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Abstract 
Background   

Cytomegalovirus (CMV) infections following transplantation lead to significant morbidity. 

Identification of CMV DNAemia continually improves and now viral loads below the lower limit 

of quantification (LLOQ) are detectable. However, the clinical course of positive CMV qPCR 

<LLOQ is unknown. 

Methods 
This retrospective study included lung transplant recipients experiencing their first episode of 

positive CMV qPCR <LLOQ with all qPCR assays conducted using COBAS® 

AmpliPrep/COBAS® TaqMan®. A Markov-like multistate model was utilized to describe the 

course of CMV DNAemia <LLOQ. A multivariable model was employed to identify predictors of 

transitioning to a positive, quantifiable state.  

Results 
100 patients with a CMV <LLOQ result were included, encompassing 1,248 transitions in the six 

months following first episode of CMV qPCR <LLOQ. There was an 97.8% probability of 

remaining <LLOQ or undetectable and a 2.2% probability of transitioning to a positive, 

quantifiable qPCR state. The multivariable regression model identified treatment for rejection, 

increasing body mass index, valganciclovir therapy, and increasing CMV qPCR viral load as being 

predictive of transitioning from CMV qPCR undetectable or <LLOQ into a positive, quantifiable 

CMV qPCR state. 

Conclusions 
Most patients did not transition into a positive, quantifiable CMV qPCR state following a first 

episode of positive CMV qPCR <LLOQ in this cohort of lung transplant recipients. 
 

 

http://www.swjpcc.com/
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Article Abbreviations:  

• <LLOQ: below the lower limit of quantification 

• BMI: body mass index; CMV: cytomegalovirus 

• IgG: immunoglobulin G 

• IUnit: international units 

• qPCR: quantitative polymerase chain reaction 

 

Introduction 

Even with recent advancements in its 

diagnosis and treatment, cytomegalovirus 

(CMV) infection continues to be one of the 

most common complications after 

transplantation causing significant morbidity 

and contributing to mortality. Lung transplant 

recipients are especially afflicted; shorter 

telomere length has been associated with 

increased risk of CMV DNAemia, especially 

in patients with idiopathic pulmonary fibrosis 

(1,2). Compared to other solid organ 

transplants, previously uninfected lung 

recipients have the highest rate of CMV 

donor derived infections (3). Once infected 

with CMV, patients are at risk of disease 

related to virus replication but also to adverse 

outcomes via indirect pathways leading to 

acute or chronic rejection and 

superinfections with other pathogens (4).  

To prevent these adverse outcomes, the 

current standard of care is to implement 

primary prevention strategies including 

universal prophylaxis and pre-emptive 

therapy. In the universal prophylaxis  

strategy, every patient at high risk for CMV 

(e.g., recipient previously unexposed to CMV 

[CMV seronegative] receiving an organ from 

a CMV seropositive donor) is treated with 

valganciclovir, an oral antiviral highly active 

against CMV, for a period varying from 3 

months to 1 year, followed by continued 

monitoring. In pre-emptive therapy, CMV 

quantitative polymerase chain reaction 

(qPCR) in whole blood or plasma is 

performed every week and active treatment is 

initiated if a pre-specified level of 

quantification is reached. This threshold is 

program and test dependent due to 

continued variability in reagents,  

 

 

amplification, and extraction techniques 

(5,6).   

Contemporary assays for the quantification of 

CMV in the blood are increasingly sensitive. 

Previous solid organ transplant studies have 

attempted to establish a threshold viral load  

to initiate treatment, which has ranged from a 

plasma cutoff of 1,500 IUnit/mL (7-10) to 

5,087 copies/mL (11) and a whole blood 

cutoff of 800 copies/mL (12), but these 

studies did not include lung transplant 

recipients (7-10,12), did not include patients 

over one year from transplant (7-11), did not 

include all CMV serostatus groups (7,8,10) or 

were performed prior to the development of 

highly sensitive CMV qPCR assays (11). As a 

result, there is no consensus on when to 

initiate treatment in lung transplant recipients 

with asymptomatic DNAemia. Most experts 

will treat asymptomatic DNAemia with 

antivirals with the intent of preventing CMV 

related morbidity. However, with ever-

increasing sensitivities of the assays, the 

probability of detection of clinically 

insignificant levels of DNAemia increases 

along with the risk of unnecessary exposure 

to treatment toxicities to the patient. 

CMV remains in the host for life in one of 

three possible states: 1. CMV latent infection, 

when it can’t be detected in blood 2. CMV 

infection, when it is detected in blood but 

there are no symptoms of disease, and 3. 

CMV disease when signs of infection and 

clinical disease are present. Since CMV 

remains in the host, outcomes cannot be 

thought of as dichotomously cured or not 

cured; thus, the decision to treat or observe 

should consider the probabilities of 

transitioning between these states. We 

evaluated the probability of disease 
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progression and spontaneous resolution for 

patients with CMV qPCR levels below the 

lower limit of quantification (<LLOQ). We 

hypothesize that a great majority of patients 

with positive qPCR <LLOQ will not progress 

to CMV infection or disease without 

treatment and that treatment might only be 

warranted in patients at especially high risk 

for progression. 

 

Materials and Methods 
This was a single-center retrospective cohort 

study conducted at Barnes-Jewish Hospital 

and Washington University in Saint Louis, 

Missouri. At our institution, the CMV qPCR 

assay in use since April 1, 2017 is the 

COBAS® AmpliPrep/COBAS® TaqMan® 

CMV assay which uses plasma specimens 

and had a quantifiable limit of ≥137 

IUnits/mL during the study period. Adult 

lung transplant recipients were included in 

this study if they were transplanted between 

April 1, 2009 and April 1, 2019 and had a 

plasma CMV qPCR sample with CMV 

detected but <LLOQ (<137 IUnits/mL) 

between April 1, 2017 and July 1, 2019. All 

patients were followed for a duration of six 

months following their CMV <LLOQ result. 

Patients were excluded if they obtained any 

CMV qPCR during the study period at an 

outside laboratory, if they had no subsequent 

CMV qPCR or routine laboratory monitoring 

performed in the six months following the 

episode of positive CMV qPCR <LLOQ, if 

they had an episode of quantifiable CMV 

DNAemia without clearance (defined as two 

consecutive undetectable CMV qPCR 

results) prior to the positive CMV qPCR 

<LLOQ result, or if they were on 

valganciclovir at the time of CMV qPCR 

<LLOQ result.  We did not consider CMV 

bronchoalveolar lavage samples as tissue 

invasive disease and they were not included 

in the analysis. At Barnes-Jewish Hospital, 

the institutional protocol for lung transplant 

recipients is to administer valganciclovir 

prophylaxis for six months after transplant 

(followed by acyclovir for life) if the donor is 

CMV IgG seropositive and the recipient is 

CMV IgG seronegative; if the patient is CMV 

IgG seropositive or both donor and recipient 

are CMV IgG seronegative at the time of 

transplant they are given acyclovir for life. 

CMV qPCRs are monitored weekly during 

the first 3 months after transplant, then 

monthly for the remainder of the first year. 

The decision to initiate a CMV-active 

antiviral following a result of positive CMV 

qPCR <LLOQ is at the discretion of the 

treating physician; there is no institutional 

standard viral load at which to initiate 

antiviral therapy. CMV IVIg is not routinely 

used for prophylaxis or treatment at our 

institution. Induction immunosuppression 

for lung transplant recipients at Barnes-Jewish 

Hospital is typically intra-operative 

methylprednisolone 500 mg in conjunction 

with basiliximab 20 mg on post-operative day 

0 and post-operative day 4; maintenance 

immunosuppression includes tacrolimus with 

a goal trough of 7-10 ng/mL for the first post-

transplant year and 4-7 ng/mL thereafter, 

mycophenolate mofetil 1,000 mg twice daily, 

and prednisone tapered to 5 mg daily by six 

months post-transplant. In the instance of a 

CMV qPCR <LLOQ result, institutional 

practice is to not decrease maintenance 

immunosuppression unless another 

compelling indication to do so is present 

(e.g., leukopenia). If maintenance 

immunosuppression was decreased, the 

rationale behind the decrease was collected. 

 

Statistical Analysis 
Continuous data are presented as mean and 

standard deviations and compared using 

Student’s T test, categorical data as 

percentages and compared using Chi square 

or Fisher’s exact test as appropriate. 

Markov like model: In Markov analysis, 

individuals can be in one of several “states”. 

The unit of analysis is a transition and not 

individuals. A transition is defined as moving 

from one state to another or staying in the 
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same state. Transitions are further classified 

as favorable if the patient remained in the 
healthy <LLOQ state, transitioned from 

CMV infection to healthy <LLOQ or from 

CMV disease to CMV infection or healthy 
<LLOQ state. All other transitions were 

considered adverse. An advantage of this type 

of analysis is the possibility of providing 

patients and physicians not only with the 

probability of progression of their disease but 

also the probability of getting better and 

reversion to a healthy state. Markov analysis 

has been previously utilized to evaluate 

bacteremia states in patients with sepsis.
13

 To 

perform the analysis, all patients need to be 

evaluated at fixed time intervals, referred to 

as the Markov cycle. The mean interval 

between CMV testing was 13 days with 

median and interquartile range of 7 (7-14), 

based on these information and previous 

knowledge of response time for CMV viral 

load the Markov cycle was set at 14 days. 

Like most medical processes, transitions were 

not completely independent of the previous 

state so the strict definition of Markov 

modeling is unmet; therefore, a Markov-like 

model was implemented for transition 

analysis. Since the use of Markov modeling 

performed in this study is purely descriptive, 

and we did not project it into the future over 

multiple cycles, this is still appropriate.  

Markov-model states: a priori we considered 

three states. A healthy state LLOQ was 

defined if the patient had either 

unquantifiable CMV or <LLOQ and no 

evidence of tissue invasive CMV disease. 

CMV infection was defined as CMV above 

LLOQ but without clinical symptoms or 

signs of invasive disease and lastly, CMV 
disease was defined as CMV quantifiable in 

blood and symptoms (fever for >2 days or 

malaise) or tissue invasive disease was 

present. 

Patients lost to follow up before the six-

month mark were censored at that point. 

Missing qPCRs were imputed as the mean 

from the previous and posterior state, when 

more than one consecutive qPCR was 

missing the transition was coded as missing. 

Transition probabilities are presented as 

percentages.  

Multivariable logistic regression with adverse 

transition as an outcome was performed; 

factors considered for inclusion into the 

model were based on variables associated 

with progression of CMV DNAemia on 

univariable analysis at a P value of <0.10 and 

physiological plausibility to affect 

progression. Predictors were transition 

specific (e.g., valganciclovir, 

immunosuppression changes were accounted 

for only if given in the prior state). SPSS 

version 25 and Stata SE 15.1 (Stata-Corp, 

LLC) were used for statistical analysis with 

significance defined as a P value ≤ 0.05. This 

study was approved by the institutional review 

board with a waiver of consent given the 

retrospective nature of the study. 

 

Results 
Cohort characteristics 

A total of 100 lung transplant recipients met 

inclusion criteria (Figure 1).  

 

 
Figure 1. Study enrollment. To view an 

Figure 1 in an enlarged, separate window 

click here.  

 

There were 50 (50%) females, recipients 

were mostly white and 86% of patients were 

https://static1.1.sqspcdn.com/static/f/654826/28559202/1668631589573/045-22+Figure+1.jpg?token=P2tvb9GRfBqVuAc2ldEJdfw65hI%3D
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on three-drug maintenance 

immunosuppression at the time of CMV 

PCR <LLOQ episode (mainly tacrolimus, 

mycophenolate mofetil, and prednisone); 

only one patient was maintained on a 

mechanistic target of rapamycin inhibitor. 

For induction, 95% received basiliximab in 

addition to methylprednisolone, two patients 

received equine antithymocyte globulin, two 

patients received rabbit antithymocyte 

globulin, and one patient received 

monotherapy induction with 

methylprednisolone. Seventy-three patients 

had their CMV qPCR <LLOQ within the 

first post-transplant year. Baseline 

characteristics are detailed in Table 1.  

 

Table 1. Baseline characteristics. 

 
To view Table 1 in an enlarged, separate 

window click here.  

 

None of the patients who had a positive 

CMV qPCR <LLOQ episode were 

seronegative recipients of seronegative 

donors. Following the initial positive CMV 

qPCR <LLOQ, CMV qPCR was rechecked 

a median of 10 times per patient in the six 

months of follow-up. The median time from 

transplant to first positive qPCR was 73 

(interquartile range 19 - 531) days. The 

median peak DNAemia was 535 

(interquartile range 243 – 1249) IUnit/mL. 

Following the first episode of CMV PCR 

<LLOQ, 70 patients were monitored, 9 

patients were placed on prophylactic antiviral 

dosing, and 21 patients were placed on 

treatment antiviral dosing. Valganciclovir was 

ultimately prescribed in 64 patients (four 

patients were prescribed ganciclovir before 

transitioning to valganciclovir). Thirty-two 

patients received intravenous 

immunoglobulins in the six-month follow-up 

period (none received CMV IVIg), mainly 

for donor specific antibodies or 

hypogammaglobulinemia. No patient 

required the use of cidofovir or foscarnet, 

and there were no cases of ganciclovir 

resistance. 

During the follow up period, maintenance 

immunosuppression was de-escalated in 25% 

of patients. Of the 25 patients classified as de-

escalation, all were related to antimetabolite 

being dose reduced, held, or both. The most 

common cause for de-escalation was 

leukopenia (56%), followed by CMV 

infection itself (24%), and two patients each 

had their antimetabolite held for diarrhea 

and cancer. Maintenance 

immunosuppression was intensified in 25% 

of patients. Intensification of 

immunosuppression occurred due to 

treatment for rejection, donor-specific 

antibodies, chronic lung allograft dysfunction, 

or a combination thereof. Therapies received 

included rabbit antithymocyte globulin 

(n=10), rituximab (n=6), methylprednisolone 

(n=3), carfilzomib (n=2), cyclophosphamide 

(n=1), and tocilizumab (n=1). The 

antimetabolite (mycophenolate or 

azathioprine) was resumed in four patients, 

and one patient was initiated on everolimus. 

Transition analysis 

The total number of transitions in the six 

months of follow-up was 1,248. Adverse 

transitions occurred 76 times (6.1% of all 

transitions). Of these adverse transitions, 26 

(2.1%) were from healthy <LLOQ to CMV 
infection and 50 (4%) from CMV infection 

remained in the CMV infection state. 

Favorable transitions occurred 1174 times; 

24 (1.9%) from CMV infection to healthy 
LLOQ and 1148 (92%) from healthy 
<LLOQ remained in the healthy <LLOQ 

https://static1.1.sqspcdn.com/static/f/654826/28559204/1668631596027/045-22+Table+1.jpg?token=4pRIjvPd7tCcmWU5ebihSxllzZI%3D
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state. There were 0 (0%) transitions to or 

from CMV disease. Transition probabilities 

between states are depicted in figure 2; from 

a state of healthy <LLOQ, the probability of 

remaining in this state on the subsequent 

Markov cycle (14 days later) was 97.8% and 

the probability of transitioning into the 

adverse CMV infection state was 2.2%. 

 
Figure 2. Markov-like model of transition 

probabilities between healthy state <LLOQ, 
CMV infection, and CMV disease. The 

arrow thickness and bubble size are 

proportional to the number of transitions 

between states. Percentages reflect the 

probability of transitioning between states 

from one Markov cycle to the next. To view 

Figure 2 in an enlarged, separate window 

click here.  

 

A multivariable logistic regression analysis 

was used to identify risk factors for adverse 

transitions to the CMV infection state.  A 

higher body mass index (BMI), recent 

intensification of immunosuppression, 

prescription of valganciclovir (after CMV 

pPCR <LLOQ result) and having higher 

CMV qPCR values in subsequent Markov 

cycles following initial CMV <LLOQ were 

predictive of transitioning into, or staying in, 

the CMV infection state (Table 2).  

 

Table 2. Multivariable regression analysis of 

predictors adverse transitions: transitioning 

into, or staying in the state of, positive, 

quantifiable CMV DNAemia. 

 

To view Table 2 in an enlarged, separate 

window click here.  

 

To understand the increased risk of 

detrimental transitions while on treatment 

with valganciclovir we performed a logistic 

regression model with treatment with 

valganciclovir as the outcome. Induction with 

thymoglobulin (OR= 4.4; 95%CI: 2.6 , 7.6; 

p<0.001), transplant from a CMV 

seropositive donor to a seronegative recipient 

(OR= 2.5; 1.9, 3.3; p<0.001), number of 

immunosuppressive drugs (OR=1.1; 95% CI: 

1.03, 1.16; p=0.002) were predictors in this 

model. Additionally, intensification of 

treatment with rabbit antithymocyte globulin 

was a perfect predictor of treatment with 

valganciclovir (10/10). 

 

Discussion 
Although previous solid organ transplant 

studies have sought to define a CMV viral 

load at which to initiate antiviral therapy, 

there remains no consensus on this threshold 

which is likely due to the heterogeneity in 

transplant populations studied and inter-assay 

variability (6-11, 14). Since no definitive 

quantity of CMV detected in the bloodstream 

has been established, this study evaluated the 

probability of transitioning from an 

undetectable or <LLOQ qPCR for CMV 

into a state of positive, quantifiable viral load 

(CMV infection) in lung transplant recipients 

to guide the use of antiviral treatment. Our 

results support a monitoring strategy in 

patients with CMV qPCR < LLOQ given the 

small probability of transitioning from qPCR 

<LLOQ to CMV infection and lack of 

further transition into CMV disease, which 

occurred in no patients. It should be noted 

that since routine invasive testing (e.g., biopsy 

of the GI tract) is not performed without 

cause at our institution, it is possible that 

patients could have had undiagnosed tissue 

invasive CMV. Valganciclovir is an effective 

treatment for CMV but has associated side 

effects such as leukopenia and neutropenia 

https://static1.1.sqspcdn.com/static/f/654826/28559203/1668631595107/045-22+Figure+2.jpg?token=kUHHOTP6CgAeNSQ%2BVv7EW9%2FJ8xE%3D
https://static1.1.sqspcdn.com/static/f/654826/28559205/1668631596903/045-22+Table+2.jpg?token=wjKN41cPfvHPcl2%2BXy%2B3E58Olw0%3D
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which have been reported in 13.5% and 8.2% 

of transplant patients, respectively (15). In the 

solid organ transplant population, these 

hematological abnormalities may be already 

present or exacerbated by baseline 

immunosuppression or short telomeres 

specifically in the lung transplant population 

(1). It is important to establish the patient 

population where the benefit of antiviral 

treatment outweighs the potential additive 

medication toxicities of valganciclovir when a 

result of positive CMV qPCR <LLOQ is 

encountered. Initiation of treatment might be 

warranted in patients undergoing 

intensification of immunosuppression and 

special attention should be given to patients 

with higher BMI as these were predictive of 

transitioning to CMV infection in the 

multivariable adjustment model.  

The role of immunosuppression in the 

development of CMV infection and disease 

is well known, with risk factors for CMV 

including donor positive/recipient negative 

serostatus, short prophylaxis courses 

following transplantation, higher intensity 

immunosuppression, and rejection (5). The 

multivariable model in this study identified 

higher intensity immunosuppression as being 

an independent risk factor for progression 

from CMV qPCR <LLOQ to CMV 

infection. This study also found BMI to be a 

predictor of adverse transitions. Based on 

previous evidence, BMI is likely to be 

functioning as a proxy for the presence of 

metabolic syndrome. In the general 

population, the presence of metabolic 

syndrome independent of obesity is a risk 

factor for continued shedding of CMV in 

urine of infected individuals as well as for 

higher levels of DNAemia (16,17). 

Alternatively, patients with higher BMIs may 

be relatively underdosed when treated using 

fixed-dose oral valganciclovir.  

Thirty percent of patients were placed on 

valganciclovir following their first episode of 

CMV <LLOQ; however, ultimately, 64% of 

this cohort was placed on valganciclovir 

during the six months of follow-up. The non-

uniform time of valganciclovir initiation is a 

limitation of the current study. In the 

transitional analysis, treatment with 

valganciclovir was strongly associated with 

detrimental transitions (e.g., going from 

<LLOQ to CMV infection or remaining in 

CMV infection state). This finding should be 

understood as an association and not 

causation. Risk of treatment with 

valganciclovir was predicted by enhanced 

immunosuppression and belonging to the 

high-risk group of seropositive donor to 

seronegative recipient, suggesting 

confounding by prognosis. Patients at higher 

risk of progression and patients with 

DNAemia were more likely to be on 

treatment. Patients remaining in CMV 

infection are more likely to be on treatment 

with valganciclovir. The effectiveness of oral 

valganciclovir for the treatment of CMV 

DNAemia has been clearly demonstrated in 

randomized clinical trials and retrospective 

cohorts. In clinical practice, physicians are 

more likely to initiate treatment for <LLOQ 

CMV qPCR in patients they think are at a 

high risk of progressing to CMV infection or 

disease. For example, there likely is a lower 

threshold to initiate treatment for <LLOQ 

CMV in patients who are going to be treated 

for acute rejection. In this case valganciclovir 

treatment may reflect the perceived risk of 

CMV infection or disease by the treating 

clinician. 

This study is limited by its retrospective 

nature; the duration and frequency of CMV 

qPCR monitoring were not uniform once 

patients were discharged from the hospital, 

use of CMV-active antivirals was determined 

via review of the electronic health record, and 

variables potentially associated with 

transitioning to a positive, quantifiable CMV 

DNAemia state could not be exhaustively 

evaluated. Large changes of 

immunosuppression, such as starting or 

stopping an immunosuppressant, was 

captured but smaller changes such as changes 
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in tacrolimus goal troughs were not 

assessable. Additionally, our center utilizes a 

pre-emptive strategy for intermediate risk 

CMV patients (recipient CMV IgG positive) 

which differs from guideline 

recommendations and may limit 

generalizability to other institutions.
18

 It is 

unknown whether CMV <LLOQ and an 

undetectable CMV PCR result have the same 

impact on long-term allograft outcomes. In 

order to rigorously evaluate CMV PCR 

values it was necessary to restrict to one 

specific assay given inter-assay variability; this 

could have introduced bias by excluding 

patients who do not follow as closely at 

Barnes-Jewish Hospital. At Barnes-Jewish 

Hospital, lung transplant patients are placed 

on a CMV-active antiviral following a result 

of positive CMV qPCR <LLOQ at the 

discretion of the treating physician based on a 

variety of patient-specific factors. Since there 

is no protocol on how to manage an episode 

of positive CMV qPCR <LLOQ, selection 

bias played a role in the treatment of the 

patients in this cohort. Basiliximab is the 

induction agent of choice at Barnes-Jewish 

Hospital, which may limit the generalizability 

of these results for patients treated with 

antithymocyte globulin at other centers. Six 

months was chosen as the follow-up period to 

isolate the effect of chosen study variables on 

transitioning out of CMV undetectable or 

<LLOQ state. Longer studies may be helpful 

to determine the effects of a positive CMV 

qPCR <LLOQ episode that may extend past 

six months, and prospective studies will be 

beneficial to isolate and fully elucidate the 

effect of antiviral therapy on the course of 

CMV following a positive qPCR <LLOQ 

result. 

In conclusion, there was a low risk of 

transitioning to a higher CMV viral load 

following an initial CMV qPCR result of 

<LLOQ, and risk factors for progression 

include intensification of 

immunosuppression (such as treatment for 

rejection) and higher BMI. Higher CMV 

viral loads were also associated with an 

increased risk of transitioning back into or 

staying in the state of positive, quantifiable 

CMV DNAemia. In the absence of the 

specific risk factors, it may be reasonable to 

serially monitor CMV qPCR as opposed to 

initiating antiviral therapy which may lead to 

toxicity. Larger, prospective studies are 

needed to fully determine the effect of CMV-

active antivirals on low level CMV 

DNAemia. 
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