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ABSTRACT 34 

Children in Papua New Guinea experience a high burden of infectious diseases, including neglected 35 

tropical diseases, arboviral infections, enteric pathogens, and soil-transmitted helminths. Multi-36 

pathogen serological surveillance provides a powerful approach for simultaneously characterising 37 

population-level exposure and susceptibility to multiple pathogens, complementing other forms of 38 

surveillance and to guide public health decision-making. We collected blood samples from 379 children 39 

aged 10 to 24 months (median 16 months) living in East New Britian Papua New Guinea, to assess 40 

antibodies to 11 priority pathogens. Seropositivity was highest for Cryptosporidium (52.8%), followed 41 

by dengue (30.9%), chikungunya (25.3%), Giardia (13.5%) and malaria parasites (Plasmodium vivax 42 

11.1%; Plasmodium falciparum 5.0%). Males were significantly more likely to be positive for trachoma 43 

(10.5% vs 2.2%, p = 0.001). Co-exposure to multiple pathogen groups was common, with 44 

approximately 45% of children seropositive for antibodies from two or more different pathogens. While 45 

prevalence varied markedly across pathogen groups, these results confirm substantial early-life 46 

exposure to multiple endemic pathogens in East New Britain, Papua New Guinea. Simultaneous 47 

assessment of multiple pathogens from a single sample demonstrates the value of multiplex serological 48 

surveillance and can inform targeted public health interventions. 49 

INTRODUCTION 50 

Serological surveillance provides a powerful approach for characterising population-level exposure and 51 

susceptibility to infectious diseases, offering insights that complement routine case-based and genomic 52 

surveillance [1]. By measuring pathogen-specific antibodies, serosurveys capture cumulative exposure 53 

and immune responses that are often missed by conventional surveillance systems, particularly in low- 54 

and middle-income settings. In Papua New Guinea (PNG), geographic, logistical, and health system 55 

constraints limit the availability and representativeness of routine surveillance data, underscoring the 56 

need for scalable approaches that can generate robust epidemiological evidence from existing studies 57 

and specimens [2]. 58 

Children in PNG experience a high burden of infectious diseases, including neglected tropical diseases, 59 

arboviral infections, enteric pathogens, and soil-transmitted helminths, often with repeated or 60 
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concurrent exposures beginning early in life [3-6]. These infections are frequently asymptomatic or 61 

underdiagnosed yet can have substantial cumulative impacts on child health. Chronic or recurrent 62 

enteric infections and soil transmitted helminths have been associated with impaired linear growth, 63 

undernutrition, anaemia, and altered immune function, while repeated arboviral and other endemic 64 

infections may further contribute to inflammatory and immunological stress during critical periods of 65 

development [7,8]. Understanding patterns of exposure to multiple pathogens in childhood is therefore 66 

essential for informing integrated disease control strategies and broader child health interventions. 67 

Multiplex bead assay (MBA) technologies enable the simultaneous measurement of antibodies to 68 

antigens from multiple pathogens using a single, small-volume specimen. Integrating MBA-based 69 

multi-pathogen serosurveillance into demographic health or disease-specific surveys allows efficient 70 

assessment of exposure to vaccine preventable diseases, neglected tropical diseases, arboviruses, enteric 71 

pathogens, and soil transmitted helminths within the same cohort [9]. This integrated approach supports 72 

the identification of co-exposure patterns and overlapping disease burdens that would be difficult to 73 

detect using pathogen-specific studies alone. As validated antigen targets continue to expand, MBA 74 

platforms also facilitate cross-pathogen analytical approaches that can inform prioritisation of 75 

interventions and contribute to efforts to reduce health inequities among children in PNG. 76 

This study is a serological sub study nested within a larger study designed to assess population-level 77 

immunity to vaccine-preventable diseases in young children in PNG. Leveraging stored samples from 78 

the parent study provides a unique opportunity to extend the scientific value of existing data by 79 

characterising exposure to a broader range of pathogens without additional sample collection or 80 

participant burden [10]. Such an approach is particularly advantageous in paediatric populations, where 81 

blood volumes are limited and repeated sampling is ethically and logistically challenging. 82 

In this serological sub study, we investigated antibody seroprevalence to 20 antigens from 11 pathogens, 83 

including neglected tropical diseases, soil transmitted helminths, malaria, arboviruses, and enteric 84 

pathogens, among children aged 10 to 24 months residing in East New Britain Province (ENB), PNG. 85 

Children were recruited from five priority local-level government (LLGs) areas encompassing urban, 86 

rural, and remote island settings, selected to capture geographic and sociodemographic diversity across 87 
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ENB. This integrated, multi-pathogen approach provides a comprehensive assessment of early-life 88 

exposure to endemic infections and generates evidence to inform coordinated child health and disease 89 

control strategies in the province. 90 

RESULTS 91 

Demographic characteristics of the study participants is summarised in Table 1. A total of 379 children 92 

aged 10-24 months, with a median age 16 months were enrolled between late March and mid-August 93 

2023. Participant numbers were broadly comparable across the five targeted LLG areas, and just over 94 

half of the cohort were male (53%). 95 

Table 1: Demographic characteristics of participants 96 

 N (%) 

Gender  

   Male 200 (53%) 

   Female 179 (47%) 

Age (months)  

   <12  70 (18%) 

   12 – <18  169 (45%) 

   18 – <24  136 (36%) 

   Missing 4 (1%) 

Local-level government   

   Bitapaka 78 (21%) 

   Duke of York 77 (20%) 

   Inland Baining 66 (17%) 

   Kokopo Urban 81 (21%) 

   Toma-Vunadidir  77 (20%) 

 97 

 98 

 99 

 100 
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Seroprevalence of pathogens in children 101 

Among the 379 children, antibodies to multiple pathogens were detected, with substantial variation in 102 

prevalence across the 11 pathogen groups included in the study (Supplementary Figure 1). 103 

Seropositivity was highest for Cryptosporidium (Cryptosporidium parvum) (52.8%), followed by 104 

dengue virus (30.9%), chikungunya virus (25.3%), Giardia (Giardia lamblia) (13.5%), Plasmodium 105 

vivax (11.1%), trachoma (Chlamydia trachomatis) (6.6%), Plasmodium falciparum (5.0%), soil-106 

transmitted helminths (Strongyloides stercoralis  or Taenia solium)  (2.9%), lymphatic filariasis (1.9%), 107 

Zika virus (1.6%) and yaws (Treponema pallidum) (0%).  108 

No significant differences in seroprevalence were observed between males and females for most 109 

pathogens. However, males were significantly more likely (10.5% vs 2.2%, p = 0.001) to have been 110 

exposed to C. Trachomatis (Pgp3). Co-exposure to multiple pathogen groups was common. Of the 11 111 

pathogens examined, approximately 25% (N = 93) of children were seropositive for antibodies from 112 

two different pathogens, and an additional 20% (N = 77) were seropositive to three or more pathogens, 113 

confirming significant exposure to malaria, arboviruses, and neglected tropical diseases in early 114 

childhood.  115 

 116 

Figure 1. Heatmap showing overall seroprevalence for the 11 pathogens examined in the study (N = 117 

379).  118 
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Does exposure accumulate with age? 119 

Serological responses demonstrated substantial heterogeneity in exposure across pathogens and age 120 

groups. Antibody responses to Cryptosporidium were consistently high across all age strata, suggesting 121 

that exposure occurs early in life. Similarly, seroreactivity to P. vivax was common across the study 122 

population, indicating sustained transmission. 123 

Clear age-related trends were observed for several pathogens. Seropositivity increased significantly 124 

with age for yaws (p = 0.014), dengue virus (p < 0.001), and chikungunya virus (p < 0.001), indicative 125 

of increased likelihood of environmental and vector exposure with age. (Figure 2). 126 

For several infections, including trachoma (p = 0.035), P. falciparum, Giardia, and soil-transmitted 127 

helminths, relatively high seroprevalence was observed among children younger than 12 months and 128 

may reflect a combination of maternally derived antibodies and natural exposure. Consistent with this, 129 

we observed a rise in seropositivity to P. falciparum, trachoma, Giardia in children aged >18 months, 130 

but not 12-18 months, suggesting that antibody responses later in life reflect true exposure and infection 131 

acquired during early childhood. 132 

Pathogen-specific differences were also evident among the youngest infants. No serological evidence 133 

of Zika virus exposure was detected in children younger than 12 months, while detectable antibodies 134 

were observed in a small proportion of those children older than 12 months (1.6%). This finding 135 

suggests either an absence of recent transmission or very limited exposure within the study population, 136 

particularly among younger age groups. 137 

 138 

 139 
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 140 

 141 

Figure 2. Seroprevalence by age group (N = 379).  142 

 143 

Where is transmission concentrated? 144 

Seroprevalence varied across the five local-level government areas despite relatively similar numbers 145 

of samples collected from each location, reflecting underlying geographic and sociodemographic 146 

heterogeneity across the study sites, which included urban, rural, and remote island settings (Figure 3). 147 

These spatial differences suggest heterogeneous patterns of pathogen exposure within the study 148 

province. 149 

Antibodies to P. vivax malaria were most prevalent in the Duke of York and Toma-Vunadidir LLGs, 150 

indicating higher levels of exposure in these areas compared with the other study sites. In contrast, 151 

serological evidence of trachoma (based on responses to C. trachomatis antigens) was markedly lower 152 

in the Duke of York LLG. Arboviral exposure also showed geographic variation, with antibodies to 153 

chikungunya most frequently detected among children living in the Bitapaka and Kokopo Urban LLGs. 154 
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Marked differences were also observed for several other pathogens. Notably, no serological evidence 155 

of exposure to P. falciparum malaria or lymphatic filariasis was detected among children sampled from 156 

the Inland Baining LLG. In contrast, almost half of children with antibodies to Giardia were from Toma-157 

Vunadidir, suggesting higher levels of transmission of this enteric pathogen in that area. Together, these 158 

findings highlight substantial spatial heterogeneity in exposure to malaria, arboviruses, enteric 159 

pathogens, and neglected tropical diseases within the study region. 160 

 161 

 162 

 163 

 164 

 165 

 166 

 167 

 168 

 169 

 170 

 171 

 172 

 173 

 174 

 175 

 176 

 177 

 178 

 179 

 180 

 181 
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 182 

Figure 3. Geographic variation in seroprevalence across five local-level governments (N = 379).  183 

 184 

 185 

 186 

 187 

 188 

 189 

 190 

 191 

 192 

 193 
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DISCUSSION 194 

To our knowledge, this is the first study to apply integrated multi-pathogen serosurveillance in children 195 

in PNG, demonstrating the feasibility and added value of this approach for characterising early life 196 

exposure to multiple co-endemic pathogens in this setting. Overall, 45% of children had detectable 197 

antibodies to multiple pathogens, although pathogen-specific seroprevalence varied by age and 198 

geographic location. Seropositivity was highest for Cryptosporidium, followed by the arboviruses 199 

dengue and chikungunya, then Giardia, trachoma, and malaria parasites P. vivax malaria and P. 200 

falciparum malaria. Seroprevalence for dengue was similar to that of chikungunya, reflecting 201 

comparable early-life exposure in this population. The high prevalence of antibodies to enteric 202 

pathogens such as Cryptosporidium and Giardia suggests that exposure occurs very early in life, likely 203 

reflecting ongoing transmission associated with limited access to clean water, sanitation, and hygiene 204 

conditions. While it is widely acknowledged that malaria, particularly Plasmodium vivax, is commonly 205 

experienced by children in this age group in PNG [11,12], these findings provide serological evidence that 206 

exposure to dengue and chikungunya is similarly prevalent. Data from Pacific Island serosurveys 207 

support substantial dengue exposure occurring in early childhood, with seroprevalence among children 208 

under five years already approaching 40–50% in some settings [13,14].  This is important for informing 209 

both clinical management of febrile illness in young children and the design of targeted public health 210 

interventions. 211 

Overall, antibodies to enteric pathogens and malaria were most commonly detected, while neglected 212 

tropical diseases such as soil-transmitted helminths, trachoma, yaws, and lymphatic filariasis were 213 

generally less prevalent. Patterns of seropositivity varied across antigens, suggesting heterogeneous 214 

transmission dynamics within the province and highlighting the value of multi-pathogen serological 215 

surveillance in this young paediatric population. In 2022, East New Britain Province completed two 216 

annual rounds of lymphatic filariasis mass drug administration with the triple drug regimen ivermectin, 217 

diethylcarbamazine, and albendazole (IDA) [15]. The limited serological evidence of exposure observed 218 

in this study of children surveyed in 2023 is consistent with reduced or interrupted transmission in two 219 

LLGs [16].  The presence of detectable antibodies  in a subset of children in 3 LLGs suggests that 220 
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transmission likely persists within some areas of ENB [16]. Seroprevalence was generally similar 221 

between males and females, suggesting comparable exposure risks during early childhood. The 222 

exception was the Pgp3 antigen of C. trachomatis, for which seropositivity was significantly higher in 223 

males. This has not been previously observed in other studies of Pgp3 IgG seroprevalence to C. 224 

trachomatis in children, which have identified age and community transmission intensity as they key 225 

drivers of exposure [17].  Conversely, adult women have been reported to have substantially higher rates 226 

of trachomatous scarring and trichiasis than men, widely attributed to gendered exposure over a lifetime 227 

[18]. 228 

Evidence of exposure to multiple pathogens was common. Approximately one-quarter of children were 229 

seropositive for antibodies to two pathogens, and a further one-fifth showed evidence of exposure to 230 

three or more pathogens. This pattern highlights the considerable infectious disease burden faced by 231 

young children in this setting, where malaria parasites, arboviruses, enteric pathogens, and neglected 232 

tropical diseases circulate concurrently. The age-stratified analyses further support this interpretation. 233 

Seropositivity increased with age for several pathogens, including dengue, chikungunya, lymphatic 234 

filariasis, and yaws, consistent with increasing interaction with people, vectors or environment as 235 

children get older. In contrast, seroreactivity to Cryptosporidium remained high across age groups, 236 

suggesting that exposure occurs very early in life. Reduced antibody responses among children aged 237 

12–28 months for several pathogens, including trachoma, P. falciparum, Giardia, and soil-transmitted 238 

helminths, may reflect a combination of limited early exposure, waning maternal antibodies, or 239 

variability in transmission intensity [19,20]. Maternal antibodies typically wane between 3–9 months after 240 

birth and therefore are unlikely to fully explain seroreactivity observed later in infancy [11]. The absence 241 

of detectable antibodies to Zika virus in children younger than 12 months further suggests limited recent 242 

transmission within this cohort. Overall, these findings indicate that exposure accumulates with age for 243 

several pathogens, particularly vector-borne and neglected tropical diseases, while other infections 244 

show evidence of early-life exposure or maternally derived immunity. The contrasting patterns likely 245 

reflect differences in transmission routes, environmental exposure, and infection dynamics across 246 

pathogens within the study setting. 247 
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Clear geographic differences in seroprevalence were also observed across the five LLG areas sampled. 248 

Higher seroprevalence of P. vivax in Duke of York and Toma-Vunadidir suggests greater malaria 249 

exposure in these areas, potentially reflecting ecological or environmental factors that influence 250 

mosquito vector abundance. In contrast, the absence of detectable antibodies to P. falciparum and 251 

lymphatic filariasis in the Inland Baining area may indicate lower transmission intensity or limited 252 

recent exposure. Distinct spatial patterns were also evident for other pathogens, including higher 253 

seroprevalence of chikungunya and dengue in Bitakpa and Kokopo Urban LLG areas, and increased 254 

Giardia exposure in Toma-Vunadidir. These findings highlight substantial spatial heterogeneity in 255 

pathogen transmission within ENB province, likely influenced by differences in environment, 256 

population density, water and sanitation infrastructure, and vector ecology. 257 

This study has several limitations that should be considered when interpreting the findings. First, the 258 

cross-sectional design limits the ability to infer the timing of infection or changes in transmission over 259 

time, as antibody responses could reflect cumulative exposure or recent infection. Second, while 260 

multiplex serology provides a sensitive method for detecting pathogen exposure, antibody responses 261 

can persist for varying durations depending on the pathogen and antigen, which may influence estimates 262 

of seroprevalence. Third, the study was limited to young children and may not capture exposure patterns 263 

in older age groups, where cumulative exposure is likely to be higher. Additionally, although sampling 264 

was distributed across multiple LLG areas, the sample size within each location may limit the precision 265 

of subnational comparisons. Finally, serological assays may be subject to cross-reactivity between 266 

related pathogens, particularly among arboviruses [21-23], which could influence interpretation of 267 

exposure patterns. 268 

Despite these limitations, this study demonstrates the utility of multiplex serological approaches for 269 

assessing exposure to a wide range of pathogens within population-based surveys. In settings such as 270 

PNG, where multiple infectious diseases co-circulate and surveillance resources are often limited, 271 

integrated multi-pathogen serosurveillance provides an efficient means of monitoring transmission 272 

dynamics and identifying overlapping disease risks. The ability to assess exposure to malaria, 273 
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arboviruses, enteric pathogens, and neglected tropical diseases from a single sample enables more 274 

comprehensive insights into population-level infection patterns. 275 

Taken together, these findings indicate that children in this setting are exposed to a diverse array of 276 

pathogens from an early age, with transmission dynamics varying by pathogen, age group, and 277 

geographic location. Multiplex serological platforms therefore offer a valuable tool for strengthening 278 

integrated surveillance systems, supporting more coordinated public health strategies, and informing 279 

targeted interventions in complex endemic settings. 280 

METHODS 281 

Ethics statement 282 

The protocol was approved by the Alfred Health Ethics Committee, Australia (#202/22), the PNG 283 

Institute of Medical Research Institutional Review Board (#2206) and the PNG Medical Research 284 

Advisory Committee (#22.52). Written informed consent was obtained from parents or caregivers prior 285 

to undertaking any study procedures. All experiments were performed in accordance with the relevant 286 

guidelines and regulations. 287 

Dried Blood Spot collection  288 

Fingerpick or heel prick blood was collected onto filter paper, dried and placed in sealed plastic bags 289 

with desiccant. Dried blood spots (DBS) were transported to Papua New Guinea Institute of Medical 290 

Research in Port Moresby and placed in cold storage at -20°C.  291 

Multiplexed Bead Assay 292 

IgG antibodies against 3 neglected tropical diseases (lymphatic filariasis, yaws and trachoma), 3 soil 293 

transmitted helminths (taeniasis, strongyloidiasis, neurocysticercosis), 2 malaria species (P. falciparum 294 

and P. vivax) 3 arboviruses (Zika, chikungunya and dengue serotypes 1-4) and 2 enteric pathogens 295 

(Giardia and Cryptosporidium) were measured using a magnetic bead-based Luminex multiplex assay. 296 

Dried blood spots (6 mm diameter, ~10 µL whole blood) were eluted overnight at 4 °C in PBS 297 

containing 0.5% casein, 0.3% Tween 20, 0.5% polyvinyl alcohol, 0.8% polyvinylpyrrolidone, 0.02% 298 
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sodium azide, and 3 µg/mL E. coli extract (Buffer B). Eluates were diluted 1:400 in Buffer B prior to 299 

assay. 300 

For each antigen, 1250 antigen-coupled beads per well were incubated with 50 µL of diluted sample for 301 

1.5 h. Wells were washed three times with PBST (0.3% Tween 20) and incubated with 50 ng biotinylated 302 

mouse anti-human IgG and 20 ng biotinylated mouse anti-human IgG4 (Southern Biotech, 303 

Birmingham, AL) for 45 min. After three washes with PBST, 250 ng phycoerythrin-labelled streptavidin 304 

(Invitrogen, South San Francisco, CA) was added for 30 min. Beads were washed again and incubated 305 

with 50 µL PBS containing 0.5% BSA, 0.05% Tween-20, and 0.02% sodium azide to remove loosely 306 

bound antibodies, followed by a final wash. Beads were resuspended in 100 µL PBS and stored 307 

overnight at 4 °C. For further information on bead coupling please contact corresponding author. 308 

Plates were read the next day on a MAGPIX instrument (Luminex, Austin, TX). Median fluorescence 309 

intensity (MFI) values were recorded for each antigen, and background (bg) fluorescence from blank 310 

wells (Buffer B only) was subtracted to obtain MFI-bg [24]. 311 

Determination of the threshold for antigen seropositivity 312 

Different cut-off methods were used to determine seropositivity per antigen (Supplementary Table 1). 313 

The mean plus three standard deviations of 193 samples from citizens of the USA with no history of 314 

foreign travel were used to estimate cutoffs to 10 antigens on this panel. Known positive and negative 315 

samples were used to determine seropositivity cut-offs to 10 antigens on this panel. Cutoffs were 316 

determined using ROC analysis as previously described (Supplementary Table 1) [25]. For further 317 

information on cutoff methods please contact corresponding author. 318 

Determination of pathogen seropositivity 319 

Seropositivity at the pathogen level was determined based on antigen-specific responses measured in 320 

the multiplex assay. For most pathogens, a sample was classified as seropositive if it exceeded the 321 

predefined seropositivity threshold for any antigen within the corresponding pathogen antigen panel. 322 

This approach was used to maximise sensitivity for detecting prior exposure, recognising that antibody 323 

responses may vary between individuals and across antigens within the same pathogen. 324 
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An exception was made for yaws (Treponema pallidum subsp. pertenue). For this pathogen, samples 325 

were classified as seropositive only if they were positive for both antigens included in the assay. This 326 

more stringent criterion was applied due to documented cross-reactivity between one TmpA antigen 327 

and antibodies generated against Treponema pallidum subsp. pallidum (syphilis). Requiring dual-328 

antigen positivity therefore improved specificity and reduced the likelihood of misclassification due to 329 

cross-reactive antibody responses (Supplementary Table 1). 330 

Statistical analysis 331 

Statistical analyses were performed using Stata v18.0 (StataCorp, TX, USA). Demographic 332 

characteristics, including age and gender, were summarised using frequency counts and percentages. 333 

Comparisons of antigen positivity between groups (e.g., by LLG) using chi-squared tests, with 334 

significance defined as p < 0.05.  335 

Acknowledgements 336 

We thank the East New Britain Provincial Health Authority, Papua New Guinea National Department 337 

of Health, participants, healthcare workers and communities for their support. We acknowledge the 338 

DBS collectors (Lynette Duwaba, Daniel Willie, Benjamin Paivu, Delma Burangat), project coordinator 339 

Hannah A James, and Diana Martin, Gretchen Cooley, Ashley Simon and Sarah Gwyn (US CDC) for 340 

MBA technical support. FA acknowledges the Lady Potter Fellowship and Burnet Institute Catalyst 341 

funding.   342 

Author Contributions   343 

Conceptualisation and funding acquisition: MOK, SV, LJR, FA, PK, EW, ML and MD. Methodology: 344 

FA, LJR. Data collection:  SV, PM, MD and DBS collectors. Supervision: MOK and LJR. Formal 345 

analysis: SV, FA, MOK and LJR. Antibody assays: DM, DR and FA. Data interpretation: MOK, SV and 346 

FA, LJR. Writing (original): SV and FA. 347 

MOK, SV, LJR and FA verified the data in the study and take full responsibility for the integrity of the 348 

data. All authors have read and approved the final manuscript.  349 

Additional information 350 



 16 

The authors declare no competing interests. 351 

Data availability statement 352 

All data generated or analysed during this study are included in this published article (and its 353 

Supplementary Information files). 354 

 355 

Funding: This study was supported by the Australian Regional Immunisation Alliance, the Australian 356 

Government, and the Baker Foundation. LJR was funded by Australian NHMRC Investigator Grant 357 

(2017630). Funders had no role in the study design, analysis, or interpretation.  358 

References 359 

1 Haselbeck, A. H. et al. Serology as a Tool to Assess Infectious Disease 360 

Landscapes and Guide Public Health Policy. Pathogens 11, 361 

doi:10.3390/pathogens11070732 (2022). 362 

2 Group, W. B. World Bank Fragile and ConƲict-aƯected Situations (FCS), FY25, 363 

<https://thedocs.worldbank.org/en/doc/b3c737c4687db176ec98f5c434d0de91-364 

0090082024/original/FCSListFY25.pdf> (2025). 365 

3 Ajjampur, S. S. R. et al. Closing the diarrhoea diagnostic gap in Indian children by 366 

the application of molecular techniques. J Med Microbiol 57, 1364-1368, 367 

doi:10.1099/jmm.0.2008/003319-0 (2008). 368 

4 Kline, K., McCarthy, J. S., Pearson, M., Loukas, A. & Hotez, P. J. Neglected tropical 369 

diseases of Oceania: review of their prevalence, distribution, and opportunities 370 

for control. PLoS Negl Trop Dis 7, e1755, doi:10.1371/journal.pntd.0001755 371 

(2013). 372 

5 Gordon, C. A., Kurscheid, J., Jones, M. K., Gray, D. J. & McManus, D. P. Soil-373 

Transmitted Helminths in Tropical Australia and Asia. Trop Med Infect Dis 2, 374 

doi:10.3390/tropicalmed2040056 (2017). 375 

6 Kizu, J. G. et al. Prevalence of Barmah Forest Virus, Chikungunya Virus and Ross 376 

River Virus Antibodies among Papua New Guinea Military Personnel before 2019. 377 

Viruses 15, doi:10.3390/v15020394 (2023). 378 

7 Vega Ocasio, D. et al. Social Stressors, Arboviral Infection, and Immune 379 

Dysregulation in the Coastal Lowland Region of Ecuador: A Mixed Methods 380 

Approach in Ecological Perspective. Am J Trop Med Hyg 105, 756-765, 381 

doi:10.4269/ajtmh.20-1625 (2021). 382 

8 Caldrer, S., Ursini, T., Santucci, B., Motta, L. & Angheben, A. Soil-Transmitted 383 

Helminths and Anaemia: A Neglected Association Outside the Tropics. 384 

Microorganisms 10, doi:10.3390/microorganisms10051027 (2022). 385 

9 Ward, S., Lawford, H. L. S., Sartorius, B. & Lau, C. L. Integrated Serosurveillance 386 

of Infectious Diseases Using Multiplex Bead Assays: A Systematic Review. Trop 387 

Med Infect Dis 10, doi:10.3390/tropicalmed10010019 (2025). 388 



 17 

10 Dalton, M. et al. Factors Associated with Timely First-Dose Pentavalent and 389 

Measles-Rubella Vaccination: A Cross-Sectional Study in East New Britain, 390 

Papua New Guinea. Vaccines (Basel) 13, doi:10.3390/vaccines13020156 (2025). 391 

11 Kazura, J. W., Siba, P. M., Betuela, I. & Mueller, I. Research challenges and gaps in 392 

malaria knowledge in Papua New Guinea. Acta Trop 121, 274-280, 393 

doi:10.1016/j.actatropica.2011.08.002 (2012). 394 

12 KoepƲi, C. et al. Multiplicity and diversity of Plasmodium vivax infections in a 395 

highly endemic region in Papua New Guinea. PLoS Negl Trop Dis 5, e1424, 396 

doi:10.1371/journal.pntd.0001424 (2011). 397 

13 Saretzki, C. E. B., Dobler, G., Iro, E., Heussen, N. & Kupper, T. Dengue Virus and 398 

Zika Virus Seroprevalence in the South PaciƱc Populations of the Cook Islands 399 

and Vanuatu. Viruses 16, doi:10.3390/v16050807 (2024). 400 

14 Rosser, J. I. et al. Seroprevalence, incidence estimates, and environmental risk 401 

factors for dengue, chikungunya, and Zika infection amongst children living in 402 

informal urban settlements in Indonesia and Fiji. BMC Infect Dis 25, 51, 403 

doi:10.1186/s12879-024-10315-1 (2025). 404 

15 Payne, M. C. et al. Semi-annual and annual mass drug administration of 405 

diethylcarbamazine and albendazole are equally eƯective regimens for 406 

eliminating lymphatic Ʊlariasis in Papua New Guinea. PLoS Negl Trop Dis 19, 407 

e0012979, doi:10.1371/journal.pntd.0012979 (2025). 408 

16 Bun, K. et al. Alternative approaches for monitoring and evaluation of lymphatic 409 

Ʊlariasis following mass drug treatment with ivermectin, diethylcarbamazine and 410 

albendazole in East New Britain Province, Papua New Guinea. PLoS Negl Trop 411 

Dis 19, e0012128, doi:10.1371/journal.pntd.0012128 (2025). 412 

17 Kamau, E. et al. Characterizing trachoma elimination using serology. Nat 413 

Commun 16, 5545, doi:10.1038/s41467-025-60581-z (2025). 414 

18 Wolle, M. A. et al. Gender diƯerences in trachomatous scarring prevalence in a 415 

formerly trachoma hyperendemic district in Tanzania. PLoS Negl Trop Dis 18, 416 

e0011861, doi:10.1371/journal.pntd.0011861 (2024). 417 

19 Malek, A., Sager, R., Kuhn, P., Nicolaides, K. H. & Schneider, H. Evolution of 418 

maternofetal transport of immunoglobulins during human pregnancy. Am J 419 

Reprod Immunol 36, 248-255, doi:10.1111/j.1600-0897.1996.tb00172.x (1996). 420 

20 Hartter HK et al. Placental transfer and decay of maternally acquired 421 

antimeasles antibodies in Nigerian children. Pediatr Infect Dis J 19, 635-641, 422 

doi:10.1097/00006454-200007000-00010 (2000). 423 

21 Priyamvada, L. et al. Human antibody responses after dengue virus infection are 424 

highly cross-reactive to Zika virus. Proc Natl Acad Sci USA 113, 425 

doi:10.1073/pnas.1607931113A (2016). 426 

22 Wahala, W. M. & Silva, A. M. The human antibody response to dengue virus 427 

infection. Viruses 3, 2374-2395, doi:10.3390/v3122374 (2011). 428 

23 Dejnirattisai, W. et al. Cross-reacting antibodies enhance dengue virus infection 429 

in humans. Science 328, 745-748, doi:10.1126/science.1185181 (2010). 430 

24 Carcelen, A. C. et al. Multiplex bead assays enable integrated serological 431 

surveillance and reveal cross-pathogen vulnerabilities in Zambezia Province, 432 

Mozambique. Nat Commun 16, 7946, doi:10.1038/s41467-025-62305-9 (2025). 433 



 18 

25 Moss, D. M. et al. Multiplex bead assay for serum samples from children in Haiti 434 

enrolled in a drug study for the treatment of lymphatic Ʊlariasis. Am J Trop Med 435 

Hyg 85, 229-237, doi:10.4269/ajtmh.2011.11-0029 (2011). 436 

 437 

 438 

 439 

Figure legends 440 

Figure 1. Heatmap showing overall seroprevalence for the 11 pathogens examined in the study (N = 441 

379). Colour intensity represents the proportion of samples classified as seropositive for each pathogen 442 

based on antigen-specific thresholds derived from the multiplex bead assay. For most pathogens, 443 

samples were considered seropositive if antibody responses exceeded the threshold for at least one 444 

antigen within the pathogen-specific panel. For yaws (Treponema pallidum subsp. pertenue), samples 445 

were classified as seropositive only if responses exceeded the threshold for both antigens to minimise 446 

misclassification due to cross-reactivity with syphilis (Treponema pallidum subsp. pallidum). 447 

Seroprevalence is presented as the percentage of seropositive individuals among the total samples 448 

tested. 449 

Figure 2. Seroprevalence by age group (N = 379). Bars show the proportion of individuals within each 450 

age category who were classified as seropositive for each pathogen. Age-specific trends highlight 451 

differences in exposure or immunity across the population. 452 

Figure 3. Geographic variation in seroprevalence across five local-level governments (N = 379). Bars 453 

represent the proportion of seropositive individuals in each LLG, highlighting spatial differences in 454 

exposure to the pathogens examined. 455 

 456 
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