
IL VIROMA COME 
STRUMENTO 

DIAGNOSTICO

FABRIZIO MAGGI
Dip. Ricerca Translazionale

Università di Pisa

Lo studio del 
microbiota: il ruolo 

dell’AMCLI



Virgin et al. Cell 2009; From PubMed on December 31, 2017

A new concept :  the  human v i rome
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Handley, Genome Med 2016; Houldcroft et al. Nat Rev 2017

• inadeguate bioinformatic tools for 
virome analysis

• lack of robust virome database

• of the US$ 920 million invested in 
microbiome research from 2012 to 
2014, only 3% of research was 
dedicated to studies of virome

L imitat ions  of  human v i rome studying
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~60%~30%
~10%

 all the nucleic acids (ssDNA, dsDNA, ssRNA, dsRNA) belonging to the virus-
like particles associated with a particular habitat, defined over a range of 

scales from the entire body to a specific organ or tissue 

D e f i n i t i o n

Wylie et al. Transl  Res 2012; Virgin, Cell 2014; Zou et al. Microbiome 2016; Freer et al. Curr Med Chem 2018Pisa Virology Division



C o m p o s i t i o n
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n. viral 
families 109 particles / gram (gut, oropharynx, skin)

105 - 107 particles / ml (blood, urine)

Popgeorgiev et al. Intervirology 2013; Rascovan et al. Annu Rev Microbiol 2016Pisa Virology Division



S t r u c t u r e

Wylie et al. Transl  Res 2012; Virgin, Cell 2014; Zou et al. Microbiome 2016; Freer et al. Curr Med Chem 2018
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Variable
host genetic

host  physiology
(immune system) 

host pathobiology
(disease status) 

host lifestyle
(diet) 

host environment 

host drug therapy 
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De Vlaminck et al.  Cell 2013

V i r o m e s t r u c t u r e i s a f f e c t e d b y  i m m u n e  
m o d u l a t i o n a n d  a n t i v i r a l t h e r a p y

Pisa Virology Division



T h e  h e a l t h y v i r o m e

Moustafa et al. PLOS Pathogens 2017;  Rampelli et al. Environ Microbiol 2017; Pilar et al. PNAS 2016

Bacteriophages
in ~ 50% of individuals:

• Caudovirales
• Microviridae

Eukaryotic viruses
• Anelloviridae
• Herpesviridae
• Papillomaviridae
• Adenoviridae

BLOOD
8,240 individuals

GUT

Prevalence
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Eberl, Mucosal Immunol 2010; Rosario and Breitbart, Curr Op Virol 2011; Mokili et al. Curr Op Virol 2012 

T h e  c o m p l e t e  v i r o m e

60%

20%

20%

The "dark" virome

The most sequence reads by metagenomic
analyses has features of viral genetic material

but no taxonomic classification

 " Me ga"  v i ro me

 " Lo w - leve l"  v i ro m e
"The "grey " virome" 

The "known" virome
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T h e  i m p l i c a t i o n s f o r  c l i n i c a l p r a c t i c e :  
the  "expanding "  v i ruses

Vu et al. J Clin Virol 2016; Lau et al. Transfusion 2017

 The expanding tissue tropism
of known viruses

The " Blood products story"

 600 blood products
(300 red blood cell and 300 fresh-
frozen plasma units) eligible for 

transfusion

• HPgV
• MCPyV
• PB19
• TTV
• TTMV
• TTMDV

• Astrovirus MLB2
• Banna virus
• CMV
• HHV6
• HHV7
• HPV 27

 The expanding viral
landscape in clinical samples

The  "Astrov i rus story"

Classic HAstV 
(1975)*

feces

liquor

blood
nasopharyngeal 

swab

urine
MLB1 (2008)

MLB1 (2008)
MLB2 (2011)
VA1 (2009)

MLB1 (2008)
MLB2 (2011)
VA1 (2009)

MLB1 (2008)
MLB2 (2011)
VA1 (2009)

* Year of first identification 
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FMT 
responders

Pts. with Clostridium
difficile infection (CDI) 

Phages  and feca l  microbia l  t ransplantat ion

Zuo et al. Gut 2017

The restoration of virome community is as important as that of bacterial microbiome in FMT
Donor selection based on virome characteristics should be considered in FMT practice

(FMT)

CDI recipients with Caudovirales:
• higher richness in donor
• higher colonisation level of donor-derived taxa

Pisa Virology Division



Virome in transplant recipients:
novel v i rus-d isease assoc iat ions

The Perils of Pathogen Discovery

• Xenotropic murine leukemia virus-related virus (XMRV)
• Parvovirus-like hybrid virus (PHV)

Erlwein et al. PLoS One 2011; Naccache et al. J Virol 2013; Mishna et al. J Infect Dis 2014;
Brown et al. Clin Infect Dis 2015; Lipowski et al. J Infect Dis 2017; Tan et al. J Clin Microbiol 2017Pisa Virology Division



V i r o m e c h a n g e s  i n  p o s t - t r a n s p l a n t a t i o n

De Vlaminck et al. Cell 2013; Legoff et al. Nat Med 2017

B l o o d  V i r o m e G u t V i r o m e
• 44 patients
• 201 stools samples collected

across 6 weeks post-tx

70% Anellovirus TTV 40%

Pisa Virology Division



Lung (n.31), Pancreas (n.26), Kidney (n.146)
Liver (n.144), Healthy donors (n.30)

T T V  k i n e t i c s  i n  t r a n s p l a n t a t i o n
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M o n t h s p o s t - t x D a y s p o s t - t x

1st

2nd

3rd

4th

Focosi et al. J Infect Dis 2014; 2015;  Maggi et al. Cell 2014; Sci Rep 2018

TOTAL n. 377
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T T V  v i r e m i a  a n d  p o s t - t ra n s p l a nt c o m p l i c a t i o n s

2

3

4

5

6

7

8

0 10 20 30 40 50 60 70 80 90 12
0

15
0

18
0

36
0

TT
V

 D
N

A
(L

og
10

co
pi

es
/ 

m
l)

Days post - transplant

CMV pos
(n. 69)

CMV neg
(n. 136)

p < 0.001 

De Vlaminck et al. Cell 2013; Maggi et al. Sci Rep 2018
Pisa Virology Division



P r e d i c t i v e l e v e l s o f  T T V  v i r e m i a

Parameter
(higher risk)

Transplant
type (no. pts.)

Plasma TTV viremia
Reference

Phase Predictive level
(log DNA copies/ml)

Viral reactivation
HSCT (23) 2nd (at day 30) > 8.4 Gilles et al. 2017

Lung (31) 3rd > 9.3 Gorzer et al. 2014

Graft rejection
Liver (39) 1st (at day 0) < 1.3 Simonetta et al. 2017

Lung (57) 1st (at day 14) < 4.0 Blatter et al. 2017

Lung (20) 3rd < 7.0 Gorzer et al. 2017

Heart / Lung (96) All < 4.0 De Vlaminck et al. 2014

Kidney (715) All < 4.8 Schiemann et al. 2017
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Maggi et al. Sci Rep 2018

C M V  d e t e c t i o n a c r o s s 4  m o n t h s p o s t - t x

+ - + -
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T TV index in  l iver /  k idney transplant
rec ip ients

> 3.45 log10 copies/ml
higher probability of CMV 

reactivations

TAKE-HOME MESSAGE : 

TTV viremia above 3.45 log DNA copies/ml within the first 10 days post-
transplant correlates with higher propensity to CMV reactivation 

following liver/kidney transplantation

Pisa Virology Division

≤ 3.45 log10 copies/ml
lower probability of CMV 

reactivations

Maggi et al. Sci Rep 2018



Biomarker assays usefu l in  predict ing
post - t ransplant compl icat ions

Pisa Virology Division Cotton, J Infect Dis 2018



Virome and immunosenescence

Haloschan et al. 2014; Giacconi et al. Exp Gerontol 2018

N. total subjects: 370

p < 0.001

Pisa Virology Division



TTV and mortal i ty in elderly subjects

TTV < 102*

102 = TTV < 104

TTV ≥ 104

*copies / ug DNA

Independent
variable

Dependent variable "Death"

β p

Age - 0.095 0.004

Triglycerides 0.001 0.789

HDL -0.003 0.848

Cu/Zn ratio -0.749 0.058

Gender 0.409 0.466

TTV load 1.386 0.009

Pisa Virology Division

The proportion of pts died after 3 yrs
of follow-up:

• 22% for pts with TTV copies ≥ 4.0  
• 5% for pts with TTV copies < 4.0 

Giacconi et al. Exp Gerontol 2018



C o n c l u s i o n s

 Our understanding of the human virome is still fragmented and
standardized methods are required for providing a more accurate
study of the virome

 Assessing the human virome as a whole will be of interest in
medical diagnosis and give highly valuable information to
monitor the patient management

 By now, novel associations and routinely unemployed kinetics
of viruses within the virome have important clinical implications
for the relationships between transplantation, graft rejection and
viral reactivation

Pisa Virology Division
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