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Abstract Malathion has been widely used world-
wide in arbovirus control programs. In 2015,
it was classified by the International Agency for
Research on Cancer (IARC) as a probable carcin-
ogen to humans. This work aimed to systematize
the evidence of the carcinogenic and mutagenic
effects associated with the exposure of malathion
and its analogs, malaoxon and isomalathion. The
search was carried out in Toxline, PubMed and
Scopus databases for original papers published
from 1983 to 2015. In all, 73 papers were selected
from a total of 273 eligible papers. The results of
in vitro and in vivo studies showed mainly genetic
and chromosomal damages caused by malathion.
The epidemiological studies evidenced significant
positive associations for thyroid, breast, and ovar-
ian cancers in menopausal women. This evidence
of the carcinogenic effect of malathion should be
considered before its use in arbovirus control pro-
grams.

Key words Malathion, Carcinogenicity Tests,
Mutagenicity Tests, Environmental Health

3273

MHATATE




w
)
~
o~

Bastos PL et al.

Introduction

Pesticides are chemical compounds used exten-
sively in agriculture, for the chemical control of
spontaneous species in urban environment and
vectors, in public health campaigns' and are a
danger to humans and nature’. Among the wi-
dely used is the group of organophosphates
(OP), which are irreversible inhibitors of ace-
tylcholinesterase (AChE), active in all animal
groups that use acetylcholine as a neurotrans-
mitter’. The consequent accumulation of this
molecule in the body causes toxic effects on the
different systems of exposed living beings, such
as muscular, nervous, immune and endocrine
alterations*’. Among its possible chronic effects,
characterized by late onset, are irreversible dama-
ges, such as paralysis and neoplasms®.

In Brazil, with the exponential growth of the
dengue epidemic in 2015, when more than 1
million cases were confirmed’, and with the onset
of Chikungunya fever (in 2014) and the Zika vi-
rus epidemic (in 2015), with consequences even
more harmful to the population, a review of the
National Aedes aegypti (transmitter mosquito)
Control Program was requested, with the inten-
sified use of larvicides and adulticides for this
mosquito, going back to the 2014 guidelines re-
garding the use of UBV spraying with Malathion
at 30% diluted in water for the whole national
territory'®. This was criticized by the Brazilian
Association of Public Health, which issued a te-
chnical note warning of the dangers to health and
the environment''.

Malathion (diethyl (dimethoxythiophos-
phorylthio) succinate) is an OP used in various
food crops for the control of unwanted species
and is often used in insect control'?, as a com-
mercial or technical quality product containing
approximately 90-95% of the product in weight
and may contain up to twelve impurities formed
during manufacture and storage. Among the
relevant impurities are malaoxon and isomala-
thion, produced by oxidation' and the chemical
or thermal isomerization of malathion, respecti-
vely®.

Its mutagenic capacity and potential carci-
nogenic effect have been discussed'*'®. However,
despite widespread use, there are surprisingly
few studies on the association of malathion and
cancer, most of them in North America, others
in Europe, while very few have been conducted
in less industrialized countries where exposure is
likely to be much higher”. Some authors point
out their findings as something of concern since

malathion has shown high levels of carcinogenic
activity, as well as chemical properties that bring
it closer to other notably carcinogenic substances
such as aflatoxin and benzopyrene®.

In the 1980s, malathion was considered and
evaluated by the International Agency for Rese-
arch on Cancer (IARC) Working Group as not
classifiable as to its carcinogenicity to humans
(Group 3)** because it concluded that there was
insufficient evidence for the carcinogenicity of
malathion or its metabolite malaoxon in experi-
mental animals, and data for humans were not
available at the time. However, in 2015, IARC pu-
blished a new document, classifying the pesticide
as a probable human carcinogen (Group 2A)".

In view of the widespread use of malathion
as a pesticide worldwide, both in agriculture and
public health, and in view of the risks that it can
bring, this work aimed to systematize the evi-
dence of the carcinogenic and mutagenic effects
associated with the exposure of this organophos-
phate pesticide and its analogues (malaoxon and
isomalathion).

Methods
Search data

A systematic review of the literature was per-
formed by searching scientific papers published
between 1983 and 2015. The year 1983 was cho-
sen as the starting point of the research, since the
IARC? monograph published in that year consi-
dered malathion as “not classifiable as to its car-
cinogenicity to humans (Group 3)”, concluding
that there was insufficient evidence for the car-
cinogenicity of malathion or its metabolite ma-
laoxon in animal experiments, and there were no
data regarding humans.

The search was performed in the electronic
databases Scopus, PubMed and Toxline (in the
latter the results of PubMed were excluded), and
two command groups were employed. The first,
consisting of terms related to the exposure of in-
terest (malathion, malaoxon and isomalathion),
and the second containing terms related to the
outcome of interest (cancer, carcinogenicity tests,
carcinogens, neoplasms, mutagenesis, mutagenici-
ty tests and mutagens). A query was made in the
Medical Subject Headings (MeSH) to select the
descriptors/terms used. Boolean operator “OR”
was used for the combination of the terms in
each group, and “AND” operator was used for the
combination between the groups.



Selection of papers

We selected original studies that showed re-
sults on the carcinogenic or mutagenic effect of
malathion, malaoxon and isomalathion in living
beings. Review papers, dissertations and theses
identified in the search were excluded. English,
Portuguese and Spanish manuscripts were con-
sidered.

The papers were selected by the researchers
(authors of this paper) in two stages. In the first
one, two researchers read separately the title and
summary of the papers for the selection of tho-
se that should be the basis of the research. Those
without an abstract or insufficient information
to make a decision were kept into the next step.
Cases of disagreement were resolved by a third
researcher.

In the second step, all papers selected that met
the inclusion/exclusion criteria and those with
insufficient information for decision-making
were analyzed in their entirety. As in the previous
stage, the data of both reviewers were again con-
fronted, and the differences were solved by the
third reviewer.

The selected manuscripts were analyzed for
the extraction of the following data: authors,
year of publication, journal, study design, target
population, country of study population (in epi-
demiological studies), exposure (malathion, ma-
laoxon, isomalathion, mixed exposure) and main
results identified regarding the carcinogenic and
mutagenic effect of malathion, malaoxon and
isomalathion.

Search was performed between July 4 and 12,
2016. Filters were used to select the languages
and the period of publication of the manuscripts
in the three databases.

Results and discussion

Search returned 178 results in Scopus, 147 in
PubMed and 92 in Toxline, totaling 417 papers
(Figure 1). A total of 142 duplications were iden-
tified, as well as two papers published in other
languages (German and Chinese), leaving out
273 papers for eligibility evaluation.

After applying the inclusion and exclusion
criteria and the two-step evaluation, 73 papers
were included in this study, all in English. Of
these, 24 correspond to in vitro experimental
studies, including mutagenicity tests and cell cul-
tures of both animals and human beings; 24 in
vivo experimental studies, including mice, rats,

hamsters, birds, frogs and flies; 25 epidemiologi-
cal studies, including cohorts, case-controls and
cross-sectional studies (two of them with in vitro
experiments as well). The results found in the in
vitro experimental studies that evaluated the car-
cinogenic or mutagenic effect of malathion and
its analogs are summarized in Chart 1.

Three studies have shown significant in-
creases in the DNA damage of rat peripheral
blood lymphocytes following exposure to ma-
lathion"'®*. Higher frequencies of chromoso-
mal changes in bone marrow cells of mice in a
dose-dependent manner to malathion were also
observed?®. Besides observing the significant re-
duction of cell viability and the significant incre-
ase of breaks in both single and double strand
DNA, Ojha and Gupta'® verified the formation of
DPC, in time- and dose-dependent fashion after
exposure of rats’ lymphocytes to malathion both
individually and mixed with two other orga-
nophosphates (Chlorpyrifos and Parathion-Me-
thyl) when compared to the control. Since DPCs
correspond to toxic lesions associated with the
toxicity mechanism (s) of carcinogenic compou-
nds®, the study shows the carcinogenic effect of
malathion. The research further concludes that
malathion, along with the other pesticides of the
study, should generate oxidative lesions of DNA
base pairs, with a genotoxic potential to alter en-
zyme expression.

In cultures of human peripheral blood lym-
phocytes exposed to malathion, results showed
dose-dependent increase of chromosomal chan-
ges and sister chromatid exchanges, as well
as the alkylating effect of DNA-specific nucle-
otides™. No significant changes were observed
in the DNA damage of these same cells*? when
malathion was evaluated in comparison to its
two analogs, unlike malaoxon and isomalathion,
which induced DNA damage in a dose-depen-
dent fashion. The study by Blasiak et al.>* was the
only one to evaluate the three chemical agents in
the same study and concluded that the damages
caused to the DNA by malaoxon are more pro-
nounced than those caused by isomalathion.

Josse et al.? evaluated the effects of mala-
thion and isomalathion individually and com-
bined on the human liver HepaRG cell line and
showed that, although isomalathion was much
more cytotoxic than malathion, both substances
showed similar mutagenic effects in these hepa-
tocytes. On the other hand, Blasiak and Trzeciak®
claim that DNA damage to human lymphocytes
is caused by isomalathion and not by its original
compound.
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Figure 1. Flow chart illustrating the papers that were included and excluded in the systematic review, with

reasons for exclusion.

Source: Elaborated by the authors.

The results are somewhat contradictory re-
garding malaoxon exposure. Blasiak and Kowa-
lik*! found that malaoxon promoted a significant
increase in the level of DNA damage in human
peripheral blood lymphocytes in the Comet As-
say, and was higher with increasing dose, while
in the human lineage choriocarcinoma cell (JAR)
assay (model acceptable for human placental
cells), malathion, and not the same agent, was
found to be responsible for the cytotoxic and
genotoxic effects in these cells in vitro. Authors
argue that metabolites of pesticides with contra-
dictory results regarding their carcinogenic po-
tential should be studied, since they may repre-
sent the true carcinogens*.

Malathion has also been evaluated in gene
mutation tests that employ bacteria, such as
the Salmonella lactam test (genotoxin detection
method)”, phage-MicroScreen (a miniaturized
system that uses the induction of prophylaxis in
Escherichia coli X as an indicator of genetic da-
mage)*! and the Ames Salmonella test”. In the
three studies found, the results were negative for
the mutagenic activity of malathion, and no mu-
tagenic activities of malathion were observed in

the last test before or after activation of the rat
liver S9 fraction in the respective non-toxic do-
ses (33 mg/L) and 90% toxic (1650mg/L). In a
literature review, Flessel et al.¥’ also observed the
same results and concluded that malathion does
not appear to induce timely mutations in DNA in
bacterial systems.

Of the 24 in vivo experimental studies fou-
nd in this systematic review, twenty performed
the experiments on rats, mice or hamsters, while
the others evaluated the effects of the pesticide
on birds, frog and flies. Chart 2 shows the main
results of these studies.

In 1984, Degraeve et al.”® reported that Dy-
nafos and Phosan Plus, insecticides containing
malathion in their composition, did not indu-
ce chromosomal changes in bone marrow cells,
spermatogonia or primary spermatocytes, nor
alterations in the dominant lethal mutation assay,
after intraperitoneal injection of rats of strain Q.
However, the study has no data regarding impu-
rities, solvents, emulsions and the like in these
compounds, which shows its limitation.

In the same year, these authors exposed rats
from the same strain to malathion at 99% purity



3277

Ciéncia & Saude Coletiva, 25(8):3273-3297, 2020

SINUTIUOD 1

uadeinjy
*S[[92 [OIIU0D UT 9, 7°0 F S°¢T AJu0 0) paredurod wornyie[ews [Iim pajean) sa)Aooydus] uoIAuyg
pooiq rexoydrrad ut (94£5°0 F $'98 03 $8°0 F ¢¥ Wwoij) aSewrep YN Jo sodejusoiad ueaur ‘urens Lopme-ondeids oy [oa1x0],
ur 9sea1ouT JUedYIUSIS B PaONPUI UOTYJB[EUI JO SISOP [[V "UOTYIB[EU JO 9S0Op SUIseardur JO SJBI O[BWI WIOJJ S[[30 POO[q |  JoUK) S 51102
[JIM PIseaIour sABSSe [[9 MOLIEW dUOQ UI SIULYD [EWOSOWOIYD JO saruanbaxy oy, (J1nd 3o 947g6) uoryreey | [erdydiiad pue morrew suog JeINA | “Te 32 9100\
(se0 eyuaoed
*SuI9)sAs [ed130[01q 19710 uewny J0y a[qeidadoe [opour)
SB [[oM Se S[[22 TeIuade[d U0 §309J39 2TX0)0UT puUe dIX0)014d 119Xd Aetr UOTYIe[RW JeT]) }sa33Ns (V) S[[92 UIOUILIOLIOYD | g I[EIH 10§ <1102
S)[NSAI YT, “OITA UT PIAIISQO $IIIJJd JTXOJ0UI PUEB JTX010)4d 3} 10 J[qIsuodsaI ST UOTYIe[RIN UOXOB[RUWI pUB UOTYIR[R]N Jo a8eaur] uewnyy UOIIAUY [ | “Te 32 TeJuBen)
‘suewny ur uorjewrroysuer) onyse[doau jo ysur e Juasardar A[Juapiad (paxTur) dyeOAUWIP "Z1-Y] 28eaur 170>
pInom safdures 3593 2] JO 199JJ9 JTUAFeINUI Y], "SIOLIIXD IaJeM [[0D “f JULINW ) Ul asuodsax pue soydojorouour | g JO SJUBINWI pUe FO[V], PUe | [0deULIRYJ]
SOS 2uo1d-10110 J[qIONPUT ) JLNIUT OS[e PUE J)IS UOT)BINW ) Je sired aseq Ty YIIm sop ‘sojrakdro[yD ‘ueymsopud | ZOTVL ‘00TVL ‘86VL ‘©/6VL [0OIXQL, | 4,€10T BN
03 paredwod (Sumord) Do syuenur ared aseq 9y wo Joe A[fenyuarsyard sajdures 3s9) YT, -eydpe ‘ouepul] UOTIE[RIN surens wnunuryd4) °g uoIAuyg > umfuy
*SUONBIIUOU0D MO] Je $314d01eday oyedal uo $109)30 do1xojoudd ajqeredwod pey spunoduwod
10g "UOTJR[eU UBT[} OTX0J0)AD IO YONT SEM UOTJR[LWOS] *(UOT)BIYTX0)IP UOTY)[eUr
UT PIAJOAUT) SISLIISIAXOQTED JO AJTATIOR AU} PAIIQIYUT ATIOIITP PIUTQUIOD 10 AJ[BNPIAIPUT
UOTY)e[ewWOS] "JAH G7 18 PaUIqUIOD UM $)I3JJd JTX0JOUF JANIPPE PRy PUE SUOTIRIIUDUOD MO] pauIquIod pue A[[enprArpur aur| JoeIU] 10T
1 I9ONUOIDTW JO UOT)BULIO) 31} PINPUI UOTJRUIQUIOD UT IO JUO[E UOTYJR[BUIOSI PUE UOTYIB[RIA UoTYIR[RWOST pue uoryIe[e]y | [0 Hyedoy onedsy uewny | [org wLyD “Te 39 assof
uadeiniy
‘uoneprxo yN( 10j a[qisuodsai safooyduiL] poojq reroydriad jex (paxTu pue uoIIAuyg
UT $S913S QATIBPIXO PIONPUT SJO "WNJUSWOUT [Te) pue [ISua] [re3 “YN( [Ted JO 9% JO dsearour A[[enprArpur) uoryjefew pue [09TX0], F102
Juapuadap-asop Im Lesse JouI0)) ) 4q PadUIPIAL st dFeurep YN UT aseaxour juedyrudis e | wonyiered (Ao ‘sojuddioryD (sa1hooydwh] |  joudD) say BAP)SBALIS
pasned U§ pue yg I0J PaxIu 10 A[enpiarpur sajf>oydui] jer uorygjereur jo amsodxa onia uf oprxorad uaBoipA | poojq reroydirad) syex repsipn JeInN Jeylp
"[o1u0d 2y} 03 paredwod Se SUOIIIPUOD OIIA
UI UT PIYSI[qeISa SEM ‘PaXTW pue A[[enpIaIput ‘I TN 24} 03 a1nsodxa 3sod juspuadap-asop pue
awm ur (DJ) SUI-sso1d urajoid-yN( Jo uoneurioy 3y, (sgss ‘syeaiq puens yN( o(durs (paxTur pue
pue ‘sgs( ‘syea1q puens YN 2[qnop) aSewrep YN JO [oA9] (50°0>d) yueogrudts e pasnes | A[renprarpur) uoryjered Aoy (snorSaazou snyjey) [09TX0], 41S102
(ITIN) uoTyyerews 06T /1 Pue 01/T PIm sarhooydur] jer jo amsodxa yg1 pue yg ayJ, ‘sojrakdIoTyD UoTyIe[RI | S)BI OuIq[e AW Jnpe 1eIsIpg | dxg wny | ‘e3dno 3 eylp
PaYTIUSP] SIMSIY UTeI asodxg uonendod 193 1e], [eumo( | Iedx ‘stoyny

*$100)0 oruaSeINw 10 JTUSSOUIdIED Y} YIIM UOXOB[EUI UL UOTYIL[BUIOST ‘UOIJE[eW 0} 2INS0dXa JO UOTIBIDO0SSE 9} SUIen[eAd SIIPNIS OIIIA U JO SISOYIUAS *T JIeyD)




SINUTIU0D 1

*S[[90 953y} ur afewrep YN (T JO 1UIXD 193edid
© $3)eDIPUI UDIYM ‘S[TE) 1Y) UT YN[(J 2IOW UTEJUOD S)OWO0D 3SAY [, “Pasodxa Jou [0I3U0 3y} JO
e[} IIM uosLIEdUIOod UT J9WI0D 1) JO SWINJUIUIOUT [Te) 191ea1S [im sajhooyduiL] jo uonoery

PaseaIoUl Uk PIsned UOXOL[BUI JO UORNUNDUOD 1YY 3y T, *(100°0> d ‘Wil 270 F 19° Sns1oA

wrl 0F°¢ F 67°61) oN[ea [ENIUT U} UeY) J0YSTY SIUIT} UIAIS SeM WNJUSWOW [Te) PISEAIDUT [} [o1sAyq 166661
AT 007 ‘ST 1B EITWAYD 3Y) JO UOTBIIUADUOD JSAYSIY 3} Iy “Iouuew Juspuadap-asop e ur 9)eqI0OSE sa1fooydwf] uaypoIg ITemoy]
s914007dwIA] Jo (sIsA[eue Aessy 1oUI0))) WNJUSTWOUT [Te} S} PISLIIdUT A[JUedyTudIs WOXOB[RIA WINIPOS pue UOXOB[RIA pooiq rereydirad uewngy onsad 3 Yerserg
“Pa1INDD0 UOIRULIOJSUEI)
JO 2ATIEDTPUT SFUBYD IBMII[OUT JO UOTIONPUT UY “dUO[E UOTYIR[EW PUL duoTe Uado1sd £q
pajen3a1 sem (SWOIPUAS TUSWNELI-TT) ¢G4T, A[TyMm uoryiered [Ay3o Jo uorylefews pue uadorls? jo
UOTJBUIQUIOD Y] [JIM PUE JUOTE UOTYIe[eur m parenSar-dn sem souad ¢ urajod syqonpur ¢6 7,
Pue ZINDIN ‘42 dSH Jo uoissaidxy ‘uaSonss pue uoryjered [A[1a Jo UOLIBUIQUIOD AU} Y)IM PUE
suo[e uoryIeew M AJuo pajenSar-dn sem auad 1TAQ Y[, “uoryiered (A9 pue uoryle[eW Yjoq
M 12301189 JO UOTJBUIQUIOD B PUE SUO[E UOTYIR[EW JO J03J50 oY) Aq paje[nSar sem auadoouo ser
-eH-2 AT, "8 UNRIN| pue ‘cgID] pue ¢JgID] F 2seun| Juapuadop-urpAd pue [ urp4d ‘surpsd
SE NS ‘SJUUIILI] [[€ JO $109J32 a1} 4q pare[nSar-dn a1om sauag [e12A2G U] [[20 [01U0D JOT-IDIN (paurquiod
a1 03 paredwod SaNIQe JAISEAUT JUBIYIUSIS PAIIYXD S [[2M S ‘UOBULIOJSURI) [[30 PdNPUI | PUe A[[ENPIAIPUI) [OTPEIIS 9/ ] POIN 0:800T
pue uonexdyrjo1d [[2d pard[e uoryered [Ay3o pue UOTYIE[EW Y30q IM paulqurod uadonss oy, | pue uoryiered [A31o UorIeelA | S[[o0 [erPy3Ids Jsealq uewnyy [O (U] | koY 2 JeeD
'ss9001d 190UBD ) UT [BJUSUTEPUNY ‘uadonss sour|
2q 0} pa1apIsuod Yuaoouo sei-ef-o oy} pue aua rossarddns ¢od oy ur LyIqeIsur orwouss | YIM paurquuiod pue A[fenpiarput | [[o0 [erEeyiids Jsearq uewny 6002
y3noI s[[20 15831q JO UOTIRULIOJSURI) JueuSIew paonput uoryiered (Ao pue vonyiefely | uoryered [Ay)o pue uoryIeRN pazieyrowrwar J0T-JDIN | [02UQ [ U] “Te 32 JereD
‘[2A9] 2ansodxa 1say31y a3 Je A[[erdadss punoduuod o1x0j0ud3 € Se s1oe UOTYIe[eW Jet])
159338ns o3eurep yN(T Jo sadejuaoiad ueawr oy} 9Insodxa Jo sINOY 8 19y "UOIBIIUDUOD (zodaH) sf1e0 [od1x0], 50102
Sursearour M s[[ed gHdol ur adewrep YN JO asea1our [enperd e paonpur uoryie[ejy (£Lyand Jo 947°86) UOTYIRIRIN ewounIed oneday wewNg UoIIAUY | “Te J9 900N
(sTerowr Aaeayy)
SPLIO[YD AINDISW PUE SPLIOTYD
*$91400WdY UOPOUOWI J JO 2INI[ND 31} 0) JT1X0J0UF | wnruwrped ‘(sareydsoydouesdio)
2q 03 pasoid uoryrerews Apms sty U *(909 <) uoryerewr Jurpnput ‘syuejnjjod Inoj oy 10y soydojomouow pue
[onuo) a3 ueyy (G0°0>d) Py ApuedyIudis sem s[[a0 pare) Jo 33eIuadiad *(Aessy 1owo))) (uoneredaid [eriouwrod sa1fooway (duriys 1081 | soy uoIIAUg ;0102
$31400WaY 1) UT S]OUI0D SN} “PUE SYBIIQ UTRYD YN (I PRoNPUI paisa) syueinyiod 3 [V ‘M/MO%0S) UOTYIRTRI jueId) UOPOUOW SNIBUI] TR “Te 32 asof
PAYTIUSp] SIMSIY UTeI asodxg uonendod 198 1e], [ewnof | xedx ‘stoyny

*$109)0 SruaSeINU 10 JTUSSOUIdIED S} IIM UOXOB[EUWI PUE UOTYIL[BUIOSI ‘UOIJB[EW 0} 2INS0dXa JO UOBIDOSSE 97} SUIIBN[BAd SIIPNIS OIIIA UT JO SISAYIUAS *T JIeyD)

‘I 32 d soiseq




3279

Ciéncia & Saude Coletiva, 25(8):3273-3297, 2020

SaNUNUOD

*(POYIdW UOT1I919P UTX0IOUSF) 159) WIBIOR] B[[PUOWIRS Y} uoryje[ew surens (Ly6M[ pue ¢[) 8661
ur sutens ¢Y[ pue zye( 9 Ul oruadeinur 10U sem ‘soponsad 190 UAdS Suowre “‘UOTYIe[e]A Surpnpur ‘saponsad 1 wnunwryd4) e[ouowules | srsouadeinjy | e 39 MoK

‘sapnjoapnu suruens jo Juneplye ue st uorye[ew ey s)10dax snorad1d Yim JUSISUOD
sToIYM ‘sited aseq D :0) ut A[[enuaiajaid asore s[[ad pajesn-uoryierew ur suonenur Jxd
*($000°0>d) S[[o0 pa3ear) UoIyIe[EW Ul PAJBA[ AUEdYIUSIS 9q 0) PUNOJ SEM HET SAIS
1ted aseq pres Jo auo Je suonenuu Jo A>uanbaiy oy ‘vostredwod 10§ aseqejep uonBINW
j1dy uewny e Surs() "S[ENPIATPUT JUSISFIP OM) ISEI] J8 WIOIJ S[[90 PI)eI} WOIJ PIJR[OST sayfooyduL] #8661
9IoM pue uoryje[ew o3 arnsodxa 1a)ye Juonbaiy o1om $931s ared aseq [BISAIS JB SUOTIBINIA UOTYJeeA pooiq [eroydued uewngy | s JeIN | “Te 3D yIn[d

*pooiq [exoydriad woxy pajejost sarfooydwA] uewny jo yNQg

a1 oSewep Ued ‘UOTYIE[EW AI[UN ‘UOIYIL[BUIOST Jey) Pajedrpul pajuasaid ejep o[, ‘Uoryjeewt
03 pasodxa sa1hooydwiA] pue sajfooydwA] [onuod woiy Sunnsal asoyy uey) [rel a3 ul YNJd
2I0W PRy UOIYJe[ewos 0) pasodxa sajhooydwiA] woly Sunnsar spouwro)) Juapuadop-sop sem
9SBIIOUT AT, "[OTIUOD Y} [HIM uostIedurod Ut 947/ Sem aseaI1dur ay) ‘N 007 Jo UOTBIIUDUOD
3y} ur - Y)SUS[ JOUI0D PISLIIOUT Uk PISNED UOIYIL[EWOST ‘pUBY IAYI0 3} UQ) "JOU0D Y} JO [Ie}
3y} 01 YN 2Y} JO UoneIdru ay) uo 109§50 JuedyIuds & 2AeY JOU PIp ‘SUOTIBIIU0U0d pardde

9] 1€ ‘UOTYJL[BUI d} JBY} PIAIISGO 3q UED JI S[OIUOD A} UM UOSLIEdUIOD UT ‘UOTYE[BWOST (%866 prig 8661
pue uoryjefew o} YT 1oj pasodxa sa14o0ydwiA] 107 syidus] Jowod sgeraae o) SurpreSay 1se9] Je Jo Lyrnd yym yoq) sarfooydu4] UOITAUY Me1aZ1],
*S[OIJU0D JO 9SO} WIOTJ IDJIP J0U PIP UOTYJe[ew 0) a1nsodxa woy Sunynsa s}owod ay ], UOTJB[EWOST PUE UOTYJR[B]A pooiq [eroyduiad uewnyy (10d 3 Yersepq

‘uoryje[ewr o} pasodxa sajhooyduwiL] pue sarhooydwA] [oryuod woiy Jurnnsar s}owod

U S[Te} I UT YN 2I0UT UTEJU0D A7) “9I0J21a1]) ‘S[Te) I9SUO] dALY UOTYJE[EWOST PUe
uoxoe[ew 0} pasodxa sajhooydwA] woiy Jurynsar s3oW0Y) “UOTYIR[RTOST AQ Pasned Jey) Uey)
paounouoid 210UI Sem UOXOB[EW AqQ PRONPUT J03JJ2 Y [, “Touuewr juspuadop-asop e ur a3euwrep
VN PaoNpoIul UOTY)B[EWIOST PUB UOXOB[RIA TOIIU0D (IIM UOsLIedWIod Ul 947/ Sem [ISud]
WD PIsLIIdUT ) ‘W 007 JO UOTBIJUIOUOD A} J© - UOXOB[EUI JO 35D ) UT SB pad[Iet

SB JOU 1om saguet]d a1} Inq “YISUI] J9W0d paseadur ue pajouroid uorgierewosy *(100°0>

d) sayhooyduA] [orwrod Jo yISua] 19Ur0d YY) I1M) UET]) dI0W JUTPIIIX SYISUS] JOUI0D UT

PaI[NSI SIY T, *[re} aY) UI YN 23 JO [[& Isowe yum sjowrod Sunowoid £q sfjeo paSewrep (%866 153 1B
A[219A9s paonpoid (AW 0(7) UOTBIIUOUOD ISIYSIY $IT J UWOXOB[RIN “P1sd) suonerjuaduod | jo Ayund yaim [[e) Uoryje[euos: sapfooyduA] 26661
a3 1e yiSua) 1ourod LooyduwiA] ur safueyd JuedyIusis asned Jou pIp UOIYIe[e]A pue UOXOR[RW ‘UOTYIR[eI poojq eroydirod uewngy | sy jeINAL | T 39 NeISEIg
PAYTIUSP] SIMSIY UTeI asodxg uonendod 198 1e], [ewnof | xedx ‘stoyny

*$100)j0 oruaSeINw 10 JTUSSOUIdIED JU) YIIM UOXOB[EUWI PUE UOTYIL[BUIOSI ‘UOIJE[EW 0} 2INS0dXa JO UOTBIDO0SSE Y} SUIBN[eAd SIIPNIS OIIIA U JO SISOYIUAS *T JIeyD)



SaNUNUOD )

"WA)SAS dUTES 9] UT JOBIIXD [RIQOIOTUI [D3D Bl
IIM UOTJBATIOR ST I9)J& JOU ‘WIA)ISAS ABSSe B[[QUOWILS SIWY ) UT ‘00T VI PUL 86 VI L6 VL

(proxyya14d) urnpourrad pue

wnrnuwryd4y, e[ouotules 193533 ) JO SUTLI)S d2IY) YIIM ISAT] Jel JO UOIIOR] ([ELIPUOYDO)IU (surro[yooued1o) uejNsopud 001 VI PU® 86 VI, ®/6 [0o1XO],
-150d) ¢S YIIM UOTIBATIOR 1) I9)J& JO 210Joq I ‘S350p (/U 0G9T) OTX0} 0406 PUe ‘(sayeydsoydouedio) | yI, wmumuryd4y, efjououues wejyuoy) 0 L86T “Te
(/8w ¢¢) 21X0)-UOU 2A102dSI AU} UI PIAIISQO 2IIM UOTYIL[BUI JO SINIANIE dTUSTeInur ON suoresoyd pue UoIyIe[e]A 13)59) Y] JO SUTEIIS uoIAUg Jo1ePUPR]
-a1eydsoydouedio a1 jo sasop
Y31y ur punoj a1om SIS [eIPLIILI}d) PUE OLIIUI(] "PIATIISQO OS[E dIoM (9)eUSOWOY JIAT] urnrdoroyd
JBI) UOT)OBIJ 6-§ [BUIOSOIDIUI Y} JO UONIEAT)OE JNOYIIM IO (IIM SINI[EUWLIOU]E [EWOSOWOIYD |  puk IpIwoiq [AYIaW dpy[nsip uaSeynjy
ur sasea1our Juapuadop-2s0(] *(INOY 7/T) UOTYIe[eW WLId)-1I0YS YIIm palear) sa)AooyduA] UOQIED OPLIO[YILIId) sa1hooydwf] Soumie) 0661
UBWINY UT PIAISSQO dIIM STDS UT sasea1dut Juapuadap-asop (600> d) Iuedyrudis A[[eonsnels uoqIed ‘UOTYIe[eIN poojq reroydirad wewnyy Sojerd], | “Te3s A1ren
SJUIA[OS ‘urnazoydsoyd
*(umoys jou ejep) aqn 1od 31l pue (uoryje[ew SUIpnpPUI | WNLIA)OLQO)OYJ WNLINOLq wayD
0T S JO s3sop 153} Je sasuodsar 21x01034d J0 o1x0j0uad moys Jou pIp (urryieurrad pue uruns | ‘dnoid [onuod) drx0j0UIZ-UOU | JUIISIUTWN] AY) JO ‘SIUBINW [0o1XO[, 50661
ereyd [AXYIAID-Z-Tp IeIPAY0qILd) S2OUBISqNS ITX0)OUIF-UOU  IAYI0 PUE UOTYIR[BI ‘surxojoua$ ‘surxojouadoiq Iep Paje[oST ‘SJUBLIEA uoIAug ‘uosuyjo(
"SUONBIIUOUO0D IaYSIY Je suewny ur 4)101x0joudd asned Aew pue usgejnur
PIIUI © ST UOTyJe[eur Jey]) 15933ns $)[Nsa1 oy ‘ST, *ApnIs SIY) UT SUOTIBIIUDUOD [[& JB PIAIISQO €661
SEM XIPUT OTJ0JTUI UT 3SBAIDIP JUIPUIAIP-250P Y "$21nj[Nd 9)A500NI] ULWINT UT STDS - SE [[oM sayhooydud] ‘eeIses
Se soSueyd [EWOSOWOIYD JO 3SAIdUT JUIPUIdop-ISOp € SISNED UOTYIB[EL JBY) MOYS SINSII Y], UOTYJe[eA pooiq [eroydued uewnyy | sy JEINIA 3 1leeg
‘punoj suoned)fe Jo sad4} 19y30 oy} uey) 1oySIy 210M SUOTJEIO[SUEI) PUE
SIWIOSOWIOIYD JLIJUDIP ‘SYBIIQ [EUWOSOUWOIYD JO 20UPHUI YT, *(10°05d) 3ueoyrudis Aysy
a19m sa3ueyd paonpur jo sanuanbaiy oy ‘(ur/3H 9oz pue 05 1) sasop YSIY 1y "PAAISSqO sem DG WUy
(%6°G) 7onuod 03 pareduwod (94G°6) uoryierew jo [/l 0O YIm pajean sajhooyduws] oy A[renprarpur uoryjered sapfooydwid] | [ sefensny 0c9661
Jo suornjea)[e [ewrosouwroyd jo Aouanbaiy oy ur (6o 0sd) asearour JueoyTudis A[eonisnels y pPue (0€¢ MIN) UOTYIR[RIN pooiq rereydrrad jeon) -uersy | “Te 39 vydnn
PAYTIUSP] SIMSIY UTeI ansodxyg uonendod 198 1e], [ewnof | xedx ‘stoyny

*$102)2 druaSeInul 10 JTUSOUIdIED S} YIIM UOXOB[EWI PUE UOTYIL[BUIOSI ‘UOIYJB[EW 0} 2I1Ns0dX JO UONBIDOSSE 1) SUIBN[eAd SAIPNIS OI)IA UT JO SISAYIUAS *T JIeyD)

‘I 32 d soiseq




3281

Ciéncia & Saude Coletiva, 25(8):3273-3297, 2020

‘stoyne Aq paredaig :201mog

‘Apowr-soydurze 10y uey

punodurod 1913e] ST 10§ 1918213 pue UOTYe[ew J0j Uey) uoryjered [AIoN 10J 1918213 sem
193332 o1SIZIDULS ST T, *(ZOX UI 100°0>d) punoduwod puodas 3y} pue A}o1uadeinur HoJIo[ydLn
U29M)2q PUNOJ SEM 109132 dNISISIAULS B ‘SISBD 2213 [[e U] 1032 2an1sod paonpoid

jer spunoduros sajeydsoydoueSio om) 19Y)0 31} pue UOTYJE[EW JOJ PIYILII 9q UL
UOTSNOUOD JWES A, *SUOTIILIJ JOAI] [EWOSOIITUI S 1) JO ADUSOYJ 1) sk [[om se (aqurod
SIOAWIOTRYDIBSOZIYDS ISLIL JT[) JO WSS 159) UOT)BINWI-PIEMIO] 9PE 31} UT AJDdruadeinua

J0) syuawrLIadxa 1811y 2} UI PauTeIqo S309J2 Y} $AJ8I0qO1I00 dUOo[e Aduanbaiy uonenw
P2oNpUI-UOJIOYILI} PaseaIoul A, ‘parednsaaur a1om [Aypowi-soydurze pue uoryyered Ao
UOTYJe[eW ‘(AU JO JATIBALIIP UDBS YIIM UOJIOTYDLI} JO SUOIBUIQUIOD ¢ JO SIOYJI Y],

(uoyrorydIn

JIM PauIquUIOD) UOIyje[et
Surpnpur ‘sapIondasul
aeydsoydoueSio ¢1

sjel urens () aewr

JO SIJAI] pUE (SNOO[ 9ope A}
je jueinu oruadost ue) aquiod
SI0AWIOIRYDIBSOZIYDG JSBIX

sy 1INy

€861 “[e 10
J[reyP-101D

"21X0) d1aM (95GZ'0 d40qe) saesop 1oySTH YImoId

[[99 Jo uonIqryur pue  uorsnijoId SNIPNU, UOTLIZUIIIP SNIONU PIsned Os[e ] “PeId) & Jo S[[od
IN0J 2y} Jo Yo ur syea1q o[dinur pue 3z1s [enboun Jo 1[ONU ULIO} 0] INJONLIS TLIONU Y}
PaI2)[e PUE SOIIU0D dY} 2A0QR TPNUOIINW JO (G0'0) saruanbayy oydny Apuesyrudis paonpur
%S7°0-S1°0 Jo sadesop ur s1odea uoryiere]y sasuodsar aaneSou pasanyoe syue(d jo uonemndod
uado ue ur 10 1PqUIRYD PIsO[d B Ul 3Zesop 94,G¢F 0 I8 Surdelds uonyIeeA "sa14d00AW pue SaARI]
WId)S AY) UT YFeap [[92 Sursned 4)1o1xo) Y3ry £q padSew Usjjo pue MOJ AI9A SeM WIS Y}
ySno1y) paqIosqe (1ajem PIZIUOIIP/UOIINOS UOTYe[ewr) uoryjerew pinbif jo Ajorxojouad oy,

(yuarpardur
9ATIOB JO 04 GG “ISYIS[NUID
‘G UOIYIR[E]) UOTIR[EN

(1157474
pue ¢() U0 BIIUBISIPRI],

a1 JO saeIS JUB[d

uadenjy
uoIAuyg

+€861'Te
19 BN

‘uoryperews pue woryiered (KIS £q pamoroF

opronoasur ajeydsoydouesdio aaroear jsowr 3y} 2q 03 pareadde soydurausyduwoiqhyiopy
*(ureyp apnioapnuijod o) wog saseq surind paje[dy[e Jo [eaowaI SNA[OIPAY pue UONE[A[e
VN [euonippe :sassadoad uonnaduwod om) o3 anp £[qeqoid) saseq paje[dy[e jo roquinu
3y} ur aseaxour JuedYIUSIS B UL J[NSII JOU PIp Uoreqnour 193u0T "UOTI.I 3} JO SINOY

96 I9)Je WINWIXEW S} JUTYILII MO[S JIq B SeM $53001d STY) Je) PomMOYs UOTYIe[ew [DF ]

soydurauaydurorqAyyour

£q YN ur saseq aurind jo sonoun| uoneAyjau oy [, *saseq snousSo11u Jo uoneAyiour pue voryered Aoy [od wyoorg | 9861 “Te 12
Sursnes o1IA Ul YN Y3 YIMm 101 saponodasul ajeydsoydouedio parpnis o) [y dAAJ ‘uoryleeN VNJ Shwiy jred ROV | ZOIMID[IOPEIA
*SOAIO[UDIP
pue ‘ueideo Quaydexoy
QuepIod ‘uaydonTu Quepur| wl861
(sSeurep or3ouad Jo 10)EDIPUL UE SE X 1[0d BIYOLIdYPSY Ul uononpur afeydoid sasn ey xormur ‘1,q(-,d‘d ‘uornuowr TULIBINR(]
W)SAS pazLInjeruru) £esse UONONPUI UAIIGOIN-25eyd o) £q p23021op 10U Sem UOTYIe[e] ‘(f1mand jo opG6¢c/) UoOTIR[RW | I/q T[0D BIYDLIAYDST JO SUTRNS | S JLINA 2 ynoy
Paynudp] SIMSY Urey amsodxg uonendod 1a81e], [euInof | xeax ‘szoyny

*$100)j0 oruaSeINw 10 JTUSSOUIdIED JU) YIIM UOXOB[EUWI PUE UOTYIL[BUIOSI ‘UOIJE[EW 0} 2INS0dXa JO UOTBIDO0SSE Y} SUIBN[eAd SIIPNIS OIIIA U JO SISOYIUAS *T JIeyD)



SINUTIUOD 1

‘uoryjerew jo [erjuaod dsrusSnaue

JO UOID9s Je[NQN) dY} Ur sagueypd 19ea1d paonpul usS01)sd pue UOTYIL[EW JO UOTJBUIGUIOD YT,

[o1pensa-¢/1 pue uorie[eN

JO SYeI UISIIA J[eWId]

Sy uoaiAuy [ juy

10/pue S1ud30ISE[D ) SIDIOJUIT YDTYM DTUI JO S[[20 MOLIBUI dUOQ UI (STDJ) SAIL00I14A10 d)eIoeAUR] pUE uadeIniy w1102
sneworypAjod parespnuomniur jo Aousnbaiy pasearsut Juspuadap-2sop B SONPUT UOTYIR[BIA (L1nd Jo 9466) uoTyIR[RIN 201W OUIq[e SSIMG [OIN uoIIAUY “Te 19 111D
‘snohydouedo g ur apronsad au jo [enuajod sruadoisep ayy
$9)BOIPUI A[1€3[0 UOTY}E[EW JO SUOTJRIUIOUOD JUIISYIP I9)Je poriad Apnis 1noy-9¢ ay) Surmnp (snokydouesdo
sa1ho013410 ur Aouanbaiy NIA ut aseardour Juspuadop-uonerusouod oy ], “Iouuewr juspudadap (e[nurioy snoIyng) Soxy 10T
-UOTJEI)U2OU0D & Ul $9[0dpe) JO $314001Y1AI9 UT (NJA) I9[PNUOIDIW JO UOTJBULIO) 3} PAONPUI ] | [BIDISW0D DF 940G) UOTYIR[BIA Surronnys uerpuy [0o1x0], yenby “Te 39 1D
“Koueudirewr aarssardord jo uds
© se pa1sadSns aq Aewr sanifewLIouqe 253t ], *dnoid jonuoo 0} paredwod seare Ie[Iy pue [e13100
a1 ur uonerdjrjoid reord£ye pue ‘uordar wnpry 2y} ur uonerdjrjoid pue adewrep renqny jo sudis
“4ydonzad Ly renrswor8 jo 9213ap a3 ut (50"0>d) asearour JuLdYIUSIS B SE YoNSs TOIFU0D ) paxTw urens
03 93ewrep jo sad4) [eroAds pasned UoTIe[ey ddueISqNs d[3uls Aue 0] paredurod sfloupny oy |  pue A[renprarpur ‘(uaSoxsd) | Aomeg-onderds oy ey d1qng «C10T “Te

13 BII-OIRJ[Y

"2UOTE UOTYJe[eW IO
uaS011s3 UeY) 11 2y JO spue[d ATeururew a) Ul uoneId[e Ie[n[[ad 191e1d e paonpur usdorisd
pue uoIyje[eW JO UoneUIqUOD 3y [, ‘urajoid ¢¢d Jueinur 9y Jo uoIssaIdxa paseaIdur yim

PapIoUTod s{ep (g pue 0T I9)Je UOTYIR[eu JO 109JJ9 3} AQ padnpul s3onp dAT)eIJT[0Id pasearour urers <ZT10T MeyD
a1, 's[onuod ) PIMm uostredurod ur s1akey rerpopids jJo raqumu o) ut pue ‘pue[d Arewrureurs (paxTux pue A[renpiarpur) | Aopmeg-anSerds oy -nInqrpyg
ap jo (zwua/dsp) aseyd uoneragrjord oy ur syonp a1 Jo (50°0>d) az1s pasearour Juedyrudig UOT{Je[ewW pue Ud30IIS | JO S}BI UISIIA O[ewd] day [00uQ 3 JereD
*SOWIAZUD 3831} JO sANIANOE Y} (10°0>d) Apueoyrudis paseadap
pue ‘sowdzus Jueprxonue diiedoy pue [eual ¢(JyD) 3seeIed pue ((OS) dseInwsip aprxoradns
SB [ONS SANTATIOR dWAzud Jo uona[dop pue quauod dnois [ory) paseanap ‘uoneprxoradodiy (1/3 00S 0ST10T
Sunoafgar (VAN 3UAUO0D SPAYDPRIPUO[LU PISLIIOUT AQ PAIBNTLAD SSIIIS JATJEPIXO PIONPUT ] DT 0§ UOoueJAy) UoTyIe[eIN SJBI O[eWI IBIST\\ | (I[N PU] [09TXO], “Te 32 Turpas
ey uewny 10§ saduanbasuod
w19)-3u0] 9y Aewu uoryIe[ew 0} arnsodxa druoIypd Jey) Sursaddns ‘suorjeraye yurudiewr pwoe drody] #S107 TPWO
pue eisejdrad Ay [eord4je ‘suoneraife onskoo1qy £q paxrewr 1sealq oy} ur sadueyd [e2130[01s1H | eyd[y pue (9456 <) UOTYIR[R]A | 90T S[BUUAJ IRISIM 1oRId $3Y [oyred 3 uRIWIQO
“Apueoyrusdis
paseaxdur (skep 0z1) O I (skep 08) g sdnoid ur 16 pue ¢ sdep uo sa1£d>01I£10 pajeapnu (eoruode(
P2qqp1q jo Aduanbaig oy, *sep Teyuswutradxa [[e uo (skep 001) g 03 (sdep 09) @ sdnois woiy (99139p XTuInjo))) (paq) #G10T
SpaIq Ut APuedyTudis PaseaIdut s9)Ad0I}AI19 pajes[onuIq pue pajea[dnuoIdIw jo A>uanbaiy oy, [eoTUYD2) 94G6) UOTYIefe] | orew [renb asouede( 1§ I3y [ ed | Te 30 uressniy
Paynusp] SI[NSAY urey ainsodxyg uonemndod 1a81e], [euInof Ie3) ‘sToINy

*$129339 druadeInur Jo / pue druddourdied 0} sonofeue s)1 10 / pue UOTYJe[eUT 0] 91Ns0dXa JO UONRIDOSSE ) JUTIBN[BAD SITPNIS [BIUIUILIIAXD OATA UT JO SISOYIUAS T 3I8YD)

‘I 32 d soiseq




3283

Ciéncia & Saude Coletiva, 25(8):3273-3297, 2020

SINUTIUOD 1

‘SWLIOJ JUBUTWOP 9] 9IoM IoULIOJ 9] Inq

(sapronasur)
Ldd pue OSWA

‘sde$ errosowroOITYd pue PIEUIOIYD SE YONS ‘PIATISQO dIIM STOTBId[E [EINIONIIS JULIYTUSIS 9)euueT ‘UTAdS ‘UeqsIM(J 199661
Areonstyels A[yS1y sem o8ejuadiod asoym ‘s[jo uadds eI Ur saSURYD [PWOSOWOIYD JO UONONPU] ‘(amd 94001) uoryIe[RIN syeyg [ooxol, [ddy (| “[e 10 oy
"Pa10OU SeM SBUIOUDIED ATeuiueul Jo Juawdo[aaap (s1031qIYyUI urens
PUE 9ZIS UT PISBIIOUT $2INIONI)S 35T, “s1aAe] [BI[2UIIdD JO IoqUUNU I} SE [[9M Sk ‘pue[d 9SBIA)SIUI[OYD) UOTYIe[eu Aoime-anderdg 103ds1ag 01002
Arewrurewr ) Jo (SAL) SpPNq pUL [EUTULId) 3Y) JO ZIS ) UI (600> d) asearour juedsyrudis y pue uoryjered ‘urrasg 31} JO SJBI S[eWId] I[BSH UOIIAUY | “Te 32 O[[2qeD)
"[0I3U0) pajeaiun 3} 0} paredurod sarfetroue peay urrdds jo
£>uanba1y o) uT pa1sqo a1am (A[pAndadsa1 1000 pue 100°0 ‘20°0> d) sasearour Juedyrudis ‘sasop
aures 1) Je “‘UONIPpe U] "an[eA [01U0d Y} 0} paredwod (FDS) sSuedXs PHRWOIYd 19SIS JO (100°0>
d) Aouonbaiy 10yS1y ApuedoyTudis e paonpur UOTYIE[EW JO SISOP INI. 1Y) [TV *(S0°0> d F£.6°0 = 1)
sasop Surseazour yim safueyd jo Aouanbaiy oY) UT ISLIIOUT TEIUT] B SMOYS JAIND a5u0dsa1-a50p Y],
"Pa1s3) $350p 21Y) [[8 10§ (100°0> d) sadueyd jo A>uanbaiy 1oySny Apueoyrusis e paonpur voryIeey
*SI9T30 Uty Juanbaij axour 9q 0) pUNOJ 1M SYEAIq 2d£1-dTTIIOIYD) *((DS) SuondUN( prEUIoIYd
19)s1s pue ‘sdems ¢(S[BaIq dTBWOIYDOST UIIMID] PIPNOUT) sINUTUI d[qNOP ‘syeaiq pue sded jo 00T T8
sad£) o1EWOIYDOST PUB PIBWOIYD JO PAISISUOD YDTYM ‘SUOTJBIA)[E [BUOSOWOIYD JO sadA) [B10AdS UOTYJe[eIA 201U OUIq[E SSIMG sy 1R 19 eLIID
sndureooddiy a1y ur pajou sem dgeurep syex 4:800C
VN pasea1ou] "sasop 19y31y Je A[qe1ou ‘sjel I1eISip) JO Poo[q S[oym ul agewrep YN Paseadu] uoryje[eA o[eulr J[npe IBISIM | Wy poog oudy (| “[ela sndy
Juawdopaasp
190ued 3uny Jo Apiqrssod 1938018 M Aoueudieur aarssardoad jo udis e SunsaS3ns ‘ewrounIed urens 1,:800C
SATSBAUT pUE MIS UT BUIOUTdIR) ‘erse[delawr snourenbs “ersejdrad Ay se yons sjex jo winoids | *(paurquiod pue A[renpiarpur) | Aspme(g-anderds oy JereD 2 neyn
IB[OTYOUOIq Y} UI PUNOJ U22q daey suoisd] onsejdoau pue onsejdosu-21d jo sad£) snorownN | [o1pe1nsI-g/] pue UOIYIe[e]N | JO S}BI UISIIA J[eWd] [0ouQ [ ] -nInqryog
*(JuaSe orxojouddnue
S€) T BISJTULIOS BIUBTIIA
“Touuew Juspuadap-asop e uT uoTyiefew Aq pasned sem agewrep yNJ pUe (9405) UOTIe[e]A o T10T “T8
*(100"0>onpea-d) 10 nuead jo [o1wod 01 paredurod (Aessy J9UTOD)) UOTIBULIOJ JOUIOD PISLIIIU] JO SSE]D [RIDIWTIOD) 90TUI OUIq[E SSIMS [o1g 1393ug Uy | 39 IpIEqUIdg
'$9q0] 410321095 pue 2AT)eIdJ1[01d 130q JO SUTISISUOD SIOUIN) 0) ST
2A€3 voIyIR[EW pUE USS0I)SI JO UOTBUIGUIOD UI JUSUNEII], "Paonpoid 21oM BWOUIdIED [B1oNp paxIW pue urens 1102
se sJowmn) pue Jajawru a1enbs 1od s[[20 Jo Joqunu pue dz1s Ul s)ONp paseardur Apuedyrudis | Ajrenprarpur yioq ‘((uafonsa) | Asme(g-onderds oy ‘opLLIED)
"UOTYJe[RW JO 193JJ9 o) AQ PIAIISQO ITIM S[[9D ATRUIWIEBW JO SIONP ) UT SaSUBYD dAISSIZ01J | [OIPLIISI-¢J/] PUB UOTYIR[EIA | JO S}l UISIIA J[eWd] [0ouQ [ 3u] 3 JeeD)
Paynuap] s)nsay urey amsodxg uonemdod 1a81ey, [ewanof Ie3X ‘sIoyIny

*$1090 orusSejnu 10 / pue dSTuddourdIed 03 SSNJO[EUER S 10 / PUE UOIYIL[eW 0] 2INSOdXa JO UOTJBIDOSSE U} SUTIBN[BAD SIIPNIS [BIUSUILIIAXS OATA UT JO SISOYIUAS *Z 31eYD)




SINUTIUOD 1

*s)el o[
parean ur 10y31y Jou sem saseydelatr MoITeW U0 UT $9SURYD [eUwIosowonyd jo A>uanbaij oy,

(iund o466 Yim [[e) [Apow
-soyydurze 10 uoryiered [AqIaN
IO UOTYJR[eU [JIM PIUIqUIOD
pue A[[enpIarpur UOJIO[(IL,

(urens Q) sy1ex a[eN

yadsiog
[I[es UOIAUY

205861 e
10 aaseIda(g

mxodoid pue 1o[yoLxoour
Quepur| ‘[Areqred

9861 PUqIH

UOJIO[YDLI) ‘UBJNSOPUD (snyerne yA1uay 2
*SI9)sUIeY UBLIAG Pa)eaI)-UOIYIR[eW U} JO MOLIBW dUOQ Y} Ul SUOTJRId)[E SOAIOTUDIP “d)eO}oWITP ST9OLIDOSIIA]) BYSMONUOMZ(]
[EUWIOSOWOIYD YJIM S[[D JO Ioquunu Y3 ut (50'0> d) sasearour Juesoyrusis A[[esnisnels UOJOWIdP “UOTYJB[eIA I0)SUIRY UBLIAG [001XQT, YOIy BUIY
“UOTOUN(SIP-UOU PUE SIWOSOWOID | (SIYIS[NUWD pue sjuesiadsip
X295 Jo $3ss0] [enJed 10 [e303} Suronpoid Ur 2A1)OJJoUT OS[e ST UOTYIBR]A] JeY) SUNedIPUI |  pUe [O[AX JO 040G WUTpaISul
aArjeSou 21om JeATe] 33e)S-PIIY) JO JUIUWILIT) 12)Je UOLDUN(SIP-UOU PUE TDHS JO SINSAI ) QATIOR JO 94()G) JBIIUIDUOD |  SUIDAIS JaIsvSouvau 90861 T8
‘aonoa(ur Jnpe pue SUrpasy 101Je 1531 THS (‘TDS) SSO[ AWOSOWOIYD XIS Y} JO SINSAT Y], |  I[qRYIS[NWD 040G “UOTYIL[RIA vpydosoi(y uaSenjy uoxrauy | 39 zonbzepop

(399330 m>uu893 D pue

"S[[o> MOITew |  { SUTUIB}IA pue (saponsad) 'soy 0661
2U0(q eI UT SINI[BULIOUJE [EUIOSOWOIYD PUL PIIRWOIYD paseardur Apuedyrudrs sapionsad yiog 1030y pue UoTIe[e]N SIp snpnasnud SNy | TN A [ 7RI U] | @qUIS @ BpOH
'syed Jo $91450)eday JO S[A] [013U0D 0) paredwrod sndooj aansod (W10} uoryje[ew Surpnour 10C661 0]
[eruaoe[d aserdjsuen)-g suoryien[3) J-1.59 Jo uononpui oy} ur (g0°0> d) asearour yueoyrudig ‘spunodwod [eoTway 6 S1el pHed JIXQL, WY P | 2 emedoseq
(NEQ s pauiquiod pue
Afrenprarpur) ueoqyarp pue
uoinjoxdost Quazeuydd) ‘(J9q)
“TOAT] o) UI £31AT308 Sunjowroxd-1own) sey uoryje[ew jey) 3sa83ns ayeoryinoroydsoydifinqin
synsax oy 1, ‘saponsad 10130 F yam Suofe ‘snooj aanisod (-1SD Terudde[d aseI1djsueI}-g | -§G S “‘UNOZOPUIA ‘UOTYJe[eur €661
suoryieIn[3) wioj [ejuade]d aserajsues)-§ sUOIYILIN(3 Jo SISA[euE ) Ul 2ANISOd Sem UOTYIR[RIN ‘(NAQ) duturesonIuAyIarq 11 FH ¢ I[N 197 120UR)) | “Te 13 BAIYSOH
121sp30UD[IUL
“Aesse TYTS (TATS) 1593 [BYIS SAISSIAI uoxoeewr Surpnyout vpiydosos(T Jo uadeny V66T “Te
PUT[-X3s a1} UT s3onpoid [eoTwatd I9I0 ST YIIm Suo[e ‘Uageinu e paIspIsuod Sem UOXOBTEIA ‘syonpoid [esTwa (0, s1npv VN [ON UOIIAUY | )9 UBUIDINOJ
PaynuSp] SINsay UTe asodxg uonendod 1981e], [ewanof Iedx ‘sIoyIny

'$309J32 oruaSeInu 10 / pue d1udZounIed 0] sando[eue sJ1 IO / pue UOIYJe[ew 0) 2INsodXa JO UONEBIDO0SSE ) SUNEN[BAD SITPNIS [BJUSWIIIAXS OAIA UT JO SISOUIUAS 7 1IeyD)

‘I 32 d soiseq




Ciéncia & Saude Coletiva, 25(8):3273-3297, 2020

‘s1oyIne Aq paredaid :201mog

“UOTYJe[eW JO 350p 3y} 0} [euontodoid sem paonpur sSeurep [EWOSOUIOIYD

oy pue ‘diysuone[a1 asuodsai-asop 1021Ip B UT ‘S[EAIUI W) SNOLIBA 3} SULIND S[OIJU0D d} 0}
uore[aI ur sadueyoxe pnewolyd pue syeaiq ‘sded ‘saseydejowr jeurtouqe jo Aouanbaiy pasearour
S[eWITUE Y], SJL1 JO S[[292 MOLIBW JUO0q Ul Pasn 350p 3} SUIUIOUOD SUOTBIdN[E PIIBUIOIYD

1.£861

PUE PIBUIOIYD-qNS JO UOTIONPUT 3} AQ PIOUIPIAI SEM UOTYIB[BUI JO J03JJ2 d1uddolsepd ay ], (9%5°S6) UOTyIe[RIA s1el urens o/qTvd sag eIy | “Te 392 nom(
(sapronoasur
JO XTUW [RIDISWIOD) (I1)1]
JI0[yoAxoy)ow 2p 8001 pue
uonyje[ew Jo 8001 @IL0YIUIP
Jo 366) snjq uesoyq pue (121
/IA1eqIeD JO 8G/ pUE SOAIO[YIIP
*Aesse UOT)BINUI [L1[}9] JUBUTWIOP I} UT PIUTLIQO SeM S)09JJ9 d1auas [erjuajod J0 809 ‘uoryyereur yo 351)
JO 9OUIPIAd ON] "sa0UBISqNS ) PIM A[esuojrradeniur pajoafur sjex Jo sajhooreunrads Arewrrid sojeud( “xor1drpeldy o 7861 “Te
10 eTuoS0jeurIads ‘S[[90 MOIIBW SUOQ UT PIAIIS]O SEM SIFURYD [BUWIOSOWOIYD JO UOTIINPUT ON ‘SUOR],-oN], UeXN] (utens ) siey SIXOL YD P | 19 aadeIdoq
“[2A3] [013U0D AU} UL} JOMO] Sem A)I[BLIOUT [10]
uonejuejdur-jsod jo £ouanbaig oy pue pasearour Afuedyrusis Jou sem sasso] uonejuerdur
-a1d jo a8ejuadiad oy, ‘Teuriou sem 10031] 19d soA1quud 2A1] Jo Ioquunu A1) ‘dnoid pajean yoea
10§ ‘Aesse WONBINW [BYI] JUBUTWIOP Y} U] "PIAIISO JOU dIOM SUOTJBIO[SUEI) JNQ “P3IIJop
a1aM (9% T°0 Uet ssa) sded aurog “paseardur Apuesygrudis Jou sem sajhdorewnsads Lrewrad
UT PIAISSQO SBIQ [EWOSOWOIYD JO JoqUINU Y T, ‘eruofojewrzods Ur MO] AI9A SEM SUOTSI] (Lynd
[ewosowoIyd Jo sad4£) yuaraprp jo Aouanbaig oy, ‘[oAS] [01U0D o) UeY) Jomo] sem sded Jo | 9466 UM [[8) UOJIO[YILI) pue
£ouanbay oY) pue uoryie[ew Yim pajear) dnoid oyl ur paAIasqo sem dZueydxs [ewrosoworyd | uoryrered AN Dreoylowrp V861 “Te
opduts  *946°(0 YoBaI JOU PIP S[[20 MOLILW dUOQ UT SYBIIq [BWOSOWOIYD Jo afejuaniad oy, ‘SOAIOTUDIP ‘UOT{IR[EIN |  (UTens ) S1el S[e]A [09TXOT, YOIV | 19 2adeISa(g
Paynuap] s)msay Urey asodxg uonendod 1a81e], [euwanof IedX ‘sIoyIny

*$129339 druadeinur Jo / pue druddourdied 0} sono[eue s)1 10 / pue UOTYJe[eUI 0} 91ns0dXa JO WONRIOSSE ) JUTIBN[BAD SATPNIS [BIUIWILIIAXS OATA UT JO SISAYIUAS T 3I8YD)




w
[\
[«
[=)}

Bastos PL et al.

by ingestion of water containing small amounts
of the organophosphate (8 ppm, corresponding
to the highest value allowed in Belgium for pes-
ticide residues in fruits and vegetables) five days
a week for seven consecutive weeks®. Again, they
did not observe a significant increase in chro-
mosomal breaks or gaps in the same cell types
from the previous work, nor in the dominant
lethal mutation assay. However, there is hardly
any information on the analytical technique used
to search for these changes. In 1985, the group
evaluated the effects on rats injected with ma-
lathion (150 mg/kg) combined with trichlorfon
(50 mg/kg), and also did not show cytogenetic
effects (breaks, gaps, and chromatid alterations)
of the combination®.

However, of the total in vivo experimental
studies found in this study, only four showed no
positive association between mutagenic effects
and malathion, all from the 1980s. The first three
were those mentioned above, the fourth and last
of them dating from 1987, which obtained ne-
gative results regarding the production of sexu-
al chromosome losses and non-disjunction in
strains of Drosophila melanogaster exposed to
malathion with 50% of the active ingredient, a
percentage that may have had a significant in-
fluence on the results found®. Since then, there
have been a further 17 studies with positive re-
sults for carcinogenicity and genotoxicity of ma-
lathion, and one for malaoxon genotoxicity.

Honda and Sinha® showed a significant in-
crease (at a level of 0.1%) in the chromatid al-
terations of bone marrow cells after exposure of
Mus musculus rats. Swiss albino mice strains ex-
posed to malathion evidenced bone marrow cell
metaphases with various types of chromosomal
alterations, and the pesticide-induced signifi-
cantly higher frequency of alterations (p<0.001)
in the three acute doses tested (2.5, 5 and 10mg/
kg) than in control, besides increased frequencies
of sister chromatid exchanges and sperm head
anomalies®. Giri et al.** reported the dose-de-
pendent increased frequency of micronucleated
polychromatic erythrocytes in bone marrow cells
of mice of the same species after in vivo exposure
to malathion at 95% purity.

Regarding the research on the carcinogenici-
ty of malathion in in vivo experiments, the first
manuscript found dated back to 1992, in whi-
ch the pesticide promoted a significant increa-
se (p<0.05) in the induction of GST-P positive
focus in hepatocytes of F344 mice compared to
control®. The expression of the GST-P enzyme is
usually low in fetal hepatocytes, quiescent adults

or in regeneration, placenta, heart and other or-
gans of male rats, however, hyperplastic nodu-
les and chemically-induced liver tumors exhibit
GST-P values of about 20 to 50 times and 10 to
30 times over, respectively, when compared to
normal rat liver values’. Thus, the study suggests
the possibility of malathion being a weak hepa-
tocarcinogenic or hepatopromoting agent. On
the other hand, the study by Hoshiya et al.*, also
with F344 mice, concludes and states that mala-
thion has liver tumor promoting activity.

Studies have investigated the carcinogenic
effects of malathion and estrogen in virgin fe-
male rats of the Sprague-Dawley strain, indivi-
dually and in combination. Calaf and Garrido®
observed progressive changes in the mammary
cell ducts of rats treated with isolated malathion
compared to control after 240 days of treatment.
Besides the significantly increased size (p<0.05)
of ducts in the mammary gland proliferation
phase of rats treated with the pesticide, Calaf and
Chau’ found a growing expression of the mutant
P53 tumor marker protein. Several types of pre-
neoplasms in the bronchiolar epithelium of rats
injected with malathion have also been found,
besides carcinomas in situ”. In the renal tissue
of malathion-exposed rats, results suggest abnor-
malities with signs of malignancy*.

In most of the previously cited studies®*>*,
treatment with the combination of malathion
and estrogen-induced more cellular alterations
than treatments with the substances alone. Thus,
the combination of pesticides found in the en-
vironment, widely used in Latin America and
many other countries, and an endogenous subs-
tance, such as estrogen, has the potential to indu-
ce deleterious effects on humans, such as breast
cancer, for example®'. Estrogen can also be found
as a pollutant in surface and groundwater, and
its presence in the environment can have severe
toxicological and ecotoxicological repercussions
since this substance is recognized as an endocrine
disrupter, associated with premature puberty, in-
fertility and congenital malformation’">.

The epidemiological studies found in this
systematic review are summarized in Chart 3.
The types of designs obtained were eleven con-
trol case studies, eight cohorts and six cross-sec-
tional studies, where two of these also performed
in vitro experiments with human peripheral
blood lymphocytes.

Most studies (n = 16) investigated the corre-
lations between exposure to malathion and the
development of cancers. Of the 25 papers, 18
were conducted in North America (12 in the U.S.



and 6 in Canada), three in Europe, three in Asia
and only one in Latin America (Chile). These fin-
dings corroborate the JARC manuscript, which
states that very few studies on this approach have
been conducted in less industrialized countries®.

As to the evidence of genotoxicity investiga-
ted, in a cross-sectional study with male pesticide
applicators, Andreotti et al.”® found positive asso-
ciations between the recent use of malathion and
the shorter telomere relative length (p = 0.03).
Telomere shortening is associated with several
diseases, and most studies have reported associa-
tions between telomere length and increased risk
of cancer!*1%2,

In a prospective cohort with patients who at-
tempted suicide by self-poisoning with drugs or
insecticides, temporary but significant increases
in peripheral blood leukocyte aneuploidy (6.3%,
p < 0.01) and chromatid (5.3%, p < 0.01) and
chromosomic (1.4%, p < 0.01) alteration rates
after intoxication with malathion®” were obser-
ved. Also, one of 14 people poisoned by orga-
nophosphate died.

Only one of the epidemiological manuscripts
addressing the mutagenic effects of malathion
and complex mix of pesticides including the
organophosphate did not find a positive asso-
ciation®. This work was carried out both with a
cross-sectional epidemiological study of workers
exposed to pesticides and with in vitro experi-
mentation of human peripheral blood lympho-
cytes also concluded that malathion has a relati-
vely low potential to cause chromosomal damage
in vitro, and the corresponding doses used in the
experiment were much higher than those that
professional applicators are likely to be exposed
to in vivo.

On the other hand, a cross-sectional study
with a worker occupationally exposed to pesti-
cides (primarily malathion and phosphine) for
more than five years, and an experimental in vitro
study with human peripheral blood lymphocytes
exposed to malathion revealed that the mutage-
nicity of malathion can be detected at a molecu-
lar level®. Molecular changes in the hprt assay
were observed at doses of malathion that did not
produce in vitro cytotoxicity (<50 mg/ml) and
at exposure levels experienced by the individual
from which the in vivo mutant was retrieved. The
authors state that alterations similar to those re-
flected in the hprt in this study may also occur in
other loci, especially oncogene or tumor suppres-
sor genes sites, and may play a role in inducing
malignancies in individuals exposed to this or a
similar agent.

In epidemiological studies where exposure
to complex mixtures of pesticides or combina-
tions including malathion was found, all results
found positive associations with genotoxic ef-
fects’9%939%1% and carcinogenic effect®. Inves-
tigations of pesticides focused on the potential
effects of these substances on an individual ba-
sis aim to facilitate the analysis and direct public
policies. However, although multiple exposures
hinder the assessment of the relationships betwe-
en pesticides and their mutagenic or carcinoge-
nic effect, they more accurately reflect how these
compounds are used®.

Among the manuscripts that sought to inves-
tigate correlations between malathion exposure
and development of different types of cancers,
five of them did not find significant positive as-
sociations in cases of non-Hodgkin’s lymphoma
(NHL)™', multiple myeloma®, prostate can-
cer®>?, soft tissue sarcoma®, combined lympha-
tic-hematopoietic cancers, leukemia, lung, colon
and rectum, kidney and bladder cancer, and me-
lanoma®'. Another three found significant inverse
associations between the use of organophospha-
te and the appearance of NHL®* and pancreatic
cancer®.

The other half of them obtained positive
associations at statistically significant levels for
thyroid cancer’, ovarian cancer in menopausal
women’®, prostate cancer®®® and its aggressive
type®, breast cancer®, NHL*** and between
body mass index and cancer colonization among
men who used malathion®.

In Chile, about 33 years after the first mal-
athion spraying on the city of Arica, Cabello et
al.®! conducted a case-control study with wom-
en living in the city and women from Iquique, a
control city where spraying had never occurred.
The authors observed that those with the most
extended exposure to malathion were 5.7 times
more likely to be diagnosed with breast cancer,
besides 30.5% of the cases of metastases found in
the exposed group, compared to 16% in the nev-
er exposed group (p < 0.05). The study conclud-
ed that the increased breast cancer mortality rate
in the city of Arica has a significant correlation
with exposure to malathion sprayed for more
than three decades.

Of all the studies included in this systemat-
ic review, only one was carried out in Brazil®,
which evidences the lack of research regarding
the carcinogenic and genotoxic effects of mala-
thion in the country. On the other hand, the use
of pesticides, especially in developing countries,
has grown over the years, making it necessary to
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carry out further studies on occupational and en-
vironmental exposure to these pesticides'®.

The Brazilian Association of Collective
Health (ABRASCO) has produced a Technical
Note'! warning about products such as malathi-
on, among others, currently used in vector con-
trol of arboviruses, since the real damages caused
to the environment and human health have not
yet been adequately studied or revealed to vul-
nerable populations, including Public Health
workers. Its harmful effects have been disregard-
ed both in the aggravation of viruses and in the
emergence of other pathologies such as allergies,
immunotoxicity, cancer, hormonal disorders,
neurotoxicity, among others''.

Conclusion
This systematic returned results that evidenced

the mutagenic effect of malathion used as a com-
mercial formulation, that is, containing its ana-

logs malaoxon and isomalathion, and its ability
to promote changes in DNA in vivo. Thus, neo-
plastic processes can be triggered both in animals
and in exposed humans once such changes can
reach regions of oncogenes or tumor suppressors
in the DNA.

The results of the in vitro studies in both
animal and human cell cultures exposed to
malathion showed DNA damage, chromosom-
al alterations, sister chromatid exchanges and
micronuclei. In vivo experimental studies have
shown sufficient evidence regarding the potential
of the pesticide both in inducing genetic damage
and inducing neoplasms in mammals. Epidemi-
ological studies have shown statistically signifi-
cant positive associations for thyroid, breast, and
ovarian cancer in menopausal women.

The carcinogenic effect of this pesticide and
its implications on the environment and humans
should be considered, particularly in the context
of arbovirus control.
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sion of the final text. IGD Gurgel participated in
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