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Abstract: Cytomegalovirus (CMV) is a pervasive beta herpes virus which establishes latency after primary infection. CMV infection 
after solid organ transplant is common and associated with negative outcomes for both the allograft and patient. The medications that 
are available can be associated with significant toxicity and do not provide a cure. Reliable protection from recurrence and freedom 
from antiviral therapy requires development of CMV-specific cell-mediated immunity (CMI). This can be difficult to achieve after 
transplant in the setting of immunosuppressive medications due to the complexity of the immune response required to control the virus 
and often leads to prolonged antiviral courses and lengthy monitoring periods. While assays exist to measure CMI, they are not widely 
available and can pose challenges related to cost and collection restrictions. Conversely, viral replication trends utilizing widely 
available molecular diagnostics in tandem with risk factor assessment can be used as surrogate markers for the presence and 
development of CMI which can guide need for antiviral prophylaxis or treatment. The purpose of this review is to establish 
a foundation for the immunology of CMV and widely used molecular diagnostics, highlight CMV-specific CMI testing as an emerging 
molecular diagnostic tool, justify how the currently available antiviral drugs have limitations in their utility and outline the opportunity 
to use viral replication and replication kinetics, rather than absolute viral load thresholds, as a tool to understand the complex interplay 
of the host’s immune response and the virus’ capacity for replication while guiding clinical decision making. 
Keywords: transplantation, immunosuppression, infection, outcomes

Introduction
Cytomegalovirus (CMV) is a ubiquitous beta herpes virus. Seropositivity rates in the United States are 40–80% and 
worldwide can be >90%.1 Exposure and primary infection typically occur in childhood, followed by lifelong latency.2 

Infection in immunocompetent individuals is typically asymptomatic; however, primary infection in the immunocompro
mised host, such as after solid organ transplant (SOT), can be severe, particularly in those patients who were not exposed 
prior to transplant (R-) and received a graft from a donor who was exposed (D+).3 Activation has been associated with 
negative outcomes after transplant, so prevention strategies are warranted. That said, there is no treatment currently 
available to “cure” this latent herpes viral infection; currently available treatments are virostatic. These medications can 
inactivate the virus but rely on the host immune system to eliminate it, which can be problematic in immunosuppressed 
patient populations such as SOT recipients and result in prolonged treatment courses and recurrent infections. Treatment 
strategies ultimately rely on immune priming and subsequent development or reconstitution of host immunity to provide 
sustained remission and long-term freedom from antiviral drugs, associated toxicities and resistance. This development of 
CMV-specific cell-mediated immunity (CMI) is the goal of CMV prevention and treatment in SOT.4 Although assays have 
been developed to detect CMV-specific CMI, their clinical use and reliability have not been completely established and 
access can be limited by pragmatic factors such as collection, processing and shipping restrictions. Currently, the best 
strategy for detection of CMI is clinical demonstration of the ability to maintain in latency via serial CMV viral load 
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monitoring via molecular diagnostics, which are widely available. When used optimally, monitoring viral load trends and 
replication kinetics not only predicts the presence of CMI early after activation but can also be used at end of treatment to 
predict recurrence and during prophylaxis utilizing the preemptive monitoring approach to dictate preemptive treatment. 
Replication kinetics can also be used to predict development of resistance and indicate when adjustment of therapy or 
immunosuppression medications is needed. This is particularly important given lack of well-established viral load thresh
olds that are associated with clinical outcomes. This review aims to provide background on why replication kinetics are 
important, summarize how they are measured, describe shortcomings of current immunoassays and antiviral therapeutics 
and finally review how we have used replication kinetics as a readily accessible tool to guide clinical decision making in the 
management of CMV in immunocompromised patient populations at our center.

Immunology of Cytomegalovirus and Detection
After transmission, CMV infections are considered to have three distinct and dynamic phases characterized by different 
immune responses: acute infection (phase I), persistence (Phase II) and latency/reactivation (Phase III).5 Phase I is 
characterized by the innate immune system’s response to the initial CMV infection. This phase is primarily moderated by 
natural killer (NK) cells and type I interferon (IFN-I).6,7 IFN-I is triggered in two systemic phases: an initial phase that 
peaks 10–12 hours after infection and a delayed phase that occurs 36–48 hours after infection directed by dendritic 
cells.8,9 These dendritic cells produce IL-12 and IL-18, which further contributes to NK cell activation and priming the 
adaptive immune response. Other components of the innate immune system come into play during phase I including 
macrophages localized to lymphoid tissues, which can prevent infection into select cells; mast cells, which can produce 
chemokines that draw CD8 T cells to the site of infection; and neutrophils, which can activate TNF-related apoptosis 
inducing ligand (TRAIL).10–12 During Phase I, serology will show a positive IgM response.

Phase II is characterized by the adaptive immune system’s response. During the first week after infection, CMV-specific 
CD4 and CD8 T cell responses are primed and go on to launch a population of stable memory T cells.13,14 A specific type of 
T cells also expands during phase II (and later in phase III): inflationary memory cells, which are maintained by CD8 T cells 
and do not demonstrate expected signs of T cell exhaustion that can be characteristic of chronic viral infections.15,16 

Inflationary memory cells typically display an effector-memory phenotype (Tem).17 Observed CD4 and CD8 T cell 
response is quite broad, involving up to 20% of all circulating T cells.18 CMV-specific CD4 T cells with a cytolytic 
phenotype (CD4-cytotoxic T lymphocytes, CD4-CTL) are produced and induced during this time.19 Humoral immune 
responses are also present during Phase II. The CMV IgM response of phase I tapers off, and CMV IgG response steadily 
increases through phase II (and later in phase III).19 Memory B cells are developed though the timing of production in phase 
II is not yet understood. During Phase II, serology will show positive IgM and IgG responses.

Phase III is characterized by viral latency in a number of different cell types including myeloid cells, hematopoietic 
stem cells, endothelial cells, and epithelial cells.20 The viral genome is stored as extra-chromosomal genetic material in 
these cells and tissues for the life of the host. Gene expression is restricted and does not perpetuate viral replication in 
latency. Importantly,

CMV can be reactivated to a fully replicative virion under select conditions.20 These conditions include critical 
illness, clinical stressors such as other infections or select underlying conditions, and introduction of immunosuppression 
such as that introduced after solid organ transplant to protect the allograft from rejection. During Phase III, serology will 
consistently show a positive IgG response; the durability of IgG response explains why CMV IgG (as opposed to CMV 
IgM or the combination of CMV IgG and IgM) is recommended by consensus guidelines for pre-transplant testing of 
both donors and recipients in solid organ transplant.21,22

Further complicating the complex interplay between the host’s immune system and CMV is the immunomodulatory 
nature of CMV. CMV is able to curb NK cell activating ligands and the expression of their receptors on the surface of 
infected cells, as well as inhibiting the expression of TRAIL receptors which inhibits NK-mediated cell death.23,24 CMV 
has a number of mechanisms which can be used to avoid detection by CD4 and CD8 T cells. CMV can cause 
downregulation of major histocompatibility complex (MHC) expression on cell membranes and peptide presentation 
to T cells.25 CMV may also reduce the expression of costimulatory molecules and promote inhibitory ligands, as well as 
promoting cell death of T cells that face infected dendritic cells.25 CMV can express IL-10, which may contribute to the 
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virus’ ability to replicate during latency by suppressing T cell function.26 Lastly, CMV has the ability to impact T cell 
function by affecting both chemokines and their receptors to downregulate the inflammatory environment triggered by 
the host’s immune responses.27

Molecular Diagnostics
Molecular diagnostics play an important role in the detection and treatment of CMV. The first such iteration, the pp65 
antigenemia assay, detected a CMV-specific antigen (pp65) in peripheral blood leukocytes; however, this assay had 
several key flaws including sample processing restrictions, limited utility in patients with leukopenia and lack of 
standardization between centers.28,29 Given these limitations, use of the pp65 antigenemia assay has fallen out of 
favor and consensus guidelines no longer recommend its use.21,22

Subsequently, molecular assays that detect CMV nucleic acids (NAT) have become the preferred method for detection 
of viral replication. While CMV RNA is a very specific for viral replication, there is currently not a commercially 
available assay at this time. Currently, available assays detect and amplify CMV DNA; however, clinicians must be 
aware that these highly sensitive assays can amplify latent viral DNA in addition to active replication. For this reason, 
quantitative NAT assays are preferred over qualitative assays, as absolute viral load can be used to differentiate between 
latent virus (low-level CMV DNAemia) and active replication (high-level CMV DNAemia).30,31 Samples from plasma 
and whole blood can be used for the CMV quantitative NAT (QNAT) assay though samples from whole blood tend to 
have a higher viral load compared to samples from plasma.32–34 A number of commercial assays, which are approved by 
the US Food and Drug Administration, are available, though use of laboratory-developed assays still occurs.

In an effort to improve commutability of the available assays, the World Health Organization developed an 
international standard for CMV NAT technology.35 While this improved agreement between various assays, significant 
differences remain leading consensus guidelines to recommend using a single testing platform and specimen type for 
a given patient.21,22,36 If this is not feasible, clinicians must take into account interlaboratory variability due to factors 
such as extraction method and platform, sample volume, amplicon size and variation of primer-binding site.21,22

CMV QNAT assays typically have a lower and upper limit of quantification. Lower limits of quantification are 
typically 100–500 IU/mL (2–2.7 log10 IU/mL) for commercially available and laboratory-developed assays; newer 
automated assays may have lower limits of quantification at 34.5 IU/mL (1.5 log10 IU/mL). Given the increasing 
sensitivity of CMV QNAT assays, clinicians must take into account the logarithmic nature of the assays. In general, 
changes of <0.5 log10 IU/mL likely lack clinical significance; when viral loads fall below 1000 IU/mL (3 log10 IU/mL), 
the threshold for significant change increases to 0.7 log10 IU/mL.21 Therefore, it is important to note CMV QNAT assay 
results using log10 IU/mL to prevent overinterpretation of changes in CMV viral load that lack clinical significance.

Cell-Mediated Immunity Testing
Cellular immunity is crucial to controlling CMV replication and maintaining the virus in latency. Given the importance of 
CMV-specific cell-mediated immunity (CMI), several immune function assays have been developed to quantify cellular 
immunity responses against CMV. The first type of immune function assay uses Enzyme-Linked Immunosorbent Assay 
(ELISA) testing on a whole blood sample to detect IFN-gamma release by CD8 T cells after stimulation with a peptide 
cocktail designed to mimic CMV proteins.37 There is a commercially available ELISA-based immune function assay, but 
it is only available in Europe. The second type of immune function assay uses Enzyme-Linked Immunosorbent Spot 
(ELISpot) testing on peripheral blood mononuclear cells from a whole blood sample to detect IFN-gamma release by 
CD4 and CD8 T cells after stimulation with CMV-specific antigens pp65 and IE-1; of note, CD4 and CD8 T cell 
responses cannot be distinguished with this assay.38 The third type of immune function assay uses intracellular cytokine 
staining (ICS) on a whole blood sample to detect INF-gamma release by CD4 and CD8 T cells after stimulation with 
CMV-specific antigens pp65 and IE-1; of note, CD4 and CD8 T cell responses can be differentiated with this assay.39 

Only one immune function assay is commercially available in the United States at present: Eurofins ViraCor CMV 
inSIGHT T-Cell Immunity Panel (ICS assay). T-SPOT. CMV (ELISpot assay) is available as a laboratory-developed test.

Early evidence examining the utility of CMV immune function assays in various clinical scenarios is available. 
Studies using testing in the pre-transplant or early post-transplant period have been completed in seropositive transplant 
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recipients.40–42 Key takeaways from these studies indicated that a positive immune function assay obtained pre-transplant 
may not accurately predict post-transplant CMV-specific CMI as induction immunosuppression may disrupt the immune 
response; a positive immune function assay obtained 14 days post-transplant may predict post-transplant CMV-specific 
CMI and can be used to stop prophylaxis or reduce the intensity of monitoring; and immune function assays can be used 
post-transplant in seropositive recipients with potential passive antibody transfer to determine true CMV status. Studies 
using immune function assay testing in the post-transplant period have been completed in conjunction with antiviral 
prophylaxis43,44 or preemptive therapy.45,46 Key takeaways from the studies completed in conjunction with antiviral 
prophylaxis included that negative immune function assay results at the end of prophylaxis can be used to continue 
prophylaxis or transition to post-prophylaxis surveillance, including in patients who received lymphocyte depleting 
induction. Key takeaways from the studies completed while on preemptive therapy included selecting ongoing monitor
ing (rather than antiviral treatment) for asymptomatic seropositive patients with viremia and CMV-specific CMI, as well 
as transitioning patients who lack CMV-specific CMI to secondary prophylaxis after completion of treatment given the 
high risk of relapse/recurrence.

In summation, at present the currently available literature supports several potential timepoints in the peri- and post- 
transplant period where clinicians could reasonably consider using an immune function assay. The first timepoint is during or 
at the end of the primary prophylaxis period in seropositive patients to assess for post-transplant reconstitution of immunity 
with the intent of stopping prophylaxis or forgoing post-prophylaxis surveillance monitoring if the patient demonstrates CMV- 
specific CMI. The second timepoint, in addition to an assessment of patient-specific risk factors, is after completion of 
treatment to assess if secondary prophylaxis should be considered. Clinicians must also recognize that the clinical utility of 
immune function assays is limited by the fact that an immune function assay only represents a patient’s immune status at 
a snapshot in time; if the patient’s net burden of immunosuppression is increased by events such as intensification of or change 
in maintenance immunosuppression, treatment of rejection, re-transplantation or acute infection, the result of the prior immune 
function assay no longer has the same predictive potential. Furthermore, clinicians must also recognize logistical barriers to 
the implementation of immune function assays, including collection, processing and shipping restrictions. Future studies 
utilizing the immune function assay commercially available in the United States will need to be conducted to better understand 
the use of these assays in the pre-, peri-, and post-transplant settings.

Absolute Lymphocyte Count
In scenarios where immune function assays are unable to be obtained for any reason, non-specific metrics such as CD4+ T-cell 
count, nonspecific T-cell immune responses and absolute lymphocyte count (ALC) can be obtained to stratify the risk of CMV 
disease.47–49 Of these metrics, ALC is tested routinely as part of a complete blood count with differential post-solid organ 
transplant and results are obtained more rapidly than other available metrics, making it the most advantageous in this patient 
population. ALC thresholds have been associated with post-transplant CMV outcomes. In heart transplant, an ALC < 500 
cells/µL on post-operative day 7 was found to be an independent risk factor for early CMV infection.50 An ALC below 610 
cells/µL has been shown to be associated with the development of CMV infection in both a general cohort of kidney transplant 
recipients and a subgroup of high-risk (D+/R-) kidney transplant recipients.51 A study of heart, liver and kidney transplant 
recipients found that an ALC > 1080 cells/µL may be protective against relapse of CMV disease.52 In the absence of data from 
immune function assays, ALC may serve as an appropriate surrogate marker for CMV-specific CMI in solid organ transplant 
recipients at discrete timepoints post-transplant.

Antivirals for Treatment and Prophylaxis
Antivirals aimed at preventing and treating CMV are limited. These available agents are virostatic and include DNA 
polymerase inhibitors (ganciclovir, foscarnet, cidofovir), kinase inhibitors (maribavir) and terminase inhibitors (letermo
vir). These antiviral agents work by different mechanisms to inactivate virus but rely on the host immune system to work 
concomitantly for clearance. (Table 1) This can lead to prolonged treatment courses in immunocompromised patients, 
which is problematic given the associated toxicity that increases with ongoing exposure. Resistance is also a major issue, 
given the many evasive tactics employed by the virus, and can develop quickly particularly in the setting of suboptimal 
or prolonged exposure.53
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(Val)ganciclovir
Ganciclovir and its oral prodrug, valganciclovir, are the gold standard antiviral agents for treatment and prophylaxis of 
CMV.21,22 Ganciclovir interferes with viral replication via phosphorylation and subsequent creation of ganciclovir tripho
sphate which competitively inhibits binding of deoxyguanosine triphosphate to DNA polymerase. This inhibition prevents 
viral synthesis and replication. Ganciclovir is currently only available intravenously; valganciclovir is the oral equivalent. 
Use is limited by leukopenia due to bone marrow suppression via inhibition of DNA synthesis in hematopoietic progenitor 
cells. Bone marrow suppression can be more pronounced in SOT recipients as they are already at risk for leukopenia and 
neutropenia due to use of lymphocyte-depleting induction agents, maintenance immunosuppression such as mycophenolic 
acid and other prophylaxis agents such as trimethoprim-sulfamethoxazole. Toxicity is more pronounced with higher doses 
and ongoing exposure.54,55 Leukopenia can be a rate limiting factor in the ability to use (val)ganciclovir for CMV 
prophylaxis. Patients may need to be converted to alternative prophylaxis agents or strategies to relieve the bone marrow 
suppression caused by valganciclovir. Additionally, viral resistance to (val)ganciclovir can occur, which develops due to 
mutations in CMV UL97 viral kinase or UL54 DNA polymerase genes.56 Risk factors for development include prolonged 
exposure and suboptimal dosing of (val)ganciclovir.57 When resistance develops, it is difficult to manage given significant 
tolerability issues with currently available treatment options. Additionally, resistance in associated with morbidity, 
mortality and negative graft outcomes.58 Guidelines currently recommend maribavir or foscarnet for patients with proven 
ganciclovir resistance, with choice of antiviral agent dependent on clinical scenario.21,22

Foscarnet
In patients presenting with a high viral load with known resistance to ganciclovir, guidelines recommend foscarnet as the 
first-line alternative treatment agent.21,22 Foscarnet is a pyrophosphate analog which acts as a noncompetitive inhibitor of 
many viral RNA and DNA polymerases. It is similar to (val)ganciclovir in that it is a virostatic agent. While foscarnet 
may be used in cases of ganciclovir resistance, its use can be limited by several factors. Foscarnet is only available 
intravenously and typically requires an inpatient admission for administration given both frequency of dosing as well as 
close monitoring required due to adverse effects. Treatment courses are often lengthy leading to increased costs for both 
the medication and hospital stay. Tolerability of foscarnet is limited by adverse effects including nephrotoxicity and 
electrolyte abnormalities. This nephrotoxicity can be graft ending in the setting of renal transplant.58

Cidofovir
Another alternative for treatment of ganciclovir resistant CMV is cidofovir, which works by inhibiting viral DNA 
synthesis. Historically, cidofovir has been considered as a potential treatment agent in patients with documented 
ganciclovir resistance. Cidofovir is available as an intravenous medication requiring inpatient hospital stay for 
administration. Its use is often limited by adverse effects, specifically renal toxicity and low barrier to genetic 
resistance. When utilized, it is recommended to administer probenecid pre- and post-infusion in an attempt to 

Table 1 Anti-Cytomegaloviral Antivirals

Antiviral How Supplied MOA Application Limitations

(Val)ganciclovir IV, PO DNA polymerase inhibitor Treatment Prophylaxis Myelosuppressive toxicity Resistance

Letermovir IV, PO Terminase inhibitor Prophylaxis Access

Maribavir PO Kinase inhibitor Treatment; resistant, refractory Dysguesia (can be treatment limiting) 

Low genetic barrier to resistance

Foscarnet IV DNA polymerase inhibitor Treatment; resistant Severe nephrotoxicity (can be graft ending)

Cidofovir IV DNA polymerase inhibitor Treatment; resistant Nephrotoxicity, efficacy

Abbreviations: IV, intravenous; PO, oral; MOA, mechanism of action.
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decrease the risk of nephrotoxicity. Resistance to cidofovir may occur via UL54 mutations. Cidofovir use has 
fallen out of favor as cidofovir has been shown to be ineffective for treatment of resistant or refractory CMV.59

Maribavir
Maribavir is an oral antiviral more recently approved for treatment of CMV infection or disease that is refractory 
to treatment with other antivirals (ganciclovir, valganciclovir, cidofovir or foscarnet).60 It exerts is action by 
competitively inhibiting the protein kinase activity of human CMV enzyme pUL97, resulting in inhibition of the 
phosphorylation of proteins. Approval of this agent has allowed for improved management of resistant and 
refractory CMV given it is an oral medication and has reduced associated toxicity. Due to its improved tolerability, 
current consensus guidelines recommend maribavir as a possible second line agent for treatment of CMV in 
patients intolerant to (val)ganciclovir.21,22 Specifically, maribavir may be an alternative or step down from 
foscarnet. When using maribavir, the manufacturer recommends completing a full 8-week course of therapy.

Use of maribavir is limited by a number of factors. High viral load is an obstacle to use. Maribavir is not recommended 
for use until CMV viral load is <50,000 IU/mL.21 Access to maribavir can be another rate limiting step as it can be costly and 
not always covered by prescription insurance. Takeda does offer a patient assistance program which may be utilized to help 
some patients obtain maribavir. Dysgeusia is a commonly reported adverse effect of maribavir, which in some patients can be 
dose limiting. Maribavir is metabolized hepatically via CYP3A4 and CYP1A2 and as such can interact with other 
medications metabolized via these pathways. Specifically, in transplant patients maribavir may increase tacrolimus area- 
under-the-curve and maximum concentrations by 1.5- and 1.4-fold, respectively.61 Tacrolimus doses should be adjusted 
accordingly when starting maribavir. Due to its mechanism of action, maribavir should not be used in conjunction with (val) 
ganciclovir as maribavir may antagonize and reduce the antiviral activity of ganciclovir.60 Finally, maribavir has a low 
genetic barrier to resistance that limits its use. Prolonged use of maribavir beyond the recommended 8 weeks is usually not 
possible and is not recommended.21 The most common maribavir resistance mutations are UL97 T409M and H411Y, as well 
as C480F in those previously exposed to ganciclovir.

Letermovir
In 2023, letermovir was FDA approved for prevention of CMV in high-risk renal transplant recipients. Letermovir has 
a novel mechanism of action as a terminase complex inhibitor. This new agent provides an alternative to ganciclovir for 
prevention of CMV following transplantation. Unlike the aforementioned agents, letermovir is well tolerated. Most 
importantly, it does not inhibit bone marrow like the other preventative agent, (val)ganciclovir. Consensus guidelines 
currently recommend letermovir as an alternative agent for CMV prophylaxis in those unable to tolerate valganciclovir due 
to lack of data in R+ patients and alternative organ types.21 However, studies have shown letermovir to be safe and effective 
for de novo CMV prophylaxis in other organ groups.62 Limitations to utilization of letermovir include access to medication 
and drug interactions. Letermovir can be costly and may require appeals to insurance to obtain coverage or utilization of 
Merck’s patient assistance program. Utilizing these approaches, studies show that 74% of patients can obtain letermovir for 
de novo prophylaxis.63 Letermovir is metabolized by CYP3A4 and can interact with other medications metabolized via this 
pathway, particularly tacrolimus. Tacrolimus levels should be adjusted when both starting and stopping letermovir. 
Letermovir is not approved for treatment, and resistance can develop quickly when used in the setting of active viral 
replication. Letermovir resistance develops via the UL56 codon 325 mutations. While it has been studied for use as 
secondary prophylaxis following treatment of CMV infection, use in this manner is not currently recommended.21

Predictive Potential of Viral Replication
Due to tolerability issues with currently available antivirals, and risk of resistance, mechanisms to limit exposure and 
relegate therapy to those who are at highest risk of progression to disease are needed. Given limitations associated with 
immune assays, and lack of clearly established absolute thresholds that are associated with negative outcomes,21,22 

replication trends via frequent laboratory monitoring are currently the best available tool to achieve this. To utilize this 
tool, viral replication is necessary. While CMV disease has been associated with negative outcomes in the literature, the 
toxicity of viral replication itself is debated.64 The presence of virus in tissue and the intervascular space is inevitable It is 
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the capacity of the host immune system to respond that is the key to the long-term ability to maintain virus in latency. It is 
here that predictive risk stratification and immune priming can occur. Therefore, replication avoidance is not the goal of 
CMV treatment and prophylaxis. Permissible replication allows stewardship of antiviral therapies and avoids resistance. 
Utilizing clues in replication trends can predict which require urgent treatment. These viral trends are predictable and 
therefore can be broadly applied.

Absolute Viral Load
There is no universal absolute viral load that necessitates treatment. This has been a point of much contention, 
particularly when utilizing the preemptive monitoring strategy for primary prophylaxis.65 Recently published consensus 
guidelines attempt to address this. (Table 2) However, thresholds are only suggested in one version of the guidelines, and 
the ranges suggested are wide. Additional risk stratification beyond serostatus and net immunosuppressive state is not 
specified.21 The absolute viral load is a single data point and cannot, in of itself, inform a clinician about the status of the 
host immune system and the ability to maintain in latency. That said, some absolute viral loads have been tied to clinical 
outcomes. In a landmark clinical trial evaluating the use of valganciclovir compared to IV ganciclovir a baseline viral 
load of <10,000 copies/mL was associated with an increased likelihood of viral clearance at day 21 and day 49 of therapy 
as compared to those with a viral load >10,000 copies/mL.66 These findings have been extrapolated to suggest 10,000 
copies/mL as the viral load threshold for predicting symptomatic disease and is used at many centers as the threshold at 
which treatment is considered necessary.67 Furthermore, this threshold has been extrapolated utilizing the WHO 

Table 2 Comparison Table: CMV Viral Load Threshold Guidance

Fourth International Consensus Guidelines21 AST IDCOP Guidelines22

Type of Molecular 
Assay

Quantitative nucleic acid amplification testing (QNAT), 
calibrated to the WHO standard; use of a commercial, 

in vitro diagnostic-approved assay is strongly recommended 

Specimen: plasma or whole blood, but must be consistent per 
patient 

Report: log10 IU/mL

Quantitative nucleic acid amplification test (QNAT) / nucleic 
acid amplification test (NAT) preferred, aligned with WHO 

International Standard 

Specimen: plasma or whole blood. Stress intra-patient 
consistency 

Report: IU/mL

Universal 

Treatment 

Threshold

None defined. The guidelines explicitly state that “universal 

thresholds … have not been established” and recommend 

each center set its own threshold based on assay, specimen 
type, and patient risk

No widely applicable viral-load threshold. The guidelines 

note a lack of consensus due to variability among nucleic acid 

testing platforms

Significant Change 
in Viral Load

A change > 0.5 log10 IU/mL is considered significant; or 0.7  
log10 IU/mL for values below 1000 IU/mL

No specified significant change threshold. Focus is placed on 
highlighting the inter-assay variability

Monitoring 
Frequency  

(on Therapy)

Recommend weekly QNAT when monitoring response to 
antiviral therapy

Also recommend weekly viral load monitoring to guide 
treatment duration and response

Treatment 

Endpoint

They suggest that treatment should continue until the viral 

load falls below a laboratory- or center-defined threshold. 

They acknowledge that “undetectable” is not always 
achievable, especially with highly sensitive assays

Recommend treating until resolution of DNAemia, but this is 

not explicitly defined, and they point out that “institutional, 

laboratory-specific thresholds” should guide when to stop

Post-Treatment 
Monitoring

Weekly QNAT given risk of recurrence Continue viral-load monitoring after therapy; the duration 
depends on risk of recurrence, centers’ protocols, and 

immune status

Preemptive 

Monitoring/ 

Treatment 
Thresholds

No fixed pre-emptive threshold; decision based on risk 

stratification (serostatus)

They suggest risk stratification (serostatus, 

immunosuppression) should guide preemptive therapy 

decisions more than a single “one-size-fits-all” numerical 
threshold
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international standard, and found to be similarly relevant (equivalent viral load of 8318 IU/mL).68 However, it is 
important to point out that the VICTOR study group did not find any correlation between absolute viral load and end 
organ disease. That said, there is literature which demonstrates viral load of >100,000 IU/mL to be tied to negative graft 
outcomes.69,70 When assessing absolute viral load, there are a number of different elements that must be considered. 
Absolute viral load in a high risk (D+/R-) recipient experiencing primary infection has different meaning than in those 
patients previously exposed (moderate risk, R+). Additionally, time from transplant is important as well, as the 
immunosuppressive burden influences the ability to maintain in latency. Replication at any quantitative value in a high 
risk (D+/R-) patient undergoing surveillance within the first post-transplant year is important. These patients are at high 
risk of progressive replication, with log rise as much as 1 log10 per week.71 Even in the presence of antiviral treatment 
many patients will continue to see increases for up to 3 weeks.72 Therefore, antiviral therapy should be provided at any 
quantitative value, even if the viral load is far below the threshold of 10,000 copies/mL, as these patients do not have 
preexisting immunity and will rapidly progress to symptomatic disease and the associated negative outcomes if treatment 
is not provided promptly. Conversely seropositive patients (R+) are known to reconstitute immunity at a median of 60 
days post-transplant.73 Therefore, if an R+ patient develops quantifiable replication, a more conservative approach can be 
pursued as the host immune system may be able to control replication without treatment. By trending replication in this 
setting, avoidance of antiviral exposure and toxicity is possible. Furthermore, given the nature of a latent herpes viruses, 
replication can occur or be exacerbated in the setting of clinical stressors, irrespective of CMI. Indeed, the VICTOR 
study group determined that inflammation from any source was associated with increased and ongoing viral replication.68 

Resolution of these clinical stressors will in turn resolve replication allowing return to latency.

Replication Kinetics
Replication kinetics refers to the rate and trend of viral replication. Literature suggests that this trend is more clinically 
meaningful than any absolute viral load, which is subject to clinical overlap between asymptomatic and symptomatic 
disease based on patient-specific factors.30 Table 3 Replication kinetics are the window into the host immune response 
and are more reliable evaluation of CMV specific CMI than any available assay. Replication trends are measured in 
changes in log10 IU/mL of viral load. Given the wide range in absolute viral load using molecular diagnostics, when 
looking strictly at the numerical value there can be fluctuation that appears significant from point to point but is not 
clinically meaningful. Literature is available applying CMV replication kinetics in SOT recipients. Variation can be found 
in the currently available literature with regards to expected doubling times for CMV in this patient population, ranging 
from 1 to 4.3 days.74–76 Literature consistently reflects shorter doubling times in SOT recipients with high-risk (D+/R-) 

Table 3 Absolute Viral Load Vs Replication Trend

Absolute Viral Load (Single Value) Replication Trend (Kinetics)

Patient 
Risk

Less predictive: Due to significant overlap between 

symptomatic and asymptomatic replication in the literature.

Predictive: There are literature-defined replication thresholds 

associated with progressive replication. Steep replication trend 
is indicative of lack of protective immunity and increased risk of 

disease.

Clinical 
Value

Reduced value: while thresholds exist in the literature there 

are competitive patient specific risk factors that may result in 

inaccurate clinical assumptions when based off a single data 
point.

High value: Replication trends are a surrogate marker for host 

immune response. Steep upwards replication trends indicate 

lack of CMV-specific CMI. A slower rate of replication can 
suggest the presence of immunity.

Treatment 
Initiation

Activation point: an absolute value can be set as the 
threshold to initiate therapy with antivirals, has literature 

support and is often employed by transplant centers. However, 

waiting to achieve a threshold viral load could result in delays in 
therapy, affecting outcomes.

Activation point: Utilizing trends as the activation point is 
more likely to correspond with clinically significant progressive 

replication. A steep upward trend could result in initiation of 

therapy sooner, preventing progression to high level 
symptomatic disease

(Continued)
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serostatuses.71,72 Shorter doubling time has also been shown to be an independent risk factor for CMV disease.77,78 

Specifically, in lung transplant recipients, a 1 log10 IU/mL increase in viral load at any timepoint during the first 6 months 
post-transplant has 93% specificity for CMV pneumonitis. A change in viral load of >0.6 log10 IU/mL/week is 
considered progressive replication reflective of lack of CMV-CMI and often will necessitate treatment.30 Replication 
kinetics in SOT recipients are susceptible to changes related to iatrogenic immunosuppression; lymphocyte-depleting 
induction immunosuppression agent anti-thymocyte globulin has been shown to shorten doubling times, while main
tenance immunosuppression agent everolimus has been shown to prolong doubling times.79

Outside of the first replication event in a high-risk recipient mentioned above, low level replication can typically be 
observed and trended rather than immediately resorting to initiation of antiviral therapy. Similarly, trends can be observed 
to gauge response to therapy. Table 4 outlines our approach to utilizing trends clinically. When evaluating clearance 
kinetics literature suggests a typical favorable response as −0.6 log10 reduction per week.30 If weekly trends are <0.6 
log10 IU/mL/week, this is below expected and suggests poor response to therapy and require investigation into adherence, 
immunosuppression and concomitant stress. If clearance kinetics are >0.6 log10 IU/mL/week, this suggests a robust 
response to therapy with likely presence of CMI and may allow for early termination of antivirals before clearance to 
negativity. When treating CMV end of therapy viral stagnation is typical. Withdrawal of treatment and observation of 
replication kinetics can be used to avoid ongoing exposure and resultant antiviral resistance. This is typically preferred 
over secondary prophylaxis given its lack of efficacy and ongoing antiviral exposure with associated risks.80 The 
replication trend after withdrawal can then be used to predict recurrence, which is also a common complication 
associated with treatment of CMV and leads to ongoing antiviral exposure. If replication recurs after antiviral withdrawal 
at a rate >0.6 log10 IU/mL/week, CMI is likely incompletely developed and return to therapy will be necessary. If 
recurrence with rapidly progressive viral replication occurs repeatedly, immunosuppressive adjustment is likely needed. 
Conversely, if replication recurs but change is <0.6 log10 IU/mL/week, then return to therapy and immunosuppressive 
adjustment is not necessary, and the patient can be observed off antivirals. These principles can also be applied to 

Table 3 (Continued). 

Absolute Viral Load (Single Value) Replication Trend (Kinetics)

Treatment 
Response

Termination point: an absolute value can be set as the 

threshold to withdraw antiviral therapy, which has utility and is 
corroborated with literature, however strict adherence to 

a termination point can result in overexposure to antivirals

Monitoring: Trending response to therapy weekly by 

observing replication kinetics can help track response to 
therapy, identify slow responders who could benefit from 

immunosuppressive adjustment or other modification of 

therapy, and result in early identification of potential resistance. 
A robust response could result in early termination of therapy 

based on clearance trend, avoiding unnecessary antiviral 

exposure.

Abbreviations: CMV, cytomegalovirus; CMI, cell mediated immunity.

Table 4 CMV Viral Replication Trend–Guided Clinical Response Algorithm

Assess CMV replication kinetics Progressive replication 
Definition: > 0.6 log10 rise per week
● Interpretation: Worsening CMV activity
● Action:

○ Resume or continue antiviral treatment

○ Monitor weekly
● If this pattern recurs repeatedly:

○ Immunosuppressive regimen should be augmented to improve development of CMV-specific 

immunity

(Continued)
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preemptive monitoring approach to prophylaxis. First replication in high-risk requires immediate treatment, as presum
ably CMV-specific CMI is not present. All others can be closely observed to avoid unnecessary antiviral exposure.

Obstacles to Permissive Replication
There are several obstacles to this approach. Fear among the transplant team based on historical concerns that any 
replication is harmful to the patient and graft persist across centers. When utilizing this approach there needs to be free, 
open communication with the transplant team and the patient to provide reassurance and counseling. Furthermore, 
trending replication off antivirals requires close monitoring of labs. A method for consistent outreach and tabulating 
trends is necessary for successful outcomes. Laboratory errors and delays are common and limit the ability to trend 
replication and respond in timely manner, which has limited the applicability of this approach. These obstacles highlight 
the need for CMV antiviral stewardship (AVS) initiatives, to facilitate the utilization of viral replication trends 
therapeutically. CMV stewardship is an extension of antimicrobial stewardship (AMS) in the immunocompromised 
host.81 The major difference between AMS and CMV AVS is instead of stewarding antibiotics to prevent resistance and 
optimize outcomes, the CMV AVS stewards patients from transplant to development or reconstitution of CMV specific 
CMI.82 CMV antiviral stewardship is a multidisciplinary initiative comprised of transplant infectious infectious diseases 
physician, the transplant medical and surgical teams and transplant pharmacy and is uniquely poised to address the 
obstacles inherent to permissible replication and therapeutic use of replication trends, as it provides a dedicated service 
responsible for ensuring timely follow up, appropriate lab frequency and prompt delivery of treatment when treatment is 
indicated.83 The CMV AVS can serve as the liaison between the primary transplant provider and the transplant ID 

Table 4 (Continued). 

Evaluate Clearance While on Therapy A. Clearance < 0.6 log10 per week 
Interpretation: Poor response to therapy 

Actions:
● Evaluate immunosuppressive regimen → consider modification to stimulate host immune 

responses
● Contact patient to:

○ Confirm adherence

○ Identify stressors or factors affecting immune control
● Continue weekly CMV monitoring

B. Clearance > 0.6 log10 per week 

Interpretation: Robust response; suggests CMI is present 
Actions:
● Continue therapy
● May allow earlier termination of treatment (ie, do not need to wait for full PCR negativity)
● After withdrawal of therapy, continue weekly monitoring

After Treatment Withdrawal: Assess for 
Recurrence

A. Recurrence > 0.6 log10 rise per week 
Interpretation: Incomplete immunity; clinically significant recurrence 

Actions:
● Return to antiviral treatment
● Continue weekly monitoring
● If this repeatedly occurs → Consider augmenting immunosuppressive regimen to facilitate 

immune development

B. Recurrence < 0.6 log10 rise per week 

Interpretation: Mild recurrence; not clinically significant 
Actions:
● No need to restart antiviral treatment
● Continue to trend replication off antivirals with weekly monitoring
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service, following predetermined protocols and evaluating appropriateness via targeted quality improvement.82 In this 
way, the obstacles inherent to permissible replication and utilizing replication trends therapeutically can be eliminated.

Conclusion and Future Perspectives
In conclusion, a designated viral load threshold above which to initiate treatment has not been definitively established. 
This highlights the importance of clinician expertise when interpreting the summative meaning of available data, most 
importantly viral load and trend(s) over time, but also taking into account other diagnostic testing such as cell-mediated 
immunity testing, clinical presentation, CMV serostatus, net state of immunosuppression and other relevant past medical 
history such as comorbid conditions and post-transplant course. Application of this strategy can avoid antiviral exposure, 
resistance and provides patient centric care. The CMV AVS is uniquely poised to take the role of evaluating replication 
trends along with unique patient-specific factors and apply these to appropriately utilize available therapeutics, ensuring 
success and improving outcomes. In the future, more sensitive and specific assays to measure CMV specific CMI could 
avoid lengthy treatment courses and prolonged monitoring periods. Better harmonization of molecular assays to avoid 
inter and intra-laboratory variability would streamline interpretation. Development of less toxic and more effective 
antiviral agents could also improve care. Antiviral agents that allow low-level replication but prevent progression to 
allow development or reconstitution of immunity in a protected state would also improve the current state. However, 
until these are available, the best option is to utilize the tools we do have. Replication trends and risk factor assessment 
allow the transplant clinician to predict outcomes and direct therapy more precisely than algorithms tied to an absolute 
viral load. Future research directions in this space should include prospective validation of kinetic thresholds as well as 
integration with immune biomarkers and standardization into CMV stewardship frameworks.
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