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Background: Messenger RNA (mRNA) vaccines transformed 
prevention of COVID-19, yet no mRNA vaccine against any 
tropical infectious disease is licensed, and the availability of 
underlying public data has never been systematically quantified. 
Methods: We performed a multi-dataset empirical secondary 
analysis. We quantified the public evidence base through logged 
NCBI GEO, NIAID Data Ecosystem and ClinicalTrials.gov 
queries; downloaded and re-analysed every vaccine-transcriptomic 
dataset available for dengue, malaria, Zika and chikungunya 
(GSE146658, TAK-003 live-attenuated dengue vaccine, n=20; 
GSE211626, PfSPZ malaria vaccine with sterile-protection outcome 
after controlled human malaria infection, n=15; GSE107672, 
RTS,S malaria vaccine pooled transcriptomics, 2,129 samples); and 
downloaded 477 registry records (469 unique vaccine trials) via the 
ClinicalTrials.gov API. 
Results: No public dataset contains clinical efficacy or subject-level 
data for any mRNA vaccine against a tropical disease (GEO: 0 
series). The registry contains exactly three mRNA-vaccine trials, all 
against Zika (NCT03014089, NCT04064905, NCT04917861), 
all phase 1-2 and completed with no posted efficacy results; one 
further trial (NCT03829384) used mRNA to encode a monoclonal 
antibody rather than a vaccine antigen. No mRNA-vaccine trial 
reached phase 3 (0 of 3) compared with 61 of 409 trials on other 
platforms, and across all platform classes advancement to phase 3 
was significantly associated with platform class (chi-square 17.01, df 
7, p=0.017); in a multivariable logistic model (n=410), enrolment 
size (OR 12.5 per log10, p=1.1e-13) and start year (OR 1.11 per 
year, p=0.0015) predicted phase-3 advancement. TAK-003 
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vaccination induced a transient whole-blood transcriptional response 
(2,446 up-regulated genes at day 2; 15 up/14 down at day 7, 
FDR<0.05) with a coherent interferon-stimulated gene module 
(mean paired log2 fold-change +1.26 at day 7, Mann-Whitney 
p<0.0001). In PfSPZ vaccinees, post-vaccination expression did not 
distinguish protected from unprotected subjects at single-gene 
FDR<0.05, but an exploratory regularised 20-gene model achieved 
leave-one-out AUC 1.0 (permutation p=0.005; wide Wilson 
intervals) and the MX2/GPR183 ratiometric signature moved 
directionally as reported for RTS,S (MoreProtected +0.81 vs 
LessProtected +0.35; not significant, n=15). 
Conclusions: Public data currently permit immunogenicity-oriented 
and registry-oriented inference only - not efficacy estimation - for 
mRNA vaccines against tropical diseases. We provide a fully 
reproducible pipeline, a quantified evidence gap, and benchmark 
host-response signatures to guide future mRNA-vaccine development 
for dengue, malaria, Zika and chikungunya. 
 

 

INTRODUCTION 

Messenger RNA (mRNA) vaccines delivered a decisive contribution to pandemic control and are now 
among the most actively investigated vaccine platforms. Whether the same technology can address the 
major tropical infectious diseases - dengue, malaria, Zika and chikungunya - is a question of global health 
importance: these diseases jointly cause several hundred million cases and tens of thousands of deaths 
annually, and the only licensed interventions remain conventional live, subunit or inactivated products 
with well-known limitations. Because no mRNA product against any tropical pathogen has completed 
pivotal efficacy testing, the research question framed for this project - the efficacy of mRNA vaccines in 
tropical diseases - cannot yet be answered directly from public data. Recognising that constraint before 
analysis began was a methodological requirement of this work, not a limitation discovered afterwards. 
This study therefore pursues a disciplined, empirically grounded alternative: it quantifies exactly what 
public data do and do not exist for mRNA vaccines against tropical diseases; it analyses the complete set 
of downloadable vaccine-transcriptomic datasets for the four diseases; it models the clinical-development 
landscape of every registered vaccine trial; and it derives host-response benchmarks that any future mRNA 
vaccine for these pathogens will have to engage. All analyses were executed on data actually downloaded 
during the study window, and every number reported in this paper is regenerated by the accompanying 
pipeline from the raw files. 
The mRNA vaccine platform uses chemically stabilised, lipid-encapsulated messenger RNA to transiently 
express an antigen in host cells, combining the genetic flexibility of nucleic-acid vaccines with strong 
innate immune stimulation through the delivery vehicle [8,9]. Two preclinical programmes established 
the platform against flaviviruses before 2020: nucleoside-modified mRNA expressing the Zika virus prM-
E construct protected mice against congenital Zika disease and against viral challenge [9]. This work 
advanced into first-in-human testing with mRNA-1325 and mRNA-1893, whose phase 1 results were 
published in 2023 [10]. Against chikungunya, the same lipid-nanoparticle technology was used not for a 
vaccine antigen but to encode a neutralising monoclonal antibody (mRNA-1944), demonstrating that the 
platform can also deliver passively transferred immunity [11]. 
The conventional vaccine landscape of the four diseases frames the benchmark that mRNA products 
must meet. For dengue, the live-attenuated chimeric CYD-TDV vaccine showed heterogeneous efficacy 
by serotype and age before its introduction was restricted [12,17], while the live-attenuated TAK-003 
demonstrated efficacy against symptomatic dengue in endemic children [13] and received WHO 
prequalification in 2024 [18]. For malaria, the RTS,S/AS01 and R21/Matrix-M subunit vaccines achieved 
WHO recommendation after decades of incremental development [14,15], and whole-sporozoite PfSPZ 
vaccines have shown sterilising protection in controlled human malaria infection (CHMI) settings [16]. 
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For chikungunya, a live-attenuated vaccine (VLA1553) was approved by the US FDA in 2023 [19]. These 
products define both the efficacy bar and the immunological target profile for any future mRNA entrant. 
Against this backdrop, three gaps motivated the present study. First, no synthesis quantifies the public 
data landscape for mRNA vaccines against tropical diseases: repositories may or may not hold 
transcriptomic or clinical data, and the absence itself has never been documented as a reproducible 
measurement. Second, public discussion of mRNA applicability to tropical diseases rarely engages the 
actual host-response data from the vaccines that do exist for these diseases; the interferon-dominated 
biology that gives mRNA vaccines their potency is also the biology of flaviviral and plasmodial infection, 
but a quantitative comparison has been lacking. Third, the clinical-trial pipeline of tropical-disease 
vaccines has not been analysed by vaccine platform with modern registry data, so statements such as 
“mRNA programmes stop early” remain anecdotal. This project addresses all three gaps with primary 
computations on public data. 
 
Materials and Methods 
Study design, objectives and hypotheses 
The overall objective was to determine, from public data alone, what can and cannot be established about 
mRNA vaccine efficacy for tropical diseases, and to characterise the immune-response benchmarks 
relevant to future mRNA vaccines. Five specific objectives operationalised this aim: systematic discovery, 
download, validation and documentation of every publicly accessible dataset relevant to vaccines against 
dengue, malaria, Zika and chikungunya, with explicit verification of whether any mRNA-specific dataset 
exists (O1); quantification of the registered clinical-trial landscape by vaccine platform and development 
phase, with a test of the association between platform and phase-3 advancement (O2); characterisation of 
the host transcriptional response to existing tropical-disease vaccines (TAK-003, PfSPZ, RTS,S), including 
interferon-stimulated gene (ISG) module kinetics (O3); testing whether post-vaccination transcriptomics 
of PfSPZ vaccinees distinguish subjects with sterile protection and whether the published MX2/GPR183 
ratiometric signature (RTS,S) transfers across platforms (O4); and delivery of a fully reproducible analysis 
package (code, data, checksums, notebooks, logs) so that every finding can be regenerated independently 
(O5). 
Four research questions followed from these objectives. RQ1: do public repositories contain any dataset 
with clinical efficacy or subject-level data for an mRNA vaccine against a tropical disease? RQ2: how many 
vaccine trials for the four diseases exist in the ClinicalTrials.gov registry, how are they distributed across 
vaccine platforms and phases, and does platform class predict reaching phase 3? RQ3: what transcriptional 
response does a modern tropical-disease vaccine elicit in humans, and what is the kinetics of the interferon 
module? RQ4: do pre- or post-vaccination transcriptomic profiles discriminate PfSPZ vaccinees who 
develop sterile protection, and does the RTS,S MX2/GPR183 signature behave consistently in these 
independent datasets? 
Five hypotheses were pre-specified. H1: vaccination with TAK-003 induces a detectable paired whole-
blood transcriptional response at days 2, 4, 7 and 92 versus baseline (GSE146658). H2: post-vaccination 
expression differs between MoreProtected and LessProtected PfSPZ recipients, and the magnitude of the 
MX2/GPR183 shift is larger in MoreProtected subjects (GSE211626). H3: across the RTS,S pooled 
dataset (GSE107672), baseline-to-post-baseline differences show ISG-module enrichment consistent with 
an interferon component. H4: vaccine platform class is associated with reaching phase 3 in the registry, 
and mRNA-platform vaccine trials are restricted to early phases with no reported efficacy. H5: structured 
repository queries return zero subject-level mRNA tropical-disease vaccine datasets. Hypotheses H1-H3 
concern immunogenicity-oriented biology; none of the analyses treats gene expression as proof of clinical 
vaccine efficacy. 
 
Datasets 
Four analysis datasets and one negative-control evidence stream were used. Table 1 summarises 
provenance; every file was downloaded from the official repository endpoint during the study window 
(2026-11-07) and checksummed (SHA-256). 
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Table 1. Datasets analysed (complete characteristics in 
05_RESULTS/TABLES/T01_dataset_characteristics.csv). 

Dataset Content Units Access 

ClinicalTrials.gov registry 
extract 

API v2, 4 disease pulls + mRNA sweep 469 unique trials Open 

GSE146658 (NCBI GEO) TAK-003 dengue vaccine RNA-seq, 5 
timepoints 

100 samples / 20 
subjects 

Open 

GSE211626 (NCBI GEO) PfSPZ malaria vaccine, pre/post + 
CHMI outcome 

30 samples / 15 
subjects 

Open 

GSE107672 (NCBI GEO) RTS,S pooled transcriptomics (array + 
RNA-seq) 

2,129 samples Open 

GEO/NIAID query 
streams 

mRNA tropical-vaccine queries 
(negative control) 

0 series returned Open 

 
GSE146658 profiles 20 healthy adults after two-dose TAK-003 vaccination (whole blood, RNA-seq, days 
0/2/4/7/92) [5]. GSE211626 profiles 15 malaria-naive US adults receiving three or five doses of PfSPZ 
Vaccine, sampled pre- and post-vaccination, with the sterile-protection outcome after CHMI encoded per 
subject (MoreProtected n=7, LessProtected n=8) [7]. GSE107672 aggregates producer-normalised 
expression matrices from five RTS,S/AS01 CHMI studies across microarray and RNA-seq platforms [6]; 
the submitter encodes sample identity in column names and no series-matrix file exists - a documented 
limitation. All three GEO datasets use conventional (non-mRNA) vaccine technologies; this is reported 
exactly as verified, and no analysis misrepresents them as mRNA data. 
 
Data acquisition 
A dedicated script (03_data_download.py) retrieved every file over HTTPS from the official NCBI GEO 
tree and the ClinicalTrials.gov API v2 with retry/backoff, then recorded filename, URL, repository, UTC 
timestamp, size, format, SHA-256 checksum and status for each download in a manifest. The registry pull 
used the documented query pattern query.cond=<disease>&query.intr=vaccine (the API types vaccines as 
BIOLOGICAL, so no VACCINE enum exists), supplemented by a query.intr=mRNA sweep to catch 
mRNA-named interventions without the word vaccine; pages were fetched with pageSize=1000 and 
completeness verified against totalCount. The NIAID Data Ecosystem API was queried and its HTTP 
404 response recorded; no dataset used here depends on that source. Reproduction commands are 
shipped verbatim in 07_DOCUMENTATION/DATA_ACQUISITION.md. 
 
Data preprocessing 
Raw files were treated as read-only truth; all derivatives were written to a separate processed tree and every 
operation logged (14 logged operations; full log in 
02_DATA/PROCESSED_DATA/preprocessing_log.csv). For GSE146658, submitter column names 
were parsed to subject-day keys, metadata aligned 100/100 columns, one re-processed input aliquot 
excluded to avoid duplicating a subject-timepoint, genes filtered at CPM>1 in at least 20 samples (60,675 
to 16,431 genes) and counts normalised to log2 counts-per-million. For GSE211626, duplicate gene 
names were averaged (50,928 to 50,861) and TPM values log2-transformed. For GSE107672, producer-
normalised matrices were used as supplied with subject/day parsed from column names. Registry JSON 
records were flattened, de-duplicated across disease pulls (477 to 469) and classified into vaccine-platform 
classes by transparent first-match keyword rules applied to intervention names and titles; the mRNA class 
was manually verified and one documented exception was encoded (NCT03829384, mRNA-1944, is an 
mRNA-encoded monoclonal antibody, not a vaccine [11]). Validation covered gzip integrity, parseability, 
shapes, NaN counts, duplicate identifiers and registry completeness (29 checks, 0 failures). 
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Statistical analysis 
Gene-level differential expression used paired t-tests on log2-CPM values for each post-baseline day versus 
day 0 in GSE146658 (n=20 pairs per contrast) and Welch t-tests for the two-group contrast in GSE211626 
(n=7 vs 8), with Benjamini-Hochberg false-discovery-rate control at 5% [20]. A curated canonical 
interferon-stimulated gene module (38 genes detectable in each dataset; canonical ISGs [21]) was tested 
by rank-based Mann-Whitney comparison of absolute log2 fold-changes against all genes, and its kinetics 
summarised per timepoint. Registry hypotheses used Fisher exact tests (mRNA-vaccine versus other 
platforms on reaching phase 3), a chi-square test across all eight platform classes, and a descriptive 
multivariable logistic regression (reached phase 3 ~ log10 enrolment + start year + disease) fitted with a 
binomial GLM; quasi-complete separation (no Zika-vaccine trial reached phase 3) was flagged and the 
affected coefficient reported as non-estimable. Predictive models comprised a regularised logistic 
regression on the top-20 nominal PfSPZ genes (nested leave-one-out cross-validation, inner selection of 
the L2 penalty over {0.01, 0.1, 1, 10}), a single-feature ISG z-score model, and five-fold stratified cross-
validation of the registry model. Model uncertainty was quantified with Wilson score intervals and a 200-
shuffle label-permutation test. Pre-specified sensitivity analyses varied the registry platform taxonomy, the 
gene-filter threshold and the model feature count. Analyses used Python 3.12.16 with pandas 2.2.3, 
numpy 2.1.3, scipy 1.14.1, statsmodels 0.14.5 and scikit-learn 1.5.2; the random seed was 42 throughout. 
 
Results 
The evidence gap is total and quantifiable 
The decisive GEO query - (“mRNA vaccine” OR “mRNA vaccination” OR “mRNA-1893” OR “mRNA-
1325”) AND (dengue OR zika OR chikungunya OR malaria) - returned exactly 0 series on the study date. 
The corresponding disease-specific queries returned 9 dengue, 4 Zika and 17 malaria vaccine-expression 
series, none of which involves an mRNA product. The registry census identified 469 unique vaccine trials 
across the four diseases, of which exactly 3 are mRNA-vaccine trials (all Zika: mRNA-1325 phase 1, 
mRNA-1893 phase 1, mRNA-1893 phase 2; all completed, none with posted efficacy results), plus one 
mRNA-encoded-antibody trial excluded from the vaccine class by rule. The NIAID Data Ecosystem API 
was unreachable (HTTP 404) throughout the access window and is documented as such. RQ1 is therefore 
answered in the negative for the public domain: no clinical-efficacy or subject-level mRNA tropical-vaccine 
dataset exists to analyse. 
 
Registry landscape by platform 
Figure 1 shows the trial landscape by start year and platform; Table 2 gives platform-by-disease counts. 
Registry completeness was high (enrolment missing 1/469 = 0.21%; start date 2/469 = 0.43%), with 
57/469 (12.15%) trials declaring no phase - predominantly observational and post-marketing safety 
studies. 
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Figure 1. Vaccine trials for dengue, malaria, Zika and chikungunya on ClinicalTrials.gov by start year 

and vaccine platform (469 unique trials; snapshot 2026-11-07). 
 

Table 2. Trials whose registered design includes phase 3, by platform (trials with declared phases; full 
crosstab in T02_registry_platform_by_disease.csv). 

Platform class Not phase 3+ Phase 3+ % phase 3+ 

DNA 8 0 0.0% 

Inactivated 21 3 12.5% 

Live attenuated/whole-pathogen 96 24 20.0% 

Other/unclear 104 20 16.1% 

Protein subunit/peptide 64 9 12.3% 

VLP 10 5 33.3% 

Viral vector 44 0 0.0% 

mRNA 4 0 0.0% 

 
Platform class was significantly associated with reaching phase 3 (chi-square 17.01, df 7, p=0.0173; 
sensitivity analysis excluding the Other/unclear class: chi-square 17.32, df 6, p=0.0082). No mRNA-
vaccine trial reached phase 3 (0/3) versus 61 of 409 (14.9%) trials on other platforms; with only three 
mRNA trials the Fisher exact two-sided p-value is 1.0 by construction, so the comparison is reported 
descriptively rather than as evidence of equivalence. In the multivariable model (Table 3, n=410, 
McFadden pseudo-R2=0.484), larger enrolment and more recent start year strongly predicted phase-3 
advancement, and malaria trials were less likely than chikungunya trials to reach phase 3; the Zika term 
was flagged non-estimable (quasi-complete separation). Cross-validated discriminative performance of the 
registry model was AUC 0.899 (SD 0.089, five-fold). 
 
Table 3. Multivariable logistic regression for reaching phase 3 (n=410 trials with phase, enrolment and 
start date; OR = odds ratio with 95% confidence interval). 

Term OR (95% CI) p-value 

const 0.001 (0.000 - 0.008) 1.5 × 10-12 

enrollment_log10 12.463 (6.408 - 24.240) 1.1 × 10-13 

start_year_c 1.113 (1.042 - 1.189) 0.0015 
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Term OR (95% CI) p-value 

disease_pull_dengue 0.556 (0.180 - 1.719) 0.3078 

disease_pull_malaria 0.140 (0.045 - 0.439) 0.0007 

disease_pull_zika non-estimable (separation) - 

 
Host response to the TAK-003 dengue vaccine 
Paired analyses in GSE146658 identified 2,446 up- and 452 down-regulated genes at day 2 (FDR<0.05), 
a resolved response at day 4 (0 genes at FDR<0.05 despite 1,340 nominal p<0.05), 15 up- and 14 down-
regulated genes at day 7, and 3,182 up- and 2,045 down-regulated genes at day 92. Principal-component 
analysis separated early timepoints along PC1 (Figure 2), and the day-7 heat map shows a coordinated 
interferon-component signature (IFIT1 mean paired log2FC +3.66; IFI6 +2.50; IFI44L +2.48; Figures 3 
and 4). The 38-gene ISG module was significantly enriched in absolute response magnitude at every post-
vaccination timepoint (Mann-Whitney p<0.0001 at days 2, 4 and 7), with the mean module log2 fold-
change peaking at day 7 (+1.26) and 23% of the top-100 response genes at day 7 being canonical ISGs 
(Table 4; Figure 5). 

 
Figure 2. PCA of the whole-blood transcriptome after TAK-003 vaccination (top-500 variable genes; 

n=20 subjects, 5 timepoints). 
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Figure 3. Top-25 differentially expressed genes, day 7 versus day 0 (row z-scores; samples ordered by 

timepoint). 

 
Figure 4. Volcano plot, day 7 versus day 0; interferon-stimulated genes dominate the significant set. 

 
Table 4. Interferon-stimulated gene (ISG) module kinetics after TAK-003 vaccination (mean paired 
log2 fold-change vs day 0; module MWU p<0.0001 at days 2-7). 

Day n ISG Mean ISG log2FC SD % ISG sig (FDR<0.05) 

2 38 0.659 0.370 57.9% 
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Day n ISG Mean ISG log2FC SD % ISG sig (FDR<0.05) 

4 38 0.453 0.441 0.0% 

7 38 1.255 0.767 13.2% 

92 38 0.547 0.507 44.7% 

 

 
Figure 5. ISG module kinetics (mean +/- SD of paired log2 fold-changes) versus all filtered genes. 

PfSPZ vaccine transcriptomics and protection 
 
In GSE211626, no single gene distinguished MoreProtected from LessProtected subjects at post-
vaccination FDR<0.05 (top nominal p=4.6e-5, BH-adjusted p=0.98; Figure 6), an expected consequence 
of the small sample (n=7 vs 8). The per-subject response magnitude (post minus pre) likewise showed no 
FDR-significant difference. The published MX2/GPR183 ratiometric signature moved in the direction 
reported for RTS,S - mean increase +0.81 in MoreProtected versus +0.35 in LessProtected subjects - but 
the difference was not statistically significant (Welch p=0.469, Mann-Whitney p=1.00; Figure 7). An 
exploratory regularised logistic model on the top-20 nominal genes achieved leave-one-out AUC 1.00 with 
accuracy 1.00 (permutation p=0.005, 200 shuffles), while the single-feature ISG z-score reached AUC 0.80 
(Mann-Whitney p=0.054; Figure 8). Given n=15, these performance figures are reported with wide 
Wilson intervals (sensitivity 1.0, 95% CI 0.65-1.0; specificity 1.0, 95% CI 0.68-1.0) and are hypothesis-
generating only. 
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Figure 6. Post-vaccination expression, MoreProtected vs LessProtected (PfSPZ; no gene passes 

FDR<0.05). 
 

 
Figure 7. MX2/GPR183 ratiometric signature: left, per-subject shift by protection outcome (PfSPZ); 

right, trajectories across RTS,S timepoints (GSE107672). 
 

 
Figure 8. Leave-one-out ROC curves for the exploratory PfSPZ protection models (n=15). 
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RTS,S pooled transcriptomics 
Baseline-versus-post-baseline contrasts in GSE107672 involved 86 microarray baseline samples against 
1,135 post-baseline samples (RNA-seq: 45 vs 864), yielding 6,802 and 7,637 FDR<0.05 genes respectively. 
As in the dengue-vaccine data, the ISG module was significantly enriched (RNA-seq mean module log2FC 
+1.16, Mann-Whitney p=4.6e-19; microarray +0.33, p=0.0024), and the MX2/GPR183 ratio rose above 
baseline across the post-baseline window on both platforms (Figure 7, right panel). These observations 
replicate an interferon-dominant vaccination response across a second technology and two measurement 
platforms. 
 
Sensitivity analyses 
Table 5. Pre-specified sensitivity analyses. 

# Variant Result 

S1 Registry phase-3 association excluding Other/unclear 
platform class 

chi-square = 17.32 

S2 TAK-003 day-7 DE with stricter gene filter (CPM>1 in ≥10 
samples) 

16 up / 14 down (FDR<0.05; 
17,837 genes tested) 

S3 PfSPZ protection model with k=10 features instead of k=20 LOO AUC = 1.000 

 
The registry association was robust to excluding the heterogeneous Other/unclear class; the TAK-003 day-
7 gene-level findings were robust to a stricter gene filter; and the exploratory PfSPZ model retained perfect 
LOO separation with a halved feature set. Full numerical outputs for every analysis are shipped in 
05_RESULTS (JSON + CSV), and all 12 figures are provided in both PNG (300 dpi) and editable SVG. 
 
Discussion 
This study set out to estimate the efficacy of mRNA vaccines in tropical diseases and instead established 
- with reproducible, quantitative evidence - that such an estimate is not currently possible from public 
data, while extracting the maximum scientifically defensible value from what does exist. The zero-hit GEO 
query and the three-trial registry census are small numbers with large consequences: they mean that any 
claim about mRNA vaccine efficacy against dengue, malaria, Zika or chikungunya currently rests on no 
public clinical data whatsoever. The one candidate platform entry closest to efficacy testing, mRNA-1893 
against Zika, completed phase 1 with favourable safety and immunogenicity as published by its sponsors 
[10] but has no deposited subject-level dataset, and its development has not progressed to a public phase 
3 record. 
The transcriptomic analyses provide the biological counterpart to this regulatory observation. A licensed-
context live-attenuated dengue vaccine (TAK-003) and the malaria subunit vaccine RTS,S both activate a 
coherent interferon-stimulated gene module - the same innate pathway that mRNA vaccines deliberately 
engage through their delivery vehicle [8,9]. The convergence is relevant for future mRNA-dengue or 
mRNA-malaria designs: the target population will already be mounting interferon responses to 
vaccination, and single-dose mRNA regimens must either exploit or overcome this pre-activated state. 
Our replication attempt of the MX2/GPR183 ratiometric signature in PfSPZ data moved in the published 
direction but was not significant with n=15, underscoring that cross-platform transfer of vaccine-response 
signatures requires the larger, controlled collections that currently do not exist for these diseases. The 
perfect leave-one-out separation of the exploratory 20-gene PfSPZ model should be read with its 
permutation p-value and Wilson intervals in hand: it demonstrates signal, not clinical readiness. 
The registry analysis adds a developmental-systems perspective. Platform class was significantly associated 
with reaching phase 3, but the pattern is not simply that mRNA programmes are abandoned: viral-vector 
and DNA programmes also show zero phase-3 advancement in these four diseases, while live-attenuated, 
whole-pathogen and VLP platforms dominate advancement, largely reflecting decades of accumulated 
investment and field-site infrastructure. Enrolment size and start year were the strongest multivariable 
predictors, consistent with a development model in which large, late field efficacy trials - not platform 
novelty - are the binding constraint for tropical-disease vaccines. 



Bioscience Insights Volume 3, Number 3, 2026 

 

1697 | P a g e  
 

Several limitations bound these findings. The PfSPZ protection analysis rests on 15 subjects (7 vs 8), so 
single-gene and model performance estimates carry wide Wilson intervals and remain hypothesis-
generating only; with only three mRNA-vaccine trials in the registry, the platform contrast is descriptive 
by construction (Fisher exact two-sided p=1.0), and the Zika coefficient in the multivariable model was 
non-estimable owing to quasi-complete separation. The RTS,S pooled series encodes sample identity only 
in submitter column names and has no series-matrix file, and the NIAID Data Ecosystem API remained 
unreachable (HTTP 404) throughout the access window. Registry fields were near-complete but not 
perfect (enrolment missing 0.21%, start date 0.43%), and the platform taxonomy, although sensitivity-
tested, remains keyword-based. 
 
Conclusion 
Using only genuinely public, downloaded and checksummed data, this project established that (i) no 
dataset permitting direct estimation of mRNA-vaccine efficacy against dengue, malaria, Zika or 
chikungunya exists as of 2026-11-07; (ii) the 469-trial registry landscape shows significant platform-phase 
structure in which the three mRNA vaccine trials remain early-phase; and (iii) existing tropical-disease 
vaccines across two further platforms converge on interferon-module activation, providing the 
immunological benchmark for future mRNA designs. All findings are exactly reproducible from the 
shipped pipeline, checksums and logs. 
 
Data and code availability 
Data availability. Every file used in this study was downloaded from the official NCBI GEO tree and the 
ClinicalTrials.gov API v2 during the study window (2026-11-07) and recorded with SHA-256 checksums 
in a download manifest; the registry pull is reproducible from the documented query pattern, and full 
numerical outputs for every analysis are shipped in 05_RESULTS (JSON + CSV). The NIAID Data 
Ecosystem API was unreachable (HTTP 404) throughout the access window, and no dataset used here 
depends on that source. 
Code availability. Every number reported in this paper is regenerated by the accompanying pipeline from 
the raw files. Reproduction commands are shipped verbatim in 
07_DOCUMENTATION/DATA_ACQUISITION.md, all 14 preprocessing operations are logged in 
02_DATA/PROCESSED_DATA/preprocessing_log.csv, 29 validation checks passed with 0 failures, and 
all figures are provided in both PNG (300 dpi) and editable SVG. Analyses used Python 3.12.16 with 
pandas 2.2.3, numpy 2.1.3, scipy 1.14.1, statsmodels 0.14.5 and scikit-learn 1.5.2; the random seed was 
42 throughout. 
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