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retrospective study assessed the epidemiology of iTTP and determined whether it dis-
plays a seasonal pattern. Patients with both initial and relapsed iTTP (defined as a disin-
tegrin and metalloprotease with thrombospondin type motifs 13 activity <10%) from
24 tertiary centers in Australia, Canada, France, Greece, Italy, Spain, and the US were
included. Seasons were defined as: Northern Hemisphere—winter (December-
February); spring (March-May); summer (June-August); autumn (September-
November) and Southern Hemisphere—winter (June-August); spring (September-
November); summer (December-February); autumn (March-May). Additional out-
comes included the mean temperature in months with and without an iTTP episode at
each site. A total of 583 patients experienced 719 iTTP episodes. The observed pro-
portion of iTTP episodes during the winter was significantly greater than expected if
equally distributed across seasons (28.5%, 205/719, 25.3%-31.9%; p = .03). Distance
from the equator and mean temperature deviation both positively correlated with the
proportion of iTTP episodes during winter. Acute iTTP episodes were associated with
the winter season and colder temperatures, with a second peak during summer. Occur-
rence during winter was most pronounced at sites further from the equator and/or
with greater annual temperature deviations. Understanding the etiologies underlying

seasonal patterns of disease may assist in discovery and development of future preven-

1 | INTRODUCTION

Thrombotic thrombocytopenic purpura (TTP) is a rare hematologic
disorder characterized by a thrombotic microangiopathy (TMA) and a
severe deficiency of a disintegrin and metalloprotease with thrombos-
pondin type motifs 13 (ADAMTS13). Most cases of TTP are due to an
autoantibody against ADAMTS13 (i.e., immune TTP, iTTP), though
2%-10% of cases occur because of homozygous or compound het-
erozygous mutations in the ADAMTS13 gene resulting in the absence
of the protein.t> ADAMTS13 is an enzyme that cleaves ultra-large
von Willebrand factor (ULVWF) multimers involved in platelet adhe-
sion and aggregation at sites of endothelial injury into smaller compo-
nents.* In the absence of sufficient ADAMTS13 activity, these ultra-
large von Willebrand factor multimers accumulate, resulting in micro-
vascular thrombosis, regional ischemia, and end-organ damage. As
iTTP is associated with significant morbidity and mortality, rapid diag-
nosis is essential for appropriate and timely management.>® However,
diagnostic challenges persist given the variably progressive nature of
the condition and the multitude of signs and symptoms. Availability of
ADAMTS13 activity testing to confirm the clinical suspicion of iTTP is
also variable. If iTTP is clinically suspected, there should be a low
threshold to initiate treatment.”?

While iTTP is often idiopathic, various inciting events (e.g., infections
and pregnancy) have been reported.’® Seasonal variation in iTTP inci-
dence has also been suggested, with prior groups hypothesizing that sea-
sonal infectious disease patterns may influence iTTP epidemiology.!™12
Ten previous studies have attempted to ascertain whether iTTP displays

seasonality, though there is significant methodologic heterogeneity

tative therapies and inform models for resource utilization.

among these studies, and the findings have been inconclusive.}*"2° For
example, among the 10 studies, three did not assess ADAMTS13 activity
levels,'*1416 and a fourth used an ADAMTS13 activity threshold of
<5% (vs. <10%) for their inclusion criteria.” Among the six studies that
did use an ADAMTS13 activity level <10% to define their population,
one only assessed initial iTTP presentations.'> Only one of the five
remaining studies found a significant seasonal association, with more
cases in the winter.’® Among the other four, no significant association
was observed, though one demonstrated a trend for more cases in the
summer,*? one showed a trend for more cases in autumn,*’ and one
found that cases tended to occur later in the year (i.e., in autumn/win-
ter).2° Two United States (US)-based studies that utilized International
Classification of Diseases, ninth edition codes obtained from the
National Inpatient Sample database were also unable to demonstrate
statistically significant seasonal differences.}**® However, one did
observe that after stratifying cases based on geographic regions, a sig-
nificant monthly variation was noted in the Midwestern region, with
peak incidence in July, which was significantly higher than the lowest
incidence noted in November.®

Ultimately, the limitations of these 10 prior studies, including
their small sample sizes, differences in how they defined iTTP and
their inclusion criteria, restriction to single institutions with limited cli-
mate variability, and/or potential biases due to the shortcomings of
medical coding, have resulted in inconclusive findings regarding any
potential seasonal association with iTTP. Therefore, we investigated
the seasonal epidemiology of iTTP among a large international cohort
of laboratory-confirmed cases from multiple geographic regions with

differing climates.
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2 | METHODS

We performed a retrospective analysis of iTTP cases from 24 sites
that provide comprehensive care for patients with iTTP in Australia,
Canada, France, Greece, Italy, Spain, and the US over a 5-year period
(January 1, 2017-December 31, 2021) (Figure S1). For the purposes
of this study, iTTP was defined as a TMA associated with an
ADAMTS13 activity level <10% with or without the presence of
an inhibitor based on the American Society for Apheresis guidelines.?!
In patients without detectable ADAMTS13 antibodies, at least partial
recovery of ADAMTS13 activity during follow-up (without the use of
prophylactic/maintenance plasma transfusion) was required to
exclude congenital TTP. Patients with hemolytic-uremic syndrome,
drug-induced TMA, or TMAs arising in the setting of sepsis, HIV, preg-
nancy, malignancy, or hematopoietic stem cell transplantation were
excluded. We considered both initial and relapsed presentations of
iTTP. Relapse was defined as one of the following occurring 230 days
after the prior episode: (1) re-emergence of an ADAMTS13 inhibitor
with an ADAMTS13 level <10% or (2) a decrease in platelet count
below the lower limit of normal. We analyzed data by iTTP episode;
thus, a single patient could have more than one episode.

Variables for each iTTP episode included the mean monthly tem-
perature and latitude for the reporting site; the month and year of the
ADAMTS13 result; episode type (initial vs. relapse); patient sex, age,
race, and ABO blood type; the number of therapeutic plasma
exchanges (TPEs); and 30-day mortality. The mean monthly tempera-
ture in degrees Celsius for each month at each participating site was
obtained from the National Oceanic and Atmospheric Administration
(https://www.ncei.noaa.gov/cdo-web/confirmation) or The Weather
Channel via WeatherUnderground (https://www.wunderground.com/
history). The latitude for each reporting site was obtained from Goo-
gle Maps (Google, Mountain View, CA, USA).

iTTP episodes were stratified by month and by season. Seasons
were defined as follows: Northern Hemisphere—winter (December-
February); spring (March-May); summer (June-August); autumn
(September-November) and Southern Hemisphere—winter (June-
spring
February); autumn (March-May).

August); (September-November); summer (December-

We compared the mean monthly temperature for each iTTP episode
to the mean temperature of months without an iTTP episode at each
site. We also assessed the temperature variation over the study period
for each site. This was performed to evaluate the seasonality of iTTP epi-
sodes among sites with less temperature variation (generally correlating
with more consistent UV exposure) compared to more extreme temper-
ature variation (i.e., colder winters and/or warmer summers). The cumu-
lative temperature range for each site is displayed in Table S1.

As the study timeframe included the beginning of the COVID-19
pandemic, we compared the monthly frequency of iTTP episodes in
the 38 months prior to the pandemic (January 2017-February 2020)
with the frequency in the 22 months (March 2020-December 2021)
following its onset.

The institutional review boards at all participating sites approved

this study for their respective patients. The institutional review board

at the University of Texas Southwestern Medical Center approved
the collection, management, and hosting of study data using Research
Electronic Data Capture. Statistical analysis was performed using
SPSS version 29.0.2.0. Means and standard deviations were reported
for normally distributed data, and medians and interquartile range
(IQR) were reported for non-normally distributed data. Differences in
means were assessed with two-sided t-tests. Chi-square tests were
used to compare observed versus expected proportions. Pearson cor-
relation was performed to assess the association between latitude
and seasonal iTTP incidence. Multinomial logistic regression was per-
formed to evaluate if patient characteristics (age, sex, race, episode
type, and ABO type) and/or site characteristics (latitude and tempera-
ture variation) were associated with the proportion of iTTP cases in
autumn, spring, or summer compared to winter. A p-value <.05 was

considered significant.

3 | RESULTS

A total of 583 patients experienced 719 iTTP episodes (Table 1).
Approximately 64.7% (465/719) of iTTP episodes occurred in females,
while 35.3% (254/719) occurred in males. Race data were available
for 78.3% (563/719) of episodes: 54.2% (305/563) White, 42.8%
(241/563) Black, and 1.8% (10/563) Asian. ABO blood type was
reported for 79.1% (569/719) of episodes: 40.4% (230/569) type O,
35.0% (199/569) type A, 19.0% (108/569) type B, and 5.6% (32/569)
type AB. Thirty-day mortality (3.2%, 20/617) was reported for 85.8%
(617/719) of episodes.

The observed proportion of iTTP episodes during the winter was
significantly greater than would be expected if episodes were distrib-
uted equally among all seasons (28.5%, 205/719, 95% Cl: 25.3%-
31.9%; p = .03). When the proportion of iTTP episodes between two
seasons was assessed, significantly more episodes occurred in winter
compared to spring (28.5%, 205/719, 95% Cl: 25.3%-31.9% vs. 22.8%,
164/719, 95% Cl: 19.9%-26.0%; p = .01) and in winter compared to
autumn (28.5%, 205/719, 95% Cl: 25.3%-31.9% vs. 23.1%, 166/719,
95% Cl: 20.2%-26.3%; p = .02) (Figure 1A,B). More cases also occurred
in winter compared to summer, but this difference was not statistically
significant (28.5%, 205/719, 95% Cl: 25.3%-31.9% vs. 25.6%,
184/719, 95% Cl: 22.5%-28.9%; p = .21). No difference was seen in
the proportion of cases in the summer compared to spring (25.6%,
184/719, 95% Cl: 22.5%-28.9% vs. 22.8%, 164/719, 95% Cl: 19.9%-
26.0%; p =.22) or autumn (25.6%, 184/719, 95% Cl: 22.5%-28.9%
vs. 23.1%, 166/719, 95% Cl: 20.2%-26.3%; p = .27). Similar findings
were observed when stratified by sex, with the greatest proportion of
iTTP episodes occurring in the winter for both females (28.0%,
130/465) and males (29.5%, 75/254).

When the mean monthly temperature for each iTTP episode was
compared to the mean temperature of months without an iTTP epi-
sode at each site, we found that across all sites, months with an iTTP
episode were statistically significantly colder than months without
an iTTP episode (14.7°C, 95% Cl: 13.3-14.6°C vs. 16.3°C, 95% Cl:
14.8-15.9°C; p < .001).
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TABLE 1  Characteristics of 719 immune thrombotic
thrombocytopenic purpura episodes.

Variable Median (IQR) or No. (%)
Age 49 years (37-61 years)
Sex
Female 465 (64.7%)
Male 254 (35.3%)
Race
White 305 (42.4%)
Black 241 (33.5%)
Asian 10 (1.4%)
Al/AN 5(0.7%)
Pacific Islander 2 (0.3%)
Unknown/NR 156 (21.7%)
ABO type
(0] 230 (32.0%)
A 199 (27.7%)
B 108 (15.0%)
AB 2 (4.5%)
Unknown/NR 150 (20.9%)
Episode type
Initial 327 (45.5%)
Relapse 299 (41.6%)
Unknown/NR 93 (12.9%)
Location
North America 509 (70.8%)
Europe 167 (23.2%)
Australia 43 (5.8%)

Abbreviations: Al/AN, American Indian/Alaskan Native; IQR, interquartile
range; NR, not reported.

We assessed the latitude and the monthly temperature
variation (i.e., the difference in the mean temperature of the warmest
month and the mean temperature of the coldest month) among sites.
Overall, a greater distance from the equator positively correlated with
the proportion of iTTP episodes during the winter for a particular site,
but this association was not statistically significant (slope = 0.18; 95%
Cl: —0.08 to 0.44; y = 0.18x + 33.62; p = .16; r? = .089) (Figure 2A).

Additionally, the greatest proportion of winter iTTP episodes
tended to occur at sites with a greater temperature difference
between the warmest month and the coldest month (i.e., temperature
variation), though this was also not statistically significant
(slope = 0.28; 95% Cl: —0.05 to 0.60; y = 0.28x + 15.77; p = .09;
r? = .12) (Figure 2B). We performed a subset analysis of the 15 sites
with a mean temperature variation greater than the overall mean of
23.1°C as a proxy for sites with more seasonal variation in climate.
Among these sites, 559 episodes of iTTP were reported: the largest
proportion of cases occurred in winter (29.0%, 162/559), and the sec-
ond largest proportion of cases occurred in summer (25.9%, 145/559)

(Figure 1C). Winter accounted for a significantly greater proportion of

cases compared to spring (56.5%, 162/287, 95% Cl: 50.7%-62.1%
vs. 43.6%, 125/287, 95% Cl: 37.9%-49.4%; p = .03) and autumn
(56.1%, 162/289, 95% Cl: 50.3%-61.7% vs. 43.9%, 127/289, 95% Cl:
38.4%-49.7%; p = .045). Among the nine sites with an annual tem-
perature deviation <23.1°C, the proportion of cases was approxi-
mately equal across seasons (winter: 26.9%, 43/160; spring: 24.4%,
39/160; summer: 24.4%, 39/160; autumn: 24.4%, 39/160).

Of the episodes with available data on 30-day mortality, the
highest mortality rate was observed in iTTP episodes that occurred
during the summer (4.9%, 5/171), while the lowest mortality rate was
among episodes that occurred during spring (1.4%, 2/146). However,
there was no significant difference in 30-day mortality across all sea-
sons (x> =3.20, p =.36). Data regarding the number of TPEs
performed per iTTP episode were available for 76.2% (548/719) of
episodes. There was no significant difference in the median number
of TPEs performed per iTTP episode among seasons: winter: 6 (IQR
4-11; 95% Cl: 6-7); spring: 8 (IQR 5-14; 95% Cl: 7-9); summer:
8 (IQR 5-14; 95% Cl: 7-9); autumn: 8 (IQR 5-12.5; 95% Cl: 7-9).

Among the 719 iTTP episodes, 328 were initial presentations,
301 were relapses, and 90 were unknown or not reported. 27.7%
(91/328) of initial presentations occurred during the summer and
27.4% (90/328) occurred in the winter. Among relapses, 27.2%
(82/301) occurred in the winter, followed by spring (25.2%, 76/301)
and summer (24.6%, 74/301). More than one-third of all iTTP epi-
sodes in which the type of presentation (initial vs. relapse) was either
not reported or unknown occurred in winter (36.7%, 33/90).

3.1 | Before and during the COVID-19 pandemic
Between January 2017 and February 2020, 473 episodes of iTTP
(95% Cl: 448-497 episodes) occurred (12.4 episodes/month), com-
pared to 246 episodes (95% Cl: 222-271 episodes) between March
2020 and December 2021 (11.2 episodes/month). This was not signif-
icantly different from the expected distribution of cases (455 episodes
from January 2017 to February 2020 and 264 episodes from March
2020 to December 2021; p = .16). The number of iTTP episodes in
the 12 months immediately preceding the COVID-19 pandemic was
almost equivalent to the first year of the pandemic (151 episodes
from March 2019 to February 2020 vs. 150 episodes from March
2020 to February 2021).

3.2 | Multinomial logistic regression

The odds ratio for individuals of the Black race developing iTTP during
the spring was 0.55 ([95% Cl: 0.31-0.97]; p = .04) relative to develop-
ing iTTP during the winter. The odds ratios for individuals with type O
blood and type A blood developing iTTP during the summer was 2.37
([95% CI: 1.01-5.57]; p=.049) and 2.47 ([95% CI. 1.05-5.81];
p = .04) relative to developing iTTP during the winter, respectively
(Table S2). All of the other variables were not significantly associated

with the seasonality of iTTP.
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4 | DISCUSSION

This retrospective 5-year analysis found that among all sites, the
greatest proportion of acute iTTP episodes occurred in winter, which
was statistically significant when compared with spring and autumn.
There was no statistically significant difference in the proportion of
iTTP episodes between winter and summer. Additionally, among all
sites, months during which an episode of iTTP occurred were signifi-
cantly colder than months without an iTTP episode.

These findings suggest that iTTP has a bimodal distribution,
occurring most frequently in winter and during colder months, with a
second peak in summer, particularly in regions with a greater variation
in seasonal temperatures. These results are both more nuanced, and
somewhat discrepant, from prior publications (Table 2), although the
heterogeneity in the methods and design of earlier studies preclude
direct comparison. For prior studies have utilized
ADAMTS13 activity,12'13'15'17’20 medical coding data,’*¢ and clinical

features! to characterize patients with TTP. Among those that

example,

assessed patients using ADAMTS13 activity, only one reported a sta-
tistically significant seasonal association (winter) for patients with
ADAMTS13 activity results below a specified threshold.'® Notably, in
our meta-analysis of the five prior studies that reported all iTTP epi-
iTTP using an ADAMTS13 activity
among 297 iTTP episodes, the greatest proportion of

sodes and defined level

<10%,12,13,18—20

cases occurred in autumn (27.3%, 81/297) and spring (26.6%,

79/297), while the fewest occurred in summer (22.2%, 66/297) and
winter (23.9%, 71/297) (Table S3). These findings directly contrast
with the results of our study.

The reasons for the discrepant findings across prior studies are
likely multifactorial. In part, they may be ascribed to the small sample
sizes of the majority of prior studies. For example, only one previous
study with iTTP defined by ADAMTS13 activity levels included more

than 100 cases, wherein Raval et al.*®

assessed 110 cases of iTTP.
The relatively low number of cases in these earlier studies may have
lacked sufficient power to detect a significant difference in seasonal
presentation. Conversely, the discrepancy between the results of the
meta-analysis of prior studies and the findings in our study are more
difficult to discern, though potential differences in the patient popula-
tions and geography/location of sites may contribute. Additionally,
the two largest studies used the US National Inpatient Sample data-
base and relied solely on medical diagnosis coding with weighted esti-
mates of expected cases.'* There are inherent limitations to these
approaches. First, the database analyses were confined to hospitalized
patients and did not necessarily include all patients or all hospitals.
Second, unique disease episodes versus exacerbations of the same
episode (i.e., hospital re-admission prior to recovery) were not neces-
sarily distinguished. Lastly, the analyses in some studies were not
always specific for iTTP, as any patient with a documented TTP diag-
nosis code would be included (e.g., congenital TTP, drug-induced

TMA, HIV- or transplant-associated TMA, etc.), as well as those with
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an erroneous diagnosis related to miscoding, which can be common.??
Our large patient cohort with documented severe ADAMTS13 defi-
ciency in the absence of another secondary cause serves to minimize
some of these potential confounding variables.

Infections have been implicated as an inciting event for iTTP, 2324
potentially through molecular mimicry or other mechanisms, and may
play a role in driving the rates of iTTP and other autoimmune dis-
eases.?’ Considering that various infectious diseases (e.g., influenza
virus, respiratory syncytial virus, parainfluenza virus, and enterovi-
ruses) are influenced by seasonality, geography, and climate, 2428 iTTP
seasonality may also be influenced by local infectious disease epide-
miology. For example, seasonal epidemics of influenza occur in winter
months in more temperate areas, whereas onset is more variable and
less seasonal in lower latitudes.?” Conversely, RSV demonstrates dis-
tinct seasonality irrespective of latitude, beginning in late summer
closer to the equator and in most temperate sites during winter
months.?” Parainfluenza tends to occur in spring and early summer
months in both hemispheres.27 The timing and intensity of enterovi-
rus outbreaks correspond with latitude—cases are more regularly dis-
tributed year-round in the lower latitudes, whereas a pronounced
peak occurs between July and September across much of the US.28
As a rare disease, iTTP case numbers may be too small to allow for an

observable seasonal pattern at single centers. However, we found

FIGURE 2 Correlation between the
percentage of immune thrombotic
thrombocytopenic purpura (iTTP)
episodes in the winter and (A) latitude
and (B) temperature deviation for

each site. [Color figure can be viewed
at wileyonlinelibrary.com]

50% 60%

50% 60%

that the proportion of iTTP cases during the winter positively corre-
lated with greater distance from the equator and with larger tempera-
ture deviation during the year. Notably, sites with a greater
temperature deviation had the largest proportion of iTTP cases during
the winter, while those with less temperature deviation had an almost
equal proportion of cases across all seasons. This finding suggests that
iTTP may display more seasonality in areas with more distinct seasons
and where infectious outbreaks display greater seasonal patterns.
Conversely, iTTP may be less likely to demonstrate seasonality in
areas where the climate is more consistent year-round.

We did not observe a difference in the proportion of iTTP epi-
sodes before and after the onset of the COVID-19 pandemic, con-
trasting with a significant decline in various respiratory pathogens
during the first year due to social isolation and other public health
measures.?? It is possible that other infectious agents may have con-
tributed to the development of iTTP. Further, SARS-CoV-2 may have
replaced other seasonal infectious diseases as an inciting factor for a
subset of iTTP cases.>° Another possibility is that a portion of (primar-
ily relapsed) iTTP episodes were potentially induced by COVID-19
vaccination.®? The specific infectious agent and/or vaccination that
preceded an iTTP event, if any, were not uniformly available in our
sample; thus, the proportion of episodes that were associated with

SARS-CoV-2 infection or vaccination is not known.
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Seasonal variation has been observed in the initial manifestation
and/or reactivation of other autoimmune conditions (e.g., multiple
sclerosis, rheumatoid arthritis, and type | diabetes mellitus), with
suboptimal vitamin D levels implicated as one potential cause.?”
Vitamin D levels generally correlate with UV light exposure, which is
lowest in winter months and at higher latitudes. The lack of vitamin D
is theorized to contribute to aberrations in immunomodulation and
regulation of inflammation and alter the protective effects of the
innate immune system.32 We observed a positive correlation between
higher latitudes and the proportion of iTTP cases in winter. Addition-
ally, the proportion of iTTP episodes was equal across seasons at sites
with less temperature variation (generally correlating with more con-
sistent UV exposure), whereas iTTP demonstrated greater seasonality
among sites with more extreme temperature variations (i.e., colder
winters and/or warmer summers), further supporting this hypothesis.
Thus, vitamin D levels in patients with iTTP may warrant future
exploration.

The current study has limitations. Data were not available for
selected outcomes and type of presentation (initial vs. relapse) for a
subset of patients. Infection-related data were generally not available,
and there was heterogeneity among those that provided these data
(e.g., some centers provided all suspected and laboratory-confirmed
infections, while others only provided laboratory-confirmed data). The
rarity of iTTP and the relatively short analysis timeframe preclude our
ability to assess seasonality at each individual site in our study. Fur-
thermore, this large sample was mainly contributed by well-
recognized iTTP treatment centers, which allowed for more precise
inclusion criteria, but also produced lower than expected mortality
rates, which may not reflect other centers. Finally, we were unable to
obtain data from centers in Asia, Africa, and South America, and addi-
tional climatologic data (e.g., precipitation, relative humidity, cloud
type, solar radiation, and atmospheric pressure) were unavailable.
Nevertheless, the large sample size and the inclusion of patients from
multiple centers in different geographic regions with varying climates
provide the largest analysis to date regarding seasonality and its
potential role in iTTP.

In summary, acute iTTP episodes were associated with the winter
season and colder temperatures, with a second disease incidence peak
in summer. This seasonal association was most pronounced at sites
further from the equator and/or with greater annual temperature vari-
ation. While the reasons for seasonal variation remain unclear, possi-
ble contributors include infectious disease patterns and vitamin D
levels related to UV light exposure. However, additional components,
such as genetic factors and various environmental exposures, are
likely involved. Ultimately, identifying the etiologies underlying sea-
sonal patterns of disease may assist in discovery and development of
future preventative therapies and inform models that could be used
to enhance resource distribution and conservation, including blood
products.
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