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Abstract: SARS-CoV-2 has caused a global pandemic of an acute respiratory illness known as COVID19. Patients with solid organ transplants receiving chronic immunosuppressive therapy are at risk of
severe disease caused by opportunistic pathogens, including cytomegalovirus (CMV). We present
the case of a renal transplant recipient presenting with hypoxic respiratory failure because of severe
COVID-19, whose course was complicated by ganciclovir-resistant CMV pneumonitis.
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1. Introduction
The novel coronavirus SARS-CoV-2 has caused a global pandemic of an acute respiratory illness known as COVID-19, with over 25 million cases and over 800,000 deaths as of
August 2020 [1]. The risk factors for severe illness among all age groups include hypertension, malignancy, chronic kidney disease (CKD), chronic obstructive pulmonary disease
(COPD), an immunocompromised state secondary to solid organ transplant, congestive
heart failure (CHF), diabetes mellitus (DM), among other conditions [2]. Additionally, patients with solid organ transplants receiving chronic immunosuppressive therapy are at risk
of severe disease caused by opportunistic pathogens, including cytomegalovirus (CMV). A
CMV infection is one of the most common infectious complications of solid organ transplant recipients and has variable clinical features, ranging from asymptomatic infection
to severe tissue-invasive disease involving the lung, intestines, liver, pancreas and other
organs. Tissue-invasive disease is associated with increased morbidity and mortality [3].
We present the case of a renal transplant recipient presenting with hypoxic respiratory
failure because of severe COVID-19, whose course was complicated by ganciclovir-resistant
CMV pneumonitis.
2. Case Description
A 36-year-old male presented to an outside hospital with fever and acute hypoxic
respiratory failure secondary to COVID-19, requiring oxygen supplementation via a highflow nasal cannula.
He was the recipient of a cadaveric renal transplant secondary to diffuse membranous glomerulonephritis ten months prior to this admission (CMV serostatus: donor
positive/recipient negative). His maintenance immunosuppressive regimen included cyclosporine and mycophenolate, and he was receiving a prophylactic dose of valganciclovir
(450 mg twice daily). His prophylactic dose had been increased three months prior from
450 mg once daily to twice daily because of high CMV viral load (63,000 copies/mL) with
good response (decrease to 2800 copies/mL a month later).
Upon admission to the outside hospital, he was recognized to have severe COVID-19,
and received remdesivir, convalescent plasma and dexamethasone. He also received
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empiric ceftriaxone (seven days) and azithromycin (three days) for community acquired
pneumonia. After two weeks of treatment, he lacked significant clinical improvement, and
continued to have persistent fevers, pulmonary infiltrates and high oxygen requirements.
He was then started on empiric Pneumocystis jiroveci (PJP) treatment with clindamycin and
primaquine (trimethoprim/sulfamethoxazole was precluded by kidney injury), and his
antimicrobial coverage was broadened to meropenem, vancomycin and fluconazole. These
empiric therapies also yielded no clinical improvement.
The patient was transferred to our hospital with persistent hypoxic respiratory failure
after three weeks of hospitalization at the outside facility. On admission, his CMV viral
load was noted to have increased from 2800 copies to 36,000 copies in one month while on
prophylactic valganciclovir. Given these concerning findings for CMV pneumonitis and
ganciclovir resistance, his mycophenolate and cyclosporine were both stopped and he was
started on prednisone 5 mg daily. Given high-flow oxygen requirements of >55 L/min, the
pulmonary team believed it would not be safe to perform a diagnostic bronchoscopy for
biopsy. On day ten of admission, labs showed an increase in acute phase reactants as well
as an increase in the CMV viral load to 94,000 copies, concerning for disease progression
(Table A1 in Appendix A). Given the high suspicion of CMV pneumonitis, he was started on
high-dose ganciclovir 10 mg/kg/day on day 12 of admission with an immediate resolution
of fever after 48 h. His oxygen requirements slowly decreased, and the patient was able
to be weaned off oxygen on day 10 of ganciclovir treatment. He was then started on
tacrolimus in addition to prednisone for immunosuppression and the tacrolimus dose was
gradually increased.
The ganciclovir resistance panel revealed a UL97-c603w mutation. However, foscarnet
was not added and the patient continued treatment with high-dose ganciclovir because
of his significant clinical improvement. He was discharged 3 weeks after ganciclovir
initiation, at which time the CMV viral load was 793 copies (Table A2). At discharge, he
was ambulatory, did not require supplemental oxygen, and was switched to letermovir
480 mg daily for CMV prophylaxis.
3. Discussion
Asymptomatic CMV infection can be seen in patients with serum viral loads between
2000–5000 copies, while active CMV disease/severe tissue invasive disease can be seen in
patients with viral loads of approximately 70,000 copies [4,5], as in our patient. The gold
standard for the diagnosis of invasive forms of disease is a tissue biopsy of the affected
organ(s) showing inclusion bodies [4], though diagnosis can be supported by elevated
viral load on bronchoalveolar lavage (BAL) samples [6]. Unfortunately, we were unable to
obtain a tissue sample though BAL for definitive diagnosis because of the patient’s high
oxygen requirements, which increased his risk for complications with a bronchoscopy.
Nonetheless, a clinical diagnosis of CMV pneumonitis is supported by his decreasing
CMV viremia in parallel with his clinical improvement after high-dose ganciclovir and an
otherwise negative infectious workup (Table A3).
Our patient had several risk factors for developing active pulmonary CMV disease.
He is a CMV seronegative recipient of a seropositive donor and had a resistant strain
of CMV that predisposed him to CMV disease despite valganciclovir prophylaxis [7].
CMV-seronegative recipients (CMV IgG negative prior to transplant) who receive an organ
from seropositive donors are at especially high risk of CMV disease, as they acquire a
primary CMV infection with transplant and receive immunosuppressants of cell-mediated
immune response [8]. In addition, the prophylactic dose of valganciclovir had not been
appropriate for the majority of his post-transplant course (450 mg daily instead of 900 mg
daily). While there are studies that suggest 450 mg of valganciclovir daily is sufficient CMV
prophylaxis in kidney transplant patients [9], including those at intermediate risk [10],
given the patient’s high risk of CMV infection, valganciclovir 900 mg daily was the more
appropriate prophylactic dose [11,12]. Finally, our patient was treated with over two weeks
of dexamethasone for severe COVID-19 at the outside hospital, which further suppressed
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his immune system and predisposed him to develop an opportunistic infection such as
CMV disease.
Ganciclovir resistance in CMV develops in patients who receive prolonged drug
exposure with only a partial suppression of CMV [13]. Incomplete adherence to the prophylactic regimen and sub-therapeutic dosing can similarly contribute to adaptive selection
of resistant CMV strains. Moreover, some studies have shown that approximately 90%
of ganciclovir-resistant CMV infections occur in seronegative recipients of a seropositive
donors [14]. Our patient received a lower prophylactic dose of valganciclovir (450 mg daily)
than he likely needed for over 7 months, and he was also a CMV seronegative recipient of
a seropositive donor, both significant risk factors for developing ganciclovir-resistant CMV.
Given the high suspicion of a ganciclovir-resistant CMV strain, treatment was initiated
with high-dose ganciclovir, as the most common mutation can be overcome with increased
doses of ganciclovir [8]. The patient showed significant improvement after this treatment,
with defervescence 48 h after the initiation of high-dose ganciclovir, and a gradual resolution of hypoxic respiratory failure. His resistance panel confirmed a UL97-c603w mutation,
a mutation that has not yet been completely characterized [15], but, as per guidelines,
should be treated with foscarnet [16]. However, given the risk of renal toxicity and his
significant clinical improvement on high-dose ganciclovir, foscarnet was avoided, and the
patient eventually was discharged home without supplemental oxygen.
Clinically, this case should be regarded as a viral co-infection. We do not know
whether SARS-CoV2 precipitated the expansion of CMV, or vice versa. Interestingly, the
patient appeared to present with severe COVID-19, but given his high CMV viral load,
he may have had mild COVID-19 with CMV pneumonitis truly driving his respiratory
failure. His immunosuppressive regimen included cyclosporine and mycophenolate, which
inhibit lymphocyte proliferation, differentiation, activation, cytokine production and the
migration of inflammatory cells. It can thus diminish cytokine storm, preventing severe
COVID-19 [17,18]. On the other hand, it may also hamper the anti-viral immune response,
enabling unopposed viral replication [19]. However, in the setting of his rapid clinical
improvement on a CMV antiviral therapy, CMV is most likely the major contributor to the
patient’s clinical presentation and his prolonged respiratory failure.
Reports on the clinical course and treatment of renal transplant patients with COVID19 are still sparse, with only a handful of case reports available [18,20]. To our knowledge,
this is one of the first reports of CMV pneumonitis in the setting of COVID-19. In another
case report by Damiano D’Ardes et al. [21], the diagnosis of CMV pneumonitis was suggested by elevated IgG and IgM, but treatment for CMV was not initiated. However, given
our patient’s significant clinical improvement after treatment with high-dose ganciclovir
and the marked decrease in his CMV viral load, we are confident in our clinical diagnosis of CMV pneumonitis. We recommend that clinicians treating COVID-19 maintain a
high index of suspicion for co-infection in immunocompromised patients with atypical or
prolonged respiratory failure.
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Appendix A
Table A1. General and Inflammatory Laboratory Values.
Variable

Reference
Range

OSH
Admission †

Day 1 ‡

Day 4

Day 8

Day 12 §

Day 23

COVID-19

Negative

Positive
(PCR)

Positive
(Rapid ID NOW)

-

-

-

-

Lactic Acid

0–2.2 mMol/L

0.70

0.85

-

-

-

-

C Reactive
Protein

<0.8 mg/dL

-

18.0 (H)

-

-

19.2 (H)

-

Procalcitonin

<0.07 ng/mL

0.25 (H)

0.4 (H)

-

-

-

-

D-Dimer

<0.5 µg/mL

-

0.83 (H)

-

9.46 (H)

-

1.29 (H)

Creatinine

0.6–1.25 g/dL

-

1.32 (H)

2.59 (H)

2.35 (H)

0.99

0.85

Albumin

3.5–5.0 g/dL

-

2.4 (L)

2.6 (L)

-

-

-

Lactate
Dehydrogenase

300–600 U/L

-

1050 (H)

1327 (H)

-

-

-

White Blood
Cell Count

4.2–10.7 ×
103 /µL

-

6.07

5.12

-

0.99 (L)

5.6

Absolute
Neutrophil Count

1.99–6.95 ×
103 /µL

-

5.71

4.92

-

0.57 (L)

4.78

Absolute
Lymphocyte Count

1.09–3.23 ×
103 /µL

-

0.22 (L)

0.11 (L)

-

0.11 (L)

0.54 (L)

Oxygen
Requirement

-

High-Flow
(30 L/min,
100% FiO2 )

Non-Rebreather
Mask
(15 L/min)

High-Flow
(50 L/min,
100% FiO2 )

High-Flow
(55 L/min,
60% FiO2 )

High-Flow
(55 L/min,
70% FiO2 )

Nasal
Cannula
(4 L)

†

Admission to outside hospital (OSH), 3 weeks prior to admission to UTMB; ‡ Admission to UTMB; § 1st dose of high-dose ganciclovir.

Table A2. Cytomegalovirus (CMV) Trend.
Lab

Reference Range

Renal
Transplant †

CV 1 ‡

CV 2 ‡

Day 2 §

Day 10

Day 18

Day 24

Day 32 ¶

CMV IgG

Negative

Negative

-

-

-

-

-

-

-

CMV PCR

<2.5 log IU/mL

-

4.6

3.2

4.3

4.7

3.9

2.9

2.7

CMV PCR (log)

<300 IU/mL

-

36,814

1644

21,130

55,098

7293

735

461

CMV PCR

<2.7 log copies/mL

-

4.8

3.5

4.6

5.0

4.1

3.1

2.9

CMV PCR (log)

<516 copies/mL

-

63,320

2828

36,344

94,769

12,544

1264

793

† Renal transplant occurred 10 months prior to admission to UTMB; ‡ Clinic visit 1 and 2; clinic visit 1 was 2 months prior to admission to
UTMB and clinic visit 2 was 1 month prior to admission to UTMB; § Day 2 of admission to UTMB; ¶ Day of discharge from UTMB.

Table A3. Infectious Workup.

†

Lab

OSH †

UTMB

Urinalysis

Negative

Negative

Coccidiodes Ab IgM

Negative

Negative

Coccidiodes Ab IgG

Negative

Negative

Cryptococcal Antigen

Negative

Negative

Histoplasma Antigen

-

Negative

Histoplasma Antigen (Urine)

Negative

Negative

Fungitell

Negative

Negative

Blood Culture

-

No Growth

Urine Culture

-

No Growth

Fungal Culture

-

No Growth

AFB Culture

-

No Growth
Negative

Respiratory Viral Panel

-

Pneumococcal Antigen (Urine)

-

Negative

Legionella Antigen (Urine)

-

Negative

Aspergillus Galactomannan Antigen

-

Negative

Outside Hospital.
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