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To perform mononuclear cell phenotyping, 20 ul of well-
mixed MuliTEST four-color reagent (CIX3/CD&/CD45/CD4)
(Becton Dickinson Biosciences, San Jose, CA) and 50-xl ali-
quots of EDTA-anticoagulated whole blood were added to a
TruCOUNT tube (Becton Dickinson Biosciences, San Jose, CA)
containing a known concentration of beads. The mixture was in-
cubated for 20 min at room temperature in the dack before 450
ol of FACS lysing solution (Becton Dickinson Bicsciences, San
Jose, CA) was added. After 15 min of incubation, the lyse/no-
wash-stained samples were analyzed with the FACSort flow cy-
tometer (Becton Dickinson Immunocytometry Systems, San
Jose, CA). Data were analyzed using MultiSET software (Bec-
ton Dickinson Immunocytometry Systems, San Jose, CA).

Contact enrollments

Contacts of SFV-infected paricipants were evaluated annu-
ally for evidence of SFV infection by WB testing of serum or
plasma and PCR testing of PBMC DNA, but are not inter-
viewed.

RESULTS
Primary participa‘nts

Seven of 13 persons eligible to participate enrolled for long-
term follow-up. We refer to these participants as cases 2, 3, 6,
7, 9. 10, and 12 to be consistent with previous reports and the
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chronological order in which they werse identified as SFV-in-
fected. "> Sequence analysis indicates that the virus infecting
cases 2 and 3 originated from baboons while virus infecting the
remaining five participants all originated from chim-
panzees.'®!2 Case 11 dropped out of the initial surveillance
study and was nol available for further study.'®

Table I summarizes demographic and exposure data of SFV-
infected persons by enroliment status. Participants are not en-
tirely representative of the eligible population, limiting inter-
pretation of resalts. Mate gender, higher level job status, and
longer duration of both occupational exposure and SFV ser-
positivity are overrepresentied among study participants.

All participants are male compared to four/six (67%) eligi-
ble persons who did not enroll (“nonparticipants”). Two of five
(40%) animal caretakers, both animal care supervisors, the sole
research assoctate, and twoffour (50%) veterinarians partici-
pated. At the time SFV infection was confirmed, the median
age of participants (median 36, range 41-62 years) was simi-
lar (o that of three nonparticipanis for whom age was available
(median 57, range 49-58). Participants enrolled a median of 2
years (range 1-5) after infection was confirmed. Participants
were exposed to NHPs longer pror to confirmation of infec-
tion than were five nonparticipants for whom adequate data
were avajlable (median 26, range 8-37 years versus median 19,
range 10-29 years, respectively).

The availability of stored serum allowed determination of a
minimal duration of seropositivity for six/seven parficipants and
four/six nonparticipants. Prior to documentation of SFV infection,

TaBLE 1. DEMOGRAPHIC AND ExPosuURE CHARACTERISTICS OF BLIGIBLE AND ENROLLED PARTICIPANTS

Age when Minimal duration Duration of NHP
SFV infection Year Year (vears} SFV exposure (years)
SFV species documented SFV infection first positive  infection when when SFV infection
Case Sex*  origin Occupation {years) documented sera archived identified identified
Enrolled participants
2 M Baboon Research 56 1996 1978 18 29
assoctate ‘
3 M Baboon Animal care §7 1996 1988 8 37
supervisor
6 M Chimpanzee Veterinarian 60 1998 1581 17 19
7 M Chimpanzee Veterinaran 41 1995 1880 o 23
9 M Chimpanzee Animal caretaker 41 1999 1980 19 8
10 M Chimpanzee Animal care 50 1999 1976 23 26
supervisor
12 M Chimpanzec Animal caretaker 62 2001 NA® NA 32
Eligible nonparticipants
1 M AGM® Animal caretaker 57 1996 1995 1 19
4 M Baboon Veterinarian 49 1997 1994 3 20
5 M Baboon Veterinarian 58 1998 1979 19 29
g M Chimpanzee Animal caretaker Na 1999 1985 14 >14
13 P Chimpanzes Veterinary Na 2002 NA NA 11
technician
14 F Chimpanzee Animal caretaker NA 2002 NA NA 10
. Ineligible nonparticipants
I1 M Chimpanzee- Research Na 1992 NA Na 10
like? technician
2M, male; F, female.
*NA, not available.
°AGM, African green monkey.
9Based on SFV-type-specific WEB.
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participants with available stored sera were seropositive a median
9 years longer than were nonparticipants (median 17.5, range 8-23
years versus median 8.5, range 1-19 years, respectively). Initial
clinical testing of participants under this protocol occurred after
a median of 19 years (range 2-24} of documented infection.

Exposure history and use of protective equipment

Al seven participants reported direct, frequent, and intimate
opportunity for exposure to NHPs and their biological fluids in-
cluding animal saliva, urine, feces, and blood. All seven work-
ers reported histories of both mucocutaneous exposures to NHP
body fluids and skin-penetrating injuries. Five of seven pastic-
ipants (719%) described NHP bite wounds, five/seven (71%) de-
scribed scratch wounds, and six/seven (86%) described percu-
taneous exposure to NHP body fluids via skin penetrating sharp
injuries. However, only fourseven (57%) participants (cases 3,
6, 7, and 9) described a percutaneous injury that was associ-
ated with the NHP species from which sequence analysis sug-
gests their infecting virus arose.

All participants reporied currently wearing leather or latex
gloves when handling NHPs. However, these seven partici-
pants worked with NHPs for a median of 16 years (range
5-29) pror to 1988 when universal precaution guidelines
were established. Five workers consistently and two incon-
sistently wore gioves prior to 1988. All reported historically
inconsistent use of face shields and goggles transitioning to
more regular use in recent years. Two participants denied use
of goggles or face shields for mucocutaneous protection; four
reported wearing them 25-75% of the time for specific tasks
such as working with chemicals or infected animals or clean-
ing cages. One wore face shields consistently “when re-
quired.” The use of protective equipment was rare prior to
1988, and workers noted that current use of face shields did
not always protect them from mucocutaneous exposure to
NHP saliva and other body fluids.

Body distribution of SFV

The distribution of SFV in human body fluids is summarized
in Table 2. SFV DNA sequences were found in PBMCs from
all seven persons and in all of their 19 serial samples tested.
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Virus culture was attempted at least once on PBMCs from
sixfseven participants. SFV was isolated from only oneflwo
PBMC samples from each of cases & and 10, representing 33%
of persons and 20% of specimens from which virus culture was
attempted.

SFV DNA was detected in oral cavily specimens from
three/seven (43%) participants; overall, 6/16 (38%)} throat swab
samples from these seven participants were SFV DNA positive.
Saliva specimens from two/seven (29%) persons were positive
for SFV DNA; 6/23 (26%) serial samples were positive, Inter-
estingly, SFV wag isolated from throat swab samples from case
6, for whom six/seven (86%) oral cavity specimens were pos-
itive for SFY DNA. SFV was not isolated from saliva available
from the other five participants {seven samples).

Although all subjects provided urine specimens, most (13/18,
72%) samples had insufficient cellular DNA present to support
SFV PCR testing. Of five samples from four persons with suf-
ficient cellular DNA, two persons (cases 3 and 6) were posi-
tive for SFY DNA. Two parficipants (cases 2 and 12} each pro-
vided two semen samples; a third (case 6) provided a single
specimen. Specimens from case 2 (who had received a vasec-
tomy more than 20 years ago) and case 12 tested negative for
B-actin sequences, indicating the absence of cellular DNA or
the presence of PCR inhibitors. Thus these semen specimens
were not suitable for further PCR testing. The semen specimen
from case 6, who had benign hemospermia, was positive for
SFV DNA. Insufficient material was available to attempt virus
isolation from semen or urne specimens.

SFV-specific immunoglobulin G (Ig®) antibodies against
structural (Gag) and accessory (Bet) proteins were detected by
WB in plasma, saliva, and udne from participants. Im-
munoglobulin A antibodies were not detected in any specimens,
as previously reported.!®

Clinical status

Self-reported medical histories identified chronic conditions,
nonspecific symptoms, and discases of aging common in the
1.8, population. In addition, case 9 reported congenital heart
disease and mild thrombocytopenia since 1997 and case 3 un-
derwent aottic valve replacement durng this observational pe-

TanLe 2. PrESENCE oF SFV IN Bony COMPARTMENTS

Number of specimens positivefumber of specimens rested {%)

Peripheral blood mononuclear cells Oral cavity®
Uring® Sement

Enrollee  SFV DNA (%)  SFV isolation (%}  SFV DNA (%}  SFV isolation (%) SFV DNA (%)  SFV DNA (%)
Case 2 2/2 (100} o1 () 0/6 (0) 0/2 (@) o1 (0} NT®
Case 3 4/4 (100 072 (0) 0/4 (0) 0/4 () /1 (100} NT
Case 6 4/4 (100) 1/2 (50) 6/7 (86) 174 25) 112 (50} 171 (100}
Case 7 4/4 (100} 0/2 (0} 000 - 0/4 (0) 0/1 (O NT
Case 9 1/1 (100} 0/1 (0} 172 (50) 02 (@ NT# NT
Case 10 3/3 (100} 172 (50) 0/6 (0) 0/2 (0) NT NT
Case 12 1/1 (100} NT 3/5 (60) NT NT NT
Total 19/19 (100) 2/10 (20 10/39 (26} 1/18 (6) 2/5 (40} 171 (100}

*[ncludes throat and saliva swabs and parotid saliva.
bSpecimen quantity insufficient for SFV isolation.
°NT, not tested.
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ried. No symptom or diagnostic patterns suggested a common
clinical syndrome associated with SFV infection.

Results of clinical laboratory testing for cach participant are
summarized in Table 3. Repeated clinical laboratory testing was
within normal limits for cases 2, 10, and 12. Testing identifted
unremarkable patterns of mildly abrormal glucose and renal
function tests compatible with a three decade history of dia-
betes {case 3) and of fluctuating mild liver transaminase cle-
vations (case 7).

Clinical laboratory testing identified hematolagical abnormal-

ities for three participants. Three times on annual testing case 6
had eosinophil counts at the lower limit of or below normal range;
his eosinophil count was within normal limits on subsequent test-
ing in May 2002, Mild thrombocytopenia without other blood
count abnormalities was confirmed in case 9. In addition to mild
laboratory abnorimalities expected to accompany long standing di-
abetes, case 3 had the unexpecied findings of intermittent mild
thrombocytopenia accompanied by natural killer (NK) cell lym-
phoeytosis (NKCL). NK cells [CD3~CD16%56% cells] at three
time points were 449 (780/ul), 39% (854/y11), and 38% (840/ui),
respectively (upper normal limit 25% or 480/ul). Additional
hematological tests parformed by a specialized laboratory on spec-
imens collected 9 months apart (personal communication, W.G.
Morice, 11 and A. Tefferi, Mayo Clinic) repeatedly showed that
40% of lymphocytes were CD16-positive, CD3-negative NK
cells, expressing CD56 and CD57, and CD161 with partial loss
of CD9%4. These findings along with other tested markers indi-
cated monoclonal NKCL consistent with a chronic NK-large gran-
ular lymphocytosis {indolent large granular Fymphocytosis) of un-
clear clinical significance. The patient has no related clinical
symptoms.

Secondary fransmission

Wives of cases 2, 3, and 9 were tested for SFV infections as
contaci participants. All remained WB and PCR negative de-
spite a collective minimum of 57 person-years of intimate ex-
posure to an SFV-infected partner (median 20, range 13-24
years). The wives of three additional nonparticipants also tested
SFV negative.'%12 All participants reported intimate marriages
that provided frequent opportunity for exposure to saliva and
other body fluids, All denied the routine use of barrder precau-
tions or other practices documented to minimize sexual trans-
mission of infections.

Case 2 ceased regular blood donation in 1969. A serum col-
lected in 1967 was WB negative; the next available specimen
collected in 1978 was WB seroreactive. Cases 6, 7, and 10
ceased regular blood donation when notified of SFV infection;
retrospective testing of archived sera confirmed carlier seropos-
itivity. As previously reported elsewhere, four recipients of
leuko-reduced blood products from one SFVepz-infected donor
(case 6) showed no evidence of SFV infection.2®

DISCUSSION

This is the first longitudinal description of the clinical, im-
munological, and virological status of humans infected with
SFV. After a minimum median of 26 years (range 6-31) of
documented infection as of 2007, participants continue to
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demonstrate strong antibody response by WB testing. Viral
DNA can be consistently detected in all subjects’ PBMCs but
inconsistently from other body sites. SFV was successfully
cultured from the throat swab and PBMCs of one participant
and from the PBMCs of a second. SFV DNA was also de-
tected in the nrogenital tract of two persons. Despite this, no
secondary transmission among humans via intimate exposure
or blood product transfusion from one SFV-infected donor
wag identified.2® Our data support a persistent infection in
humans consistent with the demaonstrated nature of endemic
infections in NHPs, but suggest that the presence of de-
tectable viral DNA in human body fluids does not correlate
with transmissibility.

Repeated exposure to SFV DNA in body fluids may be in-
sufficient for human-to-human transmission due to a limited vi-
ral load, the persisient presence of virus in a latent noninfec-
tions state, or other mechanisms. SFV isolations were most
frequemt from case 6, the only participant whose specimens
were received and processed within 8 h of collection. This may
suggest that time elapsed from collection to processing influ-
enced virus recovery, or may reflect higher viral loads in case
6 than other participants, Quantitative PCR testing for viral
DNA and RNA levels in blood and other body compaitments
might provide forther insight on the relationship between vari-
ations in viral load and inconsistencies between detection of
SFV DNA in, and isolation of SFV from, body fluids. Flucta-
ations in viral load may also explain the variable detection of
SFV in some body fluids.

Six of seven retrovirus genera are associated with hemato-
logical, neurclogical, dermatological, arthritic, or oncogenic
diseases affecting nearly all vertebrate species, typically after
leng incubation periods.® Despite heing highly cytopathic in
cell culture, FVs have not been associated with any in vive dis-
ease.S Our preliminary observations on humans with prolonged
infection, while limited, are reassuring. Most clinical labora-
tory results were within normal limits or explained by the pres-
ence of conditions common in human populations of compara-
ble age.

The most intriguing clinical observations were mild hema-
tological abnormalities in threé participants. The fluctuating, in-
consistent and mild cosinopenia of case 6 appears to be clini-
cally insignificant. The mild thrombocytopenia in two/seven
participants deserves attention, but also does not appear to be
clinically significant.

Although the total Lymphocyte counts in all padicipants were
normal, the NKCL in one participant with minimal thrombo-
cytopenia is a notable finding. NKCL is a rare condition of un-
known eticlogy, accompanied by thrombocytopenia in 12% of
subjects in one series.?! Persistent viral infection (e.g., Ep-
stein-Barr, hepatitis B or C viruses)?? or persistent immuno-
logical stimulation®® has been hypothesized to play an etislog-
ical role. With the caveat that we do not know whether case 3
has other persistent infections, we may speculate that persistent
SFV infection and, possibly, the presence of long-term diabetes
mellitus® might contribute to case 3's NKCL. Future studies
quantifying SFV integration in specific blood cells or cell lines
may cast light on whether SFV plays a role in the observed
hematological abnormalities.

SFV transmits naturally among NHPs via casual exposure to
oral and respiratory secretions, and has been experimentally
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TasLE 3. ApNorMmAL Crmvicar LaporatoryY TEST RESULTS over THE PerioD oF FoLLow-Up

Known duration of

Years of age, infection (years),
Participant Year 1 Year 1 Year 1 Yegr 2 Year 3 Year 4 Year 5
Case 2 62 23 WNL® WNL WNL NAb NA
Case 3 62 13 Glucose 111 mg/dl (65-109)°; NK 66115 854/ul, 39%;  Glucose 131 mg/dl; NA NA
creatinine 1.7 mg/dl (0.5-1.4); uric acid 8.6 creatinine 1.4;
BUN? 33 mg/dl (7-25) (L7-8.2); ALT? 116 Ulliter
NK* cells 780/u1, 44% - platelets 138,000 (5-35);
(68-482, 4-25%) (140.000-400,000} NK cells 38%
Case 6 62 19 Eosinophils 34/mcl (50-500) Eosinophils Eosinophils 56; Eosinophils 33 WNL
: 17/mcl platelets 122,000 (15-500)
Case 7 42 10 AST® 48 IUF (0-42); ALT 67 WNL NA WNL
: ALT 70 IU (0-48)
Case 9 41 20 Platelets 107,000 NA NA NA NA
Case 10 30 24 WNL WNL WNL NA NA
Case 12 62 2 WNL NA NA NA NA

SWNL, within normal limits.

YNA, not available.

SLimits of nonuel are shown in parentheses.
4BUN, blood urea nitrogen.

*NK, natural killer.

EAT.T, alanine aminotransferase.

8AST, aspartate aminotransferase.
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transmitied among NHP thrangh fresh whole blood. 56252 pre-
vious reporis have stressed the role of skin penetrating injuries
in human acquisition of infection.'®1? The absence of a dis-
cernible history of percutanecus injury associated with the
species from which the infecting virus strain arse for 43% of
participants raises the possibility that human infection with SFV
may be acquired through mucocutaneous exposure to SFV-con-
taining NHP body fluids without injury, similar fo the routes of
transmission of simian herpes viruses.?” Thus, it is prudent for
persons occupationally exposed to NHPs to take precavtions to
avoid exposure te primate saliva and other body fluids through
either percutaneons injuries or mMcocRaneotls SXposures.

Limited observations have not identified infection-associated
pathology or secondary SFV transmission among humans
through either intimale contact or transfusion of blood prod-
ucts. However, the small number of observed individuals and
the limited duration of follow-up restrict our ability to draw de-
finitive conclusions about the clinical significance of human in-
fection with SFV and the ability of SFV to transmit secondar-
ily. Like HTLV, the incidence of disease may be low or may
follow long latency periods. It is also unknown what effect, if
any, immunosuppression may have on clinical outcomes of hu-
man infection with SFV. For example, SFV replication was re-
cently shown to expand to the small intestinal jejunum of SIV-
immunosuppressed macaques, a site for significant CD4™ T cell
depletion and inflammation in these animals, suggesting that
SFV may play a role in the gut-associated pathology observed
during progression to simian AIDS.2® We caution SFV-infected
persons to refrain from donation of biclogical materals for
transfusion or transplantation pending a better understanding of
the significance of human infection.’>?¥ Additional observa-
tions will be necessary to further define the public heaith sig-
nificance of zoonotic SFV infection.
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