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Abstract

Aim s. To describe AIDS and malaria geography in Brazil, highlighting the role of injecting drug users

(IDUs) in malaria outbreaks occurring in malaria-free regions, and the potential clinical and public health

implications of malaria/HIV co-infection. Design. Review of the available literature and original analyses

using geoprocessing and spatial analysis techniques. Findings. Both HIV/AIDS and malaria distribution

are currently undergo ing profound changes in Brazil, with mutual expansion to intersec ting geographical

regions and social networks. Very recent reports describe the ® rst clinical case of AIDS in a remote

Amazonian ethnic group, as well as malaria cases in Rio de Janeiro state (hitherto a malaria-free area for

20 years); in addition , two outbreaks of both infections occurred at the beginning of the 1990s in the most

industrialized Brazilian state (SaÄ o Paulo), due to the sharing of needle s and syringes by drug users. Spatial

data point to: (a) the expansion of HIV/AIDS towards malarigenic areas located in the centre-west and north

of Brazil, along the main cocaine traf® cking routes, with IDU networks apparently playing a core role; and

(b) the possibility of new outbreaks of secondary malaria in urban setting s where HIV/AIDS is still

expanding, through the sharing of needle s and syringes. Conclusions. New outbreaks of cases of HIV and

malaria are likely to occur among Brazilian IDUs, and might conceivably contribute to the development of

treatment-res istant strains of malaria in this population. Health professionals should be alert to this possibility,

which could also eventually occur in IDU networks in developed countries.

Introduction

Due to unsafe injecting practices and dispos-

sessed living conditions, injecting drug users

(IDUs) are frequently affected by many different

infectious diseases. Besides those most fre-

quently studied, e.g. HIV/AIDS and hepatitis,1

concern is currently growing with respect to

other emerging and re-emerging infectious dis-

eases prevalent among IDUs,2 including

tetanus,3 visceral leishmaniasis4 and malaria.2,5
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This is particularly the case in countries such as

Brazil, where the size and diversity of the coun-

try, as well as poverty, social inequality and

unequal development (including industrializa-

tion and urbanization) have produced a complex

epidemiological transition, with the simultaneous

occurrence of high rates of `modern’ diseases

(e.g. HIV, cancer, heart disease)6 and `tra-

ditional’ tropical diseases (e.g. malaria, leishma-

niasis, Chagas’ disease),7 in addition to high

levels of mortality secondary to violence and

consumption of psychoactive drugs.8

In the present paper we review data from a

number of different sources, including geograph-

ical/ecological analyses of the AIDS epidemic9 ± 14

as well as individual and multi-centre ® eld stud-

ies on IDUs,15 ± 17 on: (a) recent trends in the

HIV/AIDS epidemic, with particular reference to

IDUs; (b) malaria distribution and occurrence in

Brazil, including recent outbreaks of secondary

malaria in IDUs in the industrialized southeast

of the country, through the sharing of injecting

equipment; (c) the risk of double infection with

HIV-1 and malaria through the sharing of

needles and syringes, and possible scenarios for

diffusion of malaria and HIV-1 co-infection

through networks of IDUs in Brazil; and (d) the

possible (re)emergence of resistant malaria

strains among IDUs. The main purpose of the

present paper is to draw attention to the exist-

ence and implications of a potentially serious

emerging public health challenge, namely the

transmission of malaria infection among IDUs

via sharing of injection drug equipment, and

co-infection with malaria and HIV in IDUs.

Some implications of the tendencies discussed

below for prevention and treatment strategies to

be developed among IDUs. Their networks are

also explored.

M ethods

The present paper includes a review of published

papers on malaria infection in Brazil, mainly

concerning the spatial distribution of the disease,

as well as epidemiological and socio-demo-

graphic studies. Analyses of AIDS geography in

Brazil presented here review both former analy-

ses performed by the authors as well as present-

ing new analyses and an original map on AIDS

and malaria geography in Brazil.

We reviewed standard medical and social sci-

ence databases (e.g. Medline), as well as addi-

tional databases targeting literature available

only in Portuguese or Spanish (e.g. Lilacs). Ab-

stract books and/or electronic databases (CD-

ROMs) from recent major conferences (e.g. 12th

International Conference on AIDS; 9th Inter-

national Conference on the Reduction of Drug

Related Harm) were examined thoroughly. The

available international and regional major con-

ferences proceedings on tropical medicine and

related areas highlighting malaria in South

America were also assessed.

Analyses were carried out using data from the

National Division of STD/AIDS (Brazilian Min-

istry of Health) and the Brazilian Institute of

Geography and Statistics (FIBGE), which were

merged and geo-referenced using the spatial co-

ordinates of the cities included in the worksheet.

The major Brazilian highways were digitalized

by the authors, using a digitizer table and

geoprocessing software (Mapinfo 4.0).

The social geography of AIDS in Brazil

As of February 1998 over 128 000 AIDS cases

had been of® cially registered in Brazil, roughly

21% of them among IDUs.18 Initially concen-

trated in the two main cities (SaÄ o Paulo and Rio

de Janeiro, both situated in the wealthiest south-

east region), the AIDS epidemic in Brazil subse-

quently underwent a major diffusion during the

late 1980s and early 1990s, spreading through

three main axes: north-west (including the Ama-

zon rain forest), south and, to a lesser extent,

north-east. Former geographic analyses show

that the gravimetric centres of AIDS (spatial

mean of reported AIDS cases, calculated for

each year between 1984 and 1993) have moved

north-west, suggesting that more AIDS cases are

being registered in northern and centre-west re-

gions of the country.9 More recent analyses,

employing both spatial analysis techniques11 and

descriptive statistics of Brazilian AIDS subepi-

demics,14 con® rm these trends and also indicate

a more recent intense diffusion of the AIDS

epidemic towards the south coast.

Substantial increases have occurred in the

contribution of drug injection to AIDS cases in

Brazil. The proportion of IDUs as an HIV ex-

posure category increased from approximately

4% at the beginning of the epidemic to approxi-

mately 25% currently. AIDS cases in IDUs have

been reported from all Brazilian states except

Acre (northern regionÐ Amazon Forest).
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Figure 1 shows the cumulative number of

AIDS cases in Brazilian micro-regions in recent

years. The state of SaÄ o Paulo concentrates over

50% of all AIDS cases and over 75% of cases

registered among IDUs.12,14 The majority of

cases among IDUs occur along a `strip’ crossing

SaÄ o Paulo state, connecting the centre-west (the

region where primary malaria foci are located)

and the coast (mainly in SantosÐ the largest port

in South AmericaÐ and surrounding areas).10

This strip is coincident with the main cocaine

traf® cking routes19 within and through Brazil

and enables contact between drug smugglers,

drivers involved in drug transportation and drug

users living and/or moving across the stripe.

In comparison to cases in other exposure cate-

gories, AIDS cases among IDUs are also more

concentrated in the lower income strata of the

population.20,21 IDUs with AIDS are thus more

exposed to diseases prevalent among the poor

and underserved, such as tuberculosis.20 This

fact has been clearly demonstrated in SaÄ o Paulo,

where both the AIDS epidemic and tuberculosis

are spreading at a faster rate in the poorest

peripheral areas which surround the richest cen-

tral areas21 of the city. In accordance with this, a

large number of IDUs interviewed in studies in

Rio de Janeiro,22,23 Santos (SaÄ o Paulo state)16

and Salvador, Bahia (North-East Brazil)24 suf-

fered from multiple co-infections together with

HIV infections, including viral hepatitis (HBV,

HCV and hepatitis G virusÐ HGV/GBV-C),

other retroviral infections (HTLV-I/II) and

tuberculosis.

The extent to which IDUs are a mobile popu-

lation has become clear from research conducted

in response to AIDS.25 ± 27 In Brazil, studies car-

ried out on IDUs28 show a pattern of recurrent

movement among different settings, including

Rio de Janeiro, Santos and cities situated on the

borders of Brazil with coca/cocaine-producing

countries, e.g. in the state of Mato Grosso

(centre-west).

Evidence suggests that IDUs are an extremely

important factor in the spread of the HIV epi-

demic in Brazil, both in terms of forming a

bridge between the IDU population and the

general population through heterosexual trans-

mission and in terms of geographical spread of

the epidemic.10,13,29 Ecological evidence indi-

cates that the HIV epidemic in Brazil has pro-

ceeded in waves, spreading outwards from large

to medium-sized and small cities, the ® rst wave

being composed of gay men and/or IDUs,

and shortly afterwards a wave of heterosexuals

(non-IDUs), principally women.11

The social geography of malaria in contemporary

Brazil

Primary malaria infection in contemporary Brazil

is largely restricted to the north and centre-west

regions of the country, although other spots of

primary foci occur in states of the north-east

region of the country such as Bahia.30 Despite

intensive malaria eradication programmes in the

1970s the main malaria foci, which are situated

in and around the Amazon rain forest, remain

active and have even broadened their limits, with

increases in the number of new infections regis-

tered in recent years.31,32 Figure 1 indicates the

main malaria endemic region (shaded area). Pri-

mary foci of malaria are concentrated in the

southern Amazon region, where intensive eco-

logical and demographic changes are currently

taking place, due in part to large movements of

migrants towards gold mining activities.33

Demographic analyses indicate that during the

1980s and early 1990s the traditional Brazilian

internal migration trendÐ from the north-east to

the large cities of SaÄ o Paulo and Rio de Janeiro

in the south-eastÐ was largely surpassed by new

migration streams from the south of the country

towards the new expansion frontiers in the north

and centre-west. This seems to be due to the

economic crisis in the industrialized south-east

during the 1980s, as well as to the opening up of

alternative opportunities in mining and agro-

industrial settlements far from the traditional

developed centres.34 As an example of this, one

of the states situated in the Amazon forestÐ

RondoniaÐ doubled its population between

1981 and 1985 (from 491 000 to 1 040 000

inhabitants).

The population increases in these `new’

migration regions have occurred selectively, in the

sense that they have involved primarily

migration of young males to mining and ranching

settlements. Most migrants have temporary

(seasonal) employment, and thus a permanent

social infrastructure in these areas is a rare

phenomenon, with a substantial part of this

population remaining socially and spatially mobile.

Several studies have shown very high levels of

malaria infection in Amazonian migration

areas.31,33 These economic expansion frontiers
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Figure 1. Map of malaria and AIDS distribution in Brazil. Mean AIDS incidence rate per 100 000 inhabitants (1991 ± 93)

is displayed aggregated in micro-regions, forming a grey scale from low incidence (light) to high incidence (dark) regions. Dark

areas are located mainly along railways and highways. The malaria endemic area is shaded, covering the northern Amazon

region. Cities where malaria outbreaks have been observed are indicated by black circles in the detailed map.

line mosquito) feeding habits (from animals to

humans), as well as increasing the mosquito

population by eliminating its natural enemies.35

concentrate demographic, environmental and

cultural risk factors for malaria. First, defores-

tation promotes both a shift in vector (anophe-
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Table 1. Secondary malaria outbreaks (or cases) among IDUs in the State of SaÄ o PauloÐ co-infection

with HIV, 1988 ± 90

No. of malaria
Cities (SaÄ o Paulo Infectious cases Percentage infected
State) Year agent assessed with HIV

SaÄ o Paulo44 1988/9 P. vivax 2 Unavailable
P. Prudente

43
1988/9 P. vivax 9 5/6 (83%)

Bauru
44,45

1990 P. vivax 119 53/91 (58%)

Sources: Reference numbers quoted in the table (cities).

Secondly, these migrants in Brazil are selectively

poor, with low schooling levels, and tend to live

in remote, temporary shelters in areas with poor

sanitation30 and frequent lack of access to health

care.32,36

In recent years a very high geographical

turnover of Brazilian migrants has been ob-

served, with circular contact between frontier

migrants and their places of origin. This poses a

threat to areas where malaria has been eradicated

or brought under control.32 In some malaria-free

areas potential vectors remain, with concomitant

risk of resumption of the original malaria trans-

mission cycle. In addition to primary malaria

transmission in areas where endemic vector

populations still exist the disease can also be

transmitted parenterally.

For example, in Rio de Janeiro state (south-

eastern region), autochthonous cases of malaria

have not been observed for several decades. On

the other hand, exogenous cases of malaria con-

tinue to occur, principally in males (92%) of

young age (almost entirely in the age group

20± 39 years), more than 50% of whom are ex-

gold miners and more than 80% of whom come

from areas where malaria is endemic (the Ama-

zon region and parts of the centre-west). Since

the disease is rare in Rio de Janeiro diagnosis is

often delayed, leading to an increased trans-

mission potential from the infected person as

well as to higher morbidity and sometimes even

death.37

In May 1997 three cases of Plasmodium vivax

malaria were detected in Rio de Janeiro state.

None of the three had been to a malaria-endemic

area, none were IDUs and all three were infected

in ItaipuacË u (a semi-rural, peri-urban, coastal

area), where small foci of the mosquito vector

(Anopheles) still exist. It took more than 1 month

for the disease to be diagnosed correctly in these

people.37

While parenteral transmission of malaria via

infected blood or blood products appears to be

rare nowadays,38 of great concern are indications

of the potential for secondary parenteral trans-

mission of malaria in Brazil through the sharing

of drug-injecting equipment. Transmission of

malaria infectious agents through needle and

syringe sharing was ® rst observed in Egypt,39

and thereafter in US states such as Illinois40 and

California.41 There is also evidence that the

mixing of quinine with heroin, observed com-

monly, in the contemporary drug scene,42 was

® rst introduced by Chicago drug dealers in the

1940s in order to halt an outbreak of malaria

among IDUs that took place in the winter.40

Two outbreaks of secondary malaria have

been documented recently among IDUs in SaÄ o

Paulo state43 ± 45 (Table 1 and Fig. 1), where

primary transmission by mosquitoes has not

taken place since the end of the 1960s except for

small foci situated in the remnants of the At-

lantic tropical forest.46 These two outbreaks oc-

curred in cities that connect SaÄ o Paulo state with

the centre-west (Presidente Prudente) and the

northern regions (Bauru) through highways and

railways (detail of Figure 1). These cases were

due to secondary parenteral transmission, since

the mosquito vector is not found in these areas,

and the cases of malaria identi® ed were without

exception in people who reported recent syringe/

needle-sharing. When questioned about their

exposure, several infected people reported hav-

ing injected drugs with `a guy returning from the

North/Centre-west’ .43 ± 45

These outbreaks demonstrate the potential for

the parenteral spread of malaria via the sharing

of drug injection equipment, and suggest that

IDUs could act as a bridge in an eventual re-

urbanization of malaria in Brazil. In this context,

the documented high mobility of IDUs (see

above), in conjunction with the fact that they



1170 Francisco InaÂ cio Bastos et al.

tend to be poor, have many infections, are fre-

quently immunosuppressed and tend not to have

access to adequate health services, suggests that

malaria infection may, in many cases, pass

unnoticed in IDUs thus increasing the risk of

transmission from this population. Urban trans-

mission of malaria in Brazil by IDUs returning/

undergoing circular contact from/with malaria

foci areas in the Amazon forest and the centre-

west and/or by migrants between migration fron-

tiers and their places of origin is thus a serious

concern.

As shown in the detail of Figure 1, the malaria

outbreaks in SaÄ o Paulo state occurred precisely

in `bridging areas’ , connecting `modern’ urban

Brazil (with high rates of IDUs), and `old’ Brazil

(with few drug users, but high rates of malaria).

In addition, IDUs and migrants have similar

socio-demographic characteristics, in the sense

that both populations tend to be poor, male and

young. Thus, taking the available data together

from an ecological perspective, it seems likely

that IDUs and migrants could have social net-

works in common, as seems to be the case in the

aforementioned outbreaks. These social net-

works could link frontier migrants in circular

contact between malaria-free south-east regions

of the country and areas of malaria foci in the

Amazon forest and the centre-west, and IDUs

moving along the routes of cocaine traf® cking

through the centre-west/south-east axis of the

country (see above).

HIV/malaria co-infection in IDUs

In the two secondary malaria outbreaks in SaÄ o

Paulo detailed above, 83% (Presidente Pru-

dente) and 58% (Bauru) of the IDUs with

malaria were also infected with HIV (Table 1).

These outbreaks therefore demonstrate the

potential for malaria-HIV co-infection in IDUs

in Brazil.

Further, as noted above, the AIDS epidemic

in Brazil has spread toward the north and centre-

west macro-regionsÐ important sites of primary

malaria fociÐ and very recently a ® rst case of

AIDS was detected in a native Brazilian tribe,

located far from any town or village (in the

Amazon forest border with Suriname) in a region

where malaria is endemic.47

Most studies of co-infection with HIV and

malaria have been carried out in the subSaharan

region of Africa, where both infections are very

prevalent. Drug injection has not in general been

a common behaviour in this region so far, al-

though recent reports48 point to a mutable scene

of drug use in those countries, with a putative

epidemiological impact in the foreseeable future.

The clinical relationship between the two

infections remains controversial and a clear

synergy, as in the case of tuberculosis/HIV co-

infection,49 has not been observed although

some authors point to higher recrudescence rates

of P. falciparum and a longer fever clearance time

among AIDS patients,50 as well as reduced hu-

moral responses to malaria51 and poorer clinical

prognosis,52 especially in advanced AIDS cases.

Bloland et al.53 describe an enhanced effect of

both infections (HIV-1 and P. falciparum) on

perinatal transmission of malaria, with increased

post-neonatal mortality. This latter interaction

seems to be the only consistent one in a recent

review,54 although new studies employing HIV-1

RNA viral load measurements instead of CD4

counts may throw new light on this question.55

Discussion

Prospects for co-infection of HIV and malaria among

IDUs, and for the emergence of resistant strains of

malaria

Two key variables are correlated with the in-

crease in the spread of malaria infection and the

dif® culties now frequently encountered both in

prophylaxis and treatment of malaria in Brazil

and elsewhere, namely delay in seeking treat-

ment and the increasing prevalence of resistant

malaria infections. First described in Brazil in

1910 by Neiva56 following the appearance of

resistance of one malaria agentÐ P. falciparum Ð

to quinine, malaria resistance to several prophy-

lactic and treatment regimens is now reported

world-wide.57

In addition, two essential factors in the devel-

opment and spread of resistant strains of infec-

tious agents are: (a) lack of speci® c immunity

and/or decrease in non-speci® c immunity, both

vital elements for the removal of the small frac-

tion of parasites that remain in the blood stream

after drug action;57 and (b) non-compliance of

patients with treatment regimens. The main

consequence of these factors is the interaction of

apparently healthy carriers with the community

(both discharged inpatients and outpatients

under erratic therapeutic regimens), usually
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selectively infected with strains that resisted the

incomplete treatment regimens.58

Frequently ill from several different infectious

conditions, including fever due to AIDS, non-

AIDS HIV-related conditions, tuberculosis,

phlebitis or cutaneous abscesses, and probably

unaware of the possibility of malarial infection

(originating as they do mainly from non-malari-

genic areas), many IDUs may lack the capacity

to recognize the fever and malaise induced by

malarial infection as a distinct entity, and so may

not seek prompt treatment. IDUs in Brazil20,21

and elsewhere59 are disproportionately located

among the poorest strata of society, and have low

general levels of health and immunity, even in

the absence of HIV infection.16,22,23

Thus, IDUs potentially concentrate the factors

involved in the emergence and spread of resist-

ant strains: treatment delay increases the repro-

ductive rate of the pathogen as a consequence of

non-elimination of gametocytaemia from carri-

ers; immunosuppression, varying levels of which

are commonly found in IDUs, may decrease the

ef® ciency of removal of the fraction of parasites

that remain in the bloodstream after drug action;

furthermore, for various reasons such as social

stigmatization/prejudice, inadequacy and insen-

sitivity of medical personnel, poverty and home-

lessness, IDUs frequently do not comply with

prophylactic and therapeutic regimens, and

could thus be infected with strains that resist

such incomplete regimens.60 It is worth noting

here that the standard suppressive (prophylactic)

regimen with chloroquine phosphate must be

continued for 6 weeks after potential exposure

and that some resistant strains of P. falciparum

must be treated with quinine,57 a potent but

rather toxic drug with unpleasant side-effects.

The above factors have been reported among

IDUs in the case of other co-infections, e.g.

tuberculosis,60 and will probably be involved in

the cases of HIV-infected IDUs migrating to and

from malarigenic areas. Importantly, non-

compliance with treatment regimens was an im-

portant factor in the spread of resistant strains of

tuberculosis in the United States,61,62 and was

directly observed by Barata et al.45 in the out-

break of malaria among IDUs described above in

SaÄ o Paulo State.

Implications for prevention and treatment

Taken together, the data discussed in this paper

indicate the potential for infection of IDUs with

malaria and the consequent parenteral spread of

this infection through sharing of drug-injecting

equipment. Given that pockets of malaria vectors

still exist in some urban areas in Brazil, the

potential for a resurgence of primary malaria

transmission also exists.

Given the very high levels of HIV infection

documented in IDUs in Brazil,29 cases of co-

infection with HIV and malaria are likely to

occur in this situation, with potential interactive

effects (described above). In addition, lack of

recognition of potential symptoms of malaria by

both IDUs and health professionals, in conjunc-

tion with potential non-compliance with prophy-

lactic and treatment regimens by IDUs, may

contribute both to increased transmission proba-

bilities as well as to evolution of drug-resistant

strains of malaria. Finally, the co-existence of

very high rates of HIV and malaria infection in

developing countries, in conjunction with rapidly

changing patterns of drug use, and speci® cally

the self-administration of injecting drugs in a

growing number of developing countries2,48 sug-

gest that the potential for transmission of malaria

infection through sharing of injection equipment,

and for co-infection with malaria and HIV in

IDUs, may soon become relevant to other devel-

oping countries besides Brazil. In addition,

malaria is making a dramatic comeback world-

wide due to increased travel and migration, and

as such has been classi® ed as an `emerging infec-

tion’ that could even intermittently affect some

regions of developed countries.63

Migrant populations (and members of their

social networks), IDUs and people living near

malaria foci should be targeted by speci® c pre-

ventive programmes highlighting both HIV/

AIDS and malaria prevention, and enabling

them to recognize malaria symptoms. Health

education interventions should address the risks

of primary malaria infection and the possibility

of its secondary spread through the sharing of

needles, syringes and other drug-injecting para-

phernalia. Individuals need to be informed and

empowered toward safe behaviours both con-

cerning primary malaria infection and secondary

malaria and/or HIV. Expanded access to sterile

injection equipment through programmes of

needle and syringe exchange and/or distribution,

and programmes directed towards modi® cation

of drug injecting/sharing practices of individuals

and their networks, have a critical role to play in
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the control of HIV infection and other blood-

borne diseases,62,64 including secondary malaria.

Health professionals must also be alerted to

the (until now, uncommon) possibility of HIV

and malaria co-infection, when consulting an

IDU with fever, malaise and related symptoms.

The emergence of resistant strains of Plasmodium

(especially P. falciparum) could be minimized by

health programmes incorporating outreach com-

ponents and directly observed therapies, as well

as timely management of malaria relapses.
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