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a b s t r a c t 

Background: Human T-lymphotropic viruses (HTLV)-1 infection is endemic in many countries of Central 

and South America and Caribbean (CSA&C). Neither screening nor surveillance programs exist for HTLV- 

1/2 infection among pregnant women in this region. Neither in Western nations with large migrant flows 

from HTLV-1/2 endemic regions. 

Methods: Systematic review and meta-analysis of the prevalence of HTLV-1/2 infection among CSA&C 

pregnant women. We included studies searching EMBASE, PubMed/MEDLINE, Scopus, and Web of Sci- 

ence from inception to February 15, 2023. This systematic review followed Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses reporting guidelines. 

Results: We identified a total of 620 studies. Only 41 were finally included in the meta-analysis. Most 

studies (61.0%) were from Brazil and Peru (14.6%). The total number of participants was 343,707. The 

pooled prevalence of HTLV-1/2 infection among CSA&C pregnant women was 1.30% (95% CI: 0.96-1.69) 

using anti-HTLV-1/2 antibody screening tests. There was a high heterogeneity (I2 = 98.6%). Confirmatory 

tests gave an HTLV-1 infection rate of 1.02% (95% CI: 0.75-1.33). 

Conclusions: The prevalence of HTLV-1/2 infection among CSA&C pregnant women is 1.3%, most cases 

being HTLV-1. This rate is greater than for other microbial agents regularly checked as part of antenatal 

screening (such as HIV, hepatitis B, or syphilis). Thus, HTLV-1/2 antenatal testing should be mandatory 

among CSA&C pregnant women everywhere. 

© 2024 Published by Elsevier Ltd on behalf of International Society for Infectious Diseases. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 

Introduction 

Human T-lymphotropic viruses 1 (HTLV-1) and 2 (HTLV-2) were 

the first identified retroviruses in humans. Both were originally 

isolated from patients with T-cell leukemias or lymphomas in the 

early 1980s [1–3] . Soon thereafter, HTLV-1 was associated with the 
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development of tropical spastic paraparesis in the Caribbean basin 

[4] . In contrast, HTLV-2 has only occasionally been linked to any 

disease since its first description [5] . 

Estimates for HTLV-1 are of at least 10 million people infected 

worldwide, with hotspots of endemicity recognized in Latin Amer- 

ica [6] , West and South Africa [7] , Japan, Iran, Romania, and Aus- 

tralia [8] . In contrast, HTLV-2 is mostly recognized among injection 

drug users worldwide [9] , some Amerindian tribes [10] and African 

pygmies [11] . A recent study reported the presence of HTLV-2 in 16 
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indigenous people from the Brazilian Amazon region, highlighting 

the importance of breastfeeding and sexual transmissions [10] . 

The origin of HTLVs in South America shows at least two dif- 

ferent branches with distinct entry timing. The major HTLV-1 en- 

trance occurred through the east coast of Brazil at the beginning 

of the slave trade from the African continent, starting in the 16th 

century and lasting for more than 350 years. Previously, both HTLV- 

1 and HTLV-2 already had been introduced anciently, following 

human migrations from the Asian continent crossing the Behring 

Strait to the American continent and descending the Andes Moun- 

tains [ 12 , 13 ]. 

Both HTLV-1 and HTLV-2 are blood-borne transmitted viruses. 

However, because they are cell-associated, no transmissions occur 

following transfusion or exchange of plasma or plasma derivates, 

explaining why hemophiliacs or patients on hemodialysis are not 

infected. By far, sexual transmission is the most frequent way of 

HTLV-1 spreading globally [ 14 , 15 ]. HTLV-1 vertical transmission 

mostly occurs throughout breastfeeding and overall is recognized 

in up to 20-25% of newborns from infected mothers [16] . Children 

who are not breastfed beyond 3-6 months rarely become infected 

with HTLV-1 [ 17 , 18 ]. In spite of the efficacy of shortening or avoid- 

ing breastfeeding to stop HTLV-1 vertical transmission, antenatal 

screening is rarely performed in pregnant women in most HTLV-1 

endemic countries. 

Given that large migration flows from HTLV-1 endemic re- 

gions to Europe and North America have occurred during the last 

decades, reports of cases of HTLV-1-associated diseases are on 

the rise in Western countries. Furthermore, second waves of lo- 

cal transmission are also recognized among Western natives having 

sex partners from HTLV-endemic regions. For example, Spain has 

a 48 million population, Latin America being the largest migrant 

contributor with 2.7 million [19] . A total of 482 cases of HTLV-1 in- 

fection had been reported up to the end of 2023. Of note, 66% were 

Latin American, and mother-to-child transmission was recognized 

in at least 11% of cases [20] . In the United Kingdom, a recent sur- 

vey estimated that 70 newborn infections because of HTLV-1 occur 

annually, most mothers being from the Caribbean basin [21] . The 

authors concluded that cost-effective analyses would support the 

efficacy of HTLV-1/2 antenatal testing, at least for pregnant women 

from endemic regions [22] . 

Herein, we perform a systematic review and meta-analysis of 

studies conducted so far on the rate of HTLV-1/2 infection in preg- 

nant women of Central and South America and the Caribbean 

(CSA&C). This information should guide recommendations for 

HTLV-1/2 antenatal testing in endemic regions and in Western 

countries with significant migrant flows from such areas. 

Methods 

The systematic review was prepared following Preferred Re- 

porting Items for Systematic Reviews and Meta-Analyses (PRISMA) 

guidelines [23] (PRISMA checklist in supplementary material) and 

the protocol was registered at PROSPERO no. CRD42022315277 

( https://www.crd.york.ac.uk/prospero/display_record.php?ID= 

CRD42022315277 ) 

All publications recorded in international medical databases, in- 

cluding PubMed/Medline, EMBASE, SCOPUS, Web of Science, Sci- 

elo, and Cochrane, were checked until July 15, 2022. The search 

terms were chosen from the “Medical Subject Headings” (MeSH), 

using a combination of keywords. The first two authors examined 

independently each of the articles (Supplementary Table 1). Publi- 

cations considered adequate were archived using the bibliographic 

‘Mendeley’ platform (Elsevier). The search and selection step ended 

up on February 15, 2023. 

Inclusion criteria for study selection were performed according 

to Population, Intervention, Comparison, Outcome (PICOS), as fol- 

lows: i) Participants: pregnant women attended at antenatal sites 

in CSA&C; ii) Intervention: serological screening of HTLV-1/2 an- 

tibodies with subsequent confirmatory testing of initially reactive 

specimens; iii) Comparison: not needed; and iv) Results. Propor- 

tion of pregnant women infected with HTLV-1 or HTLV-2. 

Further requirements in study design included being observa- 

tional (cohorts or transversal) and specifying the number of per- 

sons included and tested. Articles had to be published in English, 

Portuguese, or Spanish. 

Duplicated articles were identified and excluded, following the 

PRISMA procedure [23] . The full text of articles considered relevant 

was revised independently by two researchers before being con- 

sidered adequate for further analyses. Differences in opinion were 

discussed and resolved by consensus with other investigators. All 

case series with less than five individuals were excluded from this 

analysis. 

The first phase for the selection of articles to be examined was 

a reading of the title and abstracts. Two authors (JPS and ELG) in- 

dependently reviewed their contents. Studies that did not refer- 

ence HTLV, those reporting only clinical cases, those that did not 

include cohorts or cross-sectional studies, and those not conducted 

in CSA&C countries were excluded. In the second phase, all remain- 

ing articles were downloaded in full text, and a complete reading 

and examination were performed. We further excluded all stud- 

ies that did not include confirmatory tests, were review articles, 

examined repeated patient populations, tested less than five pa- 

tients, or did not specify how many patients included in the study 

tested positive for HTLV-1/2 ( Figure 1 ). Disagreements during the 

first and second phases were resolved by consensus or researchers 

or by consulting an independent third party. 

All relevant data from the articles chosen were recorded by two 

authors (JPS and ELG) using Excel. Another author (JMRR) checked 

the crude information. The following information was retrieved 

from the chosen articles: title, authors, publication year, study de- 

sign, participants, age, ethnicity, country, education level, testing 

method, confirmatory assay, positive results, risk factors for trans- 

mission, HIV co-infection, and syphilis. 

Two authors independently assessed the methodological quality 

of the studies included in the meta-analysis, using the ‘Quality As- 

sessment Tool for Case Series Studies’ of the National Heart, Lung 

and Blood Institute (NHLBI) [24] . Disagreements were resolved by 

consensus or by asking an independent third party. The seven do- 

mains assessed were: bias because of confounding, bias in the se- 

lection of participants into the study, bias in the measurement of 

interventions, bias because of departures from intended interven- 

tions, bias because of missing data, bias in the measurement of 

outcomes, and bias in the selection of reported results. 

Statistical analyses 

All data were initially recorded in Excel (version Microsoft Of- 

fice LTSC Standard 2021). All further analyses were performed us- 

ing the Statsdirect software version 3.3.6 (StatsDirect Ltd Wirral, 

UK) ( https://www.statsdirect.com ). 

A qualitative synthesis of all studies was initially performed. 

Then, a quantitative synthesis was then made using the Stuart- 

Ord method for proportion meta-analysis [25] . The estimates of 

HTLV-1/2 rates were graphically represented using forest plots, dis- 

tinguishing HTLV-1/2 screening and confirmatory results. We used 

95% CIs. The DerSimonian-Laird model was performed to assess the 

weight of distinct studies. 

The heterogeneity between studies was assessed using the I2 

index with 95% confidence intervals and the Cochran Q test. The 

I2 index ranges from 0 to 100%, considering P -values above 75% 

as too high. Publication bias was assessed using funnel plots, and 
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Figure 1. Flow diagram PRISMA 2020 for study selection. 
a Consider, if feasible to do so, reporting the number of records identified from each database or register searched (rather than the total number across all databases/registers). 

From: Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. 

BMJ 2021;372: n71. http://dx.doi.org/10.1136/bmj . n71. 

HTLV, Human T-lymphotropic viruses, PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses. 

Egger and Harbord tests. Only P -values below 0.10 were considered 

adequate. 

Results 

A total of 620 articles were initially identified. After removing 

duplicates and small series, only 103 were selected. Full texts were 

retrieved, and further eligibility criteria were applied. Finally, 41 

publications were chosen for the final meta-analysis (List of publi- 

cations in Supplementary Table 2). The flow chart of the search is 

recorded in Figure 1 . 

All studies included in the meta-analysis had a transversal de- 

sign and had been made in seven countries: 25 (61.0%) in Brazil, 

six (14.6%) in Peru, four (9.8%) in French Guiana, three (7.3%) in 

Argentina, two (4.9%) in Haiti, and one (2.4%) in Martinique. The 

main features of these studies are recorded in Table 1 . 

In the quality assessment, 36 studies were ranked as having 

good quality and five as fair quality (Supplementary Table 3). 

The studies examined included a total of 343,707 pregnant 

women. Their mean age was 24.4 years, ranging from 12 to 50 

years. The most frequent screening test for HTLV-1/2 antibodies 

were enzyme immunoassays (EIA) (n = 36; 87.8%), followed by 

chemiluminescence immunoassays (n = 4; 9.7%) and particle ag- 

glutination assay (n = 1; 2.4%). Besides the 1288 women who 

were confirmed as positive for HTLV-1, there were 189 additional 

women who were HTLV-1/2 seropositive but untypeable. Only 82 

were confirmed as HTLV-2 positive. 

Three studies did not report any positive cases of HTLV-1/2 

screening and were excluded from the quantitative synthesis. In 

total, 38 studies were further analyzed. Overall, the rate of HTLV- 

1/2 positivity in the screening test was 1.30% (95% CI: 0.96-1.69) 

using a model of aleatory effects (Supplementary Figure 1). It pre- 

sented high heterogenicity (I2 = 98.6%; 95% CI = 98.5-98.7) and 

high asymmetry in the funnel plot ( Figure 2 ), confirmed using the 

Egger’s test (p < 0.001) (Supplementary Table 4). 

HTLV-1/2 confirmatory tests were performed in 39 studies. The 

remaining two studies, both from Brazil, did not provide this in- 

formation [56,64]. In 84.6% of the studies (34 of 39), a Western 

blot was used as confirmatory assay. polymerase chain reaction 

(PCR) was used in only three (7.7%) studies. In the rest, other tests 

were used, including Indirect Immunofluorescence (IFI) and Line 

Immuno Assay (Inno-LIA) HTLV I/II. 

The rate of positive confirmatory results for HTLV-1 was 1.02% 

(95% CI: 0.75-1.33) using a model of aleatory effects ( Figure 3 ). It 

depicted also a high heterogenicity (I2 = 98.3%; 95% CI = 98.1- 

98.4) and high asymmetry in the funnel plot (Supplementary Fig- 

ure 1), confirmed using the Egger’s test (p < 0.001) (Supplemen- 

tary Table 4). 

Only 13 (32.5%) of studies (including 206,224 patients) reported 

cases of HTLV-2 infection ( Table 1 ). These studies had been con- 
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Table 1 

Main characteristics of studies included in the meta-analysis. 

Author, 

year a 
Country Description of population N Median age 

(years) 

Range 

(years) 

Screening 

method 

N ( + ) Confirmation 

method 

N ( + ) N ( + ) 

HTLV-1 

N ( + ) 

HTLV-2 

Kline et al., 

1991 

Haiti Women from Haiti as part of a 

perinatal study 

1100 - - EIA 59 WB & RIPA 59 59 0 

Wignall 

et al., 1992 

Peru Women attended in prenatal 

clinics in Lima (July 1987 to 

May 1988) 

510 25.5 18-42 EIA 16 WB & RIPA 16 16 0 

Allain 

et al., 1992 

Haiti Pregnant women who 

attended the hospital for 

prenatal care in three rural 

populations in northern Haiti 

(1988 and 1989) 

500 25 15-49 EIA 11 WB & RIPA 11 11 0 

Tuppin 

et al., 1995 

French 

Guiana 

Pregnant women belonging to 

different ethnic groups (July 

1991 to June 1993) 

1716 - 31-35 EIA 75 WB 68 68 0 

Dos Santos 

et al., 1995 

Brazil Pregnant women referred to 

the public health laboratory of 

the state of Bahia for prenatal 

examination (November 1990 

to June 1991) 

1025 - Categories 

( < 21, 

21-30 & 

> 31) 

EIA 15 WB 10 7 - 

Lourerio 

et al., 1995 

Brazil Pregnant women 1000 - 14-40 EIA 16 WB 5 0 0 

Broutet 

et al., 1996 

Brazil Six selected population 

groups, including pregnant 

women recruited from public 

health centers and hospitals 

(July 1993 to February 1994) 

814 - - EIA 3 WB 2 1 1 

Zurita 

et al., 1997 

Peru Pregnant women 211 - 15-49 EIA 5 WB 5 5 0 

Mansuy 

et al., 1999 

Martinique Pregnant women receiving 

prenatal care at the 

Department of Maternity & 

Child Protection (August 1995 

to January 1996) 

467 26 15-49 EIA 9 WB 9 9 0 

Tortevoye 

et al., 2000 

French 

Guiana 

Pregnant women from the 

regional public gynecology & 

obstetrics unit in Saint Laurent 

(July 1991 to June 1997) 

3834 – EIA 144 WB 144 144 0 

Bittencourt 

et al., 2001 

Brazil Pregnant women who 

attended the prenatal care 

unit of a state maternity 

hospital in the city of Salvador 

(January 1996 to September 

1998) 

6754 26 Categories 

(14-20, 

21-30 & 

31-42) 

EIA 61 WB & PCR 59 57 2 

Carles 

et al., 2004 

French 

Guiana 

Pregnant women who gave 

birth in St. Laurent (July 1991 

to June 1993) 

1727 – Categories 

( < 21,21- 

25, 26-30, 

31-35 & 

> 36) 

EIA 75 WB 75 75 0 

Juscamaita 

et al., 2004 

Peru Pregnant women attending 

prenatal care and women at 

risk of sexually transmitted 

infections at the Regional 

Hospital of Ayacucho 

(November 2002 to February 

2003) 

602 - Categories 

( < 20,20- 

29, 30-39 

& > 40) 

EIA 6 WB 3 3 0 

Olbrich- 

Neto & 

Meira, 

2004 

Brazil Embarazadas atendidas en 

Unidades Básicas de Salud del 

municipio de Botucatu. 

913 - – EIA 2 WB 2 1 1 

Figueiró- 

Filho et al., 

2005 

Brazil Pregnant women attended 

Basic Health Units in the 

municipality of Botucatu 

32512 - Categories 

(15-19,20- 

29, 30-39 

& 40-49) 

EIA 37 WB & PCR 29 0 0 

Tortevoye 

et al., 2005 

French 

Guiana 

Pregnant women who 

attended the sole regional 

public gynecology and 

obstetrics unit at the Saint 

Laurent du Maroni hospital 

(July 1991 to June 2001) 

6331 27 Categories 

( < 21, 

21-25, 

26-30, 

31-35 & 

> 36) 

EIA 218 WB 218 218 0 

Alarcon 

et al., 2006 

Peru Women who sought care at 

the Maternal Perinatal 

Specialized Institute (IMP) 

(August 1996 and April 1997) 

2492 25.5 Categories 

( < 20, 

20-30 & 

> 30) 

EIA 42 WB 32 32 0 

( continued on next page ) 
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Table 1 ( continued ) 

Author, 

year a 
Country Description of population N Median age 

(years) 

Range 

(years) 

Screening 

method 

N ( + ) Confirmation 

method 

N ( + ) N ( + ) 

HTLV-1 

N ( + ) 

HTLV-2 

Oliveira & 

Avelino, 

2006 

Brazil All pregnant women attended 

all prenatal care units of the 

Municipal Health Department 

of Goiânia (September 2003 to 

December 2004) 

15485 - Categories 

( < 30,& 

≥30) 

EIA 19 PCR 16 16 0 

Eirin et al., 

2007 

Argentina Pregnant women who 

attended two public hospitals 

in Buenos Aires and Neuquén 

1867 - EIA 3 WB 3 1 2 

Trenchi 

et al., 2007 

Argentina Pregnant women registered in 

the public health service of 

the province of Córdoba (year 

2000) 

3143 - – PAA & IFA 171 WB 6 3 0 

Fabbro 

et al., 2008 

Brazil Women seeking prenatal care 

in the Program for the 

Protection of Pregnant Women 

in the State of Mato Grosso do 

Su 

116689 27 14-44 EIA 153 WB & PCR 150 133 17 

Magalhães 

et al., 2008 

Brazil Pregnant women beyond 10 

weeks of gestation in Cruz das 

Almas were randomly selected 

(June to October 2005). 

408 - 14-32 EIA 4 WB 4 4 0 

Ydy et al., 

2009 

Brazil Puerperal women admitted at 

three public maternity 

hospitals affiliated with the 

Unified Health System in 

Cuiabá (April to September 

2006) 

2965 23.9 13-44 EIA 9 WB 7 6 1 

Mello 

et al., 2009 

Brazil Pregnant women from the 

maternity ward of Vitória 

Mercy Hospital and the 

External Patient Referral Unit 

of the Municipality of Serra 

447 24.8 12-44 EIA 6 IFA & MEIA 1 0 0 

Souza 

et al., 2009 

Brazil Pregnant women were assisted 

during prenatal care in three 

public services in São Luis 

(February to December 2008). 

2044 - 18-45 EIA 7 WB & PCR 7 4 3 

Ribeiro 

et al., 2010 

Brazil Mothers and newborns. 

Samples collected on filter 

papers (September to 

November 2007) 

55293 - - EIA 53 WB 42 40 2 

Filho et al., 

2010 

Brazil Consecutively attended 

pregnant women from the 

spontaneous demand of 

Faculdade de Medicina do 

Triângulo Mineiro (March to 

September 2008) 

618 23.9 13-43 EIA 0 PCR 0 0 0 

Sequeira 

et al., 2012 

Brazil Pregnant women interviewed 

during prenatal consultations 

at health units in 19 

municipalities that entered 

the Maternal and Child Health 

program (February to 

November 2008) 

13382 - Categories 

(15-19, 

20-39, & 

40-49) 

EIA 43 WB 41 39 1 

Blas et al., 

2013 

Peru Women from the 

Shipibo-Konibo ethnic group 

(July to December 2010) 

1253 – 15-39 EIA 121 WB 121 74 47 

Berini 

et al., 2013 

Argentina Pregnant women over 18 years 

old who attended prenatal 

consultations consecutively in 

five public hospitals 

2403 > 18 EIA 6 WB & PCR 6 3 3 

Mello 

et al., 2014 

Brazil Women attended the prenatal 

units of the two regional 

hospitals (Ilheus and Itabuna) 

(November 2008 to May 2010) 

2766 - Categories 

(9-19, 

20-29 & 

> 30) 

EIA 34 WB 29 29 0 

Monteiro 

et al., 2014 

Brazil Pregnant women admitted for 

delivery at two public 

hospitals in the metropolitan 

area of Rio de Janeiro 

(November 2012 to April 

2013) 

1204 - Categories 

( < 24 & ≥
25) 

CMIA. 10 WB 8 7 1 

Moura 

et al., 2015 

Brazil Pregnant women seeking care 

in the Universal Health System 

of Maceió during their first 

prenatal check-up (June 2007 

to May 2012) 

54798 23.3 15-35 EIA 129 WB 118 0 0 

( continued on next page ) 
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Table 1 ( continued ) 

Author, 

year a 
Country Description of population N Median age 

(years) 

Range 

(years) 

Screening 

method 

N ( + ) Confirmation 

method 

N ( + ) N ( + ) 

HTLV-1 

N ( + ) 

HTLV-2 

Guerra 

et al., 2018 

Brazil Adolescent pregnant girls who 

attended prenatal care at the 

Specialized Unit for 

Maternal-Child and Adolescent 

Care (November 2009 to 

February 2010) 

324 15.8 12-18 EIA 0 PCR 2 0 0 

Mata et al., 

2018 

Brazil Women of reproductive age in 

the urban area of Oiapoque 

216 - Categories 

(0-15, 

16-20, 

21-30, 

31-40, 

41-50) 

EIA 0 WB 0 0 0 

Costa et al., 

2018 

Brazil Pregnant mothers who 

attended the Women’s 

Reference Care Center 

(Maternidade Santa Helena) in 

the city of Ilhéus (July 2009 to 

July 2010). 

511 – 13-44 EIA 6 WB & PCR 6 0 0 

Medeiros 

et al., 2018 

Brazil Pregnant women attending a 

high-risk prenatal care unit at 

Clinical Hospital/Federal 

University of Paraná (August 

2015 to August 2016) 

643 18-47 CMIA 4 PCR 2 1 1 

Barmpas 

et al., 2019 

Brazil Pregnant women attending a 

high-risk prenatal care unit at 

Clinical Hospital/Federal 

University of Paraná (August 

2015 to August 2016) 

1628 - Categories 

( ≤24 & 

> 24) 

CMIA 14 WB 12 0 0 

Mendes 

et al., 2020 

Brazil Pregnant volunteers who were 

selected by free choice during 

the prenatal period at 

LACEN-MA (February 2015 to 

May 2017) 

713 24.3 15-43 CMIA 5 WB & PCR 5 5 0 

Vargas 

et al., 2020 

Brazil Parturient attended at two 

public maternity hospitals in 

Salvador, Bahia (April 2016 to 

June 2017) 

2099 27.3 14-46 EIA 10 WB & PCR 9 0 0 

Ramos 

et al., 2021 

Peru Pregnant women attending 

health centers in the city of 

Iquitos (May and June 2019) 

300 26 ≥18 EIA 5 WB & PCR 5 5 0 

a List of publications in Supplementary Table 2.N, number; EIA, enzyme immunoassay; CMIA, chemiluminescence immunoassay; PAA, particle agglutination assay; IFA, 

indirect immunofluorescence assay; MEIA, microparticle enzyme immunoassay; WB, western blot; RIPA, radioimmunoprecipitation assay; PCR, polymerase chain reaction. 

ducted in Brazil, Argentina, and Peru. None in the Caribbean or 

Central America. The rate of positive confirmatory results for HTLV- 

2 was 0.14% (95% CI: 0.06-0.25) using a model of aleatory effects 

( Figure 4 ). It had a high heterogenicity (I2 = 94.2%; 95% CI = 92.2- 

95.4) and high asymmetry in the funnel plot (Supplementary Fig- 

ure 1), confirmed using the Egger’s test (p = 0.02) (Supplementary 

Table 4). 

Discussion 

In this systematic review and meta-analysis of HTLV-1/2 in- 

fection among pregnant women in CSA&C, we reported an over- 

all prevalence rate of 1.02% (95% CI: 0.75-1.33) for HTLV-1 and of 

0.14% (95% CI: 0.06-0.25) for HTLV-2. These rates significantly dif- 

fer from those reported in a recent systematic review conducted 

on pregnant women in Brazil on studies published until mid-2020 

[26] , which found prevalence rates of 0.32% for HTLV-1 and 0.4% 

for HTLV-2 were found. The authors acknowledged a geographical 

split of HTLV-1 predominating in the north whereas HTLV-2 pre- 

dominated in the southern regions. 

In a study conducted in the late 90s among ethnic minori- 

ties living in South America [25] , high rates of HTLV-1 were seen 

among the Peruvian Aymara (1.6%), the Bolivian Aymara (5.3%) and 

Quechua (4.5%), the Argentine Puna (2.3%), and the Chilean Ata- 

cama (4.1%). In contrast, HTLV-2 was highly prevalent among the 

Brazilian Kayapo (57.9%), the Paraguayan Chaco (16.4%), the Chilean 

Alacalf (34.8%), and Yahgan (9.1%). Accordingly, the authors con- 

cluded that there was a geographic clustering of HTLV-1 foci in 

the Andes highlands and of HTLV-2 foci in the lowlands of South 

America. 

In our study, high rates of HTLV-1 (1%) were uniformly noticed 

in all studies conducted on pregnant women in Caribbean coun- 

tries, such as Haiti, Martinique, and French Guiana. Interestingly, 

none reported a single case of HTLV-2 infection. In contrast, we 

recorded pregnant women with HTLV-2 infection in Brazil and Ar- 

gentina, generally with low rates and nearly always below those 

seen for HTLV-1 in these countries. Intriguingly, one exception was 

one study conducted on pregnant women from the Shipibo-Konibo 

ethnic minority living in the Peruvian Andes, which reported a 4% 

rate of HTLV-2 along with a 7% of HTLV-1 infection (Blas et al . , 

2013 in Table 1 ) 

There was a high heterogeneity between studies included in our 

meta-analysis. Accordingly, HTLV-1/2 rates differed substantially. A 

large proportion of women examined belonged to special popu- 

lations, including ethnic minorities, rural areas, and well-known 

highly HTLV-1/2 prevalent regions. In contrast, a few studies in- 

cluded women from urban areas with null or low Amerindian an- 

cestry. As expected, in the latter studies HTLV-1/2 prevalence rates 
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Figure 2. Pooled prevalence of HTLV-1/2 positivity in the screening test. 

HTLV, Human T-lymphotropic viruses. 

were significantly lower. In some studies, from Brazil ( Table 1 : 

Filho et al . , 2010, Guerra et al . , 2018 and Mata et al . , 2018), no 

pregnant women with HTLV-1/2 infection were found. 

An interesting finding in our study refers to the relatively good 

performance of HTLV-1/2 screening assays, with an average 90% 

confirmation of initially seroreactive samples. The fact that the 

study population was expected to depict moderate to high rates 

of HTLV infection could explain this finding. Most concerns about 

false positive rates came from studies performed in low-risk popu- 

lations in non-endemic regions, such as blood donors in Europe or 

North America [27] . 

Limitations 

We should acknowledge several caveats in our meta-analysis. 

Firstly, we could not find any study from continental Central Amer- 

ica that fitted the inclusion criteria, so such a region was not 

Figure 3. Pooled prevalence of positive confirmatory results for HTLV-1. 

HTLV, Human T-lymphotropic viruses. 

represented in this systematic review. Of note, only studies from 

four countries in South America and another four in the Caribbean 

basin were examined. Again, misrepresentations of other countries 

could influence our results. Secondly, the reliability of HTLV-1/2 

assays was quite variable comparing distinct tests and periods, 

as previously highlighted by others [28] . Although we considered 

both screening results along with confirmatory results, a substan- 

tial proportion of women gave HTLV-1/2 positive results on im- 

munoblot that were untypable. Because PCR was not performed, 

these serological results should be interpreted cautiously. In this 

regard, misdiagnosis of HTLV-1 and in less extent of HTLV-2 might 

have occurred to some extent. Both in the pooled analysis of the 

screening and confirmatory results, asymmetrical funnel plots can 

be observed (Supplementary Figs 1-C). This is explained by the fact 

that prevalence results below 0 are not possible. Therefore, neither 

the plots nor the results of the bias tests necessarily indicate pub- 
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Figure 4. Pooled prevalence of positive confirmatory results for HTLV-2. 

HTLV, Human T-lymphotropic viruses. 

lication bias [29] . In contrast, we attribute the high heterogene- 

ity found not only to the intrinsic differences between the studies 

but also to the fact of counting and pooled estimates < 10% and 

a high number of studies. The last observation is that the preva- 

lence of newborns testing positive for HTLV-1/2 was not evaluated, 

even though the original study design was intended to investigate 

these results. Conducting studies such as the present systematic re- 

view and meta-analysis is important for evaluating the prevalence 

of vertical HTLV transmission. 

Conclusions 

This meta-analysis and systematic review show a 1.3% rate of 

HTLV-1/2 infection among pregnant women in SCA&C. This fig- 

ure is greater than rates for HIV, syphilis, or hepatitis B, for all 

of which there is a clear recommendation for antenatal testing. 

Thus, our results support the introduction of HTLV-1/2 screening 

of pregnant women from CSA&C everywhere. This recommenda- 

tion is particularly relevant for endemic regions but also extends 

to Western countries with a significant CSA&C migrant population. 
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A B S T R A C T

Envenomation due to exposure to caterpillars is an emerging public health problem. A life-threatening bleeding 
diathesis has been described in South America after exposure to Lonomia obliqua or L. acheolus. Deforestation, 
forest degradation, and global warming might increase the frequency of human exposure to these insects. Prompt 
recognition and administration of antivenom are crucial to ensure a favorable outcome.

1. Introduction

The order Lepidoptera, comprising moths and butterflies, is consid
ered one of the most diverse insect groups. Caterpillars, the worm-like 
larval forms, have evolved defensive mechanisms against their natural 
predators. These consist of bared setae, hollow plume-like sharp hairs 
connected to poison sacs that release poison when they pierce the skin 
[1,2]. Caterpillar envenomation in humans can be classified clinically as 
(a) erucism, (b) lepidopterism, (c) dendrolimiasis, (d) ophthalmia 
nodosa, and (e) consumptive coagulopathy with secondary fibrinolysis 
[3]. Lepidopterism refers to the reactions from moths or butterflies, 
while erucism refers to any response to caterpillars [4].

Caterpillar exposure is infrequent and most often affects children or 
field workers such as farmers or fishermen. Seasonal outbreaks have 
been documented and usually coincide with the synchronous hatching 
of eggs or the dispersal of their setae by the wind [1,5]. Local and 
self-limiting reactions are the most frequently described clinical mani
festations. These are characterized by mild to severe burning pain that 
develops shortly after exposure, localized edema, and erythema. Severe, 
systemic, and potentially life-threatening reactions are almost 

exclusively related to exposure to Lonomia spp. This type of erucism, also 
known as lonomism, is geographically restricted to South America and 
manifests as a hemorrhagic diathesis [4,6].

We herein report the first case of hemorrhagic erucism in Loreto, in 
the Amazon of Peru, highlighting the importance of a timely diagnosis 
and treatment for the attainment of a favorable outcome.

2. Exemplary case

A 34-year-old American woman, living in Peru for several months for 
work-related reasons, accidently touched an army of caterpillars while 
climbing a tree (Fig. 1). She experienced immediate paresthesia and 
severe stabbing and burning pain in her right palm with radiation to her 
forearm. Twenty-four hours later, the patient noticed bleeding from an 
old abrasion on her right foot. A few hours later, she noted painless 
ecchymosis in her arms, the right axillary, and the right iliac crest re
gion. She was hospitalized three days after contact with the caterpillars 
due vaginal bleeding, worsening generalized ecchymosis, and headache.

On physical examination, she had multiple and large hematomas in 
her upper and lower extremities and torso, with the largest in the right 
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axillary region measuring 8 × 10 cm and over the right iliac crest 
measuring 15 × 5 cm (Fig. 2). Laboratory findings were significant for a 
hemoglobin of 9.5 g/dl; platelets count of 121,000 mm3, thrombin time 
greater than 50 s, and an unmeasurable international normalized ratio 
(INR) and fibrinogen levels.

The patient was treated with Lonomia antivenom obtained from 
Colombia’s National Institute of Health. Due to the persistence of severe 
headaches and abnormal coagulation studies, the patient was trans
ferred to a reference hospital in the capital city of Lima. In that facility, 
the patient was treated with additional vials of antivenom and a trans
fusion of cryoprecipitate, which led to the resolution of bleeding and 
normalization of the coagulation parameters.

3. Discussion

Caterpillar-induced bleeding due L. achelous was first reported in 
Venezuela in 1967 [7]. Only two species have been conclusively linked 
to envenomation accidents. L. achelous, found in the Amazonian regions 
of Brazil, Colombia, Venezuela, Ecuador, Peru, and the French Guiana, 
and L. obliqua, restricted to the southern portions of Brazil, Paraguay, 
and Argentina. Other species are nevertheless likely responsible for 
human envenomation [6,8,9]. Although Peru has the highest diversity of 
the region with 19 recorded species, few cases of lonomism have been 
described [6]. A total of six cases of hemorrhagic erucism have been 
reported in Peru, with three reported from the department of Junin, two 
from Huánuco, and one in a Canadian traveler who acquired the disease 
in the northeastern region of the country [10–12] (Table 1).

The mechanism of action of the venom of L. obliqua consists of two 
toxin procoagulants: a factor X activator known as Losac or Stuart factor 
activator and a prothrombin activator named Lopap. Fibrinolysis results 
from the exuberant formation of fibrin due to thrombin generation [17]. 
Lonomin II and V, the most important toxins of L. achelous, have a direct 

fibrinolytic activity and degrade coagulation factor XIII, respectively 
[17,18]. In addition, the procoagulant effect of the L. obliqua toxin is 
maximized by venom-induced platelet dysfunction [19]. Furthermore, a 
cellular and humoral response leads to the release of substances such as 
bradykinin, prostaglandins, metalloproteases, hyaluronidases, tumor 
necrosis alpha, interleukin-6, and other molecules that contribute to the 
pro-inflammatory action of the venom [20,21]. The lethal dose of 
L. obliqua venom in mice is about 10 mg/kg body weight [17].

Despite the difference between the toxin’s mechanism of action, the 
clinical manifestations of envenomation are indistinguishable between 
the species and range from local cutaneous reactions to a life- 
threatening systemic hemorrhagic syndrome. The cutaneous manifes
tations typically present immediately or up to 72 h after contact with the 
caterpillar. Hemorrhage can present 1 h to ten days after exposure and 
predominantly affects the mucous membranes and soft tissues but can 
also affect vital organs such as the brain and the lungs [12,20,22]. The 
development of acute kidney injury is associated with delayed presen
tation to care and portends a guarded prognosis [23,24]. This has been 
almost exclusively reported after envenomation with L. obliqua and is 
attributed to ischemia, a direct toxin effect on the kidney, and the 
deposition of fibrin in the glomeruli [25,26]. Importantly, renal 
dysfunction can be permanent in survivors [24].

Cases typically present with normal platelet, hemoglobin count, and 
liver function tests, differentiating lonomism from other causes of 
hemorrhagic fever in the tropics, such as yellow fever and dengue. 
Prolonged prothrombin, partial thromboplastin, and thrombin times 
associated with low to undetectable fibrinogen levels and increased 
fibrin degradation products are characteristic. The degree of hypofi
brinogenemia correlates with the severity of the hemorrhagic manifes
tations and can be used to monitor the effectiveness of treatment [25].

Treatment consists of administering antifibrinolytics such as ε-ami
nocaproic acid at a dose of 30 mg/kg followed by 15 mg/kg every 4 h 

Fig. 1. Lonomia spp. encountered by our patient (A and B). The gregarious nature (A) may lead to contact with large number of caterpillars exposing individuals to a 
considerable amount of venom. Adult Lonomia moth (C). The maps illustrate the location of the cases of lononism reported in Peru.
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until normalization of the coagulation parameters. More importantly, 
whole blood or fresh frozen plasma is contraindicated as it can exacer
bate consumptive coagulopathy [18]. Antivenim was first developed by 
the Butantan Institute in Brazil in 1996 and is effective when adminis
tered 12–24 h after envenomation. It is indicated when there is evidence 
of bleeding, with doses varying between five and ten vials depending on 
the severity of presentation. Each 10 ml vial contains heterologous F 
(ab’) 2, neutralizing approximately 3.5 mg of L. obliqua venom [8,27,
28]. The lethality in the absence of treatment is approximately 1.5–2 %, 
three to four times that of snakebites [24]. The antivenin can be ob
tained from the Butantan Institute in Sao Paulo, Brazil, or the National 
Institute of Health of Colombia. Contact information: https://en.butan 
tan.gov.br/about-envenoming.php and https://www.ins.gov.co/Di 
recciones/Produccion/Paginas/Suero-antiofidico-polivalente.aspx, 
respectively.

We describe the first cases of lonomism from the Amazon Region of 
Loreto in Peru and the second travel-related case in the literature. The 
only described travel-related case involved a Canadian citizen who had 
visited Peru and unfortunately died as a result of the envenomation [12]. 
According to biologists from the Loreto Regional Hospital and based on 
their appearance, the Lonomia species responsible for the envenomation 
in our case was likely other than L. obliqua or L. acheoulus. Unfortu
nately, we did not have a specimen for further identification and 
analysis.

Lonomism is likely an underappreciated condition in many of the 

Peruvian Amazon’s local indigenous and riverine communities due to 
their difficulty in accessing healthcare facilities [8]. Deforestation and 
human encroachment in the fringes of biodiversity-rich areas increase 
the risk of interaction between populations and wildlife. Occupational 
and accidental exposure to caterpillars is thus predicted to occur as their 
distribution increases in areas closer to populated areas due to the loss of 
their natural habitat and attraction to the lights of human settlements, 
increasing the potential for occupational exposure [6,29]. The burden of 
erucism in rural tropical areas is undoubtedly underestimated, under
scoring the need to improve surveillance of an emerging public health 
problem in the Americas [2,6,23,30].

4. Conclusion

More reported cases of caterpillar-induced hemorrhage are expected 
as deforestation, forest degradation, and global warming continue to go 
unchecked. It is, therefore, essential for healthcare professionals around 
the globe to be acquainted with this emerging public health problem. 
Prompt recognition and administration of antivenom are crucial to 
ensure a favorable outcome. There is an urgent need for countries at risk 
of lonomism to develop and maintain a national stockpile of the life- 
saving antivenin. Hemorrhagic erucism should be considered in the 
differential diagnosis of hemorrhagic syndromes in the tropics.

Fig. 2. Hemorrhagic manifestations present at admission involving both of her legs (A and B), right iliac crest (C), and the oral mucosa (D).
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