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ABSTRACT 

Predictive factors of spontaneous CMV viral load clearance in kidney transplantation 

Introduction: In kidney transplantation, cytomegalovirus (CMV) reactivation is associated with 

increased morbidity and mortality. The CMV PCR threshold value to benefit for curative treatment is 

not known. The purpose of this study was to assess predictive factors and elaborate a predictive score 

associated with spontaneous clearance of CMV viremia in kidney transplant recipients. Performances 

of the score were tested in a multicenter validation cohort. 

Material and methods: All kidney recipients of a single center were recruited. Patients with at least one 

positive CMV viremia were included in our analysis whatever the time post-transplantation. CMV 

infection was identified by PCR to detect CMV DNA in whole blood. PCR was performed using 

Abbott® RealTime CMV, calibrated according to WHO standards and expressed in log IU/ml 

(Detection = 1.79 IU log/ml). Prophylaxis (valganciclovir) was given for 3 months for R+ and 6 

months for D+R- post transplantation. Clinical and biological symptoms attributable to CMV were 

collected. We defined as spontaneous CMV clearance undetectable PCR before the fourth follow up 

without treatment. Results were expressed as mean ±SD.  

Results: Between 05/2012 and 05/2015, 137 patients had at least one positive CMV PCR. Fifty-five 

(36%) had spontaneous undetectable viral load. Eighty-two patients had non-spontaneous CMV 

clearance. We determined in ROC analysis CMV PCR ≥ 2.73 log IU/mL as optimal to predict CMV 

non-spontaneous clearance. On multivariate analysis, factors associated with CMV clearance were 

initial PCR level lower than 2.73 log IU/ml (OR = 7 [2.9 – 18], p= 0.00002), diarrhea associated with 

viremia (OR = 7.9 [1.8-56], p= 0.017). In another model, acute leukopenia or lymphopenia was a risk 

factor of non-spontaneous CMV clearance (OR = 3.5 [3.2-23], p = 0.044). A predictive score < 1 

(CMV viremia < 2.73 log IU/mL without diarrhea or acute lymphopenia/leukopenia and that do not 

increase higher than 1log before the 4th follow up) has high negative predictive value for spontaneous 

CMV clearance (88% in the Tours cohort and 81% in the multicenter validation cohort).   

Conclusion:  In our model, a score < 1 had a good negative predictive value to predict CMV clearance 

in kidney transplant recipients and may be valuable to decide which patients will not benefit from the 

introduction of curative treatment. This score should be evaluated prospectively in a larger population 

and in other organ transplantation cohorts to prove its clinical relevance.  

 

Key words: Cytomegalovirus, Kidney transplantation, predictive score, PCR threshold 
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RESUME 

Infection à Cytomégalovirus en transplantation rénale : Facteurs prédictifs de rémission 

spontanée 

 

Introduction : Le seuil optimal de valeur PCR d’une virémie du cytomégalovirus (CMV) pour débuter 

un traitement antiviral curatif n’est pas connu. Le but de cette étude était d'évaluer les facteurs 

prédictifs associés à une guérison spontanée du CMV chez les patients transplantés rénaux et de créer 

un score prédictif de rémission. Les performances de ce score ont été testées sur une cohorte de 

validation multicentrique.     

Méthode : Parmi les patients transplantés rénaux de notre centre, ceux présentant au moins une 

virémie CMV quel que soit le délai post greffe, ont été inclus dans notre analyse. L'infection à CMV 

était diagnostiquée par détection de l'ADN du CMV sur PCR sur sans total (Abbott® RealTime CMV, 

étalonné selon la norme OMS et exprimée en log UI / ml, détection = 1,79 UI log / ml). Une 

prophylaxie (valganciclovir) était donnée pendant 3 mois pour R+ et 6 mois pour D+R-. Les 

symptômes cliniques et biologiques attribuables à CMV ont été recueillis. Une guérison rapide et 

spontanée de la virémie CMV était définie par une charge virale indétectable avant le quatrième 

contrôle. Les résultats sont exprimés en moyenne ± écart-type. 

Résultats: Entre 05/2012 et 05/2015, 137 patients ont présenté au moins une PCR CMV positive. 55 

(36%) ont guéris spontanément. 82 patients n’ont pas spontanément négativés leur virémie CMV. Un 

seuil de charge virale inférieur à 2,73 log UI/mL a été défini en analyse ROC comme optimal pour 

prédire la rémission spontanée. En analyse multivariée, les facteurs prédictifs de rémission rapide et 

spontanée étaient : une PCR initiale < 2.73 log UI/ml (OR = 7 [2.9 – 18], p= 0.00002), l’absence de 

diarrhée au moment de la virémie (OR = 7.9 [1.8-56], p= 0.017). L’absence de leucopénie ou 

lymphopénie était également associée à la rémission du CMV dans un autre modèle multivarié (OR = 

3.5 [3.2-23], p = 0.044). Un score prédictif <1 (virémie initiale < 2.73 log UI/ml sans diarrhée ni 

leuco/lymphopénie et sans augmentation de la charge virale > 1 log avant le 4eme contrôle) était 

associé à une rémission rapide et spontanée du CMV avec une bonne valeur prédictive négative dans 

la cohorte principale (88%) et dans la cohorte de validation multicentrique (81%).  

Conclusion : Dans notre modèle, un score < 1 présente bonne valeur prédictive négative pour prédire 

la guérison spontanée de la virémie CMV chez les patients transplantés rénaux. Ce score pourrait être 

un outil de décision pour l'introduction d'un traitement antiviral curatif. Afin de prouver sa pertinence 

clinique, il est nécessaire d'évaluer prospectivement dans une plus grande population ainsi que dans 

d'autres cohortes de transplantation d'organes 

Mots clefs : Cytomégalovirus, transplantation rénale, score prédictif, Seuil PCR 
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INTRODUCTION 

Le Cytomégalovirus (CMV) est un virus du groupe herpesviridae à ADN double brin responsable 

d’une infection définitive chez son hôte. Sa prévalence élevée dans la population générale est de 

l’ordre de 45 à 100%. Il alterne des périodes de réactivation et des périodes de latence, principalement 

au sein de cellules myéloïdes, de cellules endothéliales et au sein de fibroblastes. En transplantation 

d’organes il est associé à une augmentation de la morbi-mortalité en dépit de traitements antiviraux 

efficaces (1-3). Les lésions induites par le CMV en transplantation sont liées à des effets « directs » 

par le biais de l'inflammation que le virus amplifie et entretient et des effets « indirects » médiées par 

le système immunitaire (4-6). Le développement de la Polymerase Chain Reaction (PCR) a permis 

grandement d’augmenter la sensibilité de détection du CMV en comparaison au test de l'antigénémie 

pp65 (7). La PCR CMV quantitative est maintenant le test de référence pour diagnostiquer et surveiller 

l'infection à CMV après transplantation d'organe solide mais également en greffe de cellules 

hématopoïétique (8,9). Les autres avantages de la PCR sont une utilisation plus rapide et une meilleure 

reproductibilité. Depuis 2010, les résultats de mesures de charge virale CMV par PCR peuvent être 

étalonnés selon une norme internationale de référence de l'Organisation mondiale de la santé (OMS) et 

exprimées en UI / ml (10). Cette norme permet de réduire la variabilité inter-laboratoire des résultats. 

 

La prophylaxie anti-CMV a été associée dans certaines études à une meilleure survie de greffon et de 

patients (11,12). En transplantation rénale, le niveau de charge virale du CMV est clairement associée 

à aux symptômes induits par le CMV chez le receveur (13). Ces données suggèrent que la réactivation 

du CMV peut être un important marqueur du risque de néphropathie d’allogreffe. Cependant, aucun 

seuil optimal de valeur PCR n'a pas encore été défini pour définir une infection patente à CMV et pour 

lesquelles le receveur bénéficiera d’un traitement. Le traitement d'une charge virale CMV positive 

pour prévenir le développement d’une maladie cliniquement significative est principalement utilisé 

dans la stratégie préemptive, mais est également à considérer lors d’une approche hybride 

(surveillance préemptive du CMV débutée à la fin de la prophylaxie antivirale). Dans l'approche 
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préventive et hybride, le taux d'infection précoce est plus faible, mais le taux de survenue tardive 

d'infection à CMV est plus élevé. L'évolution dans le temps de la PCR peut également être un facteur 

important pour prédire le risque de maladie à CMV. Finalement, le profil sérologique des donneurs et 

receveurs pour le CMV avant la transplantation, de même l'utilisation et la durée de la prophylaxie 

anti-CMV peuvent également avoir un impact ce risque. 

 

Dans notre étude, nous avons évalué dans un premier temps les facteurs prédictifs associés à une 

rémission spontanée de la virémie à CMV chez les receveurs rénaux. Dans un deuxième temps nous 

avons développé un score prédictif de guérison spontanée de la virémie à CMV qui nous avons validé 

sur une cohorte multicentrique indépendante.   
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INTRODUCTION:  

Cytomegalovirus (CMV) is still associated with increased morbidity and mortality following 

transplantation despite effective antiviral treatments (1–3). CMV affects allograft survival through 

“direct effects” such as inflammation enhanced and sustained by the virus, and through “indirect 

effects” mediated by the immune system (4–6). Improvements in diagnostic assays such as 

Polymerase Chain Reaction (PCR) increased sensitivity compared to the pp65 antigenemia assay for 

detecting CMV in the blood (7). Quantitative CMV PCR is now the standard means to diagnose and 

monitor CMV infection after solid organ transplantation (8,9). Other advantages of PCR are greater 

precision, less intensive labor and better reproducibility. Since 2010 it has been possible to calibrate 

the results of CMV viral load measurements according to the World Health Organization (WHO) 

International Reference standard, expressed in IU/ml (10). This standard has helped to reduce inter-

laboratory variability of results.   

CMV establishes life-long infection in the host, with alternating periods of latency and periods of 

reactivation which may be promoted by inflammatory processes. Some CMV reactivation resolves 

spontaneously without any treatment or immunosuppressive modification. The level of CMV viral 

load in kidney recipients has been associated with CMV – related symptoms (11). Individual risk 

depends on CMV serostatus: a negative recipient (R-) receiving a kidney from a positive donor (D+) 

develops primary infection and has a greater risk of CMV disease. Post-transplantation anti-CMV 

prophylaxis has been reported to be associated with better patient and graft survival (12,13). Taken 

together, this suggests that CMV reactivation may be an important risk marker of allograft 

dysfunction. However, no PCR threshold has yet been defined as the gold standard for CMV infection 

above which it is beneficial to start treatment. Treatment of the viral load to prevent the development 

of clinical disease is mostly used as the pre-emptive strategy but is also to be considered in a hybrid 

approach (pre-emptive monitoring of CMV started at the end of prophylaxis). In the preventive and 

hybrid approach, the rate of early infection is lower but the rate of late-onset CMV infection is higher. 

The evolution of the PCR level over time may also be an important factor to predict the risk of CMV 
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disease. Finally, patient characteristics such as donor and recipient CMV serostatus before 

transplantation and the use and duration of CMV prophylaxis may also influence this risk. 

In this study, we assessed predictive factors associated with spontaneous remission of CMV viremia in 

kidney recipients. We then proposed a predictive score based on these factors and tested this score in a 

prospective multicenter cohort.  

 

METHODS: 

PATIENT SELECTION. We retrospectively selected all adult kidney recipients with at least one 

positive CMV PCR determined in the Microbiology Department between 05/2012 and 05/2015 at the 

Transplant Unit of the University Hospital of Tours, France, May 2012 being the date PCR was first 

used in our center. The protocol involved CMV PCR for early post-transplant patients (< 1 year) or 

PCR performed when CMV infection was suspected in any transplanted patients. To validate the 

predictive score spontaneous remission of CMV, we prospectively included all kidney transplant 

patients with initial positive CMV viremia detected by PCR from 01/2016 to 07/16 in the University 

Hospitals of Poitiers, Limoges and Tours.  

 

DIAGNOSIS OF CMV. Diagnosis of CMV infection was based on PCR in whole blood. For the Tours 

cohort, PCR was performed using Abbott® RealTime CMV, according to the manufacturer’s 

instructions. The results were calibrated according to WHO standards and expressed in log IU/ml. The 

threshold of detection of the assay was 1.79 log IU/ml.  

At the end of prophylaxis, PCR was performed weekly over the first four months and then monthly for 

one year except for low risk patients (D-R-).  

CMV infection was defined as CMV viremia regardless of symptoms, and CMV disease was defined 

as CMV viremia associated with attributable symptoms (CMV syndrome or tissue-invasive disease) 

according to the American Society of Transplantation (14). The symptoms attributable to CMV were 

fever (>37,8°C), gastrointestinal symptoms (diarrhea (>3 stools/day or self-reported) or abdominal 
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pain), pulmonary symptoms (cough, radiological CMV pneumonia), acute leukopenia, 

thrombocytopenia and anemia (significant contemporary decrease in leukocytes and/or lymphocyte 

numbers, platelet numbers and hemoglobin). Liver function disorder (ALT or AST > 50 IU/L) defined 

cytolysis. 

 

TREATMENT OF CMV. Prophylaxis (valganciclovir) for CMV infection was given for three months 

post-transplantation for R+ and six months for D+R-. D-R+ patients induced by basiliximab did not 

receive anti-viral prophylaxis. Curative treatment (ganciclovir iv or oral valganciclovir) was started 

according to local protocols.  

 

PRINCIPAL OUTCOME. Spontaneous clearance of viral load was defined as a negative PCR 

occurring before the fourth test for CMV viremia without initiation of any anti-viral treatment.  

 

DATA RETRIEVAL. Donor and recipient characteristics including CMV serostatus, age, sex, HLA 

matching, immunosuppressive treatments and induction treatment, immunization, use of anti-viral 

prophylaxis and duration were assessed for each patient included at the time of transplantation. 

When PCR viremia was first detected we recorded clinical and biological parameters, interval between 

the transplantation and the initial detection of viremia, interval between the end of antiviral 

prophylaxis and viremia, initiation of curative treatment, patient and renal graft outcome at the time of 

analysis, immunosuppressive treatment at time of transplantation and at the time of viremia with dose 

and residual concentrations, modification of immunosuppressive regimen, values of initial PCR value 

and three following PCR, recurrence of CMV viremia and anti-viral treatment.  

Finally, lymphocyte sub-populations were recorded at the time of viremia including CD8+ T cell, 

CD3+ T cell, CD4+ T cell, CD19+ T cell and NK cell number. 
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PREDICTIVE SCORE IN THE VALIDATION COHORT. A predictive score was determined based on 

risk factors for CMV clearance obtained in our multivariate analysis. Inter-laboratory quality control 

was imposed to standardize results between all the centers of the validation cohort. Three levels of 

CMV viral load (106 IU/ml, 105 IU/ml et 104 IU/ml) were prepared from a standard WHO HCMV (106 

IU/ml) diluted in CMV-negative whole blood taken in an EDTA tube. These samples were measured 

blind in triplicate at each of the three virology laboratories of FHU SUPORT Limoges-Poitiers-Tours 

for each concentration. A negative control was included in the samples. CMV PCR kits and DNA 

extraction kits were different in the laboratories (M2000™CMV, Abbott, CMV Rgene™, 

BioMérieux). Finally, the performance of the score was assessed in the Tours cohort and in the 

multicenter validation cohort. Sensitivity, specificity, positive predictive value and negative predictive 

value were measured.  

STATISTICAL ANALYSIS. The results were expressed as mean ±SD. The Mann-Whitney U or 

Student’s test was used to compare continuous values, and the Chi-squared test or Fisher exact test 

was used to compare categorical variables. Receiver operating characteristic (ROC) plots were 

obtained to determine a threshold of CMV viral load and the optimal score. A logistic regression 

model was used to measure the relationships between variables. Statistical analysis were performed 

using xl-stat software and R version 3.2.3 (R Foundation for Statistical Computing, Vienna, Austria, 

URL http://www.R-project.org/). p < 0.05 was considered to be statistically significant. 
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RESULTS 

POPULATION. From May 2012 to May 2015, 150 kidney transplant patients developed CMV viremia 

according to the PCR technique. Thirteen patients were excluded because CMV PCR follow up was 

not performed after the initial viremia. Fifty-five patients had spontaneous clearance of the CMV viral 

load before the fourth follow up, as shown in the flow chart (Figure 1). Of the 82 patients with non-

spontaneous CMV clearance, 66 patients received curative treatment following the initial CMV 

viremia. PCR was negative for 17 patients under treatment and 49 were still viremic at the time of 

analysis. First viremia occurred for ninety-five patients (69%) during the first year post-

transplantation. The baseline characteristics of the 150 patients are shown in Table 1.  
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CMV prophylaxis was given to 96 (70%) patients according to the risk of CMV reactivation. Mean 

duration of prophylaxis was 5 ± 3 months. Mean time to initial CMV viremia was 2.6 [-17; +165] 

months after ending prophylaxis and 8.5 [0.1; 275] months post-transplantation. Under prophylaxis, 16 

patients had positive CMV viral load performed because reactivation was suspected clinically. Sixty-

six (44%) patients received curative treatment for viremia: 25 received ganciclovir (mean dose 520 

mg/day, duration 17.6 ± 14 days) and 65 received oral valganciclovir (mean dose 635 mg/day, 

duration 114.9 ± 87 days). Twenty-three patients (24%) received a prophylactic regimen with 

Valganciclovir after treatment of the viremia. Eighty-two (59.8%) patients had more than one positive 

viral load during follow-up of 51 ± 51 months and 27 patients needed further curative treatment. 

 

FACTORS PREDICTIVE OF SPONTANEOUS CMV CLEARANCE.  

On univariate analysis: Comparison of CMV viremia and treatments in both groups is summarized in 

Table 2. The factors associated with non-spontaneous clearance of CMV viral load were: D+R- 

patients (12.7 vs 39%, p= 0.0016), initial positive PCR higher than 4 log IU/ml (1.8 vs 23.2%, p= 

0.0005), increase in PCR level of more than 1 log IU/ml before the fourth follow up (0 vs 40.2%, 

p<0.0001), clinical symptoms (diarrhea and asthenia but not cough or fever) and biological 

abnormalities (cytolysis, decreases in platelet numbers and leukocyte/lymphocyte numbers but not 

acute anemia). D+R- patients were more frequent in the group of patient with non-spontaneous 

clearance of CMV viral load. The immunosuppressive regimen was modified in 78 patients (55.9%), 

with decreases in Mycophenolate and/or Tacrolimus, but there was no difference between the two 

groups. 

On multivariate analysis, the factors associated with a non-spontaneous CMV clearance were: initial 

CMV PCR >2.73 log IU/mL OR = 7 CI [2.9 – 18.2], p = 0.00002 and diarrhea OR = 7.9 CI [1.8 – 56], 

p = 0.017 (Table 3A). The cytolysis results were not interpretable, probably due to the small number 

of patients involved and the absence of cytolysis in the group of patients with spontaneous CMV 

clearance. We excluded cytolysis, used another model and then found that acute 

lymphopenia/leukopenia was a risk factor for non-spontaneous CMV clearance (Table 3B). 
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PREDICTIVE SCORE BASED ON MULTIVARIATE ANALYSIS. We tested different scores using 

weighted predictive factors from the multivariate analysis: i.e. initial PCR value higher than 2.73 log 

IU/ml and diarrhea. We included acute leuko/lymphopenia in the score because it was significant in 

the second multivariate analysis model. We also excluded cytolysis because of the difficulties in 

interpreting in the analysis.  The score with the optimal performance levels is reported in Table 4. 
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PATIENT OUTCOME. At the time of analysis, renal function in patients with spontaneous clearance 

of CMV viral load and those who were still viremic or were being treated was not statistically 

different (151 ± 71 vs 150 ± 53 µmol/L, p= 0.904). End stage renal disease occurred in 22 patients and 

nine patients died with a functioning graft after a mean period of 36 [2.1 – 242] months. There was no 

difference between the two groups for these criteria.  

 

LYMPHOCYTE POPULATION ANALYSIS. We compared the lymphocyte population numbers at the 

time of CMV viremia, according to the evolution of viral load. There was no overall difference in the 

lymphocyte population numbers (CD8+, CD4+, CD19+ and NK cells) between patients with and 

without spontaneous clearance of viral load. Some experimental analysis (unpublished data) indicate 

that the immune response may be different in patients receiving a kidney from a seropositive donor 

(D+) compared to those receiving a seronegative kidney whatever their own serology before 

transplantation. In sub-group analysis of D+ patients, the number of CD8+ T cells and CD4+ T cells 

was significantly higher in the group of patients with spontaneous clearance of viral loads: 456 ± 296 

vs 412 ± 782 /mm² p = 0.027 for CD8+ T cells; 574 ± 377 vs 377 ± 277 /mm² p = 0.037 for CD4+ T 

cells (Figure 2). There was no difference regarding the number of CD19+ T cells (117 ± 85 vs 82 ± 69 

/mm² p = 0.059) and the number of NK cells (84 ± 54 vs 103 ± 119 /mm² p = 0.988) in D+ patients. In 

D-R+ patients, the number of lymphocytes did not differ between patients with and without 

spontaneous CMV clearance.    

 

PCR THRESHOLD FOR SPONTANEOUS CMV CLEARANCE. We determined the optimal threshold 

for the risk of non-spontaneous clearance of CMV viral load as 2.73 log IU/ml (Figure 3). The area 

under curve in the cohort was 77.9 % (CI 70-85). The positive predictive value was 85%, negative 

predictive value was 65%, with 70% sensitivity (CI 60 – 79) and 81%specificity (CI 69 – 89). An 

initial PCR higher than 2.73 log IU/ml on univariate analysis was associated with non-spontaneous 

clearance of CMV (72 ± 18.2 %, p < 0.0001).  
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VALIDATION COHORT. 

Score performance in the validation cohort. Patients for the validation cohort were recruited from 

three transplant centers: 18 patients from Limoges, 10 patients from Poitiers and 21 patients from 

Tours. The baseline characteristics of the validation cohort are shown in Table 5. As expected because 

the follow-up was shorter for the validation cohort than for the principal cohort, the creatinine levels 

were lower, the interval between onset of viremia and transplantation was shorter and CMV recurrence 

was less frequent. A cough and acute anemia were also less frequent at the onset of viremia in the 

validation cohort.  

 

Inter-laboratory quality control. In order to compare CMV viremia results between the three centers, 

we first undertook an inter-laboratory quality control of PCR using three dilutions of standard WHO 

CMV. In terms of the inter-laboratory reproducibility, the measurements between the three centers 

were well correlated: R² = 0.9, p <0.001; R² = 0.83, p = 0.002 and R² = 0.85, p = 0.0001. The 

coefficients of variation were 11, 15 and 19.8% for CMV viral loads of 106 IU/ml, 105 IU/ml and 104 

IU/ml, respectively. In terms of the intra-laboratory reproducibility, the mean coefficient of variation 

was 3.4 ± 0.2%. This variation was greater but not significantly for low viral load (3.6 ± 1.1 and 4.7 ± 

1.6% vs 1.8 ± 0.9% for viral load of 104 IU/ml, 105 IU/ml and 106 IU/ml, respectively, p=0.1). 

 

The cut-off of 1 point was defined with the optimal score to predict CMV clearance in the validation 

cohort (Figure 4). A majority of patients with a score = 0 would not benefit from treatment as they 

have a high probability of spontaneous CMV viral load clearance (negative predictive value for a score 

≥ 1 was 70% in the principal cohort and 83% in the validation cohort).  
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DISCUSSION 

We decided retrospectively to assess factors associated with spontaneous clearance of CMV viremia in 

kidney recipients. An initial PCR level >2.73 log IU/mL and diarrhea were the two major risk factors 

in our multivariate analysis. Spontaneous CMV clearance was chosen as outcome instead of CMV 

disease or kidney failure, the first reason being that the use of oral prophylaxis against CMV is known 

to reduce the rate of CMV disease (15). CMV-associated mortality is now rarely seen, and any effect 

on kidney graft needs long follow-up to be revealed (16–18). The other reason was that in clinical 

practice it may be difficult to attribute clinical or biological symptoms to CMV reactivation. CMV 

may be responsible for fever, diarrhea and cough, but it is also known that inflammation caused by 

any infections of an inflammatory process is associated with CMV reactivation, without proof of 

direct viral pathogenicity. The main aim of this study was to determine predictive parameters 

associated with spontaneous clearance of CMV infection and to establish a score with the factors 

identified, including an optimal CMV PCR threshold.  

 

The high initial PCR value in our study was associated with non-spontaneous clearance of CMV.  This 

result is consistent with those of Levitsky at al. who found that an initial PCR value higher than 4 

log/mL was associated with a prolonged time to CMV clearance (19). Between 2012 and 2015, we 

arbitrarily decided to start antiviral treatment in the absence of any clinical symptoms if the CMV viral 

load was 4 log IU/ml or higher. ROC analysis of our retrospective study determined 2.73 log IU/ml to 

be an optimal PCR level below which the sensitivity and specificity were the best to predict 

spontaneous CMV clearance. We therefore used this cut-off value in the multivariate analysis and in 

the predictive score. 

Diarrhea was more frequent in the group of patients with non-spontaneous CMV clearance and on the 

multivariate analysis and was the more important predictive factor except for PCR level. It may be 

difficult to interpret this symptom in transplanted patients. Diarrhea may be due to mycophenolate 

overdose or other microbiological disease. Mean mycophenolate dose at the time of viremia was 
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similar between the two groups but the Area Under the Curve (AUC) of the blood concentration was 

not available.  

We believed that CMV replication might be more interpretable as a dynamic process rather than a 

single value of PCR. Only a few studies have used this criterion as a predictive factor of CMV disease 

or allograft dysfunction (20). Surprisingly, elevation of PCR of more than 1 log IU/mL on multivariate 

analysis was not associated with non-spontaneous clearance when we incorporated the initial PCR 

value in the analysis. This may have been due to the fact that PCR increase is very linked to PCR 

values in the analysis. Although not significant in our analysis, we incorporated in our score the 

increase in viral load (defined as an increase of PCR >1 log before the 4th follow up). Indeed, 

incorporate evolution of PCR appeared clinically relevant and its addition to the score increased the 

AUC percentage in analysis of ROC curves.  

Acute lymphopenia or leukopenia was a predictive factor of non-spontaneous CMV viral load 

clearance on the multivariate model without cytolysis. Lymphopenia is known to be associated with 

CMV infection and increase the risk of 14.7 times for appearance of CMV infection (21).  

We found that the number of CD4+ lymphocytes, CD8+ lymphocytes and CD19+ lymphocytes in the 

sub-group of D+ patients was higher in patients with spontaneous CMV clearance. Moreover, this 

difference may be mitigated by the over-representation of D+R- patients in the group of non-

spontaneous CMV clearance while number of CD8+ lymphocytes may be higher in D+R- patients 

(22). Control of CMV infection is mainly achieved to cellular immunity (23). Quantification of sub-

type lymphocytes is not undertaken routinely in every transplant centers. However, we may consider 

the number of lymphocytes to be a host-predictive factor of CMV eradication. Other assays such as 

multimers that quantify number of CMV-specific CD8+ lymphocytes or ELISpot that quantifies the 

specific response of these lymphocytes by measuring Interferon, granzyme-B or TNF secretion may be 

useful to assess CMV-specific immune response to predict the risk of CMV disease or CMV clearance 

in recipients. These assays are not use in routine currently.  
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Defining the optimal cut-off value in kidney transplantation and generally in solid organ 

transplantation is crucial. The level of initial CMV load has been recognized as a risk factor for CMV 

disease as well as the rate of increase and peak of viral load (24). In a pre-emptive approach, many 

studies tried to define such a threshold with pp65 antigenemia. A low threshold (≥2/200 000 

leucocytes) was suggested to start a treatment in pre-emptive therapy but a higher threshold (>20 

leucocytes) was not associated with increased risk of CMV disease (25,26). Since the use of PCR 

which is more sensitive as compared as pp65 antigenemia, different cut-off levels to initiate treatment 

has also been proposed in solid organ transplantation, varying between 2.9 log/ml and 3.72 log/ml 

(11,27–30). In HIV infected patients, a PCR level higher than 4.1 log CMV DNA /ml was associated 

to severe pneumonia with good sensitivity and specificity (31). In hematopoietic cell transplantation, 

the optimal threshold to start pre-emptive treatment was determined as a PCR higher than 3.05 log/ml 

in whole blood –EDTA (or an increase of 2.24 log/ml per day) with sensitivity of 71% and specificity 

of 65% as compared to pp65 antigenemia (32). The clinical interpretation of the PCR results, although 

more sensitive that pp65 antigenemia, may also be difficult. The impact of CMV reactivation may 

depend on different factors regardless of the PCR value such as CMV strains and types of target cells, 

type of organ allograft, immune response and genetic susceptibility, CMV reactivation and 

immunosuppressive and prophylactic regimens (33). One study found that accepting a threshold of 4 

log/ml of CMV viral load was only correlated with platelet and white blood cell count but not with 

clinical infection. This lack of correlation was confirmed in other studies, especially for low and 

intermediate viral load below 3.69 log/ml (34).  

 

No randomized controlled and multicenter trials have succeeded in determining the optimal cut-off to 

date. This may be explained by many factors:  

Several tests exist to perform real-time CMV PCR. Although the WHO standard has helped to 

improve quantification variability by converting viral load from copies/ml into IU/ml using a 

conversion factor, residual variability still occurs due to methods and laboratories, pipetting errors, 

staff training, extraction methods and sample type (35). One multicenter international study blindly 
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compared WHO standards with different laboratory tests. There were still differences between all tests 

as compared to WHO results despite standardization. The COBAS AmpliPrep CMV test provided 

high interlaboratory reproducibility and was proposed as a valid assay for further multicenter studies 

(36). One other limitation may be the reproducibility of PCR in measuring CMV viral load, 

particularly in terms of the precise quantification of low DNA concentrations (11). Because results are 

still not strictly reproducible, it continues to be recommended that a single test should be used for 

clinical trials until there is a greater harmonization. We therefore decided to compare the results 

between the three centers of FHU SUPORT Limoges-Poitiers-Tours before testing predictive factors 

on this cohort. Our results were well correlated, although one center used a different PCR test and all 

centers used different DNA extractor kits.  

Moreover, CMV PCR may be performed in whole-blood or in plasma. There is a good correlation 

between the two methods. Whole blood real-time PCR seems to be more sensitive and to give higher 

PCR levels compared to plasma in detecting CMV DNA but does not offer clinical benefit (29,37).  

 

Finally, we were unable to find any score predictive of CMV clearance in kidney transplantation in the 

literature. In our model, a score < 1was associated with a good negative predictive value to CMV viral 

load clearance and may be valuable to decide which patients will not need the introduction of curative 

treatment. We validated the score in an independent multicenter cohort. These data suggest that an 

initial CMV viremia in kidney recipients should not be treated if occurring with any of these factors: 

initial viral load lower than 2.73 log IU/mL, no increase of CMV PCR higher than 1 log before the 4th 

follow up, diarrhea or acute lympho/leukopenia. Interestingly, in the Tours cohort, a viremic kidney 

recipient with a score ≥ 2 have 100% positive predictive value of non-spontaneous CMV clearance. 

This score should be evaluated prospectively in a larger population and in other organ transplantation 

cohorts to prove its relevance.  
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DISCUSSION ET PERSPECTIVES 

L’objectif de ce travail était dans un premier temps de mettre en évidence les facteurs prédictifs 

associés à une rémission spontanée et rapide d’une virémie CMV (que nous avons arbitrairement 

défini comme une négativation de la charge virale avant le 4ème contrôle et sans traitement) sur la base 

de la cohorte des patients transplantés rénaux de Tours. Nous avons ainsi déterminé, à partir de deux 

modèles multivariés, que la charge virale initiale < 1.73 log UI/mL, l’absence de diarrhée lors de la 

virémie et l’absence de leucopénie ou lymphopénie contemporaine de la virémie était les facteurs 

associés à cette rémission spontanée de cette virémie.  

Nous avons dans un deuxième temps élaboré un score prédictif de négativation de la charge virale 

CMV en combinant l’ensemble des facteurs trouvés dans l’analyse multivariée. Le score retenu était 

celui qui offrait la meilleure aire sous courbe (AUC) et également la meilleure valeur prédictive 

négative puisque l’objectif est d’éviter d’instaurer un traitement antiviral à un patient qui n’en 

bénéficiera pas puisque sa charge virale à de très forte probabilité de se négativer spontanément. Ainsi 

des effets secondaires et un coût lié au traitement et éventuellement à une hospitalisation pourraient 

être évités. Bien que non significatif de nos analyses, nous avons inclus dans le score l’augmentation 

de la charge virale (définie par une augmentation >1 log avant le 4ème contrôle). En effet, introduire 

une notion de cinétique de charge virale nous paraissait pertinent cliniquement et d’autre part, son 

ajout au score permettait d’augmenter l’AUC dans les analyses de courbes ROC.  

Ensuite, nous avons validé le score sur une cohorte indépendant, prospective et multicentrique au sein 

du FHU SUPPORT dans les centres de transplantation rénale de Poitiers, Limoges et Tours. 

Préalablement, nous avons réalisé un contrôle de qualité inter-laboratoire pour s’assurer de la 

comparabilité des résultats entre les trois centres qui présentent des techniques d’extraction d’ADN et 

de mesure de la charge virale CMV différentes.  La valeur prédictive négative du score était 

satisfaisante sur les deux cohortes.  

Notre étude possède des limites évidentes. La principale est l’extrême variabilité des patients inclus. 

En effet, certains sont de patients transplantés rénaux précoce présentant une virémie à l’arrêt du 
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traitement prophylactique alors que d’autres sont des patients anciennement greffés présentant une 

réactivation au décours d’une infection, d’une néoplasie ou d’autres facteurs non connus. De plus, 

nous n’évaluons pas dans cette étude l’impact de la virémie CMV sur la survie du greffon rénal ou du 

patient transplanté.  

L’utilisation en pratique de notre score prédictif pourrait être évalué par une étude prospective en 

analysant la survenue de maladies à CMV, de récidive de virémie, de dysfonction de greffon entre le 

groupe de patient traité et non traité en fonction des critères du score décrits ci-dessus.  D’autres 

paramètres, notamment ceux évaluant la réponse cellulaire anti-CMV pourraient à l’avenir être 

intégrés au score afin d’affiner la prédiction de rémission spontanée des virémies. Cela pourrait 

concerner le dosage des sous populations lymphocytaires dont nous avons montré que le nombre de 

lymphocytes CD8+, CD4+ et CD19+ était plus important dans la groupe des patients D+ présentant 

une rémission spontanée de leur virémie. D’autres techniques non encore utilisées en routine 

pourraient également être associées comme l’évaluation du nombre de lymphocytes spécifiques anti-

CMV par méthodes de multimères (tétramère notamment) ou l’analyse de la réponse anti-CMV par 

mesures de sécrétion de facteurs comme le TNF-α ou l’IFN-γ par méthode ELISpot® après 

stimulation par un peptide du CMV.  

Par ailleurs, le contrôle de qualité inter-laboratoire entre les trois centres ouvre des opportunités de 

travaux communs dans le domaine du CMV en transplantation rénale mais également dans toutes les 

autres transplantation d’organes solides et cellules souches hématopoïétique.  

En conclusion, cette étude est la première à s’intéresser spécifiquement aux facteurs de rémission 

rapide et spontanée des virémies CMV chez le patient transplanté rénal et à proposer un score 

prédictif. Ce score devra être revalidé dans des cohortes plus importantes et également chez des 

patients transplantés d’autres organes afin d’aider dans la stratégie de prise en charge des infections à 

CMV.  
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RESUME 

Introduction : Le but de cette étude était d'évaluer les facteurs prédictifs associés à une guérison 

spontanée du cytomégalovirus (CMV) chez les patients transplantés rénaux et de créer un score 

prédictif de rémission. Les performances de ce score ont été testées sur une cohorte de validation 

multicentrique. Méthode : Parmi les patients transplantés rénaux de notre centre, ceux présentant au 

moins une virémie CMV ont été inclus dans notre analyse. L'infection à CMV était diagnostiquée par 

détection de l'ADN du CMV sur PCR sur sans total étalonné selon la norme OMS. Une guérison 

rapide et spontanée de la virémie CMV était définie par une charge virale indétectable avant le 

quatrième contrôle. Résultats : Entre 05/2012 et 05/2015, 137 patients ont présenté au moins une PCR 

CMV positive. Un seuil de charge virale inférieur à 2,73 log UI/mL a été défini en analyse ROC 

comme optimal pour prédire la rémission spontanée. En analyse multivariée, les facteurs prédictifs de 

rémission rapide et spontanée étaient : une PCR initiale < 2.73 log UI/ml (OR = 7 [2.9 – 18], p= 

0.00002), l’absence de diarrhée au moment de la virémie (OR = 7.9 [1.8-56], p= 0.017). Un score 

prédictif <1 (virémie initiale < 2.73 log UI/ml sans diarrhée ni leuco/lymphopénie et sans 

augmentation de la charge virale > 1 log avant le 4eme contrôle) était associé à une rémission rapide et 

spontanée du CMV avec une bonne valeur prédictive négative dans la cohorte principale (88%) et dans 

la cohorte de validation multicentrique (81%). Conclusion : Dans notre modèle, un score < 1 présente 

bonne valeur prédictive négative pour prédire la guérison spontanée de la virémie CMV chez les 

patients transplantés rénaux. Ce score pourrait être un outil de décision pour l'introduction d'un 

traitement antiviral curatif.  
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