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Introduction Malaria report 2018.* As per the report, approximately
70% of the world’s malaria burden is concentrated in just
11 countries-10 in sub-Saharan Africa and India. These
high-burden nations are home to an estimated 151 million
cases of malaria and 275,000 deaths. The Global Technical
Strategy (GTS) for Malaria 2016-2030 calls for reducing
malaria cases and deaths by at least 40% by 2020, at least

Malaria is one of the most important parasitic infections in
humans. Several initiatives from the international health
community in the past decade have lead to an estimated
drop in malaria associated mortality from around 1 millionin
2000 to about 435,000 in 2017 according to the WHO World
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75% by 2025 and at least 90% by 2030. In 2017, of all the
11 highest burden countries globally, African countries
reported increases in malaria cases over the previous year,
but only India marked progress in reducing its disease
burden, registering a 24% decrease compared to 2016.

Among the current recommended interventions to control
the disease is the use of insecticidal nets or indoor residual
spraying with insecticide to control vector mosquito
populations. A major issue arising from the intense
deployment of insecticides is the development of resistance
to the chemical agents.? It is a ubiquitous problem, regarded
as a major hindrance in the control of malaria. Furthermore,
the use of insecticides is not restricted to public health; in
fact, around 90% of insecticides are deployed in agriculture.3
Many disease vectors are present in agricultural areas
and are therefore likely exposed to insecticides used to
control agricultural pests. The intensive use of insecticides
in agriculture has caused concern for increased selection
pressure for insecticide resistance development in
disease vectors. This may have negative implications for
vector-borne disease control programme. Although the
physical environment provides the primary conditions for
the breeding of malaria vectors, the socio-demographic
environment particularly related to agriculture and irrigation
projects plays a significant role in the incidence of the
vector borne disease.

The world’s population is predicted to further increase
from six billion currently to about 7.4 billion by 2050 and
most of the projected global population growth will take
place in developing countries that already suffer from food
shortages and health problems.* Irrigation has assisted food
production in many parts of the world; from the 1960s to
the 1980s irrigated land accounted for more than 50% of
the increase in global food production.® The construction of
dams and impoundment of reservoirs has been the principal
means for the provision of irrigation water. Irrigation has
numerous potential benefits. Most importantly, it may
contribute substantially to food security and economic
progress, which in turn provides rural households with
greater purchasing power for essential commodities,
including improved access to health care delivery services
and education.®

Literature search was done to understand the prevalence
or incidence of malaria in relation to irrigation projects.
Majority of studies has categorized the predominant
epidemiological situations of malaria transmission as Stable
and Unstable Malaria. Stable Malaria is characterized by
year-round transmission with some seasonal variations.
Inhabitants of stable malaria transmission areas have a
high natural immunity and epidemics are unlikely events. In
contrast, transmission is not sufficient in the dry season to

maintain immunity in areas of seasonal or unstable malaria.
In these areas there is a high potential for epidemics to
occur. The majority of the studies revealed that rice field
inhabitants, despite high Anopheles densities throughout
the year due to irrigation water, often have lower prevalence
rates than people in control villages. This claim was based
on the assumption that communities in the area where
irrigation was developed were originally ecological replicates
of the non-irrigated communities. Immunological as well
as socioeconomic factors and control programs strongly
influence the parasitological parameters. For example
in the Kou valley, Burkina Faso, malaria prevalence rates
ranged from 16-58% in an irrigated village, compared to
35-83% in a non irrigated village.” Furthermore, in Mali,
a two-fold reduction in the annual malaria incidence was
observed after the implementation of irrigation, although
rice cultivation changed transmission from seasonal to
perennial.® It has been observed that in unstable malaria
transmission areas, the introduction of irrigation places
the non-immune population at a high risk of acquiring the
disease. It might alter malaria transmission from seasonal
to perennial and malaria endemicity from mesoendemic
to hyperendemic, as observed in Rosso, Richard Toll and
Podor in the Senegal River Basin® or the Gezira scheme.?
A study conducted in a dry coastal area of Peru, found
malaria incidence five-fold higher in villages with houses
in close proximity to irrigated fields and irrigation canals,
compared with villages in the non-irrigated area.! In Sri
Lanka, a five-fold higher malaria incidence was reported
following the introduction of Mahaweli systems H and
B.!2 Another study, comparing the malaria prevalence
in four villages, two relatively new and two ancient, of
which two were irrigated and two non-irrigated, showed
prevalence rates of 4.8% and 2.5% for irrigated and non-
irrigated, respectively. Both the irrigated and non-irrigated
new villages had much higher prevalence rates than the
old ones, which was explained by changing livelihoods,
less knowledge on malaria and fewer personal protection
measures in the 15 new villages.®

This paper presents findings of an assessment of malaria
transmission along Ujina Irrigation Drain passing through
the malaria endemic Ujina PHC of District Nuh of Haryana.
Entomological studies were carried out in two malaria
endemic villages irrigated by the drain and two non-irrigated
villages under the PHC. The aim of the assessment was
to identify associations between irrigated agriculture
and vector borne disease and quantify to these. Disease
prevalence, relative impact on agricultural productivity in
economic terms and the cost of various malaria-control
interventions in practice are discussed. A methodology is
proposed that uses in adequate health data in combination
with a multispectral approach.
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Material and Methods
Study Area
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Figure 1.Map of District Nuh

District Nuh is one of the 22 districts of Haryana state in
northern India. Nuh district lies between 26° and 30° North
latitude and 76° and 78° East longitude adjacent to Gurgaon
withan average annual rainfall of 336-440 mm.

Nuh falls under the Sub-Tropical, Semi-arid climatic zone
with extremely hot temperature in summer. May and June
are the hottest months of the year with the temperature
ranging from 30°C to 48°C. January, on the other hand is
the coldest month with temperature ranging between
2°C to 25°C*. Mewat district largely comprises of plains.
Inconsistency in Mewat’s topography is evident from its
patches of land with hills and hillock of the Aravali mountains
on one hand and plains on the other. The soil of Mewat
is light in texture, particularly sandy, sandy loam and clay
loam. The upper hills are mostly barren. The annual rainfall
varies considerably from year to year. Maximum rainfall is
experienced during the monsoon season which reaches
its peak in the month of July. The principal precipitation
occurs during monsoon period from June to September
when about 80% of the rainfall is received. Since the major
outbreak of malaria in Mewat region in 1996, earlier studies
carried out enumerating various factors associated with
malaria prevalence and persistence in the traditionally
known epidemic belt of the north-western plains of India.
The ground water in the district area is saline and salinity
increases with depth. The district is socio economically
backward. Agriculture, the base economic activity of the
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people is deprived of irrigation. There is no river and area
is drained by artificial drains namely Nuh, Ujina & Kotla
drains. These drains carry rain water into Yamuna river.
Gurgaon canal carries water to the area which is distributed
through Nuh, Firozpur Jhirka, Uttawar, Mandkola, Hathin
and Chhyansa distributaries.’® Based on the last few years
PHC-wise and village-wise epidemiological data, the study
was conducted in one of the most malaria endemic PHC
namely Ujina which is adjacent to the strategically important
Ujina drain (Table 1).

Two irrigated (Jai Singhpur and Naushera) and two non-
irrigated (Devla Nagli and Dhakli) villages were selected from
PHC Ujina for carrying out the study. The drain irrigated
villages, situated within 1 km radius from the irrigated
farms, had a population of around 7,400 in 2016. The non-
irrigated (control) villages, with a total population of around
7,500, are located 10-15 km from the irrigation scheme
but with similar agrarian socio-economic standards except
irrigation practice. In Mewat, 73% population resides in
kucha house or partially constructed house. The mosquito
densities are dependent on availability of suitable larval
habitats. In India, An.culicifacies is distributed all over the
country and is considered to be the major vector of rural
malaria. An.culcifacies is also the major vector in District
Nuh contributing to 60-70% of the malaria incidences in
the region. This vector species breeds in ground water
collections and the streams of water drainage schemes.
During rainy season, breeding places are numerous, hence
the vector densities of An.culicifacies is reported at its peak.
The other important vectors of malaria are An.minimus and
An.fluviatilis. Malaria is the leading public health challenge
with an unstable/ seasonal trend, peaking between July
to October during and following the major wet season
months. Plasmodium vivax is the predominant malaria
parasite, causing 70% of malaria infections, followed by
Plasmodium falciparum. In a study carried out during
1989-91 in Gujarat, it was observed that An. culicifacies
is most abundant in the villages situated on the bank of
rivers (46%) followed by hilly (23%), canal irrigated (22%),
coastal (7%) and non-canal-irrigated areas (2%). In Orissa,
stream and riverside villages had high densities.

Retrospective Clinical Malaria Data Collection

To assess the impact of irrigation on malaria risk,
retrospective monthly laboratory-confirmed malaria data
were collected from the Ujina Primary Health Centre during
the study period (January 2016 - December 2016) (Table
2). A malaria data set was sorted by village, and type of
malaria parasite as confirmed by microscopy. Monthly
malaria incidence (cases per 1,000 population per month)
was calculated for each village to determine the level of
malaria transmission in each village across months of the
year.
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Table |.Epidemiological Situation of different PHCs of District Nuh (Mewat) Haryana for
the period 2012-16

Sr. Name of | Population 2012 2013 2014 2015 2016
No. PHC 2016 PV PF Total PV PF Total PV PF | Total | PV PF Total PV PF | Total
1. Nuh 160995 262 3 265 186 7 193 78 0 78 412 12 424 498 4 502
2. Ujina 113699 585 4 589 268 41 309 76 8 84 | 1711 | 1008 | 2719 | 2007 | 513 | 2520
3. Ghasera 104244 167 0 167 78 1 79 19 0 19 14 3 17 27 0 27
4. Tauru 151849 1 19 3 22 0 11 4 15 6 0 6
5. MP Ahir 67074 0 2 0 2 0 0 0 0 0 0 1 0 1
6. Punhana 89778 0 11 0 11 0 1804 15 1819 | 1178 1 1179
7. | Pinan-gwan 77323 159 2 161 252 7 259 50 3 53 928 6 934 300 0 300
8. Tigaon 105266 3 0 3 20 1 21 10 0 10 60 1 61 79 0 79
9. Singar 106542 17 0 17 65 0 65 5 0 5 518 6 524 347 3 350
10. Marora 88290 31 1 35 41 11 52 15 6 21 19 4 23 40 0 40
11. Nagina 94537 17 0 17 38 1 39 16 3 19 41 3 44 32 0 32
12. | F.P. Jhirka 113728 30 0 30 29 0 29 11 0 11 46 5 51 23 1 24
Total 1286 11 1297 | 1009 72 1081 288 20 308 | 5564 | 1067 | 6631 | 4538 | 522 | 5060
pefc‘;/nz;ge 99.15% | 0.85% 93.34% | 6.66% 93.51% | 6.49% 83.90% | 16.09% 89.68% | 10.3%

Source: District Malaria Office, Nuh

Adult and Larvae Sampling

Larvae and adult mosquitoes were collected from the irrigated and non-irrigated study
villages. Indoor resting mosquitoes were collected from human dwellings and cattle-
sheds during early morning (0600 to 0800 hrs.) in each village using a suction tube and
torch light.'® The adult collections were made every month during 2017and anophelines

collected were morphologically identified to species following standard keys.”"?° The
average monthly man hour densities of vectors An. culicifacies and An. stephensi were
calculated using the formula: Number of mosquitoes of each vector species collected
x60/ Total collection time in minutes. The dead and alive mosquitoes were brought to
thelaboratory for further processing to study various entomological parameters.
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Table 2.High Risk malaria villages in CHC Nuh, PHC Ujina in district Nuh year 2016

Sr. No.| Name of Village Total Population Pv positive Pf positive Total positive Malaria Cases
1. Ranika 2890 271 5 276
2. Islam Bass 592 8 1 9
3. Ujina 10138 103 5 108
4, Bibipur 3059 147 47 194
5. Gund Bas 1282 148 5 153
6. JaiSinghpur 3621 126 106 232
7. Naushera 3780 113 40 153
8. Kairaka 3847 129 138
9. DevlaNagli 5353 37 39
10. Dhakli 2190 21 56 77
11. Kontlaka 1343 65 72 137

Perennial and seasonal mosquito breeding habitats were
searched in and around the study villages during (i) pre-
monsoon (March to June 2017) (ii) monsoon (July to
September 2017) and (iii) post-monsoon season (October to
December 2017). All available potential mosquito breeding
habitats such as irrigation canals, canal leakage pools (i.e.
pools formed from leaking main canals), irrigated field
paddies (water-logging in the field due to over-irrigation
and poor drainage canals), mud-brick-making pits, rain
pools and other man-made pools, such as water-holding
wells were surveyed within 1 km radius of each study village
using standard dippers. In non-irrigated villages, mosquito
breeding were searched in water storage cemented tanks,
underground water storage cemented tanks, cattle troughs,
overhead tanks, while the peri-domestic (outdoor) breeding
was observed on road side water collections, water tanks
with tubewells, agricultural field, sewage pools, rain pools,
borrow pits. Because of poor construction and lack of
maintenance, most of the irrigation canals were leaking,
creating permanent pools at undesirable places. Sometimes,
poorly laid out furrows formed waterlogged areas in the
field. Each dip was examined carefully and collected larvae

were brought to the laboratory for further investigations.
Result
Mosquito breeding sites and larval density

During the study period, a total of six types of mosquito
breeding habitats (i.e., brick-making pits, rain pools, non-
functioning canal pools, leakage pools from irrigation canals
and agricultural field puddles) were identified (Table 3).
While all six types of mosquito-breeding habitats existed
in the irrigated villages, only two (brick-making pits and
rain pools) were found in the non-irrigated villages.
Anopheles culicifacies was the most common species in
all study villages. Larvae of this species were predominantly
collected from irrigation-associated breeding sites.
Anopheles stephensi was the second-most abundant species
predominantly occurring in cattle trough, puddles and
leakage pools from irrigation canals in irrigated villages. In
the non-irrigated villages, An.culicifacies was the dominant
species, whose larvae were commonly found in rain pools,
followed by An. stephensi. Overall, the irrigation scheme
provided considerable breeding habitats for malaria vector
mosquitoes.

Table 3.Summary of potential breeding sites of anopheline in irrigated and non-irrigated
study villages in the PHC Ujina, District Nuh

Irrigated villages Non-irrigated villages
No. No. % of No. No. % of
Type of larval habitat potential positive | positive | potential | positive | positive
breeding breeding | breeding breeding | breeding | breeding
habitats (%) | site (%) sites habitats (%) | site (%) sites
Cattle troughs/ roadside pits 20 (6.7) 9 (5.6) 45.00% 56 (39.2) 21 (46.7) 37.50%
Rain pools 41(13.8) | 20(12.5) | 48.80% 87(60.8) | 24(53.3) | 27.60%
Non-functioning canal pools 22 (7.4) 10(6.3) 54.40% - - -
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Leakage pools from irrigation canals | 55 (18.5) 25 (15.6) 45.40% - - -
Agricultural field puddles 160 (53.7) 96 (60.0) 60.00% - - -
Total 298 (100) | 160 (100) 53.70% 143 (100) | 45(100) 31.50%

In the non-irrigated villages, during the pre-monsoon
season, indoor breeding of An. culicifacies was recorded
in underground water storage cemented tanks and larval
density ranges from 5 to 16 larvae per dip which was used
for the construction work. An. stephensi breeding was
observed in cattle troughs and overhead tanks and larval
density ranges from 5 to 14 larvae per dip. During monsoon,
the numbers of breeding places were increased. During
this season indoor breeding of An. culicifacies larvae were
found in water storage cemented tanks and larval density
ranges from 5 to 11 larvae per dip and in underground water
storage cemented tanks the larval density ranges from 7 to
18 larvae per dip, while, the outdoor breeding was noted
on road side water collections with larval density ranges
from 12 to 27 larvae per dip, water tanks with tubewells
the larval density ranges from 8 to 21 larvae per dip, in
irrigation channels 13 larvae per dip were observed, in rain
pools larval density ranges from 8 to 19 larvae per dip and
borrow pits. In the post-monsoon season underground
water storage cemented tanks (6-14 larvae per dip), road
sidewater collections (8—17 larvae per dip), water tanks with
tubewells, were found to be preferred breeding habitats
for An. culicifacies.

The number of potential mosquito breeding sites was
two times higher in the irrigated villages (n=298) than
non-irrigated villages (n=143) during the study period. Of
these, 53.7% (n=160) and 34.5% (n=45) were found positive
for larval anopheline mosquitoes in the irrigated and non-
irrigated villages, respectively. Agricultural field paddies
and leakage pools from irrigation canals contributed over
75% of larval anopheline breeding habitats in the irrigated
villages while rain pools accounted for over half of the total

larval breeding sites in the non-irrigated villages. Overall,
there were three to four times more anopheline breeding
sites in the irrigated villages than the non-irrigated villages
during the study period.

Adult Anopheles Density

An.culicifacies is distributed all over the country and
is considered to be the major vector of rural malaria.
An.culcifacies is also the major vector in district Nuh
contributing to 60-70% of the malaria incidences in the
region. Other important vectors of malaria are An. stephensi,
An.minimus and An.fluviatilis.

Atotal of 2296 adult anopheles were collected in the study
villages (both irrigated and non-irrigated villages) Graph 1.
Of these, the majority were collected from the irrigated
villages.An. culicifacies was the predominant species in
both irrigated and non-irrigated villages followed by An.
stephensi. An. culicifacies vector breeds in ground water
collections and the streams of water drainage schemes.
It has been observed that during rainy season, breeding
places are numerous in both irrigated and non-irrigated
villages, hence the vector densities of An.culicifacies is
reported at its peak. The density of adult anopheles was
significantly higher (P <0.001) in the irrigated villages than
the non-irrigated villages throughout the study period.

The monthly mosquito density increased remarkably
immediately during and after the monsoon, between June
and October (Figure 2). Overall, the densities of malaria
vector mosquitoes were substantially higher in the irrigated
villages than in the non-irrigated villages throughout the
study period.
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Jan | Feb [Mar| Apr |May| Jun | Jul | Aug| Sep | Oct | Nov | Dec (mgm) P
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Figure 2.Month-wise mosquito density and average precipitation data in irrigated and non-
irrigated villages in PHC Ujina of District Nuh during 2017
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Figure 3.Month-wise malaria cases in irrigated and non-irrigated villages in PHC Ujina of
District Nuh during 2017

Malaria Prevalence

In the study villages, diagnosis of malaria cases was done
using the Rapid Diagnostic Test (RDT) kits during the rainy
season (June/ August 2017) and the post rainy season
(September/ October 2017). Malaria microscopy, which is
a time-tested “Gold Standard” test, was also performed in
certain cases for malaria diagnosis to further confirm the
malaria. The slides with thick and thin blood smears were
prepared, properly labelled, air dried and examined under
microscope in laboratory. The monthly malaria incidence
was significantly higher in the irrigated villages compared to
the non-irrigated villages (Figure 3). The data showed that,
in the irrigated villages, malaria transmission was observed
throughout the year with peak observed between May
and September. Malaria transmission occurred across all
months of the year in the irrigated villages, unlike the non-
irrigated villages where transmission occurred mainly during
the monsoon and post-monsoon months (July to August)
with few cases in the dry season. Overall, monthly malaria
incidence was over three-fold higher in the irrigated villages
than the non-irrigated villages during the study period.

Discussion

District Nuh of Haryana is long known for malnutrition
and ensuring food security to the huge population is big
challenge. Alarmed by these challenges, several large-
and small-scale irrigation schemes are under construction
across the region with the goal of ensuring food security
and alleviating poverty. However, the negative impact of
these emerging irrigation schemes on vector-borne disease,
especially malaria - a disease that that affects mainly the
rural poor population. Development of irrigation schemes
in sub-Saharan Africa has been blamed for the increase of
malaria risk through creating favourable breeding sites for
malaria vector mosquitoes.??

The present study indicated that the irrigation schemes of
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District Nuh crossing the PHC Ujina resulted in increased
malaria transmission in communities living in the irrigated
villages throughout the year. Irrigation-associated
mosquito breeding habitats (irrigated field puddles,
leakages fromirrigation canals and non-functional canal
pools) were the prominent malaria vector breeding sites
throughout the year. The high vector density of major
malaria vectors An. culicifacies and An. stephensiin irrigated
villages coupled with their high potential to inoculate
the predominant malaria parasite Plasmodium vivax and
Plasmodium falciparum, confirms the significant risk of
high malaria transmission in the communities living close
toirrigation schemes. The availability of water for mosquito
breeding, the irrigation schemes appear to extend the
malaria transmission into the post-monsoon season in the
irrigated villages.

The study confirmed that post monsoon malaria
transmission was established in the irrigated villages
adjoining the irrigational canal. In tropical Africa, where
seasonality in rainfall drives the seasonal dynamics of
malaria transmission, the presence of irrigation activities has
been shown to have a dampening effect on the seasonality
of malaria transmission.? A previous study indicated that
fluctuation of malaria incidences are highly influenced
with the climatic factors.?* The climate variability impacts
the incubation rate of Plasmodium parasites and breeding
activities of Anopheles is considered as an important
environmental contribution to malaria transmission
dynamics.?>?® However, the present study confirmed that
the irrigation canal system in the PHC Ujina have created
conducive conditions for mosquito breeding during the
dry season and thus the period of malaria transmission is
extending throughout most of the year. Significantly higher
larval anopheline densities observed in the irrigated villages
than in the non-irrigated villages throughout the study
period confirms that irrigation drives mosquito abundance.
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The introduction of irrigation with a network of canals
and dams or the extension of wet periods for continuous
rice cultivation establishes new aquatic environments.?”
Furthermore, the longevity of the mosquito is enhanced
because of greater humidity during irrigation.? In principle,
rice fields may be habitable by different species of mosquito
throughout all stages of plant growth.? Mosquito densities
usually decrease as the plants develop, because mosquitoes
have reduced access to the water for ovi-position.* In
general, water depth, duration of flooding, temperature,
crop growth rates and the area of the rice field determine
vector productivity. Furthermore, malaria transmission is
greatly influenced by environmental and climatic factors,
because vectorial capacity is strongly driven by humidity,
rainfall, and temperature.

Strong positive correlation between canal water irrigation
and anopheline larval density coupled with the presence of
leakage pools from irrigating canals and water-logged field
puddles in the irrigated villages indicate improper canal
water management that led to increased malaria vector
breeding and thus intensified malaria transmission.This is
due to the thriving of the most common malaria vector
species An. culicifacies in irrigated fields and seepages
created by the irrigation schemes.

Conclusion

This study revealed that poor canal water management
of Ujina irrigation canal led to a proliferation of malaria
vector mosquito breeding sites and intensified malaria
transmission in the irrigated villages in PHC Ujina, district
Nuh, Haryana. Proper canal water management, avoiding
unnecessary water logging in the field during the months of
peak malaria transmission could reduce vector abundance
and malaria transmission in the irrigated villages. A clear
understanding of vector density pattern, their seasonal
prevalence and resting behaviour helps to plan appropriate
and timely vector control measures. In our study area,
An. culicifacies, An. stephensi were the main vectors
prevalent during all the seasons. The artificial ponds and
seepage pools of canal are the major breeding sites for
An. culicifacies. Thus, in the canal command area, control
of malaria transmission requires indoor residual spraying
along with insecticide-treated bednets, use of larvicides
in seepage pools and introduction of larvivorous fish in
artificial ponds.

Moreover, community awareness is needed to encourage
irrigators to use personal protections for malaria prevention.
The finding that the malaria incidence is associated
with adult vector abundance and vector abundance is
correlated with larval abundance, which is affected by canal
water releases and irrigation in nearby fields, reaffirms
the importance of proper canal water management on
malaria transmission. Proper water management and canal

maintenance for source reduction through environmental
management could help to reduce mosquito-breeding sites
and thus malaria transmission. Field experimental studies
are needed to further assess how manipulating canal water
release could reduce larval and adult vector abundance and
hence lower the risk of malaria transmission.
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