
J E S S I C A  L .  A B B A T E  

The human pathobiome:  
detection of pathogen-pathogen interactions  

from snapshot surveillance data  

J e s s i e . A b b a t e @ g m a i l . c o m  /  I R D  é q u i p e  S E E  

!  J o u r n é e  “ R é s e a u x ,  I n v a s i o n s  e t  E m e r g e n c e s ”  

1 1  M a i  2 0 1 7  



!!!"#$%!&'(& ! !!
!!!!!"#$%&!'!()*+*,)&!
!!!!!)*+,-!./!0+12+*+/3!)4"!
!
-&.#&/.#&%!0*%123*.1*/4+&%!
!!!&'(&5&'(6 ! !!
!!!!7894!:!);9!7<=<!

!!!
!!!&'(65&'(>!
!!!!!?89"!:!);9!7@AB!
!
!!!&'(>!
!!!!)*+,/1C+%D!./!@/1*/!
!
!!!&'(>5&'(E!
!!!!!);;?47F!:!;?0<A<7!

!"#$%"&'()*#+%,'-'
.+/$&"0+1'2,1"3)4*''

56+7%"/8)4'
2)*#%)9$0+1'-'

:;+&$0+1"%,'()*#+%,'

(+*#'<'."#8+761''
561604*'

.861+#,/6'-'
=)>6?()*#+%,'@%")#*'

:1;)%+1361#"&'
A"%)"9&6*'

:4+&+7)4"&'
B1#6%"40+1*'

C"1'#86'
/"#8+761'
)1;"D6E'''

'
'

F8)48'
/"%"36#6%*'
/&",'"'3"G+%'

%+&6E'
'
'

C+1*6H$6146*'
+>'7&+9"&'
4&)3"#6'
48"176E'

@63/6%"#$%6'?'B1D$46D'
I64+;6%,'

P. falciparum 

!!"#$%!&'(&
!!!!!"#$%&!'!()*+*,)&!
!!!!!)*+,-!./!0+12+*+/3!)4"!

!!
!!&'(65&'(>!
!!!!!?89"!:!);9!7@AB!

!!&'(>5&'(E
!!!!!);;?47F!:!;?0<A<7!

 1/20 

1. Déterminants de la Distribution et de la Sévérité des 
Maladies Infectieuses 

•! Manips et Gestion de grands jeux 
de données  

•! Statistiques multifactorielles & 
computationelles 

•! Modélisation épidémiologique  
•! Intégration de données empiriques 

dans des modèles méchanistiques 

Expériences professionnelles 
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2.2 The host community: a templet 
for the parasite community

A theme of growing interest (and the focus of
several chapters in this book) is that parasites can
be key determinants of host population dynamics
and community organization (e.g. Anderson and
May 1978; Hudson et al. 1998; Dobson 1999;
Hudson et al. 2002). For many ecologists (including
ourselves), the dramatic impacts of parasites upon
their hosts provide the principal “raison d’être” for
studies of parasite–host ecology. However, for
some purposes it may be useful to consider the host
community as an arena in which parasite dynamics
and interactions play out, without a significant
reciprocal affect on host community structure. In
the felicitous phrase of Jaenike and Perlman (2002),
at times parasites are only a kind of “trophic
garnish” on the food web.

The “trophic garnish” perspective on parasites
may approximate reality in many cases. Human
hosts, for instance, harbor large numbers (at least
thousands) of microbial species, mostly bacteria 
(B. Bohannan and M. McFall-Ngai, personal com-
munication). Some bacteria are always pathogenic,

and others can be pathogenic in particular circum-
stances (e.g. due to wounding or stress), but it is
surely true that many of these potential parasites
usually have only a negligible impact on their
human hosts, in effect being commensals that do
not impact host fitness (Levin and Antia 2001).
Similarly, nematodes in Drosophila may have
negligible effects on host fecundity (Perlman and
Jaenike 2003). Competitive interactions within
individual hosts (e.g. chemically mediated interfer-
ence among nematodes) can provide density
dependence that regulates parasites, even if host
fecundity and mortality are not affected (Jaenike
1998; Poulin 1998). Density-dependent resource
competition or facultative host defenses may reduce
parasite survival or reproduction, without altering
host demography (Shostak and Scott 1993; Jaenike
1996). An assumption of fixed host numbers is often
made in classical human epidemiology, such as the
Kermack–McKendrick (1927) model; such models
in effect assume that the combined determinants of
host abundance are effectively independent of
pathogen impacts. Even harmful pathogens may
fail to influence host population size if host popula-
tion growth is density-dependent. For instance,
“damping disease” may reduce seedling survival in
a plant cohort (Augspurger 1983), but if the number
of survivors exceeds the number of adult plants that
can be sustained on a site, the overall course of plant
population dynamics may be unchanged. Finally,
many parasites that can in principle regulate host
numbers do so only in certain contexts (e.g. where
hosts experience stressful conditions, Brown et al.
2003; Lafferty and Holt 2003).

By assuming that total host numbers are fixed,
independent of parasite load, one can identify
key mechanisms of coexistence acting primarily
on the parasites. Once understood, these mechan-
isms provide a useful yardstick for interpreting
the consequences of relaxing the assumption of
fixed host abundances. Given that the host com-
munity provides a templet for parasite dynamics,
one can then ask how the properties of this templet
influence patterns of parasite community organ-
ization and richness. This broad question is the
focus of much work in classical parasitology
(reviewed in Price 1980; Poulin 1998), but we
suggest it would be useful to revisit this question
more specifically using the conceptual framework
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Figure 2.2 Many problems at the interface between community
ecology and infectious disease epidemiology can be viewed as
modules analogous to those in Fig. 2.1.
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From understanding individual infections to understanding the 
impacts of the ‘pathobiome’ or ‘pathocenosis’. 



How can we detect pathogen-pathogen interactions in humans (and 
other species) using minimally-invasive techniques? 

•!snapshot disease surveillance data (e.g., 16s, antibody 
screening, etc. on individuals at a single point in time) 

 
•!at least to generate novel hypotheses 

 
 

Individu    LL     FP      MA HCV HTLV EBO RFT DEN  WNV CHK 
662           1       0         1   0      0         1    0      0        1    1 
663           0       1         1   0      0         1    0      0        0    0 
664           0       1         1   0      0         0    0      0        1    0 
665           0       0         0   0      0         0    0      0        0    0 
666           0       0         0   0      0         0    0      0        0    0 
667           0       0         0   0      0         0    0      0        1    0 



pour chaque combinaison possible de pathogènes 
Vaumourin et al. 2014 
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Écologie et Évolution des Zoonoses 
(Toxoplasmose, Immuno-écologie) 

virus 
protozoaires 
helminthes 
bactéries (NGS-16S) 

E''K!+*.+,+.LC!MN#J#1%/O!
!&'K!/CIPN/C!./!QHN%D1+/C!!!
!!!!!!!!!IH%J#2P*/C!M(R4!198"O!!!
!

Analyses d‘Association Screening  (SCN) 

•! Gestion et analyses de données NGS 

•! Intégration des cofacteurs 
écologiques   

•! Identification d’associations 

Analyses des Correspondances Multiples   

Explorer :  
 

•! l’impact du «"pathobiome"» sur la 
distribution de zoonoses chez les 
rongeurs sauvages 
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•! la prévalence des 
pathogènes? 

 
 
 
 
•! la sévérité des 

maladies? 
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Gabon 

RDC 

Thailand 

Benjamin Roche 

Santé, Écologie & Évolution 
(Diversité et Maladies Infectieuses) 

CIRMF 
4200 volontaires 
12 parasites 
-! helminthes 
-! virus 
-! Plasmodium  
       spp. (NGS) 
 
CUK 
450 patients 
7 Virus 
-! 5 Hepatites 
-! 3 Arbovirus 

 
 
(INSERM-CIC) 
280 patients 
-! P. falciparum 
      infection & 
      sévérité 
-! 5 helminthes 

Données de veille 
sanitaire chez l’homme 

Quantifier :  
 

•! l’impact des interactions inter-
parasitaires sur la santé publique 

 



How can we detect pathogen-pathogen interactions in humans 
(and other species) using minimally-invasive techniques? 

•!snapshot disease surveillance data (e.g., 16s, antibody 
screening, etc. on individuals at a single point in time) 
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Interactions multidimensionnelles : 



How can we detect pathogen-pathogen interactions in humans 
(and other species) using minimally-invasive techniques? 

•!snapshot disease surveillance data (e.g., 16s, antibody 
screening, etc. on individuals at a single point in time) 

 
 

Association Screening Analysis 
(Vaumourin et al., 2014)  



How can we detect pathogen-pathogen interactions in humans 
(and other species) using minimally-invasive techniques? 

•!snapshot disease surveillance data (e.g., 16s, antibody 
screening, etc. on individuals at a single point in time) 

 
 

Association Screening Analysis 
(Vaumourin et al., 2014)  

Individu    LL     FP      MA HCV HTLV EBO RFT DEN  WNV CHK 
662           1       0         1   0      0         1    0      0        1    1 
663           0       1         1   0      0         1    0      0        0    0 
664           0       1         1   0      0         0    0      0        1    0 
665           0       0         0   0      0         0    0      0        0    0 
666           0       0         0   0      0         0    0      0        0    0 
667           0       0         0   0      0         0    0      0        1    0 

2N combinations (coinfection statuses) 
# table of coinfection status frequencies 
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How can we detect pathogen-pathogen interactions in humans 
(and other species) using minimally-invasive techniques? 

•!snapshot disease surveillance data (e.g., 16s, antibody 
screening, etc. on individuals at a single point in time) 

 
 

Ad-hoc 
analysis 

Association Screening Analysis 
(Vaumourin et al., 2014)  

Rarefaction 
Curves 
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Gabon Results 
 Ebola Ab Malaria Infection 

Interesting patterns 
identified:  
 
1. Chicken or the egg: 
Geographic distributions for 
malaria infection and Ebola 
virus antibodies are tightly 
correlated (#=0.43, p<0.01) 
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Interesting patterns identified:  
 
3. Chicken or the egg: Geographic 
distributions for malaria infection 
and Ebola virus antibodies are 
tightly correlated (#=0.43, p<0.01), 
but the positive association 
remains significant even after this 
has been taken into account 
(GLMM). 
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How can we detect pathogen-pathogen interactions in humans 
(and other species) using minimally-invasive techniques? 

•!snapshot disease surveillance data (e.g., 16s, antibody 
screening, etc. on individuals at a single point in time) 

 
 
Association Screening Analysis 
(Vaumourin et al., 2014)  

•! 3 advantages:  
1.! Power!!! 
2.! More than just pairwise associations 
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identified:  
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perstans are tightly 
associated, but the rarity of 
solo M. perstans infections 
and abundance data 
suggests L.loa plays a 
within-host facultative role. 
Furthermore, when Mp and 
Ll co-infect, they appear 
more often in hosts with 
lower evidence of exposure 
to other parasites. * yet to be 
verified, tests still underway 
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Gabon Results 
 

Interesting patterns 
identified:  
 
2. Loa loa and Mansonella 
perstans are tightly 
associated, but the rarity of 
solo M. perstans infections 
and abundance data 
suggests L.loa plays a 
within-host facultative role. 
Furthermore, when Mp and 
Ll co-infect, they appear 
more often in hosts with 
lower evidence of exposure 
to other parasites. * yet to be 
verified, tests still underway 
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How can we detect pathogen-pathogen interactions in humans 
(and other species) using minimally-invasive techniques? 

•!snapshot disease surveillance data (e.g., 16s, antibody 
screening, etc. on individuals at a single point in time) 

 
 
Association Screening Analysis 
(Vaumourin et al., 2014)  

•! 3 advantages:  
1.! Power!!! 
2.! More than just pairwise associations 
3.! Potential for detection of directionality 
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suggests L.loa plays a within-
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solo M. perstans infections 
and abundance data 
suggests L.loa plays a within-
host facultative role. 
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Gabon Results 
 

solo M. perstans infections 
and abundance data 
suggests L.loa plays a within-
host facultative role. 
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Simulation Results 

LINEAR DISCRIMINANT ANALYSIS  
 

LL facilitates FP  ~0.87 
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“pipeline” statistique 

How can we detect pathogen-pathogen interactions in humans 
(and other species) using minimally-invasive techniques? 

•!snapshot disease surveillance data (e.g., 16s, antibody 
screening, etc. on individuals at a single point in time) 
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