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Abstract 
Introduction: Dengue remains a public health concern in Paraguay. Paraguay’s 2023–2024 epidemic was examined, emphasizing on the Itapua 
department in the southern region bordering Argentina.  
Methodology: This retrospective, cross-sectional observational study analyzed confirmed dengue cases from 17 September 2023, to 4 May 
2024. Demographic and clinical data of the participants were gathered from Paraguay’s national surveillance system.  
Results: Among the 307,058 suspected dengue cases reported, 77,675 were confirmed through laboratory testing. The Itapua department 
contributed 8,310 (2.7%) and 1,910 (2.5%) of the suspected and confirmed cases; pediatric cases comprised 33% nationwide and 35% in Itapua. 
Intensive care needs were higher in Itapua (n = 18, 11.2%) than in other Paraguayan regions (n = 152, 2.0%). Mortality rates were also elevated 
in Itapua (n = 11, 0.6%) compared to the national average (n = 95, 0.13%). DENV-1 and DENV-2 were responsible for this epidemic. 
Encarnacion, the capital of Itapua State and a neighboring city to Posadas, Argentina, was the most severely affected (1,262 reported cases).  
Conclusions: The elevated rates of pediatric cases, intensive care admissions, and mortality in Itapua highlight the need for multicomponent 
health strategies, including enhanced vector control through community-led Aedes aegypti elimination programs and insecticide residual 
spraying in high-incidence zones, vaccination campaigns targeting high-risk pediatric populations with World Health Organization (WHO)-
approved dengue vaccines (e.g., TAK-003), and cross-border collaboration with Argentina (e.g., Posadas-Encarnacion) to synchronize outbreak 
surveillance, share real-time epidemiological data, and coordinate vaccine deployment in binational hotspots. 
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Introduction 

Dengue is a viral illness primarily spread by the 
Aedes aegypti mosquito, posing a significant threat to 
public health in tropical and subtropical regions around 
the world. Dengue virus (DENV) circulation in 
Paraguay has been characterized by cyclical outbreaks 
involving multiple serotypes, reflecting its endemic 
status. The country has experienced repeated waves of 
dengue in recent decades that are influenced by both 
local conditions and regional viral dynamics. The 
complexity of dengue control in Paraguay is heightened 
by the country’s geographical, environmental, and 
socio-economic factors, exacerbating the transmission 
risks [1]. 

Dengue is caused by one of four serotypes (DENV-
1, DENV-2, DENV-3, DENV-4) and manifests in a 
range of clinical symptoms, from mild, flu-like 
discomfort to severe complications like dengue 

hemorrhagic fever and dengue shock syndrome. 
According to the Pan American Health Organization 
(PAHO), the Americas witnessed a historic dengue 
outbreak in 2023, with over 4.5 million cases, 
particularly severe in Southern Cone countries such as 
Brazil, Paraguay, and Argentina, including 7,665 severe 
cases and 2,363 deaths. This alarming trend continued 
into 2024, with cases surpassing 8.9 million by 
epidemiological week 22, more than triple the figures 
from the previous year [2]. The growing number of 
severe cases and fatalities underscores the region’s 
vulnerability to dengue epidemics. 

Paraguay’s battle with dengue dates back to the late 
1980s, when the country’s first major outbreak, caused 
by DENV-1, resulted in over 40,000 cases [3,4]. Over 
the subsequent decades, dengue became endemic with 
multiple serotypes introduced, particularly through 
neighboring Brazil [5–10]. The cross-border movement 
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of people and the geographical closeness facilitated the 
reintroduction of different viral strains, compounding 
the difficulty of outbreak management. 

One of the most severe dengue outbreaks in 
Paraguay occurred in 2013, overwhelming the 
healthcare system as hospitals struggled to manage over 
150,000 suspected cases and 250 deaths, primarily due 
to the prevalence of DENV-2 [11]. Similarly, the 2019-
2020 epidemic, driven largely by DENV-4, resulted in 
over 160,000 suspected cases and 75 deaths, with nearly 
94% of confirmed cases attributed to this serotype [12]. 
This outbreak spread extensively across urban and rural 
areas, severely damaging medical infrastructure and 
underscoring the urgent need for enhanced public 
health preparedness. 

Despite ongoing control efforts, dengue remains a 
significant challenge in Paraguay. The adaptability of 
the Aedes aegypti mosquito, persistent viral circulation, 
and the rise in severe dengue cases, demand a 
comprehensive, multi-pronged approach to 
management. 

The rising number of dengue cases in Itapua, a 
southern department bordering Argentina, underscores 
the critical importance of enhanced surveillance and 
disease monitoring. The area's environmental 
conditions, such as high rainfall and urban water 
storage practices, create an ideal habitat for Aedes 
aegypti, the mosquito vector responsible for 
transmitting dengue. 

In this study, the 2023–2024 dengue epidemic in 
Paraguay was examined, with a particular focus on the 
Itapua region, to assess the potential impact of cross-
border dengue transmission between Paraguay and 
neighboring Argentina. 

 
Methodology 
Study design 

This retrospective, observational study with cross-
sectional analysis was conducted from 17 September 

2023 to 4 May 2024, at the Regional Hospital of 
Encarnacion in the Itapua Department, Paraguay 
(coordinates: 27°20'28"S 55°51'35"W.). This tertiary 
care hospital serves 500,000 patients monthly from 
various districts within the Itapua Department. The 
sampling method was consecutive sampling, which 
allowed the inclusion of all suspected dengue cases 
during the study period. The demographic and clinical 
characteristics of these patients were subsequently 
compared with those of patients from other regions 
across the country. 

 
Study population 

Patients of all ages with suspected dengue who 
sought medical care were eligible for inclusion. A 
suspected case is defined as any person who presents 
with a fever lasting 2 to 7 days, without apparent focal 
signs, accompanied by two or more of the following 
clinical manifestations: nausea, vomiting, rash, itching, 
myalgia, arthralgia, headache, retro-ocular pain, 
petechiae, leukopenia, any warning sign and/or any 
criterion of severe dengue. Inclusion criteria required 
laboratory confirmation of dengue through positive 
NS1 protein, real-time reverse transcriptase polymerase 
chain reaction (RT-PCR) for RNA, and/or IgM-IgG 
serology tests, along with an epidemiological 
correlation, classifying them as dengue cases. Patients 
with insufficient data on these criteria were excluded 
from the study. 

The data for the participants managed at the 
Regional Hospital of Encarnacion during the study 
period were obtained from the General Directorate of 
Health Surveillance database, Ministry of Public Health 
and Social Welfare. Patient information from other 
regions of the country was extracted from the weekly 
reports published by the same Directorate, which did 
not include symptom data. Symptom data for dengue 
cases at the national level were unavailable in the 
database used for this study. 

 
Description of the dengue epidemic in Paraguay: 
geographical, climatic, socioeconomic, and 
demographic context. 

Characteristics of the dengue epidemic in Paraguay 
were obtained from national surveillance data and 
epidemiological reports provided by the Ministry of 
Health [13], General Directorate of Health Surveillance 
(IT-DGVS), General Directorate of Statistics, Surveys, 
and Censuses of Itapua [14], and the Climatological 
Yearbook [15,16]. 
  

Figure 1. Patients’ selection. 
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Data analysis and interpretation 
Tables and graphs were employed for the 

description of variables. Categorical variables were 
presented as both absolute and relative frequencies. 
Quantitative variables were summarized using 
measures of central tendency (mean and median) and 
dispersion (standard deviation and interquartile range). 
The data were entered into a form created specifically 
for this study using the statistical program Epi Info 
v7.2.4.0 for analysis. Bivariate analysis was performed 
using Chi-square tests, with a significance level set at p 
< 0.05. 

The standardized morbidity ratios (SMRs) were 
calculated for four age groups, children (0–14 years), 
young individuals (15–29 years), adults (30–59 years), 
and the elderly (60 years or older), in Itapua and 
nationwide.  The SMRs were calculated using the 
indirect standardization method. This method is based 
on the age-specific population distribution and 
compares the observed number of dengue cases in each 
age group with the expected number of cases. The 
expected cases were calculated for a population of 
100,000. The expected number of cases was calculated 
by multiplying the age-specific population distribution 
by the overall incidence rate of dengue. 

 

Ethics statement 
This study adhered to the principles outlined in the 

Declaration of Helsinki, ensuring ethical conduct 
throughout the research process. Participants' data 
records were thoroughly de-identified to ensure 
complete anonymity, protecting their privacy and 
confidentiality. The requirement for informed consent 
was waived because this was a descriptive and 
retrospective study, and the privacy and confidentiality 
of clinical data and the subjects involved were assured. 
The Ethical Committee of the Central Laboratory of 
Public Health reviewed and approved this study on 26 
August 2024 (CEI-LCSP 249-2024). 

 
Results 
Characteristics of the study population 

A total of 307,058 suspected dengue cases were 
reported in Paraguay between 17 September 2023, and 
4 May 2024 and they formed the eligible population for 
the study. Of these, 77,675 cases met the inclusion 
criteria and were confirmed as dengue. The Regional 
Hospital of Encarnacion managed 8,310 suspected 
dengue cases during the same period, with 1,911 
confirmed diagnoses. One individual was excluded due 
to incomplete data (Figure 1).  

Figure 2. Seasonal distribution of dengue cases in Paraguay and the Itapua Department, from epidemiological week 38 of 2023 to 
epidemiological week 18 of 2024. 

Correlation with total monthly precipitation and average temperature [14,15]. 
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The participants had a median age of 28.7 years 
(Q1:17, Q3: 56), and 54.9% were female. Table 1 
provides a comprehensive overview of the 
characteristics of the study population. 

 
Distribution of dengue cases during the study period 

The incidence of dengue in Paraguay followed a 
typical epidemic curve, with cases beginning to rise 
toward the end of spring, coinciding with the onset of 
warmer temperatures (average 28.5°C) and increased 
rainfall (from 112.3 mm at the beginning of spring up 
to 221.7 mm at the beginning of summer). The number 
of cases peaked in summer (epidemiological weeks 3–
6, 2024), when the lowest precipitation levels were 
observed, and began to decline in early autumn as 
temperatures cooled (average of 26.5 °C). The Itapua 
department accounted for 2.7% of the nation's reported 
dengue cases, displaying a similar seasonal distribution 
pattern (Figure 2). 

 
Description of dengue cases in Itapua and nationally 

In this study, 59% (n = 1,118) of the participants 
from Itapua were female, while 41% (n = 792) were 
male. The gender distribution was similar nationally, 
with 54.7% (n = 41,498) of the participants being 
female and 45.7% (n = 34,627) male. 

The participants from Itapua had a median age of 
27.7 years (Q1: 11, Q3: 42), while the national median 
age was 28.7 years (Q1: 17, Q3: 56).  

Table 2 summarizes the observed and expected 
dengue cases, populations at risk, and SMRs across four 

age groups in Itapua and nationally: children (0–14 
years), young (15–29 years), adults (30–59 years), and 
elderly (60+ years). Dengue cases among children 
doubled expectations in Itapua (SMR = 2.0), while the 
cases exceeded expectations nationally (SMR = 19.17), 
indicating a disproportionately high burden. Among 
young individuals, Itapua showed a moderately 
elevated burden (SMR = 1.3), with a significant but 
lower national burden (SMR = 12.27). Adults in Itapua 
experienced nearly triple the expected cases (SMR = 
2.8), with the highest and most disproportionate impact 
nationally (SMR: 33.5). The elderly were the least 
affected, with the lowest SMRs in both regions.  

The most common clinical manifestations among 
the Itapua participants were fever (82.8%), headache 
(59.6%), and nausea (52.1%). Data on clinical 
manifestations at the country level were unavailable 
(Table 3).  

The frequency of cases with comorbidities was 
similar in Itapua (6.7%) and nationwide (7.1%). 
Likewise, the rate of pregnant women during the period 

Table 1. Characteristics of the study population (n = 77,675). 
Characteristics n (%) 
Age (years) Median (Q1–Q3) 28.7 (17–56) 
Gender  
Female 42616 (54.9) 
Male 35419 (45.6) 
Presenting comorbidities 5254 (6.8) 
Pregnant 354 (0.5) 
Outpatients 70029 (90.2) 
Inpatients 7635 (9.8) 
Intensive care unit (ICU) patients 170 (0.2) 

 

Table 2. Comparison of dengue cases, population, expected cases, and standardized morbidity ratios (SMR) between Itapua and national levels 
across age groups. 

Age 
Group 

Age 
(years) 

Itapua (n = 1910) (%) National (n = 75765) (%) 

Female Male Total Total 
population 

Expected 
cases SMR Female Male Total Total 

population 
Expected 

cases SMR 

Children 

0–4 82 (4.3) 80 (4.2) 162 (8.5) 

196492 339.2 2 

2813 (3.7) 3088 (4.0) 5901 (7.7) 

1916798 1327.1 19.1 5–10 130 (6.9) 125 (6.6) 255 (13.5) 4959 (6.6) 5379 (7.1) 10338 (13.7) 
11–14 103 (5.2) 147 (7.7) 250 (12.9) 4185 (5.5) 5014 (6.6) 9199 (12.1) 

   667 (34.9)   25438 (33.6) 

Young 
15–19 90 (4.8) 61 (3.2) 151 (8.0) 

128908 237.4 1.3 
3361 (4.4) 3158 (4.1) 6519 (8.5) 

1226896 992.5 12.2 20–24 111 (5.9) 44 (2.4) 155 (8.3) 3316 (4.4) 2342 (3.1) 5658 (7.5) 
   306 (16.0)   12177 (16.1) 

Adults 

25–29 98 (5.1) 58 (3.1) 156 (8.2) 

279323 287.1 2.8 

3634 (4.8) 2365 (3.1) 5999 (7.9) 

3345292 979 33.5 

30–34 96 (5.0) 41 (2.2) 135 (7.7) 3527 (4.7) 2291 (3.0) 5818 (7.7) 
35–39 87 (4.5) 38 (1.9) 125 (6.4) 3016 (4.0) 2055 (2.7) 5071 (6.7) 
40–44 64 (3.3) 35 (1.9) 99 (5.2) 2649 (3.5) 1867 (2.5) 4516 (5.5) 
45–49 46 (2.4) 24 (1.3) 70 (3.7) 2003 (2.6) 1291 (1.7) 3294 (4.3) 
50–54 52 (2.7) 30 (1.6) 82 (4.3) 1829 (2.5) 1109 (1.4) 2938 (3.9) 
55–59 44 (2.3) 31 (1.6) 75 (3.9) 1619 (2.2) 1066 (1.4) 2685 (3.6) 
60–64 38 (1.9) 22 (1.1) 60 (3.0) 1459 (1.9) 972 (1.3) 2431 (3.2) 

   802 (42.0)   32752 (43.2) 

Elderly 

65–69 26 (1.3) 27 (1.4) 53 (2.7) 

38030 355 0.4 

1130 (1.4) 805 (1.1) 1935 (2.5) 

533362 1012.1 5.3 
70–74 23 (1.2) 15 (0.8) 38 (2.0) 859 (1.2) 627 (0.8) 1486 (2.0) 
75–79 8 (0.4) 10 (0.5) 18 (0.9) 527 (0.7) 406 (0.5) 933 (1.2) 
≥ 80 20 (1.0) 6 (0.2) 26 (1.2) 626 (0.8) 418 (0.5) 1044 (1.3) 

   135 (7.1)   5398 (7.1) 
Total     642753      7022348   
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was below 1% (Table 4). 
Most dengue cases were managed on an outpatient 

basis receiving care without hospitalization. The need 
for intensive care was significantly (p = 0.033) higher 
in Itapua, where 11.2% of patients required intensive 
care unit (ICU) admission, compared to 2.0% in other 
regions of Paraguay. The prevalence of comorbidities 
among patients who died from dengue was 96.8% 
nationwide and 72.7% in Itapua, which was statistically 
significant (p < 0.096). Cardiovascular disease was the 
most frequently reported comorbidity, followed by 
obesity (Table 4). DENV-1 and DENV-2 were the 
viruses responsible in the country for the 2023–2024 
dengue epidemic, with DENV-2 (87%) being the 
predominant strain. A similar distribution was observed 
in Itapua, where DENV-2 represented 79.8% of the 
cases (Table 5). 

Dengue cases in the Itapua were reported mainly in 
Encarnacion (n = 1262), Cambyreta (n = 490), and San 

Juan del Parana (n = 41). Figure 3 shows the geographic 
distribution of dengue cases in the Itapua Department.  

Most dengue cases in Encarnacion were reported in 
the central area (Figure 4 and Table 6). 
  

Table 4. Characteristics of dengue cases in Itapua department and 
nationally 
Characteristics Itapúa (n = 

1910) (%) 
National (n = 
75765) (%) 

Outpatients 1750 (91.6) 68279 (90.1) 
Inpatients 160 (8.4) 7475 (9.8) 
ICU patients 18 (11.2) 152 (2.0) 
Presenting comorbidities 134 (7.1) 5120 (6.7) 
Pregnant women 10 (0.6) 344 (0.45) 
Mortality 11 (0.6) 95 (0.13) 
Presenting comorbidities 8 (72.7) 92 (96.8) 
Cardiovascular disease 4 (50) 25 (27.1) 
Obesity 2 (25) 20 (21.7) 
Diabetes 1 (12.5) 17 (18.4) 
Immunosuppression 0 6 (6.52) 
Chronic kidney disease 1 (12.5) 5 (5.43) 
Neurological disease 0 5 (5.43) 
Chronic pulmonary disease 0 3 (3.26) 
Malnutrition 0 3 (3.26) 
Alcoholism 0 3 (3.26) 
Smoking 0 2 (2.17) 
Chronic liver disease 0 2 (2.17) 
ICU: intensive care unit. 

Table 5. Comparison of DENV serotypes distribution in Itapua 
department and other regions of Paraguay. 
DENV type Itapúa (303) (%) National (18247) (%) 
DENV-1 61 (20.1) 2362 (13) 
DENV-2 242 (79.8) 15885 (87) 

 

Table 3. Symptoms presented by the participants of the Itapua 
department. 
Symptoms Itapua (n = 1910) (%) 
Fever 1583 (82.8) 
Headache 1140 (59.6) 
Nausea 997 (52.1) 
Myalgia 943 (49.3) 
Vomiting 767 (40.1) 
Retro-orbital pain 622 (32.5) 
Arthralgia 553 (28.9) 
Rash 231 (12.1) 
Severe abdominal pain 51 (2.6) 
Petechiae 37 (1.9) 
Mucosal bleeding 33 (1.7) 

 

Figure 3. Geographic distribution of dengue cases in Itapua, Paraguay. (A) map of Paraguay and neighboring countries, highlighting the 
location of the Itapua department. (B) political division of Itapua, with districts colored according to the number of reported dengue cases.  

Maps were created using Google Earth [17] and Paintmaps [18]. 
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Discussion 
The 2023–2024 dengue epidemic in Paraguay 

reached unprecedented levels, particularly in the Itapua 
Department, and marked the largest outbreak in the 
country since the virus was first documented. With 
307,058 suspected cases, the epidemic nearly doubled 
the scale of the previous major outbreak in 2019–2020, 
which had recorded over 160,000 suspected cases 
[12,13]. This surge reflects broader trends across Latin 
America. In 2023, the Pan American Health 
Organization (PAHO) reported a record-breaking 
dengue outbreak across the Americas, with over 4.5 
million cases, including 7,665 severe cases and 2,363 
deaths. By mid-2024, dengue cases had exceeded 8.9 

million, which is more than three times the previous 
year’s figures [2]. These alarming statistics underscore 
the growing threat of dengue throughout the region. 

Table 2 shows that children and adults experienced 
the highest dengue burden in both Itapua and 
nationwide, with SMRs far exceeding expectations, 
particularly among adults (SMR = 2.8 in Itapua; 33.5 
nationally). The elderly had the lowest incidence. These 
findings underscore the importance of age-targeted 
interventions, particularly for school-aged children and 
working adults, in reducing transmission and severe 
outcomes. 

This study underscores significant regional 
disparities in dengue severity and clinical outcomes 

Table 6. Dengue cases in Encarnacion’s neighborhoods. 
Encarnacion's neighborhoods Dengue cases Case start date Case end date 
San Pedro 235 9/18/23 4/28/24 
San Isidro 176 10/2/23 4/20/24 
Pacu Cua 98 11/1/23 4/14/24 
Chaipe 71 11/9/23 4/21/24 
San Roque Gonzalez 51 11/16/23 2/27/24 
Ita Paso 48 10/30/23 3/15/24 
Ka'aguy Rory 36 12/18/23 4/27/24 
Sagrada Familia 35 12/21/23 4/29/24 
Santo Domingo 34 12/25/23 3/16/24 
Hospital 33 11/7/23 3/29/24 
Catedral 24 12/2/23 3/26/24 

 

Figure 4. Geographic distribution of reported dengue cases (n = 1262) in Encarnacion. 

The map was based on a satellite image available on Google Maps [19]. 
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across Paraguay, with Itapua emerging as a hotspot for 
severe disease. While the majority of dengue cases 
nationwide were managed in outpatient settings, the 
rate of ICU admission in Itapia (11.2%) was higher than 
in other regions (2.0%); a statistically significant 
difference (p = 0.033). This finding suggests possible 
delays in diagnosis, differences in viral virulence, 
higher transmission pressure, or limited access to early 
supportive care in this border region. The increased 
demand for intensive care highlights the need for 
enhanced local preparedness and targeted resource 
allocation. 

Comorbidities were overwhelmingly present 
among fatal cases, affecting 96.8% of patients 
nationwide. In contrast, 72.7% fatal cases in Itapua had 
documented comorbid conditions, a difference 
approaching statistical significance (p < 0.096). 
Cardiovascular disease and obesity were the most 
common underlying conditions, consistent with global 
evidence linking these risk factors to severe dengue 
through mechanisms such as heightened vascular 
permeability and immune dysregulation. The relatively 
lower prevalence of comorbidities among fatal cases in 
Itapua may reflect underreporting, different 
demographic profiles (e.g., younger patients), or 
possible circulation of more virulent viral strains in the 
region, hypotheses that merit further investigation. 

Cross-border transmission remains a significant 
concern, particularly as underreporting likely obscures 
the true number of cases. Although Paraguay is a 
landlocked country with a relatively low volume of 
international air travel, its porous borders and high 
levels of land-based mobility with neighboring 
countries facilitate frequent viral exchange. 
Historically, Paraguay has functioned as a recipient and 
a source of dengue virus introductions in the Southern 
Cone. In the early 2000s, major dengue epidemics in 
Paraguay were fueled by viral strains introduced from 
neighboring Brazil. Conversely, Paraguay later served 
as the origin of dengue outbreaks in Buenos Aires, 
Argentina, highlighting its role in regional 
dissemination [19,20]. Additionally, phylogenetic 
evidence shows shared DENV strains between 
Paraguay, Argentina, and Bolivia during past 
outbreaks, confirming bidirectional viral flow [8]. This 
underscores the importance of coordinated surveillance 
and response strategies across national borders.  

While Asunción and its metropolitan area have 
traditionally been the epicenter of dengue outbreaks in 
Paraguay, the recent epidemic spread to nearly all 
regions. The Itapua department saw 8,310 reported 
cases, more than double the 3,529 cases recorded during 

the 2020 outbreak [21]. Encarnacion, the department's 
capital, with its metropolitan area, accounted for over 
20% of these cases. Its proximity to Argentina raises 
concerns about cross-border transmission, particularly 
given the extensive daily interactions between 
Encarnacion and the neighboring city of Posadas in 
Misiones Province. These cities are connected by a 
bridge over the Paraná River, facilitating trade, work, 
and tourism. During the peak summer season, 
Encarnacion welcomed an estimated 25,000 to 30,000 
tourists every weekend, creating a high-risk 
environment for disease transmission. Argentina 
reported 120,007 dengue cases in 2023–2024, including 
23,537 cases in Misiones Province, between week 31 of 
2023 and week 18 of 2024 [22,23]. Some of these cases 
were likely introduced by Encarnacion, highlighting the 
urgent need for enhanced cross-border surveillance and 
cooperation. 

The dengue outbreak in Encarnacion exhibited a 
heterogeneous spatial distribution, with certain 
neighborhoods being disproportionately affected. San 
Pedro emerged as the primary epicenter, accounting for 
the highest number (n = 235) and longest duration of 
dengue cases. San Pedro's large population 
(approximately 11,500 inhabitants) may have 
contributed to the prolonged outbreak activity. 

The San Isidro neighborhood followed closely 
behind San Pedro in terms of case count and outbreak 
duration, despite its relatively small population of 3,445 
inhabitants. This disparity underscores the significance 
of factors beyond population size in shaping dengue 
transmission dynamics. 

In contrast, other neighborhoods exhibited different 
patterns. While the number of cases generally 
correlated with population size in some areas, more 
urban neighborhoods like Catedral and Hospital 
showed sporadic patterns with significantly fewer 
cases. This variation may be attributed to differences in 
environmental factors, such as vector breeding sites and 
waste management practices. 

The timely intervention of health authorities, 
particularly the National Service for the Eradication of 
Malaria (SENEPA), the institution responsible for 
vector control in Paraguay, may have contributed to the 
reduced cases in certain areas. As noted by Guzman and 
Harris (2015), "Vector control is the mainstay of 
dengue prevention and control"[24]. In this context, the 
intensified vector control measures implemented in 
several locations throughout the city during the 
outbreak may have helped mitigate the spread of 
dengue [25–27]. Additionally, the rural setting and low-
density population of some neighborhoods may have 
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contributed to the reduced level of cases compared to 
national reports. 

In this study, DENV-1 and DENV-2 were the 
predominant serotypes in Itapua, with DENV-2 
accounting for 79.87% of cases. This aligns with 
national data, where DENV-2 was dominant [28]. In 
contrast, Brazil reported the circulation of all four 
dengue serotypes with a predominance of DENV-1, 
while Argentina reported the presence of three 
serotypes (DENV-1, DENV-2, and DENV-4), with 
DENV-1 as the most prevalent [29,30]. The 
epidemiology of serotypes varies widely worldwide, 
influenced by differences in diagnostic tools and 
regional ecological and socioeconomic characteristics. 
A molecular epidemiological study is required to trace 
the spread of DENV types across South America and 
understand the regional dynamics of the virus. 

The distribution of dengue cases in Itapua followed 
a typical epidemic pattern, rising at the end of spring 
and peaking in summer [31,32], coinciding with the 
national pattern during epidemiological weeks 3 to 6. 
This pattern aligns with favorable climatic conditions, 
including rising temperatures and increased rainfall, 
which support mosquito reproduction and create an 
ideal environment for dengue transmission. As noted by 
previous studies [33], the combination of high 
temperatures, humidity, and rainfall creates an ideal 
environment for mosquito breeding and dengue 
transmission. Consistent with these findings, recent 
studies have highlighted the importance of climatic and 
environmental factors in dengue transmission [9,12,34–
35]. Furthermore, demographic and societal changes, 
decreasing resources for vector-borne infectious 
disease prevention and control, and changes in public 
health policy have all contributed to increased epidemic 
dengue activity [36]. Encarnacion and its metropolitan 
area are particularly vulnerable to dengue epidemics 
due to several factors contributing to the region's 
susceptibility. The city's rapid and unplanned urban 
expansion has led to inadequate waste management, 
stagnant water accumulation, and an environment 
conducive to mosquito breeding. The region's high 
human mobility during vacation periods, slow outbreak 
responses, and limited access to healthcare services in 
some areas further exacerbate the epidemic. 

The distribution of dengue cases across age groups 
revealed notable differences between national and 
Itapua levels. Specifically, children, young adults, and 
adults exhibited higher case rates nationally than in 
Itapua, as reflected in the significantly elevated national 
SMRs. These disparities likely highlight systemic gaps 
in national dengue control efforts, particularly in 

urbanized and underserved areas where vector control 
measures may be less effective. As mentioned above, 
SENEPA implemented containment efforts in Itapua 
during the 2023–2024 epidemic [25–27]. These 
measures included the elimination of mosquito 
breeding sites and the proper management and disposal 
of waste. While similar activities were conducted 
nationwide, Itapua’s predominantly rural setting, along 
with the lower population density of its metropolitan 
hub, Encarnacion (184.62 inhabitants per square 
kilometer, compared to Asunción’s 3,950.78 
inhabitants per square kilometer), likely contributed to 
reduced exposure to dense mosquito populations 
compared to more urbanized national hotspots. 

The findings show a nonlinear relationship between 
precipitation and dengue incidence (Figure 1). There 
was a marked increase in both suspected and confirmed 
dengue cases after the first major rainfall peak of 221.7 
mm during epidemiological week 50 of 2023, 
consistent with the expected lag due to mosquito 
development and viral incubation. In contrast, the 
second and more intense rainfall event of 340.36 mm 
during week 11 of 2024 did not lead to a subsequent rise 
in cases. One possible explanation is the concurrent 
drop in average temperature, from 30.2 °C to 26.5 °C in 
week 13 and further to 18.8 °C by week 18. Aedes 
aegypti mosquitoes are temperature-sensitive; lower 
ambient temperatures can slow down mosquito 
development, reduce biting activity, and impair dengue 
virus replication within the vector. Therefore, the 
combination of heavy rainfall and declining 
temperatures likely disrupted the conditions necessary 
for sustained dengue transmission. 

The elderly represented the smallest age group 
affected by dengue in Paraguay. Given that dengue is 
endemic in the country, the elderly's previous exposure 
to various virus serotypes may have granted them some 
level of immunity, contributing to the relatively low 
incidence of 6.8% of cases at the departmental level and 
3.9% nationally. However, it is essential to note that 
these figures might be underestimated due to 
underreporting or a lack of healthcare seeking among 
this age group. 

The high association between dengue cases, ICU 
admission, and mortality observed in this study reflects 
the elevated risk of fatal outcomes among severe cases. 
Although only a small proportion of patients typically 
require intensive care, those who do, face a significantly 
higher risk of death. While the overall mortality rate for 
dengue cases in ICU settings has decreased over the 
past 15 years due to earlier admission and continuous 
monitoring, the highest mortality rates are still seen in 
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patients with severe dengue complications, such as 
shock and organ failure [37]. This finding emphasizes 
the importance of rigorous monitoring and specialized 
care for severe cases to prevent fatal complications.  

This study has some limitations. Hospitalized and 
outpatient cases may not capture the full epidemiology 
of dengue in the broader community. This disparity 
likely stems from underreporting, under-diagnosis, or 
limited access to healthcare services, particularly in 
rural areas. Furthermore, resource constraints may 
hinder the availability of diagnostic tests, potentially 
leading to misidentification or under-diagnosis of cases. 
Additionally, the limited serotyping conducted across 
the country constrains the ability to monitor serotype-
specific epidemiological patterns accurately. The 
absence of molecular epidemiology analysis also 
restricted the ability to investigate the genetic diversity 
and transmission patterns of DENV within the 
population. Addressing this gap will be important for a 
more comprehensive understanding of dengue 
epidemiology in the region. 

 
Conclusions 

The 2023–2024 dengue epidemic in Encarnacion, 
Paraguay, underscores the pressing need for 
coordinated bi-national efforts to address the growing 
threat of cross-border transmission. The city's 
proximity to Argentina, combined with high population 
mobility and favorable climate conditions, creates an 
ideal environment for sustained dengue circulation. 
Enhancing surveillance and integrated interventions are 
crucial to combat this emerging public health challenge. 
Strategic deployment of TAK-003 vaccination, 
alongside strengthened vector control measures, offers 
a promising approach to curbing transmission and 
mitigating the impact of future outbreaks. Equally 
important are educational campaigns to inform the 
population about preventive measures, such as 
eliminating mosquito breeding sites and recognizing 
early symptoms of dengue. Empowering communities 
with knowledge is key to long-term prevention and 
control. Protecting vulnerable pediatric populations is 
of utmost importance. Therefore, sustained cooperation 
between Paraguay and Argentina is essential to reduce 
the dengue burden and prevent further outbreaks.  
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