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The laboratory-transplant connection  

Prophylaxis
• Rationale: antiviral therapy for a predefined time to all patients at risk

for CMV
• Laboratory implication: monitoring not so crucial; driven by

symptoms occurrence (clinical surveillance) and called after
completion of prophylaxis

Pre-emptive
• Rationale: detection of low-level asymptomatic CMV in blood  

precedes the onset of CMV syndrome and tissue-invasive disease.
• Laboratory implication: Regular monitoring of CMV in blood and Tx

only when the virus is detected at threshold evels

Legendre C CID 2008
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The success of preemptive therapy is dependent
upon appropriate diagnostic testing



Technological evolution for for CMV monitoring
developed since the 80s:

•Virus isolation (standard isolation with virus
recovery or rapid isolation by shell-vial)

•Detection of pp65 in peripheral blood
leukocytes (pp65-antigenemia)

•Detection and quantification of viral DNA in
different blood compartments (DNAemia)

•Sequencing (classical and NGS) for detection/quantification of
resistance mutations



HSCTR

•pp65 is passively transferred from 
infected endothelial cells to 
leukocytes  

•A paradoxical increase in 
antigenemia levels during treatment 
in D+/R- is consistently observed. 

•This increase is not expression of
treatment failure
G. Gerna et al, Transplantation 2003 
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Rising levels of antigenemia during GCV treatment

Patients monitored with 
DNAemia require less Tx, 
without detriment for 
successfulmanagement
Gerna et al, Antivir Ther 2007
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Because several platforms were available for CMV QNAT, there was 
a wide inter-assay variability in the viral load reporting, and this 
limited the generation of widely applicable viral load thresholds that 
can be used for various clinical applications. 

Curr Opin Infect Dis 2015



“QCMD 2007 Human CMV
DNA EQA Programme”



Methods for viral DNA extraction and quantification



Bland-Altman plots describe the Log difference between 
the GLaIT laboratory results and QCMD values. 

CMV plasma

CMV WB



Automated nucleic acid extraction 
systems have different performances 
and significantly affect the detection 
of viral pathogens.



Target Source or description Variation 
(%)

P value

CMV Overall total for target 67.4
Commercial detection 
reagent 47.1 <0.0001

Amplification target gene 9.6 <0.0001

Interaction of commercial 
detection reagent and 
amplification target gene

7.2 <0.0001

Method for nucleic 
extraction 3.4 0.0077

Hayden RT, J Clin Microbiol 2011

Source of variability  is  more than extraction

165 Labs enrolled in 
the College of 
American 
Pathologists (CAP) 
2009 viral load 
proficiency testing  



In October 2010, a World Health Organization (WHO) International Reference 
Standard became available from the National Institute of Biological Standards and 
Controls (United Kingdom). 

The standard was made from a clinical isolate (Merlin) and has a titer of 5x106 IU/ml

All commercial and laboratory developed tests should be recalibrated and show 
colinearity to the WHO International Standard and results should be reported as 
IU/mL.



Because several platforms were available for CMV QNAT, there was 
a wide inter-assay variability in the viral load reporting, and this 
limited the generation of widely applicable viral load thresholds that 
can beused for various clinical applications. 

With the recent availability of international standard and certified
reference materials, there is now opportunity to standardize viral 
load reporting, with the goal of deriving viral load thresholds for 
various clinical applications, such as 

• rapid diagnosis of CMV infection and disease, 
• predicting the risk of disease and assessing the severity of 

illness
• monitoring efficacy of antiviral therapies
• assessing the risk of viral relapse and drug resistance.

Curr Opin Infect Dis 2015



2016

CMV VL measured with Abbott real 
time on average 0.76 log10 IU/mL
higher than  Roche CAP/CTM assay 
(P<0.0001)



While the WHO IS has improved the inter-laboratory 
result variances, there are still important factors that 
continue to contribute to assay variability. This lack of 
harmony among NAT highlights the need for further 
standardization.



The results of a plasma-based PCR assay were compared with a real-time PCR assay of 
whole blood and assessed for their ability to predict recurrence.
Good correlation but significant difference in absolute value and clearance kinetics. 

Positive predictive value of persistent viremia at day 21 for  virologic recurrence was 41.9% 
plasma and 36.3% WB
Enhanced detection of residual viremia using WB does not seem to offer significant clinical 
advantages nor allows for better prediction of recurrence of CMV viremia

Transplantation 2011

Whole Blood versus Plasma PCR
Roche Amplicor CMV Monitor; 219 patients with CMV disease

Characteristics Whole blood Plasma p
Day 0 VL 118,950 

(400-160,000,000)
17,950 

(645-635,000)
P<0.001

Log-change in VL
(d0-3)

-1.19 
(-4.08 to +0.86)

-0.28 
(-1.29 to +0.56)

P<0.001

Log-change in VL
(d0-7)

-1.30 
(-4.28 to +0.19)

-0.37 
(-1.88 to +0.49)

P<0.001

Undetectable by end 
of treatment (d21)

65/219 (29.7%) 114/219 (52.1%) P<0.001

Lisboa, L et al. Transplantation. 91(2):231-236, January 27, 2011.



Kinetics	of	CMV-DNA	load	in	WB	and	plasma	samples	of	allogeneic	
HSCT	recipients	(1138	samples)
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In patients receiving pre-emptive 
therapy, CMV DNA levels in plasma 
showed a slower  decline after peak 
value 

Increase and decrease of CMV-DNA 
level were very similar  
Before  peak CMV DNA levels in plasma 
were lower of about 1 Log than  WB

Good correlation plasma vs WB 



Tissue-invasive CMV disease
The gold standard for definite diagnosis of tissue-invasive 
CMV disease requires a tissue biopsy and histological 
demonstration of viral cytopathic effects, or the detection 
of virus genome/antigens by in-situ hybridization and  
immunohistochemistry staining.

Obtaining tissue biopsy is not always possible due to the invasive nature of the 
procedure, and the probable diagnosis of tissue-invasive CMV disease sometimes 
relies on the exclusion of other potential causes, together with the detection of 
viremia in a patient with compatible symptoms

BeaM E. Curr Infect Dis Rep 201440 50 60 70 80
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For example, a patient with diarrhoea 
and CMV viremia will have a 
probable diagnosis of tissue-invasive 
gastrointestinal CMV disease, as 
long as there is no other potential 
cause of the diarrhoea.



ØQNAT is preferred for diagnosis, decisions regarding preemptive therapy, and monitoring
response to therapy due to the ability to harmonize and standardize these tests (strong, 
moderate). 

ØEither plasma or whole blood is an acceptable specimen for QNAT, with an appreciation of
the differences in viral load values and viral kinetics. Specimen type should not be changed
when monitoring patients (strong, moderate)

ØCommercial and laboratory-developed tests must be calibrated and show colinearity to the 
WHO international standard; results should be reported as IU/mL (strong, moderate)

ØUntil harmonization of viral load tests is achieved, it is not possible to establish universal
quantitative levels for trigger points of therapy or treatment endpoints

ØHistology/immunohistochemistry is the preferred method for diagnosis of tissue-invasive
disease

ØCulture and QNAT of tissue specimens have a limited role in the diagnosis of invasive 
disease but may be helpful in gastrointestinal disease, where blood QNAT may not be
positive. Positive culture of BAL samples may not always correlate with disease (strong, 
moderate).



Functional impairment of cell-mediated immunity (CMI) in the course of 

immunosuppression, such as in solid-organ transplant recipients, is a 

major cause of uncontrolled CMV replication and related clinical 

complications  
Sund F et al.  Clin Transplant. 2010

Fernández-Ruiz M,  et al. Clin Transl Immunol. 2014 .

Kotton CN.  Nat Rev Nephrol. 2010

Lisboa LF et al.  Transplantation. 2012 



Monitoring competence of T-cell immunity

• Total	lymphocyte counts

• CD4 + and	CD8 + T	cell counts

• CD4	response to PHA	(Cylex)

• TetramerAg-staining

• Intracellular IFN-γ (flow	cytometry,	Ag-specific
cellular subsets)

• Quantiferon (antigen-specificCD8+ T-cell response)
• Elispot (antigen-specificCD4+ and	CD8 +	T-cell
response)

• Cultured-ELISPOT (central memory antigen-specific
CD4 + and	CD8 +	T-cell response)

Non specific
•phenotypic and 
•functional parameters

CMV-specific
•phenotypic and 
•functional parameters



Patients not receiving (164) or receiving (140) 
antithymocyte globulin (ATG) as induction therapy

ATG: CD4+ T-cell count 
at month 1 <0.050 x103

cells/ul NPV 0.92 for  
subsequent  OI  (overall 
and CMV)

Transplant International 2014

non-ATG: CD8+ T-cell count 
<0.100 x103 cells/ul 
independent risk factor for OI 
(adjusted hazard ratio: 3.55; 
p=0.002)





Detection of antigen specific IFN-gamma producing CD4 and CD8 T cells by 
IFNγ intracellular staining and flow cytometry
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Viral antigens
•CMV AD169 (whole cell lysate, IE-1 peptide pool)
•BKV AS (LT+VP1 peptide pool)

Controls
PMA/Ionomycin
Medium

Abbate I et al., ESCV meeting 2009, Istanbul

Therapy 
needed

Spontaneous 
control

P  

CMV lysate CD4 0.15 0.10

CD8  0.35 0.20

IE1-1 pool CD4  0.00 0.01 0.038

CD8  0.09 0.32 0.023

Frequency (median) of CMV-specific IFNγ+ T cells



Immunologic monitoring  
CMV-specific CD4+ and CD8+ 
T cells by cytokine flow 
cytometry, using CMV-infected 
dendritic cells as stimulus

‘protective’ immunity:
≥0.4 CD4+ and CD8+ CMV-
specific T cells/uL blood

patients reconstituting
HCMV-specific CD4+ and CD8+ 
T-cell immunity at 60 days 
posttransplant onward were 
able to control HCMV infection



•15 CMV IgG+  Kidney recipients (FU:1-year)
• Pre-transplant:
ü~50%   negative cellular response to IE-1
üabsence of IE-1-responsive  T CD8 in pts 

who developed CMV infection
ümedian CD8 T-cell responses to IE-1  higher 

in pts who did not develop CMV infection
Pts who developed CMV infection did not 
develop IE1-specific CD8 after 6 m



CMV-specific T-cell immunity test using QF-CMV to predict recurrent CMV infections 
in pediatric allo-HSCT recipients within the first year post-transplantation. 

• Establishment of CMV-specific T-cell immunity following initial CMV infection 
contributes to the prevention of recurrent CMV infection episodes 

Longitudinal patterns of CMV-specific T-cell immunity in relation to CMV infection 

Recurrence
No recurrence

• Patients with positive QF-CMV results following initial CMV infection had no 
recurrent infections thereafter

Lee SM,  Ann Lab Med 2017



In vivo T-cell response and virologic response after adoptive transfer 
of pp65-specific T cells in allo-SCT

Feuchtinger T,  Blood 2010

The infusion of low numbers of CMV-
specific T cells is safe, feasible, and 
effective as a treatment on demand
for refractory CMV infection and CMV 
disease after allo-SCT.



• In the transplant setting, emergence of resistance mutations concerns 
0.45–2.2% of recipients (i.e. 2.2–15% of patients developing CMV 
infection) depending on therapeutic strategies, studies definition and 
analysis criteria  (Lurain NS et al. ,  Clin.Microbiol. Rev. 2010;  Hantz S et al, J.Antimicrob. 
Chemother. 2010).

• Complex virus population dynamics have been reported in 
immunocompromised patients during drug selective pressure (Baldanti F 
et al., Transplantation. 1998; Baldanti F et al., Clin Infect Dis. 2002; Baldanti F et al.,  J Antimicrob
Chemother. 2004; Campanini G, J Clin Virol. 2012; Chou S et al., Antimicrob Agents Chemother. 
2014 )

• The majority of HCMV drug-resistant strains show mutations in the 
UL97 gene which impair GCV and VGCV intracellular phosphorylation

• Double mutants may also develop



Mutations associated with:
• Lung transplantation, 
• Prophylaxis ≥6 months
• ↑ time between transplantation and suspicion of resistance
• Longer previous treatment with GCV or VGCV

López-Aladid R,  J Clin Virol 2017

SOT,  Spain (Sept 2013-Aug 2015) 9 out of 39 (23%) patients tested showed a CMV 
resistance mutation





Incomplete suppression of virus 
replication leads to selection of mutants

Fung SK & Lok ASF. Antivir Ther 2004; 9:1013–1026
Locarnini S, et al. Antivir Ther 2004; 9:679–693
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• Incomplete Suppression
- Inadequate Potency/Drug Levels
- Inadequate Adherence
- Pre-Existing Resistance Variants
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variants: virological failure
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• Generate sequence-targeted amplicons
(lenght depending on system)

• Sequence all the amplicons

Amplicon principle: 



Provirus T-lymph.
Provirus monoc.

Virus T.lymph. 
Virus monoc.

27 clones>25,000 clones



Emergence of L595S mutation 
under  GCV was followed up.

After PFA rescue therapy, 
in two patients,L595S mutant re-
emerged, but was only detected 
by NGS technology (14% and 
9.6%). 

NGS improved sensitivity helps in 
studying viral abundance, 
dynamics and diversity, that are 
difficult  with Sanger sequencing. 



How far are we from current clinical aplication of NGS?

In the current clinical context, viral resistance is investigated with Sanger 
sequencing. In case of a negative Sanger result, it could be pertinent to turn to a 
more sensitive detection with NGS, particularly in fragile patients with high risk 
of developing antiviralr esistance, giving at the same time an image of the viral 
global variability. 

In a routine perspective, there is a need to determine how early the detection of 
emergent resistant variants should influence therapeutic adaptation. 
When a new viral replication occurs, this also raises the question of sensitive 
detection of mutation persistence before a new treatment. 

This deserves to be studied on a larger scale.



MinION becomes first to sequence DNA 
in space. 30 August 2016

NASA Astronaut Kate Rubins sequenced DNA in space for the first time 
ever for the Biomolecule Sequencer investigation, using the MinION 
sequencing device / NASA



• Human body

• Soil samples

• Extreme environments 

• Marine ecosystem

Contemporary analysis of all genomes present in a given environment:
• Serching for new species (microbial, viral…)  
• Quantitative description of  microbial communities (viroma, 

microbioma) 
• Microbial variability
• Diagnostics…..

What is Metagenomics?



Although the study correctly shows how ultra-highthroughput sequencing is a powerful 
tool for microbiology, it appears that the current study is an example of its unnecessary 
use. Sequence diversity within a species is not the same thing as a “new virus.”

Allander T, de Lamballerie X, Simmonds PAllander T, de Lamballerie X, Simmonds P

454 pyrosequencing of the patients’ samples provided, amidst a host background of
103,632 total reads, 14 reads corresponding to a novel, deadly arenavirus



• marked virome composition dynamics at the onset of the therapy
• the bacterial component of the microbiome remains largely unaffected

Viruses Bacteria



• Monitoring of viral infections remains mandatory in the post 
transplant period

• The availability of international standards for quantification of 
DNA of major opportunistic viruses is a step forward in the 
identification of cut-off values for preemptive treatment

• Immunologic monitoring is helpful for risk stratification of 
transplant recipients

• Combining molecular monitoring with immunological monitoring 
may provide additional information for  personalized intervention

• New techniques are rapidly emerging with potential of
– refining virological monitoring
– predicting complications
– tailoring therapeutic intervention

• Still many (trivial?) points need better definition 

Take home messages




