A networks-based approach to spatial-genomic associations of Brucella spp. in southern Kazakhstan
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Introduction Results

e Brucellosis is a bacterial disease caused by members of the Brucella genus, . STUDY OVERVIEW II. NETWORK ANALYSIS

and it is one of the most common zoonoses found worldwide. Kazakhstan

has persistently high brucellosis incidence rates, posing a serious public B A ANIMALS B HUMANS | Animals |  Humans |
health and economic threat [1, 2]. In addition, the country faces several _ Phase | Phase |l Phase | Phase Il
barrlers. for the control and prevention of brucellosis in animal and human - 7 695 29.057. 3 364 4538
populations [1, 3]. - .

e To understand the molecular epidemiology of Brucella, previous efforts have c::ﬁ DA
employed phylogenetic trees and/or minimum spanning trees (MSTs). These T -0.038 0.0979, -0.347 0.642
tree building techniques search for or define relationships between individual Pha,,shise1 0.447*
strains characterized by genetic sequencing techniques [4]. However, il S P 3 4 3 I
phylogenetic trees are inherently aspatial, as they only serve to represent the -
genetic relationship between each node in the diagram. C 045 phase 1 | phase 2 C _ 0.131 0.300 0.528 0.572

e Previous work done by our group has demonstrated strong spatial-genomic > b N : : : :
associations in our Brucella MLVA data using the T-statistic [5]. Here, we U o100 ~ Table 3: Network-level measures. *indicates the average value of metrics
implement network analysis to describe the spatial distribution of Brucella 3 L calculated from the 100 networks derived from random sampling.
genotypes and characterize the relationships between areas from which 3 * % .
, . F A ANIMALS B HUMANS Figure 3: Isolate
isolates were collected based on unique genotypes. g o0 * - communities, stratified

I * - by phase and species.
Data & Methods A nepn L e Pt L Animal-ony () and

human-only (B) isolates
from phase | samples
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Human: genotype (n =42 c b and animal-only (C) and
whole blood Figure 1: Study area and overview of isolates. (A) Isolates were collected from three Figure 2: Village-genotype networks stratified by phase and species (animal or human). human-only (D) isolates
and serum \ _ districts in southern Kazakhstan, outlined in the black box. (B) Map of villages used as nodes Animal-only (A) and human-only (B) isolates identified from phase | samples and animal-only ~ from phase Il samples.
Serology — MLVA'1_5 — Phylogeneltlc — Netwo':k in network construction, colored by the phases in which samples were collected from that (C) and human-only (D) isolates identified from phase |l samples. Nodes (villages) represented 2 Nodes colored by
& culture genotyping reconstruction analysis village (phase |, phase Il, or both phases). (C) Graph showing relative frequency of sized by degree. Edges colored and sized based on edge weight, which was determined by the | ° o community membership
Livestock: / genotypes. Stars indicate genotypes in which isolates from phase | were found only in number of genotypes shared by the villages being connected by the edge. % as defined by the
whole blood humans. All phase Il genotypes were found only in animals. . Louvain algorithm.
» During a multi-part study, we used a database of 487 B. melitensis isolates
) bar? STy, We Hsee | lll. GENOTYPE NETWORKS
collected from animals (domestic livestock) and humans during two survey
phases. For all sampl_es in the s.t-udy, we used the MLVA-15 assay developed A DEGREE B 4 OF ISOLATES A
by Huynh et al. [6] using a modified protocol for the Beckman Coulter CEQ
8800 Genetic Analysis System.
« We used genotype designations from Waugh et al. [5]. A maximum likelihood -
phylogeny was constructed with the Lewis MK model using R 3.3.2 [7] and X
the R package phangorn [8]. Each isolate was subsequently categorized Sendime
based on the position on the reconstructed tree to establish genotype groups. Gonotype o1 aomm — 6527 (36.18%)
The analysis was analyzed with the Java-based program, PhyloPart [9]. M s G S N Zjl ; ggg;;;
o mem D L — emao | — 6517 6.56%)
' |Phase (2007 - 2008) Phase Il (2012 - 2013) s S
C e
Total Animal Human Total Animal  Human i gggj;
No. isolates 97 o7 40 392 339 53 2 g::; SZZ;;
No. genotypes 26 10 16 30 18 12 o |
Table 1: Overview of isolates and genotypes collected from each phase. ©
* A network can be defined as a set of nodes and a set of edges that connects
nodes to each other.
« We defined nodes using geographic coordinates associated with each
isolate. We created dummy villages for each coordinate point and assigned _ o N _ -
each village a unique ID number, resulting in a total of 114 villages (nodes). Figure 4: Genotype networks of 6731 with nodes sized by degree (A) and number of Figure 5: Individual networks of human-specific genotypes found across phases | and Il. Ililguzet 6: Net"'l'?or.k of I';”Ima""t’"’l\’l' %enoty pes af V.:Is”al’zeg by the
. An edge was created between villages if the same genotype was found in isolates (B); genotype networks of 6878 with nodes sized by degree (C) and number of Edggg colored by gepotype (A). Ind|V|duaI. networks for the three most prevalent human-only ruchterman-Reingold layout. Nodes represent villages where
_ | _ _ isolates (D). Insets: (top) map of villages where each genotype was collected. specific genotypes with edges colored as in panel A: 6527 (B), 6311 (B), and 6446 (C). Human-  human-only genotypes were isolated, and edges are colored by
each village; edges were then assigned weights based on the number of only genotypes found only in one or two villages were omitted. genotype. Genotypes found only in one or two villages are not shown.
shared genotypes. For network analysis, we used Excel, Gephi [10] and R

4.0.2 with R packages igraph [11], sf[12] and geokz [13]. See Table 2 for

network measures performed. Conclusion & Future Directions
m Definition e (Calculating node degree and average degree for human and animal networks demonstrated an increase in the geographic spread and shared genotypes from phase | to phase Il, most likely due to the expansion of sampling efforts.
Degree Number of connections a node has to other nodes; can be e Lack of spatial structure and genotype-specificity to the Louvain communities could be due to a few genotype being widely spread across villages.
unweighted or weighted e Different spatial patterns of node sizes based on degree or number of isolates suggests that network analysis provides different insights from traditional spatial analyses, as typical spatial statistics would rely on quantity of isolates if
Average Average number of edges per node and dependent on network applied in this context.
degree (k) size* e \We identified cases of human-only genotypes with highly localized transmission, further confirming previous findings and emphasizing the importance of a OneHealth approach to studying brucellosis.
Modularity Density of connections between subsets of nodes as compared e Future molecular surveillance efforts should include larger sample sizes. Ultimately, approaches that integrate spatial and molecular epidemiological data are needed to improve future brucellosis control efforts.
to density expected from a random network; measured from -1
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