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Epidemiological and Clinical Profile of Toxic Ornamental Plant Poisoning in Children: A Retrospective Study from Brazil
Abstract

Background: Ornamental plants commonly found in households and public spaces contain bioactive metabolites such as alkaloids, cardiotonic glycosides, cyanogenic glycosides, calcium oxalate, and toxalbumins. These compounds can trigger clinical manifestations ranging from mild local irritation to severe cardiac arrhythmias and shock. In tropical regions, the high botanical diversity and easy access to such plants increase the risk of poisoning, particularly in children.
[bookmark: _GoBack]Objective: To describe the demographic, clinical, and outcome profiles of ornamental plant poisonings, with a focus on pediatric cases, based on notifications reported to a poison control center in Vitória, Espírito Santo, Brazil.
Methods: A retrospective and descriptive study was conducted based on 699 reports recorded by the Centro de Informação e Assistência Toxicológica (CIATOX) in Vitória, Brazil. Of these, 600 cases with confirmed botanical identification were analyzed. Variables included age, sex, plant part involved, circumstances of exposure, clinical manifestations, and outcomes. Poisoning severity was classified as absent, mild, moderate, or severe using a logarithmic function and further examined by logistic regression. Statistical analyses were performed using SPSS 21.0. Ethical approval followed the guidelines of Resolution CNS 466/2012.
Results: The mean age of affected individuals was 7.8 ± 10.2 years (median: 4 years), with 64.5% aged between 1 and 6 years. Accidental exposure accounted for 92.8% of cases. Leaves (43.7%) and seeds (35.8%) were the most frequently involved plant parts. Poisoning severity was moderate in 73.3% of cases and severe in 14.7%; 54.2% did not require hospitalization. Severe cases were primarily associated with Dieffenbachia picta, Jatropha curcas, Jatropha gossypiifolia, Manihot esculenta, Luffa operculata, Ricinus communis, Trevetia nerrifolia, Brugmansia suaveolens, Joannesia princeps, and Nerium oleander. Greater severity was observed in children under four years of age (p < 0.01) and was significantly associated with the ingested plant part (p < 0.01); no significant differences were found by sex.
Conclusions: Poisonings caused by ornamental plants represent a significant public health issue in childhood. Educational interventions targeting families and schools, proper labeling and safe handling of toxic species, professional training, standardized clinical protocols, and public health policies can reduce exposures and associated morbidity and mortality.
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Introduction
[bookmark: _Hlk210575510]Plant poisoning remains a significant global public health concern with profound clinical, epidemiological, and socioeconomic implications. The widespread presence of potentially toxic plant species, many cultivated for ornamental or medicinal purposes, combined with public unawareness and easy access, contributes to a high incidence of poisoning cases worldwide. These plants contain secondary metabolites, such as alkaloids, cardiotonic glycosides, cyanogenic glycosides, tannins, saponins, calcium oxalate, and toxalbumins, capable of causing metabolic alterations ranging from asymptomatic conditions to severe and potentially fatal clinical manifestations (da Silva & Antonelli-Ushirobira, 2021; de Melo et al., 2021).
[bookmark: _Hlk210575538][bookmark: _Hlk210575564]Accidental or intentional ingestion of toxic plants remains one of the main causes of hospital admissions and mortality worldwide. In Brazil, between 2016 and 2017, more than 50% of reported cases occurred in children aged 1 to 9 years, most of which were accidental and occurred in urban settings, typically linked to a lack of knowledge about plant toxicity (de Melo et al., 2021; dos Santos et al., 2021). Additionally, over 80% of reported cases involved children under nine, especially those aged one to four years, underscoring the vulnerability of this age group (da Silva & Antonelli-Ushirobira, 2021; Martinho, D’samontes & Felix-Silva, 2021).
[bookmark: _Hlk210575604]Multiple plant families are implicated in poisoning incidents, including Araceae, Euphorbiaceae, Apocynaceae, Liliaceae, Cucurbitaceae, Annonaceae, Dioscoreaceae, Solanaceae, Labiatae, and Fabaceae, each containing compounds with distinct mechanisms of action and varying toxicity levels (de Oliveira et al., 2018; Omokhua-Uyi & Van Staden, 2020; de Andrade Costa & Aoyama, 2021; Domina, Di Gristina & Barone, 2024).
[bookmark: _Hlk210575639]The clinical manifestations of plant poisoning vary according to the plant species, ingested dose, and route of exposure. Mild cases may present with nausea, vomiting, and mucosal irritation, whereas severe cases may involve multi-organ dysfunction, including cardiovascular, neurological, hepatic, and renal systems (de Vasconcelos & Ramos, 2023).
[bookmark: _Hlk210575656][bookmark: _Hlk211345546][bookmark: _Hlk211345568][bookmark: _Hlk210575695]Cardiotonic glycosides from the Apocynaceae family, for instance, can cause severe cardiac arrhythmias and multi-organ failure (Induja et al., 2024; Okuda et al., 2024). Exposure to ricin, a potent toxalbumin from Ricinus communis, results in severe gastroenteritis, circulatory shock, and death within 72 hours (Noumi Noumi, Lysette Joelle, et al. 2024). Cyanogenic compounds from Manihot esculenta reduce protein bioavailability and can cause significant neurological and metabolic toxicity (Patra & Prasath, 2024; Oliveira, 2012).
[bookmark: _Hlk210576394]The most common causes of poisoning include accidental ingestion, misuse of medicinal plants, suicide attempts, and misidentification of edible versus toxic species. All plant parts—including leaves, stems, flowers, fruits, seeds, and roots—can contain harmful substances, with seeds and leaves most frequently implicated (Omokhua-Uyi & Van Staden, 2020; dos Santos et al., 2021).
[bookmark: _Hlk210576420]Public unawareness regarding plant toxicity and the widespread cultivation of ornamental species in homes and schools significantly increase the risk of poisoning in children. Furthermore, the absence of standardized clinical protocols exacerbates clinical outcomes and hinders the effectiveness of healthcare responses (Torrents et al., 2023).
The global impact of plant poisoning extends beyond immediate clinical outcomes, encompassing substantial costs associated with emergency services, prolonged hospital stays, and economic losses due to decreased productivity. In tropical and Mediterranean countries, approximately 71% of severe cases result from intentional poisonings, frequently linked to suicide attempts (Torrents et al., 2023).
[bookmark: _Hlk210576442][bookmark: _Hlk211345684]Given the magnitude of the problem, preventive strategies are essential. Effective measures include environmental education, identification and labeling of toxic species, regulation of ornamental plant use in public areas, and targeted awareness campaigns directed at parents, caregivers, and healthcare professionals (da Silva & Antonelli-Ushirobira, 2021; de Melo et al., 2021). Such strategies are fundamental to reducing the incidence of cases, minimizing severity, and protecting vulnerable populations.
To address these gaps, this study aims to characterize the epidemiological and clinical profile of plant poisoning in children treated at a toxicological information center, identifying plant species and parts involved, exposure circumstances, factors associated with severity, and clinical outcomes. Additionally, it seeks to critically analyze surveillance limitations, discuss clinical and public health implications, and propose prevention strategies, including the development of a local list of “sentinel species” and recommendations for standardized management.

Methods
Study Design and Setting
This study was conducted between 1992 and 1998 with the objective of analyzing epidemiological, clinical, and outcome data related to ornamental plant poisonings, with a particular focus on the pediatric population. A retrospective, observational, and descriptive design was employed, based on the systematic collection and analysis of medical records from patients treated at the Emergency Department of Hospital Infantil Nossa Senhora da Glória, Vitória, Espírito Santo, Brazil. All cases were supervised by physicians from the Centro de Informação e Assistência Toxicológica (TOXEN), located within the same institution.
Botanical Identification Procedures
In all suspected cases of plant poisoning, caregivers were requested to bring a sample of the suspected plant for identification. These samples were herborized and stored for further analysis. Botanical identification was carried out using taxonomic keys, which are widely recognized as essential tools for the classification and differentiation of plant species.
Whenever necessary, plant identification was confirmed through consultation with specialists from the Central Herbarium at the Federal University of Espírito Santo (UFES). Cases in which plant samples could not be obtained—despite clinical manifestations suggesting plant poisoning—were excluded from the study.
Data Collection and Variables
Clinical data were collected using a structured form adapted by the principal investigator — a board-certified pediatrician and pediatric intensive care specialist, biologist, and MSc in Plant Biology — from the standardized instrument developed by the Sistema Nacional de Informações Tóxico-Farmacológicas (SINITOX, Brazil).
The form included the following variables:
· Demographic characteristics: age, sex
· Exposure details: part of the plant ingested, circumstances of poisoning (accidental, attempted suicide, etc.)
· Clinical manifestations: signs and symptoms
· Outcome measures: disease progression and hospitalization status
Clinical Classification of Poisoning Severity
Clinical severity was categorized into three main levels based on clinical manifestations:
· Mild: characterized by fever, local pain, and papular or pruritic skin lesions.
· Moderate: cases presenting with vomiting, diarrhea, or abdominal pain that resolved with clinical management.
· Severe: cases associated with dehydration, altered level of consciousness, arrhythmias, or seizures.
A logarithmic transformation model was applied to the sum of clinical manifestations for each patient using Microsoft Excel, with results rounded to one decimal place. Classification was defined as follows:
· 0: Asymptomatic
· 0.1 – 0.9: Mild poisoning
· 1.0 – 1.9: Moderate poisoning
· ≥ 2.0: Severe poisoning
This approach allowed the stratification of poisoning severity into four categories: absent, mild, moderate, and severe using the function:
[bookmark: _Hlk210552422]f(x)=log(ax)f(x) = \log(ax)f(x)=log(ax)
Data Analysis
Epidemiological data were organized according to demographic variables (age, sex, location of occurrence, and circumstances of the event), clinical characteristics (symptoms, affected systems, and disease progression), and toxicological profile of the involved plant species.
Data analysis was primarily descriptive, with results expressed as absolute and relative frequencies. Statistical analyses were performed using IBM SPSS Statistics version 21.0 (IBM Corp., Armonk, NY, USA).
Ethical Considerations
[bookmark: _Hlk211345728]All procedures adhered to the ethical principles outlined in Resolution No. 466/2012 of the National Health Council of Brazil. The study protocol was reviewed and approved by the Research Ethics Committee of Hospital Estadual Infantil Nossa Senhora da Glória.
















Results
A total of 699 cases of toxic ornamental plant poisoning were reported during the study period. Of these, 99 cases (14.2%) were excluded due to the lack of botanical identification, leaving 600 cases for detailed analysis. The distribution by sex was nearly equal, with 298 males (49.6%) and 302 females (50.4%). The mean age of patients was 7.8 ± 10.2 years (median: 4 years). The majority of cases occurred in children aged 1 to 6 years (62.5%), and most clinical presentations were of moderate severity.
More than half of the cases (54.2%) did not require hospitalization, while 37.6% were hospitalized for up to 12 hours, and 8.2% required hospitalization for more than 12 hours. Accidental exposure was the predominant route (92.8%), followed by abortion attempts (3.2%), suicide attempts (2.5%), and recreational plant use (1.5%). Described in Table 1.
Table 1. Demographic Characteristics, Severity, Hospitalization Time, and Circumstances of Poisoning (n = 600).
	Variable
	Frequency (%)

	Age
· <1 year
	
14 (2,3) 

	· >1 a 6 years
	375 (62,5)

	· >7 a 12 years
	125 (20,9)

	· >12 years
	86 (14,3)

	Severity of Poisoning
	

	· Absent
	325 (54,2)

	· Mild
	225 (37,6)

	· Moderate
	25 (4,1)

	· Severe
Hospitalization Length (hours)
	25 (4,1)

	· None 
	557 (92,8)

	· 1 - 12
	19 (3,2)

	· >12 - 24
	15 (2,5)

	· >24
Circumstance of Poisoning
· Accidental
· Abortion Attempt
· Suicide Attempt
· Recreational use
	9 (1,5%)

557,0 (92,8)
19 (3,2)
15 (2,5)
9 (1,5)











Plant Species and Clinical Severity
The plant species most frequently associated with severe poisoning cases included Dieffenbachia picta, Jatropha curcas, Jatropha gossypiifolia, Manihot esculenta, Luffa operculata, Ricinus communis, Trevetia nerrifolia, Brugmansia suaveolens, Joannesia princeps, and Nerium oleander. In total, 18 species from 15 genera and seven botanical families were identified, with Araceae, Euphorbiaceae, Cucurbitaceae, Apocynaceae, and Solanaceae being the most prevalent, (Box 1).
Chart 1. Frequency of Ornamental Plants and Their Association with Acute Poisoning Severity (n = 600)
	Plant (Genus/Species)
	Family 
	Severity of poisoning

	
	
	None
	Mild
	Moderate
	Severe

	Araceae (Dieffenbachia picta Schott)
	248 (41,3)
	26
	26
	188
	8

	Euphorbiacea (Jatropha curcas)
	113 (18,8
	1
	0
	84
	28

	Euphorbiacea (Jatropha gossypiifolia)
	79 (13,2)
	1
	0
	64
	14

	[bookmark: _Hlk190345183]Euphorbiaceae (Manihot esculenta)
	37 (6,2)
	0
	0
	29
	8

	Araceae (Caladium bicolor)
	24 (4,0)
	4
	6
	14
	0

	Cucurbitaceae (Luffa operculata)
	14 (2,3)
	0
	0
	12
	2

	Euphorbiacea (Ricinus communis)
	13 (2,2)
	1
	0
	5
	7

	Euphorbiacea (Euphorbia titrucalli)
	10 (1,7
	0
	1
	9
	0

	Apocynaceae (Trevetia nerrifolia)
	9 (1,5)
	0
	0
	2
	7

	Solanaceae (Brugmansia suaveolens)
	9 (1,5
	0
	0
	1
	8

	Euphorbiacea (Euphorbia milli)
	7 (1,2)
	0
	1
	6
	0

	Euphorbiacea (Joannesia princeps)
	9 (1,5)
	0
	0
	8
	1

	Araceae (Alocasia macrorrhiza)
	6 (1,0)
	0
	1
	5
	0

	Apocynaceae (Nerium oleander)
	5 (0,8)
	0
	0
	3
	2

	Liliaceae (Sansevieria trifasciata)
	5 (0,8)
	1
	0
	4
	0

	Araliaceae (Heptapleurum sasaki)
	4 (0,7)
	3
	0
	1
	0

	Araceae (Zantedeschia arthipica)
	4 (0,7)
	0
	0
	4
	0

	Euphorbiaeae (Jatropha podagrica)
	4 (0,7)
	0
	0
	4
	0

	TOTAL
	600 (100)
	37(6,2)
	35(5,8)
	443(73,8)
	85(14,2)



Clinical Presentation and Associated Factors
The most commonly ingested plant parts were leaves (43.7%) and seeds (35.8%), particularly among children aged 0–11 years. The most frequent clinical manifestations included gastrointestinal symptoms such as nausea, vomiting, and diarrhea (53.5%) and mucocutaneous lesions characterized by pain and edema (40.8%).
Statistical analysis revealed no significant differences by sex with respect to poisoning severity (p > 0.05). However, children under four years were significantly more likely to experience severe poisoning (p < 0.01), and a strong association was found between the ingested plant part and poisoning severity (p < 0.01). Prolonged hospitalization times were more frequent in infants and adolescents (p < 0.01) (Table 2 and 3).

Table 2. Logistic Regression Analysis of Variables Associated with Poisoning Severity (n = 600)
	Variable
	Coefficient
	SD
	Z
	p
	Risk Ratio
	Lower
	Upper

	Age
	-0.022
	0.07
	-3.14
	<0.001
	0.98
	0.96
	0.99

	Sex
	-0.066
	0.144
	-0.46
	0.65
	0.94
	0.71
	1.24

	Plant part
	0.183
	0.053
	3.18
	<0.01
	1.20
	1.08
	1.33

	Hospitalization time
	-1.291
	0.102
	-12.68
	<0.01
	0.27
	0.23
	0.34


G=230.44 dl=4 p<0.01

Table 3. Logistic Regression Analysis of Variable Interactions on Poisoning Severity (n = 600)
	Variable
	Coefficient
	SD
	Z
	p
	Risk 

	
	
	
	
	
	Ratio
	Lower
	Upper

	Age
	-0.120
	0.035
	-3.41
	<0.01**
	0.89
	0,83
	0.95

	Part of the plant
	0.040
	0.125
	0.32
	0.75ns
	1.04
	0.81
	1.33

	Hospitalization time
	-1.635
	0.294
	-.555
	<0.01**
	0.19
	0.11
	0.35

	Age*Part of the plant
	0.011
	0.005
	2.07
	<0.05*
	1.01
	1.00
	1.02

	Age*Hospitalization time
	0.022
	0.007
	3.22
	<0.01**
	1.02
	1.01
	1.04

	Part of the plant*Hospitalization time
	0.030
	0.054
	0.056
	0.58ns
	1.03
	0.93
	1.11


G=241.87 dl=6 p<0.01
(* Significant, ** Highly significant, ns = Not significant)

Finally, these are the main findings: Most poisonings were accidental and occurred in children aged 1–6 years; Leaves and seeds were the plant parts most often involved; Moderate poisoning predominated, but 14.2% of cases were severe **Species such as Nerium oleander, Ricinus communis, and Jatropha spp. were strongly associated with severe outcomes ; Age <4 years and ingested plant part were significant predictors of severity.



Discussion
[bookmark: _Hlk210650471][bookmark: _Hlk210650485][bookmark: _Hlk210650504]The present findings reinforce that plant poisonings in pediatric populations are predominantly accidental and domestic, occurring primarily among preschool children and usually presenting with mild to moderate clinical outcomes. However, clusters of severe cases associated with specific plant species highlight the persistent public health burden. This pattern is consistent with data from the North American NPDS surveillance system (Gummin et al., 2024) and recent European studies (Nițescu et al., 2024). In Brazil, the SINITOX/Fiocruz database continues to report significant numbers of cases, although these are likely underestimated due to underreporting (Campos et al., 2016).
It is important to note that, although the data were collected more than three decades ago, the analysis and discussion presented here were conducted in light of current scientific literature, ensuring the validity and contemporary relevance of the results.
Two major analytical dimensions emerge from these findings:
1. [bookmark: _Hlk210650530][bookmark: _Hlk210650558][bookmark: _Hlk210650581]Plant species and plant part involved: In Araceae (e.g., Dieffenbachia), the presence of calcium oxalate raphides can lead to oropharyngeal pain and airway edema, posing a risk of airway obstruction in infants (Cumpston et al., 2003; Gardner, 1994). In Euphorbiaceae (e.g., Jatropha species), seeds contain phorbol esters and curcin, which can cause vomiting, diarrhea, and occasionally neurological symptoms (Sharma, Deepak, et al. 2024). In Apocynaceae (e.g., Nerium and Thevetia), cardiotonic glycosides necessitate continuous electrocardiographic monitoring (Zhai et al., 2022).
2. [bookmark: _Hlk211345877]Age and relative dose ingested: Children often ingest a higher dose per kilogram of body weight and have difficulty reporting the extent of exposure, increasing clinical uncertainty and the need for extended observation (Cumpston et al., 2003).
Limitations
The limitations of this study are consistent with those typically observed in retrospective cohort studies: a) Underreporting and selection bias; b) Botanical identification often depends on reported descriptions or images (although not in this study), which introduces the potential for misclassification; c) Lack of precise dose and latency data; d) Focus primarily on immediate outcomes, without long-term follow-up; e) Possible co-exposures not captured in the data.
[bookmark: _Hlk211345922][bookmark: _Hlk211345901]These limitations, also noted in hospital-based pediatric series (Nițescu et al., 2024) and toxicological surveillance systems (Gummin et al., 2024), mean the results should be interpreted as minimum estimates and as a basis for future prospective studies.
Clinical Implications
The data support the development of risk stratification algorithms and the establishment of a local “sentinel species” list—a prioritized set of plants that combine high environmental presence (in homes, schools, public spaces) with significant toxic potential, particularly in children. These species function as sentinels by signaling immediate clinical risk and guiding standardized management protocols, including triage procedures, diagnostic tests, observation, and antidote use. The composition of such lists should reflect climatic, ecological, and cultural factors, which may vary by region.
[bookmark: _Hlk210650617]Other recommended measures include triage protocols based on the plant part ingested and time since exposure, as well as syndrome-based monitoring (e.g., ECG and electrolyte analysis in cases involving cardiotonic glycosides). There is evidence supporting the use of anti-digoxin Fab fragments in Thevetia/Nerium-induced cardiotoxicity (Eddleston et al., 2000; Rajapakse, 2009; Thomas et al., 2022), which should be included in protocols for severe cases.
[bookmark: _Hlk210650641]In Araceae poisonings, management focuses on analgesia, oral hygiene, and airway observation, as severe respiratory compromise can occur rapidly in small children. In poisonings involving Jatropha or Ricinus, symptomatic support and hydration are the mainstays of treatment, with close monitoring for complications (Audi et al., 2005).
Public Health Implications
[bookmark: _Hlk210650656][bookmark: _Hlk210650692]Environmental prevention is a cost-effective strategy. Safe landscaping practices in schools, daycare centers, and public spaces significantly reduce exposure risk, as highlighted by surveys documenting the presence of toxic plants in Brazilian educational environments (Bochner & Lemos, 2017) and in Europe (Mrđan et al., 2017). Additional recommendations include seasonal public awareness campaigns, mandatory labeling of ornamental plants, and the standardization of national reporting variables (species, plant part, dose, latency, and outcomes). Regional stockpiles of antidotes for cardioglycoside poisoning should also be established (Bochner & Lemos, 2017).
Future research priorities include multicenter cohort studies with botanical confirmation (supported by herbarium and molecular analysis), evaluation of the impact of environmental interventions in schools, cost-effectiveness studies of safe landscaping strategies, and the development of species-specific severity scoring systems in alignment with recent calls in the pediatric toxicology literature (Nițescu et al., 2024).

Conclusion
Most exposures to toxic ornamental plants in childhood are accidental, domestic, and occur in preschool-aged children, with the majority presenting as mild or moderate cases. Nevertheless, severe outcomes remain associated with specific species such as Nerium oleander, Thevetia peruviana, Ricinus communis, Jatropha spp., Dieffenbachia spp., and Brugmansia/Datura, particularly following ingestion of seeds or leaves. These findings, combined with the influence of plant part and patient age (younger children ingesting a higher relative dose), underscore the need for standardized clinical protocols based on toxic syndromes and early coordination with poison control centers.
At the public health level, the adoption of a local sentinel species list to guide safe landscaping practices in educational environments, targeted educational campaigns for caregivers, and enhanced surveillance systems with standardized variables are strongly recommended. Finally, prospective multicenter studies with botanical confirmation and evaluations of environmental and educational interventions are crucial for accurately estimating preventable disease burden and maximizing the impact of clinical and public health strategies.
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