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ABSTRACT

After the introduction of citrus leafminer in Sdo Paulo State, an increase in the number of new plants infected
with citrus canker has been observed. The interaction between these two organisms is known, but there is no information
about how the leafminer damage intensifies citrus canker incidence and severity. The objectives of this paper were to
evaluate the effects of leafminer damage in citrus canker infection and its influence on the monocyclic components of the
disease on Citrus limonia. Higher incidence of diseased plants, AUDPC (area under the disease progress curve), disease
severity and shorter incubation periods were observed in plants inoculated after insect infestation. These factors explain the
association found between the higher citrus canker intensity and the damage caused by the insect and show, albeit partially,
the consequences of these changes in the spread of the pathogen under natural conditions of infection.

Additional keywords: spread, incubation period, insect-pathogen interaction.

RESUMO
Injurias da Larva Minadora dos Citros (Phyllocnistis citrella) Intensificam a Infec¢io por Cancro Citrico
(Xanthomonas axonopodis pv. citri)

Apbs a constatacdo da larva minadora dos citros no Estado de Sdo Paulo foi observado um aumento no nimero
de novas plantas infectadas pelo cancro citrico. Apesar da interagao existente entre o cancro citrico e a larva minadora dos
citros ser conhecida ja ha alguns anos, nao héa informagdes que permitam explicar claramente os aumentos observados na
incidéncia e severidade do cancro citrico quando de sua associagdo com as injurias provocadas pelo inseto. Desta forma,
no presente trabalho foram avaliados os efeitos de injurias da larva minadora dos citros na infecgdo por cancro citrico e
a influéncia da larva minadora nos componentes monociclicos da doenca em Citrus limonia. Foram observadas maiores
incidéncias de plantas doentes, area abaixo da curva de progresso da doenga (44CPD), severidade da doenga e menores
periodos de incubag@o quando a inoculagdo ocorreu em plantas infestadas pela larva minadora dos citros. Esses fatores
explicam a associagdo encontrada entre a maior intensidade dos sintomas da doenca e as injurias do inseto e revelam, ainda
que parcialmente, as conseqiiéncias destas mudangas na disseminag@o do patdgeno sob condi¢des naturais de infecgao.

Palavras-chave adicionais: disseminagao, periodo de incubagio, interacdo inseto-patogeno.

INTRODUCTION

Citrus canker, caused by Xanthomonas axonopodis
pv. citri [(Hasse) Vauterin et al.], is one of the most important
citrus diseases (Stall & Seymour, 1983; Gottwald et al.,
2001, 2002). The symptoms occur in the form of necrotic
lesions on the leaves, stems and fruits. Severe infections may
induce defoliation, fruit drop and death of the twigs (Stall
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& Seymour, 1983; Schoulties et al., 1987). Under natural
infection conditions, short-distance dissemination occurs due
to the action of rainfall splashing and of rainfall associated
with winds mainly, and long-distance dissemination occurs
due to transportation of infected plant material (Dands et
al., 1984; Civerolo, 1985; Gottwald et al., 1988, 1989).
International trade imposes restrictions to importation of
citrus products from countries that present citrus canker, a
quarantine disease for the main producing countries. Due to
this reason, Brazil and the United States adopt measures for
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excluding and eradicating the pathogen (Stall & Civerolo,
1991; Gottwald et al., 2001; Schubert et al., 2001).

The injuries caused by citrus leafminer [Phyllocnistis
citrella  (Stainton, 1856) (Lepidoptera, Gracillariidae)]
exacerbate citrus canker outbreak (Sohi & Sandhu, 1968; Sinha
et al., 1972; Cook, 1988; Venkateswarlu & Ramapandu, 1992;
Chagas et al., 2001). Besides the direct damages induced by
this insect, mainly on the leaves of new sprouts, but also high
infestations on twigs and fruits (Clausen, 1931; Badawy, 1967,
Heppner, 1993; Prates et al., 1996), the direct association with
citrus canker has been reported in the literature (Gottwald
et al., 1997; Chagas et al., 2001). After the citrus leafminer
was first observed in Sdo Paulo state (Prates et al., 1996), an
increased number of new plants infected with the disease has
been observed, resulting in the modification of the method for
eradicating citrus canker on September 1999 (Sao Paulo, 1999;
Gimenes-Fernandes et al., 2000; Chagas ef al., 2001).

Phytopathogenic bacteria penetrate into their hosts
by means of natural openings, generally the stomata, or
by wounds (Crosse et al., 1972; Daft & Leben, 1972). The
injuries induced by leafminer on citrus leaves form a number
of new openings through which the pathogen enters the host.
After the infection process is established, the symptoms
induced coalesce and form large necrotic areas, possibly
also as a function of the wounds caused by the insect. Large
areas of the host that are occupied by lesions serve as a more
effective inoculum source, due to the higher number of
bacterial cells present (Gottwald et al., 1988, 1989; Gottwald
& Graham, 1990).

Based on samplings conducted in infested areas in the
Republic of Yemen, the occurrence of leaves infected with
citrus canker associated to the injuries caused by the insect
was observed (Cook, 1988). Frequently, the disease lesions
were coincidental with the galleries caused by the leafminer
and, less frequently, the lesions were found isolated from the
injuries (Sohi & Sandhu, 1968; Cook, 1988; Venkateswarlu
& Ramapandu, 1992). The insect is not an efficient vector of
the bacteria, and the disease is unlikely spread by this way
under natural infection conditions (Belasque Janior ef al.,
2005). Although the interaction between citrus canker and
citrus leafminer has been known for a few years (Sohi &
Sandhu, 1968; Cook, 1988; Venkateswarlu & Ramapandu,
1992; Gottwald et al., 1997; Chagas et al., 2001), there is no
information clearly explaining the increased citrus canker
incidence/severity observed when associated with the insect
(Graham et al., 1996, 2004; Chagas et al., 2001). Considering
these facts, the objectives of this work were (i) to evaluate the
effects of injuries caused by different instars of citrus leafminer
on citrus canker infection and (ii) to clarify the influence of the
leafminer on the monocyclic components of the disease.

MATERIAL AND METHODS
Effect of instars of citrus leafminer on Xanthomonas

axonopodis pv. citri infection
Plants of rangpur lime [Citrus limonia (L.) Osbeck]
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measuring 20-25 cm in height were cultivated in plastic
tubes (20 x 2.7 cm) containing vermiculite and organic
substrate (1:1) in green house conditions. Fifteen to twenty
days after cutting, the plants were left at the disposal of
adult citrus leafminers for two days for egg-laying under
laboratory conditions at 25+1 °C, 70+10% relative humidity,
and photophase for fourteen hours (Chagas & Parra, 2000).
After egg-laying, the plants were transferred to incubators at
temperatures from 18 °C to 32 °C to obtain leaves infested
with different stages of the insect simultaneously (Chagas,
1999). Ten plants with each phase of the leafminer (eggs,
first, second, third and fourth instars larvae and pupae)
were inoculated by spraying a suspension of Xanthomonas
axonopodis pv. citri (Xac) containing approximately
10° colony-forming units per milliliter (CFU/mL). For
comparison purposes, ten plants that had been mechanically
wounded with a needle immediately before inoculation,
and another ten plants that had not been wounded, were
also inoculated, totalizing eight treatments of a completely
randomized outlining and ten replicates. The plants that had
been mechanically wounded presented from three to seven
leaves with four to ten wounds each. All plants were sprayed
with the bacterial suspension up to saturation and were
kept in a wet chamber for 96 hours after inoculation. After
being removed from the wet chamber, all plants were kept
in polystyrene boxes (length x width x height = 60 x 40 x 50
cm) under laboratory conditions at the temperature of 28+2
°C, 90£10% relative humidity, and photophase for fourteen
hours. The experiment was repeated once.

Comparison of the age of the lesions caused by
Xanthomonas axonopodis pv. citri infection

The same experimental conditions previously
described were used for this second series of experiments.
In a first stage, plants with eggs laid by leafminer adults
were successively inoculated, starting on the expected day
of hatching and completed four days after the expected day
of hatching (DEL). Each treatment corresponded to the
inoculation of plants one, two, three, and four days after
hatching or simultaneously. Five other treatments, formed
by plants that had been mechanically wounded by needles
on the same hatching day as the other treatments and in
the same manner, were used for comparison. The outlining
of the experiment was completely randomized, with ten
treatments and ten replicates (plants) each. The experiment
was repeated once.

Under the experimental conditions used, the
developmentofcitrus leafminer larvae lasts for approximately
eight to ten days, and therefore a second experiment was
installed, and plants up to 12 DEL were inoculated. The total
of treatments tested was 19, 13 of which were formed by
plants wounded by the leafminer and inoculated from zero
to 12 DEL, and another six formed by plants mechanically
wounded, inoculated from zero to five days after the wounds.
The experiment was repeated once.

Data evaluations and analysis
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As of four days after inoculation, all plants were
evaluated daily as to the presence of citrus canker symptoms.
The treatments were compared among themselves as to the
incidence of diseased plants, mean incubation period, area
under the disease progress curve (AUDPC) and severity.
The mean incubation period was considered the number of
days after inoculation until at least one citrus canker injury,
visible with the naked eye, per plant, occurred. Each plant
was considered a replicate, and the data presented refer to
the mean number of days/treatment.

The AUDPC was calculated by the trapezoidal
integration of the disease incidence in time, considering the
whole period evaluated, as follows:

n—1

AUDPC =Y

i=1

ﬂ (tm _ti)

where X is the disease incidence (percentage of plants
diseased), n the number of evaluations, and (¢, — ¢) the
time interval (days) between two consecutive evaluations
(Campbell & Madden, 1990). For the calculations, the
incidence data collected up to 11 days after inoculation for
the first series of experiments (effect of leafminer larvae
instars) up to 20 days for the second series (comparison of
the age of the lesions) were considered.

Fifteen days after inoculation of the first series of
experiments, ten symptomatic leaves for each treatment were
collected at random, for evaluation of disease severity. Each
leaf was scanned and severity was determined using Quant
software (Vale et al., 2001). The treatments were compared
by variance analysis (F test) to identify significant differences
in the incubation period and severity variables, and the
corresponding means were compared according to Tukey’s
test (P=0,05). The data obtained for both experiments were
analyzed together. The statistical analyses were processed
using the Statistica 6.0 software.

For the second series of experiment, citrus canker
severity was evaluated on leaves collected 20 days after
inoculation of the plants. The mean data for the incubation
period and severity for both experiments with plants
inoculated up to 12 DEL were analyzed together by variance
analysis and Tukey test (Statistica 6.0).

RESULTS

Effect of citrus leafminer instars on Xanthomonas
axonopodis pv. citri infection

The presence of wounds in the plants played a major
role in the infection caused by citrus canker. Only the plants
infested with first and second instars larvae presented 100%
incidence, which occurred 12 and 10 days after inoculation,
respectively (Figure 1, and datanot presented). The maximum
incidence on the plants that had been mechanically wounded
was 80%, observed ten days after inoculation. In the absence
of wounds, only 10% of the plants showed symptoms of the
disease, and the plants inoculated by the time they were
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FIG. 1 - Incidence of rangpur lime (Citrus limonia) plants with
citrus canker (Xanthomonas axonopodis pv. citri) inoculated when
infested with eggs, larvae or pupae of citrus leafminer (Phyllocnistis
citrella), mechanically wounded or not wounded.

infested with insect eggs presented at most 60% of incidence
of diseased plants, 11 days after inoculation.

The mean incubation period varied from 6.8 to 8.6
days and only the treatment formed by plants infested with
eggs differed significantly from the other treatments (Table
1). The plants infested with third instar larvae were those that
presented symptoms within the shortest time frame. Because
only 10% of plants inoculated without wounds presented
symptoms, this treatment was not used in the statistical
analysis for comparison of the incubation period. The
differences observed during the incubation period between
the treatments were similar to those observed in the A UDPC.
The highest values were noted in the plants inoculated when

TABLE 1 - Incubation period, area under the disease progress curve
of incidence (AUDPC) and severity of citrus canker (Xanthomonas
axonopodis pv. citri) in rangpur lime (Citrus limonia) plants
inoculated when infested with eggs, larvae or pupae of citrus
leafminer (Phyllocnistis citrella), mechanically wounded or not
wounded

Incubation

Treatments period (days) AUDPC' Severity (%)
Eggs 8.54 a° 200 0.27d
First instar 742b 388 0.68 cd
Second instar 7.10 b 440 1.13 be
Third instar 6.79b 448 1.49 ab
Fourth instar 7,27b 318 193 a
Pupae 7.79b 355 1.21 be
Mechanical wounds 8.67b 265 0.37d
Leaves with no wounds 9.00° 25 -

F (P) 6.60 (<0.0001) - 6.19 (<0.0001)

"Means of two experiments.

*Means followed by the same letter in the columns do not differ at 5%
probability according to Tukey’s test.

3The data for this treatment were not considered for the statistical analysis
due to the low number of symptomatic plants.
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infested with second and third instars larvae, followed by
plants with first instar larvae. The lowest values were found
for plants infested with eggs and without wounds.

The presence of leafminer wounds also increased
citrus canker severity. The highest severity was observed in
the plants infested with third and fourth instar larvae. Plants
infested with pupae and second instar larvae presented
similar severities. The lowest severities of the disease
occurred in plants infested with first instar larvae, eggs
and those that received mechanical wounds. No significant
differences were detected between the last three treatments.
The treatment formed by plants that were inoculated without
wounds was excluded from the severity data analysis.

Comparison of age of injuries caused by Xanthomonas
axonopodis pv. citri infection

The highest incidences of diseased plants occurred
in the treatments consisting of plants inoculated up to six
DEL or on the day when the mechanical wounds were made
(data not presented). The evolution of the symptoms was
faster in the plants that were inoculated simultaneously to
the mechanical wound and to the hatching of leafminer eggs
(Figure 2). It took virtually twice for the plants inoculated
in the fourth DEL to reach 100% of incidence. After 14
days, the incidence in the treatments inoculated one day
after the mechanical wounds was 80%. Inoculation two or
three days after the mechanical wounds resulted in 40% and
30% incidence, respectively, observed as of 15 days after
inoculation, similar to the observation for the infested plants
that were inoculated after 12 days. The plants that had been
mechanically wounded four and five days before inoculation

Incidence (%)

2 4 6 8 10 12 14 16
Days after inoculation

18 20 22

—l— Hatching —{J— Mechanical wound
—A— 4 days after hatching —/\— 1 day after wound

—4@— 8 days after hatching —— 2 days after wound
—@— 12 days after hatching —O— 3 days after wound

FIG. 2 - Incidence of rangpur lime (Citrus limonia) plants with
citrus canker (Xanthomonas axonopodis pv. citri) inoculated on
different days after hatching of the first instar of citrus leafminer
(Phyllocnistis citrella), or mechanically wounded.
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with the bacterium did not present symptoms of the disease
during the whole experimental period, which extended up
to 31 days after inoculation (data not presented). The plants
wounded three days before inoculation presented symptoms
in only one of the experiments.

The mean incubation period varied from 6.6 to 24.6
days and the shortest periods were observed in the plants
inoculated in the hatching day or when the mechanical
wounds were made (Table 2). The delay of one and two
days in the inoculation of the plants mechanically wounded
resulted in incubation periods three and ten days longer,
respectively. The same behavior occurred for inoculations
made on plants infested with the leafminer, but with a less
decreased incubation period. Long incubation periods, near
or higher than 20 days, occurred when inoculations were
made as of the ninth DEL. Similarly, a gradual decrease of
AUDPC values was observed with the increased number of
days between larvae hatching, or the mechanical wounds,
and inoculation. The inoculation of the plants after nine and
ten DEL resulted in AUDPC values similar to those obtained
with plants inoculated two days after being wounded. In spite
of the differences between the severity values of the disease
in leaves inoculated when infested with the leafminer and
those mechanically wounded, in absolute terms, significant

TABLE 2 - Incubation period, area under the disease progress curve
of incidence (4AUDPC) and severity of citrus canker (Xanthomonas
axonopodis pv. citri) in rangpur lime (Citrus limonia) plants
inoculated on different days after hatching of the first instar of
citrus leafminer (Phyllocnistis citrella), or mechanically wounded

Treatments ln_cubation AUDPC' Severity (%)
period (days)
Day of hatching 7.20 ij* 1430 2.95 abed
1 day after ha tching 10.05 ghij 875 2.65 abed
2 days after hatching 10.88 ghi 631 2.21 abed
3 days after hatching 12.63 fg 715 3.01 abced
4 days after hatching 11.85 gh 821 3.08 abed
5 days after hatching 12.55 fg 921 3.40 abed
6 days after hatching 14.15 ef 820 3.09 abced
7 days after hatching 15.10 ef 575 3.56 abed
8 days after hatching 15.17 ef 410 487 a
9 days after hatching 19.56 be 250 4.55 ab
10 days after hatching 19.00 bed 235 3.93 abe
11 days after hatching 20.31b 75 3.25 abed
12 days after hatching 24.58a 80 1.67 abed
Day of mechanical 6.60 ) 1430 0.98 bed
wound
1 day after mechanical 9.72 hij 830 1.21 abed
wound
2 days after mechanical ~ 16.71 de 240 0.56 cd
wound
3 days after mechanical 16.33° 125 0.08d
wound
F(P) 70.98 (<0.0001) - 3.22(<0.0001)

'Data from one experiment.

*Means followed by the same letter in the columns do not differ at 5%
probability according to Tukey’s test.

3The data for this treatment were not considered for the statistical analysis
due to the low number of symptomatic plants.
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differences occurred only in a few of the treatments tested.
Mean severities higher than 4% corresponded to plants
inoculated at eight and nine DEL, while severities between
2 and 3% were observed in plants inoculated at zero to three
DEL. The inoculation of the plants mechanically wounded
in the same periods resulted in severities close to or lower
than 1%.

DISCUSSION

The intensity of the disease increased with the
presence of the injuries caused by citrus leafminer. The
symptoms of the disease appeared more rapidly, the ratio of
plants diseased and the severity were higher, and the tissues
remained susceptible for a longer period. These factors
explain the association found between the intensity of the
disease symptoms and the injuries caused by the insect (Sohi
& Sandhu, 1968; Cook, 1988; Venkateswarlu & Ramapandu,
1992; Chagas et al., 2001). Bacterial infection is more severe
when there is some kind of injury in their hosts, and the extent
of these injuries may be of epidemiological importance
(Pohronezny et al., 1992). The importance of the mechanical
wounds on Xac infection was previously shown under
experimental conditions (Verniére ef al., 2003). Whereas the
inoculation of tissues at different ages, in the presence of
wounds, resulted in small differences at to the expression of
the symptoms, the incidence of tissues diseased was three to
six times lower when they were absent.

During the inoculation of the plants in the
experiments herein reported, natural conditions of the
infection process caused by Xac were simulated. All plants
were inoculated with a bacterial suspension at 10° UFC/mL,
considered the threshold for artificial inoculations (Beattie
& Lindow, 1995). The inoculation by spray reproduced the
most common mechanism for pathogen dissemination that
occurs by rainfall splash and wind-driven rainfall (Gottwald
et al., 1989). The action of wind speeds in excess of 8 m/s
induces wounds on the leaves, twigs and fruits, which may
result in significant increase of the disease (Gottwald et al.,
1988). The mechanical wounds made on the plants before
inoculation simulated these wounds that occur on the leaves
under natural epidemic conditions.

The concentration of bacterial cells may alter the
incubation period, and the more rapid expression of the
symptoms is induced by higher concentrations of inoculum
(Beattiec & Lindow, 1995). During the feeding process,
the leafminer damages and exposes the leaf mesophyll,
increasing the probability of a direct contact of the pathogen
with the interior of the host. Although the extent of the
injuries is directly related to the insect development, reaching
its peak at pupae stage, the highest probability occurs
when the leaves present second and third instars larvae of
the leafminer. Fourth instar larvaec and pupae can cause
the leaf to twist, reducing the surface exposed to bacteria
deposition. A second explanation is that the bacterial cells,
in the presence of wounds, enter directly into contact with
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the interior of leaf tissues, and the pre-penetration phase,
characterized by the multiplication in the host’s surface,
is suppressed. As a result, penetration and infection occur
more rapidly compared to intact tissues.

The higher extension of injuries allow not only the
highest incidences but, as other authors have observed
(Chagasetal.,2001), these highestincidences also occur more
rapidly in time. The combination of these two components
is expressed in values of AUDPC, which considers several
of the characteristics associated to an epidemic and reveals
a quantitative measure to express the symptoms (Vernicre et
al.,2003). In plants inoculated when infested with leafminer
eggs, the incidences and AUDPC means were higher than
in non-injured plants. The plants inoculated with eggs did
not present injuries, but these occurred one to two days
after inoculation, as a result of the hatching of first instar
larvae (Chagas & Parra, 2000). Therefore, the bacterial
cells present on leaf surface were able to enter into directly
contact with the tissues damaged by the recently emerged
larvae. Keeping the plants in a wet chamber for 96 hours
after inoculation allowed the survival of several bacterial
cells days after inoculation.

Citrus canker severity was higher in the plants that
were inoculated in the presence of fourth instar larvae and
pupae. In the experiments designed to compare the age of the
wounds, the treatments with plants infested with the insect
did not differ statistically among themselves, although the
highest absolute values occurred in plants inoculated eight
and nine DEL. These results differ from those obtained as to
incubation period, incidence of plants and A UDPC, in which
the infections were more severe on the plants infected with
the initial immature stages (up to the third instar). Severity
evaluations were performed 15 days after inoculation of
the experiments designed to evaluate the effect of different
instars and 20 days for the other experiments. In these
dates, the leaves that showed symptoms of plants inoculated
with fourth instar larvae and pupae were more twisted
and deformed than the leaves of the other treatments due
to the more advanced development stages of the insect.
Consequently, total foliar area was greatly reduced, resulting
in higher severities in these treatments.

The differences observed in the treatments
corresponding to the age of the wounds caused by the
leafminer and those mechanical are partially due to the
larvae development of the insect that lasts several days.
The inoculations made days after hatching of the larvae
promoted the contact between the pathogen and the host in
the presence of wounds. Under the experimental conditions
evaluated, larvae hatching occurs in the mean of one to two
days after egg laying, the larvae stage lasts for four days
and pupae stage lasts eight days, approximately (Chagas
& Parra, 2000). Therefore, the inoculations on day zero
corresponded to the egg stage, the inoculations on day two
corresponded to the second instar, and the inoculations
on four/five DEL corresponded to the initial pupae stage.
During the development of the immature stages of the insect,
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injuries on foliar tissues continuously increase up to the end
of the fourth instar. Even though, inoculations in plants up
to 12 DEL resulted in symptoms of the disease, indicating
the occurrence of infection approximately six days after the
pupae stage was reached, when new wounds do not occur
anymore. According to Goto (1990), wounds caused in a
drastic way, such as mechanical wounds, heal more quickly,
within a few days, whereas wounds caused by the leafminer
heal more slowly, making leaf tissues susceptible to infection
for longer periods.

The increased incidence of plants with citrus
canker observed in Brazil, and also in other countries,
occurred as a function of changes in the Xac infection
process (Gimenes-Fernandes et al., 2000; Gottwald et al.,
2001; Graham ef al., 2004). The occurrence of injuries
caused by the insect represents several new points for
the pathogen to enter and, in a second moment, allow the
coalescence of the lesions (Graham et al., 1996, 2004;
Gottwald et al., 1997). Larger areas of the host occupied
by the disease symptoms can represent additional sources
of inoculum (bacterial cells) that can be disseminated
(Gottwald et al., 1988, 1989; Gottwald & Graham, 1990).
Considering the hypothesis established by these authors
and the experimental data herein presented, it can be
concluded that: a) the injuries caused by the leafminer
increase the incidence of the disease, impacting the
AUDPC; b) the plants infested with the leafminer and
infected with Xac present symptoms of the disease more
rapidly when compared with infections that occur in the
absence of wounds. The decreased incubation period,
which has the same significance as the latency period
in this pathosystem, causes a higher number of disease
cycles, with relevant epidemiological consequences;
c) the diseased tissues present higher severities and, as
a consequence, larger bacterial populations are prone to
disseminate in the same plant and neighboring plants; d) the
injuries caused by the insect take a long time to heal and
allow infections for longer periods, of several days, whereas
mechanical wounds heal in approximately three days.

The change caused by the introduction of citrus
leafminer in the Xac infection process had important
consequences in the campaigns for citrus canker eradication
in Brazil and in Florida (Gottwald ef al., 1997, 2001, 2002;
Gimenes-Fernandes et al., 2000; Chagas et al., 2001).
The presence of the citrus leafminer changed the spatial
pattern of citrus canker in Sdo Paulo (Bergamin Filho et al.,
2000). Previously, citrus canker presented more aggregated
distribution patterns. Afterwards, less aggregate patterns
were observed, together with the more common presence of
satellite foci, more distant from the initial foci of the disease
in the plot. The experimental results presented herein refer
to changes that occurred in the monocyclic components of
the disease, but the consequences of these changes on time
and space patterns of the disease still need to be investigated
(Bergamin Filho et al., 2000).
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