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Supplementary Fig 1. Number of dead fleas per cage one week after infection. Red
represents Ctenocephalides felis (n=4), and blue represents Xenopsylla cheopis (n=4).
One-sided t test was used. Each black dot represents one cage. Data are presented as
mean + SEM. Source data are provided as a Source Data file. ***p <0.001
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Supplementary Fig 2. The standard uptake value (SUV) for "¥F-FDG in each brain
region based on PET-CT for Flea— (n=6) and Flea+ (n=3) groups. Two-sided t test was
used. Red represents the Flea— group, and blue represents the Flea+ group. Each black
dot represents an individual. Asterisks indicates brain regions with significant
differences. Data are presented as mean + SEM. Source data are provided as a Source



Data file. **p < 0.01, *p <0.05

H

|

.

| %IIIJI\I | |||’ il Iw
|0 i IHI
| H‘II |I||_|I| " IH\III\II\ ’I|||

"

Significant
®upiz0z)

@ nosigisaso)
@ down7s)

-Log10(Pvalug)

L T T L
22 20 846 4 1210 & B 4 2 0 2 4 6 B
Log2FC

Supplementary Fig 3. Transcriptional Characteristics of the PFC. a Clustering heatmap
of PFC transcriptome data, showing significant expression differences between the
Flea- and Fleat+ groups. b Volcano plot of differentially expressed genes in the PFC
transcriptome. Red indicates upregulated genes in the Fleat+ group, while green
indicates downregulated genes. c-d Gene ontology terms enriched in genes that are
upregulated (c) or downregulated (d) in the PFC in Flea+ relative to Flea- mice. e-f
Chord diagram of the top 10 significantly different genes in upregulated (e) or
downregulated (f) enriched functions. g Significantly enriched functions from GSEA
analysis of the PFC transcriptome: activated functions on the left, suppressed functions
on the right, relative to Flea- group.
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Supplementary Fig 4. Transcriptional Characteristics of the HC. a Clustering heatmap
of HC transcriptome data, showing significant expression differences between the Flea-
and Fleat+ groups. b Volcano plot of differentially expressed genes in the HC
transcriptome. Red indicates upregulated genes in the Fleat+ group, while green
indicates downregulated genes. c-d Gene ontology terms enriched in genes that are
upregulated (c) or downregulated (d) in the HC in Flea+ relative to Flea- mice. e-f
Chord diagram of the top 10 significantly different genes in upregulated (e) or
downregulated (f) enriched functions. g Significantly enriched functions from GSEA
analysis of the HC transcriptome: activated functions on the left, suppressed functions
on the right, relative to Flea- group.
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Supplementary Fig 5. Transcriptional Characteristics of the TH. a Clustering heatmap
of TH transcriptome data, showing significant expression differences between the Flea-
and Flea+ groups. b Volcano plot of differentially expressed genes in the TH
transcriptome. Red indicates upregulated genes in the Fleat+ group, while green
indicates downregulated genes. c-d Gene ontology terms enriched in genes that are
upregulated (c) or downregulated (d) in the TH in Flea+ relative to Flea- mice. e-f Chord
diagram of the top 10 significantly different genes in upregulated (e) or downregulated
(f) enriched functions. g Significantly enriched functions from GSEA analysis of the
HC transcriptome: activated functions on the left, suppressed functions on the right,
relative to Flea- group.
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Supplementary Fig 6. Neurotransmitter profiling of the PFC reveals altered pathways
related to emotional regulation. a PCA of PFC neurotransmitter metabolomics reveals
group-specific clustering, with each region color-coded according to the legend. b
PLSDA plot of PFC neurotransmitter metabolomics. ¢ Neurotransmitter metabolomics
levels in the PFC presented in boxplot, where red is Flea- (n=4), and blue is Flea+ (n=4).
Two-sided t test was used. Thick bars indicate the interquartile range (IQR) around the
median, and whiskers represent 1.5 times the interquartile range (maxima: Q3 +
1.5*IQR, minima: Q1 — 1.5*IQR). Each black dot represents pooled sample of 3
decapitated individuals. Asterisks indicate the significance. d PCA of HC
neurotransmitter metabolomics. € PLSDA plot of HC neurotransmitter metabolomics.
f Neurotransmitter metabolomics levels in the HC presented in boxplot, where red is
Flea- (n=3), and blue is Flea+ (n=3). Two-sided t test was used. Thick bars indicate the
interquartile range (IQR) around the median, and whiskers represent 1.5 times the
interquartile range (maxima: Q3 + 1.5*IQR, minima: Q1 — 1.5*IQR). Each black dot
represents pooled sample of 3 decapitated individuals. Asterisks indicate the
significance. g PCA of TH neurotransmitter metabolomics. h PLSDA plot of TH



neurotransmitter metabolomics. 1 Neurotransmitter metabolomics levels in the TH
presented in boxplot, where red is Flea- (n=3), and blue is Flea+ (n=3). Two-sided t test
was used. Thick bars indicate the interquartile range (IQR) around the median, and
whiskers represent 1.5 times the interquartile range (maxima: Q3 + 1.5*IQR, minima:
Q1 — 1.5*IQR). Each black dot represents pooled sample of 3 decapitated individuals.
Asterisks indicate the significance. j KEGG pathway enrichment analysis of differential
neurotransmitters in the HC. Source data are provided as a Source Data file. **p <0.01,
*p <0.05
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Supplementary Fig 7. Validation by qPCR of select genes altered between Flea- (n=3)
and Flea+ (n=3) group. Two-sided t test was used. Each black dot represents pooled
sample of 3 decapitated individuals. Asterisks indicate the significance. Source data are
provided as a Source Data file. ***p <0.001,**p <0.01, *p <0.05
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Supplementary Fig 8. Statistical comparison of groups based on Western blot results. a
IBAL. b GAD65. ¢ GAD67. Comparison of IBA1, Gad65, and GAD67 between the
Flea- (red, n=5) and Flea+ (blue, n=5) groups of mice. Two-sided t test was used. Each
black dot represents an individual. Asterisks indicates brain regions with significant
differences. Data are presented as mean + SEM. Source data are provided as a Source



Data file. ***p < 0.001, **p < 0.01
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Supplementary Fig 9. Transcriptional Characteristics of the skin. a Clustering heatmap
of skin transcriptome data, showing significant expression differences between the
Flea- and Flea+ groups. b Volcano plot of differentially expressed genes in the skin
transcriptome. Red indicates upregulated genes in the Flea+ group, while green
indicates downregulated genes. c-d Gene ontology terms enriched in genes that are
upregulated (c) or downregulated (d) in the skin in Flea+ relative to Flea- mice. e
Significantly enriched functions from GSEA analysis of the HC transcriptome:
activated functions on the left, suppressed functions on the right, relative to Flea- group.
f The protein-protein interaction (PPI) network of the skin transcriptome shows that
genes associated with flea bites are primarily related to immunoglobulins (Ig) and
hemoglobin (Hb). g HE staining of mice skin revealed no significant pathological
damage in the Flea+ group.
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Supplementary Fig 10. Striped hamsters subjected to flea bites exhibited a decrease in
exploratory behavior under both laboratory conditions and in the outdoor enclosure
experiment. a Forest plot illustrating factors influencing flea load in wild striped
hamsters, tested using a Generalized Linear Model (GLM). The x-axis represents the
coefficients of various predictor variables. Solid circles indicate statistically significant
results, while hollow circles represent non-significant results. Variables such as capture
method, mass, and the number of MHC alleles are shown to be associated with flea load




in wild striped hamsters. b Cage-captured striped hamsters had higher flea load and
infestation rates than trap-captured ones. ¢ Neopsylla bidentatiformis was the dominant
flea species on striped hamsters in the W4 site. d No significant differences in center
entries (left) or distance traveled (right) were observed between the groups for both
male and female striped hamsters. One-sided t test was used. ns, not significant. e
Photograph of the enclosure used for controlled experiments on the Xilingol Grassland
in Inner Mongolia. f Vegetation diversity assessed through sampling methods showed
no differences in both Shannon (left) and Simpson indices (right). g Schematic diagram
of the three-round enclosure experimental design. h Capture rates for striped hamsters
in the Round2 enclosure experiment. Flea+ hamsters had a lower capture rate. Source
data are provided as a Source Data file.
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Supplementary Fig 11. The workflow diagram for the individual-based mechanism
model RangeshiftR includes the following steps. (1) Using environmental variables and
species distribution data, species distribution models are created to establish the current
and future suitable habitats for black-striped hamsters. (2) Demographic data for black-
striped hamsters are gathered from three years of field sampling and literature records.
(3) Data on the dispersal characteristics of black-striped hamsters are obtained through
semi-natural enclosure experiments and literature review. (4) RangeshiftR simulations
generate outputs detailing the distribution and density of black-striped hamsters under
various parasite infection scenarios

Simulation




= I~ O (=] — 0 02 D 00 [Ty

2000885288000 035B390

0 T o S 5 0 T N o 5 O 0 SO O SO 0 JO v JO o O O 0 O S O o O i S 8 |
biol4 GGG o0je[0@ee o’

bio17 P o0 o0 e @
bio19 X JOICX ) 1
bio> PO GOGGGGGGS | O 06
bios PGP OGO OGS0 @ '
bio10 PSS S S 00 e ® i
bio! GGG S 0O G00S © o4
bic 9O 0SS0 000® & 0
bict PO 0 0SS ® '

biol1 O 00 0O ®
bio12 G OGGee® oo || °
bio13 @@ ®
bio16 (@@ e * @ 02
bio18 ¥ ®
biot @@ e@e |
bio7 @ @
elev @ 06
bio3 @

bio2 @@ Il 8

bio15 @@

Supplementary Fig 12. Spearman correlation between environmental variables

predicting suitable habitat for striped hamsters. Two-sided t test was used. Source data
are provided as a Source Data file.
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Supplementary Fig 13. a Global habitat suitability distribution for striped hamsters
under future climate scenarios. b Global changes in habitat suitability for striped
hamsters under future climate scenarios.
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Supplementary Fig 14. Flow cytometry gating strategies used in the paper were applied
to samples from the Flea™ group. Specifically, the final gating panel corresponds to
Figure 3h in the main manuscript.



Supplementary Table 1. 562 cleaned occurrence sites of striped hamster

No. Species Longitude Latitude Country
1 Cricetulus barabensis 105.88 46.90 Mongolia
2 Cricetulus barabensis 103.66 47.40 Mongolia
3 Cricetulus barabensis 103.65 47.40 Mongolia
4 Cricetulus barabensis 103.65 47.40 Mongolia
5 Cricetulus barabensis 103.65 47.40 Mongolia
6 Cricetulus barabensis 103.65 47.40 Mongolia
7 Cricetulus barabensis 103.66 47.40 Mongolia
8 Cricetulus barabensis 103.66 47.40 Mongolia
9 Cricetulus barabensis 103.66 47.40 Mongolia
10 Cricetulus barabensis 103.66 47.40 Mongolia
11 Cricetulus barabensis 103.66 47.40 Mongolia
12 Cricetulus barabensis 103.66 47.40 Mongolia
13 Cricetulus barabensis 103.66 47.40 Mongolia
14 Cricetulus barabensis 103.66 47.40 Mongolia
15 Cricetulus barabensis 103.66 47.40 Mongolia
16 Cricetulus barabensis 103.66 47.40 Mongolia
17 Cricetulus barabensis 103.66 47.40 Mongolia
18 Cricetulus barabensis 103.66 47.40 Mongolia
19 Cricetulus barabensis 103.65 47.40 Mongolia

20 Cricetulus barabensis 103.65 47.40 Mongolia
21 Cricetulus barabensis 103.65 47.40 Mongolia
22 Cricetulus barabensis 103.65 47.40 Mongolia
23 Cricetulus barabensis 103.66 47.40 Mongolia
24 Cricetulus barabensis 103.65 47.40 Mongolia
25 Cricetulus barabensis 106.25 47.58 Mongolia
26 Cricetulus barabensis 106.25 47.57 Mongolia
27 Cricetulus barabensis 106.25 47.58 Mongolia
28 Cricetulus barabensis 106.25 47.57 Mongolia
29 Cricetulus barabensis 106.25 47.58 Mongolia
30 Cricetulus barabensis 106.25 47.58 Mongolia
31 Cricetulus barabensis 106.25 47.57 Mongolia
32 Cricetulus barabensis 106.25 47.58 Mongolia
33 Cricetulus barabensis 106.25 47.58 Mongolia
34 Cricetulus barabensis 106.25 47.58 Mongolia
35 Cricetulus barabensis 106.25 47.58 Mongolia
36 Cricetulus barabensis 106.25 47.57 Mongolia
37 Cricetulus barabensis 106.25 47.58 Mongolia
38 Cricetulus barabensis 106.25 47.58 Mongolia
39 Cricetulus barabensis 106.26 47.58 Mongolia
40 Cricetulus barabensis 106.25 47.57 Mongolia
41 Cricetulus barabensis 106.25 47.58 Mongolia
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Cricetulus barabensis
Cricetulus barabensis
Cricetulus barabensis
Cricetulus barabensis

Cricetulus barabensis

103.75
93.42
94.97
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103.88
117.74
122.25
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126.65
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75.68
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101.47
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119.73
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111.65
119.17
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77.88
99.90
105.50
103.65
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80.48
81.03
82.22
84.68
87.93
90.67
91.79
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Cricetulus barabensis
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Cricetulus barabensis
Cricetulus barabensis
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50.53
52.19
51.98
51.71
51.77
50.94
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Cricetulus barabensis
Cricetulus barabensis
Cricetulus barabensis
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Cricetulus barabensis
Cricetulus barabensis
Cricetulus barabensis
Cricetulus barabensis
Cricetulus barabensis
Cricetulus barabensis
Cricetulus barabensis
Cricetulus barabensis

Cricetulus barabensis

132.62
132.77
131.55
131.85
103.00
103.65
103.33
103.65
104.20
104.49
105.05
105.66
105.45
105.13
105.34
106.05
106.07
106.26
106.27
106.73
106.50
106.58
106.62
115.97
116.23
114.82
115.13
115.34
115.70
115.68
116.18
117.16
118.03
117.60
118.11
118.40
118.67
118.93
119.27
118.93
119.50
119.61
119.61
112.19

47.94
44.75
44.69
44.33
48.70
48.55
47.57
47.38
47.18
47.69
47.60
47.22
48.03
48.42
49.15
50.00
50.14
50.13
50.37
50.33
50.78
50.87
50.97
51.27
51.42
50.49
50.51
50.10
50.00
50.10
50.55
50.47
50.09
50.37
50.26
50.42
50.33
50.01
50.61
51.21
51.22
51.31
46.98
48.86

Russia
Russia
Russia
Russia
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504
505
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507
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514
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516
517
518
519
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Cricetulus barabensis
Cricetulus barabensis
Cricetulus barabensis
Cricetulus barabensis
Cricetulus barabensis
Cricetulus barabensis
Cricetulus barabensis
Cricetulus barabensis
Cricetulus barabensis
Cricetulus barabensis
Cricetulus barabensis
Cricetulus barabensis
Cricetulus barabensis
Cricetulus barabensis
Cricetulus barabensis
Cricetulus barabensis
Cricetulus barabensis
Cricetulus barabensis
Cricetulus barabensis
Cricetulus barabensis
Cricetulus barabensis
Cricetulus barabensis
Cricetulus barabensis
Cricetulus barabensis
Cricetulus barabensis
Cricetulus barabensis
Cricetulus barabensis
Cricetulus barabensis
Cricetulus barabensis
Cricetulus barabensis
Cricetulus barabensis
Cricetulus barabensis
Cricetulus barabensis
Cricetulus barabensis
Cricetulus barabensis
Cricetulus barabensis
Cricetulus barabensis
Cricetulus barabensis
Cricetulus barabensis
Cricetulus barabensis
Cricetulus barabensis
Cricetulus barabensis
Cricetulus barabensis

Cricetulus barabensis

111.94
111.71
116.06
116.92
114.85
107.61
107.61
107.88
108.86
109.37
109.96
110.00
111.83
112.32
112.38
112.39
112.56
113.31
114.05
114.17
114.74
114.94
115.16
115.80
116.20
116.30
116.41
116.59
116.72
116.73
116.98
117.00
117.01
117.09
118.65
118.70
118.70
119.39
119.64
119.68
120.32
120.70
120.72
121.03

48.61
48.29
43.94
40.50
34.05
37.61
37.57
37.73
40.86
32.77
39.06
38.64
40.86
3241
32.52
32.73
32.60
36.26
34.85
44.63
45.00
41.39
42.63
44.77
45.01
34.54
39.63
39.81
40.14
39.95
35.60
35.63
35.78
39.39
3491
35.50
36.50
35.35
29.12
30.68
28.84
36.91
37.03
29.15

Mongolia
Mongolia
China
China
Mongolia
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China




526 Cricetulus barabensis 124.10 42.78 China

527 Cricetulus barabensis 124.91 43.77 China
528 Cricetulus barabensis 125.70 44.00 China
529 Cricetulus barabensis 125.90 43.40 China
530 Cricetulus barabensis 126.31 43.24 China
531 Cricetulus barabensis 126.60 47.45 China
532 Cricetulus barabensis 126.82 45.86 China
533 Cricetulus barabensis 126.96 47.46 China
534 Cricetulus barabensis 127.95 43.49 China
535 Cricetulus barabensis 128.00 43.92 China
536 Cricetulus barabensis 117.00 35.77 China
537 Cricetulus barabensis 117.00 35.77 China
538 Cricetulus barabensis 115.67 38.12 China
539 Cricetulus barabensis 116.00 44.97 China
540 Cricetulus barabensis 115.22 38.20 China
541 Cricetulus barabensis 111.75 40.60 China
542 Cricetulus barabensis 111.11 40.85 China
543 Cricetulus barabensis 117.89 48.62 China
544 Cricetulus barabensis 115.50 44.70 China
545 Cricetulus barabensis 127.02 46.65 China
546 Cricetulus barabensis 124.67 46.82 China
547 Cricetulus barabensis 117.25 39.42 China
548 Cricetulus barabensis 118.00 48.00 China
549 Cricetulus barabensis 104.08 38.66 China
550 Cricetulus barabensis 104.83 37.90 China
551 Cricetulus barabensis 115.99 43.64 China
552 Cricetulus barabensis 111.57 38.70 China
553 Cricetulus barabensis 118.12 36.92 China
554 Cricetulus barabensis 116.05 43.12 China
555 Cricetulus barabensis 120.34 4421 China
556 Cricetulus barabensis 122.73 46.00 China
557 Cricetulus barabensis 123.93 47.37 China
558 Cricetulus barabensis 124.12 42.78 China
559 Cricetulus barabensis 115.43 39.97 China
560 Cricetulus barabensis 110.58 40.70 China
561 Cricetulus barabensis 117.45 38.83 China
562 Cricetulus barabensis 122.05 46.22 China

Supplementary Table 2. Primers used in this study for gPCR

Gene Forward (5°—3”) Reverse (5°—3’)
CDl11b AAGCTCTTCTGGTCACAGCC AAGCTCTTCTGGTCACAGCC
CDl14 ACTGAAGCCTTTCTCGGAGC AAGCACACGCTCCATGGTC

CD68 TTACCTTTGGATTCAAACAGGACC  GAGGCAGCAAGAGGGACTG




CX3CRI1
DAP12
FCER1G
FCGR2
RAC2
TMEM119
CLAUDINI1
OCCU1
TJP1
GAPDH

ACCGGTACCTTGCCATCGT
GAGTGACACTTTCCCAAGATG
ATCTCAGCCTGTATCTTGTTCT
ATCTTGCTGCTGGGACTCAT
GACAGTAAGCCGGTGAACCTG
TCACCCAGAGCTGGTTCCAT
CTGGGATGGATCGGCTCTATC
TGACATGTATGGCGGAGAGATG
CCAGCAACTTTCAGACCACC
GGCAAATTCAACGGCACAGT

ACACCGTGCTGCACTGTCC
CCTTGACCTCGGGAGACC
ACCATACAAAAACAGGACAGCAT
TGACTGTGGCCTTAAACGTG
CTGACTAGCGAGAAGCAGATG
GTGACACAGAGTAGGCCACC
CCTCGTAGATGGCCTGAGCA
CCTCGTAGATGGCCTGAGCA
TTGTGTACGGCTTTGGTGTG
AGATGGTGATGGGCTTCCC




