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a b s t r a c t 

Objectives: India is vigorously pursuing malaria elimination by 2030 and one of the key challenges is how to 

prevent the malaria risk associated with long-distance migrations of populations from endemic to non-endemic 

areas. Millions of pilgrims walking to the holy Ramdevra temple stay in temporary shelters along the route 

in district of Jaisalmer, Rajasthan state in western India. The main pilgrimage period coincides with the post- 

monsoon period with elevated vector densities. We investigated this situation to assess the potential risk posed 

by migrant pilgrims along the four highways in the temple district in disseminating malaria infections associated 

with their annual movements. 

Methods: A cross-sectional study was conducted for screening malaria in walking pilgrims from neighboring states 

at selected sites and a follow-up study for screening residents in Rajasthan from 2021 to 2023. The study comprises 

state entry routes, Ramdevra shrine, and pilgrimage route villages situated in western Rajasthan. Epidemiologic 

and entomologic surveillance was conducted during the “fair ” period (August-September) and in pilgrimage route 

villages in three different seasons of the year to assess malaria in humans and the vector’s infectivity. 

Results: Of the 5251 individuals tested for malaria, a total of 76 (1.4%) tested positive for malaria, of whom 

40.7% were infected with Plasmodium vivax (n = 31), 36.8% with P. falciparum (n = 28), and 22.3% with P. vivax 

and P. falciparum (n = 17). Anopheles density was highest during the fair season, peaking in August. An. stephensi 

exhibited a higher human blood index (0.65) than An. culicifacies (0.50). No mosquitoes were found positive for 

parasites. 

Conclusions: Up to 1.5% of pilgrims carried malaria parasites, posing a risk of spreading malaria to surrounding 

communities that otherwise would have low or no malaria burden. Moving populations pose the risk of local 

malaria transmission and reintroduction to the areas undergoing elimination. Sentinel point surveillance at the 

border of states will be helpful for states to share information on malaria and subsequently for the prevention of 

malaria transmission. 
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India is committed to eliminating malaria to reach a target of zero

ncidence by 2027 and elimination by 2030. Presently, 21 states and

ight union territories have less than one annual parasite incidence

API) and seven states have more than one API [ 1 ]. Among the iden-

ified threats of malaria elimination, marginalized populations, for
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xample, populations of remote or border areas, migrant workers, and

ribal populations with limited access to health care services, need to

e screened at the junction of two states to prevent the introduction

f malaria through population movement [ 2 ]. Migration is one of the

ajor issues that need to be addressed properly by taking proactive

pproaches to prevent the reintroduction of malaria at inter-country

nd inter-state levels. The National Strategic Plan for Malaria Control
24 
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n India (2012-2017) placed special emphasis on screening the migrant

opulation in category I (districts having API < 1) and II (districts

aving API > 1 but less than 2) areas of the malaria elimination [ 3 ]. 

Malaria has been associated with population migration during the

arly developmental era across Oriental, Mediterranean, and African re-

ions [ 4 ]. In India, malaria is also associated with the mass movement

f laborers from endemic areas to non-endemic areas and vice versa for

ega projects [ 5–7 ]. In addition to these conventional migrations, there

xists a less-known form of population movement driven by religious

otivations. 

Rajasthan, along with its western districts, comes under category I of

alaria elimination as per the National Framework for Malaria Elimina-

ion 2016-2030 [ 1 ]. To move from category I to 0, effective measures are

equired for the prevention of the reintroduction of malaria in the state.

alaria in western Rajasthan is unstable and reported to be reintroduced

hrough migrating populations [ 8 ]. However, poor drug adherence and

ealth-seeking behavior are also major confounders [ 9 , 10 ]. Studies have

hown that there is a strong correlation between malaria spread and mi-

ration in western Rajasthan [ 11 ]. Various forms of population move-

ents take place in western Rajasthan, including labor migration, mi-

ration to escape unfavorable circumstances, migration for agricultural

pportunities, and employment purposes [ 12 ]. Furthermore, there are

hort-duration population movements for devotional purposes locally

nown as Yatras , wherein pilgrims reach the shrine by walking from

ar-flung areas from different states during specific months August and

eptember. During these Yatras , walking pilgrims halt overnight at tem-

orary tent shelters (camps) set up along the routes to accommodate

alkers. Each year, a large number of pilgrims pay their homage at the

amdevra temple since its inception in 1931. Pilgrims visit the tem-

le round the year, and this number swells to over 1-2 million dur-

ng the post-monsoon period, August-October, when vector densities

lso increase. This period coincides with the malaria transmission post-

onsoon season conducive for mosquito propagation due to favorable

emperature and humidity [ 13 ]. The pilgrims cover 300-500 km by

alking and there is a possibility of malaria transmission if pilgrims

re infected and vectors are present or vice versa . 

In this study, we propose the hypothesis that the overnight outdoor

esting of walking pilgrims in temporary shelters may increase the risk

f mosquito bites, particularly, from Anopheles culicifacies and Anopheles

tephensi species. This scenario could potentially lead to the acquisition

f parasites to/from an infected individual among the walkers, thus fa-

ilitating malaria transmission. We aimed to understand the role of these

atras in the malaria transmission dynamics of Rajasthan and assess the

xtent to which migrating walking pilgrims contribute to malaria trans-

ission by screening them at the point of entry in the state for the pres-

nce of malaria parasite. 

aterials and methods 

tudy design 

The present study is a cross-sectional study for screening walking pil-

rims and a follow-up study for residents of selected pilgrimage route

illages. The study was conducted from September 2021 to May 2023 in

ajasthan, India, focusing on assessing malaria transmission along pil-

rimage routes, particularly, around the Ramdevra temple and its sur-

ounding areas. 

tudy sites 

There are two major pilgrims in western Rajasthan: one is Ramde-

ra temple and the other is Parshuram Mahadev located in Aravalli

ills. Because pilgrims coming to Parshuram Mahadev Shrine do not

ravel by foot and do not halt for night, they were excluded from the

resent study. Ramdevra temple is located in the Jaisalmer district of
2

ajasthan, India and a fair is organized every year from August to Oc-

ober at this place. This attracts around 2-2.5 million devotees every

ear and, among these, a huge number of devotees visit only during the

ost-monsoon season at an average rate of 5000-10,000 pilgrims per

ay [ 13 ]. Devotees (pilgrims) travel mostly by foot from nearby states,

ncluding Gujarat, Madhya Pradesh, Maharashtra, Chhattisgarh, Uttar

radesh, Haryana, and Rajasthan, and they assemble in Jodhpur for a

ay to proceed for an onward journey to the temple destination at the

amdevra shrine [ 13 ]. 

The study focused on tracking walking pilgrims and their night-

alting camps for malaria, along with monitoring the surrounding vil-

ages from where people are involved in camp management and stay at

amp sites. The Ramdevra shrine area and its surrounding villages were

lso included in the study. Consequently, the parasite infection in the

uman population and malaria vectors are being assessed throughout

he year in selected villages. 

The following four sites comprised entry points, pilgrimage route

illages, and the shrine: 

1. Entry Point NH-68, Sanchore (site 1): This site connects Gujarat and

Maharashtra. One entry point camp and two nearby villages were

monitored for pilgrim activities and mosquito collections. 

2. Entry Point NH-11, Bikaner (site 2): This road connects Punjab,

Haryana, and Delhi. Surveillance was conducted at one night-halting

camp and two villages along the route. 

3. Entry Point NH-52, Jhalawar (site 3): Near the Madhya Pradesh bor-

der, this site included one entry point and two villages for epidemi-

ologic and entomologic studies. 

4. Ramdevra Shrine, Jaisalmer (site 4): The primary focus of the study,

including the shrine and nearby four villages, namely, Viramdevra,

Mawa, and Gomat, where pilgrims assemble. 

The entry point roads connecting Rajasthan with neighboring states

erve as vital thorough fares for normal passengers and pilgrims on foot.

ilgrims were screened for fever at designated night-halting sites, and

osquitoes were collected simultaneously. The State Health Department

ided this operation. The two pilgrimage route villages near each entry

oints were selected by considering the flight range of mosquitoes and

he level of interaction between pilgrims and the villagers residing in

ents (camps) who played a crucial role in coordinating these temporary

amps. A total of two fair seasons and five follow-up studies were done

n pilgrimage route villages. 

uman participants 

The individuals who were staying at night shelter camps at each

ntry point were included for screening for fever and those with fever

ere tested for malaria presence with consent. 

nvironment 

The entomologic data were collected from night camps (entry points)

nd pilgrimage route villages. 

nclusion criteria 

For the current study, three entry points and the Ramdevra shrine

ere included only for screening the population at night-halting camps.

he two nearest pilgrimage route villages near each entry point were

ncluded for follow-up studies. 

xclusion criteria 

Pilgrims traveling by vehicle were omitted from the study because

hey did not halt at entry points and reached the shrine within 1 or 2

ays. 
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arasitological survey 

Active fever detection was conducted at all sites using a thermal

canner (FLUKE TiS20 + MAX Thermal imager). Our team (consisting

f a scientist and two trained technicians for phlebotomy and two

ssistants for thermal scanning and documentation and other work)

aintained safety protocols in line with those implemented during the

OVID-19 pandemic while conducting thermal screening and sample

ollection. At each entry point and their night-halting camps, pilgrims

ere screened in the early morning hours (6:00-8:00 a.m.), and there-

fter, screening was carried out from 7:00 to 10:00 a.m. each day for 3

ays during the fair period (August-September) only, whereas the pil-

rimage route villages and site 4 were regularly surveyed in all seasons.

The study was conducted for 2 years to understand the case appear-

nce of malaria in the community before and after the fair. All the fever

febrile) cases detected through thermal scanner were tested using the

ivalent rapid diagnostic test (RDT) (Falcivax: [ Plasmodium vivax: Pv ]

 [ Plasmodium falciparum: Pf ]) for the detection of malaria. In addition,

lood smears were prepared for microscopy to confirm RDT positive

ases. Blood spots were also collected from every fever case on What-

an filter paper (grade III) strips (size 2 × 5 cm); each strip was covered

ith butter paper from both to ensure isolation for polymerase chain re-

ction (PCR) confirmation. The positive cases detected were referred to

he nearest primary health center for treatment with the RDT results. 

Molecular detection of parasite was conducted in both samples from

atients to confirm and to detect any missed out symptomatic cases and

n collected vector mosquitoes from each study site. All the filter pa-

er blood spots were subjected to DNA extraction using the QIAwave

NA Blood & Tissue Kit (Qiagen). Quantitative real-time PCR was per-

ormed using HELINI Plasmodium Genotyping, Real-time PCR Kit (HE-

INI Biomolecules, Chennai, India) using Bio-Rad CXF 96 thermo-cycler

or sub-microscopic parasite detection and confirmation of the posi-

ive cases [ 14 ]. Microscopic slides after examination were kept in la-

eled slide boxes. The filter paper strips with dried blood spots were

lso stored in labeled plastic boxes and transported to the laboratory

f the Indian Council of Medical Research (ICMR) National Institute

f Malaria, Delhi at room temperature (25 ± 2°C). Similarly, the col-

ected microscopic slides were also transported to the National Institute

f Malaria within 1 day after the completion of the field tour. 

ntomological study 

The study involved assessing the presence of vectors and their

nfectivity in villages along the route during three distinct seasons:

re-monsoon (April-June), monsoon (July-August), and post-monsoon

September-December), in conjunction with fever surveillance. 

Mosquito collection was carried out at all sites in the early morn-

ng hours, i.e. 6:00-8:00 a.m. for 3 days. At the entry point of each

ite, mosquito collection was conducted in the fair period (August-

eptember) only, whereas at pilgrimage route villages of each site and

ite 4, mosquito collection was conducted in all three seasons. In addi-

ion, the larval survey was also conducted around these sites for po-

ential breeding habitats. Adult mosquito collection was carried out

sing flashlights, hand aspirators, light trap, and spray sheet collec-

ion method in each village, following World Health Organization 1975

uidelines [ 15 ]. This included indoor resting collections from night shel-

ers (camps), human dwellings, cattle sheds, and ruined structures in the

illages. The collected mosquitoes were identified using standard taxo-

omic keys [ 16 ]. Blood smear on filter paper was prepared of blood-fed

osquitoes for the presence of human blood using PCR protocol with

rimers Human741F (ggcttacttctcttcattctctcct, 334 bp) and Cow121F

catcggcacaaatttagtcg, 561 bp), and universal reverse primers ggttgtc-

tccaattcatgtta after [ 17 ]. Human blood index (HBI) was calculated as

he number of mosquitoes with human blood/total number analyzed

nd parasite detection in mosquitoes using PCR. The same protocol was

sed for parasite detection in mosquitoes [ 14 ]. The entomologic team
3

onsisted of two insect collectors, one field assistant, and one supervisor

or documentation at each study site. 

isk assessment 

Based on pilgrims entering from each entry site, the potential risk of

alaria importation was calculated. The number of pilgrims passing by

as recorded three times a day at 9:00 a.m., 1:00 p.m., and 6:00 p.m.

t every point of entry, the counting was carried out for 3 days. The

verage number of pilgrims passing per entry point per hour was calcu-

ated for 12 hours of walking because pilgrims normally walk from 8:00

.m. to 8:00 p.m. per day and cover about 25-30 km per day as a normal

alking capacity. Because the fair duration is approximately 1 month

August-September), the number of passing pilgrims per day were cal-

ulated for 1 month. The actual observed malaria-positive cases among

he screened population of each entry point was calculated separately

nd risk was estimated by integrating the risk of malaria importation

rom all entry sites in 1 month. 

xpected Imported Cases = 

Total Malaria Positive Pilgrims 
Total Pilgrims Screened for Malaria 
× Average Pi lg rims passing 

From all routs per day 
× 30 days 

The approximate estimate was done at 95% confidence interval with

D and minimum and maximum values. 

For risk assessment, only the walking pilgrims were considered and

he people traveling by vehicle were excluded because they directly

eached Ramdevra shrine and did not halt. 

thical consideration 

The study was approved by the ethics committee of ICMR-National

nstitute of Malaria Research, Delhi vide number PHB/NIMR/EC/

020/199. 

imitations 

The survey was limited to 3 days at each entry point to sample the

igrants coming into the Rajasthan state for the Ramdevra temple visit.

nly walking pilgrims and those who rested in the camps for the night

ere tested for fever. Pilgrims who traveled by vehicle were not stopped

t the entrance point camps and were excluded from the current study.

or risk, we did not consider the positive residents because we intend

o calculate the approximate malaria importation from other states. 

esults 

Using a thermal scanner, 16,819 people —walking pilgrims

6883) originating from nine neighboring states and inhabitants

10,008) —were screened; 5251 of them had a fever and underwent

esting for malaria. Of those tested, a total of 76 (1.4%) individuals

ere found positive for malaria. Specifically, of the 6883 individuals

ho were walking pilgrims, 2504 individuals staying at night-halting

amps were tested for malaria, with 46 (1.8%) individuals testing

ositive ( Table 1 ). 

During the fair season in September 2021, only 213 pilgrims were

creened, of which one malaria case ( Pv ) was detected. There was less

ampling due to the call-off of the fair by the State Health Department to

void COVID-19 transmission risk. Thereafter, the December 2021 and

pril 2022 surveys did not show any positive cases among the selected

urrounding villages of the route. In August 2022 (the second fair period

f the study), 2291 walking pilgrims were tested and 45 were found to

e positive (18 Pv , 19 Pf , and eight mixed). During this period pilgrim-

ge route villages did not present any case. In the next surveys, during

ecember 2022 and February 2023 in pilgrimage route villages, posi-

ivity was observed, which was reduced during the May 2023 survey

 Figure 1 ). 
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Table 1 

Malaria parasite from September 2021 to May 2023. 

Population Screened (thermal scanner) Febrile cases tested (%) Positive by rapid diagnostic test and blood slide examination 

Pv (%) Pf (%) Mixed a (%) Total 

Pilgrims 6883 2504 (36.3) 19 (41.3) 19 (41.3) 8 (17.3) 46 

Resident (villagers) 10008 2856 (28.5) 12 (40.0) 9(22.5) 9 (22.5) 30 

Total Population 16891 5251 (31.0) 31 (40.7) 28 (38.6) 17 (22.3) 76 

Pf: Plasmodium falciparum; Pv: Plasmodium vivax. 
a Mixed = Pv & Pf both. 

Table 2 

Malaria case positivity in the pilgrim enroute the Ramdevra temple. 

Site Months Screened (thermal scanner) Febrile cases tested Species Total positive % − ve 

Pv (%) Pf (%) Mixed a (%) 

Entry point (Site-1) Sep-21 213 48 1 (100.0) 0 (0.0) 0 (0.0) 1 2.1 

Aug-22 1600 739 11 (61.1) 4 (22.2) 3 (16.6) 18 2.4 

Entry point (Site-2) Sep-21 520 62 0 (0.0) 0 (0.0) 0 (0.0) 0 0 

Aug-22 1500 639 1 (100) 0 (0.0) 0(0.0) 1 0.2 

Entry point (Site-3) Sep-21 350 47 0(0.0) 0(0.0) 0(0.0) 0 0 

Aug-22 500 290 0(0.0) 7 (100.0) 0(0.0) 7 2.4 

Site-4 Sep-21 400 56 0(0.0) 0(0.0) 0(0.0) 0 0 

Aug-22 1800 623 6 (31.5) 8 (42.1) 5 (38.4) 19 3 

Total Site-1 Sep21 + Aug 22 1813 787 12 (63.1) 4 (21.0) 3 (15.7) 19 2.4 

Total Site-2 Sep21 + Aug 22 2020 701 1 (100) 0(0.0) 0(0.0) 1 0.1 

Total Site-3 Sep21 + Aug 22 850 337 0 (0.0) 7 (0.0) 0(0.0) 7 2.1 

Total Site-4 Sep21 + Aug 22 2200 679 6 (31.5) 8 (42.1) 5 (38.4) 19 2.8 

Grand total 6883 2504 19 (41.3) 19 (41.3) 8 (17.3) 46 1.8 

Pf: Plasmodium falciparum; Pv: Plasmodium vivax. 
a Mixed = Pv & Pf both. 

Figure 1. Malaria positivity among the tested 

pilgrims at different entry points and Ramdevra 

shrine area. 
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ositivity at different entry points 

At entry point (site 1), the malaria positivity among pilgrims was

.4% (19 of 787) and Plasmodium vivax (79% of the total of 19 cases,

ncluding three mixed for Pv and Pf ) was dominant. Although, at the

ntry point (site 3), positivity was 2.1% (seven of 337) and all the cases

ere Pf. At the entry point (site 2), 701 pilgrims were tested and only

ne Pv was reported. Site 4, the main Ramdevra shrine, reported 19

ositive cases (six Pv , eight Pf , and five mixed) of 679 tested pilgrims

 Table 2 ). 

Anopheles density ( An. stephensi and An. culicifacies ) was available

hroughout the year (man-hour density ranged from 0.75 to 42.47),

nd the density was found to be highest during September and August

onths, which is also the fair duration. Site 3 (entry point, NH-52 and

ts pilgrimage routes villages) located at the southeastern entry point in

he Jhalawar district of Rajasthan near Madhya Pradesh had the high-

st density during September and the lowest density during February to
4

ay ( Figure 2 ). In addition to anophelines, Aedes agpypti, Culex qunique-

asciatus, and Armigeris subalbatus species were also collected. C. quniq-

efasciatus was found in nearly all villages in varying densities, ranging

rom 14 to 603 (Supplementary Table 1). Adult mosquitoes were col-

ected using hand catch, light traps, and spray sheet collection methods.

etails of the mosquitoes collected by each method are provided in Sup-

lementary Table 1. The average density man-hour density and range of

nopheline mosquitoes collected from all four pilgrimage route villages

re shown in Supplementary Table 2. 

HBI was found higher in An. stephensi (HBI = 0.65) as compared

o An. culicifacies (HBI = 0.5). Both species were also found breeding

nd demonstrated a mixed feeding behavior by feeding on cows and

umans. It is important to note that both species have a notable number

f unfed mosquitoes ( An. stephensi = 22% of 41 tested and Anopheles

ulicifacies = 27% of 44 tested). This suggests that there are opportunities

or further feeding, potentially leading to increased disease transmission

 Table 3 ). 
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Figure 2. Density of two vector species ( An. stephensi and An. Culicifacies ) during the seasonal survey during the study period. 

Figure 3. Showing the percentage of pilgrims coming to Ra- 

jasthan from different states (September 2021 and August 2022). 

Table 3 

Human blood index of collected Anopheles mosquitoes. 

Species Cow Human Both UI Human blood index 

An. stephensi (n = 41) 5 21 6 9 0.65 

An. culicifacies (n = 44) 12 13 9 12 0.50 
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It is evident from Figure 3 that most of the pilgrims came from Gu-

arat (58.5%), followed by Madhya Pradesh, whereas the least reached

rom Delhi and Uttarakhand. Cases were also found more from Gujarat

nd Madhya Pradesh. 

Of 2504 pilgrims tested for malaria, a total of 46 malaria cases among

ilgrims and 30 malaria cases were found in the follow-up studies in pil-

rims route villages during post-monsoon season. Figure 4 shows that

ost pilgrims were from the surrounding states of Rajasthan except Ut-
5

arakhand, Maharashtra, and Bihar. Pilgrim walkers coming from far

tates usually use rail routes and reach directly to Ramdevra ( Figure 4 ).

The risk of malaria case importation was calculated based on the

roportion of the population found positive and the expected popu-

ation crossing the entry points and from the Ramdevra shrine area

mong migrant pilgrims. The overall risk including all routes and pos-

ibility of malaria importation in a month was 3390, which is about

.3 malaria case per thousand populations ( Table 4 ). The Ramdevra

hrine showed 1.06% positivity among daily reaching pilgrims and was

t risk of caseload (expected cases: 3230). Followed by entry point

H-68 (site 1) in southern Rajasthan with the bordering state Gujarat,

ith a high risk of case importation (729 cases), the NH-11 (site 2) in

orthwestern Rajasthan showed the least risk (16 cases). These results

ighlight varying levels of malaria risk across different entry points,

mphasizing the need for tailored control measures to mitigate trans-

ission. The Ramdevra Shrine entry point stands out as particularly
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Figure 4. Pilgrims coming to Ramdevra shrine 

from different states of India (September 2021 

and August 2022). 

Table 4 

Estimate of malaria cases importation from entry points and at the Ramdevra shrine. 

Entry points Total screened 

using the thermal 

scanner 

Tested for 

malaria 

No. positive 

through rapid 

diagnostic test 

and microscopy 

Positive/total 

screened 

Average pilgrims passing 

/hour from entry route ± SD 

(lower-upper limit at 95% 

confidence interval) 

Approximate 

population 

passing in a 

month (30 days) 

Estimated 

imported cases 

during the fair 

period/route 

Site-1 1600 739 18 a 0.0113 180 ± 33.7 (157.9-202.0) 64800 729 

Site-2 1500 639 1 0.0007 65 ± 15.6 (54.9-75.3) 23400 15 

Site-3 500 290 7 0.0140 35 ± 13.0 (26.7-43.8) 12600 176 

Site-4 1800 623 19 0.0106 850 ± 241.9 (692.2-1008.3) 306000 3230 

Total 5400 2291 45 0.0083 1130 ± 286.9 (972.7-288.8) 406800 3390 

a One Plasmodium vivax case was found at site 1 during the 1st year of study (2021) when the fair was called off; therefore, for risk assessment, we have removed 

one case from the total. 
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igh risk due to its large pilgrim influx and moderate positive rate

 Table 4 ). 

iscussion 

Migrating populations may pose the risk of vector-borne disease

ransmission; therefore, understanding the dynamics of human migra-

ion is essential to prevent the spread of malaria to new areas [ 17 ]. The

igrating populations are mostly laborers, farmers, shepherds, nomads,

nd forest dwellers in different states of India and it is evident this pop-

lation movement has a role in the transmission of malaria [6,18,19] .

he global report on the mobility of humans has shown that across the

orld 214 million migrations occur internationally and about 740 mil-

ion people migrate in their own country as internal migration [ 20 ]. 
6

It is evident from past studies that population migration is associated

ith malaria transmission in India as well [ 6 , 7 , 21 , 22 ]. The inter-state

ovement of the Indian population is due to several factors, such as la-

or activities (mining, construction, agriculture, etc.), and sometimes,

nder stress such as famines and conflicts of borders [ 23 ] and natu-

al calamities such as floods, earthquakes, and recent during lockdowns

ue to COVID-19 [ 24 ]. Studies also have shown that forest dwellers

ove into deep forests for Jhum cultivation and change residence ac-

ording to the cultivation and harvesting period [ 25 ]. People also move

or tourism or recreation. These movements may be for changing perma-

ent addresses or temporary movement for work where migrants come

ack to their original place after the task is over. Rajasthan also follows

he migration types occurring across India. In addition, the western arid

egion has a few more additional movements of the population during

he transmission season post-monsoon and winters (August-December),
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2

uch as cattle movement to avoid harsh climatic conditions, and usually

 form of out-migration of shepherd community during February-April

hen they return on the information of first rain start in their homelands

n Rajasthan (July-August). 

During September 2021, the pilgrimage was restricted by the State

overnment considering transmission threat of COVID-19 [ 26 ]. As a

esult, the study was limited to only a few days in 2021 as the team

ommenced their work. However, during this season, limited pilgrims

213) could be tested and only one was found positive for Pv. In the

ollowing months (December 2021 and April 2022), no malaria case

as found in the pilgrimage route villages, whereas, in the second year

f the study during the fair season (August 2022), about 45 (18 Pv ,

9 Pf , and eight mixed) cases were detected in a small window period

f the survey duration, i.e. 3 days each at different routes, from 2291

ersons were tested; this shows that there was an importation of active

ases from the selected sites in Rajasthan state. In the following months’

urveys (December 2022 to February 2023), about 30 local cases were

etected from the pilgrimage route villages; this suggests that the trav-

ling population might have some role in local transmission of malaria

ecause the concurrent survey in pilgrimage route villages during the

air season (August 2022) did not show any positivity and support our

ypothesis. A study conducted in western Rajasthan by Joshi et al. [ 8 ]

lso suggests that the inward migration of diseased populations is a pri-

ary risk that should be treated to prevent future malaria transmission.

t was interesting to note that the case contributions from different states

ere not uniform in terms of plasmodium species. Among the all three

ntry points, the maximum Pf cases were observed from the entry point

H-52 (site 3) at Jhalawar, which was the entry point from Madhya

radesh, whereas the maximum Pv cases were observed from the entry

oint near Gujarat state (site 1, NH-68). 

Considering the population reaching the Ramdevra shrine in a month

uration for a holy visit to the shrine campus, about 729 cases were esti-

ated to enter from a single entry point (NH-68; site 1) in Jalore district

f Rajasthan adjoining Gujarat during August 2022, which is very high.

owever, it is perplexing to note that Gujarat is also progressing toward

limination; still, caseload was found to be high. One such explanation

or the cases may be avoiding health facilities or giving less priority

o their health conditions etc. and introduced cases during the recep-

ive environmental conditions when vectors are available for biting;

hey may accidentally pick up parasites from such cases and transmit

hem locally. The entomologic concurrent surveys suggested that two

pecies of Anopheles, An. stephensi and An. Culicifacies, were available

uring the fair season in the night camps and the villages. It was evident

hrough entomologic collections that malaria vectors (anopheles) were

vailable. Despite the high mosquito density at the Bikaner entry point

NH-11, site 2), transmission was less due to negligible caseload among

he pilgrims coming from Haryana and Punjab but a similar mosquito

ensity at entry point NH-68 near Gujarat the transmission in the subse-

uent months in pilgrimage route villages was observed. The presence

f an efficient vector is crucial for the local transmission potential of an

rea [ 27 ]. The HBI was high, about 0.65 for Anopheles stephensi, which

s anthropophagic; on the other hand, An. culicifacies which is zoophagic

 27 ], also had high HBI (0.50); this might be because of less availability

f cattle than the humans staying in these shelters during the nights. A

ast study conducted by Joshi et al. (2005) also suggested that once a

ase is introduced in western Rajasthan, it is modulated by various fac-

ors, such as vector density types of vector rainfall and cattle density of

he village [ 8 ]. 

The risk of importing malaria cases was estimated based on the pro-

ortion of the population found positive and the expected population

rossing the entry points and from the Ramdevra shrine area among mi-

rant pilgrims. The overall risk of case importation in about 30 days was

pproximately 3390 cases. The Ramdevra shrine (site 4) showed 1.05%

ositivity among daily reaching pilgrims, followed by the entry point

ocated on NH-52 (site 3; 1.4% positivity) and NH-68 (site 1; 1.1% pos-

tivity) in southern Rajasthan with the bordering state Gujarat, with a
7

igh risk of case importation (729 cases). The risk was found to be very

ow (16 cases), despite the high vector density in NH-11 (site 2; 0.07%

ositivity) in the fair season of a month. Every unnoticed case among

he pilgrim walkers may pose a high risk because they take at least 10-

5 days to reach the shrine. During the nights, they halt and stay in

emporary roadside shelters (camps). These camps are vulnerable spots

or mosquito bites. Every night, any malaria case among the pilgrims

ets the risk of mosquito biting. In these unnoticed cases, the further

ncreases by 10-15 times, depending on the reaching time to the shrine.

he risk to the state may increase due to the importation of resistant

lasmodium species [ 28 ]; some studies already suggest that states have

een reporting severe Pv malaria [ 29 , 30 ]. Our study also found high

v cases coming from Gujarat (site 1 at NH-68), which might be a con-

ern for malaria elimination because severity and deaths are associated

ith vivax malaria. In co-existing areas of P. vivax and P. falciparum,

v decreases less rapidly than Pf in the community. In addition, Pv can

lso remain in the liver as hypnozoites and may cause malaria relapse

 31 , 32 ]. The health-seeking behavior in western Rajasthan was reported

o be poor [ 33 ] and the moving population also has lesser health-seeking

ehavior, which might make them a vulnerable carrier of the malaria

arasite [ 34 ]. 

It is evident from our study that most of the pilgrims come from

ujarat (58.5%), followed by Madhya Pradesh (21.0%), whereas the

east were from Punjab and Delhi, and the out-migration of the shepherd

ommunity also occurs mostly in these two states. Our study has shown

hat the risk of malaria transmission through case importation is from

he adjoining large states, Madhya Pradesh and Gujarat (55%, during

he fair season), and the possibility of transmission can be vice versa if

ases are aggravated in Rajasthan due to the population movement. 

onclusion 

The present study showed that tracking population movement may

revent invasion of new cases in the state, which may amplify in the

resence of mosquito vectors; because of low API, the state is least under

ector interventions. To prevent new cases in low-endemic communities

long the pilgrim route, setting up sentinel surveillance clinics is recom-

ended. This approach allows a better enumeration of risks and imple-

entation of mitigation strategies at both ends. As the malaria elimina-

ion goal (2030) is pursued, it is essential to track the mobile population

or malaria during transmission season has important epidemiological

ignificance. Therefore, setting up sentinel surveillance clinics in identi-

ed junction points of states will be helpful for each state because shared

nformation on malaria cases will help in preventing the introduction of

alaria in these states. This extra effort, along with the existing ongo-

ng elimination strategies, will be very helpful for the achievement of

alaria elimination on time (2030) and will help check reintroduction

t inter-state borders. 
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