.clinicaltrials.gov/ct2/show/NCT05868382?term=NCT05868382&draw=2&rank=1
https://classic.clinicaltrials.gov/ct2/show/NCT05333289?term=NCT05333289&draw=2&rank=1
https://classic.clinicaltrials.gov/ct2/show/NCT05333289?term=NCT05333289&draw=2&rank=1
https://classic.clinicaltrials.gov/ct2/show/NCT05333289?term=NCT05333289&draw=2&rank=1
https://classic.clinicaltrials.gov/ct2/show/NCT05052697?term=NCT05052697&draw=2&rank=1
https://classic.clinicaltrials.gov/ct2/show/NCT05052697?term=NCT05052697&draw=2&rank=1
https://classic.clinicaltrials.gov/ct2/show/NCT05827068?term=NCT05827068&draw=2&rank=1
https://classic.clinicaltrials.gov/ct2/show/NCT05827068?term=NCT05827068&draw=2&rank=1
https://classic.clinicaltrials.gov/ct2/show/NCT05553301?term=NCT05553301&draw=2&rank=1
https://classic.clinicaltrials.gov/ct2/show/NCT05553301?term=NCT05553301&draw=2&rank=1
https://classic.clinicaltrials.gov/ct2/show/NCT05624606?term=NCT05624606&draw=2&rank=1
https://classic.clinicaltrials.gov/ct2/show/NCT05624606?term=NCT05624606&draw=2&rank=1
https://classic.clinicaltrials.gov/ct2/show/NCT05650554?term=NCT05650554&draw=2&rank=1
https://classic.clinicaltrials.gov/ct2/show/NCT05650554?term=NCT05650554&draw=2&rank=1
https://classic.clinicaltrials.gov/ct2/show/NCT05252338?term=NCT05252338&draw=2&rank=1
https://classic.clinicaltrials.gov/ct2/show/NCT05252338?term=NCT05252338&draw=2&rank=1
https://clinicaltrials.gov/study/NCT06118151
https://clinicaltrials.gov/study/NCT06118151
https://classic.clinicaltrials.gov/ct2/show/NCT05446740?term=NCT05446740&draw=2&rank=1
https://classic.clinicaltrials.gov/ct2/show/NCT05446740?term=NCT05446740&draw=2&rank=1
https://clinicaltrials.gov/study/NCT06028347
https://classic.clinicaltrials.gov/ct2/show/NCT05829356?term=NCT05829356&draw=2&rank=1
https://classic.clinicaltrials.gov/ct2/show/NCT05829356?term=NCT05829356&draw=2&rank=1
https://classic.clinicaltrials.gov/ct2/show/NCT05823974
https://classic.clinicaltrials.gov/ct2/show/NCT05540522?term=NCT05540522&draw=2&rank=1
https://classic.clinicaltrials.gov/ct2/show/NCT05540522?term=NCT05540522&draw=2&rank=1


the Safety and Immunogenicity of Monovalent mRNA NA Vaccine in Adult
Participants 18 Years of Age and Older (2022). Available online at: https://
c l a s s i c . c l i n i c a l t r i a l s . g o v / c t 2 / s h ow /NCT0 5 4 2 6 1 7 4 ? t e rm=
NCT05426174&draw=2&rank=1 (Accessed June 10, 2023).

47. ClinicalTrials.gov. U.S. National Library of Medicine (NIH). Identifier
NCT05227001, A Study to Learn about the Study Vaccine (Called Self-
Amplifying Ribonucleic Acid (RNA)) for the Prevention of Influenza (2022).
Available online at: https://classic.clinicaltrials.gov/ct2/show/NCT05227001?
term=NCT05227001&draw=2&rank=1 (Accessed June 10, 2023).

48. ClinicalTrials.gov. U.S. National Library of Medicine (NIH). Identifier
NCT05398796. Dose Escalation, Open-Label Clinical Trial to Evaluate
Safety, Tolerability and Immunogenicity of a Nipah Virus (NiV) mRNA
Vaccine, mRNA-1215, in Healthy Adults (2024). Available online at: https://
clinicaltrials.gov/study/NCT05398796 (Accessed January 12, 2025).

49. ClinicalTrials.gov. U.S. National Library of Medicine (NIH). Identifier
NCT02241135, RNActive® Rabies Vaccine (CV7201) in Healthy Adults
(2018). Available online at: https://clinicaltrials.gov/study/NCT02241135
(Accessed January 12, 2025).

50. ClinicalTrials.gov. U.S. National Library of Medicine (NIH). Identifier
NCT03713086, A Study to Assess the Safety, Reactogenicity and Immune
Response of CureVac’s Candidate Rabies mRNA Vaccine in Healthy Adults
(2024). Available online at: https://clinicaltrials.gov/study/NCT03713086
(Accessed January 12, 2025).

51. ClinicalTrials.gov. U.S. National Library of Medicine (NIH). Identifier
NCT04528719, A Dose Escalation Study to Evaluate Safety,
Reactogenicity, and Immunogenicity of mRNA-1345 in Healthy Adults
and in Children Who Are Respiratory Syncytial Virus (RSV)-Seropositive
(2020). Available online at: https://classic.clinicaltrials.gov/ct2/show/
NCT04528719?term=NCT04528719&draw=2&rank=1 (Accessed June 10,
2023).

52. ClinicalTrials.gov. U.S. National Library of Medicine (NIH). Identifier
NCT06060457, A Study to Evaluate the Safety and Immune Response of
mRNA-1345, a Vaccine Targeting Respiratory Syncytial Virus (RSV), when
Co-administered with a Fluzone HD. In: Adults ≥65 Years of Age (2024).
Available online at: https://clinicaltrials.gov/study/NCT06060457 (Accessed
January 12, 2025).

53. ClinicalTrials.gov. U.S. National Library of Medicine (NIH). Identifier
NCT05330975, A Study of mRNA-1345 Vaccine Targeting Respiratory
Syncytial Virus (RSV) in Adults ≥50 Years of Age. RSVictory (2022).
Available online at: https://clinicaltrials.gov/study/NCT05330975
(Accessed June 10, 2023).

54. Aliprantis AO, Shaw CA, Griffin P, Farinola N, Railkar RA, Cao X, et al. A
Phase 1, Randomized, Placebo-Controlled Study to Evaluate the Safety and
Immunogenicity of an mRNA-Based RSV Prefusion F Protein Vaccine in
Healthy Younger and Older Adults. Hum Vaccin and Immunother (2021)
17(5):1248–61. doi:10.1080/21645515.2020.1829899

55. ClinicalTrials.gov. U.S. National Library of Medicine (NIH). Identifier
NCT03014089, Safety, Tolerability, and Immunogenicity of mRNA-1325
in Healthy Adult Subjects (2017). Available online at: https://classic.
clinicaltrials.gov/ct2/show/NCT03014089?term=NCT03014089&draw=
2&rank=1 (Accessed June 10, 2023).

56. ClinicalTrials.gov. U.S. National Library of Medicine (NIH). Identifier
NCT04064905, Safety, Tolerability, and Immunogenicity of Zika Vaccine
mRNA-1893 in Healthy Flavivirus Seropositive and Seronegative Adults
(2019). Available online at: https://classic.clinicaltrials.gov/ct2/show/
NCT04064905?term=NCT04064905&draw=2&rank=1 (Accessed June 10,
2023).

57. ClinicalTrials.gov. U.S. National Library of Medicine (NIH). Identifier
NCT04917861, A Study of Zika Vaccine mRNA-1893 in Adult
Participants Living in Endemic and Non-endemic Flavivirus Areas (2021).
Available online at: https://classic.clinicaltrials.gov/ct2/show/NCT04917861?
term=NCT04917861&draw=2&rank=1 (Accessed June 10, 2023).

58. ClinicalTrials.gov. U.S. National Library of Medicine (NIH). Identifier
NCT04144348, Safety and Immunogenicity of mRNA-1653, a Combined
Human Metapneumovirus (hMPV) and Parainfluenza Virus Type 3 (PIV3)
Vaccine, in Healthy Adults, and Children 12 to 59 Months of Age with
Serologic Evidence of Prior Exposure (2019). Available online at: https://

classic.clinicaltrials.gov/ct2/show/NCT04144348?term=NCT04144348&draw=
2&rank=1 (Accessed June 10, 2023).

59. ClinicalTrials.gov. U.S. National Library of Medicine (NIH). Identifier
NCT03392389, Safety, Reactogenicity, and Immunogenicity of mRNA-
1653 in Healthy Adults (2018). Available online at: https://classic.
clinicaltrials.gov/ct2/show/NCT03392389?term=NCT03392389&draw=
2&rank=1 (Accessed June 10, 2023).

60. ClinicalTrials.gov. U.S. National Library of Medicine (NIH). Identifier
NCT06237296, Study of the Safety and Immune Response of an
Investigational mRNA Vaccine for the Prevention of Respiratory Syncytial
Virus And/or Human Metapneumovirus in Participants Aged 18 to 49 Years
and 60 Years and Older (2024). Available online at: https://clinicaltrials.gov/
study/NCT06237296 (Accessed January 12, 2025).

61. ClinicalTrials.gov. U.S. National Library of Medicine (NIH). Identifier
NCT05788237, A Study to Examine Respiratory Combination Vaccines
against Respiratory Syncytial Virus (RSV) and Flu in Older Adults (2023).
Available online at: https://classic.clinicaltrials.gov/ct2/show/NCT05788237?
term=NCT05788237&draw=2&rank=1 (Accessed June 10, 2023).

62. ClinicalTrials.gov. U.S. National Library of Medicine (NIH). Identifier
NCT05581641, Safety and Immune Responses after Vaccination with an
Investigational RNA-Based Vaccine against Malaria (2022). Available online
at: https://classic.clinicaltrials.gov/ct2/show/NCT05581641?term=
NCT05581641&draw=2&rank=1 (Accessed June 10, 2023).

63. ClinicalTrials.gov. U.S. National Library of Medicine (NIH). Identifier
NCT05683457, A Study to Evaluate the Efficacy, Safety, and
Immunogenicity of mRNA-1647 Cytomegalovirus (CMV) Vaccine in
Allogenic Hematopoietic Cell Transplantation (HCT) Participants (2023).
Available online at: https://classic.clinicaltrials.gov/ct2/show/NCT05683457?
term=NCT05683457&draw=2&rank=1 (Accessed June 10, 2023).

64. ClinicalTrials.gov. U.S. National Library of Medicine (NIH). Identifier
NCT05164094, A Study of an Epstein-Barr Virus (EBV) Candidate
Vaccine, mRNA-1189, in 10- to 30-Year-Old Healthy Adolescents and
Adults (2025). Available online at: https://clinicaltrials.gov/study/
NCT05164094 (Accessed January 12, 2025).

65. ClinicalTrials.gov. U.S. National Library of Medicine (NIH). Identifier
NCT05432583, A Clinical Trial in Healthy Volunteers to Study the Safety,
Tolerability, and Immune Responses after Vaccination with an
Investigational Vaccine Designed to Prevent Genital Herpes Lesions
(2022). Available online at: https://classic.clinicaltrials.gov/ct2/show/
NCT05432583?term=NCT05432583&draw=2&rank=1 (Accessed June 10,
2023).

66. ClinicalTrials.gov. U.S. National Library of Medicine (NIH). Identifier
NCT06557785, A Clinical Trial to Evaluate the Safety and
Immunogenicity of CH505M5 N197D mRNA-Gp160 Followed by
CH505 TF mRNA-Gp160 in Adults in Overall Good Health without HIV
(2024). Available online at: https://clinicaltrials.gov/study/NCT06557785
(Accessed January 12, 2025).

67. ClinicalTrials.gov. U.S. National Library of Medicine (NIH). Identifier
NCT05606965, A Study to Evaluate the Safety. Reactogenicity, and
Immunogenicity of mRNA-1010 in Healthy Adults (2022). Available online
at: https://clinicaltrials.gov/study/NCT05606965 (Accessed June 10, 2023).

68. ClinicalTrials.gov. U.S. National Library of Medicine (NIH). Identifier
NCT05945485, A Study to Evaluate the Safety and Immunogenicity of
Two Doses of DCVC H1 HA mRNA-LNP in Healthy Adults (2024).
Available online at: https://clinicaltrials.gov/study/NCT05945485
(Accessed January 12, 2025).

69. ClinicalTrials.gov. U.S. National Library of Medicine (NIH). Identifier
NCT06382311, A Study to Find and Confirm the Dose and Assess Safety,
Reactogenicity and Immune Response of a Vaccine against Pandemic
H5N1 Influenza Virus in Healthy Younger and Older Adults (2024).
Available online at: https://clinicaltrials.gov/study/NCT06382311
(Accessed January 12, 2025).

70. ClinicalTrials.gov. U.S. National Library of Medicine (NIH). Identifier
NCT06143046, A Study of mRNA-1345 Vaccine Targeting Respiratory
Syncytial Virus in Pregnant Women and in Infants Born to Vaccinated
Mothers (2024). Available online at: https://clinicaltrials.gov/study/
NCT06143046 (Accessed January 12, 2025).

British Journal of Biomedical Science | Published by Frontiers July 2025 | Volume 82 | Article 1455713

Sofroniou and Ridley mRNA Vaccines other than COVID-19

https://classic.clinicaltrials.gov/ct2/show/NCT05426174?term=NCT05426174&draw=2&rank=1
https://classic.clinicaltrials.gov/ct2/show/NCT05426174?term=NCT05426174&draw=2&rank=1
https://classic.clinicaltrials.gov/ct2/show/NCT05426174?term=NCT05426174&draw=2&rank=1
https://classic.clinicaltrials.gov/ct2/show/NCT05227001?term=NCT05227001&draw=2&rank=1
https://classic.clinicaltrials.gov/ct2/show/NCT05227001?term=NCT05227001&draw=2&rank=1
https://clinicaltrials.gov/study/NCT05398796
https://clinicaltrials.gov/study/NCT05398796
https://clinicaltrials.gov/study/NCT02241135
https://clinicaltrials.gov/study/NCT03713086
https://classic.clinicaltrials.gov/ct2/show/NCT04528719?term=NCT04528719&draw=2&rank=1
https://classic.clinicaltrials.gov/ct2/show/NCT04528719?term=NCT04528719&draw=2&rank=1
https://clinicaltrials.gov/study/NCT06060457
https://clinicaltrials.gov/study/NCT05330975
https://doi.org/10.1080/21645515.2020.1829899
https://classic.clinicaltrials.gov/ct2/show/NCT03014089?term=NCT03014089&draw=2&rank=1
https://classic.clinicaltrials.gov/ct2/show/NCT03014089?term=NCT03014089&draw=2&rank=1
https://classic.clinicaltrials.gov/ct2/show/NCT03014089?term=NCT03014089&draw=2&rank=1
https://classic.clinicaltrials.gov/ct2/show/NCT04064905?term=NCT04064905&draw=2&rank=1
https://classic.clinicaltrials.gov/ct2/show/NCT04064905?term=NCT04064905&draw=2&rank=1
https://classic.clinicaltrials.gov/ct2/show/NCT04917861?term=NCT04917861&draw=2&rank=1
https://classic.clinicaltrials.gov/ct2/show/NCT04917861?term=NCT04917861&draw=2&rank=1
https://classic.clinicaltrials.gov/ct2/show/NCT04144348?term=NCT04144348&draw=2&rank=1
https://classic.clinicaltrials.gov/ct2/show/NCT04144348?term=NCT04144348&draw=2&rank=1
https://classic.clinicaltrials.gov/ct2/show/NCT04144348?term=NCT04144348&draw=2&rank=1
https://classic.clinicaltrials.gov/ct2/show/NCT03392389?term=NCT03392389&draw=2&rank=1
https://classic.clinicaltrials.gov/ct2/show/NCT03392389?term=NCT03392389&draw=2&rank=1
https://classic.clinicaltrials.gov/ct2/show/NCT03392389?term=NCT03392389&draw=2&rank=1
https://clinicaltrials.gov/study/NCT06237296
https://clinicaltrials.gov/study/NCT06237296
https://classic.clinicaltrials.gov/ct2/show/NCT05788237?term=NCT05788237&draw=2&rank=1
https://classic.clinicaltrials.gov/ct2/show/NCT05788237?term=NCT05788237&draw=2&rank=1
https://classic.clinicaltrials.gov/ct2/show/NCT05581641?term=NCT05581641&draw=2&rank=1
https://classic.clinicaltrials.gov/ct2/show/NCT05581641?term=NCT05581641&draw=2&rank=1
https://classic.clinicaltrials.gov/ct2/show/NCT05683457?term=NCT05683457&draw=2&rank=1
https://classic.clinicaltrials.gov/ct2/show/NCT05683457?term=NCT05683457&draw=2&rank=1
https://clinicaltrials.gov/study/NCT05164094
https://clinicaltrials.gov/study/NCT05164094
https://classic.clinicaltrials.gov/ct2/show/NCT05432583?term=NCT05432583&draw=2&rank=1
https://classic.clinicaltrials.gov/ct2/show/NCT05432583?term=NCT05432583&draw=2&rank=1
https://clinicaltrials.gov/study/NCT06557785
https://clinicaltrials.gov/study/NCT05606965
https://clinicaltrials.gov/study/NCT05945485
https://clinicaltrials.gov/study/NCT06382311
https://clinicaltrials.gov/study/NCT06143046
https://clinicaltrials.gov/study/NCT06143046


71. ClinicalTrials.gov. U.S. National Library of Medicine (NIH). Identifier
NCT06645665, A Study to Describe the Safety and Immunogenicity of a
Respiratory Syncytial Virus Vaccine IN006 in Healthy Adult Aged 18 Years
and above (2024). Available online at: https://clinicaltrials.gov/study/
NCT06645665 (Accessed January 12, 2025).

72. ClinicalTrials.gov. U.S. National Library of Medicine (NIH). Identifier
NCT06573281, A Study on the Safety and Immune Response to an
mRNA-Based RSV Investigational Vaccine in Healthy Adults Aged 18-
45 Years (2024). Available online at: https://clinicaltrials.gov/study/
NCT06573281 (Accessed January 12, 2025).

73. ClinicalTrials.gov. U.S. National Library of Medicine (NIH). Identifier
NCT06564194, A Phase 1 Study to Evaluate JCXH-108, an MRNA-Based
Vaccine against RSV (2024). Available online at: https://clinicaltrials.gov/
study/NCT06564194 (Accessed January 12, 2025).

74. ClinicalTrials.gov. U.S. National Library of Medicine (NIH). Identifier
NCT06686654, Study of a Human Metapneumovirus/Respiratory
Syncytial Virus mRNA Vaccine Candidate Encapsulated in a Lipid
Nanoparticle-Based Formulation in Adults Aged 60 Years and Older
(2024). Available online at: https://clinicaltrials.gov/study/NCT06686654
(Accessed January 12, 2025).

75. ClinicalTrials.gov. U.S. National Library of Medicine (NIH). Identifier
NCT04975893, A Long-Term Extension Study to Evaluate the
Immunogenicity and Safety of Cytomegalovirus (CMV) mRNA-1647
Vaccine (2021). Available online at: https://classic.clinicaltrials.gov/ct2/
show/NCT04975893?term=NCT04975893&draw=2&rank=1 (Accessed
June 10, 2023).

76. ClinicalTrials.gov. U.S. National Library of Medicine (NIH). Identifier
NCT05085366, A Study to Evaluate the Efficacy, Safety, and
Immunogenicity of mRNA-1647 Cytomegalovirus (CMV) Vaccine in
Healthy Participants 16 to 40 Years of Age (2023). Available online at:
https://classic .c l inicaltr ials .gov/ct2/show/NCT05085366?term=
NCT05085366&draw=2&rank=1 (Accessed June 10, 2023).

77. ClinicalTrials.gov. U.S. National Library of Medicine (NIH). Identifier
NCT05831111, A Study of an Epstein-Barr Virus (EBV) Candidate Vaccine,
mRNA-1195, in 18- to 55-Year-Old Healthy Adults (2023). Available online at:
https://classic .c l inicaltr ials .gov/ct2/show/NCT05831111?term=
NCT05831111&draw=1&rank=1 (Accessed June 10, 2023).

78. ClinicalTrials.gov. U.S. National Library of Medicine (NIH). Identifier
NCT05703607, A Study to Learn about a Modified RNA Vaccine against
Shingles in Healthy Adults (2023). Available online at: https://classic.
clinicaltrials.gov/ct2/show/NCT05703607?term=NCT05703607&draw=
2&rank=1 (Accessed June 10, 2023).

79. ClinicalTrials.gov. U.S. National Library of Medicine (NIH). Identifier
NCT06375512, A Study to Describe the Safety, Reactogenicity, and
Immunogenicity of Herpes Zoster IN001 mRNA Vaccine (IN001) in
Healthy Participants (2024). Available online at: https://clinicaltrials.gov/
study/NCT06375512 (Accessed January 12, 2025).

80. ClinicalTrials.gov. U.S. National Library of Medicine (NIH). Identifier
NCT05701800, A Study to Evaluate the Safety, Reactogenicity, and
Immunogenicity of mRNA-1468 in Healthy Adults ≥50 Years of Age
(2023). Available online at: https://classic.clinicaltrials.gov/ct2/show/
NCT05701800?term=NCT05701800&draw=2&rank=1 (Accessed June 10,
2023).

81. ClinicalTrials.gov. U.S. National Library of Medicine (NIH). Identifier
NCT05414786, A Study to Evaluate the Safety and Immunogenicity of
eOD-GT8 60mer mRNA Vaccine (mRNA-1644) (2022). Available online
at: https://classic.clinicaltrials.gov/ct2/show/NCT05414786?term=
NCT05414786&draw=2&rank=1 (Accessed June 10, 2023).

82. ClinicalTrials.gov. U.S. National Library of Medicine (NIH). Identifier
NCT05001373, A Phase 1 Study to Evaluate the Safety and
Immunogenicity of eOD-GT8 60mer mRNA Vaccine (mRNA-1644) and
Core-G28v2 60mer mRNA Vaccine (mRNA-1644v2-Core) (2021). Available
online at: https://classic.clinicaltrials.gov/ct2/show/NCT05001373?term=
NCT05001373&draw=2&rank=1 (Accessed June 10, 2023).

83. ClinicalTrials.gov. U.S. National Library of Medicine (NIH). Identifier
NCT05217641, A Clinical Trial to Evaluate the Safety and
Immunogenicity of BG505 MD39.3, BG505 MD39.3 Gp151, and
BG505 MD39.3 Gp151 CD4KO HIV Trimer mRNA Vaccines in Healthy,

HIV-Uninfected Adult Participants (2022). Available online at: https://classic.
clinicaltrials.gov/ct2/show/NCT05217641?term=NCT05217641&draw=2&rank=
1 (Accessed June 10, 2023).

84. ClinicalTrials.gov. U.S. National Library of Medicine (NIH). Identifier
NCT06361875, A Study to Investigate the Safety and Immunogenicity of
the Quadrivalent Influenza mRNA Vaccines in Adults Aged 18 Years and
above (2024). Available online at: https://clinicaltrials.gov/study/
NCT06361875 (Accessed January 12, 2025).

85. ClinicalTrials.gov. U.S. National Library of Medicine (NIH). Identifier
NCT06431607, A Study to Find the Dose and Assess the Immune
Response and Safety of a Vaccine against Influenza in Healthy Younger
and Older Adults (2025). Available online at: https://clinicaltrials.gov/study/
NCT06431607 (Accessed January 12, 2025).

86. ClinicalTrials.gov. U.S. National Library of Medicine (NIH). Identifier
NCT06125691, Safety and Immunogenicity First-In-Human Dose-Ranging
Study of Self-Amplifying RNA Seasonal Influenza Vaccine in Adults (2024).
Available online at: https://clinicaltrials.gov/study/NCT06125691 (Accessed
January 12, 2025).

87. ClinicalTrials.gov. U.S. National Library of Medicine (NIH). Identifier
NCT05755620, A Study to Evaluate the Safety and Immunogenicity of a
Single Dose of H1ssF-3928 mRNA-LNP in Healthy Adults (2023). Available
online at: https://classic.clinicaltrials.gov/ct2/show/NCT05755620?term=
NCT05755620&draw=2&rank=1 (Accessed June 10, 2023).

88. ClinicalTrials.gov. U.S. National Library of Medicine (NIH). Identifier
NCT06097299, A Study of mRNA-1345, an mRNA Vaccine Targeting
Respiratory Syncytial Virus. In: Children 2 to <18 Years of Age at High
Risk of Respiratory Syncytial Virus (2024). Available online at: https://
clinicaltrials.gov/study/NCT06097299 (Accessed January 12, 2025).

89. ClinicalTrials.gov. U.S. National Library of Medicine (NIH). Identifier
NCT06067230, A Study to Investigate the Immunogenicity and Safety of
mRNA-1345 Vaccine Targeting Respiratory Syncytial Virus (RSV) in High-
Risk Adults (2024). Available online at: https://clinicaltrials.gov/study/
NCT06067230 (Accessed January 12, 2025).

90. ClinicalTrials.gov. U.S. National Library of Medicine (NIH). Identifier
NCT05127434, A Study to Evaluate the Safety and Efficacy of mRNA-
1345 Vaccine Targeting Respiratory Syncytial Virus (RSV) in
Adults ≥60 Years of Age (2021). Available online at: https://classic.
clinicaltrials.gov/ct2/show/NCT05127434?term=NCT05127434&draw=
2&rank=1 (Accessed June 10, 2023).

91. ClinicalTrials.gov. U.S. National Library of Medicine (NIH). Identifier
NCT06374394, A Study on the Immune Response and Safety of a
Vaccine against Respiratory Syncytial Virus (RSV) when Given Alone and
Together with a COVID-19 mRNA Vaccine in Adults Aged 50 Years and
above (2024). Available online at: https://clinicaltrials.gov/study/
NCT06374394 (Accessed January 12, 2025).

92. ClinicalTrials.gov. U.S. National Library of Medicine (NIH). Identifier
NCT05639894, Study of a Respiratory Syncytial Virus Candidate
Encapsulated in a Lipid Nanoparticle Based Formulation in Adults Aged
18 to 50 Years and 60 Years and Older (2024). Available online at: https://
clinicaltrials.gov/study/NCT05639894 (Accessed January 12, 2025).

93. ClinicalTrials.gov. U.S. National Library of Medicine (NIH). Identifier
NCT05743881, A Safety, Tolerability, and Immunogenicity Study of mRNA-
1345 and mRNA-1365 in Participants Aged 5 Months to <24 Months (2023).
Available online at: https://classic.clinicaltrials.gov/ct2/show/NCT05743881?
term=NCT05743881&draw=2&rank=1 (Accessed June 10, 2023).

94. ClinicalTrials.gov. U.S. National Library of Medicine (NIH). Identifier
NCT05975099, A Study to Evaluate the Safety and Immunogenicity of
mRNA-1975 and mRNA-1982 against Lyme Disease in Participants
18 through 70 Years of Age (2024). Available online at: https://
clinicaltrials.gov/study/NCT05975099 (Accessed January 12, 2025).

95. ClinicalTrials.gov. U.S. National Library of Medicine (NIH). Identifier
NCT05547464, Safety and Immune Responses after Vaccination with Two
Investigational RNA-Based Vaccines against Tuberculosis in BCG
Vaccinated Volunteers (2022). Available online at: https://classic.
clinicaltrials.gov/ct2/show/NCT05547464?term=NCT05547464&draw=
2&rank=1 (Accessed June 10, 2023).

96. ClinicalTrials.gov. U.S. National Library of Medicine (NIH). Identifier
NCT05537038, Safety and Immune Responses after Vaccination with Two

British Journal of Biomedical Science | Published by Frontiers July 2025 | Volume 82 | Article 1455714

Sofroniou and Ridley mRNA Vaccines other than COVID-19

https://clinicaltrials.gov/study/NCT06645665
https://clinicaltrials.gov/study/NCT06645665
https://clinicaltrials.gov/study/NCT06573281
https://clinicaltrials.gov/study/NCT06573281
https://clinicaltrials.gov/study/NCT06564194
https://clinicaltrials.gov/study/NCT06564194
https://clinicaltrials.gov/study/NCT06686654
https://classic.clinicaltrials.gov/ct2/show/NCT04975893?term=NCT04975893&draw=2&rank=1
https://classic.clinicaltrials.gov/ct2/show/NCT04975893?term=NCT04975893&draw=2&rank=1
https://classic.clinicaltrials.gov/ct2/show/NCT05085366?term=NCT05085366&draw=2&rank=1
https://classic.clinicaltrials.gov/ct2/show/NCT05085366?term=NCT05085366&draw=2&rank=1
https://classic.clinicaltrials.gov/ct2/show/NCT05831111?term=NCT05831111&draw=1&rank=1
https://classic.clinicaltrials.gov/ct2/show/NCT05831111?term=NCT05831111&draw=1&rank=1
https://classic.clinicaltrials.gov/ct2/show/NCT05703607?term=NCT05703607&draw=2&rank=1
https://classic.clinicaltrials.gov/ct2/show/NCT05703607?term=NCT05703607&draw=2&rank=1
https://classic.clinicaltrials.gov/ct2/show/NCT05703607?term=NCT05703607&draw=2&rank=1
https://clinicaltrials.gov/study/NCT06375512
https://clinicaltrials.gov/study/NCT06375512
https://classic.clinicaltrials.gov/ct2/show/NCT05701800?term=NCT05701800&draw=2&rank=1
https://classic.clinicaltrials.gov/ct2/show/NCT05701800?term=NCT05701800&draw=2&rank=1
https://classic.clinicaltrials.gov/ct2/show/NCT05414786?term=NCT05414786&draw=2&rank=1
https://classic.clinicaltrials.gov/ct2/show/NCT05414786?term=NCT05414786&draw=2&rank=1
https://classic.clinicaltrials.gov/ct2/show/NCT05001373?term=NCT05001373&draw=2&rank=1
https://classic.clinicaltrials.gov/ct2/show/NCT05001373?term=NCT05001373&draw=2&rank=1
https://classic.clinicaltrials.gov/ct2/show/NCT05217641?term=NCT05217641&draw=2&rank=1
https://classic.clinicaltrials.gov/ct2/show/NCT05217641?term=NCT05217641&draw=2&rank=1
https://classic.clinicaltrials.gov/ct2/show/NCT05217641?term=NCT05217641&draw=2&rank=1
https://clinicaltrials.gov/study/NCT06361875
https://clinicaltrials.gov/study/NCT06361875
https://clinicaltrials.gov/study/NCT06431607
https://clinicaltrials.gov/study/NCT06431607
https://clinicaltrials.gov/study/NCT06125691
https://classic.clinicaltrials.gov/ct2/show/NCT05755620?term=NCT05755620&draw=2&rank=1
https://classic.clinicaltrials.gov/ct2/show/NCT05755620?term=NCT05755620&draw=2&rank=1
https://clinicaltrials.gov/study/NCT06097299
https://clinicaltrials.gov/study/NCT06097299
https://clinicaltrials.gov/study/NCT06067230
https://clinicaltrials.gov/study/NCT06067230
https://classic.clinicaltrials.gov/ct2/show/NCT05127434?term=NCT05127434&draw=2&rank=1
https://classic.clinicaltrials.gov/ct2/show/NCT05127434?term=NCT05127434&draw=2&rank=1
https://classic.clinicaltrials.gov/ct2/show/NCT05127434?term=NCT05127434&draw=2&rank=1
https://clinicaltrials.gov/study/NCT06374394
https://clinicaltrials.gov/study/NCT06374394
https://clinicaltrials.gov/study/NCT05639894
https://clinicaltrials.gov/study/NCT05639894
https://classic.clinicaltrials.gov/ct2/show/NCT05743881?term=NCT05743881&draw=2&rank=1
https://classic.clinicaltrials.gov/ct2/show/NCT05743881?term=NCT05743881&draw=2&rank=1
https://clinicaltrials.gov/study/NCT05975099
https://clinicaltrials.gov/study/NCT05975099
https://classic.clinicaltrials.gov/ct2/show/NCT05547464?term=NCT05547464&draw=2&rank=1
https://classic.clinicaltrials.gov/ct2/show/NCT05547464?term=NCT05547464&draw=2&rank=1
https://classic.clinicaltrials.gov/ct2/show/NCT05547464?term=NCT05547464&draw=2&rank=1


Investigational RNA-Based Vaccines against Tuberculosis in Healthy Volunteers
(2022). Available online at: https://classic.clinicaltrials.gov/ct2/show/
NCT05537038?term=NCT05537038&draw=2&rank=1 (Accessed June 10, 2023).

97. ClinicalTrials.gov. U.S. National Library of Medicine (NIH). Identifier
NCT06694753, Safety and Immunogenicity of MRNAs Encoding HIV
Immunogens (eOD-GT8 60mer, Core-G28v2 60mer, N332-GT5 Gp151)
in Adult Participants without HIV and in Overall Good Health in South
Africa (HVTN 317) (HVTN 317) (2024). Available online at: https://
clinicaltrials.gov/study/NCT06694753 (Accessed January 12, 2025).

98. ClinicalTrials.gov. U.S. National Library of Medicine (NIH). Identifier
NCT06602531, Safety and Immunogenicity Study of Self-Amplifying RNA
Pandemic Influenza Vaccine in Adults (2024). Available online at: https://
clinicaltrials.gov/study/NCT06602531 (Accessed January 12, 2025).

99. ClinicalTrials.gov. U.S. National Library of Medicine (NIH). Identifier
NCT06680128. A Study to Assess the Safety, Reactogenicity, and
Immunogenicity of SK Japanese Encephalitis Messenger Ribonucleic Acid
(mRNA) Vaccines (GBP560) in Healthy Adults (2025). Available online at:
https://clinicaltrials.gov/study/NCT06680128 (Accessed January 12, 2025).

100. ClinicalTrials.gov. U.S. National Library of Medicine (NIH). Identifier
NCT06287450, A Study to Describe the Safety and Immunogenicity of a
Respiratory Syncytial Virus Vaccine IN006 in Healthy Adults (2024). Available
online at: https://clinicaltrials.gov/study/NCT06287450 (Accessed January 12, 2025).

101. ClinicalTrials.gov. U.S. National Library of Medicine (NIH). Identifier
NCT06344975, A Study to Describe the Safety and Immunogenicity of a
Respiratory Syncytial Virus Vaccine STR-V003 in Healthy Adults (STR-
V003) (2024). Available online at: https://clinicaltrials.gov/study/
NCT06344975 (Accessed January 12, 2025).

102. ClinicalTrials.gov. U.S. National Library of Medicine (NIH). Identifier
NCT06133010, A Study of mRNA-1647 Cytomegalovirus Vaccine in Liver
Transplant Candidates and Recipients (2024). Available online at: https://
clinicaltrials.gov/study/NCT06133010 (Accessed January 12, 2025).

103. August A, Attarwala HZ, Himansu S, Kalidindi S, Lu S, Pajon R, et al. A Phase
1 Trial of Lipid-Encapsulated mRNA Encoding a Monoclonal Antibody with
Neutralizing Activity against Chikungunya Virus. Nat Med (2021) 27(12):
2224–33. doi:10.1038/s41591-021-01573-6

104. Rzymski P, Szuster-Ciesielska A, Dzieciątkowski T, Gwenzi W, Fal A. mRNA
Vaccines: The Future of Prevention of Viral Infections? J Med Virol (2023)
95(2):e28572. doi:10.1002/jmv.28572

105. Hu X, Wang HY, Otero CE, Jenks JA, Permar SR. Lessons from Acquired
Natural Immunity and Clinical Trials to Inform Next-Generation Human
Cytomegalovirus Vaccine Development. Annu Rev Virol (2022) 9(1):
491–520. doi:10.1146/annurev-virology-100220-010653

106. de JongW, Aerts J, Allard S, Brander C, Buyze J, Florence E, et al. iHIVARNA
Phase IIa, a Randomized, Placebo-Controlled, Double-Blinded Trial to
Evaluate the Safety and Immunogenicity of iHIVARNA-01 in Chronically
HIV-Infected Patients under Stable Combined Antiretroviral Therapy. Trials
(2019) 20:361–0. doi:10.1186/s13063-019-3409-1

107. Leal L, Guardo AC, Morón-López S, Salgado M, Mothe B, Heirman C, et al.
Phase I Clinical Trial of an Intranodally Administered mRNA-Based
Therapeutic Vaccine against HIV-1 Infection. Aids (2018) 32(17):2533–45.
doi:10.1097/QAD.0000000000002026

108. Feldman RA, Fuhr R, Smolenov I, Ribeiro AM, Panther L, Watson M, et al.
mRNA Vaccines against H10N8 and H7N9 Influenza Viruses of Pandemic
Potential Are Immunogenic and Well Tolerated in Healthy Adults in Phase
1 Randomized Clinical Trials. Vaccine (2019) 37(25):3326–34. doi:10.1016/j.
vaccine.2019.04.074

109. Alberer M, Gnad-Vogt U, Hong HS, Mehr KT, Backert L, Finak G, et al.
Safety and Immunogenicity of a mRNA Rabies Vaccine in Healthy Adults:
An Open-Label, Non-randomised, Prospective, First-In-Human Phase
1 Clinical Trial. The Lancet (2017) 390(10101):1511–20. doi:10.1016/
S0140-6736(17)31665-3

110. Shaw CA, Essink B, Harper C, Mithani R, Kapoor A, Dhar R, et al. Safety and
Immunogenicity of an mRNA-Based RSV Vaccine Including a 12-month

Booster in a Phase 1 Clinical Trial in Healthy Older Adults. The J Infect Dis
(2024) 230(3):e647–56. doi:10.1093/infdis/jiae081

111. Shaw CA, Mithani R, Kapoor A, Dhar R, Wilson L, El Asmar L, et al. Safety,
Tolerability, and Immunogenicity of an mRNA-Based Respiratory Syncytial
Virus Vaccine in Healthy Young Adults in a Phase 1 Clinical Trial. The J
Infect Dis (2024) 230:e637–e646. doi:10.1093/infdis/jiae035

112. Goswami J, Baqui AH, Doreski PA, Perez MG, Jimenez G, Ahmed S, et al.
Humoral Immunogenicity of mRNA-1345 RSV Vaccine in Older Adults. The
J Infect Dis (2024) 230(5):e996–1006. doi:10.1093/infdis/jiae316

113. Moderna. Moderna receives U.S. FDA Approval for RSV Vaccine mRESVIA
(2024). Available online at: https://investors.modernatx.com/news/news-
details/2024/Moderna-Receives-U.S.-FDA-Approval-for-RSV-Vaccine-
mRESVIAR/default.aspx (Accessed May 7, 2025).

114. Wilson E, Goswami J, Baqui AH, Doreski PA, Perez-Marc G, Zaman K, et al.
Efficacy and Safety of an mRNA-Based RSV PreF Vaccine in Older Adults.
New Engl J Med (2023) 389(24):2233–44. doi:10.1056/NEJMoa2307079

115. Essink B, Chu L, Seger W, Barranco E, Le Cam N, Bennett H, et al. The Safety
and Immunogenicity of Two Zika Virus mRNA Vaccine Candidates in
Healthy Flavivirus Baseline Seropositive and Seronegative Adults: The
Results of Two Randomised, Placebo-Controlled, Dose-Ranging, Phase
1 Clinical Trials. The Lancet Infect Dis (2023) 23(5):621–33. doi:10.1016/
S1473-3099(22)00764-2

116. Ramachandran S, Satapathy SR, Dutta T. Delivery Strategies for mRNA
Vaccines. Pharm Med (2022) 36(1):11–20. doi:10.1007/s40290-021-00417-5

117. Appelberg S, John L, Pardi N, Végvári Á, Bereczky S, Ahlén G, et al.
Nucleoside-modified mRNA Vaccines Protect IFNAR–/–Mice against
Crimean-Congo Hemorrhagic Fever Virus Infection. J Virol (2022) 96(3):
e01568-21. doi:10.1128/JVI.01568-21

118. Meyer M, Huang E, Yuzhakov O, Ramanathan P, Ciaramella G, Bukreyev A.
Modified mRNA-Based Vaccines Elicit Robust Immune Responses and
Protect guinea Pigs from Ebola Virus Disease. The J Infect Dis (2018)
217(3):451–5. doi:10.1093/infdis/jix592

119. Li D, Zhang Y, Li S, Zheng B. A Novel Toxoplasma Gondii
TGGT1_316290 mRNA-LNP Vaccine Elicits Protective Immune Response
against Toxoplasmosis in Mice. Front Microbiol (2023) 14:1145114. doi:10.
3389/fmicb.2023.1145114

120. Jones CW, Safferman MR, Adams AC, Platts-Mills TF. Discrepancies
between ClinicalTrials. Gov Recruitment Status and Actual Trial Status: A
Cross-Sectional Analysis. BMJ open (2017) 7(10):e017719. doi:10.1136/
bmjopen-2017-017719

121. ClinicalTrials.gov. U.S. National Library of Medicine (NIH). Identifier:
Nct02316457 Rna-immunotherapy Ivac_w_bre1_uid Ivac_m_uid (Tnbc-
merit). (2024). Available online at: https://clinicaltrials.gov/study/
NCT02316457 (Accessed January 12, 2025).

122. ClinicalTrials.gov. U.S. National Library of Medicine (NIH). Identifier
NCT02035956, IVAC MUTANOME Phase Clin Trial. (2020). Available
online at: https://clinicaltrials.gov/study/NCT02035956 (Accessed January
12, 2025).

123. ClinicalTrials.gov. U.S. National Library of Medicine (NIH). Identifier
NCT00923312. Trial of an RNActive®-Derived Cancer Vaccine in Stage
IIIB/IV Non Small. Cell Lung Cancer (NSCLC) (2018). Available online at:
https://clinicaltrials.gov/study/NCT00923312 (Accessed January 12, 2025).

124. Krienke C, Kolb L, Diken E, Streuber M, Kirchhoff S, Bukur T, et al. A
Noninflammatory mRNA Vaccine for Treatment of Experimental
Autoimmune Encephalomyelitis. Science (2021) 371(6525):145–53. doi:10.
1126/science.aay3638

Copyright © 2025 Sofroniou and Ridley. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (CC BY). The use,
distribution or reproduction in other forums is permitted, provided the original
author(s) and the copyright owner(s) are credited and that the original publication
in this journal is cited, in accordance with accepted academic practice. No use,
distribution or reproduction is permitted which does not comply with these terms.

British Journal of Biomedical Science | Published by Frontiers July 2025 | Volume 82 | Article 1455715

Sofroniou and Ridley mRNA Vaccines other than COVID-19

https://classic.clinicaltrials.gov/ct2/show/NCT05537038?term=NCT05537038&draw=2&rank=1
https://classic.clinicaltrials.gov/ct2/show/NCT05537038?term=NCT05537038&draw=2&rank=1
https://clinicaltrials.gov/study/NCT06694753
https://clinicaltrials.gov/study/NCT06694753
https://clinicaltrials.gov/study/NCT06602531
https://clinicaltrials.gov/study/NCT06602531
https://clinicaltrials.gov/study/NCT06680128
https://clinicaltrials.gov/study/NCT06287450
https://clinicaltrials.gov/study/NCT06344975
https://clinicaltrials.gov/study/NCT06344975
https://clinicaltrials.gov/study/NCT06133010
https://clinicaltrials.gov/study/NCT06133010
https://doi.org/10.1038/s41591-021-01573-6
https://doi.org/10.1002/jmv.28572
https://doi.org/10.1146/annurev-virology-100220-010653
https://doi.org/10.1186/s13063-019-3409-1
https://doi.org/10.1097/QAD.0000000000002026
https://doi.org/10.1016/j.vaccine.2019.04.074
https://doi.org/10.1016/j.vaccine.2019.04.074
https://doi.org/10.1016/S0140-6736(17)31665-3
https://doi.org/10.1016/S0140-6736(17)31665-3
https://doi.org/10.1093/infdis/jiae081
https://doi.org/10.1093/infdis/jiae035
https://doi.org/10.1093/infdis/jiae316
https://investors.modernatx.com/news/news-details/2024/Moderna-Receives-U.S.-FDA-Approval-for-RSV-Vaccine-mRESVIAR/default.aspx
https://investors.modernatx.com/news/news-details/2024/Moderna-Receives-U.S.-FDA-Approval-for-RSV-Vaccine-mRESVIAR/default.aspx
https://investors.modernatx.com/news/news-details/2024/Moderna-Receives-U.S.-FDA-Approval-for-RSV-Vaccine-mRESVIAR/default.aspx
https://doi.org/10.1056/NEJMoa2307079
https://doi.org/10.1016/S1473-3099(22)00764-2
https://doi.org/10.1016/S1473-3099(22)00764-2
https://doi.org/10.1007/s40290-021-00417-5
https://doi.org/10.1128/JVI.01568-21
https://doi.org/10.1093/infdis/jix592
https://doi.org/10.3389/fmicb.2023.1145114
https://doi.org/10.3389/fmicb.2023.1145114
https://doi.org/10.1136/bmjopen-2017-017719
https://doi.org/10.1136/bmjopen-2017-017719
https://clinicaltrials.gov/study/NCT02316457
https://clinicaltrials.gov/study/NCT02316457
https://clinicaltrials.gov/study/NCT02035956
https://clinicaltrials.gov/study/NCT00923312
https://doi.org/10.1126/science.aay3638
https://doi.org/10.1126/science.aay3638
https://creativecommons.org/licenses/by/4.0/

	A Systematic Review of Clinical Trials Using mRNA Vaccines for Infectious Diseases other than COVID-19
	Introduction
	Methodology
	Results
	Completed Clinical Trials for mRNA Vaccine Candidates Against Viral Infections
	Chikungunya
	Cytomegalovirus
	Human Immunodeficiency Virus Type 1
	Influenza
	Nipah Virus
	Rabies
	Respiratory Syncytial Virus
	Zika
	Combination mRNA Vaccines
	Completed Clinical Trials for mRNA Vaccine Candidates That Extend Beyond Viral Infections
	Ongoing Clinical Trials for mRNA Vaccine Candidates Against Viral Infections
	Herpesviruses
	Human Immunodeficiency Virus Type 1

	Other Viral Infections
	Ongoing Clinical Trials for mRNA Vaccine Candidates That Extend Beyond Viral Infections

	Discussion
	Author Contributions
	Funding
	Conflict of Interest
	Generative AI Statement
	References


