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Viruses may be dangerous . . . .



Key Concepts

• Cytomegalovirus remains a major pathogen in transplantation 

• Presents most often with fever and low(er) white blood cell count (“Viral syndrome”) 

• Generally, ignore sputum and urine cultures.  

• Direct and indirect effects of CMV in transplantation  

• Guidelines for management exist 

• Assays standardized to International Units (IU) – use one assay (whole blood, plasma, 

laboratory) for each patient

• Clinical resistance (notably with belatacept immunosuppression) and molecular antiviral 

resistance remain challenges

• Prevention (prophylaxis) of infection is linked to risk 

• CMV: D+/R- in SOT; D-/R+ in HSCT 

• Colonization/Leaky immunity

• Commonly activated in setting of critical illness (ICU) – role in outcomes?

• Yes, we are starting to know how it works!  → Start with biology



Cytomegalovirus: Some biology  

• Betaherpesvirinae subfamily of the Herpesviridae

• The structure :
• Nucleus containing the viral genome (linear double-stranded DNA) 
• Icosahedral protein capsid
• >200 genes with significant variation between strains
• The tegument protein matrix (e.g., pp65):

• Proteins with structural roles 
• Proteins which modulates the immune host cell response

• An outer envelope derived from the host cell nuclear membrane. 
• Glycoprotein gB - involved in cell attachment and penetration (major vaccination target)
• Glycoprotein gH- involved in the fusion of the viral envelope with the host cell 

membrane

Pérez-Sola, M.J. et al. EIMC2008;26(1):38-47

Crough T et al. Clin Microb Rev, Jan 2009, 76-98



CMV Infection, Latency and Surveillance

Smith and Khanna, Am J Transplant 13, Issue: s3, Pages: 9-23, First published: 24 January 2013, DOI: (10.1111/ajt.12005) 

Primary infection via the mucosal 

epithelium → production of virus 

particles which disseminate to the 

sites of latent infection:

• Hematopoietic (monocytes, B 

cells and T cells), epithelium, 

endothelium or neuronal cells. 

• Induction of a robust humoral 

(ADCC) and cellular immune 

response. 

• Cellular  and humoral immunity 

with activation via  innate 

immune mediators (NK cells, 

dendritic cells, invariant T cell 

populations, and 

antigen‐specific αβ T cells) →
lysis of virally infected cells.  



Concepts: Reactivation from Latency

Latency Program: In latently infected 
CD34+ cells and CD14+ monocytes, there is a 
targeted suppression of lytic viral gene 
expression (episomal and viral) and 
~undetectable levels of major IE proteins &  
expression of latency-associated genes 
including transcripts from the major IE 
(immediate early) region (UL122–123 CLTs), 
UL81–82ast (LUNA), UL138, UL111a, UL144 
and US28, other mRNAs

Differentiation of monocytes to 
macrophages and mature dendritic cells 
(mDC) → de-repression of the major IE 
proteins and allows initiation of the lytic 
transcription program → viral DNA 
replication and → de novo virus production. 

CMV viremia occurs in up to 36% of normal 
hosts with sepsis & high disease severity 
(ICU care) – role?  Mortality is increased in 
this group (association rather than causal).  

HCMV, human cytomegalovirus; mDC, mature 
dendritic cell; MIEP, major immediate early promoter.



CMV replication 
and release

Pathways for CMV reactivation from latency: More late disease with 
T-cell depletion and fever?  

Reinke P et al. Transplant Infect Dis 1999; 1:157-64.
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CMV Syndrome
Fever

Weakness
Myalgia

Arthralgia
Myelosuppression

End Organ Disease
Nephritis
Hepatitis
Carditis
Colitis

Pneumonitis 
Retinitis

Encephalitis

CMV disease

Latent CMV 
infection

Active CMV infection 
(viremia and in tissue)

ALG, Fever, TNF, Sepsis, 
Suppression

Atherosclerosis
Bronchiolitis obliterans

Vanishing bile duct syndrome

Opportunistic infection

Systemic immune 
suppression

Acute Chronic Acute

Cellular effects: 
antigen and cytokine 

expression

EBV-associated 
PTLD

Allograft 
injury

Allograft 
rejection

Fishman JA & Rubin RH N Engl J Med. 1998; 
338: 1741

Direct and Indirect Effects of CMV Infection: 
1998



Mechanisms?
Hand waving or Magic?   

How does CMV predispose to 
graft rejection and 

opportunistic infection at the 
same time? 

Direct and Indirect Effects of CMV Infection: 
2021



Volcano plots of genes: log fold change in CMV-infected THP-1 
(monocyte) cells

Similar changes seen in primary human monocytes infected in vitro with HCMV. 

Significance of 
Changes 

Fold Changes in Gene Expression 

Sen, ElKhoury, Fishman



Pathways altered by CMV

Sen P, et al. Linking “Indirect Effects” of Cytomegalovirus to Modulation of Monocyte Innate Immune 
Function.  Science Advances - Immunology, 22 Apr 2020: Vol. 6, no. 17, eaax9856; DOI: 
10.1126/sciadv.aax9856 



CMV: In vitro infection of monocytes

Sen P, et al. Linking “Indirect Effects” of Cytomegalovirus to Modulation of Monocyte Innate Immune Function.  Science 
Advances - Immunology, 22 Apr 2020: Vol. 6, no. 17, eaax9856; DOI: 10.1126/sciadv.aax9856 

Poor antiviral 
responses

Inflammation Graft Rejection

Decreased 
Phagocytosis &

Scavenger 
Receptors 



Risk factors for CMV disease in solid-organ transplant patients

▪ Primary infection (D+/R−) 
▪ Transplanted organs, cells

▪ Blood products 

▪ Factors favoring CMV 
reactivation
▪ Inflammation/Fever (cytokines)

▪ Surgery/Trauma

▪ Intraoperative hypothermia

▪ Sepsis or severe bacterial infections 

▪ T-cell depletion

▪ Co-infections with other viruses
▪ Herpes virus 6 or 7 (HHV6 or 7)

Factors favoring progression to 
invasive disease

• Immunosuppression
• T-cell depletion

• Corticosteroid boluses

• Alemtuzumab

• High viral load 

• Immunomodulation
• Herpes virus 6 (HHV6) or HHV7

• Genetic factors
• Mutations in TLR2 and TLR4 genes

• Deficiency of mannose-binding lectin or 
genotype associated with low production of 
MBL



Disseminated CMV

Liver

LungKidney

Colon



CMV Retinitis: Lung Transplant 
Recipient



CMV cecal ulceration in patient with negative 
antigenemia and PCR assays for CMV



Delayed-Onset CMV: CMV Quantitative Nucleic Acid Test (QNAT)

Arthurs et al.  Clin Infect Dis.  2008; 46: 840-846.



CMV Diagnostics
• Quantitative PCR (IU)
• CMV Antigen (in neutrophils): pp65 
• Hybrid capture 

• Detects CMV DNA in leukocytes
• Amplified signal

• Pathology



Do we know how to Prevent CMV 
Infection? 
Universal vs. Pre-emptive therapy 



CMV Prophylaxis Strategies

• Universal prophylaxis
• Administration of antiviral agents to all individuals 

at risk for a fixed duration
• May increase cost, toxicity, risk of resistance

• Preemptive therapy
• Administration of antiviral therapy in response to a 

positive microbiologic assay or clinical scenarios
• Requires careful monitoring, close patient contact, 

and use of highly sensitive, quantitative assay
• 41% missed screening before onset

• Hybrid Approach
• Limited data to support the use of this approach



Limaye et al Clin Micro Rev 2021: 43



Current Recommendations for Duration of Prophylaxis

Duration of universal prophylaxis

None D-/R-, Low risk (any organs) SOTr

3 months R+ (intermediate-risk) liver, kidney, pancreas

3-6 months D+/R- (high-risk) Liver, Pancreas and heart SOTr
R+ (intermediate-risk) Intestinal/composite tissue SOTr

6 months D+/R- (High-risk) Kidney and Intestinal, composite tissue  SOTs; intermediate-risk lung SOTr (up to 12 months)

6-12 months D+/R- (High-risk) lung SOTs



CMV disease in D+/R- renal recipients: Meta-analysis (all agents)

Universal and Pre-emptive prophylaxis significantly reduce 
the risk of CMV disease
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Effect of anti-CMV prophylaxis on 
concomitant infections
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Prophylaxis:  100 vs. 200 Days of Valganciclovir

Humar et al.  Am J Transplant.  2010; 10: 1228-1237.

Study:  CMV D+/R- Renal Transplant Recipients

36.8%

16.1%

P < 0.0001

No difference in rejection:
100 d:  17%  vs. 200 d:  11%

More leukopenia:
100 d: 4% vs. 200 d: 19%



Anti-CMV Prophylaxis Is Associated With Increased Renal Graft 
Survival at 4 Years (P = 0.0425)
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Kliem V, et al. Am J Transplant. 2008;8:975-983. (B)
Khoury JA, et al. Am J Transplant. 2006;6:2134-2143. (VGCV) (B)
Reischig T, et al. Am J Transplant. 2008;8:69-77. (VACV) (B)

P value (Log rank test) = 0.0425

Prophylaxis reduced CMV 

infection by 65% (P < 0.0001)



Preemptive therapy in CMV high risk (D+/R-) liver recipients
KM Doss et al. Transplant Inf Dis Feb 2023

• Retrospective analysis in 50 liver recipients at single center vs 100 
preemptive recipients in CAPSIL study

• The cumulative incidence of CMV disease at 1-year post-transplant 
was 4/50 (8%) versus 9/100 (9%) in the real-world and CAPSIL 
cohorts, respectively, p = 1.0. 

• The rate of breakthrough CMV disease during the 100-day PET period 
was low (2/50 [4%]) and similar to the PET cohort from the CAPSIL 
study (3/100 [3%]).

• All secondary and exploratory outcomes were not significantly 
different between the real-world and CAPSIL PET cohorts.



• Serology: Not generally useful in immunosuppressed transplant 
recipient (and observe seroconversion in R- recipients). 

• CMV-specific T cell assays (Expensive and limited availability; may 
not cover all HLA types, utility remains uncertain)

• Quantiferon-CMV: -interferon (IFN-γ) produced by CD8+ T-cells (only) 
stimulated with CMV antigens. 

• Intracellular cytokine staining (ICS): (T-cell CD4+ and CD8+) flow 
cytometry (often unavailable) for surface immunophenotyping and 
intracellular cytokines

• Elispot: T cell (CD4+ and CD8+) IFN-γ production with CMV antigens 
(e.g., pp65 and IE-1).

• MHC-multimers: CD8+ T-cell flow cytometric determination.

Immune Assays to Guide Duration of Prophylaxis? 



Prolonged Prophylaxis:  Lung Transplantation

Finlen Copeland et al.  J Heart Lung Transplant. 2011;30:990-996.



Therapeutic Options 



Current Therapeutic Advantages and Limitations: 
Ganciclovir/Valganciclovir

• Advantages
• Experience

• Efficacy
▪ Prophylaxis/treatment

• No drug interactions

• Low pill burden 

• Covers CMV, HSV, 
varicella, other herpes 
viruses

• IV and oral 
formulations

• Limitations
• Leukopenia

• Need for renal dosing

• Cost

• Reduces/doesn’t eliminate risk 
of disease (after end of 
prophylaxis)

• ≈1% SOT patients with CMV 
infection develop GCV 
resistance, with morbidity, 
mortality

GCV, ganciclovir; IV, intravenous; SOT, solid-organ transplant.



With Clinical CMV Resistance

• UL97 kinase – increase GCV 
(6.5-10mg/kg/day) or 
foscarnet (watch Mg+, 
seizures, iv only) 

• UL54 polymerase –usually 
include resistance to other 
drugs → foscarnet or
cidofovir (iv only, renal 
toxicity)

• Pan-resistance – new drugs? 

• + CMV Immune globulin?

• + Leflunomide (LFTs, Levels)

• Combination (GCV/Fos)

• Atesunate?



Drug resistance-
associated 
mutations in 
CMV genes



Avery RK, et al. Transplantation. 2016;100(10):e74-e80.



CMV Newer Options – the basics 
• Maribavir (UL97 – viral maturation and egress) 

• Failed in liver SOT and HSCT Prophylaxis (but low dose) 

• Mixed results in therapy - suppressed noninvasive infection SOT, many relapses in GCV-resistance 
study – approved for unresponsive infection to ganciclovir

• Effective in small trials at higher doses but relapse occurred ~37% (largely while on therapy)

• Does not cover HSV/VZV

• Unique resistance mutations in UL97 (not cross reactive with GCV) – antagonistic to GCV 

• Letermovir (viral terminase) UL56, oral and intravenous (studied in HSCT)
• Prophylaxis only trials 

• Does not cover HSV/VZV

• Easy resistance in vitro / Drug interactions with CyA, tacrolimus, voriconazole, others

• Activity for treatment is unknown.  

• CMX001 (Brincidofovir) lipid cidofovir prodrug (oral only), covers herpesviruses
• GI toxicity 

• Iv under development; no longer available

• Expected UL54 mutations (like cidofovir) 



Maribavir (oral)
• UL97 kinase inhibitor of ATP binding to pUL97

• Elicits a different set of UL97 mutations vs. GCV, clustered around ATP binding site

• No overlap with ganciclovir-resistant mutations though in same regions

• Mechanistically, pUL97 is required for GCV phosphorylation – antagonistic to GCV and cannot be 
coadministered

• Antiviral in vitro vs. CMV & EBV (but not for HSV1/2, VZV, HHV-6, HHV-8 → Acyclovir)

• Possible synergy with foscarnet, cidofovir, letermovir

• Nausea, diarrhea, dysgeusia

• Increased levels of cyclosporine and tacrolimus

• Failed to demonstrate efficacy for CMV prophylaxis in D+/R- liver transplant reciepients 

Piret J et al. Antiviral Res 2019163:91-105; Chou S,. AAC 2015, 59:6588-93; O’Brien MS et al. Antiviral Res 2018, 158:255-63



Letermovir (oral or iv)

• Terminase complex inhibitor

• Binds at pUL56

• Generally good safety profile

• CMV only activity

• Does not inhibit HSV1/2, VZV, HHV-6,7,8, 
EBV

• Mortality benefit (prevention may not persist)

• Low barrier to High-grade resistance in UL56 
or UL89 (not polymerase) terminase gene; 
clinical correlation needed (not UL97/UL54) 

• Increased levels of letermovir with 
cyclosporine, tacrolimus, sirolimus

• Decreases levels of voriconazole (not other 
azoles)

Griffiths PD, et al. N Engl J Med. 2014;370(19):1844-1846;
RF Chemaly et al, N Engl J Med 2014; 370:1781-1789.

CyA, cyclosporine A; VZV, varicella zoster virus.



Letermovir vs Valganciclovir – Renal (D+/R-) 

• Prospective, randomized, blinded trial of letermovir + acyclovir (for HSV, VZV) in 
601 renal recipients

• Letermovir (n = 289) was noninferior to valganciclovir (n = 297) for prevention of 
CMV disease through week 52 (10.4% vs 11.8% with CMV disease) 

• No participants who received letermovir vs 5 participants (1.7%) who received 
valganciclovir developed CMV disease through week 28. 

• Time to onset of CMV disease was comparable between the groups 

• DNAemia was detected in 2.1% of participants in the letermovir group vs 8.8% in 
the valganciclovir group by week 28. Of these, none (0/52) who received 
letermovir and 12.1% (8/66) who received valganciclovir had resistance-
associated substitutions. 

• The rate of leukopenia or neutropenia through week 28 was lower with 
letermovir vs valganciclovir (26% vs 64%; difference, −37.9% [95% CI, −45.1% to 
−30.3%]; P < .001)

AP Limaye et al. JAMA 2023. AMA. doi:10.1001/jama.2023.9106 
Published online June 6, 2023



Brincidofovir

• Lipid conjugate of 

cidofovir

• In vitro antiviral activity 

against all 5 families of 

dsDNA viruses that cause 

human disease: 

• Herpesviruses

• Adenoviruses 

• Polyomaviruses

(eg,BK virus) 

• Papillomaviruses

• Orthopoxviruses

Registration Announcement: Chimerix, Inc. https://www.sec.gov/Archives/edgar/data/1117480/000114420413054339/v356753_s1.htm

https://www.sec.gov/Archives/edgar/data/1117480/000114420413054339/v356753_s1.htm


Further Challenges and Options
• Reduce immunosuppression (risks rejection as viral load drops)

• CMV CMI assay, quantify CD4 and CD8 anti-CMV activity

• CMV Ig (hyperimmune globulin) or IgG globulin replacement: ganciclovir intolerant, prolonged 
leukopenia/neutropenia, refractory disease, hypogammaglobulinemia 

• CMV-HIG preparations carry higher CMV binding activity and higher neutralizing activity.

• CMV immunoglobulin (CMVIG) preparations have immunomodulatory effects

• Monoclonal antibodies – some efficacy 

• Difficult-to-control CMV with belatacept (see Karadkhele et al , 
pubmed.ncbi.nlm.nih.gov/32519434; Chavarot et al, pubmed.ncbi.nlm.nih.gov/33283406)

• mTOR inhibitors (sirolimus) in place of CNI

• Combination therapy (limited studies)

• Foscarnet + ganciclovir (1/2 dose?)

• Ganciclovir →maribavir

• Cytotoxic T-cell therapy 

• Purging of latent virus using inhibitors of bromodomains (histone binding domains) → activation 
of early antigen without viral replication allows targeting of viral epitopes (IJ Groves et al. PNAS 
2021 118 (9): e2023025118).

https://secure-web.cisco.com/1hhNp_t85ftwL6dZ5qYOzKmoZYwnC2rcC5NQVbXj8uujaiS3aUgGoOm4RocSm1CprSHhXp_iozYaT4Cjd0DEyouS07D_TtUxNYChpYvzUPCaSMHrcF2Pjl0kP9Z0Bx4bZqLCUnInOpEX_0aXgBU-h8zyaDPSju7ESnldV79hUIEOGDFD1LBGSuZQlxoJl_5QJicIQImOx4f90njvPh4-Bup9Nv_NqoxHE7EVsheUuVDKBzZ3qRK_xR9Jghm4WrBhR/https%3A%2F%2Fpubmed.ncbi.nlm.nih.gov%2F32519434%2F
https://secure-web.cisco.com/11_Pf1WtIp80QLU4xL1jzQ_jzEVHxt9bVmoeLW41TxH3UxwpCkz6XTCI1d4xMk1EQnjcItJoZE7O6cz-n9q6VVdQ7UOt79oF5KP-PDke6ea89HFrwPqaONKAtI1-JQWX-IFOLEZukgxAgLvIXcGdgTmptEpAj6x_Mf26yVxDGHfY8-0LXsIIdl9Erke4D8fZGhPQpbCQ4LmrY7n6z_wowPvGA4-iyPjqDczRSJHKaOD4A0zb2ljVEDGV0ei1vmQNJ/https%3A%2F%2Fpubmed.ncbi.nlm.nih.gov%2F33283406%2F




If I can help: 
Fishman.jay@mgh.harvard.edu

Thank you!! 
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