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Vector density and the control of kala-azar in Bihar, India
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Bihar, India has been in the grip of kala-azar for many years. Its rampant and severe spread has made life
miserable in most parts of the state. Such conditions require a comprehensive understanding of this affliction. The
numbers coming out of the districts prone to the disease in the north and south Ganges have provided us with several
startling revelations, as there are striking uniformities on both sides, including similar vegetation, water storage
facilities, house construction and little change in risk factors. The northern areas have been regularly sprayed with
DDT since 1977, but eradication of the disease appears to be a distant dream. In 2007 alone, there were as many as
37,738 cases in that region. In contrast, the southern districts of Patna and Nalanda have never had the disease in
its epidemic form and endemic disease has been present in only some pockets of the two districts. In those cases, two
rounds of spraying with DDT had very positive results, with successful control and no new established foci. In addi-
tion, an eleven-year longitudinal study of the man hour density and house index for the vector Phlebotomus argenti-
pes demonstrated that they were quite high in Patna and Nalanda and quite low in north Bihar. Given these facts, an
attempt has been made to unravel the role of P. argentipes saliva (salivary gland) in the epidemiology of kala-azar.
It was determined that patchy DDT spraying should be avoided for effective control of kala-azar.
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The scourge of kala-azar is perilous in most parts
of Bihar, which is divided into northern and southern
regions by the Ganges. The riparian areas in 31 of its 38
districts are highly prone to this vector-borne disease,
which is carried by the sandfly Phlebotomus argenti-
pes, the only vector identified in India (Swaminath et
al. 1942, Kumar et al. 2005). However, in addition to
Bihar, there are others states in India where kala-azar
(visceral leishmaniasis) occurs in its endemic form,
including West Bengal, eastern Utter Predesh and
Jharkhand. However, the figure from the northern dis-
tricts of Bihar is astonishing, with 37,738 cases in 2007
alone. According to the National Vector Borne Disease
Control Programme (NVBDCP), there are about 165
million people who are at risk of infection with kala-
azar in Bihar Jharkhand, Uttar Pradesh and West Ben-
gal. In 1970s, there was a sudden surge in the number of
cases in Bihar, when the number rose to one lac; reports
from different primary health centres (PHCs) indicated
that 45,000 patients died in north Bihar. Since then, all
PHCs in the region with endemic kala-azar have been
sprayed liberally with DDT with effective results, as
the number of cases went down remarkably. However,
in 1998, the region was shaken by another epidemic, in
which there were 77,102 cases (as per the report from
the government of Bihar), although the actual figure is
likely to be far more than that. Considering the situa-
tion, the state government declared kala-azar to be a
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notifiable disease and the area was sprayed with two
rounds of DDT, the first in February-March and the
second in June-July (WHO workshop 1993). Since that
time, DDT has been sprayed at regular intervals, but
there has been little respite in the reports of new cases
from areas in north Bihar. Interestingly, the number of
cases diminished in the districts in the southern parts
of the state, Patna and Nalanda, where DDT was rarely
sprayed. The disease has erupted in its endemic form
in some pockets of the region, but the number of cases
has nearly disappeared following the proper spraying
of DDT and careful treatment of those infected; no ma-
jor outbreak has ever been reported in those areas. The
scenario is quite different in north Bihar. Considering
these two entirely different backgrounds, a longitudi-
nal study was carried out in both areas to understand
the mechanism of disease transmission and to suggest
effective measures for its control. In addition, the study
attempted to identify the role of sand fly density in the
transmission of the disease, as there is a general be-
lief that higher densities of P. argentipes are one of the
main factors of transmission. Surprisingly, the areas
with low sand fly density as a result of insecticide use
were more vulnerable to the disease than were the areas
with a high sand fly density.

MATERIALS AND METHODS

Two districts from the northern side of the Ganges,
Vaishali and Muzaffarpur, were marked as the experi-
mental areas, as kala-azar is highly endemic in these
areas. Sand fly density was randomly monitored with
the help of standard aspirators and hand-held three-
celled torches in the early morning hours (Kumar et
al. 1995). Two districts from the south, Patna and Nal-
anda, were selected as the control areas for monitoring
sand fly density, as they are quite low endemic areas.
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This was done to assess the P. argentipes density in
high and low endemic areas (Figure). Government
agencies provided data on kala-azar cases and diag-
nosis was based on parasite presence in spleen/bone
marrow aspirations, identified with rk39 kits as per
the protocol provided by NVBDCP, government of In-
dia. In all of these areas, the P. argentipes density was
monitored three times per year: pre monsoon, mon-
soon and post-monsoon. The densities were calculat-
ed using the total numbers of sand flies collected per
man per hour. The house index (HI) was calculated
as the percent of households positive for P. argenti-
pes. Vaishali and Muzaffarpur are sprayed with DDT
every year, whereas Patna and Nalanda are sprayed
only focally around the affected areas. In Bihar, two
rounds of spraying were carried out in the highly en-
demic areas, first in February-March and second in
May-June (NICD 1993).

For purpose of socio-economic and house structure
assessment, KAP was carried out in both areas. Similar
efforts were made in peridomestic areas to determine the
presence of water and vegetation. Migration of inhabit-
ants was also not ignored. In the studied areas within the
district of Patna, which was separated from north Bihar
by a narrow band of water, people of the villages come
and go regularly by boat.

Statistical analysis - Data was analysed using the
statistical software SPSS ver. 15.0. All variables were
tested for normality, so that suitable statistical tools
could be used. The Z- test was used to examine the
comparative difference of means for man hour densi-
ty (MHD) and HI in the high and low endemic areas.
One-way analysis of variance was used to test differ-
ences in MHD and HI among three types of houses:
thatched, pucca and kathcha, in both areas separately.
A two-way analysis of variance was used to compare
MHD and HI among the three types of houses in
the two endemic regions of villages of Bihar over 11
years of observations.
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RESULTS AND DISCUSSION

The results of sand fly collections for north and south
Bihar are shown in Table I. Using MHD and HI, the low
endemic regions in the south had a significantly higher
P. argentipes density than the high endemic regions in
north Bihar (p < 0.001) (Table II). The density of P. ar-
gentipes was significantly higher in katcha houses than
in pucca and thatched houses (p < 0.001). It is possible
that this is due to the presence of cracks and crevices
with a high amount of humidity, which are essential con-
ditions for breeding P. argentipes. The MHD of North
Bihar varied between 5.36-10.96, with one exception
in 2001, when it was just 13.57. The HI was also quite
low, as it varied between 6.25-18.30. Paradoxically, the
MHD and HI were quite high in the Patna and Nalan-
da districts, where the MHD was between 11.20-21.40
and the HI percentage in both districts was between 38
55%; this is possibly the result of frequent DDT spray-
ing in north Bihar. However, in the Patna and Nalanda
districts, the P. argentipes density was high because of
occasional DDT spraying, which was done only on a fo-
cal basis in the event that kala-azar occurred in an en-
demic form. In 1994, there were 19 endemic cases in the
village Gulmahiabagh, which had 205 houses. The vil-
lage was sprayed just two times with DDT and once with
malathion (SRES); the three total sprays were enough to
contain the spread of the disease, as no cases have since
been reported in that area. Another village, Chandi, with
a population of 643, reported six cases in the year 2000.
The control measure in that village also consisted of two
rounds of DDT with treatment of those infected; again,
there were no further reports of cases. In yet another vil-
lage in the Patna district, Jethuli, kala-azar occurred en-
demically from 1984-1985. Following DDT spraying and
treatment of the cases, the area become totally free from
the disease (Dhiman & Sen 1991).

In examining studies of low socio-economic groups
done in both areas, we found that the houses were made
up of mud, soil and bamboo; some homes were made
with walls of bricks and no plastering. However, with
few exceptions, kala-azar cases also occurred in con-
crete houses in north and south Bihar. Both areas have
some alluvial soil and some soft stem vegetation, such
as banana, creepers and peridomestic vegetation, giving
the terrain the same amount of risk factor for kala-azar
transmission (Ranjan et al. 2005).

When combined, the facts from the above studies are
puzzling, as there seems to be no reason why north Bihar
suffers endlessly from kala-azar when both north and
south Bihar have similar environmental situations and
the presence of susceptible hosts. In addition, kala-azar
establishes separate foci in north Bihar and is constantly
present in endemic form there. In contrast, the Patna and
Nalanda districts in south Bihar received a one-time con-
trol measure and the disease has been unable to establish
new foci, though it remains with a few sporadic cases.

However, this could be explained in terms of sand fly
density and saliva. It appears that sand fly saliva may play
a crucial role in the epidemiology of kala-azar. In the dis-
trict of Patna, the density of P. argentipes remains high
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TABLE I
Epidemiological and entomological aspects of the studied areas in north and south Bihar
Kala-azar North Bihar (Muzaffarpur and Vaishali) Kala-azar South Bihar (Patna and Nalanda)
cases HI RH Temperature cases HI RH Temperature
Year (n) MHD (%) (% max/min) (°C max/min) (n) MHD (%) (% max/min) (°C max/min)
1998 2,860 0536 09.8 91-55 32.5-17.0 33 11.20  48.00 90-45 33.5-15.0
1999 2,128  09.23 14.00 85-52 31.0-16.6 98 13.50  40.00 82-48 32.0-16.0
2000 2,232 0548 11.21 89-48 33.6-16.2 186 13.01  51.00 89-48 33.5-15.2
2001 1,924 13.57  18.30 95-55 32.5-16.5 200 15.87 42.00 92-55 32.0-15.5
2002 2,028  08.78 05.89 98-51 31.8-15.5 293 14.52  38.50 95-50 32.8-14.5
2003 1,968  09.10 08.65 94-48 34.7-14.5 369 14.29 40.25 93-50 36.7-14.8
2004 2,300  08.17 08.20 94-52 36.0-19.6 443 19.10  69.00 90-45 36.5-18.6
2005 4,788 1096 07.34 98-45 33.63-21.2 478 18.26  52.00 95-45 33.5-18.2
2006 6,060 10.87 10.45 92-51 36.0-20.0 510 2140 55.00 89-50 36.5-16.0
2007 4,559 0720 06.25 96-48 34.2-16.5 231 11.26  38.00 94-47 34.2-15.5
2008 5,561  06.25 07.50 95-48 35.5-17.5 213 15.06  45.00 92-45 36.5-14.5
HI: house index; MHD: man hour density; RH: relative humidity.
TABLE 11
House structure of north Bihar and Patna district of studied village
North Bihar (Muzaffarpur and Vaishali districts)  South Bihar (Patna and Nalanda districts)

House Houses Mean (SD) Houses Mean (SD) p value p value
structure n (%) MHD HI n (%) MHD HI for MHD for HI
Thatched 1,091 (76.5) 3.04 (1.05) 4.57 (1.77) 62(5) 5.49 (1.43) 23.05 (6.19) <0001°  <0.001¢
Pucca# 234 (16.4) 1.49 (0.53) 1.34 (0.50) 293(23.4) 1.80 (0.49) 5.36 (2.72) - 0'00” B 0.0015
Katcha” 101 (7.1) 4.14 (1.34) 3.86 (1.58) 897(71.6) 7.95 (2.08) 18.75 (3.09) ' ’
Total 2.89(1.488)  3.26(1.95) 5.07 (2.94) 1572 (8.71)  <0.001° <0.001

a: one way ANOVA - among the type of house; b: two way ANOVA - comparison of man hour density (MHD) among type of
house and between two areas; c: Z- test - between two areas; d: one way ANOVA - among the type of house e: two way ANOVA
- comparison of house index (HI) among type of house and between two areas; f: Z- test - between two areas; g: brick and mud

plaster or mud and soil: /: concreate houses: pucca houses.

due to low insecticide use. As a result of the high sand fly
density, the susceptible populations are frequently bitten
and it has been demonstrated that a salivary gland protein
from the sand flies provides protection against kala-azar
infection (Velenzula et al. 2001, Silva et al. 2005).

As it happens, this continuous sand fly bite exposure
may be the reason that new foci of kala-azar do not oc-
cur in the high density area. Indeed, the sand fly popu-
lation remains depressed in north Bihar due to regular
spraying with DDT and therefore, the population may
not have the same exposure to sand fly bites. As a re-
sult, when the sand fly population resurges following
the use of improper concentrations (< 5%) and patchy
spraying of DDT, the sand flies are able to transmit the
disease to the population previously unexposed to sand
fly bites (susceptible host), even in low density areas. In
this manner, new foci of kala-azar are created; this is

exactly what has been happening in north Bihar. An ex-
ample is the surge in the number of cases from 29,711 in
2006 to 37,738 in February 2007, during which DDT was
sprayed in all 31 endemic districts of Bihar. It was likely
caused by patchy spraying, which was noted while mon-
itoring in most of the villages. Therefore, it is strongly
suggested that DDT is sprayed in a thorough and proper
manner; otherwise, P. argentipes may develop DDT re-
sistance (Singh et al. 2001, Dhiman et al. 2003, Kishore
et al. 2004) and new foci of kala-azar could arise. Our
study indicated that a high vector density is not essen-
tial for disease transmission and transmission may oc-
cur successfully even in areas of low P. argentipes den-
sity, as it is epidemiologically more viable than at high
density due to some immunological complexity and the
involvement of saliva in kala-azar transmission. Thakur
(2007) have also reported that the complete treatment
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and supervised intensive spray of DDT may eliminate
kala-azar from rural Bihar. This study also indicates
that further study of the role of P. argentipes saliva in
the epidemiology of kala-azar is needed.
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