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Abstract
The absence of specific diagnostic criteria, the urgency to begin plasma exchange treatment, and
the risk for complications from plasma exchange make the initial evaluation of patients with
suspected thrombotic thrombocytopenic purpura (TTP) difficult. Systemic infections may mimic
the presenting clinical features of TTP. In the Oklahoma TTP-HUS (hemolytic-uremic syndrome)
Registry, 1989–2010, 415 consecutive patients have been clinically diagnosed with their first
episode of TTP; in 31 (7%) the presenting clinical features were subsequently attributed to a
systemic infection. All 31 patients had diagnostic criteria for TTP; 16 (52%) had the complete
“pentad” of microangiopathic hemolytic anemia, thrombocytopenia, neurologic abnormalities,
renal failure and fever. Four (16%) of 25 patients who had ADAMTS13 measurements had <10%
activity; three patients had a demonstrable ADAMTS13 inhibitor. Compared to 62 patients with
severe ADAMTS13 deficiency (<10%) who had no recognized alternative disorders, patients with
systemic infections had more frequent fever, coma, renal failure, and the complete “pentad” of
clinical features. Seventeen different infectious etiologies were documented. A systematic
literature review identified 67 additional patients with a diagnosis of TTP or HUS and also a
systemic infection. Among all 98 patients, infections with 41 different bacteria, viruses, and fungi
were documented, suggesting that many different systemic infections may mimic the presenting
clinical features of TTP. Initial plasma exchange treatment is appropriate in critically ill patients
with diagnostic features of TTP, even if a systemic infection is suspected. Continuing evaluation
to document a systemic infection is essential to determine the appropriateness of continued plasma
exchange.

Keywords
infection; thrombotic thrombocytopenic purpura; TTP; hemolytic uremic syndrome; HUS;
ADAMTS13

Please address correspondence to: James N. George M.D., Deirdra R. Terrell Ph.D., or Sara K. Vesely, Ph.D The University of
Oklahoma Health Sciences Center Hematology Section, Room CHB 237 P.O. Box 26901 Oklahoma City, OK 73126-0901 Phone:
(405) 271-4222 Fax: (405) 271-6444 james-george@ouhsc.edu, deirdra-terrell@ouhsc.edu, sara-vesely@ouhsc.edu.

Conflict of interest: The authors have no conflict with this topic or these data. Drs. Terrell and George serve as consultants for Baxter,
Inc. for the development of rADAMTS13 as a potential treatment for TTP.

NIH Public Access
Author Manuscript
Am J Hematol. Author manuscript; available in PMC 2012 September 01.

Published in final edited form as:
Am J Hematol. 2011 September ; 86(9): 743–751. doi:10.1002/ajh.22091.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



INTRODUCTION
Thrombotic thrombocytopenic purpura (TTP) was first comprehensively described with a
review of all published cases in 1966.(1) Based on this experience, a “pentad” of
characteristic clinical features, anemia, thrombocytopenia, neurologic abnormalities, renal
failure, and fever that occurred in 88–98% of the 271 patients, became the diagnostic criteria
for TTP.(1) In that era, before the availability of effective treatment, only 10% of patients
survived.(1) When plasma exchange was documented to increase survival to 78%,(2)
initiation of treatment became urgent and therefore diagnostic criteria became less stringent.
The diagnostic criteria for TTP developed for the clinical trial that established the efficacy
of plasma exchange treatment(2) remain the current standard: only microangiopathic
hemolytic anemia and thrombocytopenia with no apparent alternative etiology are required.
(3) These less stringent diagnostic criteria resulted in an eight-fold increase in the number of
patients treated with plasma exchange for TTP.(4) The apparent increased frequency of TTP
may represent both improved recognition and inaccurate diagnosis. Multiple disorders, such
as malignant hypertension, systemic malignancies, systemic lupus erythematosus, and
systemic infections,(3;5–7) can mimic the diagnostic clinical features of TTP. The frequent
uncertainty of the diagnosis of TTP, the urgency to initiate plasma exchange treatment in
patients with suspected TTP, and the potential for serious complications of plasma
exchange(8) can combine to create a management dilemma. The management dilemma is
more difficult because patients may have both an acute inflammatory disorder, such as a
systemic infection,(9;10) and TTP. In some patients, an infection may “trigger” the onset of
an acute episode of TTP.(9;10)

The Oklahoma TTP-HUS (hemolytic-uremic syndrome) Registry has a unique perspective
since patients are enrolled at the time of their initial diagnosis and request for plasma
exchange treatment. All enrolled patients remain in the Registry, even if they are
subsequently discovered to have an alternative disorder. Therefore the Registry reflects the
intention to treat by physicians across our community, without retrospective judgment and
patient selection. In this report we describe 31 patients who were diagnosed with TTP and
treated with plasma exchange but in whom the presenting clinical features were
subsequently attributed to a systemic infection. The goals of our report are: [1] to describe
the presenting features and clinical course of these 31 patients, [2] to compare them to
patients with severe ADAMTS13 deficiency who had no recognized alternative disorders,
and [3] to document the variety of infectious etiologies in these 31 patients, supplemented
by a systematic review of previous reports of patients who were diagnosed with both TTP
and a systemic infection.

METHODS
The Oklahoma TTP-HUS Registry

The Registry includes all consecutive patients for whom the Oklahoma Blood Institute
(OBI) has been requested to provide plasma exchange treatment for patients with a diagnosis
of TTP or HUS since January 1, 1989.(3;7;11) The OBI is the sole provider of plasma
exchange services for all hospitals in 58 of the 77 Oklahoma counties, a region with a
population in 2000 of 2,310,000.(12) Therefore the Registry is an inception cohort of all
consecutive patients of any age within a defined geographic region in whom the diagnosis of
TTP or HUS was supported by a decision to initiate plasma exchange treatment. Because
diagnostic criteria are not specific and TTP cannot be definitely excluded, all patients
remain in the Registry with complete follow-up, even if the presenting clinical features are
subsequently attributed to another etiology. The Oklahoma TTP-HUS Registry is approved
by the institutional review boards of the University of Oklahoma Health Sciences Center and
each participating hospital.
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Patients diagnosed with TTP are heterogeneous. To provide consistency for analysis,
patients are assigned in a hierarchical, sequential order to one of six clinical categories
related to associated conditions and potential etiologies at the time of their initial episode:
(3;7;11) [1] following hematopoietic stem cell transplantation (HSCT), [2] pregnant/
postpartum, [3] drug association, [4] bloody diarrhea prodrome, [5] presence of an
additional or alternative disorder which may have caused the presenting features, and [6]
idiopathic, if the criteria for the previous five clinical categories were not fulfilled.
Assignments to categories [1] and [2] are clear but assignments to the other clinical
categories may be less clear. Patients assigned to category [5] are also heterogeneous,
including patients with additional autoimmune disorders and patients in whom the
presenting clinical features were subsequently attributed to disorders such as malignant
hypertension, systemic malignancies, systemic lupus erythematosus, and systemic
infections. Therefore the designation of clinical categories was determined by consensus
among three of the authors (DRT, SKV, JNG) based on clinical data from the first episode
and before results of the ADAMTS13 measurements were available.

This report describes patients assigned to clinical category [5] in which a systemic infection
was judged to be the probable cause of the presenting clinical features that had initially
suggested the diagnosis of TTP. Patients following hematopoietic stem cell transplantation,
clinical category [1], have been previously reported and are not included in this report
although many of these patients had systemic infections in addition to other complications.
(13) Patients who presented with bloody diarrhea and documented or suspected enteric
infections with Escherichia coli O157:H7 or related Shiga toxin-producing bacteria are
assigned to clinical category [4]; they have also been previously reported and are not
included in this report because the role of Shiga toxin as an etiology of TTP-HUS is well
described.(14;15) The seven Registry patients with HIV infection were assigned to their
appropriate clinical categories:(7;16) one had idiopathic TTP and an incidental diagnosis of
HIV infection; in four patients the clinical features were attributed to malignant
hypertension caused by HIV-associated nephropathy; in two patients the clinical features
were attributed to the HIV infection itself and these two patients are included in this report.

Prior to 2010, we did not systematically collect data on symptoms attributable to infectious
diseases that may have occurred prior to the presentation with TTP. For example, some
patients have had symptoms of a respiratory infection or influenza that were resolving by the
time symptoms attributed to TTP initially occurred. These patients with infections that
clearly preceded the onset of TTP were not previously documented in our Registry and are
not included in this report. The patients with systemic infections who are included in this
report had the onset of severe symptoms suggesting the diagnosis of TTP but in whom the
clinical features were subsequently attributed to an infection.

Demographic, clinical, and laboratory data were collected prospectively.(11) Laboratory
data reported here are the most abnormal values from the day of diagnosis, defined as the
day of the first plasma exchange treatment, ± 7 days.(11) Determination of neurologic and
renal abnormalities has been previously defined.(11) Death related to the acute episode is
defined as death occurring within 30 days of stopping plasma exchange treatment.(11)
Routine collection of serum samples immediately before the first plasma exchange
procedure began on November 13, 1995. Samples are sent to Drs. Johanna A. Kremer
Hovinga and Bernhard Lämmle (Department of Hematology, Inselspital, Berne,
Switzerland) for ADAMTS13 measurements twice per year.(7) ADAMTS13 activity is
measured by two methods, quantitative immunoblotting of proteolyzed von Willebrand
factor multimers(17;18) and a fluorogenic assay using the FRETS-VWF73 substrate.(19;20)
In patients with ADAMTS13 activity <20%, inhibitor activity was measured by the FRETS
assay. Normal ADAMTS13 activity was defined as >50% with both assays; severe

Booth et al. Page 3

Am J Hematol. Author manuscript; available in PMC 2012 September 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



ADAMTS13 deficiency was defined as <10% activity identified by either assay.(7) Patients
with severe ADAMTS13 deficiency who had no recognized alternative disorders and who
therefore were considered to have characteristic clinical features of TTP were selected for
comparison to the patients with systemic infections.

Systematic Literature Review
To compare the experience of the Oklahoma Registry to previous published experience, we
searched for articles reporting individual patient data that described systemic infections in
patients diagnosed with TTP or HUS.

Data sources and search strategy—Ovid software was used to search the Medline
database. Articles containing both a TTP or HUS-related key-word or Medical Subject
Heading (MeSH) in the title or available text [thrombotic thrombocytopenic purpura, TTP,
hemolyticuremic syndrome, HUS, thrombotic thrombocytopenic purpura-hemolytic uremic
syndrome, TTP-HUS] and also a term for an infection were identified. The infection terms
were both general [infection, mycoses, zoonoses, virus diseases, parasitic diseases, sepsis,
bacterial infection, bacteremia, mycology] and specific. Throughout the process of article
review, the list of key-words for specific infections was expanded with each new infectious
disease that was identified as associated with TTP or HUS. The final key-word search terms
for infectious diseases were: Acinetobacter anitratus, Actinomyces, Aeromonas hydrophila,
anthrax, Bacillus anthracis, Bacteroides fragilis, Bordetella pertussis, brucellosis, Borrelia
burgdorferi, Brucella melitensis, Campylobacter jejuni, Capnocytophaga canimorsus,
Chlamydia pneumonia, Citrobacter, Clostridium, Clostridium difficile, Corynebacterium
diphtheria, Q fever, Coxiella burnetti, ehrlichiosis, Ehrlichia, Ehrlichia chaffeenis, Ehrlichia
equi, Enterococcus faecalis, Fusobacterium necrophoum, Helicobacter pylori, Legionaire,
Legionaire's, Legionella pneumophila, leptospirosis, Leptospira, Leptospira bataviae,
tuberculosis, Mycobacterium tuberculosis, Mycoplasma pneumoniae, Pseudomonas
aeruginosa, rocky mountain spotted fever, rickettsial infection, Rickettsia rickettsii,
Salmonella typhi, Salmonella typhimurium, Salmonella seftenberg, Staphylococcus,
Staphylococcus aureus, Staphylococcus epidermidis, Streptococcus, Streptococcus
pneumoniae, Streptococcus pyogenes, Streptococcus viridians, Yersinia enterocolitica,
Yersinia pseudotuberculosis, adenovirus, coxsackie virus, cytomegalovirus, CMV,
infectious mononucleosis, Epstein-Barr virus, EBV, hepatitis A virus, HAV, hepatitis B
virus, HBV, hepatitis C virus, HCV, hepatitis D virus, HDV, hepatitis E virus, HEV, herpes
simplex, human enterovirus, influenza virus, influenza A. influenza B, influenza C,
parvovirus, parvovirus B19, herpes zoster, varicella zoster virus, Aspergillus, Aspergillus
fumigatus, Candida albicans, Cryptococcus, Histoplasmosis, Entamoeba histolytica.
Bibliographies of the articles selected for review and the files of the authors were also
searched to identify additional articles.

Article and patient selection—Articles were selected for review if their title and
abstract suggested that they reported data on individual patients with a diagnosis of TTP or
HUS and a systemic infection. We accepted the authors' diagnosis of TTP or HUS and did
not attempt to judge the validity of the diagnosis. Patient inclusion criteria were [1] explicit
diagnosis of TTP or HUS, [2] age of 18 years or older, [3] documentation of the etiology of
the infection, and [4] documentation that the infection preceded the diagnosis of TTP or
HUS. Exclusion criteria were [1] infections with Escherichia coli O157:H7 or related Shiga
toxin-producing bacteria, [2] HIV infection, [3] chronic infections of long duration, such as
serologic evidence of hepatitis C, and [4] infections associated immunosuppressive
treatment, HSCT or organ transplantation, or systemic malignancies.
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Children and patients with Shiga toxin-related infections were excluded because a
preliminary analysis documented that most articles reporting children described enteric
infections that were assumed to cause diarrhea-associated HUS, a clinical category of
Oklahoma Registry patients not included in this analysis. Also all 31 patients from the
Oklahoma Registry were adults. Therefore articles published in pediatric journals were not
retrieved. Patients whose infection occurred following the diagnosis of TTP or HUS and
initiation of plasma exchange treatment were excluded because the goal of this review was
to identify preceding infections that may have mimicked the diagnostic criteria for TTP.
Also systemic infections occurring after plasma exchange treatment has begun may be a
complication of the central venous catheter.(8) HIV infections were excluded because the
association of HIV infection with TTP has been well described.(16) Patients with long-
standing chronic infections were excluded because it was assumed that they may have been
unrelated to the diagnostic decisions for an acute episode of TTP or HUS. Patients with
infections associated immunosuppressive treatment, HSCT or organ transplantation, or
systemic malignancies were excluded because interpretation of these reports on complex
patients was often uncertain.(6;21)

Article review—All articles were reviewed independently by two of the authors (KKB,
JNG). Disagreements of interpretation were resolved with discussion and re-review.

Statistical analysis
Two groups of patients were compared: [1] the 25 patients in whom presenting clinical
features were subsequently attributed to systemic infection and who had ADAMTS13
activity measured and [2] the 62 patients with severe ADAMTS13 deficiency (activity
<10%) in whom presenting clinical features were attributed to TTP. The nonparametric
Mann-Whitney test was used to compare interval/ratio data. The chi-square test or Fisher's
exact test were used to compare categorical data. The nonparametric Mann-Whitney test was
used because the data were not normally distributed. The Fisher's exact test was used when
the categorical data contained group subsets that had actual values of zero or very small
numbers leading to expected values <5; otherwise the chi-square test was used. SAS
software, version 9.2 (SAS Institute, Inc., Cary, North Carolina), was used to perform all
analyses. A P value less than 0.05 was considered statistically significant.

RESULTS
Presenting features and clinical course of Oklahoma TTP-HUS Registry patients in whom
clinical features were attributed to a systemic infection

During 22 years, 1989–2010, the Registry enrolled 415 consecutive patients with an initial
episode of clinically diagnosed TTP. In 31 (7%) patients the presenting clinical features
were subsequently attributed to a systemic infection (Tables 1, 2). All 31 patients had
microangiopathic hemolytic anemia and thrombocytopenia; 27 (87%) had neurologic
abnormalities which were major in 20 (65%) patients; 28 (90%) had abnormal renal
function; 21 (68%) had fever; 16 (52%) had the complete “pentad” of these clinical features.
Although coagulation parameters (prothrombin time, activated partial thromboplastin time,
and fibrinogen concentration) were not systematically collected, data from the initial
hospitalization were available for 29 patients, including fibrinogen measurements on 20
patients. Results of one or more of the coagulation parameters were abnormal in 14 (48%) of
patients; abnormalities were attributed to disseminated intravascular coagulation (DIC) in 10
patients and to severe liver disease in four. Twenty-two (71%) patients had preceding health
problems that may have contributed to risk for infection. TTP was diagnosed and plasma
exchange ordered by 23 different physicians across 15 of the 22 years of the Registry, from
1991 to 2010. Eighteen of the 23 physicians managed only one patient. One of the authors
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(JNG) examined 23 (74%) of these patients during their initial hospitalization and was
responsible for the initial diagnosis of TTP and initiation of plasma exchange treatment in
two of the patients.

In six (19%) patients, the physician considered TTP as an additional diagnosis after a
systemic infection had been previously diagnosed. In three of these patients the plasma
exchange treatment was subsequently stopped because of no response; in the other three
patients, plasma exchange was continued for 2–3 days until death. In the other 25 (81%)
patients, although a systemic infection may have been suspected when plasma exchange
treatment was begun, the diagnosis remained uncertain. Plasma exchange treatment was then
stopped when the systemic infection was diagnosed or because of no response or death in 21
patients. In four patients, plasma exchange treatment was continued after the etiology of the
preceding systemic infection was identified because of continuing concern about TTP as an
additional diagnosis. In all 31 patients, the final clinical impression was that the systemic
infection had caused the presenting clinical features. This impression was confirmed in all
six patients who had autopsy examinations: the diagnosis of systemic infection was
documented and no evidence for TTP was identified. Twenty-one (68%) patients died
during their acute episode.

ADAMTS13 activity was measured in 25 (81%) of the 31 patients. Two patients presented
before routine serum sample collection began in 1995; two patients died before a serum
sample could be collected; the sample for one patient was lost; in one patient extreme
hemoglobinemia made the assay invalid.(7) ADAMTS13 activity was normal (60–100%) in
both assays in seven (28%) patients; activity was low (12–47%) in 14 (56%) patients, and
severely deficient (<5–9%) in four (16%) patients in at least one assay. Three of the six
patients with ADAMTS13 activity <20% had demonstrable ADAMTS13 inhibitors (1.2–1.7
Bethesda Units [BU]). Three of the four patients with ADAMTS13 activity <10% had
discrepant values by the two assays: patient 7: 9% by FRETS, 20% by immunoblot (IB);
patient 8: 12% by FRETS, 9% by IB; patient 15: 28% by FRETS, 8% by IB.(7) Patients 7
and 15 had demonstrable ADAMTS13 inhibitors. Although the magnitude of these
discrepancies is small, the significance is that each of these three patients had one value for
ADAMTS13 activity that was less than 10% and therefore was designated as having severe
ADAMTS13 deficiency.(7) Patient 27 had <5% ADAMTS13 activity by both assays but no
demonstrable inhibitor. She is the only patient who has had repeat ADAMTS13 activity
measurements during remission: one year after recovery, in 2009, her ADAMTS13 activity
was 92% by FRETS and 100% by IB; in 2010 her ADAMTS13 activity was <5% by
FRETS, without a demonstrable inhibitor, and 50% by IB. Although we attributed her acute
illness to bacterial endocarditis and not TTP, we acknowledge that she could have had both
bacterial endocarditis and TTP.

Comparison of patients with systemic infections to patients with severe ADAMTS13
deficiency who had no recognized alternative disorders

From November 13, 1995 to December 31, 2010, 68 consecutive patients had ADAMTS13
activity <10%, including the four patients described in Table 1 in whom the clinical features
were attributed to systemic infection and two other patients who were subsequently
diagnosed with alternative disorders (one following HSCT with acute graft-vs.-host disease
and infection, one with systemic malignancy(7)). These six patients were excluded from the
comparison group of ADAMTS13-deficient patients because the goal for this group was to
include patients who clinical features were attributable only to TTP. ADAMTS13 activity
was measured in 25 (81%) of the patients with systemic infections. The four patients with a
systemic infection who had ADAMTS13 activity <10% are included in the group of patients
with systemic infections. Therefore Table 3 compares the demographic, clinical, and
laboratory features and outcomes of the 25 patients with systemic infections who also had
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ADAMTS13 measurements to the 62 patients with severe ADAMTS13 deficiency who did
not have an alternative etiology for their clinical features.

The patients with systemic infections were older and they did not have the racial and gender
disparities associated with severe ADAMTS13 deficiency.(22) All clinical features of the
patients with systemic infections, with the exception of the serum LDH level, were different
from patients with severe ADAMTS13 deficiency. Fever, coma, renal failure and the
complete “pentad” of diagnostic features were more common and mortality was greater in
patients with systemic infections. The severity of anemia and thrombocytopenia was slightly
greater among patients with severe ADAMTS13 deficiency. Although the occurrence of
neurologic abnormalities was not different between these two groups, the types of major
neurologic abnormalities were different: patients with systemic infections had a greater
frequency of coma while patients with ADAMTS13 deficiency had a greater frequency of
focal neurologic abnormalities which were typically transient. None of the nine survivors
with systemic infections have relapsed; five have subsequently died.

Etiologies of the systemic infections
In 24 (77%) patients, the etiology of the infection was documented by positive cultures or
serologic tests. Seventeen different microorganisms were identified as the etiology of the
systemic infections; in three patients multiple microorganisms apparently contributed to the
etiology. To supplement our experience, we searched for previously published reports of
patients with TTP or HUS who had a preceding systemic infection. The literature search,
completed on November 30, 2010, identified 1349 articles; 1213 articles were excluded by
review of titles and abstracts; 136 articles from the literature search plus five additional
articles identified from their bibliographies were reviewed (Figure 1). Eighty-one of these
141 articles were excluded, most often because of the patient's age and because there was
insufficient or no primary patient data. The 60 articles selected for analysis described 67
patients reported from 20 countries; 20 patients were reported from the US, from 12
different states; 19 other countries reported 1–5 patients each. The articles were published
from 1968 to 2010, 21 before 1990 when plasma exchange treatment was not yet established
as the standard of care(2) and 22 from 2000 to 2010, when it was recognized that severe
ADAMTS13 deficiency was associated with TTP.(17;82) The patients' median age was 45
years (range, 18–83 years); 36 (54%) of the patients were men. The description of the
presenting clinical features was not complete in all case reports. Only two articles reported
ADAMTS13 activity: 55% in one patient in whom cytomegalovirus (CMV) infection was
interpreted as a mimic of TTP(70) and <5% in one patient in whom influenza A infection
was interpreted as a trigger event precipitating an acute episode of TTP.(75)

The diversity of infectious etiologies was great: 33 different bacterial, viral, and fungal
infections were reported (Table 4). In only 19 (28%) patients was the infection considered to
be a mimic of TTP; in the other 48 patients, the authors' interpretation was that the patient
had both an infection and TTP. In most of these 48 patients, the infection was described as a
cause of the TTP or a contributor to the onset of the acute episode. Thirty (45%) patients
were treated with plasma exchange; 17 (25%) died; eight of these 17 patients had not been
treated with plasma exchange. Twelve of the 17 patients who died had autopsy
examinations; autopsies on seven patients in whom the infection was considered to be a
mimic of TTP documented only the infection; four of the five autopsies on patients in whom
the authors interpreted that both a systemic infection and TTP were present documented
microvascular thrombosis consistent with TTP.
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DISCUSSION
The lack of specific diagnostic criteria often creates uncertainty about the diagnosis of TTP,
yet the potential for TTP to be rapidly fatal creates urgency to begin effective treatment with
plasma exchange. This management dilemma is made even more difficult because plasma
exchange is associated with a high risk for major complications(8) and because patients with
TTP are uncommonly encountered.(12)

The perspective of the Oklahoma TTP-HUS Registry is unique because it describes the total
community experience with the diagnosis and management of TTP. All patients for whom
plasma exchange is requested for a diagnosis of TTP are enrolled and all patients remain in
the Registry with complete follow-up, even if the diagnosis of TTP is subsequently
excluded. The rationale for follow-up of all patients is that TTP can never be absolutely
excluded. Among patients initially diagnosed and treated for TTP, some may have both an
alternative disorder and TTP.

In this report, we describe the 22 year experience of the Oklahoma TTP-HUS Registry with
31 patients who were initially diagnosed with TTP and treated with plasma exchange but
whose presenting clinical features were subsequently attributed to a systemic infection. All
31 patients had diagnostic criteria for TTP; 16 (52%) had the complete “pentad” of clinical
features; most were critically ill; 68% died. Sixteen (52%) of these 31 patients were
comatose, perhaps increasing the urgency for initiating plasma exchange treatment. Coma
was uncommon among patients with severe ADAMTS13 deficiency and no alternative
disorders, however focal neurologic abnormalities, typically transient, were more common
in patients with severe ADAMTS13 deficiency than in patients with systemic infections.
Although the appropriateness of the decision to diagnose TTP in some of these patients and
to treat them with plasma exchange may be questioned, the management decisions for these
patients represent community practice, in which concern for withholding a potentially
effective treatment often overrides diagnostic uncertainty. These patients were diagnosed
with TTP and plasma exchange was requested by 23 different physicians across most of the
22 years of the Registry, documenting that these decisions occurred among many physicians
and across many years. Withholding plasma exchange treatment may not be possible in a
critically ill patient in whom the diagnosis of TTP has been proposed, even if a diagnosis of
systemic infection seems more likely. However once plasma exchange treatment has begun,
the appropriateness of continued plasma exchange should be continually reassessed.

The original goal of this report was to describe the variety of systemic infections that can
mimic TTP. Among the 31 patients from the Oklahoma Registry, 17 different infectious
etiologies were identified. The patient selection criteria for our systematic review were more
stringent than the characteristics of the patients from the Oklahoma Registry, to allow
consistent interpretation of the selected case reports. In spite of these more stringent
selection criteria, we identified 67 additional patients in whom the diagnosis of TTP or HUS
was preceded by a systemic infection; 33 different infectious etiologies were identified.
Among the combined group of 98 patients with 41 different infectious etiologies, no single
etiology was identified in more than six patients; 18 (44%) infectious etiologies were
reported only once. The types of infections were diverse; 31 different bacteria, six different
viruses, and four different fungi were identified. These observations suggest that no single
infectious etiology is a major mimic of TTP and that perhaps any severe infection may
mimic TTP. For some infections, the pathogenesis of microangiopathic hemolytic anemia
has been described. Examples are bacterial endocarditis,(60) bacterial infections associated
with microvascular injury such as brucellosis,(30;31) streptococcal infections resulting in
acute glomerulonephritis,(64) angioinvasive fungi such as aspergillosis,(81), and viruses and
rickettsiae that cause endothelial injury such as CMV,(69–71) HIV,(16) erlichiosis,(42) and

Booth et al. Page 8

Am J Hematol. Author manuscript; available in PMC 2012 September 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Rocky Mountain spotted fever.(54) However for other infections the mechanisms of
microangiopathic hemolytic anemia are unclear.

In each of our 31 patients, the final clinical impression was that a systemic infection, rather
than TTP, was responsible for the presenting clinical features, including the four patients
with severe ADAMTS13 deficiency. This clinical impression was supported by the absence
of pathologic evidence for TTP in all six patients who had autopsies. However we learned
from our review of published reports that most authors concluded that their patients had both
a systemic infection and TTP or HUS; in some reports it was suggested that the infection
may have “triggered” or caused the TTP or HUS. This different interpretation may be
related to our inclusion only of patients with an acute, systemic infection at the time of
diagnosis of TTP and exclusion of patients who were clearly recovering from a preceding
infection at the time that symptoms attributable to TTP began. These different
interpretations, that patients either had both an infection and TTP or that the infection was
merely mimicking TTP, cannot be completely resolved because the diagnosis of TTP can
never be conclusively excluded.

Although severe deficiency of ADAMTS13 is consistent with the diagnosis of TTP, it is not
specific for the diagnosis of TTP.(3;7) Four of our 31 patients had ADAMTS13 activity
<10%; two had demonstrable inhibitors including one who had no autopsy evidence for
TTP; one patient with ADAMTS13 activity of 12% also had a demonstrable inhibitor.
ADAMTS13 activity was reported for only two of the 67 patients in previous publications;
one was normal(70) and one was <5%.(75) The patient identified in our literature review
who had severe ADAMTS13 deficiency was the clearest example of an infection that
appeared to trigger an acute episode of TTP: she had documented influenza A that was
followed in two days by TTP.(75) Other reports have suggested that infections(9;10) as well
as conditions such as pregnancy,(83;84) surgery,(85) and pancreatitis,(86) may trigger acute
episodes of TTP.

The observations from our review of published reports created a new perspective for our
Registry. Because of the difficult differential diagnosis of systemic infections and TTP, we
have revised our Registry protocol to systemically collect of data on coagulation parameters.
Furthermore, we recognize that systemic infections can “trigger” an acute episode of TTP
and therefore that patients can have both a systemic infection and TTP. Therefore we have
also revised our Registry protocol to systematically document all symptoms and medical
care during the three weeks preceding the diagnosis of TTP to identify events that may have
triggered the acute episode.(87) Whether “trigger events” preceding acute episodes of TTP
are uncommon or unrecognized is unknown.

One conclusion from these observations is that the “pentad” of clinical features described 45
years ago(1) continues to be influential for many physicians. A common clinical belief is
that if more features of the “pentad” are present and if the abnormalities are more severe,
then the diagnosis of TTP is more likely. However the “pentad” is rare among patients with
TTP with no alternative disorders and in whom the diagnosis is supported by the presence of
severe ADAMTS13 deficiency. Therefore physicians should have a lower index of
suspicion for TTP when the complete “pentad” of clinical features is present, especially in
the presence of fever and chills. Another conclusion is that documentation of severe
deficiency of ADAMTS13 activity or the presence of an ADAMTS13 inhibitor does not
exclude the presence of a systemic infection that is mimicking TTP. Patients with a systemic
infection and no evidence of TTP at autopsy may have severe ADAMTS13 deficiency with
an inhibitor. However patients with TTP may also have a concurrent preceding systemic
infection that triggered the acute episode.(10;75)
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A strength of this study is the observation of actual clinical practice of many different
physicians in our community across many years, including all patients identified
prospectively at the time of the initial diagnosis of TTP and request for plasma exchange
treatment. In contrast, most published case series of patients with TTP are retrospectively
assembled, excluding patients with probable alternative etiologies. A weakness of this study
is that the clinical impressions of systemic infections were often imprecise because of the
severe and sometimes brief clinical course.

Our experience and the experience from published case reports emphasize the broad
spectrum of infectious diseases that can cause microangiopathic hemolytic anemia,
thrombocytopenia and often the complete “pentad” of clinical features of TTP. Because
plasma exchange treatment has a high frequency of major complications, including a 2.8%
risk for death,(8) a continuing search for a systemic infection in patients with suspected TTP
is essential to avoid unnecessary plasma exchange treatment.
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Figure 1.
The sequence of article and patient selection for our systematic review is illustrated.

Booth et al. Page 15

Am J Hematol. Author manuscript; available in PMC 2012 September 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Booth et al. Page 16

Ta
bl

e 
1

Pr
es

en
tin

g 
fe

at
ur

es
 o

f 
th

e 
31

 p
at

ie
nt

s 
in

 w
ho

m
 T

T
P 

w
as

 in
iti

al
ly

 d
ia

gn
os

ed
 a

nd
 p

la
sm

a 
ex

ch
an

ge
 tr

ea
tm

en
t b

eg
un

, a
nd

 in
 w

ho
m

 th
e 

cl
in

ic
al

 a
bn

or
m

al
iti

es
w

er
e 

su
bs

eq
ue

nt
ly

 a
ttr

ib
ut

ed
 to

 a
 s

ys
te

m
ic

 in
fe

ct
io

n.
 Y

ea
r 

in
di

ca
te

s 
ye

ar
 o

f 
di

ag
no

si
s.

 M
aj

or
 n

eu
ro

lo
gi

c 
ab

no
rm

al
iti

es
 w

er
e 

co
m

a,
 s

tr
ok

e,
 s

ei
zu

re
s,

 a
nd

fo
ca

l s
ig

ns
. M

in
or

 n
eu

ro
lo

gi
c 

ab
no

rm
al

iti
es

 in
 th

es
e 

31
 p

at
ie

nt
s 

w
er

e 
co

nf
us

io
n 

an
d 

he
ad

ac
he

.

N
o.

A
ge

Y
ea

r
P

re
se

nt
in

g 
cl

in
ic

al
 f

ea
tu

re
s

L
ab

or
at

or
y 

da
ta

P
en

ta
d

P
re

ce
di

ng
 d

is
or

de
rs

F
ev

er
N

eu
ro

O
th

er
H

ct
P

lt
C

r
L

D
H

A
D

A
M

T
S1

3

1
70

19
91

+
M

aj
or

C
ou

gh
, p

ul
m

on
ar

y 
in

fi
ltr

at
es

,
23

9
8.

0
51

20
N

A
+

N
on

e

2
49

19
95

+
M

aj
or

M
ul

tip
le

 c
er

eb
ra

l, 
re

na
l i

nf
ar

ct
s

20
21

1.
7

21
50

N
A

+
N

on
e

3
71

19
96

+
M

aj
or

R
ig

id
 n

ec
k,

 +
 B

ru
dz

in
sk

i, 
K

er
ni

g 
si

gn
s,

 C
SF

: 9
0

W
B

C
, 6

8%
 n

eu
tr

op
hi

ls
, n

eg
at

iv
e 

cu
ltu

re
s

24
14

4.
1

19
04

40
%

+
C

hr
on

ic
 k

id
ne

y 
di

se
as

e

4
57

19
96

0
M

aj
or

A
bd

om
in

al
 p

ai
n,

 a
cr

al
 c

ya
no

si
s,

17
7

3.
5

24
58

70
%

0
N

on
e

5
80

19
96

+
M

aj
or

pu
lm

on
ar

y 
in

fi
ltr

at
es

, r
es

pi
ra

to
ry

 a
rr

es
t

22
20

0.
6

12
01

N
A

0
R

es
ec

tio
n 

of
 lu

ng
 c

an
ce

r 
3 

m
o 

pr
ev

io
us

ly

6
48

19
97

+
M

aj
or

C
hi

lls
, m

ya
lg

ia
s

16
9

0.
8

18
84

10
0%

0
Sa

rc
oi

do
si

s,
 s

te
ro

id
s 

az
at

hr
io

pr
in

e

7
39

19
97

+
M

aj
or

Ja
un

di
ce

, a
nu

ri
a,

 D
x 

he
pa

tit
is

 A
 b

ef
or

e 
T

T
P

co
ns

id
er

ed
15

2
6.

6
18

45
9%

 (
1.

3 
B

U
)

+
N

on
e

8
47

19
98

+
M

aj
or

C
hi

lls
, p

ul
m

on
ar

y 
in

fi
ltr

at
e,

 h
yp

ot
en

si
ve

25
13

4.
3

13
73

9%
 (

0 
B

U
)

+
D

ia
be

te
s,

 A
lc

oh
ol

is
m

9
37

19
99

+
M

aj
or

C
hi

lls
, m

us
cl

e 
te

nd
er

ne
ss

, p
ur

pu
ri

c 
cy

an
ot

ic
ex

tr
em

iti
es

25
10

4.
1

77
7

25
%

+
N

on
e

10
78

20
00

+
M

in
or

C
hi

lls
, b

lo
od

 c
ul

tu
re

s 
re

po
rt

ed
 +

 f
or

 S
. v

ir
id

an
s,

E
. a

er
og

en
es

, m
itr

al
 v

al
ve

 v
eg

et
at

io
n,

 b
ef

or
e

T
T

P 
co

ns
id

er
ed

25
8

2.
8

10
06

30
%

+
Pa

nc
re

at
iti

s 
4 

w
ee

ks
 p

re
vi

ou
sl

y

11
79

20
00

0
M

aj
or

Su
dd

en
ly

 u
nr

es
po

ns
iv

e,
 h

yp
ot

en
si

ve
, d

ig
ita

l
is

ch
em

ia
 a

nd
 g

an
gr

en
e

26
15

1.
8

30
9

15
%

 (
0 

B
U

)
0

C
ho

le
cy

st
ec

to
m

y 
4 

w
ee

ks
 p

re
vi

ou
sl

y

12
27

20
01

+
M

aj
or

H
IV

 D
x 

4 
w

ee
ks

 p
re

vi
ou

sl
y,

 s
ud

de
nl

y
un

re
sp

on
si

ve
18

11
11

.1
31

08
12

%
 (

1.
7 

B
U

)
+

H
IV

 in
fe

ct
io

n

13
39

20
01

+
M

aj
or

C
hi

lls
, a

bd
om

in
al

 p
ai

n
40

22
5.

4
10

78
40

%
+

N
on

e

14
72

20
01

0
M

aj
or

G
I 

bl
ee

di
ng

, h
yp

ot
en

si
on

, p
ne

um
on

ia
, C

M
V

an
tig

en
 +

 r
ep

or
te

d 
be

fo
re

 T
T

P 
co

ns
id

er
ed

29
9

3.
7

51
3

20
%

0
Fo

ca
l s

eg
m

en
ta

l g
lo

m
er

ul
os

cl
er

os
is

,
cy

cl
op

ho
sp

ha
m

id
e,

 s
te

ro
id

15
65

20
01

0
M

in
or

C
ou

gh
, b

ila
te

ra
l p

ne
um

on
ia

, c
on

fu
si

on
, c

om
a

26
7

2
25

6
8%

 (
1.

2 
B

U
)

0
H

ep
at

iti
s 

C
, l

iv
er

 tr
an

sp
la

nt
 4

 y
ea

rs
pr

ev
io

us
ly

; t
ac

ro
lim

us

16
74

20
02

+
M

aj
or

C
hi

lls
, c

ou
gh

, p
ne

um
on

ia
30

37
5.

1
15

87
N

A
+

C
or

on
ar

y 
ar

te
ry

 b
yp

as
s 

re
op

er
at

io
n 

6 
w

ee
ks

pr
ev

io
us

ly
.

17
82

20
02

+
M

aj
or

ab
do

m
in

al
 p

ai
n,

 ja
un

di
ce

26
14

6.
1

46
7

90
%

+
D

ia
be

te
s

18
51

20
02

+
M

aj
or

W
ea

kn
es

s,
 d

ia
rr

he
a

23
18

1.
4

29
8

60
%

+
B

ac
k 

su
rg

er
y 

4 
m

o 
pr

ev
io

us
ly

Am J Hematol. Author manuscript; available in PMC 2012 September 01.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Booth et al. Page 17

N
o.

A
ge

Y
ea

r
P

re
se

nt
in

g 
cl

in
ic

al
 f

ea
tu

re
s

L
ab

or
at

or
y 

da
ta

P
en

ta
d

P
re

ce
di

ng
 d

is
or

de
rs

F
ev

er
N

eu
ro

O
th

er
H

ct
P

lt
C

r
L

D
H

A
D

A
M

T
S1

3

19
63

20
02

+
M

in
or

N
au

se
a,

 v
om

iti
ng

, c
on

fu
si

on
, l

un
g 

m
as

s
31

21
7.

5
45

1
85

%
+

R
en

al
 tr

an
sp

la
nt

 1
1 

m
o 

pr
ev

io
us

ly
, o

n
ra

pa
m

yc
in

, m
yc

op
he

no
la

te
 m

of
et

il,
pr

ed
ni

so
ne

20
43

20
03

+
M

aj
or

C
hi

lls
, s

ei
zu

re
, c

ya
no

si
s,

 n
ec

ro
si

s 
of

 h
an

ds
, f

ee
t

33
14

6.
4

21
98

N
A

+
A

lc
oh

ol
is

m

21
48

20
03

+
M

in
or

C
hi

lls
, p

ne
um

on
ia

. B
A

L
 +

 C
ry

pt
oc

oc
cu

s,
A

sp
er

gi
llu

s;
 b

lo
od

 c
ul

tu
re

s 
+

 C
ry

pt
oc

oc
cu

s,
A

ci
ne

to
ba

ct
er

, E
nt

er
oc

oc
cu

s;
 C

M
V

an
tig

en
em

ia
. A

ll 
re

po
rt

ed
 b

ef
or

e 
T

T
P

co
ns

id
er

ed
.

21
9

7.
4

89
7

45
%

+
R

en
al

 tr
an

sp
la

nt
 6

 m
o 

pr
ev

io
us

ly
,

m
yc

op
he

no
la

te
 m

of
et

il,
 r

ap
am

un
e,

ta
cr

ol
im

us
, p

re
dn

is
on

e

22
50

20
03

0
M

in
or

Pn
eu

m
on

ia
, h

yp
ot

en
si

on
27

41
8.

8
35

4
45

%
0

A
lc

oh
ol

is
m

, a
or

tic
 v

al
ve

 r
ep

la
ce

m
en

t 3
 y

ea
rs

pr
ev

io
us

ly

23
83

20
05

0
M

in
or

Pu
lm

on
ar

y 
in

fi
ltr

at
es

, i
nt

es
tin

al
 p

er
fo

ra
tio

n.
23

13
4.

3
55

3
40

%
0

N
on

e

24
62

20
05

+
0

C
hi

lls
, d

ys
pn

ea
, j

au
nd

ic
e,

 h
yp

ot
en

si
on

24
19

3.
2

34
59

65
%

0
C

ar
di

ac
 p

ac
em

ak
er

 p
la

ce
d 

6 
w

ee
ks

pr
ev

io
us

ly

25
60

20
07

0
M

in
or

Sh
ou

ld
er

 p
ai

n,
 h

yp
ot

en
si

on
, r

es
pi

ra
to

ry
 d

is
tr

es
s

25
9

1.
8

63
2

67
%

0
T

ra
um

at
ic

 o
st

eo
ar

th
ri

tis
 (

5 
si

te
s)

 r
eq

ui
ri

ng
m

ul
tip

le
 s

ur
ge

ri
es

26
60

20
07

+
0

W
ea

kn
es

s,
 d

ys
pn

ea
. B

lo
od

 c
ul

tu
re

s 
+

 f
or

 S
.

vi
ri

da
ns

, t
ri

cu
sp

id
 v

al
ve

 v
eg

et
at

io
n 

re
po

rt
ed

be
fo

re
 T

T
P 

co
ns

id
er

ed

22
13

2.
1

31
6

47
%

0
A

lc
oh

ol
is

m
, I

V
 d

ru
g 

ab
us

e

27
55

20
08

0
M

aj
or

D
ys

pn
ea

, c
he

st
 p

ai
n,

 m
yo

ca
rd

ia
l i

nf
ar

ct
io

n,
st

ro
ke

33
33

1.
8

10
84

<
5 

(0
B

U
)

0
N

on
e

28
85

20
08

0
M

aj
or

D
ys

pn
ea

, a
bd

om
in

al
 p

ai
n

24
71

2.
6

26
33

40
%

0
C

O
PD

, s
te

ro
id

29
57

20
08

+
0

R
en

al
 g

ra
ft

 r
ej

ec
tio

n,
 h

yp
ot

en
si

on
, b

lo
od

cu
ltu

re
s 

+
 f

or
 E

nt
er

ob
ac

te
r c

lo
ac

ae
 r

ep
or

te
d

be
fo

re
 T

T
P 

co
ns

id
er

ed

12
56

4.
1

48
51

A
rt

if
ac

t
0

L
iv

er
/k

id
ne

y 
tr

an
sp

la
nt

 2
 w

ee
ks

 p
re

vi
ou

sl
y,

m
yc

op
he

no
la

te
 m

of
et

il

30
61

20
09

+
M

aj
or

C
hi

lls
, p

et
ec

hi
ae

, c
ya

no
si

s 
of

 h
an

ds
 a

nd
 f

ee
t, 

1
w

ee
k 

af
te

r 
tic

k 
bi

te
.

27
36

1.
9

19
22

25
%

+
N

on
e

31
45

20
10

0
0

D
iz

zi
ne

ss
, m

ya
lg

ia
s,

 a
bd

om
in

al
 p

ai
n

26
10

6.
7

25
63

38
%

0
H

IV
 in

fe
ct

io
n

(1
1)

 N
A

, n
ot

 a
va

ila
bl

e;
 C

SF
, c

er
eb

ro
sp

in
al

 f
lu

id
; D

x,
 d

ia
gn

os
is

; B
U

, B
et

he
sd

a 
U

ni
ts

; B
A

L
, b

ro
nc

ho
al

ve
ol

ar
 la

va
ge

; C
O

PD
, c

hr
on

ic
 o

bs
tr

uc
tiv

e 
pu

lm
on

ar
y 

di
se

as
e.

Am J Hematol. Author manuscript; available in PMC 2012 September 01.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Booth et al. Page 18

Table 2

Clinical course and outcomes of the 31 patients in whom TTP was initially diagnosed and plasma exchange
treatment begun, and in whom the clinical abnormalities were subsequently attributed to a systemic infection.
Recovery is indicated if the patient survived for more than 30 days following discontinuation of plasma
exchange treatment. PEX, plasma exchange.

No. PEX Clinical course following diagnosis of TTP Infection etiology documented Outcome
(day of
death)

1 6 PEX stopped, no response. Dx at autopsy: systemic Aspergillus
fumigatus, no evidence of TTP

Aspergillus fumigatus Died (11)

2 1 PEX stopped, death. Dx at autopsy: mitral valve vegetation, no
bacteria seen, multi-organ infarcts, no evidence of TTP. Clinical
impression, infectious endocarditis

None documented Died (2)

3 3 PEX stopped, death. Clinical impression, infectious meningitis None documented Died (4)

4 9 PEX stopped, death. Rickettsia rickettsii serology + from before
PEX, reported after PEX began

Rickettsia rickettsii Died (9)

5 11 Blood, sputum, urine + Enterococcus faecalis day 6, assumed to be
etiology of pneumonia at admission. PEX continued after Dx of
infection, stopped at death

Enterococcus faecalis Died (12)

6 2 PEX stopped when CMV antigen + reported, day 2 CMV Died (7)

7 3 PEX stopped, no response. Autopsy: hepatic necrosis, no evidence
for TTP

Hepatitis A Died (6)

8 2 PEX stopped when blood cultures from before PEX reported + for S.
pyogenes

Streptococcus pyogenes Survived

9 2 PEX stopped, death. Rickettsia rickettsii serology + on day 3. Dx at
autopsy: myocardial necrosis, systemic vasculitis, no evidence for
TTP

Rickettsia rickettsii Died (3)

10 2 PEX stopped, death Streptococcus viridans, Enterobacter
aerogenes

Died (3)

11 4 PEX stopped, death. Cultures negative. Clinical impression, sepsis
possibly related to recent cholecystitis

None documented Died (5)

12 7 PEX stopped, no response. Continued treatment for HIV infection.
No other infectious etiology discovered

HIV Survived

13 1 PEX stopped, death. Dx at autopsy: tissue immunohistochemical and
PCR + for Rickettsia rickettsii; no evidence for TTP

Rickettsia rickettsii Died (2)

14 2 PEX stopped, death. CMV Died (3)

15 7 PEX stopped, death. Sputum culture + for Candida albicans PEX
continued 2 days after Dx of infection

Candida albicans Died (7)

16 0 Progressive respiratory failure, cultures negative. Family declined
PEX. Clinical impression, bacterial pneumonia.

None documented Died (1)

17 18 Blood cultures before PEX begun + for Pseudomonas and
Enterococcus, reported after PEX begun, no infection source
identified. PEX continued after Dx of sepsis; stopped, no response.

Pseudomonas aeruginosa,
Enterococcus faecalis

Survived

18 2 Blood cultures before PEX begun + for S. aureus. PEX stopped when
+ blood cultures reported

Staphylococcus aureus Survived

19 14 PEX stopped, no response. Developed skin nodules after PEX
stopped, biopsy + for Blastomyces dermatitidis.

Blastomyces dermatitidis Survived

20 0 Blood cultures before PEX begun + for Streptococcus pneumoniae.
Died before PEX begun.

Streptococcus pneumoniae Died (1)

21 3 PEX stopped, death. Cryptococcus neoformans,
Aspergillus fumigatus,

Died (4)
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No. PEX Clinical course following diagnosis of TTP Infection etiology documented Outcome
(day of
death)

Acinetobacter baumanii,
Enterococcus faecalis, CMV

22 3 Blood cultures before PEX begun + for S. pneumoniae; PEX stopped
when + blood cultures reported

Streptococcus pneumoniae Survived

23 4 PEX stopped, death. Cultures negative. Clinical impression, bacterial
pneumonia, sepsis.

None documented Died (5)

24 10 PEX stopped, no response. Dx at autopsy: intracardiac thrombus
around pacemaker wires infected with Aspergillus fumigatus causing
pulmonary infarcts; no evidence for TTP

Aspergillus fumigatus Died (12)

25 19 PEX stopped when S. pyogenes osteomyelitis Dx by shoulder
surgery

Streptococcus pyogenes Survived

26 5 PEX stopped, no response. Streptococcus viridans Died (28)

27 12 Blood cultures before PEX begun + for S. epidermidis; aortic valve
vegetation. PEX continued after Dx of endocarditis until platelet
count normal

Staphylococcus epidermidis Survived

28 4 PEX stopped, no response. Cholecystitis Dx by ultrasound, surgery
contraindicated, blood cultures negative. Day 4, repeat ultrasound
demonstrated gangrenous gall bladder.

None documented Died (6)

29 4 PEX stopped, no response. Enterobacter cloacae Survived

30 1 Died during 1st PEX. Clinical impression, Rickettsia rickettsii;
serologic tests negative

None documented Died (1)

31 6 PEX stopped when HIV infection diagnosed. No other etiologies for
clinical features determined.

HIV Survived
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Table 3

25 patients in whom presenting clinical features were subsequently attributed to systemic infection and who
had ADAMTS13 activity measured are compared to 62 patients with severe ADAMTS13 deficiency (activity
<10%) in whom presenting clinical features were attributed to TTP.

Clinical features and outcome Patients with systemic infection (N=25) Patients with ADAMTS13 <10% (N=62) P

Demographic features

 age (median, range) 60 (26–85) 39 (9–71) <0.001

 race (% black) 2 (8%) 23 (37%) 0.007

 gender (% women) 11 (44%) 51 (82%) <0.001

Clinical features

 fever (%) 15 (60%) 13 (21%) 0.001

 neurologic abnormalities (%)

  major 15 (60%) 31 (50%)

0.183  minor 7 (28%) 12 (19%)

  none 3 (12%) 19 (31%)

 major neurologic abnormalities (%)

  coma 13 (52%) 5 (8%) <0.001

  stroke 2 (8%) 8 (13%) 0.717

  seizure 3 (12%) 10 (16%) 0.749

  focal deficits 3 (12%) 23 (37%) 0.021

Laboratory data (median, range)

 hematocrit (%) 25 (15–40) 21 (13–30) 0.005

 platelet (μL × 10–3) 13 (2–71) 11 (2–101) 0.043

 LDH (U/L) 1006 (256–3459) 1378 (274–3909) 0.087

 creatinine (mg/dL) 3.7 (0.8–11.1) 1.3 (0.7–6.5) <0.001

Pentad of clinical features (%) 11 (44%) 2 (3%) <0.001

Outcome

 death (%) 16 (64%) 9 (15%) <0.001

 relapse (% of survivors) 0/9 (0%) 18/53 (34%) <0.001

Six of the 31 patients with systemic infections were excluded from this analysis because they did not have ADAMTS13 measurements. Six of all
68 consecutive patients who had ADAMTS13 activity <10% were excluded from this analysis because their clinical features were attributed to
other disorders. Four of the six patients had systemic infection and are included in the infection group; in 2 additional patients the presenting
clinical features were subsequently attributed to systemic malignancy and graft-vs.-host disease together with infection. Laboratory data are the
most abnormal values from the day of diagnosis ± 7 days. Major neurologic abnormalities were coma, stroke, seizures, or focal neurologic signs;
minor abnormalities in these 87 patients included headache, ataxia, blurred vision, and mental status changes with transient confusion.(11) The
pentad of clinical features includes microangiopathic hemolytic anemia, thrombocytopenia, neurologic abnormalities (major or minor), renal
function abnormalities (any serum creatinine value ≥1.5 mg/dL), and fever. For categorical data, the chisquare test was used except for the
comparisons of stroke, seizure, the pentad of clinical features, and relapse. For these four clinical features the Fisher's exact test was used. Although
the median values and ranges for the hematocrits and platelet counts are similar and overlapping, there was more difference in the interquartile
ranges. The middle 50% of values, quartiles 1 to 3, for the patient groups for hematocrit were: Infection, 23–26%; ADAMTS13<10%, 18–24% and
for platelet count: Infection 9000–19,000/μL; ADAMTS13<10%, 6000–15,000/μL
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Table 4

Infectious etiologies documented in patients diagnosed with TTP or HUS in published reports and from
Oklahoma Registry patients.

Infectious Organisms
Published reports

Oklahoma Registry Patients
Patients Reference

Bacteria

  Actinomyces turicensis 1
1 (24) 0

  Aeromonas hydrophila 1 (25) 0

  Bacteroides fragilis 3
1 (24;26;27) 0

  Borrelia burgdorferi 1 (28) 0

  Brucella melitensis 4 (29–32) 0

  Campylobacter jejuni 3 (33–35) 0

  Capnocytophaga canimorsus 5 (36–39) 0

  Chlamydia pneumoniae 1 (40) 0

  Clostridium difficile 2 (41;42) 0

  Ehrlichia chaffeensis 1 (43) 0

  Ehrlichia equi 1 (44) 0

  Enterobacter aerogenes 0 1

  Enterobacter cloacae 0 1

  Enterococcus faecalis 0 3

  Fusobacterium necrophorum 1 (45) 0

  Legionella pneumophila 2 (46;47) 0

  Leptospira 
2 1 (48) 0

  Leptospira bataviae 1 (49) 0

  Mycobacterium tuberculosis 2 (50;51) 0

  Mycoplasma pneumoniae 2 (52;53) 0

  Pseudomonas aeruginosa 0 1

Rickettsiales bartonellaceae
3 1 (54) 0

  Rickettsia rickettsii 1 (55) 3

  Salmonella typhi 6 (56;57) 0

  Staphylococcus aureus 3 (58–60) 1

  Staphylococcus epidermidis 1 (61) 1

  Streptococcus pneumoniae 2 (62;63) 2

  Streptococcus pyogenes 1 (64) 2

  Streptococcus viridans 4 (58;65–67) 2

Streptococcus Group C 1 (68) 0

  Yersinia pseudotuberculosis 2 (69) 0

Viruses

 Cytomegalovirus 4 (22;70–72) 3
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Infectious Organisms
Published reports

Oklahoma Registry Patients
Patients Reference

 Hepatitis
4 1 (73) 1

 HIV 0

 Influenza A 2 (23;74)

 Parvovirus B19 2 (75;76)

 Varicella zoster 1 (77)

Fungi

  Aspergillus fumigatus5 3 (78–80) 1

  Blastomyces dermatitidis 0 1

  Candida albicans 0 1

  Cryptococcus neoformans 0 1

1
One patient had infection with both Actinomyces turicensis and Bacteroides fragilis.

2
Organism documented only by order and family.

3
Organism not identified by species.

4
Type of hepatitis not described.

5
Organism not identified by species in one report.
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