
A Systematic Review of Mathematical Models for1

Soil-Transmitted Helminthiasis Control Strategies2

Lemjini Masandawa1*, Miracle Amadi4, Isambi S. Mbalawata2, Safari Kinung’hi3, Silas S.3

Mirau1
4

1 School of Computational and Communication Science and Engineering, The Nelson Mandela5

African Institution of Science and Technology, P.O.Box 447, Arusha, Tanzania6

2 African Institute for Mathematical Sciences (AIMS) Research and Innovation Centre (RIC),7

NEI Global Secretariat, Rue KG590 ST, Kigali, Rwanda8

3 The National Institute for Medical Research9

P.O Box 9653, 1110 Mwanza, Tanzania10

4 School of Engineering Science, Lappeenranta University of Technology11

53851 Lappeenranta, Finland12

Abstract13

Background14

Soil-transmitted helminthiasis (STH) is a parasitic disease that affects over 1.5 billion people worldwide. The15

use of mathematical models to inform time-bound projections and support WHO targets is growing. Never-16

theless, there is a lack of comprehensive synthesis regarding the extent to which mathematical frameworks for17

STH control account for the timeframe and effectiveness of interventions required to meet WHO programmatic18

goals.19

Objective20

The present study aims to bridge this gap by classifying existing mathematical models based on their struc-21

tural design and population features, assessing the effectiveness and impact of interventions in achieving WHO22

targets, and examining the timelines specified in these models for attaining WHO morbidity control and elimi-23

nation goals.24
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Methods25

An extensive search was conducted in the Web of Science, Scopus, and Embase databases to retrieve articles26

published in English between January 2015 and December 2024. The search query captured terms related to27

mathematical models, disease, and interventions. Articles on mathematical models of STH transmission dy-28

namics that evaluated at least one control strategy were included. Extracted data included the type of model,29

intervention, study characteristics, population structure model, WHO policy alignment, and predictive out-30

comes. A narrative synthesis was conducted, and results were summarized thematically. The quality of the31

published articles was assessed using the Assessment Modeling Studies Tool. The protocol for this review is32

registered at PROSPERO (CRD420251090375).33

Principal findings34

A total of 43 studies met the inclusion criteria. Stochastic models (47%) slightly outnumbered determinis-35

tic models (44%) and hybrid models (9%). Regarding model classification by population stratification, age-36

structured models (56%) were more prevalent compared to flat (28%) and spatial models (16%). Community-37

and school-based deworming were the most frequently modeled and compared interventions (42%), with38

community-based deworming (CBD) shown to interrupt STH transmission even in high-prevalence settings,39

outperforming child-targeted treatment strategies. Combination therapy was underexplored, representing only40

7% of the studies. Sixty percent of the modeling studies aligned with the 2011–2020 morbidity control goals,41

while 40% aligned with the 2021–2030 transmission interruption objectives. Only 35% of the studies reported42

time-bound predictions, with significant variation in the duration required for a modeled intervention to reach43

WHO goals. The projected duration for attaining WHO targets ranged from 2 to 35 years under different inter-44

vention scenarios.45

Conclusions/significance46

The findings highlight the dominance of age-structured and stochastic models. Additionally, models demon-47

strate that community-wide treatment consistently outperforms child-targeted treatment strategies across most48

settings. However, there is insufficient time-bound modeling, underscoring the need for future research to ex-49

plicitly include timelines for reaching WHO targets.50

Keywords: mathematical modeling, helminth intervention strategies, mass drug administration (MDA), time-51

bound modeling, soil-transmitted helminth, systematic review.52
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Author summary53

Soil-transmitted helminthiases are parasitic worm infections acquired through contact with contaminated soil,54

primarily in low-resource settings. The World Health Organization (WHO) has established guidelines aimed55

at reducing the disease burden through either morbidity control or interruption of transmission. Mathematical56

models are essential tools for designing and evaluating STH control strategies in relation to meeting WHO-57

set targets. Many existing models report on reductions in prevalence or infection intensity. However, despite58

alignment with WHO goals, the time horizon required for modeled interventions to achieve the recommended59

targets has not been systematically synthesized. Therefore, this review synthesizes existing models by examining60

their structural design and population representation, how they predict the outcomes of interventions, and the61

timelines projected to achieve WHO goals.62

In this study, we synthesized 43 modeling studies and found that stochastic models (47%) were slightly more63

common than deterministic (44%) and hybrid (9%) approaches. Age-structured models (56%) were more widely64

used than spatial (16%) and non-structured (28%) frameworks. Comparisons between school-based deworming65

(SBD) and community-based deworming (CBD) (42%) were among the most frequently modeled interventions.66

Although all 43 studies aligned with WHO targets, only a minority (35%) explicitly reported the time required67

for modeled interventions to achieve morbidity control or elimination goals.68

Our findings highlight a critical gap: the lack of time-bound predictions in STH modeling. Addressing69

this gap in future research could improve strategic planning and policy decisions aimed at eliminating these70

infections.71

1 Introduction72

Soil-transmitted helminthiasis (STH) is among of the disease infections categorized by the World Health Organi-73

zation (WHO) as neglected tropical diseases (NTDs), due to the fact that they receive little attention in research74

investments [42]. It is an intestinal infection primarily caused by three species: Ascaris lumbricoides, Trichuris75

trichiura, and hookworms (Necator americanus and Ancylostoma duodenale) [42, 43, 38]. STH affects more76

than 1.5 billion people in around 166 endemic countries globally [47, 53, 54]. Furthermore, the literature reveals77

that 4.5 billion people worldwide are estimated to be at risk , with associated disease burden ranging from 5 to 3978

million disability-adjusted life years (DALYs) [30]. STH predominantly affects impoverished and marginalized79

communities who have difficulty in accessing safe drinking water, sufficient sanitation infrastructure, and proper80

hand-washing habits particularly Sub-Saharan Africa, China, Latin America, and South-East Asia [40].81

Heavy infections with STH reveal clinical manifestations such as fatigue, tiredness, abdominal pain, diarrhea,82

chronic intestinal blood loss, skin rashes, dry hair, and loss of appetite. The said health consequences may83
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exacerbates malnutrition and increase the rate of iron deficiency anemia [46]. Moreover, a high prevalence of84

STH is associated with disease morbidity such as impaired physical development (loss in weight and height),85

educational deficits (poor performance in school, absenteeism, reduced IQ), and reduced work productivity in86

adults (due to illness or absenteeism). STH morbidity perpetuates the cycle of poverty due to healthcare costs and87

social stigma [33]. The extent and severity of the burden imposed by STH in the human population is measured88

in terms of years of life lost due to premature death and years lived with disabilities, leading to disability-adjusted89

life years (DALYs) [54].90

In response to the burden of STH, the World Health Organization (WHO) created two roadmaps in quick91

succession that outlined the global goals and tactics required to achieve them [28]. The first WHO roadmap92

(2011–2020) aimed at morbidity control in school-aged children (SAC) by regularly administering preventive93

chemotherapy in endemic settings. Later, the strategy was expanded to include pre-school-aged children (PSAC),94

pregnant women, and other at-risk groups. Despite these efforts, STH continued to persist due to high reinfection95

risks in some settings, necessitating further modification of strategies in terms of coverage regimens.96

The current WHO’s roadmap (2021–2030) focuses on interrupting STH transmission or eliminating the dis-97

ease as a public health problem in some settings [49]. The transition from the first to the second roadmap empha-98

sizes more aggressive and targeted control measures for at-risk groups or communities, depending on resource99

availability. To meet the goal, the roadmap calls for supplementary interventions to preventive chemotherapy100

(PC), such as water, sanitation, and hygiene (WASH), behavioral interventions, improved detection tools such as101

qPCR, and strengthened monitoring systems.102

Mathematical models are increasingly employed to design, refine, and evaluate control strategies [36, 37].103

These models are essential for understanding the dynamics of disease transmission [59, 58], assessing the im-104

pact and efficacy of interventions, allocating resources as efficiently as possible, and evaluating both short- and105

long-term results based on different hypotheses. The timeframes and coverage level needed to reach global106

health goals can also be estimated using models. Deterministic, stochastic, and hybrid models are among the107

modeling techniques used to capture the homogeneity or heterogeneity of populations in terms of age and loca-108

tion. These models vary depending on structural assumptions, population stratification, and data requirements.109

Importantly, mathematical models guide policymakers in making decisions on specific control strategies and110

evaluating timelines for morbidity control, disease interruption, or elimination. It is crucial to consolidate these111

dispersed studies from the literature, even with the rise in distinct mathematical methodologies. Thus, the current112

study provides a summary of how mathematical models of STH control take into account the time horizon and113

effectiveness of intervention required to meet WHO targets, bridging the gap between theoretical modeling and114

practical programming needs.115
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1.1 Rationale of the study116

Although numerous mathematical models have been developed to evaluate STH control strategies, the existing117

modeling literature remains highly scattered. Few of the systematic reviews have addressed specific aspects—for118

instance, the cost-effectiveness of STH preventive chemotherapy [68]; achievement of 2020 goals for nine ne-119

glected tropical diseases using quantitative modeling [28]; the general progress of STH control strategies between120

2008–2018 [39]; and complexities STH-related morbidity [7]. However, there is a notable lack of comprehensive121

systematic synthesis that classify mathematical models based on structural assumptions and population features,122

explore intervention effectiveness in accelerating the achievement of WHO targets, and predict the timeline re-123

quired for an intervention to achieve elimination of STH or control their morbidity.124

The shortage of an in-depth overview of the existing mathematical models for STH management is one im-125

portant knowledge gap. Without a clear understanding of the types of models used, their effectiveness in reaching126

the WHO 2011–2020 and 2021–2030 targets, and the timelines required to achieve these goals, researchers and127

policymakers risk relying on models that may be inappropriate, overly simplistic, or inadequately validated for128

guiding programmatic decisions. This could lead to misaligned intervention strategies, inefficient resource allo-129

cation, and ultimately delays in achieving global control or elimination aims.130

Consequently, the study seeks to fill identified gaps by systematically categorizing model types according131

to their population stratification and structural assumptions, analyzing their predictive efficacy and impact in132

reaching WHO targets, and determining the time required for a modeled intervention to achieve either morbid-133

ity control or STH elimination. More precisely, the study will be helpful for determining the most effective134

intervention to reach the 2030 eradication target.135

The primary objective of the current study is guided by the following three research questions:136

i. What types of mathematical models have been developed to simulate the transmission dynamics and con-137

trol of soil-transmitted helminthiasis, and how do they differ in terms of structure and population features?138

ii. How effective are various control strategies in terms of impact and efficiency in achieving WHO targets?139

iii. What are the predicted timelines required for a modeled intervention to achieve WHO 2011–2020 and140

2021–2030 NTD targets particularly STH?141

2 Material and methods142

The study employed the standard procedure for conducting a systematic review in accordance with the 2020 state-143

ment of the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) criteria [55, 56].144

The use of PRISMA guidelines is meant to lessen bias throughout the entire systematic review process and en-145
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hance the validity of the findings related to mathematical modeling of helminthiasis control strategy of the review146

at hand. A protocol was developed for this investigation and submitted to the PROSPERO international prospec-147

tive register of systematic reviews with registration data PROSPERO 2025 (CRD420251090375). The completed148

PRISMA 2020 checklist and abstract are provided as supporting information (see S1 PRISMA Checklist).149

2.1 Information sources and search terms.150

A comprehensive literature search was conducted between January 2015 to December 2024, where guided by151

PRISMA guidelines of the peer-reviewed literature in three major bibliographic databases - Web of Science, Em-152

base, and Scopus. These databases are characterized by structured searches containing many filters, including but153

not limited to document type, subject area, publication type, and publication stage, ensuring an optimized search154

process. The databases cover a wide range of disciplines to allow capturing high-quality and peer-reviewed ar-155

ticles. Furthermore, additional literature was obtained through reference searches of other systematic reviews156

and other manuscripts. The development of the search strategy was guided by the research questions and fo-157

cused on three core conceptual domains: model term, intervention and disease term as three primary key con-158

cepts employed to get the search term. Boolean operators were utilized to combine the three primary keywords159

across these domains, resulting in a standardized search string of the form: (“mathematical model*”) + (“soil-160

transmitted helminth*”) + (“control strateg*”), where the asterisk (*) serves as a truncation or wildcard operator161

to capture possible word variation or different ending with the given word root and and ensure comprehensive162

retrieval of related terms.163

Further, we used alternative words, derivatives, and synonyms for each primary keyword mentioned above164

to expand and enhance the efficacy of the search query in retrieving the intended research papers. The complete165

search terms can be found in Table 1, but syntax modifications are to be made to fit the requirements of specific166

database.167

2.2 Eligibility criteria168

The search query was limited to only return papers published between 2015 and 2024. The limitation was169

put in place to concentrate on studies that used mathematical models to meet the threshold requirement for STH170

morbidity control or interrupting transmission. This ten-year window was selected to ensure relevance to ongoing171

global health efforts and to capture modeling studies that align with or contribute to the targets outlined in the172

WHO roadmaps, particularly those from 2011–2020 and 2021–2030. Although the selected timeframe may not173

encompass the full breadth of earlier literature supporting the 2021–2030 roadmap, it offers a balance between174

recency, methodological advancement, and practical manageability of the review scope.175

This recent period also enhances the quality of the review by emphasizing studies that incorporate modern176
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Table 1: Search query components

Component search terms

Modeling terms ("mathematical model*" OR "computational model*" OR
"stochastic model*" OR "quantitative model*" OR "epidem* model*" OR
"theoretical model*" OR "predictive model*" OR "deterministic model*" OR
"individual-based model*" OR "agent-based model*" OR "network model*" OR
"network-based model*" OR "compartmental model*" OR "population model*" OR
"hybrid model*" OR "computational approach*")

AND

Control terms ("control strateg*" OR intervention* OR "mass drug administration" OR
"preventive chemotherapy" OR sanitation OR "hygiene promotion" OR
"deworming" OR "public health intervention*" OR "disease control program*" OR
"health education" OR approach* OR "framework" OR program* OR
guideline* OR "anthelmintic treatment*" OR "preventive intervention*" OR
"helminth control")

AND

Disease terms ("helminthiasis" OR "Ascari*" OR "roundworm" OR "necator americanus" OR
"ancylostoma duodenale" OR "hookworm*" OR "Trichur*" OR
"soil-transmitted helminth*" OR "STH" OR "helminth infection*" OR
"intestinal parasite*" OR "intestinal helminth*" OR "intestinal nematode*" OR
"geohelminth*" OR "whipworm" OR "Strongyloides stercoralis")

modeling techniques, reflect updated epidemiological data, and are more likely to inform current policy and177

implementation strategies. The study employed five inclusion criteria against every research article identified178

from the mentioned three databases.179

The inclusion criteria used in this study were as follows:180

a Any representation of parasite-host dynamics to STH transmission.181

b A compartmental or stochastic based mathematical or hybrid modeling frameworks that uses the differen-182

tial equations.183

c A quantitative modeling evaluating STH control.184

d Peer-review articles.185

e Source is in English.186

The exclusion criteria used were:187

a All quantitative studies that do not evaluate the control strategy188

b All qualitative models, like descriptive statistical models, which account only for probability distributions,189

example regression and clustering analysis.190
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c All within-pathogen/host models and other studies modeling different stages of the parasite life cycle inside191

its host.192

d Non-quantitative models and unpublished articles.193

e Grey literature (students’ dissertations, reports, posters, conference presentations/proceedings, abstracts,194

letters, books, and book sections).195

2.3 Study selection and consistency check196

Initially, all research articles retrieved from the three selected databases were imported into EndNote to remove197

duplicates and manage references. The articles were then transferred to the Systematic Review-Accelerator tool198

for further duplicate removal. Addition of relevant studies were identified via manual reference list of systematic199

reviews and included articles. Three primary steps were involved in the inclusion of papers in this systematic200

review: identification of the articles, screening, and eligibility evaluation. Identified articles then proceeded to201

the second stage of screening. The screening process was conducted in two rounds by five reviewers. In the202

first round, all article titles and abstracts were assessed to ascertain their relevance. Articles were taken to the203

next stage if the title or abstract contained a combination of keywords related to the search terms; otherwise,204

they were excluded. A comprehensive evaluation of articles was done in the second round. All reviewers read205

the full texts of articles in relation to eligibility criteria, ready for either inclusion or exclusion from the review.206

Throughout the entire screening process, discrepancies were resolved through team discussion and consensus,207

based on the inclusion and exclusion criteria. The entire selection process and included studies can be observed208

in the PRISMA flow diagram (see Fig. 1).209

2.4 Data extraction and synthesis approach210

Microsoft Excel was employed for data extraction and management. The structured spreadsheet included columns211

capturing key elements such as study identification/characteristics, model type, intervention type, study objec-212

tives, time-bound prediction, WHO targets, predictive outcomes, sensitivity/uncertainty, effectiveness of the in-213

terventions, key findings, limitation, future work (see table 1, 2, 3, and 4). In addition, VOSviewer (version214

1.6.20) was used to generate bibliometric maps and visualize co-occurrence patterns among terms and authors215

[69]. Qualitative synthesis was conducted by grouping mathematical models basing common design features216

and comparing. Also, control strategy scenarios were compared by looking their effectiveness to achieve WHO217

programmatic goals. In addition, either present or absent of timeframes for models were recorded and critically218

examined. A formal meta-analysis was not conducted due to substantial heterogeneity in modeling frameworks,219

intervention types, outcomes, and epidemiological assumptions across studies. Instead, we employed a narrative220
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approach to identify recurring patterns, assess intervention impact, and highlight modeling gaps.221

2.5 Risk of bias and assessment of study quality222

The risk of bias assessment was conducted by evaluating the validity of individual studies in order to understand223

the implication of this risk of bias on the overall quality of evidence for a given outcome related to our study224

question. This study assessed the risk of bias and quality of studies using the Assessment of Modeling Studies225

(AMS) tool. The tool commonly used to assess methodological quality of modeling research in the fields of226

health and economics. We adopted and modified the tool by adding two more criteria (alignment with WHO227

targets and predictive timeline) to the existing criteria in the AMS [23] to enhance its relevance to the study at228

hand. The modification aimed to assesses whether existing mathematical models captured model’s alignments229

WHO targets and time-bound prediction. Models aligning to WHO targets improve their utility and specifying a230

predictive timeline enables decision-makers to understand the expected timeframe within which an intervention231

may achieve outcomes such as morbidity control or transmission elimination.232

The modified AMS tool utilized the quality of study assessment format as described in [27]. All criteria233

utilized as per the AMS tool described the characteristics of individual research articles chosen from the review234

(see table 3). Number assignments from 0 to 2 were used, in which 0 represents absent, 1 indicates partially235

present, and 2 indicates fully present. The total points for each modeling study is 24. We calculated the per-236

centage for each individual article and classified them into four subcategories [44]: low (x ≤ 50%), medium237

(50 < x ≤ 65%), high (65 < x ≤ 80%), and very high (x > 80%). All reviewers conducted assessments238

independently, but where contradictions arose, discussions were held to reach consensus.239

3 Results240

3.1 Trends in the number of published modeling studies241

Fig. 1 presents a PRISMA diagrams for the whole screening process, where a total of 611 articles were identified242

through database searches and manual reference list searches. A total of 84 duplicates were identified by using243

both EndNote and the Systematic Review Accelerator tool. At first, 66 duplicates were removed using EndNote.244

Further, a total of 546 deduplicated documents from EndNote were imported to the Systematic Review Accel-245

erator, where 18 duplicates were observed and subsequently removed. 527 records were screened during the246

first round, where a total of 444 records were excluded after reading their titles and abstracts. Excluded articles247

did not provide information related to the governing inclusion criteria and scope of the review. In total, 83 re-248

search documents were earmarked for the second round of comprehensive full-text evaluation. Upon thoroughly249

reviewing all research articles, 40 documents were excluded for not describing deterministic, stochastic, or hy-250
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brid models, disease transmission dynamics, or evaluating STH control strategies. Finally, 43 studies met the251

inclusion criteria and were included in this review (see Fig. 1). We described the characteristics of all research252

articles and focused on the disease threshold conditions for elimination, morbidity control, intervention impact,253

and effectiveness as modeled in different studies.254

Fig. 1: PRISMA schematic diagram.

3.2 Study characteristics255

This overview analyzed mathematical modeling studies between 2015 and 2024 years, showing distinct features256

in publication output as per Fig. 2. In the early years (2015–2017), the number of publications was relatively257

stable, with four (9%) research articles published annually within the given range of years, while in 2018 the258

number of articles published rose to six (14%). However, the field of STH mathematical modeling experienced a259

decline in publications to only four (9%) articles for two consecutive years between 2019 and 2020. Additionally,260

the field experienced another increase in articles to seven (16%) in 2021 before noticing another decline to two261

(5%) articles in 2022. There was no identified published article in 2023 based on the applied search strategy.262

The year 2024 experienced the highest number of publications (8 studies, 19%). Two years (2021 and 2024)263

highlighted the peaks in publication (7 and 8 articles respectively), while one year, 2022, experienced a low264

turn in publication output (only 2 publications). Generally, the publication output indicates fluctuating trends in265

publication efforts over the decade. Two years (2021 and 2024) experienced the highest number of publications,266

indicating heightened research work during this period, while only 2 studies were published in 2022, which may267

reflect delays in research output due to the COVID-19 pandemic or shifts in funding priorities. [50]268

Fig. 2: Research publication output yearly.

3.3 Model types by structure269

In gaining a meaningful and comparing developed mathematical models for transmission dynamics and control270

of STH, it is crucial to explore their structures and assumptions. Structural assumptions enabled the 43 reviewed271

studies to be categorized into deterministic, stochastic, and hybrid models, as observed in Fig. 3. Further, table 2272

entails the details on model classification based their structural assumptions.273

Fig. 3: Modeling category per structure.
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Deterministic274

Deterministic models were 19 out of 43 reviewed studies (44%). These are the framework employing differ-275

ential equations (often ordinary differential equations) to predict the dynamics of STH under fixed model pa-276

rameters and averaged population behavior. Of these, 12 research articles (63%) of deterministic models pub-277

lished between 2015 and 2020 with the reduced number (7 studies) appearing to be published between 2021 and278

2024. These models offer several advantages, including simplicity in doing theoretical analyses such as equilib-279

ria, stability conditions, and bifurcation. In addition, these frameworks are cheap in computational simulation280

and require less memory. Most of the reviewed deterministic studies were typically a normal SEIR (Suscepti-281

ble–Exposed–Infected–Recovered) compartment model for human population-level dynamics with the addition282

of other compartments having parasite information (like worm burden intensity and larva/egg stages) [31, 32, 45,283

8, 18, 57, 10, 29]. Eight studies out of 19 were age-structured deterministic models [47, 48, 5, 65, 75, 60, 66, 65].284

Only one study examined the heterogeneity in both age and space [63]. Two studies of the 19 were fractional285

order models capturing memory behavior and anomalous diffusion [51, 41] using Caputo derivative type. The286

memory kernel used these models based on power-law and Mittag-Leffler [41, 51], respectively. Further, few de-287

terministic modeling studies evaluated economic modeling and effectiveness of interventions for long-term STH288

transmission dynamics. For instance, the researchers in [8, 31, 45] defined the strategic approach for Hookworm289

mitigation, assessment of R0, and stability equilibria and studied the optimal control of STH.290

Stochastic models291

Stochastic models were the most commonly utilized framework (20 studies, 47%) to account for variability292

and randomness in many processes such as biological, environmental, and social phenomena. Nearly half293

(9 studies) of modeling work were published between 2020 and 2024, reflecting increasing recognition of294

the importance of uncertainty and heterogeneity in modeling STH transmission dynamics. Randomness in295

modeling enhances suitability in capturing uncertainties in transmission dynamics and intervention outcomes.296

Stochastic models are suited for small populations with high variability, systems driven by noise, and situa-297

tions where probabilistic outcomes matter. These models are applicable in rare events such as resistance emer-298

gence due to low-probability mutations, and disease fade-out due to chance—dynamics that may be missed299

in deterministic model frameworks. Two stochastic models used an event-driven approach with Gillespie-type300

algorithms and investigated discrete transmission events [26, 74]. Another study focused on Markovian egg301

pulse events and migration-driven reintroduction [26]. Seven of the stochastic models were metapopulational302

[4, 24, 26, 62, 72, 63, 71]. Additionally, eleven of the stochastic models were individual-based models (IBM)303

which simulated treatment history, acquisition rate of worms, and environmental contamination at the individual304

level [11, 71, 21, 22, 35, 64, 16, 14, 17, 34, 76]. These IBMs improved disease understanding and predicted elim-305
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ination thresholds. For example, the study in [74] conducted research defining the stopping criteria for ending306

randomized clinical trials.307

Hybrid308

Hybrid models are cohesive frameworks with both deterministic and stochastic characteristics to capture disease309

transmission dynamics across multi-scale. The multi-scale modeling enhance a comprehensive capturing of dis-310

ease dynamics heterogeneity. Both deterministic and stochastic components of a hybrid used to capture different311

behavior, for example STH mean worm burden and prevalence can be studied through deterministic compo-312

nent, while individual variation in treatment and worm acquisition can be explored via a stochastic component is313

needed [61]. The model was classified hybrid for having either both stochastic and deterministic components or314

by having a frameworks that compare results coming from both components.315

There were only four (9%) studies identified to employ hybrid frameworks [25, 61, 9, 15]. Of these, three316

studies incorporated stochastic perturbation into their primary deterministic models [25, 61, 9], while only one317

study had a separated stochastic part with deterministic but compared their outcomes [15]. Since the intention of318

classification is to see the outcome when the methodology differs, this reason led us to consider the mentioned319

study as a hybrid model. Further, elimination feasibility has been evaluated using these models, where baseline320

prevalence was captured deterministically while movement was captured by the stochastic component [25]. No-321

tably, there are only two studies that explicitly modeled human movement as a stochastic entity while the main322

transmission dynamics were captured by the deterministic component [9, 25]. Additionally, one hybrid model323

sampled the parameters stochastically and modeled prevalence of transmission deterministically [63]. These324

modeling studies considered contamination and reservoir dynamics to be deterministic, and the host treatment325

history and WASH adherence to be stochastic.326

Modeling classification by population stratification327

The current study further classified the reviewed studies depending on population representation. This key aspect328

is critical in understanding whether the reviewed models treated the population as homogeneous or incorporated329

some elements of heterogeneity in age or space (spatial distribution). The overview at hand classified the models330

based on population stratification into three categories: non-structured models, age-structured models, and spatial331

models (see Fig. 4).332

Flat structured models333

These are models which do not consider internal stratification of the population. They treat individuals in every334

compartment as having the same biological, demographic, and behavioral properties. Non-structured frameworks335
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do not account for differences in age, behavior, or immunity. This simplification allows for analytical tractability336

but may limit the model’s applicability to age-targeted control programs.337

The studies categorized as flat structured models (12 articles, 28%) were mostly deterministic frameworks338

(refers to table 2). Of these, 10 flat frameworks were of deterministic while 2 were hybrid. Additionally, only339

a single out of 12 studies explored co-infection particularly STH-TB co-interaction [32]. Similarly, one other340

study investigated the seasonal impact (temperature and rainfall) on timing of MDA for STH [18]. The majority341

of the unstructured models acknowledged the fact of heterogeneity as a limitation that needs to be addressed.342

Fig. 4: Models category by population presentation.

Age structured models343

Age-structured models (24 studies, 56%) are frameworks which divide the population into age groups. These344

models divide the population into either discrete or continuous age cohorts to capture differences in treatment345

rate, exposure, infection rate and drug efficacy across age groups. Of these age structured models, 14 were346

stochastic frameworks, 8 were deterministic and 2 hybrid age structured models. These models consider pa-347

rameters such as contact rate and treatment coverage to vary by age. The reviewed studies of age-structured348

models divided the population into either four or three age cohorts. Notably, two studies considered 4 age strata:349

infants (0–1 years), PSAC (2–4 years), SAC (5–14 years), and adults (older than 15 years) [66, 67]. Biological350

processes such as exposure contact rate peak at the age of 5–15 years for A. lumbricoides but maintain linearity351

in adulthood for hookworm [60] but T. trichiura shows a bimodal pattern for 5–15 years and 30–50 years [24].352

The study in [64] demonstrated that worm acquisition from the infectious material is mediated by age-dependent353

contact rate and leads to the age profile of infection for parasitic worms.354

After population stratification, age-specific exposure profiles were explored using either ordinary differen-355

tial equations or partial differential equations. Partial differential equations consider age bins as a continuous356

variable, while ordinary differential systems treat them as discrete variables. These modeling approaches facili-357

tated the determination of age-specific transmission patterns and evaluate the differential MDA impact across age358

groups. For instance, the study revealed that school-based deworming is effective against A. lumbricoides and359

that 10 years is required for elimination [60]. Age-structured models improved understanding of species-specific360

dynamics, STH elimination feasibility, and informed combination therapy. For instance, one study reported that361

child treatment strategy is effective for A. lumbricoides [60] and elimination is feasible with 75% SAC coverage362

[65].363
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Spatial models364

Spatial models consider a population structure and heterogeneity of the STH in a space. They inform on how365

STH evolves in space and time. There are six (7 articles, 16%) spatial frameworks among the 43 reviewed articles366

[4, 72, 63, 73, 62, 26, 24]. Of these, 6 studies were spatial stochastic models and one was spatial deterministic.367

These models capture geographical variation in local transmission, migration, and environmental factors. For368

instance, a study in [73] explored the impact of seasonal human movement within a two-village metapopulation369

with an intention to eliminate STH and reported that even a small migration rate (2%) from high-prevalence370

to low-prevalence areas affected elimination probability by 50%. Also, researchers in [25] demonstrated that371

migration rates exceeding the turnover of the infectious reservoir undermine the local preventive chemotherapy372

effort, leading to rebound risks.373

The probability of disease elimination depends on cluster size and villages. For example, one study demon-374

strated that elimination probability is nearly zero when the cluster size is 2000 individuals [73, 62]. Additionally,375

An increased number of villages in a cluster undermines the chance of transmission interruption at the cluster376

level [75]. The disease dynamics are studied under small village units, excluding large villages, since small377

villages form good epidemiological clusters [74]. Movement between locations to account for local populations378

can be a good approach to study elimination prospects.379

Table 2: Summary of included studies by objective, model type with design and population features, in-
tervention type, and timeline of modeled intervention. Abbreviations: (DM = deterministic model, SD =
stochastic model, SBD = school-based deworming, CBD = community-based deworming, PC = preventive
chemotherapy, WASH = water sanitation and hygiene)

Objectives Author Year
Model
Type

Inter
vention

type

Struc
tured
popu
lation
model

Time
line

(years)

Predicting impact of targeted

and mass deworming on STH

transmission using Worm-isim

Clarke et al.

[11]

2019 SD SBD &

CBD

Age struc-

tured

-

Validation of ICL & EML

models for STH by comparing

their predictions

Coffeng et al.

[15]

2017 Hybrid SBD &

CBD

Age struc-

tured

-

Continued on next page
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Table 2. cont

Objectives Author Year
Model
Type

Inter
vention

type

Struc
tured
popu
lation
model

Time
line

(years)

Investigate trial stopping cri-

teria in a situation where in-

terruption of transmission is

unlikely

Werkman et al.

[76]

2018 SD SBD &

CBD

Age struc-

tured

-

Explore the impact of targeted

deworming

Vegvari et al.

[71]

2021 SD SBD &

WRA

Age struc-

tured

by

2030

Application of fractional oper-

ator to investigate the dynamics

of Hookworm infection

Mustapha et al.

[41]

2020 DM PC &

WASH

Flat -

Assess the impact of systematic

non-compliance MDA pro-

grams for controlling STH

Farrell and

Anderson [21]

2018 SD PC Age struc-

tured

-

Investigate the impact of

COVID-19-related interrup-

tions on STH control programs

Malizia et al.

[35]

2020 SD SBD &

CBD

Age

structure

model

by

2030

Investigate the impact of

current WHO guidelines on

achieving STH morbidity goals

in SAC

Farrell et al.

[22]

2018 SD SBD &

CBD

Age struc-

tured

5-6

Review how uncertainty in key

assumptions on STH popu-

lation biology can affect the

planning and evaluation of STH

control programs

Vegvari et al.

[72]

2021 SD SBD &

WRA

Spatial -

Investigate hygiene-conscious

compartment

Oguntolu et al.

[45]

2023 DM PC &

WASH

Flat -

Continued on next page
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Table 2. cont

Objectives Author Year
Model
Type

Inter
vention

type

Struc
tured
popu
lation
model

Time
line

(years)

Analyze the effectiveness of

different control strategies in

reducing helminthiasis

Lambura et al.

[31]

2020 DM PC &

WASH

Flat -

Propose STH-Mtb co-

dynnamic model and explore

their interaction

Lambura et al.

[32]

2020 DM PC Flat -

Investigate the dynamics of

hookworm infection

Chazuka et al.

[8]

2024 DM PC &

WASH

Flat -

Develop and analyze an opti-

mal control model to determine

the most effective strategy for

STH elimination

Okoyo et al.

[48]

2022 DM PC &

WASH

Age struc-

tured

-

Evaluate the economic feasi-

bility of expanding hookworm

control strategies to community

Turner et al.

[66]

2015 DM SBD &

CBD

Age struc-

tured

15

Develop a framework for de-

scribing the dynamics of STH

transmission near the break-

point

Hardwick et al.

[25]

2020 Hybrid PC &

WASH

Flat -

Develop mathematical model

and investigate the factors for

evolution of anthelmintic resis-

tance

Patel et al. [57] 2024 DM PC Flat -

Analyze the transmission dy-

namics of hookworm infection

and estimate the R0

Truscott et al.

[63]

2019 DM SBD &

CBD

Spatial -

Determine the optimal control

strategy for STH elimination

Chong et al.

[10]

2021 DM SBD &

CBD

Flat -

Continued on next page
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Table 2. cont

Objectives Author Year
Model
Type

Inter
vention

type

Struc
tured
popu
lation
model

Time
line

(years)

Investigate the spread of hook-

worm disease and assess

chemotherapy effectiveness

Kasia and

Shengqiang

[29]

2016 DM Dual ther-

apy

Flat 5

Explore the impact of human

population movement on STH

elimination efforts

Vegvari et al.

[73]

2019 SD SBD &

CBD

Spatial -

Estimate the cost-effectiveness

of MDA with ivermectin for

strongyloidiasis control

Coffeng et al.

[13]

2024 SD Dual ther-

apy

Age struc-

tured

5-6

Identify optimal threshold

statistics for the elimination

of hookworm

Truscott et al.

[64]

2017 SD SBD &

CBD

Both

structure

-

Predict the feasibility of

achieving ≤1% prevalence of

M&H hookworm infection by

2020

Coffeng et al.

[12]

2015 SD PC &

WASH

age struc-

tured

2

Assess the feasibility of in-

terrupting the transmission of

STH through MDA

Truscott et al.

[62]

2021 SD PC Spatial 10

Assess cost-effectiveness of

scaling up SBD for Ascaris

lumbricoides by a dynamic

model.

Turner et al.

[67]

2016 SD SBD Age struc-

tured

35

Evaluate the impact of WASH

interventions on STH transmis-

sion

Coffeng et al.

[16]

2018 SD PC &

WASH

Age struc-

tured

-

Continued on next page
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Table 2. cont

Objectives Author Year
Model
Type

Inter
vention

type

Struc
tured
popu
lation
model

Time
line

(years)

Investigate the risk and speed

of drug resistance in human

STH populations

Coffeng et al.

[14]

2024 SD PC age struc-

tured

-

Compare the predictions of

IBM with their deterministic

counterparts

Truscott et al.

[61]

2016 Hybrid PC Age struc-

tured

-

Investigate how well standard

DM match IBM simulations

Hardwick et al.

[26]

2021 SD PC Spatial -

Review the epidemiology of

Strongylodiasis and simulate

the impact of repeated MDA

Collyer and

Anderson [17]

2023 SD PC Age struc-

tured

-

Examine the dynamics of the

parasite infection model with

their stability

Chong et al.

[9]

2022 Hybrid PC &

WASH

Flat -

Analyze the compliance data

of the Geshiyaro project and

determine its impact on elimi-

nation

Maddren et al.

[34]

2024 SD SBD &

CBD

Age struc-

tured

by

2028

Investigate the impact of

achieving WHO’s targets with

SBD

Truscott et al.

[60]

2015 DM PC Age struc-

tured

by

2020

Investigate the impact of LF

MDA treatment on the preva-

lence of hookworm infection

Werkman et al.

[75]

2017 DM PC Age struc-

tured

-

Predict the mean worm burden

levels in different age groups

over time

Okoyo et al.

[47]

2021 DM PC &

WASH

Age struc-

tured

5

Continued on next page
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Table 2. cont

Objectives Author Year
Model
Type

Inter
vention

type

Struc
tured
popu
lation
model

Time
line

(years)

Extending classical integer-

order model into fractional or-

der model

Omede et al.

[51]

2024 DM WASH Flat -

Evaluate the impact for co-

administration of ivermectin

Turner et al.

[65]

2016 DM Dual ther-

apy

Age struc-

tured

2

Quantify how diagnostic sensi-

tivity affects the optimal preva-

lence threshold for declaring

interruption

Werkman et al.

[74]

2018 SD PC Age struc-

tured

-

Propose a novel model for A.

lumbricoides transmission with

seasonal elements

Davis et al.

[18]

2018 DM PC Flat -

Assess the predictive perfor-

mance of various sampling de-

signs for evaluating the morbid-

ity target

Giardina et al.

[24]

2019 SD PC Spatial -

Assessing different design of

cluster randomized trials for

MDA for STH elimination

Anderson et al.

[4]

2017 SD SBD &

CBD

Spatial 5

Should the treatment target on

community wide elimination

rather than morbidity control

for children?

Anderson et al.

[5]

2015 DM SBD &

CBD

age struc-

tured

7

3.4 Interventions types380

Over many years, a variety of control strategies have been incorporated in mathematical modeling studies to381

explore their impact and effectiveness on prevalence reduction and elimination feasibility of STH. Preventive382

chemotherapy (PC), integration of PC and WASH, targeted deworming (for school adolescence girls and women383
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of reproductive age (WRA)) , combination therapy, school-based deworming (SBD), and community-based de-384

worming (CBD) were the categories of interventions employed in 43 reviewed studies (see Fig. 5 and table385

2).386

Out of the 43 studies, 18 focused on comparing school-based deworming and community-wide MDA against387

STH infections [5, 4, 24, 76, 75, 60, 34, 14, 64, 73, 63, 66, 72, 22, 35, 74, 15, 11], while only one study388

employed school-based MDA [67]. Similarly, eight modeling studies employed preventive chemotherapy (PC)389

programs to curtail STH [21, 57, 10, 62, 61, 17, 18, 26]. There are only three studies on dual therapy [65,390

13, 29]. Further, two studies examined targeted deworming (SBD and WRA) [71, 12], while 10 studies modeled391

integrated approach with PC and WASH [41, 31, 8, 48, 25, 16, 9, 47, 51, 32]. Notably, only one study investigated392

hygiene consciousness in a specific compartment of a deterministic model [45].393

Fig. 5: Intervention types.

School based versus community wide deworming394

School-based deworming (SBD) refers to preventive chemotherapy administered via mass drug administration395

(MDA) to children aged 2–5 years (classified as pre-school-age children, PSAC) and school-aged children (SAC:396

5–15 years) [47, 66, 22]. This intervention was administered either annually or biannually, depending on the397

prevalence level in the specific endemic setting, as per WHO guidelines (annual if prevalence is 20–50% and398

semi-annual if higher than 50%).399

The reviewed studies showed a substantial variation on the impacts and effectiveness of SBD in achieving400

WHO targets. For example, one study highlighted that semi-annual deworming of children in high-transmission401

settings (with R0 > 2) substantially reduced reinfection risk caused by untreated adults [76], though there is a402

chance of drug resistance development [14]. Moreover, another study [24] confirmed that school-based semi-403

annual PC was highly effective for all species, nearly always meeting the morbidity target. Additionally, other404

modeling studies highlighted prevalence reduction to a certain threshold but reaching elimination remain as a405

problem. For instance, Truscott et al. [60] revealed that school-based deworming reduces the overall worm406

burden by 22%. Similarly, a study by [76] showed that high PSAC/SAC coverage (90%) increases the likelihood407

of elimination to 71.7%. Further, researchers in [11] reported that school-based deworming reduces helminthiasis408

morbidity but is unlikely to achieve elimination due to persistent adult infections. Treating only high-risk groups,409

particularly children, reduces the mean worm burden [10, 29]. Furthermore, modeling study by Vegvari et al.410

[73] suggested that eliminating A. lumbricoides is possible with interventions targeting SAC.411

Community-wide mass drug administration (MDA) refers to deworming programs expanded to all age groups,412

including preschool-age children (2–5 years), school-aged children (5–15 years), and adults (≥15 years) [48, 24,413
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66]. This deworming program involves the delivery of preventive chemotherapy through mass drug administra-414

tion across a broad community. Examined modeling studies revealed significant variation in the time required415

for elimination, transmission interruption, or morbidity control. For instance one study reported that community-416

wide preventive chemotherapy reduces prevalence to near zero within 5-6 years [13]. Another study demonstrated417

that targeting the wider community via MDA shortens elimination time by 2.1 years [35]. Community-wide418

treatment achieved elimination quickly, while child-targeted interventions failed to break transmission within419

the same timeframe [66]. In addition, the likelihood of eliminating STH is higher when community preventive420

chemotherapy is administered in small clusters rather than large ones [64].421

The higher coverage and frequency improved elimination efforts of the disease even in high transmission422

settings. For instance, one study highlighted that 3 rounds of community MDA at ≥75% are required for elim-423

ination prospects given R0 = 2.5, and 9 rounds with R0 = 5 [66]. Preventive chemotherapy at 90% and 80%424

for school and pre-school aged children and adults, respectively, interrupted the transmission of STH to less than425

3% 6 months after the last round of MDA [74]. Researchers in [24] reported that community-wide PC (annual or426

semi-annual) consistently achieved the morbidity target, even in high-prevalence settings. The community-wide427

deworming is cost-effective (317-748% more than SBD) in interrupting STH transmission, but it is logistically428

challenging to implement [66].429

Targeted deworming430

It is a kind of deworming targeted to women of reproductive age (WRA: 15-50 years) and adolescent girls (15-19431

years). The studies treated adolescent girls of the mentioned age as school-based deworming. Studies reported432

SBD as an intervention for morbidity reduction for adolescent girls. There are two modeling studies that dealt433

with targeted deworming [71, 12].434

One study revealed that the combination approach of SBD and WRA treatment works better than an indepen-435

dent control, particularly in elimination prediction [71]. Researchers in [71] demonstrated that annual deworming436

of adolescent girls (15-19) reduced moderate to high intensity hookworm infection by 60% in moderate settings437

using the Erasmus medical Center of Rotterdam (EMC) model and only 12-27% in high transmission settings by438

both models (EMC and Imperial College in London (ICL)). Moreover, treatment of WRA (15-50) during preg-439

nancy or lactation (2 times in prenatal and 1 time for postnatal) reduced M&HI infections by only 20% by both440

models (ICL/EMC). This reduction seems small but significant for reducing anemia and improving child birth441

weight [71]. Coffeng et al. [12] reported that helminth infections can be controlled by preventive chemotherapy442

for both school children and women of childbearing age (WCBA). The study reported that including WCBA in443

the current control strategy improves achievement of the goals within 2 years in low and moderate settings, but444

in higher transmission settings, health education or WASH will facilitate goal attainment [12].445
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Integrated PC with WASH446

We examined articles that modeled preventive chemotherapy via MDA complemented by water, sanitation, and447

hygiene (WASH), footwear, health education, and other behavioral interventions. Notably, most studies (9 arti-448

cles, 90%) which modeled these integration approaches were conducted beyond 2020. Only one study modeled449

integrated PC with WASH before 2020. A study in [48] showed that combining MDA targeted to communities450

with high WASH coverage (95%) is more efficient as they synergistically reduce transmission and environmen-451

tal contamination. Also, researchers in [8] demonstrated in their modeling activity that shoe-wearing habits452

implemented with preventive chemotherapy are effective in reducing transmission intensity. The WORMSIM453

framework was employed to assess the effect of combining preventive chemotherapy with WASH at school and454

community levels [16]. The short- and long-term effects of WASH modalities implemented alongside PC were455

evaluated under the mentioned framework. While, the short-term impact of WASH is masked by PC due to rapid456

drug effects, but long-term WASH is critical to sustaining gains from PC. Notably, hookworm is about 4 times as457

much slower to respond to WASH compared to other helminth species. Similarly, researchers in [12] confirmed458

that both PC and WASH control strategies improve the probability of achieving WHO’s <1% M&HI infections459

goal, while a study in [41] reported that treatment using PC with sanitation is highly effective in reducing heavy460

infections. Moreover, health literacy for women of reproductive age leads to an additional 12% reduction in461

prevalence [71] while hygiene education reduces reinfection by 17% [41].462

Combination therapy463

Dual-therapy strategies involves combining albendazole with either ivermectin or levamisole to improve drug464

efficacy against T. trichiura and hookworm treatment [29, 65]. Turner et al. [66] simulated the co-administration465

of albendazole with ivermectin and reported an egg reduction rate (ERR) of 92–95% for T. trichiura, compared466

to 60% with albendazole monotherapy. Similarly, Kasia and Shengqiang [29] predicted a 92.5% efficacy for467

hookworm when albendazole was combined with levamisole. Further, Turner et al. [65] highlighted in their468

study that expanding ivermectin-albendazole co-administration to adults could reduce the elimination timeline to469

two years. In addition, semiannual treatment disturbs the parasite population before eggs are introduced to the470

environment [18].471

Preventive chemotherapy472

Several of the non-structured frameworks in this study modeled preventive chemotherapy by assuming the trans-473

mission dynamics to be uniform across all age groups. For instance, the modeling study by Davis et al. [18]474
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reported a reduction in mean worm burden by timing preventive chemotherapy. In addition high treatment475

frequency with preventive chemotherapy improves outcomes in settings with systematic non-compliance [21].476

Treating less frequently with PC while maintaining high coverage reduces the worm burden given time frame477

is long [57]. However, researchers in [57] reported that repeated rounds of treatment with high coverage were478

associated with an increased risk of resistance emergence. One study simulated treatment regimens with high479

coverage and repeated rounds, and reported an increase in the emergence of resistant parasite strains under these480

conditions [57]. A study identified reduced fecundity, lower contact rate, and higher death rate as factors linked481

with increased resistance emergence in simulation results.482

Predictive timeline in achieving WHO’s 2020 and 2030 targets483

Predictive timeline refers to the duration utilized by a modeled intervention to meet WHO targets. The definition484

is based on the timeframe or time horizon specified by synthesized studies for achieving either elimination or485

morbidity control of STH. The predictive timeline under specific scenarios is of paramount importance to enhance486

the policy relevance of interventions.487

Synthesized model predictions with their timelines were linked to the attainment of either the WHO 2011–2020488

roadmap which emphasized on morbidity control or the 2021–2030 targets with the focus on transmission inter-489

ruption or elimination efforts. Morbidity control was defined as reducing moderate-to-heavy intensity (M&HI)490

infections to <1% in school-aged children [52], whereas the second target was the more ambitious goal of in-491

terrupting transmission or achieving elimination, defined as reducing moderate-to-heavy infection intensity to492

<2% in all risk groups [39]. The first roadmap served as the benchmark for the second. This shift was important493

for aligning with the UN Sustainable Development Goals and adopting improved WASH and community-wide494

treatment strategies in some settings. Achieving a target of <1% requires near-perfect WASH implementation495

and treatment coverage of 90%, which is extremely costly.496

Through analysis of 43 modeling studies published between 2015 and 2024, 26 (60%) models simulated sce-497

narios aligned with WHO’s 2011–2020 morbidity control targets (see Fig. 6 and table 4). Many of the modeling498

studies directly referenced the prevalence reduction to < 1% M&HI, or employed broader outcome measures499

such as reduction of infection intensity, morbidity control, reduction of mean worm burden, and achievement of500

the WHO target. Furthermore, 17 (40%) studies modeled outcomes aligned with WHO 2030 targets (see figure501

6). Some explicitly mentioned a prevalence threshold of less than 2% for M&HI infection. Other terms used to502

describe a 2% M&HI included elimination, transmission interruption, and reduction of prevalence to nearly zero.503

Further, we explored whether the synthesized models specified a timeframe or time horizon (timeline) toward504

attaining the WHO targets. We found that only 15 studies (35%) (see Fig. 7) explicitly reported the timeline or505

horizon to meet either the morbidity target or elimination of STH, while 28 studies simply reported transmission506
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interruption or morbidity control under specific conditions without mentioning the duration required for the507

modeled intervention to meet the defined WHO target. For example, Farrell et al. [22] highlighted that the508

current strategy (75% treating school-aged children) leads to the achievement of morbidity control within 5–6509

years. Also, researchers in [29] reported that dual therapy reduced prevalence from 62% to 25% after 5 years,510

but later the reinfection rate reached 45% after stopping MDA for 39 months.511

Increase of the treatment frequency improve the intervention outcome for instance biannual treatment of512

children and women of reproductive age reported to facilitate in morbidity attainment within 2 years [12]. Also,513

different helminth species have distinct timeline for example one study revealed that the morbidity target for A.514

lumbricoides is possible before 2020 under school based deworming where other helminth species go beyond515

2020 [60] and suggested reinfection to happen within 5-10 years. Also, high drug efficacy (95%) and treatment516

coverage of 75% reported to be essential to attain the WHO 2020 goal within 7 years [5] while other study517

conducted by Anderson et al. [4] predicted elimination to be achieved within 5 years. Study in [67] reported518

elimination feasibility of STH to be possible after 35 years of school based deworming (MDA ≥75%) in set-519

tings with R0=2. Similarly, the researchers in [75] confirmed that in high transmission settings of hookworm,520

administering semi-annual MDA (≥75%) the target attained after 10 years.521

Moreover, WHO set an ambitious goal of elimination or interrupting STH transmission, for instance a study522

predicted elimination to be achieved in less than 5 years [47] with community wide PC at 80% coverage. In523

addition dual therapy predicted prevalence to be closer to zero within 5-6 years [14]. Similarly, other researchers524

predicted that STH will be eliminated in 2028 with CBD at a random compliance [34]. Further, occurrence of525

covid-19 interfered the 2030 goal and one study suggest that one year missed PC can be compensated by one526

round community MDA [35]. Additionally, elimination depend on helminth species since Okoyo et al. [47]527

demonstrated elimination of hookworm to happen within less than 5 years at 80% treatment coverage. Also,528

Okoyo et al. [47] predicted a duration of more than 10 years for T. trichuris elimination under population wide529

PC. Modeling work by Truscott et al. [62] predicted a prevalence in many clusters close to zero in 10 years with530

PC in India and Malawi at 90% and 95% chance of occurring respectively.531

Most of time-bound modeling synthesized under this review focused on scenario elimination without explic-532

itly providing time horizon (see table 4), for example higher treatment frequency enhance elimination but if the533

treated population confer gene of resistance then drug efficacy decline [14, 57]. Also, Chong et al. [10] revealed534

that semi-annual CBD at 61% can interrupt the STH transmission where for annual deworming 85% is required.535

Migration rate can undermine elimination prospects, for instance one study reported that 26 infected people can536

introduce infection even in areas with effective MDA [26].537

Fig. 6: Models distribution as per WHO targets.
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Fig. 7: Time bound prediction reported by models.

Results on quality assessment of included studies538

By using AMS tool, the selected studies possessed the score range form 62.5-95.8% (see table 3). Only one study539

ranged 62.5% but many studies scored more than 70% and this imply these studies fall into a high or very high540

category using assessment of study quality.541

Table 3: Description of the quality assessment of the included studies adopting the tool Assessment for
Modelling Studies (ASM). The values represent the AMS criteria: 0 = absent, 1 = partially present, 2 =
fully present
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Clarke et al. [11] 2 2 2 0 2 2 2 2 1 2 2 0 19 79.2 High

Coffeng et al. [15] 2 2 2 0 2 1 2 1 2 2 2 0 18 75 High

Werkman et al. [74] 2 2 2 1 2 2 2 1 2 2 2 0 20 83.3 Very high

Vegvari et al. [71] 2 2 2 0 2 2 2 2 1 2 2 0 19 79.2 High

Mustapha et al. [41] 2 2 2 2 2 2 1 2 1 2 2 0 21 87.5 Very high

Farrell and Anderson [21] 2 1 2 1 2 1 2 2 1 1 2 0 19 79.2 High

Malizia et al. [35] 2 2 2 1 2 2 2 2 1 2 2 2 22 91.6 Very high

Farrell et al. [22] 2 2 2 1 2 2 2 2 2 2 2 2 22 91.6 Very high

Vegvari et al. [72] 2 2 2 1 2 1 2 1 1 2 2 2 20 83.3 Very high

Oguntolu et al. [45] 2 1 2 2 2 2 1 1 0 2 2 0 17 70.8 High

Lambura et al. [32] 2 2 2 2 2 1 2 1 0 2 2 0 17 70.8 High

Lambura et al. [31] 2 2 2 2 2 2 2 1 0 2 2 0 19 79.2 High

Chazuka et al. [8] 2 2 2 2 2 2 2 1 0 2 2 0 19 79.2 High

Continued on next page
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Table 3 – continued from previous page
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Okoyo et al. [48] 2 2 2 1 2 2 2 2 1 2 2 0 20 83.3 Very high

Turner et al. [66] 2 2 2 1 2 1 2 2 1 2 2 0 19 79.2 High

Hardwick et al. [25] 2 2 2 1 2 2 1 1 1 2 2 0 18 75 High

Patel et al. [57] 2 1 2 1 2 2 1 0 0 2 2 0 15 62.5 Medium

Truscott et al. [63] 2 2 2 1 2 2 1 2 1 2 2 0 19 79.2 High

Chong et al. [10] 2 1 2 1 2 1 2 1 1 2 2 0 17 70.8 High

Kasia and Shengqiang [29] 2 2 2 2 2 1 2 2 2 2 2 2 23 95.8 Very high

Vegvari et al. [73] 2 2 2 1 2 1 2 1 1 2 2 0 18 75 High

Coffeng et al. [14] 2 2 2 1 2 2 1 2 1 2 2 2 21 87.5 Very high

Truscott et al. [64] 2 2 2 1 2 1 2 2 1 2 2 0 19 79.2 High

Coffeng et al. [12] 2 2 2 1 2 2 1 2 2 2 2 2 23 95.8 Very high

Truscott et al. [62] 2 1 2 1 2 2 2 2 2 2 2 2 23 95.8 Very high

Turner et al. [65] 2 1 2 1 2 2 2 2 1 2 2 2 21 87.5 Very high

Coffeng et al. [16] 2 2 2 1 2 1 2 2 1 2 2 0 19 79.2 High

Coffeng et al. [13] 2 2 2 2 2 1 2 1 1 2 2 0 19 79.2 High

Truscott et al. [61] 2 1 2 1 2 2 2 2 1 1 2 0 18 75 High

Hardwick et al. [26] 2 1 2 1 2 2 2 1 1 2 2 0 18 75 High

Collyer and Anderson [17] 2 1 2 2 2 1 1 2 1 2 2 0 18 75 High

Chong et al. [9] 2 2 2 1 2 2 1 2 1 2 2 0 19 79.2 High

Maddren et al. [34] 2 2 2 0 2 2 1 2 2 1 2 2 19 79.2 High

Truscott et al. [60] 2 2 2 1 2 1 2 2 2 2 2 2 23 95.8 Very high

Werkman et al. [75] 2 2 2 1 2 2 1 1 1 2 2 0 18 75 High

Okoyo et al. [47] 2 2 2 2 1 1 2 2 1 2 2 2 23 95.8 Very high

Continued on next page
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Table 3 – continued from previous page
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Omede et al. [51] 2 1 2 2 2 1 0 1 0 2 2 0 15 62.5 Medium

Turner et al. [67] 2 2 2 1 2 1 2 1 1 2 2 0 18 75 High

Werkman et al. [76] 2 2 2 1 2 1 1 1 1 2 2 0 17 70.8 High

Davis et al. [18] 2 2 2 2 2 2 2 1 2 2 2 0 21 87.5 Very high

Giardina et al. [24] 2 2 2 1 2 2 1 1 2 2 2 0 20 83.3 Very high

Anderson et al. [4] 2 2 2 0 2 2 1 2 1 2 2 2 20 83.3 High

Anderson et al. [5] 2 2 2 1 2 2 2 1 2 2 2 2 22 91.7 Very high

Table 4: Overview of modeling studies that performed sensitivity analysis (SA) and Uncertainty Analysis
(UA), highlighting their alignment with WHO targets, provision of predictive intervention outcomes, and
key findings.

Predictive Outcomes Authors WHO

Target

SA/UA Analy-

sis

Key Findings

CBD reduces reinfection

to M&HI prevalence <1%

Clarke et al.

[11]

2011-2020 Sensitivity Sensitive diagnostics crucial

for monitoring impact

Higher treatment reduces

mean worm burden

Coffeng et al.

[15]

2011-2020 Both High coverage enables

elimination

qPCR effective for low

prevalence detection

Werkman et al.

[74]

2011-2020 Sensitivity Prevalence ≥3% post-MDA

suggests ongoing transmis-

sion

WRA treatment improves

child health

Vegvari et al.

[71]

2021-2030 Not indicated Benefits maternal/child

health but may not meet

targets
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Predictive Outcomes Authors WHO

Target

Sensitivity

Analysis

Key Findings

Hygiene and PC reduce

R0 <1

Mustapha et al.

[41]

2021-2030 Not indicated Hygiene awareness reduces

infection burden

on-compliance increases

treatment rounds

Farrell and

Anderson [21]

2011-2020 Both More rounds needed for

long-lived parasites

Community MDA com-

pensates missed PC in

2030

Malizia et al.

[35]

2021-2030 Sensitivity Single community round

offsets missed treatment

Strategy attains target in

5-6 years

Farrell et al.

[22]

2011-2020 Sensitivity Works for low-medium

prevalence areas

PC + WASH accelerates

elimination

Vegvari et al.

[72]

2021-2030 Sensitivity Biological uncertainty im-

portant for sustainability

Hygiene reduces infection

to <1%

Oguntolu et al.

[45]

2021-2030 Sensitivity Hygiene consciousness re-

duces burden

Sanitation + education

cheapest

Lambura et al.

[31]

2011-2020 Sensitivity MDA + sanitation most

effective

Sanitation + MDA eradi-

cates quickly

Lambura et al.

[32]

2011-2020 Sensitivity Increases Mtb cases

Footwear + PC reduces R0 Chazuka et al.

[8]

2021-2030 Sensitivity Economically viable strat-

egy

80% coverage achieves

elimination <5 years

Okoyo et al.

[48]

2021-2030 Sensitivity WASH + MDA most effec-

tive

Community-wide reduces

prevalence

Turner et al.

[66]

2011-2020 Sensitivity More cost-effective ap-

proach

WASH + PC eliminates

transmission if no migra-

tion

Hardwick et al.

[25]

2011-2020 Uncertainty Migration affects elimina-

tion

High treatment risks resis-

tance

Patel et al. [57] 2021-2030 Sensitivity Faster resistance in human-

infecting species

Prevalence reduction de-

pends on aggregation pa-

rameter

Truscott et al.

[63]

2011-2020 Not indicated Non-linear prevalence-

transmission relationship
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Predictive Outcomes Authors WHO

Target

Sensitivity

Analysis

Key Findings

Biannual CBD interrupts

transmission at 61% cov-

erage

Chong et al.

[10]

2021-2030 Not indicated Needs 61-85% coverage

PC reduces infection from

62% to 25% after 5 years

Kasia and

Shengqiang

[29]

2011-2020 Sensitivity Rapid rebound after treat-

ment stops

75% MDA at population

achieves target

Vegvari et al.

[73]

2011-2020 Not indicated 2-3% migration risks rein-

troduction

65% PC reduces preva-

lence near zero within 5-6

years

Coffeng et al.

[13]

2021-2030 Not indicated Effective in school and

community settings

Elimination depends on

prevalence

Truscott et al.

[64]

2011-2020 Both Cluster size matters for

elimination

Morbidity control can be

achieved in 2 years at 75%

coverage

Coffeng et al.

[12]

2011-2020 Sensitivity Works in high-transmission

with WASH

Elimination possible with

CBD in 10 years

Truscott et al.

[62]

2021-2030 Uncertainty India/Malawi success but

not Benin

WASH uptake critical than

effectiveness

Coffeng et al.

[16]

2011-2020 Not indicated More important than effec-

tiveness

High coverage speeds re-

sistance

Coffeng et al.

[14]

2021-2030 Sensitivity Intensive PC accelerates

resistance

Morbidity attained with

current program

Truscott et al.

[61]

2011-2020 Uncertainty Different STH responses to

MDA

26 infected people per

year undermine elimina-

tion

Hardwick et al.

[26]

2011-2020 Uncertainty Stochastic models capture

fade-out

Elimination possible for

semi population wide

treatments

Collyer and

Anderson [17]

2021-2030 Uncertainty Strongyloides knowledge

gaps
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Predictive Outcomes Authors WHO

Target

Sensitivity

Analysis

Key Findings

Elimination is possible if

intial prevalence is low

Chong et al.

[9]

2021-2030 Sensitivity Elimination vs endemic

states

probability of elimination

predicted to be in 2028

Maddren et al.

[34]

2021-2030 Sensitivity Pre-SAC at risk due to low

coverage

75% coverage eliminates

Ascaris by 2020

Truscott et al.

[60]

2011-2020 Not indicated Only 22% hookworm re-

duction

Morbidity reduction de-

pends on baseline preva-

lence.

Werkman et al.

[75]

2011-2020 Sensitivity Historical MDA affects

outcomes

Elimination require im-

proved WASH with PC

Okoyo et al.

[47]

2021-2030 Sensitivity WASH coverage critical

Elimination of requires

hygiene consciousness

Omede et al.

[51]

2021-2030 Sensitivity Solutions converge to exact

values

Elimination possible after

35 years

Turner et al.

[65]

2011-2020 Uncertainty Addresses albendazole limi-

tations

Communty MDA reduced

help to attain morbidity

target

Turner et al.

[66]

2011-2020 Uncertainty Addresses albendazole limi-

tations

Treatment at 90% and

80% children and adult

meet elimination of worms

Werkman et al.

[76]

2011-2020 Sensitivity Stochastic matches deter-

ministic

Seasonal timing reduces

worms after 12 months of

MDA cessation

Davis et al.

[18]

2011-2020 Uncertainty 74.5% reduction with opti-

mal timing

Simple to reach less than

1% M&HI prevalence in a

village level rather than a

district with School MDA

but easy for Community

MDA

Giardina et al.

[24]

2011-2020 Not indicated Community MDA more

effective
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Predictive Outcomes Authors WHO

Target

Sensitivity

Analysis

Key Findings

88% of the village meeet

elimination with 90% and

80%coverage in children

and adult respectively with

5 years and reinfection

happened in 10 years

Anderson et al.

[4]

2011-2020 Uncertainty WASH should be imple-

mented in the coming study

A significant reduction of

morbidity after 7 years of

treatment at 75% covergae

and 95% efficacy

Anderson et al.

[5]

2011-2020 Sensitivity Emphasize on education

and WASH to the future

study.

Fig. 8: Network visualization of frequently co-occurring terms in the titles and abstracts of included
studies. Warmer colors (yellow) indicate terms with higher frequency and stronger co-occurrence density.

Fig. 8 presents a network visualization [69] of the most common terms from the titles and abstracts of542

the included studies, as generated using VOSviewer. The visualization is based on a co-occurrence analysis of543

key terms in titles and abstracts, where the colors represent different clusters. This network visualization map544

contains three clusters represented by three distinct colors. Red has the highest density, reflecting frequently545

occurring terms, while green and blue have lower density, representing more dispersed terms. Infection, control,546

helminth infection, intervention, preventive chemotherapy, sanitation, and hookworm infection appeared in the547

high-density zone, highlighting recurring themes in the literature. These terms in the clusters support the role of548

modeling work in informing helminthiasis control measures.549

The red cluster indicates helminth infections and targeted interventions to minimize disease impact or achieve550

control via preventive chemotherapy, sanitation, and WASH, as observed in the network visualization (see Fig. 8).551

The green cluster indicates that children are the targeted population for treatment to reduce helminth infections,552

though hookworm still persists. Furthermore, the blue cluster presents the focus of research studies conducted on553

STH, where the target population included SAC, clusters, communities, and villages. In these studies, preventive554

chemotherapy was administered through MDA to explore outcomes and assess elimination feasibility.555

Generally visualization map was generated by determining the most frequent and thematically relevant terms556

with a minimum occurrence threshold of five terms.557
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Fig. 9: Density visualization of frequently co-occurring terms in the titles and abstracts of included
studies. Warmer colors (yellow) indicate terms with higher frequency and stronger co-occurrence density.

Fig. 9 presents a density visualization obtained through text mining of common terms in the titles and558

abstracts of included studies. The yellow color indicates a cluster with terms evaluating control strategies such as559

MDA to reduce the impact of helminth infections. Terms like "elimination clusters" and "village," as observed560

in the map, reflect the importance of localized interventions such as sanitation, PC, and WASH.561

The yellow in the density visualization map indicates that the primary risk groups for helminth infections562

are school-aged children (SAC). The disease impact can be controlled by distinct interventions such as MDA563

(preventive chemotherapy), sanitation, and WASH. The target of any intervention is to control morbidity among564

children, which may eventually yield significant outcomes in a cluster, village, or community under study. Cen-565

tering interventions on children for helminth infection control may lead to hookworms acting as reservoirs for566

new infections.567

Fig. 10: Co-authorship network visualization of authors contributing to included studies. Node size
indicates publication frequency, and edge thickness represents co-authorship strength. Clusters denote
closely collaborating author groups.

Fig. 10 presents three distinct clusters of author collaborations in a connected research group. The heavy568

cluster (red) was centered around Anderson et al. [5], Truscott et al. [63], Hollingsworth et al. [28]. Their569

collaboration reflect a well established network researching on helminth modeling of control strategies. Two570

other prominent clusters (blue and green) featuring Farrell and Anderson [21], Hardwick et al. [25], Coffeng et al.571

[12], Werkman et al. [75] were collaboratively engaging in helminth infection research to provide an insight on572

helminth infection transmission dynamics. The network structure highlights the influence of a few central authors573

and the collaborative nature of the field.574

Much of the modeling studies employed by authors with red color are stochastic and deterministic. More575

prevalent models are stochastic. This made them create a strong cluster as indicated by the network visualization576

in the Fig. 10. Green color indicate a another cluster of authors who employed stochastic models for STH577

research while the blue cluster adopted an ensembe models prepared Imprerial colloge of London (ICL model)578

and Erasmus medical center Rotterdam (EMC models) with both having deterministic and stochastic properties.579

Sensitivity, uncertainty analysis.580

Developing a mathematical model of STH, in particular, depends on several pieces of evidence such as the581

natural history of the disease, transmission nature of the disease, and control strategy [70]. In case some of the582

mentioned evidence is incomplete, this leads to a sort of uncertainty in modeling. Uncertainty may be due to583
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parameter values, methods employed, or modeling structures utilized.584

Sensitivity and uncertainty analyses are essential components to enhance the credibility and applicability of585

mathematical models, particularly STH models. These approaches are vital in identifying the parameters that586

mostly influence model predictions and quantifying those predictions under different model assumptions. Out587

of 43 reviewed studies, 24 performed sensitivity analysis (SA), and 9 modeling studies explicitly performed588

uncertainty analysis (UA). Only three studies performed both SA and UA, while 5 studies did not explicitly589

mention either SA or UA, though this does not guarantee that they were not conducted (see Table 4 in the590

appendix). The selection of methods employed for SA and UA varies across studies and mainly depends on the591

kind of mathematical framework (deterministic, stochastic, and hybrid).592

We divided the studies that performed sensitivity and uncertainty analysis into two common categories: local593

and global sensitivity analysis. Local SA involves changing one input while keeping other parameters fixed,594

whereas global SA involves interaction of multiple parameters simultaneously. Based on the synthesized stud-595

ies, we further divided global SA into variance-based methods (like Fourier Amplitude Sensitivity Test) and596

sampling-based methods (examples include Markov Chain Monte Carlo (MCMC) and Latin Hypercube Sam-597

pling (LHS)). In total, 12 studies performed local sensitivity analysis. Twenty-four studies performed global598

sensitivity analysis, where only 2 considered the extended Fourier Amplitude Sensitivity Test. Additionally,599

eight studies implemented Latin Hypercube Sampling with partial rank correlation, while 14 performed MCMC.600

Across 43 reviewed studies a number of parameters were found to be most sensitive. Basic reproduction601

number (R0) was the most dominant parameter to inform about disease persistence or elimination. The studies602

in [60, 45] indicated that a small change in R0 could change outcomes, particularly in low transmission settings.603

Similarly, treatment coverage, transmission rate, migration rate, and population size were sensitive parameters in604

many studies [62, 73, 71, 62, 47, 48].605

The choice of methods for SA and UA depends on computational feasibility and analytical rigor. One-way606

SA is mostly used in simple deterministic models, while advanced GSA, MCMC, and others are utilized in607

stochastic frameworks. Nevertheless, few studies integrated both SA and UA in a cohesive framework, often608

due to methodological or computational constraints. For example Patel et al. [57] conducted ecological and609

evolutionary sensitivity analyses where pairwise analysis was done on the ecological model side and three pa-610

rameters on the other models, while species-specific parameters were kept constant. Additionally, seven studies611

[76, 62, 12, 22, 11, 63, 24] conducted varied sensitivity analyses on detection tools like KK, PCR, and qPCR.612

Model validation613

Credibility and predictive power of the model depend on validation. The reviewed studies employed both in-614

sample (internal) and out-of-sample (external) validation processes to enhance model utility. Many modeling615
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studies checked for internal consistency by comparing model output with the same datasets used in calibration616

[70].617

In-sample validation involves examining how well the model fits the same datasets utilized to build or cali-618

brate the model. It is a validation against past data or historical trends to evaluate alignment between predicted619

and observed values. In-sample validation is commonly referred to as model fitting or calibration. It also involves620

optimizing model parameters to minimize the discrepancies between predictions and observations in order to im-621

prove forecasting of intervention impact and effectiveness. In total, 30 studies conducted in-sample validation.622

Among these, 11 studies employed Bayesian techniques such as MCMC and sequential Monte Carlo for valida-623

tion. Statistical methods such as non-linear least squares techniques and maximum likelihood estimation (MLE)624

validated 16 modeling studies. Only 3 studies adopted both Bayesian and statistical approaches when conducting625

internal validation. The goodness-of-fit metrics included visual comparison of simulated against observed data,626

residual analysis, and model comparison approaches such as Bayesian Information Criterion (BIC) and Akaike627

Information Criterion (AIC).628

The reviewed studies employed a wide range of model fitting techniques, ranging from statistical methods629

to Bayesian estimation. Maximum Likelihood Estimation (MLE) was widely used to fit parameters such as630

drug efficacy, diagnostic sensitivity, and transmission rate, particularly in deterministic frameworks (see Table631

2) [60, 64, 63, 62, 66]. Additionally, MLE was used to estimate transmission rate and R0 by fitting the model632

to cross-sectional individual-level data from St. Lucia [6], which included age-specific egg counts and worm633

burdens [25]. Least squares techniques were employed on time series data to minimize discrepancies between634

model predictions and observed intensity via nonlinear regression [41]. Bayesian estimation methods such as635

Approximate Bayesian Computation and Bayesian inference were employed to account for uncertainty and pa-636

rameter distribution [18, 17, 15]. These approaches use prior knowledge and observed data for estimation of637

model parameter posterior distributions.638

Approximate Bayesian Computation employed to fit parameters to age-stratified prevalence data from Cam-639

bodia [17]. Coffeng et al. [15] employed the ICL/EMC model, which was previously validated using Maximum640

Likelihood Estimation, while the validation approach for the EMC model was Bayesian Sequential Monte Carlo641

(SMC). Validation was done using two approaches; a qualitative comparison of model predictions with observed642

patterns of reinfection past treatment was one form of validation, where observed reinfection after several rounds643

of intervention was compared with expected patterns [60]. Also, MCMC was employed to estimate R0, egg644

production, and contact parameters for three age groupings [60].645

Out-of sample validation was rare in the synthesized studies. External validation enhances model generaliz-646

ability. These validated models may inform whether the 2030 WHO target can be attained using available control647

measures regardless of mode diversity in different settings. Only 4 [62, 29, 60, 71] modeling work compared648
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model prediction with observation data other than one used for model fitting. The mentioned studies conducted649

both internal and external validation. For example study by Kasia and Shengqiang [29] explicitly conducted650

external validation by fitting their hookworm transmission model to independent field datasets from multiple651

geographic locations (China and Zimbabwe) and comparing model predictions with observed prevalence trends652

under different chemotherapy programs in three distinct location. Also, the researchers in [60] model was vali-653

dated against longitudinal reinfection data from [19, 20], which recorded worm burdens pre- and post-treatment654

in a South Indian community after that they compared with independent datasets.655

4 Discussion656

Mathematical models are an indispensable tool for understanding disease transmission dynamics and guiding657

the evaluation of strategies to control morbidity or eliminate infections in public health [36]. The study at658

hand synthesized evidence from 43 mathematical modeling studies that evaluated STH transmission dynamics659

and control strategies. The key findings address model types based on structural assumptions and population660

features, predictive intervention effectiveness for achieving WHO targets, and the timeframe required to reach661

WHO goals for NTDs, particularly STH.662

Deterministic frameworks, representing 44% of the reviewed studies, are traditional frameworks employed663

to understand mechanistic processes, such as how certain interventions affect R0. These models are essential for664

parameters sweeps and evaluating the effectiveness of a single intervention in the modeling process [31, 45, 8].665

Further, the these frameworks are computationally inexpensive and analytically tractable. Deterministic frame-666

works remain significant in the initial exploration and evaluation of interventions at the population level when667

data are scarce, but they fail to capture heterogeneity in PC uptake and exposure to infection at the individual668

level [14]. The relatively lower number of deterministic frameworks indicates a shift to more powerful models669

for better disease prediction.670

Stochastic models (47%) sightly outnumbered the deterministic approaches. The growing application of671

stochastic models reflects an earlier shift necessitated by the need for complex models that capture random fluc-672

tuations, uncertainty, and low prevalence or elimination feasibility of STH. The modeling transition supports the673

2030 WHO goal of interrupting STH transmission or eliminating it as a public health problem. For example,674

Clarke et al. [11] and Werkman et al. [75] demonstrated community wide treatment to be better in elimination of675

STH compared to child treatment strategy. Moreover, stochastic frameworks require moderate to high computa-676

tional power, and their analytical analysis is often infeasible necessitating extensive simulation and probabilistic677

interpretation.678

Hybrid models, accounting 9% of the synthesized studies, act as the middle ground between deterministic679

and stochastic modeling studies [1]. The relatively low number of hybrid frameworks reflects their technical680
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complexity, though they present an opportunity for future research to focus on balancing realism and analytical681

tractability. Hybrid models are complex since they employ both aggregated trends and scaled variability, yet they682

are powerful for evaluating elimination of STH near breakpoints [25]. In addition these multi-scale frameworks683

are suitable for migration dynamics investigation for instance researchers in [26] employed a hybrid approach to684

demonstrate that even 26 infected migrants per year can reintroduce helminth infection in an area with effective685

MDA. Similarly hybrid models are powerful frameworks that capture both randomness and diverse population686

characteristics, making them particularly strong for heterogeneity investigations where stochastic models fail to687

represent population diversity. Moreover, hybrid models can handle both randomness and diverse population688

structures—making them more comprehensive for capturing heterogeneity.689

Models were further classified into three sub-classes based on population representation and heterogeneity690

in space with age-structured models comprising majority (56%) of the population-stratified frameworks. These691

models capture differences in susceptibility, transmission dynamics and demographic processes such birth and692

mortality rates as across age groups [47]. The dominance of age-structured frameworks reflects the biological693

and epidemiological importance of age in helminthiasis transmission dynamics and burden, as all three parasite694

species show strong age-dependence. School-aged children exhibit high prevalence and intensity due to behav-695

ioral and immunological factors. Such modeling enables age-specific or cohort-specific intervention assessment,696

including: school-based programs [67], targeted deworming [71] population-level treatment [66, 22]697

The availability of age-specific prevalence data may further explain the predominance of age-structured mod-698

els. Age-structured stochastic models prove particularly essential for STH elimination targets, as multiple synthe-699

sized studies reported community deworming’s superior effective compared to school-based approaches. Regard-700

ing species-specific dynamics, studies revealed that Ascariasis and Trichuriasis are most prevalent in children,701

while hookworm primarily affects adults. Age-structured models evaluated species-specific interventions, with702

several studies reporting that A. lumbricoides responds faster to benzimidazoles than hookworm and T. trichiura.703

These structured models also demonstrated that treating high-risk groups like pregnant or lactating women im-704

proves child health by reducing anemia and increasing birth weight [71].705

The modeling study by Coffeng et al. [12] highlighted a linear relationship between hookworm intensity and706

age (increasing from children to adults), whereas A. lumbricoides and T. trichiura infections peak in childhood707

and decline in adulthood age. Collectively, the reviewed age-structured modeling transformed STH control by:708

revealing limitations of school-based deworming for hookworm, quantifying the role of adult reservoirs and709

informing WHO’s age-extended treatment recommendations.710

Flat models, representing 28% of the reviewed studies, were utilized in scenarios where age stratification was711

unnecessary due to limited data availability. These models often serve as foundational frameworks for initial ex-712

ploration, assuming homogeneous population mixing in closed environments. While uniform mixing facilitates713
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intervention testing, it oversimplifies transmission heterogeneity and may yield inaccurate STH elimination pre-714

dictions. Closed population assumptions also neglect reinfection risks from human mobility between connected715

localities, making these models unsuitable for localized outbreak analyses. However, non-structured frameworks716

remain valuable for large-scale intervention policymaking due to their analytical and numerical cost-efficiency.717

Their flexibility allows extensions to incorporate: co-infection dynamics, age structure or spatial patches, envi-718

ronmental drivers, drug resistance compartments [32]719

Spatial models, accounting 16% of the reviewed articles were relatively lower. However, these frameworks720

add an element of realism due to the incorporation of geography, network interaction, and movement [73]. They721

were employed where populations or infections are not uniform in space. Similarly, spatial models allow for dis-722

persal (clustering villages) and human movement. Moreover, it is possible to explore geographical interventions723

under these frameworks. In addition they are flexible for mobility and connectivity incorporation; for example,724

metapopulation models allow investigation of disease spread between villages, households, rural or urban areas,725

and cities via travel routes [62, 72]. Furthermore, these models are suitable when interactions depend on prox-726

imity, systems are location-dependent, and when explicit spatial data are available. However, these models are727

harder to analyze analytically.728

Spatial models demand intensive geo-referenced data for parameterization; therefore, lack of such data re-729

duces the number of these models in the field. Growing literature on spatial models indicates that STH studies730

focus on hotspot-targeted interventions and the impact of human movement. Additionally, they capture hetero-731

geneity in terms of host movement, control measures, multi-helminth species mix, and inter-patient variation in732

the duration of infection and virulence [2, 3]. Similarly, these models are important in reflecting STH control in733

a local context by examining localized outbreaks but are computationally expensive.734

A major trend observed across the synthesized studies is the dominance of comparison between school based735

and community wide deworming. 18 studies contrasted the two interventions within one modeling framework.736

The dominance of this comparison reflects ongoing debates on which intervention accelerates progress toward737

achieving WHO targets. The two control strategies were contrasted to determine which yields superior outcomes738

in achieving WHO targets of eliminating STH or controlling their morbidity. SBD intervention was reported to739

achieve the 2011–2020 WHO targets in school children but is limited in achieving the elimination goal. Further,740

biannual treatment was reported to be better than annual, and high treatment coverage improves outcomes. To741

achieve the elimination goal, SBD should be used as a baseline intervention. Generally, SBD is logistically742

simpler and more cost-effective for SAC, but CBD is more impactful for community-wide elimination, especially743

in high-endemicity settings [66].744

A number of studies reported CBD to be superior in interrupting STH transmission compared to SBD [66,745

21, 65, 35, 64, 63, 10]. CBD is highlighted as strong intervention in achieving WHO 2021–2030 targets and has746

37

 . CC-BY 4.0 International licenseIt is made available under a 
perpetuity. 

 is the author/funder, who has granted medRxiv a license to display the preprint in(which was not certified by peer review)preprint 
The copyright holder for thisthis version posted August 6, 2025. ; https://doi.org/10.1101/2025.08.05.25333090doi: medRxiv preprint 

https://doi.org/10.1101/2025.08.05.25333090
http://creativecommons.org/licenses/by/4.0/


a shorter timeline to impact. The intervention is characterized by equitable protection since it treats almost all747

people. It is cost-effective over time in achieving elimination goals and reducing reinfection but is logistically748

intensive. CBD requires higher resources and broader infrastructure, making implementation challenging in749

low-resource areas.750

8 studies modeled PC without specifying delivery platforms such as school-based, community, or adolescent751

girls. The presence of studies modeling PC indicates that the intervention remains the backbone but has con-752

siderable limitations like resurgence effects. Also, the decrease in studies modeling PC alone may indicate that753

the world is now focusing on testing integrated control approaches. High PC coverage is highlighted to reduce754

STH effectively. Integrated approaches with WASH and PC shorten the elimination timeline [47]. WASH helps755

reduce environmental contamination and reinfection. There is an increase in the number of studies incorporat-756

ing WASH with PC (10 studies), implying that PC alone cannot reach elimination in supporting 2030 targets.757

Different helminths respond differently to this integrated approach; for instance, A. limbricoides responds highly758

to MDA and WASH intervention due to its low lifespan [66], but hookworm requires adult-targeted MDA, and759

T. trichiura demands alternative control strategies [61]. Also, data availability may increase more modeling on760

integrative control approach of WASH and PC.761

Benzimidazole derivatives have low efficacy against hookworm and T. trichiura, implying the need for al-762

ternative strategies or dual drug therapy [66]. Combination therapy has been reported to improve cure rates and763

egg reduction rates, especially for T. trichiura. Only three studies employed dual therapy [29, 65, 13]. Co-764

administration of albendazole with ivermectin raised the egg reduction rate to within the range of 92–95% for765

T. trichiura compared to 60% with monotherapy [65]. Dual therapy was highlighted to be effective and can766

delay drug resistance development [57, 14]. Comparative models from the Erasmus Medical Center of Rotter-767

dam (EMC) and Imperial College London (ICL) predicted improvement by co-administration of albendazole and768

ivermectin rather than albendazole monotherapy.769

Also, fewer models targeted women of reproductive age and adolescent girls, indicating a gap in gender-770

responsive modeling despite WHO calls for gender-inclusive modeling. Targeted deworming of SAC and WRA771

(2 studies) modeled together demonstrated improvement in disease outcomes, particularly reducing anemia to772

enhance better health in children. The lower modeling on hygiene (1 study) and school-based deworming (1773

study) may be due to a shift from modeling standalone interventions with slower impact trajectories to integrated774

control approaches with higher effectiveness in controlling STH.775

The synthesized modeling studies of STH control published between 2015 and 2024 captured a shift from776

morbidity control to transmission interruption or elimination as stipulated by the WHO’s 2011–2020 and 2021–2030777

NTD roadmaps. The analysis reveals a stronger alignment (60%) with the morbidity control targets (2011–2020778

NTD roadmap) compared with the elimination-focused goal (2021–2030 NTD roadmap). This indicates that the779

38

 . CC-BY 4.0 International licenseIt is made available under a 
perpetuity. 

 is the author/funder, who has granted medRxiv a license to display the preprint in(which was not certified by peer review)preprint 
The copyright holder for thisthis version posted August 6, 2025. ; https://doi.org/10.1101/2025.08.05.25333090doi: medRxiv preprint 

https://doi.org/10.1101/2025.08.05.25333090
http://creativecommons.org/licenses/by/4.0/


earlier synthesized mathematical models focused on quantifying the impact of preventive chemotherapy (PC)780

for attaining morbidity control targets in school-aged children. The relatively lower number (40%) of modeling781

studies aligned with the 2030 WHO goal may be due to the recency of the target, as based on the review duration782

(2015–2024), only articles from the last four years were included. Also, the lower publication rate may be due783

to the complexity involved in transmission interruption or elimination dynamics.784

Moreover, out of 43 studies, 15 (35%) frameworks explicitly reported the timeline required for the intended785

WHO goal. Further, only 6 studies [47, 14, 62, 34, 35, 72] provided a timeframe for achieving STH transmission786

interruption or elimination feasibility (2021–2030 WHO targets). Studies in the literature described models’787

output in relative terms such as prevalence reduction or elimination of the disease without mentioning the exact788

time for reaching the mentioned targets (see table 4). The limitation of reporting timelines in the reviewed789

studies reflects the complexity of the models since they may be required to capture many factors for elimination790

such as environmental transmission, WASH, population-wide intervention, and reinfection data, which may be791

insufficient. Many studies focused on comparing the effectiveness of a strategy rather than reporting a timeframe.792

In addition, the number of studies reported the time required to achieve morbidity targets was relatively high due793

to the simpler and shorter term of the goal. The lack of time-bound prediction limits model utility for policy794

planning, specifically on confidently reporting whether the modeled intervention will explicitly meet the target795

within a specific duration. A realistic time horizon is useful in planning national deworming programs and796

tracking progress, and it is essential due to scarcity of resources. Reporting timelines should be a standard797

practice for models with the intention to support global health targets, in particular STH elimination models.798

Strength and limitation799

The study at hand benefits from a comprehensive literature search strategy, which in turn yielded a wide array800

of mathematical models on STH control. The study employed Web of Science, Embase, and Scopus databases801

rich in peer-reviewed literature from epidemiological and mathematical disciplines, ensuring relevance to STH802

control studies. However, using only three databases may have reduced the search query outputs.803

This overview relied on results obtained from extensive literature search from databases by using a search804

term describing transmission dynamics mathematical models that evaluated control strategies. The evaluated805

models incorporated different intervention strategies to either morbidity control or interrupting STH transmission.806

Notably, this study is the first to systematically synthesize whether mathematical models explicitly predicted the807

time horizon required for modeled interventions to meet WHO morbidity control or interrupt STH transmission808

- an essential but often overlooked aspect in planning national deworming programs, tracking progress, and809

evaluation.810

The search strategy was built based on common terms used in peer-reviewed literature, although the search811
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term yield a significant number of articles, it may not be exhaustive in capturing all relevant papers. Also, the812

study included only English articles as per the authors’ first language. Furthermore, systematic reviews, book813

sections, press articles, pre-print materials, letters to editors, and conference proceedings were excluded as they814

did not meet the inclusion criteria requirements, yet excluding of this grey literature may lead to missing of good815

information to shape the study. Fig 2 shows the published literature, but the articles are not evenly distributed816

yearly, with no single identified article in 2023. The study considered only transmission dynamics models that817

evaluated interventions. Yet, statistical models, Bayesian approaches, and machine learning models might have818

impacted the review results, but these studies were excluded. Further, the review team was trained to identify819

mathematical models of transmission dynamics that evaluated control strategies. However, there is a possibility820

that some important articles were excluded due to reviewers bias. We limited the review to the past 10 years821

for manageability and to ensure the inclusion of recent and relevant research. Although the review assessed how822

studies reported progress toward two WHO targets on NTDs, the search duration from 2015 to 2024 excluded823

articles published between 2010 and 2014 which may have provided valuable insights into the 2010–2020 WHO824

target. Additionally, articles published between 2025 and 2030 may offer more substantial contributions toward825

evaluating the 2030 WHO target. Moreover, parts of the AMS tool used to appraise the reviewed articles relied826

on the reviewers’ subject knowledge, which may introduce potential bias.827

Similarly, there is no a study in the literature has modeled long-term transitions between SBD and CBD, and828

this gap limits policymakers’ ability to predict outcomes of programmatic shifts. Additionally, the underrepre-829

sentation of models targeting women of reproductive age (WRA) and adolescent girls highlights a critical gap in830

gender-inclusive modeling, despite WHO’s emphasis on equitable and inclusive control strategies.831

5 Conclusion832

The present study synthesized the published landscape of mathematical models describing the transmission dy-833

namics of soil-transmitted helminthiasis (STH). The study compared structural assumptions across models, as-834

sessed the effectiveness of various control strategies in achieving WHO targets, and examined the extent to which835

models provided time-bound predictions for reaching morbidity control and transmission interruption. This re-836

view represents one of the first comprehensive efforts to critically appraise the capacity of STH models to forecast837

timelines for achieving programmatic goals.838

The synthesized studies revealed that stochastic models (47%) were slightly more prevalent than determinis-839

tic models (44%), with relatively few studies employing hybrid frameworks (9%). The increasing preference for840

stochastic models reflects a shift from earlier modeling research that predominantly favored traditional determin-841

istic approaches to the complex and realism frameworks which support rare events like STH elimination. Such842

modeling approaches align with the 2030 WHO goal of interrupting STH transmission.843
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Furthermore, in terms of population stratification, age-structured models (56%) were more prevalent com-844

pared to non-structured (28%) and spatially explicit frameworks (16%). The dominance of age-structured models845

reflects the biological and epidemiological relevance of age in helminth transmission dynamics and disease bur-846

den, as the three main species of soil-transmitted helminths (STHs) exhibit strong age-dependent patterns. Such847

models enable the assessment of age-specific interventions such as school-based deworming, targeted treatment848

of high-risk groups, and broader population-level interventions.849

Among the reviewed studies, school-based deworming (SBD) and community-based deworming (CBD) were850

the most commonly compared interventions, featured in 18 modeling studies, followed by integrated strategies851

combining PC with water, sanitation, and hygiene (WASH). Community wide treatment confirmed to be con-852

sistently effective to interrupt STH transmission in most settings. Similarly, integrated approaches offer more853

sustainable and impactful interventions compared to standalone strategies.854

Only 15 of the 43 reviewed studies explicitly highlighted the expected time horizon for achieving either855

morbidity control or elimination of STH under specific conditions. The timelines varied significantly across856

studies where their range was between 2 and 35 years857

Recommendations858

Based on this study’s findings, we recommend the following research on STH control. Future research should859

focus on modeling that: explores the impact of multi-drug combinations such as triple therapies; integrate PC and860

WASH interventions; extend models to capture co-interactions between STH and other pathogens like malaria,861

Mycobacterium tuberculosis, and other neglected diseases; capture heterogeneity of disease by using either spa-862

tial or hybrid models; consider seasonality to capture environmental variables; simulate the switches between863

SBD and CBD while varying time and threshold parameters; explicitly reporting on intervention timelines to864

reach WHO targets; model realistic constraints such as treatment fatigue, resurgence risk, and sub-optimal cov-865

erage to improve model applicability; and account for drug resistance development.866

The findings from this review have direct implications for policymakers, program implementers, and funding867

agencies involved in STH control: policymakers should transition to community-wide deworming, as modeling868

evidence demonstrates it to be more effective in almost all transmission settings compared to school-based de-869

worming, particularly for achieving 2030 targets. Also, to enhance STH strategic planning, policymakers should870

support modeling studies that explicitly report the timeframes required for interventions to achieve either mor-871

bidity control or transmission interruption. This is essential for phased intervention implementation and funding872

cycles. National STH policies should promote integrated control approaches such as WASH complementing PC873

and dual therapy when drug efficacy is low. This will enhance the impact and effectiveness of interventions to-874

ward achieving sustainable control of STH. Validation improves confidence in model predictions and their utility875
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to guide STH control, so policymakers should support the development and validation of modeling studies with876

real data. Research agencies and policymakers should promote the development of hybrid and spatial models to877

capture real complexities in geography and heterogeneity in transmission coverage.878

Conclusively, mathematical models are essential tools in shaping STH control strategies and inform on WHO879

targets. The move to 2030 goals of STH elimination or interrupting its transmission, models must evolve to880

report on effectiveness of intervention, and timeframes required for that intervention to meet 2030 goal. The881

study improves understand for effectiveness of current control strategies towards attaining WHO 2030 goal and882

future research effort should be on models with integrative, time-bound predictions, policymakers frameworks883

shaping achievement of 2030 targets.884
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