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Search for Cross-Species
Transmission of Porcine
Endogenous Retrovirus in Patients
Treated with Living Pig Tissue

Khazal Paradis,’ Gillian Langford," Zhifeng Long,?
Walid Heneine,? Paul Sandstrom,® William M. Switzer,?
Louisa E. Chapman,® Chris Lockey,? David Onions,*
The XEN 111 Study Group,® Edward Otto?

Pig organs may offer a solution to the shortage of human donor organs for
transplantation, but concerns remain about possible cross-species transmission of
porcine endogenous retrovirus (PERV). Samples were collected from 160 patients
who had been treated with various living pig tissues up to 12 years earlier. Reverse
transcription—polymerase chain reaction (RT-PCR) and protein immunoblot anal-
yses were performed on serum from all 160 patients. No viremia was detected in
any patient. Peripheral blood mononuclear cells from 159 of the patients were
analyzed by PCR using PERV-specific primers. No PERV infection was detected in
any of the patients from whom sufficient DNA was extracted to allow complete
PCR analysis (97 percent of the patients). Persistent microchimerism (presence of
donor cells in the recipient) was observed in 23 patients for up to 8.5 years.

Hundreds of patients have been exposed to
living porcine cells and tissues for a variety of
experimental therapeutic indications, including
pancreatic islet cells, skin, and whole livers and
spleens for extracorporeal blood perfusion (/—
4). Proposed future therapeutic indications in-
clude solid organ transplantation from trans-
genic pigs as a means of alleviating the human
donor organ shortage (5-7). Although most
potential pathogens can be eliminated from
source animals for xenotransplantation, one that
remains is the porcine endogenous retrovirus
(PERV), a C-type retrovirus that is permanently
integrated in the pig genome (8§—/3). Recent
coculture and infectivity experiments have
shown that PERV released from pig kidney cell
lines, from mitogenically activated porcine pe-
ripheral blood mononuclear cells (PBMCs), or
from porcine endothelial cells can infect human
cells and cell lines in vitro, raising concerns
about the possibility of cross-species infection
after xenotransplantation (//, /4—16).

To supplement the data generated in previ-
ous studies (/, /7) and to further investigate the
potential transmission of PERV to humans, we
retrospectively collected PBMCs and serum
from patients who had been treated with living
pig tissue. The samples were analyzed in mul-
tiple laboratories using recently developed and
validated assays specific for PERV: PCR (for
PERV DNA), RT-PCR (for PERV RNA, a
marker for virions), and protein immunoblot
antibody assays (for exposure to PERV anti-
gens). Testing strategies were also devised to
distinguish whether any PERV DNA detected
was due to actual infection or to the presence of
pig cells. This could result from a situation
analogous to that frequently observed after al-
lotransplantation, termed microchimerisim,
where cells from the donor organ are known to
traffic through the recipient (/8).

Study participants and testing labora-
tories. A total of 160 patients (83 males and
77 females, aged 2 to 77 years) participated in
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this study (Table 1). One of the following
treatments had been used in these patients:

1) Extracorporeal splenic perfusion (ECSP)
(n = 100) through spleens from healthy slaugh-
terhouse pigs as “immunotherapy” for various
indications. One patient subsequently received
chemotherapy (St. Petersburg, Russia).

2) Extracorporeal perfusion for liver fail-
ure with the HepatAssist device (Circe Bio-
medical) (» = 28), which contains pig hepa-
tocytes enclosed in a semipermeable mem-
brane (/9). After the procedure, 25 of these
patients received liver transplants and then
pharmacological immunosuppression (Ville-
juif, France; Los Angeles, USA; Jerusalem,
Tel Aviv, and Haifa, Israel).

3) Pig skin grafts (n =
(Bochum, Germany).

4) Porcine pancreatic islet cell transplants
for diabetes (n = 14). Specimens collected
from eight of these patients at different time
points were tested previously for evidence of
cross-species transmission of PERV (/). Nine
of these patients also received a kidney allo-
transplant and pharmacological immunosup-
pression. Evidence of porcine C-peptide (re-
leased from islets) was detected in the urine of
four patients for 257 to 460 days after xeno-
transplant (Huddinge, Sweden; Auckland, New
Zealand). .

5) Extracorporeal pig kidney perfusion (n =
2). Samples collected from these patients (20) at
different time points have been previously an-
alyzed (/7) (Goteborg, Sweden).

6) Extracorporeal perfusion through a
whole pig liver (n = 1) followed by a liver
allotransplant and pharmacological immuno-
suppression (Montreal, Canada).

Tests were conducted at four laboratories:
Genetic Therapy Inc. (GTI, Gaithersburg, MD),
Q-One Biotech Ltd. (Glasgow, Scotland), Pri-
medica Corporation (Rockville, MD), and the
Centers for Disease Control and Prevention
(CDC, Atlanta, GA). A spectrum of tests was
used to detect all possible types of infection:

15) for burns

"Imutran Ltd. (a Novartis Pharma AG company), Post
Office Box 399, Cambridge CB2 2YP, UK. 2Genetic Ther-
apy Inc. (a Novartis company), Gaithersburg, MD 20878,
USA. 3Centers for Disease Control and Prevention (Na-
tional Center for Infectious Diseases, Division of AIDS,
STD, and TB Laboratory Research, HIV and Retrovirology
Branch), Atlanta, GA 30333, USA. “Q-One Biotech Ltd.
and Department of Veterinary Pathology, University of
Glasgow, Glasgow G20 OXA, UK. *Dmitry Shirokov (St.
Petersburg, Russia); Achilles Demetriou (Los Angeles, CA,
USA); Peter M. Vogt (Bochum, Germany); Annika Tibell
and Carl Groth (Huddinge, Sweden); Robert Elliott
(Auckland, New Zealand); Didier Samuel (Villejuif,
France); Daniel Shouval ( Jerusalem, Israel); Yaacov Ba-
ruch (Haifa, Israel); Ran Tur-Kaspar (Petach-Tikva, Israel);
Michael E. Breimer (Géteborg, Sweden); A. Joseph Tector
(Montreal, Canada); Claudy Mullon (Circe Biomedical,
Lexington, KY, USA); Sabine Wehr and Kamal Abeywick-
rama (Novartis Pharma, Basel, Switzerland); Mi-Li Gu
(GTI); Laurie O'Rourke (Imutran); Aprille Matthews,
Vedapuri Shanmugam, and Althaf I. Hussain (CDC).

*To whom correspondence should be addressed. E-
mail: khazal.paradis@pharma.novartis.com

www.sciencemag.org SCIENCE

RESEARCH ARTICLES

latent, persistent, sequestered, and cleared or
“recovered.” The testing sites used different
primers, antigens, and methodologies in their
respective assays.

At GTI, PBMCs were tested for PERV
and pig-specific centromeric sequences by
PCR, and serum was tested for PERV RNA
by RT-PCR. At Q-One, serum was tested for
antibodies to PERV by protein immunoblot
analysis, and saliva was tested for PERV
RNA by RT-PCR. At Primedica, PBMCs
from the 28 patients treated with the Hepat
Assist device were tested by PCR. Confirma-
tory PCR and protein immunoblot analyses
were performed at the CDC facility.

Study design and testing strategy. The
institutional review boards or ethics commit-
tees at each participating hospital approved
the study. After informed consent specific for
the present study was obtained, data were
collected regarding dietary or occupational
exposure to pig tissue, signs or symptoms
that might indicate infection of unexplained
etiology, and details of pharmacological im-
munosuppression. PBMC and serum samples
were prepared and aliquoted at the different
hospitals and stored at —70°C until dis-
patched on dry ice to the testing laboratories.

At GTI, Primedica, and CDC, PBMCs
were tested for PERV DNA sequences by
PCR. A negative result was reported as “no
infection detected.” However, if PERV DNA
was detected, a second PCR was performed
to assess whether the sample contained pig-
specific sequences (centromeric at GTI and
mitochondrial at CDC) indicating the pres-
ence of pig cells. If no pig-specific sequences
were detected, the patient was reported as
“infected.” In contrast, if porcine-specific
DNA was detected, it was reported as “mi-
crochimerism,” although PERV infection
could not be excluded.

As a way to distinguish between infection
and microchimerism in samples with quantita-
tive results, the ratio of PERV to centromeric
sequences was calculated and compared to that
found in 43 pigs. Theoretically, this ratio would
be increased in a patient with infection. Con-

Table 1. Patient demographics.

versely, a ratio in a patient sample that did not
significantly exceed the mean ratio found in
pigs would suggest that the PERV DNA was
entirely due to the presence of circulating pig
cells.

GTI tested serum for the presence of
circulating virion-associated RNA by RT-
PCR. Negative results were reported as “no
infection detected.” Q-One and CDC tested
serum by protein immunoblot analysis for
the presence of antibodies to Gag p30;
results were reported as “seroreactive” or
“seronegative.”

Feline leukemia virus (FeLV), another C-
type retrovirus, can be sequestered in the
salivary gland of infected cats, and the
virus is shed in large quantities in saliva
(21). Thus, where possible, RT-PCR was
used at Q-One to test for the presence of
PERV virions in the saliva from seroreac-
tive patients or in patients who were found
to have microchimerism at GTI and in
whom concomitant infection could not be
excluded. After written informed consent
was obtained, blood and saliva were also
collected from the close contacts (people
living in the same household) of seroreac-
tive patients detected at Q-one to test for
evidence of potential horizontal human-to-
human transmission of PERV.

Detection of PERV DNA by PCR. GTI
performed a quantitative PCR assay to test
for PERV DNA, using a fluorescence-based
real-time PCR method in which DNA ex-
tracted from PBMCs (22) was tested using
PERV pol primers and a pol probe (23),
conserved for four published PERV variants
(10-13). Validation showed that the limit of
detection was one copy of PERV per 3.3 pg
of total DNA (500,000 cells). The sensitivity
of the assay was defined as 10 copies per
500,000 cells, which gave >99.99% confi-
dence of detecting =10 copies (that is,
<0.01% chance of a false negative). On the
basis of a total of 405 control DNA samples,
the false positive rate for this assay was
9.88%. The samples were therefore retested
up to two additional times to confirm a pos-

Procedure N (ﬁegais) Duration of exposure Montl;s ;Ei‘i;;gg;ment

Extracorporeal liver 1 59 4.25 hours 40.5
perfusion

Extracorporeal kidney 2  40to50 15 and 65 min 339+ 2.8(31.9t0358)
perfusion

Bioartificial liver perfusion 28 11to65 11.75 hours 25.8 + 18.7 (2.4 t0 60.8)

(2 to 30 hours)
Pancreatic islet cells 14 19to 59 1 to 460 days 59.7 + 24.2 (18.8 t0 92.9)
Skin 15 8to 67 10 days 101.9 * 34.4 (35.7 to 149.5)
(estimated average)

Extracorporeal splenic 100 2to 77 50 to 60 min 29.7 + 28.5 (0 to 102)
perfusion

Total 160 2to 77 38.5 + 34.8 (0 to 149.5)
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itive PCR result, and only samples that tested
positive in all three assays were reported as
positive. This testing algorithm reduced the
false positive rate to <0.1%, with no signif-
icant increase in the probability of obtaining
false negative results (<0.03%). The PERV
PCR assay was quantitative, with a linear
range of 10 to 10° copies (24). Positive sam-
ples with fewer than 10 copies could not be
quantitated.

At CDC, DNA was tested using primers for
human B-actin to assess whether the DNA ex-
tracted from PBMCs was suitable for amplifi-
cation. PCR was then performed on (-actin—
positive samples using primers for conserved
sequences of the gag and pol PERV genes. The
amplified PCR products were hybridized with
32P end-labeled oligonucleotide probes specific
for gag or pol (25). The sensitivities of these
assays were determined by performing serial
dilutions of plasmids containing PERV gag or
pol. Validation showed that the limit of detec-
tion of the PCR assay for gag and pol was one
copy and five copies, respectively, per 1 pg of
DNA (150,000 human cells). The sensitivity of
both assays was defined as 10 copies per
150,000 cells, which gave >99.99% confi-
dence of detecting =10 copies (<<0.01%
chance of a false negative). On the basis of
empirical data from 69 negative samples, the
false positive rate was <1/69 (1.45%). Positive
samples were therefore retested and were re-
ported as positive only if the initial result was
confirmed (false positive rate <<0.021%). If the
results for either the gag or pol/ PCR assays
were positive, the sample was considered pos-
itive for PERV DNA. As determined by empir-
ical data from 70 control samples containing
pig cell DNA lysates at the limits of detection,
the false negative rate was 0.02% for duplicate
testing with gag and 0.18% for duplicate testing
with pol.

At Primedica, PCR was performed with
primers designed to amplify the po/ gene of
PERV (26). The PCR products were detected
by Southern (DNA) blot hybridization and a
fluorescein-tagged oligonucleotide probe. The
sensitivity of the assay was assessed by per-
forming serial dilutions with known numbers of
porcine (PK-15) cells; the results showed that
the sensitivity of the assays was 0.3 of a PK-15
cell per 10° cells, with an exception for one
sample, where the sensitivity of the assay was
1.0 PK-15 cell per 10° cells.

Distinguishing PERV infection from mi-
crochimerism. PERV-positive DNA samples
were also tested by PCR for the presence of
porcine-specific sequences. The GTI centro-
meric PCR assay had a limit of detection of 10
copies per 500,000 cells and was capable of
quantifying levels of centromeric sequences
ranging from 10 to 10° copies (27). This assay
could not discriminate between a negative sam-
ple and one containing fewer than 10 copies;
therefore, any sample with a value of less than
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10 was considered to be negative. A positive
test was considered as indicative of circulating
pig cells. Samples were analyzed in triplicate
where possible and reported individually. Ad-
ditional testing was performed that shows that
infection could be detected in the presence of
microchimerism when >0.01% of the human
cells in a sample containing 107 human and 20
pig cells are infected.

The sensitivity of the mitochondrial PCR
assay performed at CDC was one copy per
150,000 human cells (25). Samples positive
for PERV DNA and negative for porcine
mitochondrial sequences would be interpret-
ed as infected. The presence of PERV and
mitochondrial sequences would indicate the
presence of microchimerism. As the assay
was not quantitative, the possibility of PERV
infection coexisting with microchimerism
could not be excluded.

Results of PCR testing. Using the most
conservative approach, positive results from
any laboratory resulted in an overall positive
interpretation (Table 2). Five of the initial 160
samples (3%) yielded insufficient DNA for
analysis. Of the remaining samples, 125 (81%)
were negative for PERV DNA. The remaining
30 patients positive for PERV DNA had all
been treated with ECSP. Of these, 23 showed
clear evidence of circulating pig DNA (centro-
meric or mitochondrial or both), indicating mi-
crochimerism. The remaining seven did not
have sufficient DNA to allow testing for pig-
specific sequences, and thus the infection status
of these patients was uninterpretable.

In 19 of the 23 patients with microchimer-
ism, the PERV copy number could not be quan-
titated, as there were <10 copies per 500,000
cells. For two of the four patients with quanti-
tative PERV DNA results, there was insuffi-
cient DNA in the same aliquot to be able to
quantitate the number of centromeric sequenc-
es. Thus another aliquot was used for quantita-
tion, which precluded the calculation of a ratio
for these patients. The PERV:centromeric ratios
were calculable from the same aliquot on pa-
tients 6017 (24/1300 = 0.0185) and 6100
(21,600/690,000 = 0.0313). No statistical
difference was observed when these values
were compared to those obtained from a
cohort of 43 Large White pigs (mean =
SD = 0.0416 = 0.0411, upper 95% confi-
dence interval = 0.125), even when all
PERV and centromeric values were com-
bined for all aliquots for each patient.
Hence, the data suggest that these patients
were not infected.

Seven months after the initial blood sam-
pling, another PBMC sample was collected
from selected patients. These included four of
the five patients with insufficient DNA for anal-
ysis, four of the seven patients whose results
were initially uninterpretable, and 12 of the 23
patients with microchimerism. All but one of
these second time-point samples were negative;

the remaining sample had insufficient DNA to
test for porcine sequences (patient 6029). Three
of the seven patients with initially uninterpret-
able infection status due to insufficient DNA
could not be resampled (patients 6095, 6004,
and 6010). For patient 6095, from whom blood
was taken on the same day as the splenic per-
fusion, microchimerism is almost certain be-
cause pig cells are flushed from the spleen into
the patient’s circulation during treatment. Pa-
tients 6004 and 6010 tested negative at GTI but
were positive at CDC, implying a very low
level of PERV DNA in the sample.

RT-PCR testing for PERV RNA. At
GTI, RNA extracted from serum using the
QIAamp viral RNA kit (Qiagen) was reverse-
transcribed, amplified, and detected by means
of primers and probes complementary to con-
served regions of the PERV pol gene (28).
Validation of this assay showed 100% detec-
tion of PERV RNA in 96 serum samples
spiked with 400 virus-like particles (VLPs)
per milliliter, as counted by transmission
electron microscopy; thus, the limit of detec-
tion for this assay was 400 VLPs/ml. Positive
results were confirmed by retesting.

At Q-One, RNA extracted from saliva
using the QIAamp viral RNA kit was reverse-
transcribed, amplified, and detected by means
of primers and probes derived from the PERV
gag gene (29). Validation of the assay
showed that the limit of detection was 100
VLPs/ml and that it could consistently detect
1000 VLPs/ml.

No PERV RNA was detected in the serum
of any of the 160 patients, nor in saliva from
the two seroreactive ECSP patients (6052 and
6062, see below), their five close contacts,
and 16 ECSP patients with microchimerism.

Detection of antibodies to PERV. At Q-
One, a recombinant PERV p30 Gag protein
(PERV BI1 Gag sequence expressed in Esche-
richia coli) was used as an initial screen for
antibodies to PERV, and positive samples were
then tested against the purified whole virus
(isolated from a PERV-positive human 293
cell line). The specificity of the assay was
assessed by testing a series of serum sam-
ples from patients with no known treatment
with living porcine material (30). A sample
was considered to be positive when it re-
acted against p30 Gag antigen in both as-
says. At CDC, reactivity to Gag and p27
were measured in a protein immunoblot
assay with whole-cell lysates prepared from
PERV-infected human 293 cells (31).

No antibodies to PERV were detected in
156 of 160 patients at either laboratory. Se-
roreactivity was detected in two patient sam-
ples (6052 and 6062) when tested at Q-One;
one of these (6052) had a weak signal and
tested negative 7 months later. However, all
these samples were found to be seronegative
by CDC, using any combination of Q-One
and CDC antigens and methods (Table 3).
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The five close contacts of these two patients
were seronegative when tested at Q-One.

A weak seroreactivity was detected in two
patient samples (10018 and 8004) only when
tested at CDC (Table 3). Similar reactivity
was present in serum samples obtained 1 and
3 days after their respective procedures, sug-
gesting preexisting antibodies rather than se-
roconversion. None of the four seroreactive
patients from either laboratory had molecular
evidence that would support PERV infection.

Unexplained symptoms and signs. Three
patients who had extracorporeal perfusion with
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the HepatAssist device reported skin rashes of
unclear etiology. Two of these rashes have per-
sisted, and one of these patients also reported a
4-day febrile episode of unknown origin. One
patient who received a porcine skin graft report-
ed an ongoing skin rash. All tests for PERV
were negative in these patients. No other clini-
cally significant symptoms or events were re-
ported, even in those patients found to exhibit
microchimerism.

Summary and interpretation. No evi-
dence of persistent PERV infection could be
detected in any of the patients (97%) in

whom sufficient DNA was available to allow
PERV PCR and (if necessary) to allow am-
plification of porcine sequences to be per-
formed. This includes 36 patients who were
pharmacologically immunosuppressed and
therefore presumed to be at increased risk of
infection. Similar negative data, drawn from
comparable assays, have been reported for
samples collected at different time points
from eight of the patients who received pan-
creatic islets in Sweden and the two patients
who underwent extracorporeal swine kidney
perfusion (I, 17).

Table 2. Detailed results from the Russian patient samples in which PERV DNA was detected. QNS, quantity not sufficient; +, positive; —, negative; NT, not
tested. Results were classed as uninterpretable when there was insufficient DNA to complete the testing algorithm.

CDC GTI
i Months
Patient : . R .
D since PERV PERV PERV pig Pig Overall interpretation
procedure N ol result mito* PERV resultf centromeric
949 P result*f

6082 0 - + + + + (<10, <10, <10) +(22,—,-) Microchimerism
6.4 - - - - No infection detected

6098 0 + - + + + (12, <10, <10) + (420, 340, 740) Microchimerism
6.2 - - - - No infection detected

6100 0 + + + + + (4600, 3600, 21,600) + (690,000) Microchimerism
6.5 - - - - No infection detected

6027 0 - + + + - Microchimerism

6074 0 - + + + - Microchimerism

6089 0 + - + + - Microchimerism
6.6 - - - NT No infection detected

6095 0 - - - + (<10, <10, <10) QNS Uninterpretable

6029 0 - + + + + (<10, <10, <10) + (48, 45, 27) Microchimerism

6.8 - - - + (<10, <10, <10) QNS Uninterpretable

6026 0.2 + - + + - Microchimerism
6.7 - - - NT No infection detected

6007 0.2 + + + QNS QNS Uninterpretable
7.2 - - - - No infection detected

6028 0.4 - + + + + (<10,<10, <10) + (31,98, 13) Microchimerism
7.2 - - - - No infection detected

6032 0.4 + + + + - Microchimerism

6006 0.5 QNS + (<10, 11, <10) + (405, 123) Microchimerism

6030 1.1 QNS + (<10, <10, <10) + (856) Microchimerism

6041 14.8 - + + + - Microchimerism

6035 14.8 QNS + (11, <10, <10) QNS Uninterpretable
21.5 - - - - No infection detected

6011 16.4 + — + + - Microchimerism
23.1 - - - NT No infection detected

6013 26.0 — + + + - Microchimerism

6004 34.5 + + + QNS - Uninterpretable

6024 347 QNS QNS + (263, 59, 54) Microchimerism

6002 36.9 QNS + (<10, <10, <10) + (500, 1800) Microchimerism
43.8 - - - - No infection detected

6016 37.8 + + + + - Microchimerism

6017 41.7 QNS + (24, 10, <10) + (200, 1300) Microchimerism
49.1 - - - - No infection detected

6034 49.0 + - + QNS QNS Uninterpretable
55.5 - - - - No infection detected

6022 49.1 QNS + (<10, <10, <10) + (170,95, 210) Microchimerism
56.1 - - - - No infection detected

6010 73.4 - + + QNS - Uninterpretable

6023 73.7 QNS + (<10, <10, <10) + (190, 58) Microchimerism

6003 88.8 + + + QNS - Uninterpretable
96.1 - - - NT No infection detected

6005 89.0 - - - + (<10, <10, <10) + (190, 160) Microchimerism
95.7 - - - - No infection detected

6012 101.4 - + + + - Microchimerism

*Tests for porcine mitochondrial DNA or centromeric sequence were only performed in samples testing positive for PERV DNA.
results per 500,000 cells; results may come from different aliquots.

remaining DNA tested for centromeric sequences.
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‘tResults are followed in parentheses by individual

fInsufficient sample to complete testing algorithm, PERV PCR performed twice (copy number <10, <10);
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The absence of identifiable adverse events in
any of the 23 patients in whom microchimerism
was detected despite 43.7 person-years of cu-
mulative exposure to pig cells is reassuring. The
presence of cells of donor origin in sites outside
the donor organ has been well described in
human allotransplantation when patients are
continuously pharmacologically immunosup-
pressed (/8). The long-term persistence of mi-
crochimerism in patients tested between 2 and
102 months after ECSP was an unexpected find-
ing, as none of these patients have been immu-
nosuppressed since the procedure (Fig. 1). It is
possible that these pig cells are dendritic cells,
as observed in allotransplantation, or stem
cells originating from the pig spleen, which
may express low levels of the xenoantigen
Gala1-3GalpB1-4GlcNac-R, allowing them to
escape antibody-mediated clearance.

The quantitative results obtained from anal-
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ysis of the patient samples suggest that the level
of microchimerism was extremely low (less
than one pig cell per 500,000 PBMCs in the
majority of cases). This approaches the limit of
detection, as determined by performing serial
dilutions of plasmid containing viral DNA, of
the PERV PCR assays used by the CDC (one
copy of gag and five copies of pol per 150,000
human cells) and by GTI (1 copy of pol per
500,000 human cells) and may explain the dif-
ferences in PCR results between the two testing
sites (Table 2). As predicted by the Poisson
distribution, aliquoting of samples containing
very few targets may lead to discrepant results.
In addition, if particular PERV variants are
preferentially amplified because of subtle mis-
matches in primer sequences, this may also
account for the different results reported both
between and within laboratories.

Molecular testing results for four PERV-

Table 3. Interlaboratory testing of samples with discrepant serologic results, performed to resolve

discrepancies (+, positive; —, negative).

Patient Time since

Antigen and

D* procedure Testing site method Result#
6062 4.6 months Q-One p30, virust +
CcDC Infected 293} -
cDC p30§** -
Q-One Infected 293 +
Q-One p309 Weak +
11.6 months Q-One p30, virust +
cbC Infected 2931 -
6052 73.2 months Q-One p30, virust Weak +
CcDC Infected 293% -
Q-One Infected 293|| -
Q-One p30, virust -
CcDC p30, virus§ —
80.2 months Q-One p30, virust -
CbC Infected 2931 -
CcDC p30, virusi -
8004 3 days CcDC Infected 293% Weak +
72.1 months CcDC Infected 293} Weak +
Q-One p30, virusf -
10018 1day CbC Infected 2931 Weak +
58.9 months CDbC Infected 2931 Weak +
Q-One p30, virust =
*ID codes: 6xxx, Russia (ECSP); 8xxx, Sweden (pancreatic islet cells); 10xxx, USA (HepatAssist device). Q-One
method as described. 1CDC method as described. §Q-One antigen, but using CDC methodology. |ICDC

antigens, but using Q-One methodology.
stringent washes and altered incubation conditions).
thawed.

9Q-One p30 antigen, but using modified Q-One methodology (more

#Repeat testing samples were repeatedly frozen and

#*Q-One antigen, but using modified CDC methodology (more stringent washes and extended incubation).

14
12 [J Patients with no microchimerism (n=77)
10 B Patients with microchimerism (n=23)

No. of patients

0 12 24 36
Time since procedure (months)

T T "IHDH; ﬂln_‘l |ﬂ ﬂl' T Fﬂ_
48 60 72 84 9

100 1 ”J’IL

Fig. 1. Proportion of patients exhibiting microchimerism at the time of sampling in relation to time
elapsed since ECSP. Bars represent the total number of patients; solid bars represent the proportion

of patients found to have microchimerism.

positive patients remained uninterpretable be-
cause the amount of DNA was insufficient to
rule out the presence of microchimerism. How-
ever, considering that PERV DNA was detected
in only one of two testing laboratories, the
absence of either circulating PERV virions or
antibodies to PERV suggests that these detected
PERV sequences represent low-level microchi-
merism rather than infection.

Despite the prolonged presence of pig cells
in the circulation of at least 23 of the study
patients, no evidence of productive infection
was detected by testing either serum (160 pa-
tients) or saliva (12 microchimeric patients).
These observations are very encouraging, given
that the development of disease and transmis-
sion of FeLV is usually associated with a per-
sistent plasma viremia and widespread replica-
tion of the virus in epithelial cells, hematopoi-
etic cells, and other tissues (21).

Only two of 160 patients were seroreactive
at Q-One. Because preprocedural serum was
not available from these two patients, it was not
possible to assess whether these antibodies
were present before treatment. Both were sero-
negative at CDC, and a substantial effort was
made to resolve these differences (Table 3).
The discrepant results do not appear to be an-
tigen dependent, but are more likely to be due
to technical differences between the two meth-
odologies. It is not yet possible to determine
whether the antibody response seen at Q-One
represents an immunological response to PERV
protein or whether it is due to cross-reactivity
with an unrelated antigen. Cross-reactive anti-
bodies to retroviral Gag proteins have been
described (32-34). All other molecular tests
(PCR, RT-PCR in serum and saliva) in these
patients were negative, and the close contacts of
these patients were also found to be negative for
PERV by PCR, as well as seronegative by
protein immunoblot.

All retrospective studies are limited in their
ability to identify the true incidence of infection
or associated clinical symptoms. As has been
suggested (35, 36), closely monitored prospec-
tive trials would allow a more comprehensive
evaluation of the possibility of cross-species
transmission of PERV. Prospective clinical tri-
als would also allow comparison of the PERV:
centromeric ratio for a given patient to that of
the specific source pig, thereby increasing the
reliability with which infection could be distin-
guished from microchimerism.

We have not detected any conclusive ev-
idence of cross-species or human-to-human
transmission of PERV. These results support
the use of closely monitored clinical trials as
an approach to assessing the safety and effi-
cacy of using porcine cells, tissues, or organs
therapeutically in humans.
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Superconductivity and the
c Axis Spectral Weight of
High-T_ Superconductors

L. B. loffe and A. J. Millis

The temperature dependence of the c axis spectral weight (frequency integral
of the interplane conductivity) of high transition temperature (high-T_) super-
conductors is shown to be a probe of thermal and quantal fluctuations of the
phase of the superconducting order parameter. The behavior of underdoped
cuprates is shown to be a natural consequence of superconducting pairing
without long-ranged phase coherence. Very underdoped cuprates are found to
have strong phase fluctuations, even for temperatures much less than the

transition temperature.

The frequency (w) and temperature (7)) de-
pendence of the interplane conductivity o,
is one of the long-standing mysteries of
high-temperature superconductivity. Par-
ticular attention has focused on the spectral
weight, the integral of the real part of the

conductivity over some frequency range,
which has been observed (/-6) to have a
strong temperature dependence in many
high-T, materials. This dependence on T
was argued by some to be highly anoma-
lous and to provide strong evidence in favor
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of the “interlayer tunneling” model of high-
temperature superconductivity (7-10). Other
workers (//—14) have argued that some aspects
of ¢ axis transport can be understood in rela-
tively conventional terms, but have not consid-
ered the temperature dependence of the spectral
weight. Here, we present a theory of the ¢ axis
spectral weight, K (T'), which accounts for the
data.

The high-temperature copper-oxide super-
conductors have a layered crystal structure in
which the important structural subunit is the
copper-oxide (CuO,) plane, with interplane
(that is, ¢ axis) couplings much weaker than
in-plane ones. The conductivity in the direc-
tion perpendicular to the planes, o (w,T), is a
complex function with real (o) and imag-
inary (o,®) parts. We denote the spectral
weight at frequencies less than Q by X(Q,T);
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