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Persistence of Leishmania Parasites in Scars
after Clinical Cure of American Cutaneous
Leishmaniasis: Is There a Sterile Cure?
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Background.

It is uncertain whether Leishmania parasites ever disappear after clinical cure of American

cutaneous leishmaniasis (ACL). Recently, sensitive molecular techniques have allowed the identification of Leish-

mania parasites directly in specimens from patients’ scars.

Methods.  Scars of 32 patients from northeastern Brazil who were treated and clinically cured of ACL were
analyzed by use of polymerase chain reaction (PCR), culture, and histopathologic examination.
Results.  DNA specific for Leishmania (Viannia) was detected in scars of 30 (93.7%) of 32 patients. In speciméns
from 3 of the scars, Leishmania parasites could be isolated by culture; PCR results also were positive for those 3
.specimens. No parasites were found by histopathologic examination, and fibrotic alterations were present in all
cases, with slight inflammatory foci observed in 4 of the cases studied.
Condlusions.  The results suggest that clinical cure of ACL is rarely associated with sterile cure. The implications
of persistence of parasites for the dlinical evolution, relapse, and transmission of leishmaniasis deserves further
studies, particularly with the increasing incidence of coinfection with leishmaniasis and acquired immunodeficiency

syndrome.

American cutaneous leishmaniasis (ACL) is an anthro-
pozoonotic disease caused by protozoans of the genus
Leishmania that infect the vertebrate host after a bite
by infected phlebotomus insects of the genus Lutzomya.
Human infections may be inapparent or display a wide
clinical spectrum, ranging from localized, sometimes
self-healing cutaneous lesions to severe mutilating mu-
cocutaneous lesions to diffuse cutaneous fetshmaniasis.
In Brazl, ACL is widely distributed from south of the
Amazon basin to the southeast [1]; most cases are caused
by Leishmania (Viannia) braziliensis {2]. Leishmaniasis
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caused by L. (V.) braziliensis is distinguished from other
forms of leishmaniasis by its chronicity, latency, and ten-
dency to metastasize, resulting in recurrent lesions with
the potential for mucosal involvement [3].

A hallmark of infections with certain viruses {(e.g.,
herpesviruses), intraceliular bacteria (e.g., Mycobacteria,
Coxiella, and Chlamydia species), or protozoa (e.g., Try-
panosoma cruzi) is the long-term persistence of the
pathogen after clinical cure of the disease. Various im-
munologic mechanisms have been proposed as viralor -
microbial survival strategies that promote persistence,
such as modulation of host cell antimicrobial activities,
synthesis of inhibitory cytokines, impairment of T cell
activation, or retreat of the pathogen into cells that do
not elicit an immune response {4-7]. In experimental
cutaneous leishmaniasis, live parasites have been dem-
onstrated in various strains of mice after clinical cure
by chemotherapy [8, 9].

Sensitive molecular techniques have allowed the
identification of Leishmania parasites directly in clinical
specimens obtained from patients. In human ACL, the
persistence of Leishmania parasites after treatment and
clinical cure has been demonstrated by the detection
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of DNA in peripheral blood [10] and scars of patients {11].
However, to our knowledge, isolation of viable parasites has
been restricted to 2 case reports [12]. Although the focus of
the present study is on the persistence of L. (V.) braziliensis,
this persistence has also been described for other Leishmania
species [13, 14]. In the present study, we extended these ob-
servations to show that DNA specific for Leishmania (Viannia)
could be detected in specimens from the scars of 30 of 32
patients clinically cured of ACL, and, in some of these sped-
" “mens, evidence for the viability and infectivity of the parasite
is provided, strongly suggesting that persistence of parasites is
the rule, rather than the exception, in lei fasi

SUBJECTS, MATERIALS, AND METHODS

Study area and patients. A total of 63 cutaneous biopsy
specimens were obtained from 2 groups of subjects: 32 patients
dinically cured of ACL living in the Amaraji Municipality and
neighboring regions (Pernambuco State, Brazil), a region where
L. (V.) braziliensis is endemic, and 31 patients with cutaneous

lesions caused by nonleishmanial diseases, iricluding tubercu-

losis, sporotricosis, epidermoid carcinoma, leprosy, tropical ul-
cer, zygomycosis, epidermal cyst, amyloidosis, and several types
- of nevi (control group). Patients in the first group were clin-
ically cured of ACL after receiving meglumine antimonate che-
motherapy (10 mg/kg/day intramuscularly [im] for 20 days,
repeated if necessary). The project was approved by the ethics
committee of Centro de Pesquisas Aggeu Magalhzes—Fundagcio
Oswaldo Cruz, and all the enrolled subjects provided written,
informed consent. The criteria for inclusion in the group of
patients clinically cured of ACL were as follows: (1) 2 prévious
diagnosis of ACL based on clinical and epidemiological evi-
dence (i.e., the presence of typical lesions, compatible epide-
miological history, and clinical response to specific treatment)
and direct detection of the parasite (microscopic smear ex-
amination, histopathologic examination, or isolation by cul-
ture); (2) healing of lesions with the presence of scar for at
least 6 months; and (3) the absence of lesions suggestive of
active disease or relapse. Patients who did not provide written
consent, those who presented with concomitant debilitating
‘diseases, and those <15 years old were excluded from the pres-
ent study.
Patients’ samples. Four-to-6-mm skin-punch biopsy spec-
- imens were obtained from the scar site, under sterile conditions
and local anesthesia (3% prilocaine cloridrate). Specimens were
divided into 3 samples. The first sample was processed by use
of polymerase chain reaction (PCR), the second sample was
used for histopathologic examination of tissue sections, and the
third sample was used for in vitro and in vivo culture. Patients’
samples were obtained during 19952000 in the field or at the

outpatient facility of a reference hospital (Hospital das Clinicas,
Universidade Federal de Pernambuco, Recife).

Standard diagnostic procedures. The tissue sample for
histopathologic examination was fixed in 10% buffered for-
malin, and 5-pm sections were stained with hematoxylin-eosin.
In vitro culture was performed by inoculating tissue fragments
in tubes containing culture medium (4% Bacto-blood agar base
{Difco Beckton Dickinson] and 10% rabbit blood) incubated
at 26°C. After preliminary microscopic observation for 5 days,
the samples were transferred to fresh medium and observed
carefully for at least 8 weeks before being designated as negative

by culture. For in vivo isolation, biopsy material was triturated

and then inoculated into hamsters cither intraperitoneally or
intradermally in the hindfeet. Three months later, the hamsters
were killed, and spleen and skin fragments were inoculated into
culture medium. Indirect immunofluorescence (IIF) was per-
formed by use of promastigotes of L. (V.) braziliensis, exactly
as described elsewhere [27]. The presence of body and flagellum
fluorescence at a 1:40 serum dilution was considered to be a
positive reaction. ’

PCR. DNA was putified for PCR by use of the Geno-
micPrep Cells and Tissue DNA Isolation Kit (Amersham Phar-
macia Biotech), according to the instructions of the manufac-
turer. For each DNA isolation, frozen tissue samples of ~20
mg were used. After purification, the DNA was suspended in
100 pl. of 10 mmol/L Txis plus 1 mmol/L EDTA {pH 8.0] and
stored at —20°C until use. Two microliters of the DNA solution
was added to the PCR mixture. A PCR-based system specific
for Leishmania (Viannia) was used [15]. A 25-uL. PCR mixture
was prepared containing 10 mmoVl/L Tris-HCl, 50 mmol/L XCl, -
0.1 mg/mL gelatin, 1.5 mmol/L MgCl, 0.2 mmol/L each dNTP,
25 pmol of each appropriate primer, and 2.5 U of Tag DNA
polymerase (Amersham Pharmacia Biotech). Amplification was
performed on a Perkin Elmer model 4800 thermocycler. PCR
programs were run for 35 cydles, each consisting of annealing
for 1 min at 65°C, extension for 1 min at 72°C, and denatur-
ation for 1 min at 94°C. The tubes were heated for 4 min at
94°C before cycling. Several negative controls (no DNA added)
and positive controls (containing 100 pg and 10 pg of L. (V)
braziliensis genomic DNA) were included each time PCR was
performed, to detect false results caused by contamination or
variation in sensitivity. Products (10 gL} were separated by -
electrophoresis in agarose gels, and ethidium bromide-stained
gels were visualized and photographed over a UV light by use
of the Polaroid MP4+ System {16]. The Leishmania (Viannia)-
specific PCR amplifies a 750-bp band and is able to detect 10
fg of promastigote genomic DNA [17]. This amplicon is unique
to this subgenus and represents a single linearized minicircle.

Characterization of isolates by enzyme electrophoresis and
monoclonal antibodies (MAbs).  Analysis of enzymic lod
were performed as described elsewhere [18], and a battery of
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23 MAbs were used to characterize the isolates, as described
elsewhere {19]. )

RESULTS

Characteristics of the dinically cured patients. Table 1
shows detailed characteristics of each patient. The patients
cured of ACL were 15-62 years old (mean, 35 years). Most of
them (65.6%) were male and engaged in agricultural activity
(75%). The scar age ranged from 6 months to 11 yeais (mean,
.3 years). Eight (25%), 21 (65.6%), and 3 (9.4%) of the 32
patients had scars with ages of 6-17 months, 18-66 months,
and >66 months, respectively. All the patients had scars sug-
gestive of previous cutaneous leishmaniasis. Most of the scars
were atrophic lesions, round or oval in shape, with smooth,
shiny surfaces (figure 1). In general, scars were hypo- or hy-
perpigmented, hairless, and depressed. Figure 1 is representative
of the gross shape presented by the scars.
 Histopathologic examination of the scars.  Leishmania
parasites were not found in any of the scars examined by use
of stained tissue sections. Fibrotic processes compatible with
healing were seen in all cases. However, residual inflammatory
foci were observed in only 4 samples. Such inflammatory re-
actions were considered to be slight and were composed pre-
dominantly of mononuclear cells (figure 2). No association was
found between age of scars and characteristics of the inflam-
matory reaction.
Isolation and characterization of Leishmania parasites
from scars.  Leishmania parasites were isolated from 3 of 32
specimens from scars of patients clinically cured of ACL (range
of scar age, 1-6 years). In these 3 cases, PCR results were
positive. The isolates were characterized by MAbs and isoen-
zymes, confirming the diagnosis of L. (V.) braziliensis (serodeme
1). The isolates were inoculated in golden-hamsters, resulting
in manifestations indicative of leishmaniasis.

Detection of Leishmania (Viannia)-specific DNA in the
scars. DNA specific for the subgenus Leishmania (Viannia)
was detected in specimens from scars of 30 (93.7%) of 32
patients clinically cured of ACL. For 1 of the patients, biopsy
was performed twice, first in 1997 and again in 1999; PCR
results were positive on both occasions. PCR results were neg-
ative for the 31 patients with nonleishmanial cutaneous lesions
(100% specificity). Figure 2 is representative of the results ob-
tained. For the 2 patients for whom PCR results were negative,
their scars were aged 1 and 3 years, respectively. The presence
of a 750-bp band indicates amplification of the target DNA.

DISCUSSION

Several authors have previously raised the question of whether
Leishmania parasites ever disappear after clinical cure of ACL

Table 1. Demographic characteristics of the 32 patients clinically
cured of American cutaneous leishmaniasis examined in the pres-
ent study.

. Presence of
Age, Scarage. inflammatory PCR Isolation by

Patient Sex years months foci resut  culture®  IF
1 M 20 12 No Pos Neg Neg
2 M 49 36 No Pos Neg Pos
3 M 15 14 No Pos Neg Pos_
4 M 57 36 No Pos Neg Pos
5 £E 30 60 No Pos Neg Neg
6 F 24 132 No Pos Neg  Neg
7 F 2z 36 No Pos Neg  Neg
8 F 23 36 No Pos Neg  Neg
[} M 28 35 No Pos Neg Neg
10 F 29 60 No Pos Pos Neg
" M 29 60 Yes Pos Neg Neg
12 M 60 60 No Pos Neg  Neg
13 F 45 6 No Pos Neg  Neg
14 M 19 15 No Pos Neg Neg
15 M 30 17 No Pos Neg Neg
16 M 17 24 Yes Pos Neg Neg
17 M 18 15 No Pos Pos Neg
18 M 47 2 No Pos Neg Neg
19 M 62 72 No Pos Pos Neg
20 F 37 36 Yes Pos Neg Neg
21 M 27 24 No Pos Neg Neg
22 M 62 29 No Pos Neg Neg
23 M 23 36 No Pos Neg Neg
24 M 59 29 Yes Pos Neg Neg
25 M 25 60 No Pos Neg Pos
26. F 15 12 No Pos Neg Neg
27 F 52 18 No Pos Neg Neg
28 F 43 24 No Neg Neg Neg
29 F 20 36 No Pos Neg Pos
30 M 68 12 No Neg Neg Neg
31 M 16 18 No Pos Neg Pos
32 M 57 6 No Pos Neg Pos
NOTE.  {IF indirect immunofluorescence; neg. negative; PCR, polymerase

chain reaction; pos, positive. ]
® tsolation by culture refers to both in vitro and in vivo culture.

[3. 9, 20]. However, because of the sensitivity limitations of
culture in detecting viable parasites, the evidence for persistence
of parasites after clinical cure of ACL in humans has been
restricted, to our knowledge, to 2 case reports [12]; in 1 of
those cases, the attempt to maintain the culture by inoculation
into a hamster was unsuccessful, precluding the characteriza-
tion of the parasite and raising doubts about infectivity. In areas
where leishmaniasis is endemic, exogenous reinfection may ex-
plain recurrent lesions. Nonetheless, reactivation is the most
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likely mechanism of recurrent lesion involving genotypically
and phenotypically identical, sequentially isolated strains [3].
Infection by L. (V.) braziliensis is characterized by chronicity,
latency, and a tendency to metastasize in mutilating lesions of
the nasopharyngeal mucosa. Mucosal disease has generally been
described in association with healed cutaneous lesions caused
by L. (V.) braziliensis and has been attributed to the spread of
persistent infection via the blood or lymphatic dissemination
13,21). Recrudescence of the discase in immunocompromised
hosts has been demonstrated repeatedly and results in muco-
cutaneous or visceral disease, particularly in patients with HIV
~ infection, which corroborates the occurrence of persistent in-
_apparent infection by various Leishmania species, including
those usually associated with cutaneous leishananiasis 14, 22—

26]. This phenomenon is particularly important in view of the

increasing coexistence of AIDS and leishmaniasis, which is the

result of the ruralization of the former and the urbanization

of the latter. Thus, indirect clinical evidence for the persistence

of Leishmania parasites in human ACL has been provided by

the occurrence of spontaneous reactivation [20), reactivation

in immunosuppressed patients {24), and persistence of signif-

icant immune responses long after cure [21]. In this regard,

we had shown previously that serum samples obtained from

patients dlinically cured of ACL recognize certain leishmanial

antigens, suggesting that parasites persisted in those patients

{27). In the present study, 7 of 32 dinically cured patients were

positive for Leishmania parasites by IIF.
The use of highly sensitive diagnostic approaches based on

the detection of DNA suggests that the persistence of parasites
is much more frequent than previously realized [11}. Indeed,
DNA detection techniques are both sensitive and specific for
diagnosis in situations in which the organisms are scarce, such
as in lesions of ACL and, in particular, in scars after clinical
cure. Because several studies implicate L. (V.) braziliensis as the
only causative agent of ACL in Pernambuco, Brazil [17], we
used primers specific for the subgenus Leishmania (Viannia)

in PCR, to detect parasite DNA in scars of dinically cured

patients. The patients.wete from the Pernambuco State in
northeastern Brazil, where studies of the characterization of
circulating strains of the parasite and of the long-term dlinical
evolution of ACL are relatively scarce.

It has been shown that mice experimentally infected with L.

major that recover from infection still harbor infective parasites
many months later {8]. The lymph nodes draining the initial
site of infection are, by far, the most consistent source of per-
sistent parasites. The parasite can also be found in blood, as
judged by the fact that Leishmania (Viannia) DNA was detected
by use of PCR in blood samples obtained from patients who
were dinically cured of ACL after treatment [21). In 1 case

report, DNA of L. (V.) braziliensis was found in the blood of

a woman who had been cured of ACL 30 years previously and
who had lived in areas where leishmaniasis is not endemic since

then [28]. Moze recently, in a study of patients from endemic

fodi in Rio de faneiro (southeastern Brazil) treated with pen-
tavalent antimony either intralesionally or im, at a dose of 5
or 20 mg/kg/day for 30 days, analysis of paraffin-embedded

ingz

Figure 1.  Clinical aspect and histopathologic features of scars of patients cured of American cutaneous leishmaniasis. A, Round scar with marginal
hyperpigmentation, central hypopigmentation, and slightly rough surface; B, imregular interpapillary spaces, with skight colfagen deposition {magnification,
X50; €, higher magnification {% 100} of the histologic section in pane! B, showing dilated blood vessels and a few foci of mononuciear cells in the derma.
Sections were stained with hematoxylin-eosin.
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Figure 2. = Representative agarose ge! of polymerase chain reaction prod-
ucts obtained from biopsy specimens, with primers specific for the subgenus
Leishmania (Viannia). Lanes 1-3, scars from patients clinically cured of
Armerican cutaneous leishmaniasis; ane 4, scars from patients clinically
cured of other diseases of nonleishmanial etiologies; fane 5, negative con-
trol; and fanes 6 and 7, positive controls containing 100 and 10 pg of
parasite genomic DNA, respectively. M, molecular weight markers (A DNA
digested with Hindlll; 23.1, 94, 6.5, 44, 2.3, and 0.56 kb). Anow; 750-bp
diagnostic band.

tissue by PCR followed by hybridization detected Leishmania
(Viannia) DNA in scars of 16 (80%) of 20 patients, with the
period after clinical cure of ACL ranging from 21 days to 8
years [11]. We extended the results of that study by analyzing
frozen biopsy specimens from a larger sample of patients; we
detected Leishmania (Viannia) DNA in a very high percentage
of scars (93.7%; 30/32 patients) aged 6 months to 11 years.
One of the factors explaining the higher rate of positivity for
detection of DNA in the present investigation could be the fact
that we worked with recently frozen biopsy specimens. More-
over, L. (V.) braziliensis was isolated by culture from 3 patients
cured of ACL (also positive by PCR) and subsequently was in-
oculated in golden hamsters, resulting in manifestations com-
patible with leishmaniasis. Thus, we have formally demonstrated,
in 3 cases, persistence, viability, and infectivity of the parasite,
even 6 years after clinical cure. Of note, in vitro culture of par-
asites from punch biopsy or aspirate specimens of active lesions
has had variable success rates {29, 30] and could be expected to
be even less sensitive in detecting the parasite from scars, where
the parasites are much scarcer. There was no association between
time after healing and the results of PCR and culture.
Although it is possible that small amounts of DNA remain
in scar tissue, there are several arguments against the persistence

of this biological macromolecule in an metabolically active mi-
lieu. Even in situations in which relatively large amounts of
DNA are injected, such as in DNA vacdne experiments, the -
vast majority of nucleic acids are degraded within the first weeks
after injection [31]. In addition, investigations to achieve radical
cure of experimental cutaneous leishmaniasis showed that, at
week 13 after chemotherapy with pamidronate, results of both
PCR and culture detection of parasite DNA were negative [32].
Thus, the detection of specific Leishmania (Viannia) DNA by
PCR in scars many months after dlinical cure of disease strongly
suggests the persistence of the parasite in these sites.

Fibrotic processes compatible with healing were found in all
scars, although residual inflammatory foci were observed in
some samples, not necessarily those from which parasites were
isolated by culture. This result is in agreement with a systematic
histopathologic study of human ACL before and after treatment
in which the authors conduded that clinical cure did not always
coincide with histopathologic cure [33]. .

The demonstration of persistence of parasites after clinical
cure of ACL raises several issues with regard to clinical evo-
lution, epidemiology, and control of leishmaniasis. It is relevant
to investigate whether immunocompromised, clinically cured
patients can act as reservoirs of leishmaniasis in areas of active
transmission. In the mouse model of leishmaniasis, the per-
sistence of even a low number of parasites in the skin after
healing has been shown to maintain the host as a long-term
reservoir of infection for vector sand flies {4]. Although rodent
models for cutaneous leishmaniasis may not correspond to the
clinical situation among humans, these data suggest that at-
tempts should be made to achieve complete elimination of the
parasite. In this direction, there have been some studies of mice
suggesting that bisphosphonate pamidronate could be a useful
lead compound for the synthesis of new drugs against the dis-
ease [32]. In addition, mice treated during latency with anti-
interléukin-10 receptor antibodies achieved sterile immunity
in the skin and draining lymph nodes and were no longer at
nisk ‘of reactivation of disease, suggesting new therapeutic ap-
proaches for leishmaniasis [4]. Nevertheless, one could spec-
ulate that persistence of the parasite would be beneficial for
patients living in areas where leishmaniasis is endemic, by main-
taining a T cell memory. If this is true, complete elimination
of the parasite would make the patient more vulnerable to
reinfection. It is possible that mechanisms dependent on both
the immune response of the host and on genotypic and phe-
notypic features of the parasite play a role in the persistence
of parasites. Persistent parasites in an immune host would pre-
sumably have to escape the host’s immune response by clonal
selection or molecular changes resulting from mutational or
recombinational processes. In at least 1 study using the murine
model, persistent L. major isolates retained the characteristics
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of the parental clone [8]. All these issues are of importance in
strategies for control of leishmaniasis and require further study.
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BLOOD DONORS AND BLOOD COLLECTION

Simian foamy virus infection in a blood donor

R.S. Boneva, A.]. Grindon, S.L. Orton, W.M. Switzer, Vedapuri Shanmugam, A.l. Hussain,
V.B. Bhullar, M.E. Chamberland, Walid Heneine, T.M. Folks, and L.E. Chapman

BACKGROUND; Infections with simian foamy virus
(SFV) are widely pravalent in nonhuman primates. SFV
infection was cohfirmed In a worker, occupationally ex-
posed to nonhuman primates, who donated blood

after the retrospectively documented date of Infection,
Human-to-human transmissalon of SFV through trans-
fuslon and its pathogenicity have not been studled.
STUDY DESIGN AND METHODS: Reciplents of blood
{rom this donor wera {dentitied and blood samples from
such racipients were tested for SFV infection by Wesl-
em biot and PCR assay.

RESULTS: One recipient of RBCs and another reciplent
of FFP had dled; retroviral Inlections were not impil-
sated. One plaletet raciplent could not be tested. Recipl-
knts of RBCs (two), a WBC-reduced RBC unkt (one),
Kaxnd a platelst unit (one) tested SFV-negative 18 months
to 7 years after transtusion, Tested recipients had trans-
fusions 3 to 35 days after biood donation. Samples ot
one lot of albumin and three lots of ptasma protein frac-
tlon (manutactured lrom recovered ptasma from two do-
natlons) tested negative both for antibodies and for viral
ANA.

CONCLUSION: SFV transmisslon through transtuston
was not identitied among four raciplents of celiutar
blood components trom one SFV-Infected donor. De-
rivatives containing plasma from tha! donor tested nega-
tiva for SFV, ’
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eropositivity to simian foamy virus (SFV) has

been identified In at least 17 humans exposed to

nonhuman primates,!'$ Fifteen of these SFV-

seropositive persons were ldentified through
CDC survelllance of workers occupationally exposed to
nonhuman primates, thelr blological materials, or simian
vituses In the jaboratory3® OF those 15, 10 provided ad-
ditional samples for testing. Persistent seroposltivity by
Western blot, ldentiflcaton of two conserved SFV provi-
ral DNA sequences in PBMNCs by PCR, and sequence
analysis provide evidence for persistent SFV infection in
all® All 10 infected workers are men and report good
heaith after 2 to 24 years of documented SFV Infection;
six wives were tested and are SFV negative,>® Four of the
workers had donated blood after the retrospectively de-
termined date of seroconversion.® This raised concerns
about the safety of blood transfusions from SFV-
seropositive donors.

Foamy viruses (FVs), including SFV, belong to the
Spumavirus genus in the family Retroviridae, FVs cause
cytopathic effects with syncytium formation in vitro but
appear to be nonpathogenlc in vivo, They establish per-
sistent Infections in many animal specles including non-
human primates, cats, and cows. SFVs Infect 70 to 90
percent of captive nonhuman primates,'™® [n which they
appear to cause latent infection in almost all organs while
minimal viral replication occurs in the oral mucosa.!®

ABBREVIATIONS: ARCBS = American Red Cross Blood Ser-
vices; FV{s) = foamy virus(es); HFV = human foamy virus;
SFV(s) = simian foamy virus(es); SFVeq = SFV from African
green monkeys; SFVcpz = SFV from chimpanzees.
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can Red Cross, Holland Laboratory, Rockville, MD.

Address reprint requests to! Roumiana S, Baneva, MD,
PhD, DASTLR/NCID, Mail stop G-19, CDC, 1600 Clifton Road
NE, Atlanta, GA 30333; e-mall: rboneva@®cde.gov.

Recelved fot publlcation December 4, 2001; revision re-
celved March 8, 2002, and accepled March 12, 2002,
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After a FV, referred to as human foamy virus (HFV), was
{solated from a masopharyngea! carcinoma specimen
from an African man,! early studies raised questions
about possible associations between HFV Infection and a
variety of human diseases (e.g., thyrolditis, amyotrophic
lateral sclerosis).!21¢ However, later Investigations using
more precise diagnostic methods have been unable to
confirm either endemic human infection or disease as-
soclated with FVs.,h17-22 Purther, HFV is closely related
phylogenetically to SFV from chimpanzees (SFVgpy), sug-
gesting a possible zoonotic Infection.?® Currently SFVs
are not considered pathogenic,242% and, because they in-
fect a broad range of human cells, Including human cell
lines,? they are viewed by some Investigators as potentlal
candidates for gene transfer therapy.262?

This report presents the results of a retrospective
study jointly conducted by the American Red Cross Blood
Services (ARCBS) and CDC. The putpose of this study was
to determine If SFV was transmitted to reciplents of blood
components from one SFV-infected person whose dona-
tions were traceable,

MATERIALS AND METHODS

Donor

The donor has worked with nonhuman primates for 21
years, durlng which time he was exposed to body flulds
from nonhuman primates and bitten by a chimpanzee.
Serum, plasms, and PBMNCs from the donor were tested
using methods described below. and previously.3528 Se.
ropositivity by Western blot was confirmed on four serlal
samples collected between 1998 and 2000 (Fig. 1), SFV
DNA was detected by PCR In the donor’s PBMNCs in all
four samples (two of which are shown in Pig. 24), and SFV
was sucéessfully cultured from PBMNCs on two of three
serlal pts,2® indicating pers! Infection. Phylo-
genetic analysis of the cultured virus indicated a chim-
panzee-like strain? Testing of archived serum docu-
mented seropositivity at least since 1881, RT-PCR on
donor plasma from 1998 and 2000 was negative (Fig. 2B).
He dopated blood six times between 1982 and 1997, dur-
ing the retrospectively determined period of seropositiv-

ity.

Recipient Identification and enrollment

Written informed consent was obtained from all particl-
pants, The study protocol was approved by the Institu-
tlonal Review Boards of the CDC and the ARCBS: The
ARCBS searched bload center disposition records for
components from all donations from the SFV-Infected
donor. 1t then identified and notifled all hospitals to
which these blood comp ts were {gned. These
hospitals Identified the recipients of blood components
‘(e.g., RBCs, WBC-reduced lfiltered] RBCs, platelets, and

SIMIAN FOAMY VIRUS IN A BLOOD DONOR

Western Biot

Plasma
derivatlves

Reciplents

Pig. 1. Western blot analysls for SFV antibodles. Lane 1,
poslitive control serum (Pos) from an SFV-Infected chimpan.
zee; Lane 2, negative control serum (Neg); Lane 8, plaama
from SFV-infected donor {Donor); Lanes 4 through 7, plasma
from four recipl of blood p ts (Recipl 2,4,8,
and 7, respectively, Table 1); Lanes 8 thtough 11, normal
serum albumin (NSA) and three lots of purified protein fracs
tlon (PPE-A, -B, and ~C}.

EFP) from the donor and contacted the recipients’ clinf-
clans. The reclpi th tves were d by thelr
physiclans or, with hospital approval, by an ARCBS des-
ignee, if & current physician cowld not be identified. After
obtaining the recipient’s {or a parent’s) informed con-
sent, a blood sample was drawn and tested by methods
described below. The blood samples from children were *
drawn at a time when they were undergoing other blood
tests for routine clinlcal follow up.

Plasma from this donor had also been used for pro-
duction of pooled plastna products. The ARCBS Identified
consignees of such plasma, who made nontransfused
products available for testing,

Laboratory methods
Recipients’ pl ples and available donor pl
derivatives were screened for SFV antibodles by a modi-
fied Western blot assay, which uses mixed antigens from
SFV from African green monkeys, SFV gy, and SFVepz.
Blots were visualized by chemiluminescence according to
previously described methods.* Test results were consid-
ered positive If the samples were reactive to the diagnos-
tlc gag precursor proteins p70 and p74.!428 The endpoint
dilution ‘at which donor’s plasma samples from 2000
tested positive by Western blot was 1 in 6400,

DNA lysates prepared from recipient’s PBMNCs were
tested for SFV sequences by Investigational nested PCR
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Plg. 2, Analysis for SFV Integrase sequences. (A) Proviral nested PCR. Lanes 1 and
2, DNA lysates from PBMNCs collected from the donor In 1998 (98) and 2000 (00);
Lanes 3 through 8, DNA lysates from PBMNCa of Reciplents 2, 4, 6, and 7 (Table
1); Lanes 7 and 8, negatlve DNA (Neg) and water (H,0) controls, respectively;
Lanes 8 and 10, positlve DNA controls from 8FV,gy-infected canine thymocyte
cells, rep ting DNA. equival of 18 (Poat) and 1.5 {Pos2) cells dliuted in a
background of DNA from 150,000 human PBMNCs; Lans 11, negative water (H;0)
control for the nested PCR reactions. (B) Nested RT-PCR. Lanes 1 through 8, du-
plicate results (two lanes/product) for donor piaama derlvativest purified protein
fraction A (PPR-A), purified protein fraction B (PPP-B), purifled proteln fraction C
(R§F-C), and notmal serum albumin (NSA)) Lanes 8 through 12, duplicate resuits
{39 donor plasma from 1998 (98) and 2000 (00); Lanes 13 and 14, duplicate resulta
Mz an SFV-infecied chimpanzee (Chimp); Lanes 18 and 16, negative human
plasma (Neg) and medin (Med) conirols; Lanes 17 through 20, SFV RNA from
SFVaam tissuie culture supernatant dituted with media from 10+ to 10 (positlve),

RBC, two of WBC-reduced RBC, two of
platelets, and three of FFP. These 11
components were distributed to 7 hos-
pitals. Addittonally, plasma recovered
from two donations (December 1993
and September 1994) underwent frac-
tlonation, and subfractions were sent to
two manufacturers of plasma deriva-
tives. Some of these derivatives were
matketed Internationally. Fraction 1v,
and IV, from a donation in 1993 went to
Cotnpany A for production of albumin
and another plasma derlvative. Inter-
mediate paste from Practions 1, II, and
111 from a 1994 donation went to Com-
pany B. At the time of the Investigation,
most plasma derivatives were not avall-
able for testing, Howevér, samples from
one lot of 23-percent normal serum al-
bumin and thcee lots of plasma protein
fraction had expired unused but had
not yet been discarded and were avail-
able for testing.

Blood components

We could not obtaln disposition rec-
ords from consignees for 2 of the 11
blood components (Table 1, Compo-
nents 3 and 8). Twe other components,
RBC from 2 1994 donation and FFP from

SIMIAN FOAMY VIRUS IN A BLOOD DONOR

pectively; Lanes 21 through 24, dupll resulis for wal
for the reverse-transcription and PCR, reapectively,

uslng primers for two conserved SFV proviral genes (in-
tegrase and polymerase) as previously described.® The
proviral integrase PCR assay has previously been re-
ported to have a molecular sensitivity of 1 to 10 SFV ge-
nomes per 10° cells.! -
Avallable plasma derlvative products and donor
plasma samples were tested for SFV RNA sequences by
RT-PCR. RNA was extracted from plasma samples by the
use of a kit (QlAamp viral RNA mini kit, Qlagen, Valencia,
CA) and was then reverse transcribed in duplicate test
samples by using the first-round Integrase antisense
prirner, PCR ampliication was performed by using the fitst.
round Integrase sense primer followed by nested PCR and
detection of the amplified product as described previously.*

RESULTS
Tracing of blood donations, blood eomponents,
and pooled plasma products

Six donatons between 1992 and 1997 resulted in the pro-
duction of 11 blood components: four comnponents of

888 TRANSFUSION Volume 42, July 2002

Is (H,0) g 1997 donation, explred and were used
for production of nontransfusable re-
agents (Table 1, Components 7 and 11).
The recipients of seven blood components were
identified. The physician of Recipient 1, who recelved
platelets {n 1992 (Table 1, Component 1), decided that
testing was not in the patient's best interest and declined
to contact that reciplent, Two reclpients had died (Table
1, Components 4 and 9). Recipient 3 died in 1997, 4 years
after receiving an RBC unit component donated in 1993.
The identified cause of death was chronic osteomyelitis
and Crohn’s disease. Recipient § died in 1395 on the day
of transfusion of FFP,
Four recipients were tested (Table 1, Components 2,
5, 6, and 10; corresponding to Reciplents 2, 4, 5, and 7,
respectively; Fig. 1). Reciplent 2, a 72-year-old, and Re-
cipient 4, a 41-year-old, recelved RBC in assocliation with
surgical procedures in 1992 and 1994, respectively. Both
Recipients 2 and 4 tested negative for seroreactivity to
SFV and for SFV DNA in PBMNCs 7 years after each trans-
fusion. .
Reciplent 5, a 52-day-old infant with Down Syn-
drome, a congenital heart defect, and hypothyroldism
{Table 1, Component 6), received a platelet component in

TABLE 1. Summary of the investigation on the blood donations and transfusions from the SFV-infeoted donor
Reoiplant * Time
. number; {days) from
Comp Blood age (yrs) st Date of donation lo
number donation date h L /condition ‘ Outcome
1 Platalats; September  1; Unknown  Unknown Seplember & Patisni not avaliable lor
. 1692 1892 testing.
2 RBCs; September 2;72 Surgery Seplember 8 Reciplent 8FV-ntegalive
1992 1992 (by Westem blot and
. PCR} 7 yoars alter
transfusion.
3 FFP; June 1993 Unkrown Unknown Unk Unk Record i
4 RBCs; June 1953 3; 67 Chronle astaomyelltls; June 1983 4 Patlent died 4 years atter
Orohn's disense transfusion. No liness
suggeative of retrovirua
. infection.
s RBCs; Decembaer 4; 41 Burgery for multipls January 1694 a8 Raciplsmt 8FV-negativa
1993 Injutiss {by Waestern biot and
PCR} 7 years 1 month
aftet transiusion,
] Platelets; Decamber §; 52 Cardiac surgery December 3 Recipient SFV-negalive
1992 1993 {by Westarn blot and
PCR) 8 yours 11
monthe after
transiusion,
? RBCs; September RBC used lor reagent
1994 manulacturing; not for
transfusion.
8., RBCs; WRC-raduced  Unknown Unknown Unknawn Unknown  Record unavalisble,
June 1985 ° WBC-reduced ABCs
seni for oulpatient
{ranstusion,
] FFP; Juns 1098 €; Unknown  Unknown Unknown Unknown  Patient died on the day of
transtuaton,
10 WBCeeduced ABCS; - 7; 4.8 Hematelogle disorder Deasmber 8 Realplent SFV:negative
December 1997 * 1087 {by Waestern blot and
PCR) 1 year § months
sfter rantafusion.
11 FFP; Decomber Plasma usad for reagent
1897 manulactudag; not lor
transtuslon,

1993, Five years and 11 months after the transfusion, the
child tested negatlve for SFV.

Reclplent 7, a 4.5-year-old child (Table 1, Compo-
nent 10), received a WBC-reduced RBC component in
1897 because of a hematologic disorder. A BMT was per-
formed 11 months after the transfusion. Reciplent 7 also
tested negative for SFV 1 year and 9 months after the
transfusion (10 months after the BMT). Blood samples
before BMT were not available for testing, '

Pooled plasma derivatives tested negative by both.
RT-PCR and Western blot (Figs. 1 and 2),

, DISCUSSION

Our investigation found no evidence of SFV transmission
through blood transfusion. Using serologlc and molecu-
lar methods, we were unable to detect either antibodles
or viral DNA in four recipients of blood components from
one SFV-infected donor. .

.SFV Is belleved to be cell assoctated, SFV DNA has

been detected in PBMNCs, and SFV has been isolated
from PBMNCs of infected nonhuman primates and hu-
mans,'38:829:3! including the donor reported here.
Early, limited attempts to culture SPV from whole blood
from nonhuman primates® or from serum of experimen-
tally infected rabbits® have been unsuccessful, possibly
both because of strong neutralizing antibodies and be-
cause viral replication appears to occur primarily In the
oral mucosa,!® RT-PCR did not detect viral RNA in the
donor’s plasma. In these respects, SFV appears to be
more simflar to HTLV, which is not readlly found in
plasma, than to HIV, which replicates In lymphocytes and
is released Into the plasma.

Thus, SFV could be expected to be present in any
blood component that contains WBCs. The number of
WBCs varles among different component types; for ex-
ample, RBCs contains 10* WBCs per unit, whereas plate-
let components contain approximately 10’ WBCs per
unit, Standards require that WBC-reduced RBCs contain
fewer than 5 X 10® WBCs per unit, -
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Because all tested recipients received cellular com-
ponents, the absence of SFV transmission may indlcate
that transfusion s a relatively inefficient mechanism of
infection. However, the small number of reclpients evalu-
ated precludes any meaningful estimates of the rate of
transmission of SFV by transfusion.

Another factor that may influence transmission is the
survival time of SFV In stored blood components. For
example, the risk of HTLV transmission decreases with
Increasing duration of storage of blood components.
HTLV appears to be transmitted only through cellular
components stored no longer than 10 days.* Although
the survival time of SFV in blood components Is not
known, it is of interest that three of the four reciplents we
evaluated received cellular components stored 8 days or
less,

Reciplent 7, the chlld with the hematalogic disorder,
underwent marrow ablation, including total body irradia-
tion, followed by BMT 11 months after the transfusion.
Such therapy would be expected to ablate the patient’s
WBCs. No speclmens collected from Reciplent 7 before
the BMT were available for testing. The tested blood
sample, which was collected from Reciplent 7 9 months
after BMT, should have contained only cells from the

crow donor. Therefore, we can not determine whether
current absence of SFV infection in Reclpient 7 is due
absence of SFV transmission inltially or was related

to the marrow ablation.

Not surprlsingly, we found no evidence of SFV In the
plasma derivatives we evaluated. SFV was not detected in
the donor's plasma. Plasma derivatives are pooled prod-
ucts containing plasma from thousands of Individual do-
nors per lot. Thus, in a given lot, an Individual donor’s
plasma may be diluted up to 300,000 times. The massive
dilution of this donor's plasma In the production of
pooled plasma derivatives makes [t unlikely that either
SFV antibodles or SFV viral expression products would be
detected in the final product even if they had been pres-
ent in the donor's plasma.

1dentifying blood donors who are persistently in-
fected with nonhuman primate viruses highlights the
potentlal for introduction of new viruses into the biood
supply. Although our results do not support SFV trans-
mission through blood transfusion, the findings of this
study should be interpreted cautiously because of the
limited sample size, Ongoing implementation of univer~
sal WBC reduction offers the potential benefit of further
decreasing the risk of transmission of leukatroplc agents
for which blood denors cannot be tested,®® Including
SFV. Additdonal studies are needed to evaluate the sur-
vival af SFV In blood components and the impact of WBC
reduction measures on SFV presence In blood compo-
nents. Because transmisston of SFV through transfusion
of blood products and components remalns theoretically
possible, we counsel persons confitmed to be Infected
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with SFV to not donate blood or other biological materi-
als.
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