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Thrombotic microangiopathy (TMA) can occur during the course of human immunodeficiency
virus (HIV) infection. Clinical and pathological data for 29 patients with TMA and HIV infection
were recorded. In a retrospective case-control study, we analyzed the link between opportunistic
infections or drug therapies and TMA. Twenty-five patients (mean CD4+ cell count ± SD, 71.9 ±
18.3/mm 3) had renal impairment, and four had neurological dysfunction. In one-half the cases, the
disease was progressive with isolated fragmentation anemia appearing several months before the
clinical symptoms. The diagnosis of TMA was confirmed by histological examination of kidney
biopsy specimens (18 cases). Endothelial cytomegalovirus (CMV) inclusions were associated with
TMA in nine of 18 cases, whereas histological examination did not detect CMV in any control
specimens (P < .001). The case-control study demonstrated a link between TMA and clinical
CMV infection (odds ratio, 3.9; 95% confidence interval, 1.1-14). We conclude that TMA is a late
complication of HIV infection and can be associated with systemic CMV infection in this setting.

Thrombotic microangiopathy (TMA) is a well-characterized
cause of nephropathy in patients infected with HIV. More than
50 cases of TMA have been described in adult patients with
HIV infection [1, 2]. Nonautoimmune hemolytic anemia, pe-
ripheral thrombocytopenia, and either renal failure in the hemo-
lytic-uremic syndrome (HUS) or ischemic neurological lesions
in thrombotic thrombocytopenic purpura (TTP) occur during
the course of the disease. However, there is considerable clini-
cal overlap between HUS and TTP, and some researchers [3]
consider the two diseases as a single entity best defined
as TMA.

The pathological lesion of TMA in HIV-infected patients, as
in those with HUS and TTP, consists of vessel wall thickening
(capillaries and arterioles) with detachment of endothelial cells
from the basement membrane and accumulation of clear mate-
rial in the subendothelium [4]. TMA is a consequence of injury
of endothelial cells that is typically caused by enteric bacteria
producing verotoxins, although it can also be triggered by anti-
bodies or drugs toxic to endothelial cells [5]. A direct link
between TMA and HIV infection has been suggested [6], but
this link remains to be confirmed.

We describe 29 cases of TMA in HIV-infected adults that
were observed between June 1989 and December 1994.
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Twenty-one cases were histologically proven. Additionally and
independently, we conducted a retrospective case-control study
of 16 consecutive patients with TMA and HIV infection to
identify possible risk factors.

Patients and Methods

Patients

Between June 1989 and December 1994, we reviewed the
charts of 29 HIV-infected adults with TMA. Twenty-four
patients were referred to the Nephrology Unit of Hospital
Tenon from either the Infectious Diseases Unit of Hospital
Rothschild (18 cases) or other similar units (six cases) in Paris.
Five additional patients without major renal impairment were
treated in the Infectious Diseases Unit of Hospital Rothschild.
TMA was defined by the association of the following: (1)
unexplained hemolytic anemia (hemoglobin level of < 100 g/L,
low serum haptoglobin level, and serum lactate dehydrogenase
level of >1,000 U/L) with >2% schistocytes; (2) peripheral
thrombocytopenia (platelet count of < 100 X 109/L); and (3)
a pathological diagnosis of TMA and/or renal disease (blood
creatinine level of > 130 mmol/L and/or daily urinary excretion
of protein of >1 g) or unexplained neurological dysfunction.

The following examinations were performed for all patients:
coagulation tests; bone marrow aspiration or biopsy; determina-
tion of peripheral CD4 + lymphocyte count, blood creatinine
level, and daily urinary excretion of creatinine and protein;
tests for bacteria and parasites in urine and stool samples;
indirect funduscopy (performed by an ophthalmologist); and
test for cytomegalovirus (CMV) in blood samples. The follow-
ing tests were performed when indicated: PCR analysis [7] for
verotoxin in stools (15 cases), standard examination of CSF
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obtained by lumbar puncture and brain MRI (14), bronchoal-
veolar lavage (10), and PCR analysis for CMV in CSF (6).

Pathological and Immunocytochemical Analysis

Twenty-five tissue specimens from 21 (72.4%) of 29 patients
were available. These specimens included kidney samples in 18
cases (13 biopsy specimens and five postmortem specimens),
bronchopulmonary biopsy specimens in 3, and postmortem
liver specimens in 4. Samples were processed for light micros-
copy by standard methods. Between 15 and 20 sections of each
kidney specimen were examined. Afterward, 11 of 18 paraffin-
embedded kidney biopsy samples were subjected to immunocy-
tochemical analysis with monoclonal mouse antibody to CMV
(clone E13, IgG1 with K light chain; Biosoft, Argene, Varilhes,
France), which recognizes a CMV antigen corresponding to a
76-kD nuclear protein present as early as 2 hours after infection.

Briefly, the sections were incubated with the antibody (final
concentration, 7.2 pg/mL), and fixed antibody was detected by
successive incubation with biotinylated sheep antibody to
mouse that was diluted to 1:300 (Amersham, Les Ulys, France),
streptavidin-horseradish peroxidase diluted at 1:500 (Dako,
Trappes, France), and aminoethyl carbazole. Two sections of
each kidney biopsy specimen were studied.

The specificity of immunocytochemical analysis was as-
sessed by the negativity of colonic biopsy specimens from five
CMV-seronegative and five CMV-seropositive immunocompe-
tent adults. Control samples for histological examination and
immunocytochemical analysis were as follows: (1) 7 renal bi-
opsy specimens from HIV-infected patients without TMA who
had <80 CD4 + cells/mm3 (acute tubular necrosis, 3 patients;
HIV-related nephropathy, 2; glomerulonephritis, 2), (2) 15
postmortem kidney specimens from patients with AIDS and
no renal impairment or TMA at the time of death, and (3) 5
renal biopsy specimens from HIV-seronegative patients with
typical postdiarrheal HUS.

Case-Control Study

We studied 16 consecutive HIV-infected patients for whom
TMA was diagnosed in the Infectious Diseases Unit of Hospital
Rothschild between December 1992 and December 1994. Con-
trols were selected randomly from HIV-infected patients who
did not have clinical or laboratory signs of TMA and were
inpatients or outpatients at the same time that a case was diag-
nosed. Day 0 was defined as the first day that schistocytes
were identified. Potential controls were excluded if they had
schistocytes. A total of 64 patients were enrolled in the control
group (control-to-case ratio, 4:1). We reviewed the medical
charts of each case and control and recorded the following
demographic data: age, sex, risk factors for HIV infection, and
CD4+ cell count on day 0.

Ongoing opportunistic infections were also recorded. The
diagnostic criteria for opportunistic infections were as follows:
cryptosporidiosis, detection of parasites in stool; microspori-

dian infection, detection of parasites in stool; and Mycobacte-
rium avium complex infection, bacteriologic evidence or clini-
cal manifestations and an improved condition during
antimycobacterial therapy (presumptive diagnosis).

CMV disease was defined as old or new clinical manifesta-
tions of infection (funduscopically evident retinitis, extensive
pneumonitis with CMV inclusions in cells in bronchoalveolar
lavage fluid and no other pathogens, and response to anti-
CMV therapy; CMV encephalitis was defined by consistent
neurological and radiological abnormalities and detection of
CMV by culture and/or PCR analysis of CSF). The diagnosis
of cutaneous and pulmonary Kaposi's sarcoma was based on
clinical criteria.

The following concomitant treatments on day 0 were re-
corded: co-trimoxazole, pyrimethamine, sulfadiazine, rifabutin,
antimycobacterial therapy, broad-spectrum antibiotics, fluco-
nazole, ketoconazole, itraconazole, bleomycin, doxorubicin hy-
drochloride, vinblastine sulfate, vincristine sulfate, zidovudine,
didanosine, stavudine, acyclovir, ganciclovir, and foscarnet.

Data for cases and controls were analyzed by calculating the
crude odds ratio for each variable. Because the cases and con-
trols differed significantly in terms of the CD4+ cell count,
odds ratios were subsequently adjusted for the CD4 + cell count
(as a continuous variable) by multiple logistic regression analy-
sis to take into account any confounding effect. Finally, vari-
ables that were associated (P < .05) with TMA after adjusting
for the CD4 + cell count were tested in a single multiple regres-
sion model.

Statistical significance was assessed by the Kruskall-Wallis
test for continuous variables, the odds ratio and Cornfield 95%
confidence interval for univariate analysis, and the 95% confi-
dence interval of the adjusted odds ratio obtained by multiple
logistic regression [8, 9]. Survival rates were calculated on the
basis of means determined by the Kaplan-Meier product limit
method. Laboratory parameters were analyzed by using a t test.

Results

Clinical Manifestations

The baseline characteristics of the 29 patients are presented
in table 1. The mean CD4+ cell count was <80/mm3 ; 21 pa-
tients had very low CD4 + cell counts of <40/mm 3 , and eight
had CD4 + cell counts of > 100/mm 3 (two of whom had CD4 +

cell counts of >300). The mean time ± SD between the onset
of AIDS and the diagnosis of TMA was 23.3 ± 16.1 months.
There was a wide variety of clinical manifestations. It is inter-
esting that clinical manifestations were preceded by laboratory
abnormalities in one-half of the cases: schistocytes were de-
tected before the onset of renal failure or neurological dysfunc-
tion (mean interval ± SD, 4.2 ± 2.2 months; range, 1-9
months). Clinical manifestations were as follows.

Renal Impairment. Twenty-five of 29 patients had kidney
failure. Four (16%) of these 25 patients had a systolic blood
pressure of 150 mm Hg and a diastolic blood pressure of
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Table 1. Baseline characteristics of 29 patients with HIV infection
and TMA at the time of enrollment into the study.

Characteristic Value

Male-to-female ratio 27:2
Mean age ± SD in y (range) 35.9 ± 8.5 (20-56)
No. of Caucasians 27
No. of Africans 2
No. with risk factor for HIV infection

Homosexuality 24
Heterosexuality 4
Intravenous drug abuse 1

No. with HIV infection status
Asymptomatic infection 5
AIDS 23
Unknown

Mean time ± SD from the onset of
AIDS to the diagnosis of TMA in
mo (range) 23.3 ± 16.1 (1-59)

Mean CD4 + cell count ± SD in
mm' (range) 71.9 ± 18.3 (1-350)

NOTE.	 TMA = thrombotic microangiopathy.

mm Hg. Oliguria was present at the time of diagnosis in
six cases and was associated with a very poor prognosis. As
shown in table 2, the mean creatinine clearance ± SD was
20.5 ± 18.6 mL/min. In nine of 25 cases, proteinuria had been
present for >3 months before admission to the hospital because
of HUS. Microscopic hematuria was present in 16 cases (64%).

Neurological impairment. Four patients were admitted to the
hospital because of neurological emergencies (seizures, hemiple-
gia, or coma). The blood creatinine level was normal in all four

cases, but the daily urinary output of protein for two patients was
eventually 1.7 and 1.8 g, respectively. In two cases, findings
of brain MRI were consistent with cerebral ischemic disease:
hyperintense punctate lesions of the white matter on T 2-weighted
images. PCR analysis detected CMV in CSF from two patients.

Other signs. Fever was present in 20 (69%) of 29 cases,
and 15 (52%) of 29 patients had unexplained nonbloody diar-
rhea. Six patients previously had gastrointestinal cryptospori-
diosis (four) or microsporidian infection (two). Verotoxin was
present in only one of the 15 patients tested; direct examination
of this patient's stool revealed a Campylobacter species 1
month before the diagnosis of HUS. When he was admitted to
the hospital, Campylobacter was no longer detectable in his
stool, but verotoxin was present. Three patients had severe
digital ischemic necrosis; one of these patients also had severe
lingual ischemic necrosis.

Laboratory findings for the 29 patients are summarized in
table 2. The mean reticulocyte count ± SD was 79.3 ± 53.1
x 109/L. Thrombocytopenia was never complicated by severe
hemorrhage. Bone marrow aspiration and biopsy ruled out my-
elofibrosis in every case but revealed dysmyelopoiesis and ery-
throid hyperplasia in 22 cases (76%). Twenty-two patients un-
derwent coagulation tests. These tests showed moderate
fibrinolysis in all cases and a high level of factor V (>120%)
in 11 patients. Antibodies to phospholipids were present in five
of the 25 patients with renal dysfunction.

Pathological Data

TMA was proven histologically in 21 of 29 cases. In 18
cases, the diagnosis was confirmed by routine examination of

Table 2. Laboratory findings for 29 patients with HIV infection and TMA at the time of enrollment
into the study.

Finding Value Normal value

Mean hemoglobin level ± SD in g/L (range) 74 ± 28 (49-87) 130-160
Mean reticulocyte count ± SD in X 10 9/L (range) 79.3 ± 53.1 (11-251) 50-120
Percent with schistocytes at entry into study >2% in all patients 0
Percent with schistocytes 3 mo before study entry >2% in 15 of 29 patients 0
Direct antiglobulin test Positive for 1 of 26 patients Negative
Mean platelet count ± SD in X 10 9/L (range) 87.2 ± 58.9 (17-284) 150-400
Mean lactate dehydrogenase level ± SD in U/L (range) 1,660.7 ± 990.9 (416-4,270) <420
Mean haptoglobin level ± SD in g/L (range) 0.18 ± 0.26 (0.04-1.06) 0.4-3.5
Mean blood bilirubin level ± SD in mmol/L (range) 42.7 ± 18.5 (20-82) <17
Mean prothrombin time ± SD in % 90 ± 20 80 ± 20
Mean partial thromboplastin time ± SD in s 33 ± 10 25-35
Mean fibrinogen level ± SD in g/L 4.04 ± 1.2 2-4
Mean level at fibrin degradation products ± SD

in mg/mL (range) 80.1 ± 50.2 (0-160) 0
Mean level of D-dimers ± SD in ng/mL (range) 16.6 ± 4.1 (0-64) <2
Mean serum creatinine level ± SD in //mon (range) 321.0 ± 194.2 (46-845) 60-110
Mean creatinine clearance ± SD in mL/min (range)

for 23 of 26 patients 20.5 ± 18.6 (2.6-75) 100 ± 20
Mean daily urinary output of protein ± SD in g (range) 2.9 ± 1.8 (0.6-7.8) <0.2

NOTE.	 TMA = thrombotic microangiopathy.
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Figure 1. Stain of a kidney biopsy specimen from an HIV-infected
patient with thrombotic microangiopathy that reveals a cytomegalovi-
rus inclusion. An enlarged cell with a typical intranuclear inclusion
in a glomerular capillary loop is present, and there is evidence of
a recent fibrin thrombus in a small artery (Masson stain; original
magnification, X312).

kidney biopsy specimens; TMA was diagnosed in association
with HIV-related nephropathy in one of these cases. Of the
lesions in these 18 cases, 2 were predominantly glomerular,
14 were severely arteriolar (2 of which were histologically
proven as cortical necrosis), and 2 were both glomerular and
arteriolar. In nine (50%) of 18 cases, specific CMV inclusions
were found in glomeruli or vessels (figure 1). Standard exami-
nation for CMV antigen was positive for six of 11 patients
(figure 2), all of whom had CMV inclusions. The CMV-positive
nuclei were in endothelial cells.

Histological examination of all control samples did not re-
veal abnormalities due to CMV, and immunocytochemical
analysis of all these samples was negative for CMV. Examina-
tion of bronchoalveolar lavage fluid specimens from three pa-
tients with respiratory distress secondary to intraalveolar hem-
orrhage showed CMV inclusions in cells, and histological
examination of bronchopulmonary biopsy specimens from
these patients demonstrated diagnostic evidence of TMA with
endothelial CMV inclusions. TMA lesions were found in post-
mortem liver specimens from four patients.

with TMA was fluconazole (crude OR, 5.7; 95% CI,
1.45-24.5; adjusted OR, 3.8; 95% CI, 1.0-14.1).

We further investigated the interaction between CMV infec-
tion and fluconazole in a stratified analysis. The odds ratio for
the presence of CMV infection and the use of fluconazole
(10.4) was much greater than the product of the odds ratio for
each exposure alone (5.2); this finding suggests that there is
an interaction between CMV infection and fluconazole. How-
ever, in a multiple logistic regression model including flucona-
zole, CMV infection, and CD4 + cell count, an interaction term
between fluconazole and CMV infection was not significant
(P = .6). In a final logistic regression model, only CMV infec-
tion (OR, 4.2; 95% CI, 1.2-15.5) and fluconazole (OR, 4.2;
95% CI, 1.1-15.7) were significantly associated with TMA.

Treatment and Outcome

Twenty-three of the 29 patients received standard therapy
for TMA. Seventeen patients received 20 mL of fresh frozen
plasma/kg daily for a mean of 10 days (range, 7-15 days);
five patients with the most severe forms of TMA were treated
for 7 to 14 days with plasma as fluid replacement, and one
patient first received fresh frozen plasma for 8 days followed
by eight plasma exchanges. Nine patients received other treat-
ments given alone or in combination with fresh frozen plasma
and plasma exchanges. These treatments included steroids
(1 mg/[kg • d]) in 3 cases, intravenous polyvalent Ig (0.4
g/[kg • d] for 5 days) in 2, aspirin (100 mg/d) in 3, and prosta-
cyclin analogs in 1.

Treatment with fresh frozen plasma and/or plasma ex-
changes were followed by disappearance of hemolysis, nor-

Case-Control Study

Cases did not differ from controls in terms of age, sex, risk
factors for HIV infection, or duration of AIDS. Mean CD4+
cell counts ± SD were lower in cases than in controls (29.4
± 40.1/mm3 vs. 107.2 ± 138.8/mm 3 , respectively; P = .009).
CMV disease was the only opportunistic infection associated
with TMA (crude OR, 6.1; 95% CI, 1.6-24.8; CD4 + cell
count—adjusted OR, 3.9; 95% CI, 1.1-14). There was no dif-
ference in the incidence of Kaposi's sarcoma (cutaneous or
pulmonary) in cases and controls. The only drug associated

Figure 2. Stain of a paraffin-embedded kidney biopsy specimen
from an HIV-infected patient with thrombotic microangiopathy that
was subjected to immunocytochemical analysis with primary mono-
clonal mouse antibody followed by biotinylated sheep antibody to
mouse, streptavidin-horseradish peroxidase, and aminoethyl carbazole
precipitate. Immunohistological localization of an immediate, early
cytomegalovirus (CMV) antigen is present. Note the strong CMV
positivity in the nucleus of one endocapillary cell in a glomerular tuft
(light hematoxylin counterstain; original magnification, X50).
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malization of platelet counts, and improvement in renal func-
tion in 57% of the 23 patients; the mean serum creatinine
level ± SD (which was 356.4 201.6 ,u,mol/L at study entry)
was 231.3 ± 176.1 //mon on the last day in the Nephrology
Unit (P < .001). Despite improvement in laboratory values,
the 50% survival time was only 3 months, and the actuarial
survival rate at 2 years was 20%. Four of the five patients
who underwent hemodialysis died within 2 months after the
diagnosis. Of the six patients who received plasma ex-
changes, five died during the first 2 months, and one patient
required chronic hemodialysis.

Six patients with either severe neurological abnormalities
(three) or terminal illness (three) received no treatment and
died within 1 month.

Discussion

We describe 29 cases of TMA in HIV-infected adults, 21
of which were histologically confirmed. In the remaining eight
cases, the diagnosis was based on clear-cut clinical and labora-
tory findings. The mean CD4 + cell count ± SD was 71.9 ±
18.3/mm3 , but 21 patients (72.4%) had very low CD4 + cell
counts, thus confirming that TMA occurs more frequently in
severely immunosuppressed patients. Most of the presenting
symptoms were those commonly associated with classical HUS
and TTP. However, some distinctive clinical features warrant
special attention.

First, fragmentation anemia and isolated proteinuria were
the first signs in one-half the cases, occurring up to 6 months
before the onset of clinical signs of TMA. Therefore, persistent
unexplained hemolytic anemia with schistocytes and thrombo-
cytopenia call for careful monitoring of renal and neurological
functions. Second, the low incidence of high blood pressure
(16%), despite extensive arteriolar lesions in the kidneys, is
striking. Third, the 50% survival time was only 3 months de-
spite improvement in renal function. This time is lower than
those in previous reports [1, 2]; however, the degree of renal
impairment at the time of study entry is not comparable with
those in the different studies, and the precise immunologic
status of the patients was not always given.

Fourteen of 18 patients had a predominantly arteriolar form
of HUS. It is interesting that both cases of glomerular lesions,
which classically occur more frequently in children with typical
HUS and are associated with a good prognosis [10], went into
complete remission. PCR analysis for verotoxin was positive
for one of these patients.

CMV is a common opportunistic pathogen in patients with
AIDS; the incidence of CMV infection has been as high as
66% in autopsy studies [11-13]. Patients generally have his-
tological evidence of multiorgan CMV infection, with kidney
involvement in 3% to 25% of patients [14, 15]. However, in
HIV-infected patients, the distinction between colonization
and disease is difficult because isolated CMV inclusions may
be the only pathological abnormality, regardless of the organ
involved [16].

CMV is not recognized as a potential cause of TMA, al-
though endothelial cells are known to be a common target for
CMV [17-20] and CMV-associated vasculitis has frequently
been described in allograft recipients and patients with AIDS
[21-24]. In a recent study [25], immunocytochemical analysis
for a late CMV antigen and in situ hybridization were per-
formed on postmortem kidney samples from 78 HIV-infected
patients. CMV-positive cells (intraglomerular or interstitial
cells) were detected in 12.8% of the kidney specimens and
were usually associated with acute tubular necrosis but never
with TMA. Nevertheless, no correlation between CMV infec-
tion and glomerular disease was demonstrated in transplant
recipients or immunosupressed patients without AIDS [26, 27].

Two lines of evidence in our study support the link between
CMV infection and TMA. First, CMV inclusions were present
in nine of 18 kidney biopsy specimens, and these inclusions
were always associated with arteriolar lesions. Of the nine
patients with renal CMV inclusions, eight had active retinitis
at the time of the diagnosis, and one (who had a CD4 + cell
count of 277/mm3) had CMV viremia. CMV antigen was not
detected in the control samples from HIV-seronegative patients
with TMA or the 15 control biopsy samples from HIV-infected
patients without TMA (P < . 0 0 1 ) .

Three patients had CMV pneumonitis associated with throm-
botic microangiopathic bronchopulmonary lesions. All three
patients had hemolytic anemia with schistocytes. Renal biopsy
confirmed the diagnosis of TMA in all three cases, but CMV
inclusions were detected in only two of three kidney biopsy
samples.

Immunocytochemical analysis of renal biopsy specimens
confirmed the results of standard examinations but did not
appear to be more sensitive. Because the number of CMV-
positive cells in a given sample was very small, 15 to 20
sections of a sample had to be examined by standard techniques
to detect even one CMV inclusion, compared with only two
serial sections in immunocytochemical analysis. CMV-infected
cells were presumably endothelial cells located in the glomeru-
lar capillaries or the interstitial and peritubular vessels.

The second line of evidence supporting the involvement of
CMV in TMA is based on the results of the case-control study
that was conducted independently; this study identified CMV
infection as a risk factor for TMA. Although the number of
cases was small, the odds ratio for TMA developing when
CMV infection was present was 3.9 after adjustment for the
CD4 + cell count.

Classical pathogenic hypotheses for TMA include Kaposi's
sarcoma and antineoplastic drug therapy [1], but these hypothe-
ses were not borne out in our study. However, two patients
with Kaposi's sarcoma had received long-term therapy with
IFN-a which has been suspected of being involved in TMA
[28]. Verotoxin-producing enteric bacteria are rarely implicated
in TMA in HIV-infected patients.

The case-control study identified fluconazole treatment as
an independent risk factor for TMA, and the stratified analysis
suggested an interaction between CMV infection and flucona-
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zole. Fluconazole is an azole derivative widely prescribed to
HIV-infected patients as preventive or curative therapy for
fungal infections. Hemolytic anemia, thrombocytopenia, and
renal impairment had never been linked to fluconazole therapy
[29], but it has been documented that CMV infection can pro-
mote fungal infections [30, 31].

In conclusion, we believe that CMV infection is an important
and previously unrecognized cause of TMA in severely
immunocompromised HIV-infected patients. However, our
data and the results of the case-control study do not preclude
either that cofactors along with CMV contribute to the develop-
ment of TMA or that all cases of TMA in HIV-infected patients
are related to CMV. The overall increase in the incidence of
CMV infections in these patients [32], which is due to their
prolonged survival, could lead to an increased incidence of
TMA.

Acknowledgments

The authors are indebted to Pierre-Marie Girard for expert assis-
tance, to Isabelle Lemaistre for technical advice, and to David
Young for reviewing the manuscript.

References

1. Thompson CE, Damon LE, Ries CA, Linker CA. Thrombotic microangi-
opathies in the 1980s: clinical features, response to treatment, and the
impact of the human immunodeficiency virus epidemic. Blood 1992;
80:1890-5.

2. Rarick MU, Espina B, Mocharnuk R, Trilling Y, Levine AM. Thrombotic
thrombocytopenic purpura in patients with human immunodeficiency
virus infection: a report of three cases and review of the literature. Am
J Hematol 1992; 40:103 -9.

3. Remuzzi G. HUS and TTP: variable expression of a single entity. Kidney
Int 1987; 32:292-302.

4. Morel-Maroger L. Adult hemolytic syndrome. Kidney Int 1980;18:
125-34.

5. Kanfer A, Rondeau E, Peraldi MN, Sraer JD. Coagulation in renal diseases:
the role of the glomerular hemostasis system and implications for ther-
apy. In: Andreucci VE, Fine LG, eds. International yearbook of nephrol-
ogy 1991. London: Springer-Verlag, 1992:3-54.

6. Ucar A, Fernandez HF, Byrnes JJ, Lian ECY, Harrington WJ Jr. Throm-
botic microangiopathy and retroviral infections: a 13-year experience.
Am J Hematol 1994;45:304-9.

7. Keene WE, McAnulty JM, Hoesly FC, et al. A swimming-associated
outbreak of hemorrhagic colitis caused by Escherichia coli 0157:H7
and Shigella sonnei. N Engl J Med 1994;331:579-84.

8. Thompson W. Statistical analysis of case-control studies. Epidemiol Rev
1994;16:33-50.

9. Hosmer D, Lemeshow S. Applied logistic regression. New York: John
Wiley & Sons, 1989.

10. Morel-Maroger L, Kanfer A, Solez K, Sraer JD, Richet G. Prognostic
importance of vascular lesions in acute renal failure with microangio-
pathic hemolytic anemia (hemolytic-uremic syndrome): clinicopatho-
logic study in 20 adults. Kidney Int 1979; 15:548-58.

11. Pillay D, Lipman MCI, Lee CA, Johnson MA, Griffiths PD, McLaughlin
JE. A clinico-pathological audit of opportunistic viral infections in HIV-
infected patients. AIDS 1993; 7:969-74.

12. Klatt E, Shibata D. Cytomegalovirus infection in the acquired immunode-
ficiency syndrome. Arch Pathol Lab Med 1988;112:540-4.

13. d'Arminio Monforte A, Vago L, Lazzarini A, et al. AIDS-defining diseases
in 250 HIV-infected patients: a comparative study of clinical and au-
topsy diagnoses. AIDS 1992; 6:1159-64.

14. Miller-Catchpole R, Variakojis D, Anastasi J, Abrahams C. The Chicago
AIDS autopsy study: opportunistic infections, neoplasms, and finding
from the selected organ systems with a comparison to national data.
Mod Pathol 1989;2:277-94.

15. Reichert CM, O'Leary TJ, Levens DL, Simrell CR, Macher AM. Autopsy
pathology in the acquired immune deficiency syndrome. Am J Pathol
1983;112:357.

16. Niedt GW, Schinella RA. Acquired immunodeficiency syndrome: clinico-
pathologic study of 56 autopsies. Arch Pathol Lab Med 1985;109:
727-34.

17. Ho DD, Rota TR, Andrews CA, Hirsch MS. Replication of human cyto-
megalovirus in endothelial cells. J Infect Dis 1984; 150:956-7.

18. Grefte A, van der Giessen M, van Son W, Hauw The T. Circulating
cytomegalovirus (CMV)-infected endothelial cells in patients with ac-
tive CMV infection. J Infect Dis 1993;167:270-7.

19. Grefte A, Blom N, van der Giessen M, van Son W, Hauw The T. Ultra-
structural analysis of circulating cytomegalic cells in patients with active
cytomegalovirus infection: evidence for virus production and endothe-
lial origin. J Infect Dis 1993; 168:1110-8.

20. Percivalle E, Revello M, Vago L, Morini F, Gerna G. Circulating endothe-
lial giant cells permissive for human cytomegalovirus (HCMV) are
detected in disseminated HCMV infections with organ involvement. J
Clin Invest 1993;92:663-70.

21. Goodgame RW. Gastrointestinal cytomegalovirus disease. Ann Intern Med
1993;119:924-35.

22. Golden MP, Hammer SH, Wancke CA, Albrecht MA. Cytomegalovirus
vasculitis. Case reports and review of the literature. Medicine (Balti-
more) 1994; 73:246-55.

23. Koeppen AH, Lansing LS, Peng SK, Smith RS. Central nervous system
vasculitis in cytomegalovirus infection. J Neurol Sci 1981;51:395-410.

24. Weigland DA, Burgdorf WHC, Tarpay MM. Vasculitis in cytomegalovirus
infection. Arch Dermatol 1980;116:1174-6.

25. Nadasdy T, Miller KW, Johnson LD, et al. Is cytomegalovirus associated
with renal disease in AIDS patients? Mod Pathol 1992;5:277-82.

26. Battegay EJ, Mihatsch MJ, Mazzucchelli L, et al. Cytomegalovirus and
kidney. Clin Nephrol 1988;30:239.

27. Boyce NW, Hayes K, Gee D, et al. Cytomegalovirus infection complicat-
ing renal transplantation and its relationship to acute transplant glomeru-
lopathy. Transplantation 1988;45:706.

28. Harvey M, Rosenfeld D, Davis D, Hall BM. Recombinant interferon alpha
and hemolytic uremic syndrome: cause or coincidence? Am J Hematol
1994;46:152-3.

29. Grant SM, Clissold SP. Fluconazole. A review of its pharmacodynamic
and pharmacokinetic properties, and therapeutic potential in superficial
and systemic mycoses. Drugs 1990; 39:877-916.

30. Hamilton JR, Overall JC Jr, Glasgow LA. Synergistic infection with mu-
rine cytomegalovirus and Candida albicans in mice. J Infect Dis 1977;
135:918-24.

31. Stevens D, Denning D. Pulmonary aspergillosis in AIDS [letter]. N Engl
J Med 1991; 325:356-7.

32. Gallant JE, Moore RD, Richman DD, Keruly J, Chaisson RE, the Zidovu-
dine Epidemiology Study Group. Incidence and natural history of cyto-
megalovirus disease in patients with advanced human immunodefi-
ciency virus disease treated with zidovudine. J Infect Dis 1992;166:
1223 -7.




