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The spleen and lymph nodes are major sites of human immunodeficiency virus type 1
(HIV-1) replication, mutation, and genetic variation in vivo. If a major portion of the lym-
phatic tissue, such as the spleen, is removed or otherwise is unavailable for invasion by
the HIV-1 virus, will the course of the infection be altered, resulting in a prolonged symp-
tom-free interval or even increased survival? The spleen of most adults with sickle cell
anemia (SS) is nonfunctional due to recurrent episodes of microinfarction. If autosple-
nectomized SS patients are exposed to HIV-1, they may be ideal candidates to examine
the question of whether absence of splenic function at the time of infection will positively
alter the course of HIV-1-related disease. All SS patients with a diagnosis of HIV-1 infec-
tion at five university sickle cell centers were included in the patient cohort. Patients in
active treatment or in follow-up (group A, n = 11) underwent a series of quantitative viral
studies to determine their HIV-1 viral burden. The studies included the branched-DNA
signal amplification assay, quantitative DNA-polymerase chain reaction (PCR), quantita-
tive reverse transcription (RT)-initiated—PCR, and in situ PCR. All patients who died of the
complications of the acquired immunodeficiency syndrome (AIDS) or of SS, lost to fol-
low-up, or were otherwise unavailable for study (Group B :n=7)were incl uded in the total
patient group. None of the patients in group B underwent quantitative viral studies. In
addition, a control population (group C, n = 36) of HIV-1-infected African Americans
without SS, of similar age and gender to the SS patients, were compared with the study
population for outcomes. In eight of 11 active patients (group A), the CD4+ T-lymphocyte
counts were normal and viral burdens were low for an average of 10.25 years following
diagnosis. These eight patients all from group A were the only long-term nonprogressors
(44%) among a total of 18 SS patients (groups A and B). In group C (control), only five
patients of 36 were long-term nonprogressors (13.9%). Five patients (28%) of the total SS
group (groups A and B) succumbed to AIDS. One of the five was from Group A. The
evaluation of a limited number of adult individuals suggests that a significant proportion
of HIV-1-seropositive SS patients (44%) may be asymptomatic long-term nonprogres-
sors. In these patients, the CD4+ T-lymphocyte counts remained high and their viral
burdens were remarkably lower than in non-SS HIV-1-seropositive individuals. Whereas
this study does not prove an “autosplenectomy” hypothesis, it suggests that in patients
with both SS and HIV-1 infection, the retroviral disease may be ameliorated by host
factors of which absence of splenic function prior to HIV-1 infection may be one. Am. J.
Hematol. 59:199-207, 1998. © 1998 Wiley-Liss, Inc.
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INTRODUCTION were seropositive for HIV-1 antibodies [34]. Finally, Go-
deau [35] screened 283 adult SS patients for HIV-1 in-
The rapidity of viral replication, mutation, and genetid¢ection. Eight HIV-1 seropositive patients were found but
variation are important factors in the progression of huone progressed to AIDS over a 9.6 year follow-up.
man retroviral disease concentrated in plasma, whiteThe effect of surgical splenectomy on the progression
blood cells and particularly in the lymph nodes andf HIV-1 disease has also been considered. McKernan
spleen [1-8]. The size of the viral burden can be closeiynd Hay [36] described a dramatic sustained increase of
correlated with clinical stage, CD4+ T-lymphocyteCD4 T-lymphocyte levels in their HIV-1-seropositive
count, and the level of viral nucleic acids as measured pwtients following splenectomy. The increase in the
highly sensitive and reproducible assays in blood [9-18].D4+ T-lymphocyte count was profound, measuring up
Whereas most individuals infected with the human inte seven times the presplenectomy values. In their pa-
munodeficiency virus type 1 (HIV-1) progress to actients, a three-year follow-up showed either minimal or
quired immunodeficiency syndrome (AIDS) [4], 5% ofno further increase in CD4+ T-lymphocytes after the ini-
all HIV-1-seropositive individuals fail to develop thetial postsplenectomy rise. Kemeny et al. and others
clinical manifestations of HIV-1 infection and remain37,38] found that splenectomy reversed the patients’
“long-term nonprogressors” [3,17—-21]. There are sewhrombocytopenia and there was no accelerated progres-
eral hypotheses given for this delay or absence of te®n to AIDS. Tunkel et al. [39], in a retrospective study,
clinical manifestations of HIV-1 disease. Multiple HIV-1reviewed the records of five HIV-1—-infected patients
variants with different degrees of virulence, replicatiowho underwent splenectomy for HIV-1-associated
capabilities, and multiple host factors may play importattirombocytopenia and splenomegaly. Four of the five
roles in the ultimate outcome of the long-term nonprdiad marked sustained increases in their absolute CD4+
gressors [22—-27]. One possible cause for reduced viltHymphocyte counts after surgery. In the same patients,
lence may be absence of a major site for viral invasiddD8+ T-lymphocytes counts increased even further and
and replication, such as the lymph nodes or the splettre CD4/CD8 ratio was reduced.
[28]. To study a possible effect of SS on the course of
Sickle cell anemia (SS) may well be the ideal model tdlV-1-seropositive patients, available patients with both
test this hypothesis since 95% of individuals with S8onditions were identified. These patients underwent a
have functional asplenia after infancy due to microinfarseries of quantitative studies to provide objective evi-
tion [29]. If patients with SS and splenic atrophy aréence of the state of their viral burden, and attempt to
infected with HIV-1, it is possible that they may exhibitelucidate the role of splenic atrophy in SS patients with
lower viral burdens than non-SS HIV-1-infected indiHIV-1 infection.
viduals with normal splenic function leading to a pro-

longed symptom-free period and possibly improved SUteTHODS AND MATERIALS

vival. L _ ___Patient Selection
The possibility that SS disease has an amelloratlngA” " q iable HIV-1 i fient
influence on the natural course of HIV-1 disease was first”\"' 8ctilvé and available HiV-1-seropositive palients
SS followed at five national sickle cell disease cen-

suggested by Waweru and his associates at the Ke . S )
National Hospital [30]. They studied 198 SS children, al r§‘wer_e included in this StL.'dy (grqup A).' Al pertinent
of whom had multiple blood transfusions during th%;:j available data were reviewed, including a history of

years 1987-1988. None were HIV-1-seropositive. In ood transfusions, relevant social factors, previous
second study in 1990-1991, one of 44 (2.3%) transfus at T-Iymphocyte counts an_d percentages, the_source
patients with SS demonstrated seroconversion to Hiva{\d approximate date of_lnfectlo_n, the course of disease,
[31]. Transfused children from the same hospital Withof?tnd outcome. Those patients with SS who were HIV-1—
SS, had an HIV-1-seropositive prevalence of 7.4% feropositive but who died or were lost to follow-up were
1987-1988. Three of four transfused non-SS chiIdrc%ﬁCIUded in the series based on a retrospective review
were HIV-1-seropositive in 1990-1991 [30,31]. group B.)' . .

In another study of 256 SS children aged 12 years rA” peripheral venous blood specimens were obtfamec,i
less, 14 or 5.5% were found to be seropositive for HIV- y phlebotomy, after informed consent, at the patients

compared with the general population of 20% [32]. Inyes[|ckle cell centers. The serologic status of each blood

another communication, Mbewe [33] found the preV‘,jtc,pecimen was reconfirmed at the Molecular Retrovirol-
lence of HIV-1 infection in children and adults with s°9Y Laboratories of the Thomas Jefferson University

disease to be significantly lower than in the general popu-

lation (Zamb'a)' _More recentl_y’ CQSUO_ et al. [34] S‘LJgETThe sickle cell centers of Thomas Jefferson University Hospital
gested that the risk of HIV-1 infection in transfused S§& juH), Howard University Hospital, San Francisco General Hospital,

patients is low, based on the study of 116 SS adults. Nobgversity of Georgia, and Boston Children’s Hospital.
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Hospital (TJUH) using HIV-1 enzyme-linked immuno-variations. Results were expressed as HIV-1 RNA Eg/
sorbant assay (ELISA) and Western Blotting tests. Quabe” PBMC.
titation of viral burden was performed utilizing plasma o
HIV-1 RNA quantitation by branch DNA signal ampli- Quantitative DNA-PCR
fication assay, quantitative DNA-polymerase chain reac- The quantitative DNA-PCR study was performed as
tion (PCR), HIV-1 RNA by reverse transcriptase (RT)described by Zhang et al. [43]. Briefly, PBMC samples
initiated PCR, and in situ DNA-PCR [11-14,40-47]. (50 ml of blood) were subjected to quick lysis in 50 ml
The medical records of a control group (group C) corof lysis buffer (10 mM Tris HCI, 10 mM KCI, 1% Tween
sisting of African-American HIV-1-seropositive patient0, 1% Non-ldet-40 [NP40]), and then boiled. After cen-
without SS matched for age and gender were studigdugation, 50l of supernatant was added to p0 of
retrospectively for risk factors, onset of disease, tinfeCR cocktail (5 mM MgCJ, 360uM dNTPs, 50 pmol of
interval to development of AIDS, treatment, and out-IV-1 gagspecific sense and antisense primers [SK38/
come when known. The control patient records were d8K39], two wl of Tag DNA polymerase, 1Qul of Taq
rived from those of TJUH in random sequence, withibuffer). Each sample was subjected to 30 cycles of am-

comparable age and gender groups. plification (M.J. Research, Watertown, MA), consisting
o of two long denaturation cycles holding at 94°C for two
Quantitative Assays min decreasing to 53°C over a three-min period and

HIV-1 RNA quantitation by branched DNA signal holding at 53°C for 30 sec, and then finally increasing
amplification assay.All plasma specimens were codedver one sec to 68°C and holding there for 30 sec. Fol-
and blinded to the investigators performing the assdpwing the first two cycles, the following seven cycles
The assay was performed, according to the manufacturere set at 94°C, 55°C, and 72°C, 10 sec each. The
er's instructions, using a Quantiplex HIV-1 RNA kit. Theremaining 23 cycles consisted of 90°C, 60°C, and 72°C,
branched DNA (bDNA) assay is a sandwich nucleic acith sec each. The amplified PCR product of primer pair
procedure for the quantitative of HIV-1 RNA in humarSK38/SK39 was hybridized with the prolséP-labeled
plasma [46,47]. To determine the copy numbers &K19. The hybridization was completed in an oligomer
HIV-1 RNA per ml of plasma, the virions are concenhybridization diluent (66 mM NaCl and 44 mM ethyl-
trated by centrifugation. After HIV-1 genomic RNA isenediaminetetraacetic acid [EDTA]) at 55°C for 15 min.
liberated from virions, it is captured on a microwell surThe mixture was then analyzed by electrophoresis
face, utilizing an oligonucleotide probe. Another set dhrough an 8% native polyacrylamide gel and quantitated
probes (nonoverlapping to the capture probe) are hybrioly utilizing a phosphorimager (Molecular Dynamics,
ized to the viral RNA and the bDNA amplifiers. Sunnyvale, CA). The primer pair/probe system PCO03,

Specifically, the target probes bind to thel gene of PC04, and RS06 was used to detect huraglobin
the viral RNA. Multiple copies of an alkaline phosphabNA as a positive control. The DNA standard curves
tase-labeled probe are hybridized to the immobilizedilized for quantitation were derived from lysed ACH-2
complex, to amplify the signal. Detection is achieved bgells, which contain one integrated copy of double-
incubating the complex with a chemiluminescence subtranded proviral HIV-1 DNA. The number of HIV-1
strate, and measuring the light emission generated by fireviruses, within the ACH-2 cells, was verified by per-
bound alkaline-phosphatase. Light emission is identifiddrming Southern blot hybridization with #P-labeled
and measured by specially designed photosensors andrioi-translatedispl to Nad, full-length HIV-1 fragment
degree of light emitted is directly proportional to thérom HIV-1,, ,_s. The mean HIV-1gag copy numbers
amount of unspliced HIV-1 RNA present in each sampleer ACH-2 cell were also verified by serially diluting the
A standard curve is defined by light emission from starcells in a constant number of HIV-1-negative PBMCs in
dards, with known concentrations of recombinant bactduplicate and performing PCR with SK38/SK39, and
riophage. Concentrations of HIV-1 RNA in unknownghen calculating the Poisson distribution that best fit the
are then determined from the standard curve and alata. DNA standard curves were utilized to quantitate the
pressed as equivalents per milliliter (Eg/ml). number of copies of HIV-1 proviral DNA per f0

Peripheral blood mononuclear cells (PBMCs) wereBMC. The results are expressed as the number of pro-
first isolated by density gradient centrifugation, utilizingziral copies per million cells.

Ficoll-Hypaque media. Centrifugation at 800xg was used .

to pelle 5 x 1 cells per aliquot. These cells were thefi!V-1 RNA by RT-Initiated PCR

cryopreserved at —70°C for further analysis. HIV-1 RNA To further measure the copy numbers of HIV-1 RNA,
from PBMC samples was exracted with guanidine-HGirst virions were captured from the patients’ blood
and then quantitated using the bDNA assay [46,47]. Aflasma by utilizing HIV-1 gp120- and gp41-coated im-
PBMCs were analyzed simultaneously for the determirunobeads, as described previously [43]. The viral ge-
nation of HIV-1 RNA copies to avoid assay-to-assagomic RNA was extracted from all the samples and was
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TABLE |. Clinical Characteristics of HIV-1-Seropositive SS Individuals (Group A)*

Year of Dx Last CDC
Subject Age Sex Risk factors (years since Dx) classificatioft Presentation Treatment Outcomes
A 35 M Sexual, transfusion, 1989 (8) 1l Generalized No antiviral therapy  Long-term
cocaine Abuse lymphadenopathy nonprogressor
B 37 M Sexual, transfusion 1987 9) 1] Asymptomatic No antiviral therapy  AIDS-related
lymphoma,
died in 1996
C 30 F  Transfusion 1984 (23) 1l Asymptomatic No antiviral therapy  Long-term
nonprogressor
D 37 F  Sexual, transfusion 1992 (5) VB Mucocutaneous AZT (initiated 1995) Leukopenia under
candidiasis treatment
E 29 M Transfusion 1985 (12) Il Asymptomatic No antiviral therapy  Long-term
nonprogressor
F 32 F  Transfusion 1985 (12) 1l Asymptomatic No antiviral therapy  Long-term
nonprogressor
G 35 F  Sexual, transfusion 1985 (12) Il Asymptomatic No antiviral therapy  Long-term
nonprogressor
H 17 F  Transfusion 1984 (13) Il Asymptomatic AZT (short course) Long-term
nonprogressor
| 35 F  Transfusion 1991 (6) Il Asymptomatic No antiviral therapy  Long-term
nonprogressor
J 25 M Transfusion 1995 2) 1] Asymptomatic No antiviral therapy  Presently
asymptomatic
K 36 M  Transfusion 1985 (12) 1l Asymptomatic No antiviral therapy  Long-term
nonprogressor

*HIV, human immunodeficiency virus; SS, sickle cell anemia; Dx, diagnosis; CDC, Centers for Disease Control and Prevention; AZT, azidothymidine.
aThe CDC HIV clinical classification system of 1987, rather than 1993, was utilized for stratification, as the total CD4+ lymphocyte count i$ a critica
part of the 1993 system and may not be as useful in sickle cell disease.

then resuspended in DEPC-treated, doubly-deionizptbteinase K (sixug/ml) at room temperature for 12 min.
distilled water (ddHO). Twelve microliters of each Proteinase K was inactivated by incubating slides on a
sample were reverse transcribed by Moloney murine Ielieat block at 95°C for five min. The in situ amplification
kemia virus reverse transcriptase (MMLVRT) (GIBCOof HIV-1 gag DNA was performed as described previ-
BRL, Grand Island, NY), using the HIV-Gagantisense ously [9,42]. Subsequently, amplified DNA signals were
primer SK39. For quantitation, RNA standard copy tendetected by the biotinylated probe-SK19. The percentage
plates were reverse transcribed at the same time. TheofrHIV-1—positive cells were enumerated by counting at
vitro RNA standards were prepared as described preilgast 10,000 cells/slide, by two independent observers.
ously [43]. The cDNAs from all the samples and th&ll the microscopic analyses were performed on coded
standards were amplified simultaneously by PCR, astides [14].

the products were analyzed by Southern blotting, utiliz-

ing the P2%labeled HIV-1gagprobe SK19. Quantitation Statistical Analysis

was performed using a phosphorimager (Molecular Dy- Analysis of variance was performed as previously de-
namics, Sunnyvale, CA). All quantitation analyses weigribed by Todd et al. [45]. Additional analyses for sta-

repeated at least three times. tistical significance were carried out utilizing the un-
_ paired Student’s t-test. The control group and the study
In Situ PCR groups were compared for statistical significance, for the

rate of long-term nonprogression, using the “binomial

The freshly isolated PBMCs (1 x $@ells) were trans- LS T
proximation to the normal distribution” method.

ferred to specially-designed, salinated slides, containiﬁﬁ
a 20 mm single well. The cells were air-dried overnight,

heat-fixed at 105°C for 10 sec and then incubated in 45y T3
paraformaldehyde for two hr. Paraformaldehyde was in-. . - on -

activated by incubating slidea B x phosphate-buffered E:hmcal Charac-tgrlstlcs.of Active” SS-Positive,

saline (PBS) for 10 min, and then the slides were washB-1 Seropositive Patients (Group A)

twice in 1 x PBS. The endogeous peroxidase wasAs demonstrated in Table |, ten of the 11 SS-positive,
guenched by incubating slides in 0.3% hydrogen perokHV-1—infected patients in group A were potentially in-

ide in PBS overnight. These slides were treated wifected with HIV-1 by blood transfusions before 1985.
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One patient (J) with a history of blood transfusions hagkposure, six were homosexual, three had multiple risk
documented HIV-1 seroconversion in 1995 and deniddctors, two were hemophiliacs, and one other had trans-
other risk factors. This patient had repeatedly testédsion-related HIV-1 seroconversion. Five had unknown
negative for HIV-1 in previous evaluations since 1985jsk factors. Twenty-two progressed from HIV-1 infec-
including a study as recently as March 1994. It would k@n to AIDS in an average of 1.9 years. In eight patients,
highly unusual for the HIV-1 infection to have ariserthere was documented HIV-1 seroconversion but not
from blood transfusions received after 1985. If he wadocumented progression to AIDS. In one patient, con-
infected through blood transfusions after the implememersion to AIDS was documented but the date of initial
tation of serological testing of donors’ blood for HIV-1,HIV-1 seroconversion was not identified. The remaining
then he may be one of those extremely rare and unfdive patients were long-term nonprogressors for an aver-
tunate cases [48]. age of 10.2 years (13.9%). Of the long-term nonprogres-
Four individuals (A, B, D, and G) had other confoundsor patients in group C, two had a heterosexual route of
ing risk factors, including a sexual route of transmissiofransmission, two were hemophiliacs, and one patient
One of 11 patients had a history of cocaine abuse (patidratd a history of drug abuse.
A). Patient A also had generalized lymphadenopathy, butThe rate of long-term nonprogression among the SS
did not receive antiviral therapy. Another patient (DHIV-1-seropositive groups (A and B) and the control
exhibited evidence of AIDS—mucocutaneous candidigroup (C) were compared for statistical significance us-
sis and cachexia—and recently was begun on antiviiab the binomial approximation to the normal distribu-
therapy [Azidothymidine (AZT)]. A third patient (H) re- tion method. The Z-statistic was 2.343. The correspond-
ceived a short course of AZT. One subject (patient Bj)g P value wasP = 0.0193. Therefore, there was a
underwent HIV-1 seroconversion in 1987 and at the tinteghly significant difference in the percentage of long-
of the initial quantitative viral studies was considered tterm, nonprogressors between these groups.
be a long-term nonprogressor. However, in 1996 he de-
veloped AIDS-related lymphoma and died in late 1996.evels of HIV-1 Virions in Plasma

All other patients continue to be long-term nonprogres- The plasma levels of HIV-1 virus were determined by

sors and have not been treat_ed Wit.h antivira! therapy. article-associated HIV-1 RNA bDNA-signal amplifica-

. I one does not m_clude patient J in the patl_ent.tabulﬁbn assays and by the quantitative reverse transcriptase-
tion, since the tentative date of infection remains in quUes- . ted PCR (Q-RT-PCR) method (Table II). By usin
tion, the average interval since identification of HIV'l_bDNA-si nal amolification assavs. HIV-1 RNAyin theg
seropositive in ten patients is 10.25 years. If one eXC|Ud§%sma \?vas detgctable in onlyytV\’/o of 11 SS. HIV-1—
two of the 10 individuals who developed AIDS-relateq e o individuals (18%) (patients A and D). In recent
mucocutaneous candidiasis (D), and AIDS-related lymy ;oo honA analyses detected HIV-1-specific RNA in
phoma (B) and the one patient who has eXhI.bl.ted 9engle plasma of 38% to 71% of HIV-1-infected individuals
alized lymphadenopathy (A), then the remaining SEVElith CD4+ T-lymphocyte counts greater than 500/fnm
patients have remained free of disease for over “LAB 47]

years. Seven SS HIV-1-seropositive patients from two 4Relatively high CD4+ T-lymphocyte counts were

the five SS centers died prior to the beginning of thié : 2 s
. . _..__demonstrated in the SS-positive patients (Table I). How-
study. Four died of AIDS and three of the compllcatlongver’ it is not unusual for splenectomized (in this case

of SS. Importantly, no other SS HIV-1-seropositive pa'uto-splenectomized) individuals to exhibit relatively

gglr;tzevx?:rasthought to have been followed at these S'Clﬁ?gh levels of CD4+ T-lymphocytes, as compared with

Among the 18 SS HIV-1—seropositive pa,[iemé)rogressors with intact spleens [47]. The CD4 percent-

. 0 ) age, another immune-function marker measured as part
(groups A and B), there were eight (44%) long-term nori? > - " profile of HIV-1-infected patients, may

progressors, all from group A (those patients who unde[gé a better indicator than the total CD+ T-lymphocyte

went quantitative studies for viral burden). Thus, of thceount for predicting the development of AIDS in sple-

11 patients in group A, eight of 73% remained long-ter ctomized individuals, although this is controversial
nonprogressors. Five patients or 28% of the total of ]{gg] As shown in Tablé I, the CD4 percentages varied
patients succumbed to AIDS. Of these, one was group Xténsively In the SS-pc’)sitive HIV-1-positive group

In addition, three patients, or 17% of the total patie : !

0, 0,
cohort, all from group B, succumbed to the complica- D4 percentages ranged from 1% to 30%.
tions of SS. : .
The control group consisted of 36 patients who Werl'eeveIS of HIV-1 Proviruses in PBMC
age- and gender-matched non-SS African-AmericanThe number of HIV-1 proviral DNA copies were also
HIV-1-seropositive patients (group C). Of these patientsieasured in the PBMCs of SS-positive HIV-1-infected
13 were intravenous drug abusers, six had heteroseximaividuals. The HIV-1 DNA was quantitated by solu-
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TABLE Il. Quantitative Virological and Serological Studies of Eleven HIV-1-Seropositive SS Individuals (Group A)*

bDNA analysis Q-RT-PCR: Q-DNA-PCR:
of HIV-1 RNA copies of copies of In situ DNA-
Most recent copies per ml in HIV-1 RNA HIV-1 DNA PCR: % HIV-1
Most recent CD4 count per plasma or in (16 in plasma per per 16 DNA-positive

Subject CD4 (%) mm® PBMCs) x 162 ml x 10° PBMCs PBMCs
A 7 1,107 70 (20) 420 200 4.1%
B 6 933 <10 (<10) ND ND <0.1%
C 4 1,062 <10 (<10) ND ND <0.1%
D 1 100 70 (73) 800 150 8.0%
E 15 1,566 <10 (<10) ND ND <0.1%
F 20 1,185 <10 (<10) 12 ND <0.1%
G 15 960 <10 (<10) 8 ND <0.1%
H 30 1,025 <10 (<10) 10 50 <0.1%
[ 23 915 <10 (<10) 3 10 <0.1%
J 11 300 <10 (<10) 15 70 1.0%
K 12 1,157 <10 (<10) 20 80 0.9%

*All patients were HIV-1 ELISA and HIV-1 Western blot positive, with p24, gp 41 and gp 120/160 bands present on all patients’ Western blots. HIV,
human immunodeficiency virus; SS, sickle cell anemia; bDNA, branched DNA; PBMCs, peripheral blood mononuclear cells; Q-RT-PCR, quantitative
reverse transcriptase-initiated polymerase chain reaction.

*RNA copies in PBMCs are noted in parentheses.

TABLE Ill. All Additional SS patients With HIV-1 Infection From Five University Sickle Cell Disease Centers (Group B)*

Years Latest

Year of since CD4 Clinical
Subject Age Gender Risk factors Dx Dx count presentation Treatment Outcome
AA 45 F IVDA 1986 6 NA Asymptomatic NA Lost to follow-up
Transfusion 1988-1992. Died of
complications of SS in
1992
BB 37 M Transfusion 1986 8 1883  Asymptomatic No antiviral Rx ~ Died of complications of
SSin 1994
CcC 38 M Transfusion 1985 9 NA Disseminated NA Died of AIDS in 1991
varicella
DD 35 F Transfusion, 1989 5 310 Lymphaden., CMV, Acyclovir Died of AIDS in 1994
sex partner C diff., pneumonia
EE 39 M Homosexual, 1984 8 1870  Lymphaden., No antiviral Rx  Died of complications of
transfusion pneumonia SSin 1992
FF 32 M Homosexual, 1985 4 430  C diff., pneumonia, AZT, Died of AIDS in 1989
transfusion encephalitis pentamidine
GG 33 M Transfusion 1986 6 20  Fever, lymphaden AZT, Died of AIDS in 1992

pentamidine

*SS, sickle cell anemia; HIV, human immunodeficiency virus; Dx, diagnosis; IVDA, intravenous drug abuse, NA, not applicable; CMV, cytomegalovirus
Lymphaden., lymphadenopathy; C. diff., clostridium difficile-induced diarrhea.

tion-based quantitative DNA-PCR, as well as by in sitthe bDNA signal amplification assay and by quantitative
PCR methods. HIV-1 RT-PCR methods. These two SS-positive, HIV-
As shown in Table Il, the number of copies of HIV-11—positive subjects also had the highest percentages of
proviral DNA in the PBMCs of the asymptomatic SSHIV-1-infected PBMCs, as measured by the in situ PCR
positive individuals, by quantitative DNA-PCR weremethod [8,30], 4.1% and 8.0%, respectively.
52.5 = 31 copies per FOcells. Thus, levels of HIV-1  Analysis of HIV-1 provirus in the PBMCs isolated
DNA were generally low, less than 100 copies per miffom these patients, and measured by the highly sensitive
lion PBMCs by the quantitative DNA-PCR techniquein situ PCR method, were also performed. Of impor-
Only two individuals (subjects A and D), both of whontance, utilizing large numbers of historical controls=n
were symptomatic, exhibited the presence of >100 copi@8) from our laboratories [11,16], the levels of proviral
per 1¢ PBMCs (200 and 150 per $®PBMCs, respec- DNA by in situ PCR were quite low in nine of 11 of the
tively). These two subjects also exhibited very high cop$S-positive patients, and the entire SS-positive cohort
numbers of HIV-1 RNA in the plasma, as measured lyad significantly lower proviral loads as compared with
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this non-SS, HIV-1-seropositive cohorP (< 0.04). survival time, and more effective viral control. In this
Therefore, it appeared that in SS-positive HIV-1study, one of seven splenectomized animals died of sep-
infected patients, HIV-1 expression, as well as HIV-$is—a common sequelae of splenectomy in SS-positive
proviral load, was significantly lower than in severapatients. One of two deceased nonsplenectomized ma-
large cohorts of non-SS, HIV-1-seropositive individualsaques died of SIV infection and immune suppression.
i . Survival in the splenectomized animals was significantly
Serological Studies longer than in those with intact spleens [60]. It is inter-

Each patient’s serum was evaluated independently festing that none of the reports in humans has addressed
the presence of anti—-HIV-1 antibodies by standattie issue of splenectomy before HIV-1 infection and its
ELISA, as well as by Western blotting. Since splenegossible influence on survival.
tomy is known to alter the normal antibody response to Several reasons for the low viral burden in our patients
certain antigens, especially T-lymphocyte—independentaddition to autosplenectomy prior to HIV-1 serocon-
antigens [38], we performed Western blot analyses on atrsion may be considered. Pandit [27] suggested that the
the sera to determine if slow progression in these lonf-globins in the red blood cells of SS patients may be the
term survivors may be related to the absence of certaource of HIV-1 antibodies. These same antibodies
anti-HIV-1 antibodies. However, the Western blot analywhich may yield selective resistance to malaria infection
sis revealed no unusual anti-HIV-1 antibody pattermaight also serve the same role in other infections, such as
(data not illustrated). HIV-1, or in malignancies [27].

The possibility that free hemoglobin in the SS indi-
vidual's blood might alter measurement of HIV-1 virions
DISCUSSION was also considered. Todd et al. [45] tested the potential

Delayed development or even the absence of manifésterference of hemoglobin levels in the quantitation of
tations of AIDS in HIV-1-infected patients has beeilV-1 RNA using the bDNA assay and found that he-
studied extensively to characterize both the natural histoglobin up to one mg/ml did not interfere with HIV-1
tory of disease and in the quest for clues to ways &NA quantitation by bDNA. Thus, extracellular hemo-
retarding or even preventing disease progression [1@lebin is unlikely to contribute to the bDNA data pre-
28,49-55]. Among the factors that appear to temporarigented in the present study, as the plasma hemoglobin
alter disease progression is splenectomy, performedl@vels are significantly less than one mg/ml in SS-
many patients with AIDS who develop hypersplenisnpositive individuals. In addition, virions were captured
Reports based on a number of groups of HIV-1-infectdry immunobeads prior to RT-PCR and, thus, hemoglobin
individuals who have undergone splenectomy suggestvas washed away prior to reverse transcription and
protracted course of disease with at least a transient abDNA amplification.
crease in CD4+ and CD8+ T-lymphocyte counts and per-Although an explanation for the longer survival of
centages [36—39,56-58]. Oksenhendler et al. [57] studi®&-positive, HIV-1-infected individuals may be the
the course of 68 HIV-1-infected patients prospectiveljnctional absence of the spleen as manifested by low
with severe immune thrombocytopenia (ITP) who undeviral burden in the plasma, as well as in the PBMCs,
went splenectomy 2—-41 months (mean of 10 monthahother mechanism(s) may also be active. For example:
after ITP was diagnosed. In this cohort, the platelet coubt the longer survival may be the result of higher pro-
increased from as low as 18 x9l0to as high as 223 x portions of CD 4+ T-lymphocytes in PBMCs, which has
107/, a percentage increase of 82% in 56 patients. Theen considered a marker for staging HIV-1 infection
mean CD4+ T-lymphocyte count increased from 47 P6-18]; and 2. Changes in the trafficking of lympho-
107/ to 725 x 1@/ in the same group. However, thecytes resulting in more efficient elimination of viral par-
study also showed there was no statistically significatitles or lower production of HIV-1.
long-term improvement as a result of splenectomy whenOur control group shows striking differences in the
compared with nonsplenectomized patients. Leissingemgevalence of AIDS compared with our study group.
al. [59] also studied viral burden in four HIV-1-infectedHowever, there are built-in confounding factors making a
patients with ITP finding no consistent changes in HIV-tlirect comparison between the two groups difficult. The
viral burden, suggesting that splenectomy after HIV-fiatient cohort was carefully monitored annually for
infection does not influence the rate of progression &flV-1 seroconversion, which was not performed in the
HIV-1 disease. control group. The study group had, for the most part, a

Joag et al. [60] studied the effect of splenectomy insingle risk factor—contaminated blood—whereas the
simian immune deficiency virus (SIV) model. In thisrisk factors in the control group were varied.
study, unsplenectomized and splenectomized Indian andur observations in HIV-1-infected SS patients sug-
Chinese rhesus macaques were infected with,§JV gestthat the natural history of these patients may result in
Splenectomized macaques had lower viral burden, londeng-term nonprogression related to autosplenectomy.
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This possibility deserves further investigation. Since tHé-
numbers of such patients are relatively small in the
United States, studies of a larger population of S
positive HIV-1-infected individuals in Sub-Sahara Af-

rica might be instructive. These studies may lead toia.
better understanding of in vivo HIV-1 pathogenesis and
allow the development of novel therapeutic approaches
to combat this human retroviral disease.
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