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The porcine cytomegalovirus (PCMV) is actually a porcine roseolovirus

(PRV).1 As the official International Committee on Taxonomy of

Viruses (ITCV) name, suid betaherpesvirus 2 (SuBHV2),2 is not widely

used, the abbreviation (PCMV/PRV) will be used to make clear that

it is a herpesvirus not closely related to the human cytomegalovirus

(HCMV), but to the human herpesviruses 6 and 7 (HHV-6, HHV-

7), which are also roseoloviruses.3 PCMV/PRV was shown to reduce

significantly the survival time of pig xenotransplants in non-human

primates. Yamada et al.4 and Sekijima et al.5 reported a reduction

of the survival time of pig kidneys from PCMV/PRV-positive donor

pigs when transplanted in cynomolgus monkeys and baboons, respec-

tively, in 2014. Already in 2002 Mueller et al.6 reported an activation

PCMV in a pig-to-primate model of xenotransplantation in animals

with short survival times. In 2016 for the first time an active replica-

tion of PCMV following transplantation of a pig heart into a baboon

despite undetected virus in the donor pig was reported.7 Denner

et al.8 reported a reduction of the survival time of genetically mod-

ified pig hearts in baboons. For detailed reviews of these and other

studies see Denner.9,10 PCMV/PRVwas also transmitted to the human

recipient who received a pig heart in January 2022 in Baltimore,

Maryland, USA.11 The clinical features and the steadily increasing

virus load observed in the patient in Baltimore are very similar to

the features and high virus load observed in baboons, which received

a PCMV/PRV-positive heart in Munich.8 Therefore, it is likely that

the virus contributed together with other factors to the death of the
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patient.12–16 These additional factors were surgical problems, prob-

lemswith immunosuppression, applicationof the IVIG, and theantiviral

drugs (see below).

After transplantation the patient was treated six times with antivi-

ral drugs developed mainly against HCMV (Figure 1). There were

early publications indicating that antiviral drugs against HCMV are

less efficient against PCMV/PRV.17,18 Since some of these drugs,

for example, cidofovir are also used successfully against other

DNA viruses, for example, monkeypox or mpox virus,19 it is impor-

tant to analyze, how effective the applied antivirals were against

PCMV/PRV.

The PCMV/PRV infection was observed in the patient at day 20.11

Ganciclovir and valacyclovir were given starting with day 0, and 19,

respectively (Figure 1), possibly as a prophylactic measure to prevent

HCMVactivation, however, in thepublicationbyGriffith et al.11 HCMV

was not indicated as present in the patient.

Ganciclovir is a nucleoside analogue, it is a derivative of aciclovir

and exhibits in vitro activity against HCMV and herpes simplex virus

types 1 and 2 (HSV-1, HSV-2), and to a lesser degree against Epstein-

Barr virus (EBV), varicella zoster virus (VZV), human herpesvirus - 6

(HHV-6), andwith a very low efficiency against human adenoviruses.20

Common adverse drug reactions include: granulocytopenia, neutrope-

nia, anemia, thrombocytopenia, and others. Thrombocytopenia was a

marked feature in the Baltimore patient.11 Ganciclovir is considerably

more potent than aciclovir againstHCMV.Valaciclovir, the L-valyl ester
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F IGURE 1 Virus load of PCMV/PRV (red line) in the plasma of the
Baltimore patient and treatment of the patient by antiviral drugs
according to Griffith et al.11 The days of changing the antiviral drugs or
their dose (black arrows) and the day of application of the IVIG
preparation (day 43, green arrow) are indicated.

of aciclovir, is a prodrug, which is active after being converted to aci-

clovir in the human body.21 Aciclovir is used for the treatment of HSV

infections, chickenpox, and shingles. Like aciclovir, ganciclovir cannot

eradicate a latent herpesvirus infection.20

When ganciclovir was applied to baboons given PCMV/PRV-

positive pig hearts, it did not decrease the virus load of PCMV/PRV, i.e.,

it had no therapeutic efficacy in vivo in achievable concentrations.17

In vitro, PCMV/PRV was relatively resistant against ganciclovir and

aciclovir. Only cidofovir and another drug, foscarnet, were found to

have a therapeutic efficacy in vivo in achievable concentrations. How-

ever, cidofovir and foscarnetwere often significantly toxic in transplant

recipients.17 Similar results were also obtained in another study.18 In

this cell culture system, ganciclovir and cidofovirwere effective against

PCMV/PRV, however, some toxicity was associated with the highest

concentration of cidofovir. Aciclovir and foscarnet were not effective

in this system.18

After detection of PCMV/PRV at day 20, a permanent increase in

the virus load was observed in the Baltimore patient, showing that

ganciclovir and valacyclovir were not effective against PCMV/PRV in

the patient. Consequentially, the antiviral therapy was changed from

ganciclovir to cidofovir on day 43. Cidofovir is an acyclic phospho-

nate nucleotide analogue of deoxycytidine monophosphate with a

broader spectrum of activity against double-stranded DNA viruses,

including human herpesviruses.22 It was approved for the treat-

ment of HCMV induced retinitis in AIDS patients, which was the

reason that some newspapers reported that the Baltimore patients

was treated with a drug against AIDS. The major dose-limiting side

effect of cidofovir is nephrotoxicity,23 its half-life is between 2.6 and

9.5 h.24

But how effective was cidofovir in the Baltimore patient? After the

first application at day 43 the virus titer was still increasing (Figure 1).

The delay may be explained by the fact that cidofovir is acting on

the viral polymerase and therefore on the de novo production of

the virus, but not on already produced virus. Starting with day 47

the virus titer was decreasing, and a second application of cidofovir

was given on day 49. The titer was further decreasing until day 55,

then it was increasing rapidly to a very high virus load. Was cidofovir

causing the decline? It seems possible that in addition to cidofovir

another factor was involved in the reduction of the virus load: On

day 43, together with cidofovir, intravenous immune globulin (IVIG)

was administered. IVIG are usually isolated from pooled plasma that

has been donated by 1000–100 000 people and they are used as

replacement therapy in primary and acquired humoral immunodefi-

ciency and as an immunomodulatory therapy in autoimmune disease

and transplantation.25 We recently have shown that antibodies against

HHV-6 are cross-reacting with PCMV/PRV.26 There are two HHV-6

species, HHV-6A and HHV-6B, which cannot be discriminated sero-

logically. HHV-6 has a high seroprevalence in the human population

of 95%–100% in humans older than 2 years of age.27,28 The Balti-

more patient was also HHV-6 positive.11 Therefore, it is likely that the

IVIG preparations contain antibodies against HHV-6 considering the

high number of donors. Consequentially, it cannot be excluded that the

reduction in the virus load of PCMV/PRV in the Baltimore patient after

day 47 was due to neutralizing antibodies and antibodies contributing

to opsonization and clearing of the virus.29

To summarize, the antiviral drugs (especially ganciclovir and valacy-

clovir) applied to the Baltimore patient had only a very limited effect

on PCMV/PRV. It is likely that PCMV/PRV and certain antibodies in the

IVIGpreparation found tobedirected against pig tissues13 contributed

to the death of the patient together with other factors. At present, it

remains unclearwhether the antiviral drugs and their toxic effectsmay

have contributed.
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