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Abstract

We present a case of CMV pneumonia in a recipient of cadaveric renal transplant. CMV pneumonia was diagnosed by positive
CMV polymerase chain reaction in bronchoalveolar lavage. The subject of diagnosis and treatment of CMV pneumonia after
renal transplant is reviewed.

CASE REPORT

The patient is a 68 year-old female that was admitted to the
hospital with shortness of breath, low grade fever and cough
which started about 2 weeks before presentation. Her
physical activity was severely limited secondary to dyspnea.
Six months before presentation, she underwent a cadaveric
renal transplantation for end-stage renal failure due to poorly
controlled type 2 diabetes mellitus. The patient was CMV
seronegative pre-operatively and the donor was CMV
seropositive. On admission her medications included
sirolimus and tacrolimus for immunosuppression and
sulfamethoxazole-trimethoprim for Pneumocystis jiroveci
(Pneumocystis carinii) pneumonia prophylaxis. She also
received ganciclovir for 3 months after transplantation.
Physical examination revealed temperature of 100.4°F, heart
rate of 60 beats/min, respiratory rate of 16 breaths/min,
blood pressure of 145/60 mmHg. Oxygen saturation was
92% on room air. Mucous membranes and skin were without
lesion or rash. Chest auscultation revealed bilateral fine
inspiratory crackles. Cardiac, abdominal, and neurological
exams were unremarkable. Chest radiograph and computed
tomography (CT) scan of chest showed diffuse bilateral fine
nodular infiltrates (Figure1).

Figure 1

Figure 1: Chest radiograph and CT scan of chest showing
bilateral fine nodular infiltrates

The differential diagnosis included sirolimus pulmonary
toxicity, viral pneumonia (CMV, HSV, EBV, RSV, and
adenovirus), bacterial pneumonia, fungal infection, and
Pneumocystis jiroveci pneumonia. Pneumocystis jiroveci
pneumonia is less likely as the patient had received
prophylaxis with sulfamethoxazole-trimethoprim.
Bronchoscopy with bronchoalveolar lavage was performed.
BAL cultures for bacterial, respiratory viruses, fungi,
Legionella, and Mycobacterium were negative. BAL
cytology was negative for Pneumocystis jiroveci. The
Cytomegalovirus (CMV) polymerase chain reaction (PCR)
in the BAL showed more than 1,000,000 copies/ml of CMV
DNA. The CMV PCR of blood was positive for 40,515
copies/ml of CMV DNA. These findings were consistent
with diagnosis of CMV pneumonia. Treatment with
ganciclovir was started. In the three weeks following
treatment the patient's dyspnea and fever resolved.

DISCUSSION

Solid organ transplantation for treatment of end-stage renal
failure, cirrhosis, heart failure, and lung disease has become
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more common in past two decades. New immunosuppressive
agents, advanced surgical techniques and improved post-
transplant care have contributed to improve outcome in the
transplant recipients. Renal transplantation is the most
commonly performed solid organ transplantation and
accounts for approximately 60% of the cases. Chronic
immunosuppression is essential to ensure allograft survival.
Immunosuppression increases susceptibility to potentially
lethal infectious complications especially pneumonia 1.

CMV is the most common viral pathogen responsible for
pneumonia in solid organ transplant recipients 2.

DEFINITIONS

Understanding the difference between CMV infection and
CMV disease is essential. CMV pulmonary infection is
defined as the detection of CMV in the lungs by culture or
PCR, irrespective of symptoms or signs of disease. CMV
disease is defined as CMV infection with symptoms and/or
tissue invasion of CMV and organ damage. Therefore CMV
pneumonia is defined as the detection of CMV in lungs with
the presence of fever, respiratory symptoms, and pulmonary
infiltrates in the absence of other respiratory pathogens 3.

PATHOPHYSIOLOGY

After the initial infection, CMV remains in a persistent state
in the host. The cells of the myeloid lineage constitute an
important reservoir. In carriers, CMV DNA is present in a
small proportion of CD34+ myeloid progenitor cells, CD14+
monocytes, dendritic cells, and megakaryocytes without
detectable viral replications 4. CMV replication can be

detected in healthy CMV seropositive individuals affected
by surgery-related stress and catecholamine release. Such
conditions are typical after allogeneic solid-organ
transplantation 4. The virus also may be reactivated due to

immunosuppression and increased cytokine production and
release induced by sepsis, graft rejection, and drugs like
OKT3 5. Chronic illness, malnutrition, and metabolic

derangements in the renal-transplant candidates put them at
higher risk for infection even in pre-operative period. In first
six months after transplantation maintenance
immunosuppressive therapy is usually maintained at a high
level to decrease the chance of allograft rejection. The
commonly used immunosuppressive agents like
cyclosporine, tacrolimus, and sirolimus prevent IL-2
production or action resulting in T-lymphocyte suppression

1. This suppression of the cell-mediated immunity increases

the risk of CMV pneumonia especially in the first 6 months
after surgery2, 6. It is now clear that the endorgan damage

caused by CMV is the result of replication of the virus

leading to high viral loads. The documented risk factors of
donor seropositivity, recipient seronegativity and post-
transplant viremia can be explained by high viral load 7. The

regression line of viral load against risk of disease is not
linear but sigmoidal suggesting a threshold concept of
pathogenesis 7. It has been suggested that with increase viral

replication, cell-to-cell spread of the virus happens and at
some point during this process, endothelial cells become
infected. Mononuclear and polymorphonuclear leukocytes
adhere to infected endothelium and take up the virus and the
pp65 matrix protein. Finally infected endothelial cells detach
from endovascular lining and can be found in peripheral
blood as cytomegalic endothelial cells. These large cells (up
to 35 µm) may plug in pulmonary capillary bed and
contribute to spread of infection to the lung 5. CMV induced

inflammatory response results in local cytokine production.
Cytokines like IL-1, IL-6, and TNFα have been implicated in
the pathogenesis of pneumonitis. Another possible
mechanism of tissue injury is complement activation.
Complement system activation has been shown in active
CMV infection 5.

CLINICAL MANIFESTATIONS

The overall incidence of CMV pneumonia is 2 to 10%
according to different studies in renal-transplant recipients 8.

Subclinical pneumonitis also has been reported in renal-
transplant recipients with CMV infection but no clinical
symptoms 5. The development of CMV pneumonia depends

on patient's level of immunosuppression and prior CMV
serostatus. CMV seronegative patients that receive kidney
transplantations from CMV-negative donors (Donor-
negative, Recipient-negative) have the lowest incidence of
CMV infection. When infection does occur in these patients,
it may be caused by false seronegativity in the donor or
recipient, community exposure, or perioperative transfusion
of leukocyte-containing blood. The use of leukocyte-poor
blood substantially decreases the risk of virus transmission.
In the case of CMV seronegative recipients of renal-
transplants form CMV seropositive donors (Donor-positive,
Recipient-negative), primary CMV infection can occur.
Without prophylaxis, approximately 70 to 90% of these
patients will develop primary CMV infection. Furthermore,
50 to 80% will have CMV disease and roughly 30% will
develop pneumonia that is a major contributor to morbidity
and mortality. In the absence of prophylactic therapy, the
mortality rate is as high as15%. Up to 70% of CMV
seropositive transplant recipients (Recipient-positive) show
CMV “reactivation” following transplantation, but only 20%
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will develop CMV disease including pneumonia 8.

CMV disease typically occurs one to six months after
transplantation when prophylaxis is not used or one to four
months after discontinuation of CMV prophylaxis.
Symptoms of CMV pneumonia are nonspecific including
cough, dyspnea, and hypoxemia 2. Other common clinical

symptoms of CMV infection in renal-transplant recipients
include fever (71%), nausea (32%), and vomiting (25%).
Common laboratory findings are elevation of creatinine
(74%), thrombocytopenia (43%), and elevation of alkaline
phosphotase (24%), leukocytosis (22%), and leucopenia
(21%) 9. Atypical lymphocytosis and a mild elevation in

liver enzymes (aspartate aminotransferase and alanine
aminotransferase) can also be seen 3.

In one study, the renal-transplant recipients on
mycophenolate mofetil for immunosuppression had
increased frequency of organ involvement with CMV and in
the number of organs involved with CMV compared to the
patients on azathioprine 10. Immunosuppressive therapy

containing tacrolimus or mycophenolate mofetil was also
associated with a significantly higher percentage of CMV
infections compare to cyclosporine-based
immunosuppression 11. The risk factors for CMV pneumonia

in renal-transplant recipients are summarized in table1 10,11,12.

Figure 2

Table 1: Risk factors for CMV pneumonia in Renal-
Transplant Recipients

RADIOGRAPHIC FINDINGS

One study showed that the chest radiograph might initially
be normal in renal-transplant recipients with respiratory
symptoms, while the CT scan of chest demonstrates multiple
pulmonary abnormalities 13. Chest radiographic patterns

observed are 1) lobar consolidation 2) focal parenchymal
haziness 3) bilateral reticulonodular infiltrates 2. High

resolution CT scan findings in CMV pneumonia include
ground-glass opacities, small cenrilobular nodules, and air-
space opacities 14, 15. CT scan findings of CMV pneumonia

are nonspecific. In on study of non- HIV

immunocompromised patients, the sensitivity of high
resolution CT scan of chest was 50% and the positive
predictive value was only 26% for diagnosis of CMV
pneumonia16.

DIAGNOSIS

The diagnosis of CMV pneumonia is based on symptoms of
fever, dyspnea, hypoxemia, and typical infiltrates on chest
imaging, combined with the detection of CMV in the BAL.
The definitive diagnosis of CMV pneumonia can be made by
histological examination of lung tissues obtained by
transbronchial or open-lung biopsy. Pathologic finding of
cytomegalic cells associated with an inflammatory reaction
and tissue destruction are characteristics for CMV
pneumonia 3. Transbronchial and open-lung biopsies are

invasive procedures with potential complications. It is
desirable to make the diagnosis of CMV pneumonia by non-
invasive or less invasive diagnostic methods to avoid
complications. The widely used assays for diagnosis of
CMV disease are CMV viral culture, antigenemia, DNA,
and mRNA 4.

CMV DETECTION BY CULTURE

The conventional tube CMV culture can take weeks to
become positive and has been largely replaced by the rapid
shell-vial culture technique. This technique can be processed
in 24 to 48 hours. Unlike the conventional culture, the shell-
vial assay technique does not depend upon the development
of a cytopathic effect in tissue culture. Instead, a
fluorescence tagged monoclonal antibody is used to detect a
CMV antigen that is expressed early in viral replication.
CMV detection by culture (Shell-Vial Assay) in BAL
defines pulmonary CMV infection and not necessarily CMV
pneumonia 3.

CONVENTIONAL BAL CYTOLOGY

Nuclear and cytoplasmic inclusion bodies in conventional
BAL cytology are the hallmark of CMV disease. Although
the sensitivity of CMV inclusion bodies in BAL is only
36.3%, it is very specific for CMV disease (specificity of
99.3%) 3. The absence of diagnostic CMV nuclear or

cytoplasmic inclusions in specimens positive by other
modalities (viral culture, hybrid capture assay, and PCR)
may in part be explained by low levels of viral replication,
insufficient for the appearance of diagnostic inclusions 17. In

advance stages of CMV infection, full virus replication with
cytopathic effect results in development of typical
inclusions. Therefore, conventional cytology may not be
able to detect early stages of CMV infection resulting in
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lower sensitivity in CMV disease 3.

ANTIGENEMIA

The CMV pp65 antigen assays are done by using pp65
antigen monoclonal antibodies. The results are reported as
the number of cells staining positive per 100,000 leukocytes.
In symptomatic renal-transplant recipients, positive pp65

antigenemia with cutoff of 10 positive cells /105

granulocytes is associated with a sensitivity of 86 - 92% and
specificity of 65 - 70% for the diagnosis of CMV disease 18,

19. Using an antigenemia cutoff of 100 positive cells/105

granulocytes the sensitivity and specificity for diagnosing
CMV disease improves to 100% and 96% respectively 20.

The sensitivity is only 46% and specificity only 73% when a
pp65 antigen assay is used to predict the development of the
CMV disease in an asymptomatic patient with CMV
antigenemia, 19. The quantitative CMV PCR assay and

quantitative antigenemia assay do not always show parallel
changes in CMV viral load. It has been shown in transplant
patients those who are non-neutropenic and are antigen
negative can have high viral loads in plasma by quantitative
CMV PCR assay. It seems that these two assays are
complementary for the diagnosis and treatment of CMV
disease 21. CMV pp65 can be used to monitor treatment of

CMV disease 22.

PCR

Qualitative and quantitative CMV PCR are available. CMV
PCR can be used on whole blood, leukocytes, and plasma 4.

Compare to CMV pp65 antigenemia, CMV PCR (more than

130 CMV DNA copies/ 105 peripheral blood leukocytes) has
a sensitivity of 95% and specificity of 50% to detect CMV
disease 23. Low specificity is due to CMV DNAemia that

was detected in many asymptomatic patients 20. Quantitative

PCR also can also be used in the monitoring of viral load
during antiviral treatment 22.

HYBRID CAPTURE ASSAY

RNA probes are used to detect CMV DNA. Experience with
this assay is limited, but has shown promising results 4.

NUCLEIC ASSAY SEQUENCE-BASED
AMPLIFICATION

This assay allows specific nucleic assay sequence-based
amplification of viral mRNA 4. The assay is a qualitative

assay that detects a late mRNA (pp67) 24. Compare to CMV

pp65 antigenemia pp67the RNA assay has a sensitivity of
20% and specificity of 93% 23.

DIFFERENTIAL DIAGNOSIS

Differential diagnosis of CMV pneumonia includes other
viral pneumonias (HSV, VZV, RSV, Parainfluenza, and
Influenza), P jiroveci pneumonia, drug toxicity, diffuse
alveolar hemorrhage, bacterial infections, and fungal
infections (D).

TREATMENT

Ganciclovir has proved effective in the treatment of CMV
pneumonia especially in renal-transplant recipients. In other
solid-organ and bone marrow recipients Ganciclovir has not
been as successful to treat CMV pneumonia25. Inside the

cells, Ganciclovir is converted to Ganciclovir triphosphate
by a gene product of UL974, and inhibits viral DNA

polymerase by competitively inhibiting the incorporation of
deoxyguanosine triphosphate into viral DNA. The efficacy
of intravenous Ganciclovir 5 mg/kg twice a day against
CMV is 91.5%. In contrast, Ganciclovir given orally 1 g
three times a day is less effective (46.5%) 7. The

recommended dose of intravenous Ganciclovir is 5 mg/kg
every 12 hours for 3 weeks combined with high-titer CMV
immune globulin. Unlike CMV retinitis, prolonged
maintenance therapy with oral Ganciclovir is not
recommended. The major toxicities of Ganciclovir includes:
granulocytopenia, thrombocytopenia, azoospermia, and rise
in serum creatinine. Anemia can also be seen with prolonged
treatment 25. Ganciclovir-induced granulocytopenia can be

prevented with the administration of Granulocyte colony-
stimulating factor or Granulocyte-macrophage colony
stimulating factor. Since 1989, resistant strains of CMV to
Ganciclovir have been described. For treatment of infections
caused by Ganciclovir resistant CMV strains, Foscarnet is
the alternative drug. Foscarnet directly inhibits viral DNA
polymerase. Foscarnet has substantial toxicities including
renal failure, seizures, and hypocalcemia. Cidofovir is a
nucleotide analogue with antiviral activity against CMV.
Cidofovir is effective in treating CMV infections but the
toxic profile of the drug, especially the nephrotoxicity, has
limited its use. Combined Ganciclovir-Foscarnet treatment
has also been used for treatment of CMV infections but data
are limited. Results of a randomized study in allogeneic stem
cell-transplant recipients and solid-organ recipients that
compared the combination of Ganciclovir and Foscarnet
versus Ganciclovir did not support a synergistic effect of
combination therapy4. After the institution of antiviral

therapy pp65 antigenemia and PCR stay positive longer than
shell vial culture 26.
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PROPHYLAXIS

The optimal duration of prophylaxis is unknown. Oral
Acyclovir, oral Ganciclovir, and Valganciclovir have been
studied for CMV prophylaxis in transplant patients. In high
risk renal-transplant recipients (Donor-positive, Recipient-
negative) high dose Acyclovir (3,200 mg/day) decreases the
incidence of CMV disease 27. In one study no CMV

antigenemia was detected in 3 months after renal transplant
when patients were on oral Ganciclovir prophylaxis. After
the 3-month period of prophylaxis recurrence of antigenemia
and symptomatic CMV was observed in Donor-positive,
Recipient-negative patients but not in Donor-positive,
Recipient-positive patients. This study suggests that a 3-
month period of oral Ganciclovir appears to be sufficient for
Donor-positive, Recipient-positive patients, but longer
periods of prophylaxis may be needed in Donor-positive,
Recipient-negative patients 28. Most institutions use

approximately three months of prophylaxis.

A preemptive strategy is based on the idea that periodic
monitoring of CMV DNA PCR or pp65 antigenemia assay
allows the detection of very early systemic infection. This
permits prompt treatment, which may limit morbidity and
mortality. Studies in solid-organ transplant recipients
showed conflicting results in regard to prophylaxis versus
preemptive treatment 4.

FOOT NOTE

CMV: Cytomegalovirus
BAL: Bronchoalveolar lavage
HSV: Herpes Simplex Virus
RSV: Respiratory Syncytial virus
EBV: Epstein Barr Virus
PCR: Polymerase Chain Reaction
VZV: Varicella Zoster Virus
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