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ABSTRACT
Background & objectives: ZCL is a growing threat in many rural areas of Iran which involves 17 out of 31
provinces. This study was conducted from April to November 2011 for evaluation of the efficacy of phostoxin
and zinc phosphide against rodents.
Methods: Rodent control operations were carried out using phostoxin and zinc phosphide. To evaluate the effect
of rodent control operation on the main vector density, an entomological survey was carried out. The effects of the
operation on the disease incidence were also evaluated.
Results: After intervention, the reduction rate of rodent burrows was 32.68% in the village treated with phostoxin
and 58.14% in the village treated with zinc phosphide. The number of rodent holes in the control area showed
6.66-fold increase at the end of the study. The incidence of the disease decreased to 19.23 and 11.40 in areas
treated with phostoxin and zinc phosphide, respectively. A total of 4243 adult sandflies were collected and identified.
The most common and dominant species was Phlebotomus papatasi. In the village treated with phostoxin, the
density of P. papatasi in outdoors was lower than indoors. Nevertheless, the density of P. papatasi in the village
treated with zinc phosphide was higher in outdoors.
Interpretation & conclusion: It is concluded that phostoxin is less effective and has low safety in comparison with
zinc phosphide, so that this rodenticide can be used only in special situations such as lack or ineffective rodenticides
and only in the colonies far from human and animal dwelling places in small scales.
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INTRODUCTION
Zoonotic cutaneous leishmaniasis (ZCL) is a growing threat in many rural areas of Iran which involves 17
out of 31 provinces1.There are four different epidemiological zones of ZCL in the country and four species of
rodents (Gerbillinae) known as the principal animal reservoir hosts in different foci. Rhombymos opimus is the
main animal reservoir in the northeast and central part of
the country. Meriones libycus has been found as a principal reservoir host in some parts of central and south of
the country. Tatera indica is known as the main reservoir
host in the southwest of Iran and Meriones hurrianae in
southeast of the country, neighbouring to Pakistan2–5.
Phlebotomus papatasi is the most prevalent species among
Phlebotomus genus, and is the only proven vector of
ZCL6–7. Moreover, P. caucasicus, P. mongolensis and P.

ansari also considered as vectors among gerbils and jirds.
Phlebotomus papatasi is the main and proven vector of
Leishmania major transmission to man in Turkmenistan,
Uzbekistan, Saudi Arabia, Iran, southern Morocco and
central Tunisia8–9. So far, L. major has been isolated
and identified from naturally infected P. papatasi,
P. caucasicus, R. opimus, M. libycus and in humans in
some endemic areas of Iran3–5, 10.
Iranian researchers have employed various methods
to control ZCL in different parts of the country since 1996.
Some control measures such as residual spraying with
DDT, spraying powder of DDT in the rodent burrows,
poisoning the reservoir hosts and using deltamethrin-impregnated bed nets and curtains have been employed to
control ZCL in the country11–13. Furthermore, to control
the disease, a successful leishmanization has been conducted in Iran in special circumstances. It has been rec-
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ommended just for military personnel in very high risk
areas14. One intervention study showed that autoclaved
L. major (ALM) vaccine with BCG had not been protective against ZCL15.
In recent years, attempts to control ZCL have been
followed by experts in the country. In 1997, through a
field trial, rodent burrows were destroyed and baited with
zinc phosphide 2.5% in a radius of 500 m from houses
once in a month in May, June, July and September. The
results showed 12-fold reduction in incidence of ZCL in
treated village, compared to the control village at the end
of first year and 5-fold at the end of second year of the
operation16. From 1999 to 2002, in the same intervention
area, for evaluation of previous study, the numbers of
active burrows were counted in May and October. If the
rodent hole numbers increased, >30% were baited with
zinc phosphide. The results showed that changes in the
numbers of rodent burrows along the time and incidence
rate of ZCL in the intervention and control village were
statistically significant17.
In 2010, rodenticidal effect of Coumavec® (a mixture of Coumatetralyl 0.5% and Etofenprox 0.5%) against
R. opimus was evaluated under laboratory conditions. The
results of this study showed that Coumavec® has some
rodenticidal effect on R. opimus in laboratory conditions.
The authors suggested 0.125% concentration for rodent
control operation in the field conditions18.
A study was conducted from January 2011 to January 2012 to introduce a new alternative rodenticide to
control the reservoirs of ZCL in hyperendemic focus of
Esfahan. The effect of this operation on the vector density and the incidence of the disease were also studied.
Rodent control operation was conducted using zinc phosphide or Coumavec®. Active case findings were done by
house-to-house visits once every season. To evaluate the
effect of rodent control operation on the vector density,
sandflies were collected twice a month using sticky traps.
The results showed Coumavec® could be a suitable alternative for zinc phosphide while bait shyness or
behavioural resistance is observed19.
Recently, some behavioural resistance and/or bait
shyness against the rodenticide among the great gerbil
population has been observed from some endemic foci of
the disease (unpublished data, Esfahan Health Centre,
Iran). So, it is necessary to introduce some new effective
alternative rodenticides to control the reservoir hosts and
subsequently the disease in endemic area of ZCL in
Iran. The aim of the current study was to introduce an
alternative rodenticide to control the reservoirs of ZCL
and its effect on the vector density. In this survey, the
effect of phostoxin (a fumigant rodenticide) on the main

reservoir host and vector of the disease were compared
with zinc phosphide 2.5% bait in comparison with the
control area.
MATERIAL & METHODS
Study area
The present study was conducted in four villages
(Islamabad, Gishi, Vartoon and Parvaneh-Aliabadchi), 50
to 95 km from Esfahan City, Esfahan Province, Iran from
April to November 2011. Islamabad (32° 29′ 41.2″ N and
52°16′ 10.9″ E) and Gishi (32° 29’ 19.1″ N and 52° 21′
13.8″ E) were selected as intervention areas for phostoxin
and zinc phosphide, respectively and Vartoon (32° 50′
07.5″ N and 52° 06′ 51.9″ E) and Parvaneh-Aliabadchi
(32° 47′ 46.2″ N and 51° 58′ 27.2″ E) were selected as
control areas.
The study areas have an arid climate. In 2010, the
maximum mean temperature was 39.1°C and minimum
mean temperature was –1.6°C in July and December, respectively. The total rainfall was 72.2 mm. The minimum
and maximum mean monthly relative humidity were 7%
(July) and 82% (January), respectively.
Rodent control operation
The phostoxin tablet formulation was used in this
survey (Prepared by Esfahan Health Centre). The zinc
phosphide bait concentration was selected based on the
previous studies16.
In the late April 2011, before the emergence of
sandflies, counting and destroying of the rodent burrows
were conducted in a radius of 500 m from houses around
all study villages. After 48 h the study areas were revisited and the reopened holes were counted again. In treated
areas the reopened burrows were baited by phostoxin tablets or zinc phosphide baits and then closed. For phostoxin
1 tablet and for zinc phosphide some 12–15 g of the poisoned baits were put into each burrow in a depth of 10
cm. The study areas were revisited after a week and the
reopened burrows in treated areas were counted, baited
and closed again. Rodent control operations were carried
out monthly in May, June, July and August. The date of
baiting and the number of reopened holes were recorded.
In Vartoon (control village), no control operation was
done, but to compare with intervention areas, the numbers of reopened holes were also counted at each stage.
Entomological surveillance
To evaluate the effect of rodent control operation on
the main vector (P. papatasi) density, an entomological
survey was carried out. Three fixed houses were selected
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in each village and sandflies were collected by sticky paper traps twice a month from the beginning (April) to the
end (October) of sandflies active season. The sticky traps
were installed before sunset and collected early the next
morning. The collected sandflies were separated from
sticky traps, washed with absolute acetone and preserved
in 70% ethanol till the time of preparing slides. Microscopic slides of phlebotomines were prepared using
Pauri’s medium20 and identified by valid keys 21–22.
Sandflies from outdoor resting places were collected and
identified by the same procedure.
Human infection
The effects of rodent control operations on the disease incidence were evaluated. Before and after the intervention, active case findings were carried out in treated
(Islamabad and Gishi) and control (Vartoon and ParvanehAliabadchi) villages. As the final goal of the current study
was to determine the impact of rodent control operation
on the disease incidence, we decided to add an extra control areas (Parvaneh-Aliabadchi) only for active case detection and calculating the incidence of the disease to compare with treated areas. All the selected households (150
households in each treated villages and all the inhabitants, in control villages) were visited in January 2011 and
once every season in 2012. Some information such as ID
of the people, presence or absence of scar(s) or active
lesion(s), number of the lesion(s) or scar(s), and travelling history to the other ZCL foci, were recorded in a
questionnaire for each household. Persons who had travelling background to other endemic foci of ZCL were
excluded from the survey. New cases of the disease and
the number of active lesions were recorded on each visit.
At the end of 2011 and 2012, yearly incidences of ZCL
in both the treated and control villages were calculated.
The persons with scars were excluded from the risk population.
Statistical analysis
STATA and SPSS 16 software were used to analyze
the data and graphs were drawn using Excel software.
Rodent holes changes and density of sandflies in inter-

vention and control areas were compared using Chi-square
test and the Kruskal-Wallis non-parametric tests, respectively.
RESULTS
The treated area of Islamabad (phostoxin intervention area) was around 219 ha and the total number of burrows before intervention was 4985 (23/ha). After 48 h of
destroying the rodent burrows, 875 (3.9 active holes/ha)
of the holes were reopened. All the reopened holes were
baited and closed. After one week of control operations,
the number of reopened holes decreased to 262. In June,
July and August the reopened burrows were 291, 521 and
589, respectively (Table 1). The treated area of Gishi (zinc
phosphide intervention area) was around 193 ha. The
number of holes before the intervention was 4729 (24.5/
ha). After 48 h of destroying the colonies, the number of
reopened holes decreased to 1682 (8.7 active holes/ha).
The reopened burrows were baited and closed. After one
week, the number of holes reduced to 600. In June, July
and August, the number of the burrows was 493, 424 and
704, respectively (Table 1). The control area (Vartoon)
was around 173 ha; the number of holes before the intervention was 2297 (13.3/ha) and after 48 h of destroying
196 (1.1 active holes/ha) of these holes were reopened.
The reopened holes in this village were not baited or
closed. After one week, the number of reopened holes in
the control area (Vartoon) increased to 281. In June, July
and August the number of burrows increased to 365, 557
and 1306, respectively (Table 1). Compared to the intervention areas, the number of burrows at each stage in
control village showed an increasing trend. Reduction rate
of rodent holes between the treated villages with phostoxin
and zinc phosphide were significantly different (p <0.05).
Total of 4243 adult sandflies (2278 from outdoors
and 1965 from indoors) were collected during May to
October 2011. Three species were collected from indoors:
P. papatasi (92.5%), Sergentomyia sintoni (7.1%) and P.
sergenti (0.4%). In outdoor resting places, P. papatsi
(95.8%), S. sintoni (3.3%), P. sergenti (0.5%), P. ansari
(0.2%) and P. mongolensis (0.2%) were identified . In all

Table 1. Comparison of the number of rodent holes in the intervention and control villages, Esfahan County, Esfahan, Iran, 2011
Name of
village
Islamabad
Gishi
Vartoon

Treated
area
(ha)

Pretreatment

219
193
173

4985
4729
2297

Post- 48 h
burrow
destruction
875
1682
196

One week
after
first baiting

June

July

August

262
600
281

291
493
365

521
424
557

589
704
1306
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the study areas, sandflies emerged in late April and disappeared in late October. The most common and dominant species was P. papatasi, in indoor and outdoor resting places. In both the intervention areas with phostoxin
and zinc phosphide, monthly density of P. papatasi was
compared (Figs. 1 and 2). In the village treated with
phostoxin, the density of P. papatasi in outdoor was lower
than that found in indoor resting places. Nevertheless, the
density of P. papatasi in the village treated with zinc phosphide was higher in outdoors. Statistical analysis showed
that there was no significant difference between the density of the vector in indoors and outdoors in intervention
and control areas (p >0.05). The yearly incidence of the
disease in both treated and control villages is shown in
Table 2. The incidence of the disease was calculated at
48.54 and 39.14 per thousand in Islamabad and Gishi (intervention areas) and also 18.40 and 76.19 per thousand
in Vartoon and Parvaneh-Aliabadchi (control areas), respectively in 2011. After intervention, the disease inci-

Table 2. Comparison of the incidence (per thousand) of
ZCL in the intervention and control villages, Esfahan
County, Esfahan, Iran (2011–12 )
Name of village

Islamabad (Intervention
area with phostoxin)
Gishi (Intervention area
with zinc phosphide)
Vartoon (Control area)
Parvaneh-Aliabadchi
(Control area)

2011

2012

No.
with AL

Incidence
with AL

No.

Incidence

10

48.54

3

19.23

11

39.14

3

11.40

3
8

18.40
76.19

2
5

10.92
49.5

dence dropped to 19.23 and 11.40 per thousand population in Islamabad and Gishi (treated villages), respectively.
There was no significant difference between reduction
rate of the disease incidence between phostoxin and zinc
phosphide (p >0.05). The incidence of ZCL decreased in
all the intervention and control villages, as shown in
Table 2, but the statistical analysis showed that the reduction rate of ZCL incidence in treated areas was statistically different before and after the intervention (p <0.05).
This figure for control area was not significant (p >0.05).
DISCUSSION

Fig. 1: Monthly fluctuation of Phlebotomus papatasi in treated village
with phostoxin (Islamabad), Esfahan County, Esfahan
Province, Iran, 2011.

Fig. 2: Monthly fluctuation of Phlebotomus papatasi in treated village
with zinc phosphide (Gishi), Esfahan County, Esfahan
Province, Iran, 2011.

Up to now several measures were employed for ZCL
control in Iran such as rodent control operation using rodenticide bait, impregnated bed nets and curtains with
pyrethroids, repellents, indoor residual spraying, health
education to the community, and leishmanization, during
emergency complex situation11–14. Till now there is no
success in developing an effective vaccine to prevent leishmaniasis23–26.
The disease incidence shows an increasing trend during the last decade (Zoonosis Department, Ministry of
Health and Medical Education of Iran, personal communication). There are several reasons behind this increase
such as surveillance system improvement, yearly disease
monitoring, people migration from non-endemic areas into
the disease foci, presence of different reservoirs, defection in prevention and control operation of the disease
and vector control25. The results of this study showed that
the rodent control operation is an effective measure for
decreasing the rodent’s population and the disease incidence. Both rodenticides were effective to control the
gerbil’s population. After intervention, the reduction rate
of rodent burrows was 32.68% in the village treated with
phostoxin and 58.14% in the village treated with zinc
phosphide. It seems that both pesticides are effective on
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the control of the gerbil population but zinc phosphide is
more effective than phostoxin. Nevertheless, by the end
of the study, the number of rodent holes in control area
(Vartoon) showed 6.66 fold increase. The number of rodent holes trend in the intervention areas decreased while
in the control area it increased.
The incidence reduction rates of the disease were
29.31 and 27.74% in Islamabad (treated with phostoxin)
and Gishi (treated with zinc phosphide) respectively,
therefore both the rodenticides were effective to reduce
incidence of the disease. In all studied areas (both intervention and control areas), the incidence of the disease
from 2011 to 2012 had a decreasing trend before and after intervention. Results of this study showed that the reduction rates of ZCL in treated areas were significantly
different; however, in control areas no significant difference was observed. In the case of requirement of incidence reduction, phostoxin can be an appropriate alternative to zinc phosphide, if necessary.
In a previous study from April to January 1997, a
rodent control operation using 2.5% zinc phosphide was
conducted to control ZCL. The results showed that reduction rate of ZCL incidence was 12-fold in treated village compared to the control village at the end of the first
year and 5-fold at the end of the second year of the operation16. From 1999 to 2002, at the same intervention area,
another study was conducted to show the effect of rodent
control operation on the disease incidence. Results of the
study showed that changes in the numbers of rodent burrows in the intervention and control areas were statistically significant. Furthermore, changes in the incidence
of ZCL between the intervention and control village were
also significant17.
In Islamabad (treated with phostoxin), the densities
of P. papatasi in outdoors were lower than indoor resting
places. It is reasonable to assume that phostoxin affects
the density of P. papatasi in outdoors. It appears that this
effect is related to the fumigant property of phostoxin.
However, the effect of phostoxin on the sandfly, outdoor
density had no dramatical effect on incidence reduction
rate of the diseases compared to area treated with zinc
phosphide. In contrast, in Gishi, the density of P. papatasi
in indoors was lower than outdoor resting places. The
comparison of the density of P. papatasi trend in control
and treated villages exhibited that rodents control operation has no significant effect on the P. papatsi density.
Along this survey, in another area Coumavec® (a mixture
of Coumatetralyl 0.5% and Etofenprox 0.5%) was evaluated for ZCL reservoir control and the results were compared with zinc phosphide. The reduction rate of rodent
holes in intervention areas with Coumavec® and zinc phos-
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phide were 48.46 and 58.15%, respectively. The incidence
of ZCL significantly reduced in the treated areas. In area
treated with zinc phosphide, the density of P. papatasi
was higher in outdoors in contrast to that treated with
Coumavec®, the density of sandflies was higher in indoors, similar to the results obtained from phostoxin
treated area. The results showed phostoxin could be a
suitable alternative to zinc phosphide where bait shyness
or behavioural resistance has occurred19.
It is concluded that phostoxin is less effective compared to zinc phosphide, so that this rodenticide can be
used only in special circumstances such as lack or ineffectiveness of other rodenticides and only in the colonies
far from human and animal dwelling places on small
scales. After overcoming bait shyness or behavioural resistance, zinc phosphide should be used again.
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