0

@V% diagnostics

Article

Serological and Immunological Markers in Dengue Fever:
A Retrospective ELISA-Based Pilot Study from
Trinidad and Tobago

Angel Justiz-Vaillant *

W) Check for updates

Academic Editor: Tar-Choon Aw

Received: 25 June 2026

Revised: 16 July 2026

Accepted: 29 July 2026

Published: 1 August 2026
Copyright: © 2026 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license.

and Sachin Soodeen

Department of Pathology/Microbiology and Pharmacology, Faculty of Medical Sciences, University of the
West Indies, St. Augustine 330912, Trinidad and Tobago; sachin.soodeen@my.uwi.edu
* Correspondence: angel justiz-vaillant@uwi.edu

Abstract

Background: Dengue fever remains a major mosquito-borne viral disease in tropical and
subtropical regions and continues to represent an important public health challenge in
the Caribbean. Despite endemic transmission in Trinidad and Tobago, limited laboratory-
based studies have evaluated serological markers associated with recent dengue infection.
Objective: To evaluate serological and immunological markers associated with recent
dengue virus infection through the detection of anti-dengue virus immunoglobulin M
(IgM) antibodies in serum samples obtained from Trinidad and Tobago using an enzyme-
linked immunosorbent assay (ELISA). Methods: Anti-dengue virus IgM antibodies were
detected using a commercial enzyme-linked immunosorbent assay (ELISA). Results were
classified as positive, borderline or negative according to manufacturer-recommended
criteria. Descriptive statistical analysis was performed to determine seroprevalence in
anonymized serum samples. Results: A total of 161 serum samples were analyzed. Twenty
samples (12.4%) demonstrated positive anti-dengue IgM reactivity, while 29 samples
(18.0%) showed borderline reactivity and 112 samples (69.6%) were negative. Under the
conservative analytical approach, the estimated dengue IgM seroprevalence was 12.4%
(20/161; 95% CI: 7.7-18.6%). Conclusions: The estimated seroprevalence of dengue IgM
in this pilot study was highly dependent on the analytical treatment of borderline ELISA
results. Conservative classification provided the most cautious and reproducible estimate
of recent dengue infection, while liberal interpretation substantially increased the apparent
disease burden. Early viral replication triggers inflammation that progresses to cytokine-
driven vascular damage, while cross-reactive humoral responses and host factors ultimately
shape dengue severity. Ultimately, understanding the drivers of IgM cross-reactivity is
essential for accurate dengue surveillance, outbreak detection, and clinical decision-making.
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1. Introduction

Dengue fever remains one of the most important mosquito-borne viral diseases world-
wide and continues to pose a major public health challenge in tropical and subtropical
regions. The disease is caused by four antigenically distinct dengue virus (DENV) serotypes
(DENV-1 to DENV-4), transmitted primarily by Aedes aegypti mosquitoes. An estimated
100-400 million dengue infections occur annually, placing nearly half of the global popula-
tion at risk of infection [1].
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The Caribbean remains an important endemic region for dengue virus transmission,
with recurrent outbreaks influenced by climatic conditions, seasonal rainfall, vector ecology,
and population immunity [2—4]. Trinidad and Tobago has experienced repeated dengue
outbreaks over several decades, with evidence of circulation of multiple dengue virus
serotypes [3,5]. Unfortunately, there are very few published serological studies from
Trinidad and Tobago reporting dengue IgM seroprevalence. Most local publications focus
on outbreaks, vector surveillance, or IgG seroprevalence rather than recent IgM infection.
Despite the continuing public health importance of dengue in the country, relatively few
laboratory-based studies have examined recent serological evidence of infection within the
local population, limiting the availability of contemporary data to support surveillance and
public health planning.

Laboratory diagnosis plays a central role in dengue surveillance because clinical mani-
festations are often non-specific and overlap with those of other acute febrile illnesses [3].
Diagnostic methods vary according to the stage of infection and include reverse transcrip-
tion polymerase chain reaction (RT-PCR), non-structural protein 1 (NS1) antigen detection,
and serological assays [6-8]. Among these, enzyme-linked immunosorbent assay (ELISA)
remains widely used because of its relatively high sensitivity, affordability, and suitability
for routine diagnostic laboratories and epidemiological investigations [8]. Detection of
dengue-specific immunoglobulin M (IgM) antibodies provides evidence of recent infection,
although interpretation requires caution because antibody responses depend on the timing
of specimen collection and may be influenced by cross-reactivity with other circulating
flaviviruses [9].

Although the immunopathogenesis of dengue, including cytokine-mediated inflamma-
tion and antibody-dependent enhancement, is well recognized [10-14], these mechanisms
were not directly investigated in the present study. Consequently, they are considered only
where relevant to the interpretation of serological findings.

Sero-epidemiological studies provide useful preliminary information on recent dengue
virus exposure and can assist in strengthening surveillance programs, particularly in
endemic regions where laboratory data remain limited [6,15]. Pilot studies are especially
valuable for assessing methodological feasibility and generating baseline data that can
guide larger prospective investigations [16,17].

Therefore, the aim of this retrospective pilot study was to evaluate anti-dengue virus
IgM serological reactivity in anonymized serum samples from Trinidad and Tobago us-
ing a commercial ELISA. Specifically, the study sought to determine the proportion of
positive, borderline, and negative IgM results and to interpret these findings within the
context of dengue surveillance in an endemic Caribbean setting. Given the retrospective
laboratory-based design, the findings are intended to provide preliminary evidence to
support future studies incorporating molecular diagnostics, paired serology, and larger,
population-based investigations.

2. Objectives of the Study

To evaluate serological and immunological markers associated with recent dengue
virus infection through the detection of anti-dengue virus immunoglobulin M (IgM) an-
tibodies in serum samples obtained from Trinidad and Tobago using an enzyme-linked
immunosorbent assay (ELISA) [17].

3. Materials and Methods
3.1. Study Design

This study was conducted as a retrospective observational laboratory-based pilot in-
vestigation designed to evaluate serological markers associated with dengue virus infection.
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Pilot studies are valuable methodological tools because they allow assessment of feasibility,
refinement of laboratory procedures, and generation of preliminary data that may inform
larger epidemiological investigations [17]. The study focused on the laboratory detection of
anti-dengue virus IgM antibodies and the interpretation of serological patterns associated
with recent infection.

3.2. Study Setting

Data were obtained from original laboratory analyses performed in a clinical diagnos-
tic and immunology laboratory in Trinidad and Tobago (UWI Immunology Laboratory)
equipped for routine serological testing. Laboratory facilities included ELISA instrumen-
tation, centrifugation equipment, refrigerated storage systems, and standard biosafety
infrastructure appropriate for handling human serum specimens [8].

Trinidad and Tobago is located in the southern Caribbean and remains an endemic
region for dengue virus transmission. Climatic conditions, seasonal rainfall patterns, and
the widespread presence of Aedes aegypti mosquitoes contribute to the continued circulation
of dengue virus throughout the country [2,3].

3.3. Study Population and Sample Selection

The study included serum samples submitted for dengue serological testing between
1 September 2025, and 28 February 2026.

Serum samples submitted for routine laboratory testing were included in this pilot lab-
oratory study. Samples were processed in four independent analytical batches, comprising
31 samples in Batch 1, 29 samples in Batch 2, 53 samples in Batch 3, and 48 samples in Batch
4, giving a total of 161 specimens. Inclusion criteria consisted of adequate serum volume,
complete laboratory documentation, and valid ELISA results. Duplicate submissions and
specimens with incomplete laboratory data were excluded. All samples were anonymized
before analysis, and no patient-identifying information was available to the investigators.

3.4. Sample Size

A total of 161 serum samples were included in the study. This sample size was
considered appropriate for a pilot investigation intended to generate preliminary sero-
epidemiological data rather than to provide definitive population estimates. Pilot studies
are not typically powered for hypothesis testing but are useful for identifying trends,
evaluating methodologies, and informing future study design [17].

3.5. Serological Analysis

Serological testing was performed using the Euroimmun anti-dengue virus ELISA
(IgM) assay according to the manufacturer’s instructions. The assay is a semi-quantitative
enzyme-linked immunosorbent assay designed for the detection of human IgM antibodies
directed against dengue virus antigens.

The ELISA method is widely used in dengue surveillance because of its high sensitiv-
ity, relatively low cost, and suitability for large-scale epidemiological investigations [13,14].
Following infection, dengue-specific IgM antibodies generally become detectable approxi-
mately 3-5 days after symptom onset and may persist for several weeks, making IgM an
important marker of recent infection [3,12].

Briefly, diluted serum samples were incubated in antigen-coated microplate wells.
Bound antibodies were detected using enzyme-labeled anti-human IgM conjugates
followed by chromogenic substrate development. Optical density values were mea-
sured spectrophotometrically at 450 nm and interpreted according to manufacturer-
recommended criteria.
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3.6. Interpretation of ELISA Results
Results were classified according to the manufacturer’s instructions as follows:

e  Negative: ratio < 0.80.
e  Borderline (equivocal): ratio > 0.80 to <1.10.
e  Positive: ratio > 1.10.

Positive results were interpreted as evidence of recent or acute dengue virus infection.
Borderline results were considered potentially indicative of early seroconversion, declining
antibody levels, secondary dengue infection, or cross-reactive flavivirus antibodies and
therefore required cautious interpretation [14,15].

3.7. Data Collection and Management

Each sample was assigned a unique study identification code to ensure anonymity.
Data quality checks were performed before analysis to verify completeness, consistency,
and accuracy.

The variables analyzed included:

e  Serological classification (positive, borderline, or negative).
e  Total number of samples within each category.

e  Percentage distribution of serological findings.

e  Batch-to-batch reproducibility.

3.8. Statistical Analysis

Data analysis was performed using descriptive statistical methods. Frequencies and
percentages were calculated for positive, borderline, and negative serological results.
Seroprevalence was calculated using the following formula:
Number of positive samples

1 %) = 1
Seroprevalence (%) Total number of samples analyzed x 100

Sero-prevalence was calculated using three predefined analytical strategies: (i) conser-
vative (borderline results classified as negative); (ii) exclusion (borderline results omitted
from analysis); and (iii) liberal (borderline results classified as positive). Exact 95% confi-
dence intervals (Cls) were calculated using the Clopper-Pearson method. Batch-to-batch
reproducibility was evaluated using Cochran’s Q heterogeneity test.

Statistical heterogeneity was quantified using the 12 statistic, with p < 0.05 considered
statistically significant. Calculations were performed in R (R Foundation for Statistical
Computing, Vienna, Austria).

3.9. Ethical Considerations

Ethical approval for the study was obtained from the relevant Campus Ethical Com-
mittee of the University of the West Indies at St. Augustine in Trinidad and Tobago prior
to commencement of the investigation. The study was conducted in accordance with the
ethical principles outlined in the Declaration of Helsinki [18].

4. Results
Serological Distribution of Anti-Dengue Virus IgM Antibodies

A total of 161 serum samples were analyzed for the presence of anti-dengue virus IgM
antibodies using a commercial ELISA. Samples were classified according to manufacturer-
defined criteria as positive, borderline, or negative. Overall, 20 samples (12.4%) were
positive, 29 samples (18.0%) were classified as borderline, and 112 samples (69.6%) were
negative for anti-dengue virus IgM antibodies. These findings indicate evidence of recent
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dengue virus exposure within a proportion of the study population while demonstrating
that most analyzed samples lacked serological evidence of recent infection.

The distribution shown in Table 1 demonstrates that negative results represented the
largest category, accounting for nearly seventy percent of analyzed samples. Positive IgM
results accounted for approximately one-eighth of the study population, while borderline
results represented a substantial proportion of samples.

Table 1. Summary of ELISA IgM serological results.

ELISA Batch  Total Samples Positive Borderline Negative
Batch 1 31 5 1 25
Batch 2 29 2 2 25
Batch 3 53 7 4 42
Batch 4 48 6 18 24

Total 161 20 29 112

Overall, the study identified 20 positive samples, corresponding to an anti-dengue
virus IgM seroprevalence of 12.4%. Borderline results accounted for 18.0% of analyzed
samples, while 69.6% were negative. The relatively large borderline group may reflect early
infection, declining antibody levels following recent infection, secondary dengue infection,
or serological cross-reactivity with other circulating flaviviruses.

Under the conservative analytical approach, the estimated dengue IgM seroprevalence
was 12.4% (20/161; 95% CI: 7.7-18.6%). Excluding borderline samples increased the
estimated seroprevalence to 15.2% (20/132; 95% CI: 9.6-22.6%), whereas classifying all
borderline samples as positive yielded a prevalence of 30.4% (49/161; 95% CI: 23.4-38.3%).

Batch-specific seroprevalence estimates ranged from 10.3% to 15.1%, with no signifi-
cant heterogeneity among analytical batches (Q = 0.41, p = 0.94; I? = 0%), demonstrating
reproducibility across laboratory runs.

Published validation studies of the EUROIMMUN anti-dengue virus ELISA (IgM)
have reported a sensitivity of 90.0% (95% CI: 84.5-93.9%) and a specificity of 98.0% (95%
CI: 95.4-99.3%), supporting the use of the conservative analytical strategy adopted in this
study [19].

5. Discussion
5.1. Principal Findings

This retrospective pilot study evaluated anti-dengue virus IgM seroprevalence among
161 serum samples collected in Trinidad and Tobago. The overall IgM sero-positivity rate of
12.4% indicates evidence of recent dengue virus exposure within the analyzed population,
while an additional 18.0% of samples demonstrated borderline serological reactivity. These
findings support the continued endemic circulation of dengue virus in Trinidad and Tobago
and are broadly consistent with the epidemiological profile of dengue throughout the
Caribbean region, where recurrent outbreaks and seasonal transmission remain important
public health concerns [1-3].

Although the observed seroprevalence appears modest, its significance should not
be underestimated. The samples analyzed were not collected during a recognized epi-
demic surge but rather represented routine laboratory submissions. Consequently, the
presence of detectable IgM antibodies may reflect ongoing background transmission rather
than outbreak-associated clustering. This observation reinforces the concept that dengue
transmission in Trinidad and Tobago may occur continuously throughout the year, with
amplification during favorable climatic periods.
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5.2. Interpretation of the Borderline Serological Population

One of the most interesting findings of this study was the relatively high proportion
of borderline ELISA results. Nearly one-fifth of analyzed samples demonstrated equivocal
reactivity, raising important immunological and diagnostic questions.

Several explanations may account for this finding probabilistically. First, some indi-
viduals may have been tested during the early stages of infection before complete IgM
maturation had occurred. Second, declining antibody concentrations during the conva-
lescent phase may produce borderline results despite recent infection. Third, secondary
dengue infections may exhibit altered antibody kinetics characterized by rapid IgG re-
sponses and relatively attenuated IgM production [4].

However, a more critical interpretation must acknowledge the possibility of flavivirus
cross-reactivity. ELISA-based assays are known to exhibit reduced specificity in regions
where multiple flaviviruses circulate. Antibodies directed against Zika virus, Yellow Fever
virus, West Nile virus, and other related flaviviruses may generate low-level reactivity that
is difficult to distinguish from true dengue-specific responses [5]. Without confirmatory
neutralization assays or molecular testing, the exact nature of these borderline reactions
remains uncertain.

This limitation highlights an important challenge faced by diagnostic laboratories
throughout tropical regions and emphasizes the need for integrated diagnostic strategies
that combine serological, molecular, and clinical information.

5.3. Critical Evaluation of the ELISA Methodology

The present study relied exclusively on IgM ELISA testing. While ELISA remains one
of the most practical and widely used methods for dengue surveillance, several method-
ological limitations must be considered when interpreting the findings.

The principal strength of ELISA lies in its accessibility, affordability, and suitability for
large-scale screening programs [6]. In resource-limited settings, ELISA provides a valuable
tool for estimating seroprevalence and monitoring transmission trends. However, ELISA is
fundamentally an indirect marker of infection because it measures host immune responses
rather than direct viral presence.

Consequently, the timing of sample collection becomes critically important. Patients
tested very early in infection may not yet have developed detectable IgM antibodies,
resulting in false-negative findings. Conversely, IgM antibodies may persist for weeks or
months following infection, potentially complicating interpretation of recent exposure [2].

A major criticism of the current study is the absence of NS1 antigen detection and RT-
PCR confirmation. Molecular techniques provide significantly greater diagnostic specificity
during the acute phase of infection and would have allowed confirmation of active dengue
infection among seropositive individuals. The lack of molecular confirmation therefore
limits the diagnostic certainty of the reported seroprevalence.

Future studies should incorporate a multimodal diagnostic approach including NS1
antigen testing, RT-PCR, IgM ELISA, and IgG serology to improve diagnostic accuracy and
provide a more comprehensive assessment of dengue epidemiology.

5.4. Epidemiological Implications

The epidemiological findings are consistent with established patterns of dengue trans-
mission in Trinidad and Tobago and throughout the Caribbean. Seasonal peaks observed
during the rainy months likely reflect increased mosquito breeding opportunities, greater
vector density, and enhanced transmission efficiency [10].

The epidemiological figures included in this study demonstrate fluctuating annual
transmission patterns, with apparent outbreak peaks occurring in selected years. These
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observations support previous reports indicating that dengue activity in the Caribbean
is influenced by climatic variability, vector ecology, population immunity, and serotype
circulation [11].

However, caution must be exercised when interpreting these observations. The present
study was not designed as a population-based surveillance investigation and therefore
cannot accurately estimate national incidence or prevalence rates. The analyzed samples
represent a laboratory population rather than a representative sample of the broader
Trinidad and Tobago population. This limitation constitutes one of the most important
methodological criticisms of the study and restricts the generalizability of the findings.

5.5. Dengue IgM Seroprevalence Varies Widely Across the Globe

Dengue IgM seroprevalence varies widely across the globe, reflecting differences in
transmission intensity, population immunity, and surveillance capacity. A recent systematic
review of global dengue prevalence reported that IgM seropositivity averages around 15.6%
worldwide, though individual studies show substantial variation depending on outbreak
timing, local vector density, and diagnostic methods. Regions with intense transmission—
particularly South-East Asia and parts of the Americas—tend to report higher IgM positivity
due to frequent recent infections. These findings highlight the ongoing burden of acute
dengue and the importance of timely detection of IgM antibodies, which indicate recent
viral exposure [20].

Global analyses also show that dengue seroprevalence patterns differ across age
groups and geographic settings, with IgM levels rising during active transmission sea-
sons and declining as outbreaks subside. Large-scale serosurveys demonstrate significant
heterogeneity in dengue force of infection, driven by urbanization, climate, and vector
ecology. Age-stratified seroprevalence studies further reveal that populations in hyperen-
demic regions experience repeated infections, contributing to fluctuating IgM levels over
time. Together, these data underscore the need for strengthened surveillance systems and
standardized diagnostic approaches to accurately track recent dengue infections world-
wide as shown in cited research [21,22]. Table 2 shows global dengue IgM seroprevalence:
multi-region comparative summary.

Table 2. Global dengue IgM seroprevalence: multi-region comparative summary.

Region/Study IgM Seroprevalence  Population/Setting Reference
Febrile patients &
Ghana review 5.9% blood donors [23]

(systematic review)

Suspected dengue

Sﬁ‘:ﬁi:\e&ﬂrlggy 34.2% cases across [24]
y South Asia
_1909
Thailand-Laos 2 1.2 o (IgM Urban & rgral
. positivity varies by community [25]
seroconversion study .
season & setting) serosurveys

Bangladesh 15.5% Febrile patients in

febrile-patient study Dhaka hospitals [26]

5.6. Critical Analysis of IgM Seroprevalence in Trinidad Compared with Global Studies

Our pilot study’s 12.4% dengue IgM seroprevalence in Trinidad represents a meaning-
ful indicator of recent viral transmission in a Caribbean setting where dengue is endemic
but often under-documented. Compared with global MDPI-indexed studies, in Trinidad
the IgM level is notably higher than the 5.9% pooled IgM seroprevalence reported in
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Ghana [23], suggesting that Trinidad experiences a more active force of infection than
many West African settings. It also aligns closely with the upper range of IgM positivity
(2-12%) reported in the Thailand-Laos seroconversion study [25], indicating that Trinidad’s
transmission intensity is comparable to Southeast Asian regions during periods of height-
ened circulation. This positions Trinidad as a moderate-to-high transmission environment,
consistent with the island’s climate, vector ecology, and year-round Aedes aegypti presence.

When compared with the 15.5% IgM seroprevalence reported among febrile patients
in Dhaka, Bangladesh [26], Trinidad’s pilot study seroprevalence falls slightly lower, sug-
gesting that while dengue transmission is active, it may not reach the hyperendemic levels
observed in densely populated South Asian urban centers. Importantly, our result is
substantially lower than the 34.2% pooled IgM seroprevalence reported in the SAARC
meta-analysis [24], reinforcing that Trinidad’s epidemiological profile reflects consistent
but not strong transmission. Overall, the 12.4% IgM finding is epidemiologically coherent:
it signals ongoing recent infections, aligns with patterns seen in other tropical regions,
and underscores the need for strengthened surveillance, especially given the Caribbean’s
vulnerability to climate-driven vector expansion.

5.7. Comparison of IgM Seroprevalence Reported in Pilot Studies

Malaysia rural pilot study—This community-based pilot study in Southern Malaysia
found 11.2% IgM positivity, indicating recent dengue infection among healthy adults. This
level reflects active but not extreme transmission in rural Southeast Asia [27].

Trinidad ELISA pilot study—A retrospective ELISA-based pilot study in Trinidad
detected 12.4% IgM positivity, slightly higher than Malaysia and consistent with ongo-
ing dengue circulation in the Caribbean. Borderline IgM reactivity (18%) suggests early
seroconversion or secondary infections [28].

VIDAS multicenter diagnostic study—Although not a seroprevalence survey, this
multicenter evaluation across dengue-endemic regions reported moderate IgM assay agree-
ment, supporting the reliability of IgM detection in pilot-scale studies. These findings help
contextualize IgM performance across diverse settings. The VIDAS multicenter diagnostic
study was conducted across multiple international dengue-endemic regions, specifically
in Asia, Latin America, and Africa. This is clearly stated in the multicenter performance
evaluation published in Diagnostics (MDPI), which reports that 1296 patients were enrolled
from these regions [29].

In summary, across pilot studies, IgM seroprevalence typically ranges from ~10 to
13%, placing the Trinidad value (12.4%) squarely within the expected band for regions
with active but non-hyperendemic transmission. Malaysia’s 11.2% suggests similar recent-
infection dynamics in rural Southeast Asia, while Trinidad’s slightly higher rate aligns with
Caribbean seasonal transmission patterns. The VIDAS multicenter study reinforces that
IgM ELISA detection is a dependable marker of recent infection across endemic regions [29],
supporting the validity of the Trinidad pilot study findings. Table 3 depicts the integrated
mechanisms explaining borderline dengue IgM results and elevated IgM seroprevalence.

Together, these mechanisms explain why 29 of 161 samples (~18%) produced border-
line IgM results and why IgM seroprevalence was elevated. The convergence of structural
epitope conservation, immune memory, diagnostic antigen design, regional arbovirus circu-
lation, travel-related exposure, and cytokine-driven polyclonal activation creates a strong
biological basis for flavivirus IgM cross-reactivity. Table 4 provides updated evidence
supporting flavivirus cross-reactivity relevant to IgM ELISA interpretation in Trinidad
and Tobago.

In summary, these updated studies (2024-2026) collectively demonstrate that cross-
reactivity is a consistent global challenge in flavivirus serology. They directly support the
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interpretation that the 29 borderline IgM results (18.01%) in Trinidad’s ELISA pilot study
are biologically and diagnostically plausible due to: shared flavivirus epitopes, diverse
exposure histories, co-circulating arboviruses, and ELISA antigen design.

Table 3. Integrated mechanisms explaining borderline dengue IgM results and elevated IgM
seroprevalence.

Mechanism

Explanation

Supporting References

1. Conserved Flavivirus E Epitopes
Drive Broad IgM Binding

Early IgM responses have low affinity but high
avidity, enabling binding to conserved epitopes
shared across DENV, ZIKV, WNV, and JEV. This
broad reactivity increases borderline ELISA
signals.

[30,31]

2. Prior Exposure or Vaccination
Creates Cross-Reactive Memory
Pools

Previous flavivirus infections or vaccinations
generate memory B cells that recognize conserved
epitopes. Upon new DENYV infection, these
cross-reactive memory cells are reactivated,
producing IgM that binds multiple flaviviruses.

[32,33]

3. ELISA Antigens Contain Shared
Epitopes

Commercial IgM ELISAs often use whole-virus
antigens or recombinant E protein containing
conserved epitopes. This increases sensitivity but
also cross-reactivity, producing borderline results.

[34,35]

4. Co-circulation of Multiple
Arboviruses

In regions where DENV, ZIKV, CHIKYV, and WNV
co-circulate, individuals may have overlapping
antibody profiles. This increases IgM
cross-reactivity and borderline ELISA outcomes.

[36,37]

5. Imported Cases Increase
Serological Diversity

Travel-related infections introduce individuals
with diverse flavivirus exposure histories,
increasing heterologous IgM responses and
borderline serological patterns.

[38-40]

6. Cytokine-Driven Immune
Dysregulation Broadens Antibody

Strong cytokine activation (TNF-c, IL-6, IL-10,
IFN-y) during DENV infection promotes
polyclonal B-cell activation, broadening IgM

[10-14]

Responses . . . 2.
repertoires and increasing cross-reactivity.
Table 4. Updated evidence (2024-2026) supporting flavivirus cross-reactivity relevant to IgM ELISA
interpretation in Trinidad and Tobago.
. .1 Relevance to IgM Cross-Reactivity
Study/Region Key Finding & Borderline Results Reference
Frequent serological Demonstrates how diverse exposure
Imported dengue cases in ambiguity due to prior histories (travel, vaccination) increase [38]
Europe (Italy) flavivirus exposure or heterologous IgM responses, mirroring
vaccination. Trinidad’s mixed-exposure population.
. Strong cross-reactivity Confirms that ELISA platforms commonly
ZIKvV Sero logical assay between ZIKV and DENV  used worldwide—including those similar to
comparison (Global . .. L. . [34]
. IgM/IgG across multiple Trinidad’s pilot—produce cross-reactive
blinded panels) . .
commercial assays. IgM signals.
Diagnostic overlap Shows that even in non-endemic regions,
Re-emergence of dengue  between DENV and other  flavivirus IgM cross-reactivity is substantial, [37]

in Croatia

arboviruses complicates
outbreak confirmation.

supporting the plausibility of borderline
IgM results in Trinidad.
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Table 4. Cont.
. .. Relevance to IgM Cross-Reactivity
Study/Region Key Finding & Borderline Results Reference
Overlappine TeM positivit Demonstrates real-world IgM
Bangladesh febrile patient f pping ‘g p Y cross-reactivity in co-circulating arbovirus
or dengue, chikungunya, . . Lo [36]
seroprevalence nd Zika settings similar to Trinidad’s
' epidemiological profile.
Multiepitope ELISA ELISAs using multiple Provides mechanistic evidence that
pitop conserved epitopes multiepitope antigen design—similar to
development (ASFV . . .. [35]
model) increase sensitivity but also many flavivirus ELISAs—can elevate
cross-reactivity. borderline IgM rates.

5.8. Strengths of the Study

Despite its limitations, this investigation represents one of the few laboratory-based
serological evaluations of dengue infection conducted in Trinidad and Tobago in recent
years. Local data remain limited, and studies focusing on Caribbean populations are
underrepresented in the scientific literature. Second, the study utilized standardized
ELISA methodology and predefined interpretation criteria, improving reproducibility and
facilitating comparison with other investigations.

5.9. Study Limitations and Critical Appraisal

Several important limitations warrant careful consideration. The retrospective design
inherently restricts control over data quality, sample selection, and clinical information.
The sample size was relatively small and derived from a single laboratory source at Eric
Williams Medical Science Complex, University of the West Indies Immunology Laboratory.

The absence of demographic variables in the study represents another limitation. Per-
haps the most significant limitation is the lack of molecular confirmation. Finally, potential
flavivirus cross-reactivity remains an unresolved concern. Given the epidemiological con-
text of the Caribbean, some positive or borderline findings may not necessarily represent
true dengue infection.

5.10. Future Directions

Future research should focus on prospective multicenter studies involving larger
sample sizes and integration of molecular diagnostics. Studies would also help clarify the
role of antibody-dependent enhancement (ADE) and its contribution to severe disease.

5.11. Overall Interpretation

Overall, this pilot study provides preliminary evidence supporting continued dengue
virus circulation in Trinidad and Tobago. However, the findings should be interpreted
cautiously because of the limitations of this study and they are best viewed as a hypothesis-
generating exploratory investigation.

6. Conclusions

This retrospective pilot study showed an anti-dengue IgM seroprevalence of 12.4%
among analyzed serum samples from Trinidad and Tobago, supporting continued endemic
dengue virus circulation within the country. The presence of a borderline serological popu-
lation further highlights the complexity of dengue immune responses and the challenges
associated with serological interpretation in flavivirus-endemic regions. ELISA-based
surveillance remains a useful diagnostic approach, particularly in resource-limited settings
like Trinidad and Tobago. Future investigations incorporating molecular diagnostics, paired
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serology and larger multicenter cohorts are required to better define dengue epidemiology
in the country and immuno-pathogenesis in the wider Caribbean region.

The estimated seroprevalence of dengue IgM in this pilot study was highly dependent
on the analytical treatment of borderline ELISA results. Conservative classification pro-
vided the most cautious and reproducible estimate of recent dengue infection, while liberal
interpretation substantially increased the apparent disease burden. These findings empha-
size the importance of transparent reporting and standardized interpretation of equivocal
serological results to improve the accuracy and comparability of dengue surveillance data,
and support evidence-based public health decision-making.

Commercial ELISAs frequently incorporate whole-virus antigens or recombinant E
protein containing conserved epitopes, enhancing sensitivity but also cross-reactivity. Epi-
demiological conditions in Trinidad—where multiple arboviruses circulate—mirror settings
in Bangladesh and Croatia, where overlapping IgM responses to dengue, chikungunya,
and Zika have been documented. Additionally, imported cases introduce diverse expo-
sure histories, further broadening the serological profile. Inmune dysregulation driven
by cytokine activation during acute infection also promotes polyclonal B cell responses,
amplifying cross-reactive IgM production.

Together, these immunological, diagnostic, and epidemiological factors provide a
robust explanation for the elevated IgM seroprevalence and borderline reactivity observed
in this study. The results underscore the need for cautious interpretation of IgM ELISA
results, particularly in regions with co-circulating arboviruses or diverse travel histories.
Future diagnostic strategies in Trinidad may benefit from incorporating confirmatory
assays, neutralization tests, or epitope-refined antigen designs to improve specificity. Ulti-
mately, understanding the drivers of IgM cross-reactivity is essential for accurate dengue
surveillance, outbreak detection, and clinical decision-making.

Author Contributions: A.J.-V.: Conceptualization, Methodology, Investigation, Supervision, Formal
analysis, Writing—original draft, Writing—review and editing, Visualization and Data curation. S.S.:
Investigation, Methodology, Formal analysis, Software and Writing—review and editing. All authors
have read and agreed to the published version of the manuscript.

Funding: This research has not received external funding.

Institutional Review Board Statement: The Campus Ethical Committee of the University of the West
Indies at St. Augustine issued the approval numbers CREC-SA.3404/07/2025 and approval date
4July 2025.

Informed Consent Statement: The study was conducted in accordance with the ethical principles of
the Declaration of Helsinki. Because the investigation involved retrospective analysis of anonymized
laboratory records, the requirement for individual informed consent was waived in accordance with
institutional policies.

Data Availability Statement: The dataset supporting the findings of this study is included in the
manuscript and its referenced sources, ensuring comprehensive access to the relevant data for further
examination and analysis.

Acknowledgments: The authors sincerely thank Ria Sooknanan for her expert assistance with the
collection, handling, and processing of the serum.

Conflicts of Interest: The authors declare no conflicts of interest.

1.  Paz-Bailey, G.; Adams, L.E; Deen, J.; Anderson, K.B.; Katzelnick, L.C. Dengue. Lancet 2024, 403, 667-682. [CrossRef] [PubMed]
2. World Health Organization. Dengue and Severe Dengue; World Health Organization: Geneva, Switzerland, 2023.

https://doi.org/10.3390/diagnostics16152434


https://doi.org/10.1016/s0140-6736(23)02576-x
https://www.ncbi.nlm.nih.gov/pubmed/38280388
https://doi.org/10.3390/diagnostics16152434

Diagnostics 2026, 16, 2434 12 of 13

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Pareek, A.; Singhal, R.; Pareek, A.; Chuturgoon, A.; Rodriguez-Morales, A.]. The unprecedented surge of dengue in the Americas:
Strategies for effective response. J. Infect. Public Health 2024, 17, 102585. [CrossRef] [PubMed]

Ly, H. Dengue fever in the Americas. Virulence 2024, 15, 2375551. [CrossRef] [PubMed]

Bond, C.; Lancaster, G.A.; Campbell, M.; Chan, C.; Eddy, S.; Hopewell, S.; Mellor, K.; Thabane, L.; Eldridge, S. Pilot and feasibility
studies: Extending the conceptual framework. Pilot Feasibility Stud. 2023, 9, 24. [CrossRef] [PubMed]

World Health Organization. WHO Guidelines for Clinical Management of Arboviral Diseases: Dengue, Chikungunya, Zika and Yellow
Fever; World Health Organization: Geneva, Switzerland, 2025.

Frazer, J.L.; Norton, R. Dengue: A review of laboratory diagnostics in the vaccine age. |. Med. Microbiol. 2024, 73, 001833.
[CrossRef] [PubMed]

Stanley, S.M.; Khera, H.K.; Chandrasingh, S.; George, C.E.; Mishra, R.K. A comprehensive review of dengue with a focus on
emerging solutions for precision and timely detection. Int. ]. Biol. Macromol. 2024, 254, 127613. [CrossRef] [PubMed]
Kasbergen, L.M.; Nieuwenhuijse, D.F,; de Bruin, E.; Sikkema, R.S.; Koopmans, M.P. The increasing complexity of arbovirus
serology: An in-depth systematic review on cross-reactivity. PLoS Negl. Trop. Dis. 2023, 17, €0011651. [CrossRef] [PubMed]
Bhatt, P.; Sabeena, S.P.; Varma, M.; Arunkumar, G. Current understanding of the pathogenesis of dengue virus infection. Curr.
Microbiol. 2021, 78, 17-32. [PubMed]

Kok, B.H.; Lim, H.T.; Lim, C.P; Lai, N.S.; Leow, C.Y.; Leow, C.H. Dengue virus infection: A review of pathogenesis, vaccines,
diagnosis and therapy. Virus Res. 2023, 324, 199018. [CrossRef] [PubMed]

Srikiatkhachorn, A.; Mathew, A.; Rothman, A.L. Immune-mediated cytokine responses in dengue pathogenesis. Semin. Im-
munopathol. 2017, 39, 563-574. [CrossRef] [PubMed]

Sarker, A.; Dhama, N.; Gupta, R.D. Dengue virus neutralizing antibody: A review of targets, cross-reactivity, and antibody-
dependent enhancement. Front. Immunol. 2023, 14, 1200195. [CrossRef] [PubMed]

Yuan, K.; Chen, Y.; Zhong, M.; Lin, Y.; Liu, L. Risk and predictive factors for severe dengue infection: A systematic review and
meta-analysis. PLoS ONE 2022, 17, €0267186. [CrossRef] [PubMed]

Shepard, D.S.; Undurraga, E.A.; Halasa, Y.A.; Stanaway, ]J.D. The global economic burden of dengue: A systematic analysis.
Lancet Infect. Dis. 2016, 16, 935-941. [CrossRef] [PubMed]

Snyder, J.; Maglasang, G. Dengue in Cebu City, Philippines: A pilot study of predictive models and visualizations for public
health. Am. J. Trop. Med. Hyg. 2023, 110, 179-187. [PubMed]

Thabane, L.; Ma, J.; Chu, R.; Cheng, J.; Ismaila, A.; Rios, L.P.; Robson, R.; Thabane, M.; Giangregorio, L.; Goldsmith, C.H. A
tutorial on pilot studies: The what, why and how. BMC Med. Res. Methodol. 2010, 10, 1. [CrossRef] [PubMed]

World Medical Association. World Medical Association Declaration of Helsinki: Ethical Principles for Medical Research Involving
Human Participants. JAMA 2025, 333, 71-74. [CrossRef] [PubMed]

Peeling, R.W.; Artsob, H.; Pelegrino, J.L.; Buchy, P; Cardosa, M.].; Devi, S.; Enria, D.A.; Farrar, ].; Gubler, D.J.; Guzman, M.G,; et al.
Evaluation of diagnostic tests: Dengue. Nat. Rev. Microbiol. 2010, 8, S30-S38. [CrossRef] [PubMed]

Vicco, A.; McCormack, C.; Pedrique, B.; Ribeiro, I.; Malavige, G.N.; Dorigatti, I. A scoping literature review of global dengue
age-stratified seroprevalence data: Estimating dengue force of infection in endemic countries. EBioMedicine 2024, 104, 105134.
[CrossRef] [PubMed]

Salje, H.; Paul, K.K; Paul, R.; Rodriguez-Barraquer, I.; Rahman, Z.; Alam, M.S.; Rahman, M.; Al-Amin, H.M.; Heffelfinger, J.;
Gurley, E. Nationally-representative serostudy of dengue in Bangladesh allows generalizable disease burden estimates. eLife 2019,
8, 42869. [CrossRef] [PubMed]

Ng, R.J.; Chong, Z.L.; Abdul Mutalip, M.H.; Ng, C.W. Dengue Seroprevalence and Factors Associated with Dengue Seropositivity
in Petaling District, Malaysia. Int. J. Environ. Res. Public Health 2022, 19, 7170. [CrossRef] [PubMed]

Boamah, I.; Odoom, A.; Sagoe, K.W.; Donkor, E.S. Seroprevalence and Serotypes of Dengue Virus Infection in Ghana: A Systematic
Review and Meta-Analysis. Diseases 2025, 13, 114. [CrossRef] [PubMed]

Shrestha, S.; Neupane, A.; Aryal, S.; Ghimire, P.; Dhimal, M. Epidemiology of Dengue in SAARC Territory: A Systematic Review
and Meta-Analysis. Parasites Vectors 2022, 15, 123. [CrossRef] [PubMed]

Doum, D.; Overgaard, H.].; Mayxay, M.; Suttiprapa, S.; Saichua, P.; Ekalaksananan, T.; Tongchai, P.; Rahman, M.S.; Haque, U.;
Phommachanh, S.; et al. Dengue Seroprevalence and Seroconversion in Urban and Rural Populations in Northeastern Thailand
and Southern Laos. Int. J. Environ. Res. Public Health (IJERPH) 2020, 17, 9134. [CrossRef] [PubMed]

Dutta, A.; Sanin, K.I.; Sharaque, A.R.; Elahi, M.; Roy, B.R.; Hasan, M.K.; Rahman, M.S.; Ahamed, M.S.; Hossain, M.E.; Islam, M.S;
et al. Seroprevalence of Dengue, Chikungunya, and Zika Viruses Among Febrile Patients in Dhaka, Bangladesh: A Hospital-Based
Cross-Sectional Study. Pathogens 2026, 15, 31. [CrossRef] [PubMed]

Dhanoa, A.; Hassan, S.S.; Jahan, N.K,; Reidpath, D.D.; Fatt, Q.K.; Ahmad, M.P,; Meng, C.Y.; Ming, L.W.; Zain, A.Z.; Phipps, M.E,;
et al. Seroprevalence of dengue among healthy adults in a rural community in Southern Malaysia: A pilot study. Infect. Dis.
Poverty 2018, 7, 50-62. [CrossRef] [PubMed]

https:/ /doi.org/10.3390/diagnostics16152434


https://doi.org/10.1016/j.jiph.2024.102585
https://www.ncbi.nlm.nih.gov/pubmed/39549535
https://doi.org/10.1080/21505594.2024.2375551
https://www.ncbi.nlm.nih.gov/pubmed/38989831
https://doi.org/10.1186/s40814-023-01233-1
https://www.ncbi.nlm.nih.gov/pubmed/36759879
https://doi.org/10.1099/jmm.0.001833
https://www.ncbi.nlm.nih.gov/pubmed/38722305
https://doi.org/10.1016/j.ijbiomac.2023.127613
https://www.ncbi.nlm.nih.gov/pubmed/37875186
https://doi.org/10.1371/journal.pntd.0011651
https://www.ncbi.nlm.nih.gov/pubmed/37738270
https://www.ncbi.nlm.nih.gov/pubmed/33231723
https://doi.org/10.1016/j.virusres.2022.199018
https://www.ncbi.nlm.nih.gov/pubmed/36493993
https://doi.org/10.1007/s00281-017-0625-1
https://www.ncbi.nlm.nih.gov/pubmed/28401256
https://doi.org/10.3389/fimmu.2023.1200195
https://www.ncbi.nlm.nih.gov/pubmed/37334355
https://doi.org/10.1371/journal.pone.0267186
https://www.ncbi.nlm.nih.gov/pubmed/35427400
https://doi.org/10.1016/s1473-3099(16)00146-8
https://www.ncbi.nlm.nih.gov/pubmed/27091092
https://www.ncbi.nlm.nih.gov/pubmed/38081048
https://doi.org/10.1186/1471-2288-10-1
https://www.ncbi.nlm.nih.gov/pubmed/20053272
https://doi.org/10.1001/jama.2024.21972
https://www.ncbi.nlm.nih.gov/pubmed/39425955
https://doi.org/10.1038/nrmicro2459
https://www.ncbi.nlm.nih.gov/pubmed/21548185
https://doi.org/10.1016/j.ebiom.2024.105134
https://www.ncbi.nlm.nih.gov/pubmed/38718682
https://doi.org/10.7554/elife.42869
https://www.ncbi.nlm.nih.gov/pubmed/30958263
https://doi.org/10.3390/ijerph19127170
https://www.ncbi.nlm.nih.gov/pubmed/35742419
https://doi.org/10.3390/diseases13040114
https://www.ncbi.nlm.nih.gov/pubmed/40277823
https://doi.org/10.1186/s13071-022-05409-1
https://www.ncbi.nlm.nih.gov/pubmed/36280877
https://doi.org/10.3390/ijerph17239134
https://www.ncbi.nlm.nih.gov/pubmed/33297445
https://doi.org/10.3390/pathogens15010031
https://www.ncbi.nlm.nih.gov/pubmed/41599015
https://doi.org/10.1186/s40249-017-0384-1
https://www.ncbi.nlm.nih.gov/pubmed/29335021
https://doi.org/10.3390/diagnostics16152434

Diagnostics 2026, 16, 2434 13 of 13

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Justiz-Vaillant, A. Serological and Immunological Markers in Dengue Fever: A Retrospective ELISA-Based Pilot Study from
Trinidad and Tobago. Preprints 2026, 2026062199.

Versiani, A.F.; Kaboré, A.; Brossault, L.; Dromeng, L.; dos Santos, TM.LL.; Milhim, B.H.G.A.; Estofolete, C.F.; Cissé, A.; Sorgho,
P.A.; Senot, F; et al. Performance of VIDAS® Diagnostic Tests for the Automated Detection of Dengue Virus NS1 Antigen and of
Anti-Dengue Virus IgM and IgG Antibodies: A Multicentre, International Study. Diagnostics 2023, 13, 1137. [CrossRef] [PubMed]
de Alwis, R.; Williams, K.L.; Schmid, M.A.; Lai, C.Y.; Patel, B.; Smith, S.A.; Crowe, ].E.; Wang, W.K.; Harris, E. Dengue Virus
Neutralization by Human IgM Antibodies. Front. Immunol. 2019, 10, 1427.

Haslwanter, D.; Blaas, D.; Heinz, EX,; Stiasny, K. A Systematic Analysis of Antibody Cross-Reactivity in Flaviviruses. Viruses
2021, 13, 134.

Rathore, A.PS.; St John, A.L. Cross-Reactive Inmunity Among Flaviviruses: Structure, Function, and Immune Evasion. Front.
Immunol. 2020, 11, 334. [PubMed]

Priyamvada, L.; Suthar, M.S.; Ahmed, R.; Wrammert, ]. Humoral Cross-Reactivity Between Zika and Dengue Viruses: Implications
for Protection and Pathology. Emerg. Microbes Infect. 2017, 6, 1-6. [CrossRef] [PubMed]

Emperador, D.M.; Stone, M.; Grebe, E.; Escadafal, C.; Dave, H.; Lackritz, E.; Kelly-Cirino, C.; Rabe, I.; Rojas, D.P.; Busch, M.P;
et al. Comparative Evaluation of Select Serological Assays for Zika Virus Using Blinded Reference Panels. Viruses 2024, 16, 1075.
[CrossRef] [PubMed]

Afayibo, D.J.A.; Zhang, Z.; Sun, H.; Fu, ].; Zhao, Y.; Amuda, T.O.; Wu, M.; Du, J.; Guan, G.; Niu, Q.; et al. Establishment of an
ELISA Based on a Recombinant Antigenic Protein Containing Multiple Prominent Epitopes for Detection of African Swine Fever
Virus Antibodies. Microorganisms 2024, 12, 943. [CrossRef] [PubMed]

Langerak, T.; Mumtaz, N.; Tolk, V.I; van Gorp, E.C.M.; Martina, B.E.; Rockx, B.; Koopmans , M.P.G. The Possible Role of
Cross-Reactive Dengue Virus Antibodies in Zika Virus Pathogenesis. PLoS Pathog. 2019, 15, e1007640. [CrossRef] [PubMed]
Medi¢, A.; Savi¢, V.; Klobucar, A.; Bogdani¢, M.; Curman Posavec, M.; Nonkovi¢, D.; Barbi¢, L.; Ronéevi¢, I.; Stevanovi¢, V.;
Vilibi¢-Cavlek, T. Epidemiological and Entomological Study After the Possible Re-Emergence of Dengue Fever in Croatia, 2024.
Microorganisms 2025, 13, 565. [CrossRef] [PubMed]

Pieruzzi, M.E.; Mileto, D.; Behring, A.H.; Caronni, S.; Mancon, A.; Vezzosi, L.; Rizzo, A.; Poloni, A.; Gori, A.; Giacomelli, A.; et al.
Imported Dengue Fever in Milan, Italy: A Seven-Year Retrospective Study. Infect. Dis. Rep. 2025, 17, 113. [CrossRef] [PubMed]
Wong, J.; Ng, C.E; Lee, K.S,; Tan, C.W.; Hapuarachchi, H.C.; Lai, Y.L.; Lee, V.J. Serological Cross-Reactivity in Imported Arboviral
Infections in Singapore: Implications for Dengue and Zika Diagnosis. Int. . Infect. Dis. 2023, 131, 1-8.

Liu, Z.; Zhang, F,; Li, T.; Wang, J.; Chen, X,; Li, Y;; Sun, Y.; Zhao, H. Imported Dengue Cases and Serological Cross-Reactivity
Among Travelers Returning to China, 2019-2023. Travel Med. Infect. Dis. 2024, 56, 102804.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/diagnostics16152434


https://doi.org/10.3390/diagnostics13061137
https://www.ncbi.nlm.nih.gov/pubmed/36980445
https://www.ncbi.nlm.nih.gov/pubmed/32174923
https://doi.org/10.1038/emi.2017.42
https://www.ncbi.nlm.nih.gov/pubmed/28487557
https://doi.org/10.3390/v16071075
https://www.ncbi.nlm.nih.gov/pubmed/39066237
https://doi.org/10.3390/microorganisms12050943
https://www.ncbi.nlm.nih.gov/pubmed/38792774
https://doi.org/10.1371/journal.ppat.1007640
https://www.ncbi.nlm.nih.gov/pubmed/30998804
https://doi.org/10.3390/microorganisms13030565
https://www.ncbi.nlm.nih.gov/pubmed/40142458
https://doi.org/10.3390/idr17050113
https://www.ncbi.nlm.nih.gov/pubmed/40981333
https://doi.org/10.3390/diagnostics16152434

	Introduction 
	Objectives of the Study 
	Materials and Methods 
	Study Design 
	Study Setting 
	Study Population and Sample Selection 
	Sample Size 
	Serological Analysis 
	Interpretation of ELISA Results 
	Data Collection and Management 
	Statistical Analysis 
	Ethical Considerations 

	Results 
	Discussion 
	Principal Findings 
	Interpretation of the Borderline Serological Population 
	Critical Evaluation of the ELISA Methodology 
	Epidemiological Implications 
	Dengue IgM Seroprevalence Varies Widely Across the Globe 
	Critical Analysis of IgM Seroprevalence in Trinidad Compared with Global Studies 
	Comparison of IgM Seroprevalence Reported in Pilot Studies 
	Strengths of the Study 
	Study Limitations and Critical Appraisal 
	Future Directions 
	Overall Interpretation 

	Conclusions 
	References

