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Hepatitis C virus (HCV) is a major causative agent of 
liver disease, including chronic hepatitis, cirrhosis and he-
patocellular carcinoma. Approximately 130-170 million in-
dividuals are thought to be infected worldwide (Lavanchy 
2011). HCV has a positive-sense single-stranded RNA 
genome that presents a high degree of genetic heterogene-
ity. The phylogenetic analysis of full-length or partial se-
quences of HCV isolates has led to the identification of six 
major genotypes (1-6), each comprising multiple subtypes 
(designated 1a, 1b etc.) (Simmonds et al. 2005).

Recyclable waste collectors collect, separate, classify 
and sell recyclable waste materials, such as paper, card-
board, glass, ferrous and non-ferrous metals and other 
recyclable materials. They are autonomous workers who 
may or may not belong to cooperatives or associations. In 
2002, this job became regulated by the Brazilian Occupa-
tional Classification and the number of recyclable waste 
collectors has increased significantly in urban areas. 
There are approximately one million recyclable waste col-
lectors in Brazil (CEMPRE 2012). Despite its economic 
and environmental importance, studies have shown that 
waste collection is associated with poor health and high 
levels of morbidity (Gutberlet & Baeder 2008, Almeida 
et al. 2009, Kuijer et al. 2010, Rachiotis et al. 2012). In 
addition, recyclable waste collectors have a lifestyle that 
is associated with unfavourable social, cultural and en-
vironmental factors (Porto et al. 2004, Silva et al. 2005, 
Medeiros & Macêdo 2006).

To our knowledge, there are currently few data re-
garding the prevalence of HCV infection in this popula-
tion. A high HCV infection prevalence (12.4%) was found 

among recyclable waste collectors in the city of Santos, 
Brazil (Rozman et al. 2007, 2008), but no other data re-
garding HCV infection in this population are available. 
Therefore, the aim of the present study was to assess the 
prevalence of HCV infection in recyclable waste collec-
tors in Central-West Brazil. The HCV genotype distribu-
tion and predictors of infection were also identified.

A cross-sectional study was performed in a popula-
tion of recyclable waste collectors in the city of Goiânia 
(population of 1,300,000), the capital of the state of 
Goiás, Central-West Brazil. From April 2010-May 2011, 
recyclable waste collectors were recruited in all 15 co-
operatives. Of the 432 individuals who were invited to 
participate in the study, all but one agreed to participate. 
Written informed consent was obtained from all par-
ticipants prior to the start of the study. The participants 
were interviewed to obtain demographic data and iden-
tify risk factors associated with HCV transmission. The 
protocol used in the present study was approved by the 
Ethical Committee of the Federal University of Goiás.

Blood was collected (10 mL) from all participants 
and serum samples were tested by ELISA for antibodies 
against HCV (anti-HCV; Hepanostika Ultra, Biomedical, 
Shanghai, China). Anti-HCV-positive samples were re-
tested by immunoblotting (Chiron RIBA HCV 3.0 SIA, 
Ortho Clinical Diagnostic, Rochester, NY, USA) and sub-
jected to RNA detection using nested polymerase chain 
reaction with primers complementary to the conserved 
area of the 5’ non-coding region of HCV (Ginabreda et 
al. 1997). A line probe assay was used to determine the 
genotype of the isolates according to the procedure de-
scribed by the manufacturer (Inno-LiPA HCV II, Inno-
genetics, Ghent, Belgium).

The prevalence of HCV and 95% confidence inter-
val (CI) were calculated. Fisher’s exact test was used to 
compare variables and evaluate the association between 
HCV infection (defined as positive for anti-HCV) and 
risk factors, which were further analysed with a mul-
tivariate logistic regression model. A p value of < 0.05 
was defined as statistically significant. Statistical evalu-
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ations were performed using Statistical Package for the 
Social Sciences version 11.0.

The study population was primarily composed of 
females (62.4%). The mean age was 36.9 ± 13.6 years. 
The majority of the participants were non-Caucasian 
(79.4%), married (48.7%), had received nine years or less 
of formal education (fundamental education in Brazil) 
(78.7%) and reported a monthly income of US$ 300 or 

less (52.7%). Seven recyclable waste collectors were 
found to be anti-HCV positive by ELISA and immuno-
blotting, resulting in an anti-HCV prevalence of 1.6% 
(95% CI: 0.6-3.6).

The Table describes the univariate and multivari-
ate analyses of factors associated with HCV infection 
in recyclable waste collectors in Central-West Brazil. A 
univariate analysis demonstrated that this infection was 

TABLE
Factors associated with hepatitis C virus (HCV) among recyclable waste collectors in Central-West Brazil

Risk factor
HCV

positive/total % OR (95% CI) p
Ajusted ORa

(95% CI) p

Age (years)
   ≤ 40 2/276 0.7 1.0 - 1.0 -
   > 40 5/155 3.2 4.6 (0.9-23.8) 0.05 2.8 (0.5-16.0) 0.25
Gender
   Female 3/269 1.1 1.0 - 1.0 -
   Male 4/162 2.5 2.2 (0.5-10.2) 0.28 0.8 (0.1-5.2) 0.85
Duration of profession (years)
   ≤ 1 2/227 0.9 1.0 - - -
   2-10  3/157 1.9 20.2 (0.3-19.1) 0.40 - -
   > 10 2/47 4.2 5.0 (0.5-51.3) 0.13 - -
Sharps/needle accidentsb

   No 2/222 0.9 1.0 - - -
   Yes 5/204 2.5 2.8 (0.5-14.4) 0.21 - -
History of familial hepatitisb

   No 4/341 1.2 1.0 - - -
   Yes 3/82 3.7 3.2 (0.7-14.6) 0.11 - -
Blood transfusionb

   No 4/376 1.1 1.0 - 1.0 -
   Yes 3/54 5.6 5.5 (1.2-25.1) 0.01 5.0 (1.0-25.0) 0.05
Surgeryb

   No 2/200 1 1.0 - - -
   Yes 5/231 2.2 2.2 (0.4-11.4) 0.34 - -
Tattoo
   No 4/347 1.2 1.0 - - -
   Yes 3/84 3.6 3.2 (0.7-14.5) 0.12 - -
Dental treatmentb

   No 0/17 0 - - - -
   Yes 5/335 1.5 - 0.61 - -
Illicit drug use
   No 4/345 1.2 1.0 - - -
   Yes 3/86 3.5 3.1 (0.7-14.0) 0.13 - -
Incarcerationb

   No 3/353 0.8 1.0 - 1.0 -
   Yes 4/75 5.3 6.6 (1.4-30.0) < 0.01 1.9 (0.3-10.9) 0.45
Unprotected sex with multiple partners
   No 1/255 0.4 1.0 - 1.0 -
   Yes 6/176 3.4 9.0 (1.1-75.1) 0.01 7.6 (0.9-66.0) 0.07
Sexually transmitted infectionsb

   No 2/324 0.6 1.0 - 1.0 -
   Yes 5/90 5.6 9.5 (1.8-49.7) < 0.01 6.7 (1.2-36.5) 0.03

a: adjusted for gender, age, blood transfusion, incarceration, unprotected sex with multiple partners and sexually transmitted infec-
tions; b: the denominator represents the number of patients who answered the question; CI: confidence interval; OR: odds ratio.
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associated with having received a blood transfusion, in-
carceration, unprotected sex with multiple partners and 
sexually transmitted infections (STIs). A history of STIs 
(p = 0.03) was independently associated with HCV in-
fection according to multivariate analysis and receiving 
a blood transfusion (p = 0.05) and having unprotected 
sex with multiple partners (p = 0.07) also showed an as-
sociation, but had a borderline p value.

Among the anti-HCV-positive samples, HCV RNA 
was detected in five samples determined to be genotype 
1: subtypes 1a (n = 2) and 1b (n = 3).

The present study represents the first investigation 
to provide not only HCV prevalence data, but also in-
formation regarding risk factors associated with ac-
quiring the infection and the HCV genotypes infecting 
recyclable waste collectors in Central-West Brazil. The 
1.6% prevalence rate of HCV infection found in these 
individuals in Goiânia was similar to that observed in 
a multicentric population-based study in the capital cit-
ies of Brazil (1.38%; 95% CI: 1.12-1.64) (MS/SVS 2011). 
Nevertheless, relative to other Brazilian recyclable waste 
collector populations, this prevalence was lower than the 
prevalence reported in Santos (12.4%) (Rozman et al. 
2007, 2008). This difference may reflect differences in 
the rates of parenteral and sexually risky behaviours be-
tween these populations in Goiânia and Santos.

A history of STIs (adjusted odds ratio = 6.7; 95% 
CI: 1.2-36.5) was the main predictor of HCV infection 
among recyclable waste collectors. These data were con-
sistent with findings obtained previously (Marx et al. 
2003, Tohme & Holmberg 2010). In addition, unprotect-
ed sex with multiple partners was associated with HCV 
infection according to the univariate analysis of data ob-
tained from the study population. These sexually risky 
behaviours have been reported by other authors (Terrault 
2002, Wang et al. 2007, Alter 2011) and appear to be 
common in this population (Rozman et al. 2007, 2008). 
It should be stressed that most preventative policies re-
lated to STIs are aimed at groups with higher exposure 
risks and do not include recyclable waste collectors.

Although we did not find that occupational exposure 
to waste was a risk factor for HCV infection, recycla-
ble waste collectors who reported longer employment 
times and occupational injuries with sharp instruments/
needles had an increased HCV infection prevalence. 
In addition, the studied population reported a high rate 
(47.9%; 204/426) of sharps and needle accidents (Table) 
and a low adherence to using gloves (63.6%) and other 
personal protective equipment (data not shown). These 
data were consistent with findings from other studies 
(Porto et al. 2004, Silva et al. 2005, Medeiros & Macêdo 
2006, Gutberlet & Baeder 2008, Rozman et al. 2008) 
and reinforce the importance of educating individuals 
on proper waste handling and informing individuals of 
health and safety issues, including providing access to 
personal protective equipment. Additionally, educational 
campaigns concerning proper waste disposal practices 
at the household level are also necessary.

Among the seven anti-HCV-positive recyclable waste 
collectors, five were also HCV RNA positive and infect-
ed with HCV genotype 1. This genotype predominates 

in Brazil, as do subtypes 1a and 1b, which were identi-
fied in this population (Campiotto et al. 2005, Martins et 
al. 2006, Lampe et al. 2010).

In conclusion, HCV infection was not more frequent 
in recyclable waste collectors than in the general Bra-
zilian population. A history of STIs was a predictor of 
HCV infection and the HCV genotype/subtypes identi-
fied in the study population were consistent with those 
currently circulating in Brazil.

ACKNOWLEDGEMENTS

To Tamiris Marinho, Aline Kozlowski, Nara Freitas, Helen 
Soares, Marcos Matos, Nativa Del-Rios, Lyriane Apolinário 
and Tássia Marinho, for collaboration during the data and 
blood collection, Ágabo Costa e Silva and Márcia Matos, for 
technical assistance, to Fernando Bartholo (Social Incubator, 
Federal University of Goiás), to the recycling cooperatives, 
and to the recyclable waste collectors in Goiânia.

REFERENCES

Almeida JR, Elias ET, Magalhães MA, Vieira AJD 2009. Efeito da 
idade sobre a qualidade de vida e saúde dos catadores de ma-
teriais recicláveis de uma associação em Governador Valadares, 
Minas Gerais, Brasil. Ciênc Saúde Coletiva 14: 2169-2179.

Alter MJ 2011. HCV routes of transmission: what goes around comes 
around. Semin Liver Dis 31: 340-346.

Campiotto S, Pinho JRR, Carrilho FJ, da Silva LC, Souto FJD, 
Spinelli V, Pereira LMMB, Coelho HSM, Silva AO, Fonseca JC, 
Rosa H, Lacet CM, Bernardini AP 2005. Geographic distribu-
tion of hepatitis C virus genotypes in Brazil. Braz J Med Biol 
Res 38: 41-49.

CEMPRE - Compromisso Empresarial para Reciclagem 2012. Políti-
ca nacional de resíduos sólidos. Agora é lei: novos desafios para 
poder público, empresas, catadores e população. Available from: 
cempre.org.br.

Ginabreda MGP, Yoshida CFT, Niel C 1997. Genomic characteriza-
tion of Brazilian hepatitis C virus genotypes 1a and 1b. Braz J 
Med Biol Res 30: 339-345.

Gutberlet J, Baeder AM 2008. Informal recycling and occupational 
health in Santo André, Brazil. Int J Environ Health Res 18: 1-15.

Kuijer PP, Sluiter JK, Frings-Dresen MH 2010. Health and safety in 
waste collection: towards evidence-based worker health surveil-
lance. Am J Ind Med 53: 1040-1064.

Lampe E, Espirito-Santo MP, Martins RM, Bello G 2010. Epidemic his-
tory of hepatitis C virus in Brazil. Infect Genet Evol 10: 886-895.

Lavanchy D 2011. Evolving epidemiology of hepatitis C virus. Clin 
Microbiol Infect 17: 107-115.

Martins RBM, Teles SA, Freitas NR, Motta-Castro ARC, Souto FJD, 
Mussi A, Amorim RMS, Martins CRF 2006. Distribution of 
hepatitis C virus genotypes among blood donors from mid-west 
region of Brazil. Rev Inst Med Trop Sao Paulo 48: 53-55.

Marx MA, Murugavel KG, Tarwater PM, SriKrishnan AK, Thomas 
DL, Solomon S, Celentano DD 2003. Association of hepatitis C 
virus infection with sexual exposure in southern India. Clin In-
fect Dis 37: 514-520.

Medeiros LFR, Macêdo KB 2006. Catador de material reciclável: 
uma profissão para além da sobrevivência? Psicol Soc 18: 62-71. 

MS/SVS - Ministério da Saúde/Secretaria de Vigilância em Saúde 
Brasil 2011. Boletim Epidemiológico - Hepatites virais, MS, Bra-
sília, 76 pp.



HCV in recyclable waste collectors • Thaís Augusto Marinho et al.522

Porto MFS, Juncá DCM, Gonçalves RS, Filhote MIF 2004. Lixo, tra-
balho e saúde: um estudo de caso com catadores em um aterro 
metropolitano no Rio de Janeiro, Brasil. Cad Saude Publica 20: 
1503-1514.

Rachiotis G, Papagiannis D, Markas D, Thanasias E, Dounias G, 
Hadjichristodoulou C 2012. Hepatitis B virus infection and waste 
collection: prevalence, risk factors and infection pathway. Am J 
Ind Med 55: 650-655.

Rozman MA, Alves IS, Porto MA, Gomes PO, Ribeiro NM, Nogueira 
LA, Caseiro MM, da Silva VA, Massad E, Burattini MN 2007. 
HIV and related infections in a sample of recyclable waste collec-
tors of Brazil. Int J STD AIDS 18: 653-654.

Rozman MA, Alves IS, Porto MA, Gomes PO, Ribeiro NM, Nogueira 
LA, Caseiro MM, da Silva VA, Massad E, Burattini MN 2008. 
HIV infection and related risk behaviors in a community of re-
cyclable waste collectors of Santos, Brazil. Rev Saude Publica 
42: 838-843.

Silva MC, Fassa AG, Siqueira CE, Kriebel D 2005. World at work: 
Brazilian ragpickers. Occup Environ Med 62: 736-740.

Simmonds P, Bukh J, Combet C, Deléage G, Enomoto N, Feinstone 
S, Halfon P, Inchauspé G, Kuiken C, Maertens G, Mizokami 
M, Murphy DG, Okamoto H, Pawlotsky JM, Penin F, Sablon E, 
Shin-I T, Stuyver LJ, Thiel HJ, Viazov S, Weiner AJ, Widell A 
2005. Consensus proposals for a unified system of nomenclature 
of hepatitis C virus genotypes. Hepatology 42: 962-973.

Terrault NA 2002. Sexual activity as a risk factor for hepatitis C. He-
patology 36 (Suppl. 1): S99-S105.

Tohme RA, Holmberg SD 2010. Is sexual contact a major mode of 
hepatitis C virus transmission? Hepatology 52: 1497-505.

Wang CC, Krantz E, Klarquist J, Krows M, McBride L, Scott EP, Shaw-
Stiffel T, Weston SJ, Thiede H, Wald A, Rosen HR 2007. Acute 
hepatitis C in a contemporary US cohort: modes of acquisition and 
factors influencing viral clearance. J Infect Dis 196: 1474-1482.


