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Abstract

Malaria transmission depends on a tightly constrained reproductive transition that occurs when
mature gametocytes are ingested by a mosquito. While most research focuses on reducing
parasite burden within the human host, successful transmission requires coordinated gametocyte
activation, male gamete formation, fertilization, and early mosquito-stage development.

Here we propose a complementary framework: malaria transmission may be suppressed not by
eliminating parasites, but by disrupting the coherence of reproductive signaling during this
transition. We introduce a transmission parameter, @ trans, capturing the combined contributions
of gametocyte density, viability, activation coherence, fertilization success, and mosquito-stage
establishment.

We further hypothesize that the sexual-stage surface complex involving Pfs48/45 and Pfs230
constitutes a reproductive coherence node, whose perturbation can collapse transmission even in
the presence of viable parasites.

This reframes transmission-blocking immunity as a problem of signal decoherence rather than
parasite eradication, identifying a constrained functional vulnerability in the malaria lifecycle.
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1. Introduction

Malaria remains a major global health challenge despite advances in therapeutics, vector control,
and vaccine development. Most interventions target either parasite survival within the human
host or mosquito populations. However, persistent transmission highlights a defining feature of
the malaria lifecycle: propagation depends on completion of a narrow reproductive transition
between hosts.

Following ingestion by a mosquito, mature gametocytes undergo rapid activation, leading to
male exflagellation, gamete interaction, fertilization, and development into transmissible stages.
This sequence is temporally constrained and dependent on coordinated molecular interactions
across multiple steps.

Existing transmission-blocking strategies typically aim to reduce gametocyte density or
neutralize specific antigens. While effective, these approaches are often framed in terms of
parasite elimination. Here we propose an alternative perspective: transmission may be
suppressed by disrupting the coherence of the reproductive transition itself, even when parasites
remain present.

2. Model Description
Gametocytes as a Threshold Pipeline

Transmission from human host to mosquito vector is a sequential, multi-step process in which
each stage depends on the successful completion of prior steps. Because these stages are linked
in series and operate under tight temporal constraints, overall transmission efficiency can be
approximated as the product of stage-specific success factors.

3. Transmission Parameter @ _trans

We define a dimensionless transmission parameter:
® trans=G-V g-Cs-Fm-Sm

where:

e G:normalized gametocyte density

V_g: gametocyte viability

C_s: activation signaling coherence

e F_m: male gamete fertility and fertilization competence

S m: early mosquito-stage establishment



Each term is scaled to the interval [0,1] (with G normalized to a reference density), such that
® trans represents a normalized index of productive mosquito-stage establishment per infectious
blood meal.

For modeling convenience, we define a threshold:

@ threshold =1

representing the point at which transmission becomes self-sustaining.
Transmission collapses when:

@ trans < ® threshold

4. Probabilistic Transmission Functions
Transmission probability can be modeled using standard forms:

e Poisson baseline:
P trans =1 — exp(—®_trans)

e Logistic (SMFA-like):
P _trans(®_trans) =1/[1 + exp(—k(® _trans — 1))]

e Gompertz (field-calibrated):
P_trans(®_trans) = yo + y1 exp[y2 exp(ys (@ _trans — 1))]

5. Parameter Sensitivity

Near the threshold (@ _trans = 1), the system becomes highly sensitive to perturbations in
individual factors. In particular, reductions in C_s and F_m produce disproportionate effects due
to their multiplicative coupling.

6. Reproductive Coherence

We define reproductive coherence as the successful coordination of:
e environmental cue detection
e gametocyte activation
o exflagellation

e gamete interaction



o fertilization
Loss of coherence can occur without loss of viability. Thus:

Cs*Fm—0=>® trans —0

7. Reproductive Coherence Node — Pfs48/45—Pfs230 Complex

The sexual-stage proteins Pfs48/45 and Pfs230 form a tightly associated surface complex central
to fertilization. Structural studies indicate an interdependent assembly in which P{s48/45 anchors
to the gamete surface while Pfs230 presents a large extracellular interface involved in gamete
interaction.

This complex functions as a coherence node: a constrained interaction platform required for
successful fertilization. Its importance lies not only in structural integrity but in coordinated
surface presentation and functional alignment during gamete interaction.

8. Dual Targeting Hypothesis

We hypothesize that simultaneous targeting of both Pfs48/45 and Pfs230 collapses reproductive
coherence more robustly than single-target approaches.

Functional perturbation of either component impairs the coherence node, but partial fertilization
competence may persist when only one target is engaged. This reflects complementary roles
within a shared interaction system rather than true redundancy.

Dual targeting eliminates this residual capacity by disrupting both sides of the interface
simultaneously.

Because:

® trans=G-V g-Cs-Fm-S m

dual perturbation yields:

@' trans = aff @ trans, where 0 <a, f <1

This multiplicative effect produces a supra-additive collapse of transmission.
Consequently, even modest reductions in each component can drive:

@ trans <1

consistent with observed high-efficiency transmission blocking.



9. Signal Decoherence as a Strategy

Transmission-blocking interventions can be reframed as inducing signal decoherence in the
reproductive transition.

Mechanisms may include:
e steric interference
o altered surface presentation
o disrupted gamete interaction
e impaired fertilization competence

These effects need not eliminate parasites—they need only disrupt coordinated function.

10. Evidence Supporting the Model

o Structural characterization of the Pfs48/45—Pfs230 complex supports its role as a
constrained interaction node

e Antibody blockade reduces transmission without eliminating gametocytes
o SMFA data show strong transmission suppression at sub-saturating concentrations
o Field data reveal threshold-like transmission behavior at low gametocyte densities

o Mutational studies indicate limited recovery of function after partial disruption

11. Geometric Phase Space of Transmission
Transmission can be conceptualized in a phase space defined by:
e gametocyte density (Q)
e reproductive coherence (C_s - F_m)
This produces two regimes:
e Transmission canopy: sustained propagation
e Decoherence regime: transmission collapse

The coherence node lies along the boundary between these regimes, where system sensitivity is
maximized.



12. Immunological and Pharmacological Modulation
Targeting the coherence node reduces C s and F m, driving:

@ trans |

Such interventions can collapse transmission even when parasite density remains high, offering a
complementary strategy to parasite-elimination approaches.

13. Broader Implications

This framework suggests that malaria transmission is governed by constraint in a multiplicative
reproductive system. Systems near threshold exhibit inherent fragility, which can be exploited
through targeted perturbation of coherence nodes.

This principle may extend to other vector-borne pathogens with constrained lifecycle transitions.

14. Limitations
e The model simplifies complex biological dynamics into a multiplicative framework
o Real systems include stochasticity, host variability, and vector heterogeneity

o Experimental validation will require integrated structural, functional, and field studies

15. Methods

Parameters were derived from published SMFA and transcriptomic datasets. Transmission
probability functions were fitted using standard regression approaches.

Exploratory parameters include:
e G _ref=5 gametocytes pL™*
o logistic steepness k = 4

o Gompertz parameters:
0= 0.04,y1=0.14,y2= =8,y = 0.9
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