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Thrombotic microangiopathy (aHUS/iTTP) reported so far in Covid-19 patients: The virus alone or | wddtes |

an omnium gatherum of mechanisms and etiologies?

Since the emergence of the novel virus SARS CoV-2 from a Chinese
province in ending 2019, its rapid global dissemination has resulted in
more than a million deaths worldwide so far (Anon., 2021). Without a
doubt the medical fraternity has been overstretched globally by Covid
-19 pandemic both in terms of its magnitude and because of the varied
presentations of the disease in some, posing a grueling challenge. With
time, diligent indagation and probing has unraveled some surprising
facts about the novel virus and its pathogenesis. The thrombogenic po-
tential of Covid 19 is becoming more tangible and the so called
“Covid-19 Coagulopathy” is being recognized as a conglomerate of
mechanisms whipped up by the novel virus, resulting in severe endo-
theliitis, a maladaptive hyper-immuno-inflammatory response
along-with the overwhelming activation of multiple complement path-
ways and a complement coagulation cross talk altogether culminating
into a hypercoagulable state and its dangerous consequences adversely
affecting the outcome (Martin-Rojas et al., 2020; Java et al., 2020).
(Fig. 1A and B).

On the other hand, the COVID-19 thrombotic microangiopathy
(TMA) is a complex admixture encompassing a “TTP”-like illness on the
one end of the spectrum and on the other the rare but baneful, classic
thrombotic microangiopathy including thrombotic thrombocytopenic
purpura (TTP) and the hemolytic uremic syndrome (a HUS) which are a
constellation of thrombocytopenia, microangiopathic hemolytic anemia
and extensive clot formation in the microvasculature. TTP results from
an inherited or acquired, critical decline (<5%) in ADAMTS-13 (a dis-
integrin and metalloproteinase with thrombospondin type 1 motif
member 13) activity, an enzyme which cleaves the platelet binding, clot
promoting highly active and adhesive ultra large von willebrand factor
(ULVWF) multimers released in response to injury by the damaged
endothelium to smaller, lesser active and inert multimers. HUS results
from inherited or acquired aberrations in the alternate complement
system and its regulatory proteins leading to its perpetual hyper-
activation. Recently Peyvandi and her group have elegantly shown that
this Covid-19 induced TTP like illness is not a true TTP but a unique
phenotype of sepsis-like TTP without a dysfunctional VWF-ADAMTS-13
axis, occurring due to excessive unleashing of vVWF (Von Willebrand
factor) multimers from the damaged endothelium overwhelming the
cleaving protease resulting in a markedly increased VWF: Ag to
ADAMTS-13 ratio causing its relative deficiency but in absence of a
circulating inhibitor and without a critical decline in ADAMTS-13 ac-
tivity. Thrombocytopenia and hemolytic anemia are typically absent
since the platelet consuming ULVWF multimers are absent. This syn-
drome responds to steroids and anticoagulants and does not require
plasma exchange (PEX) (Mancini et al., 2020) (Fig. 2).

Besides the relatively common TTP like illness of COVID-19 a few
cases of the classic (primary) thrombotic microangiopathic syndromes
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(TMA), immune-thrombotic thrombocytopenic purpura and atypical
hemolytic uremic syndrome (iTTP/aHUS causing TMA with thrombo-
cytopenia microangiopathic hemolytic anemia and organ dysfunction)
have surfaced as well in COVID-19 infection. It appears that these cases
of classic TMA reported so far seem to have a mixed etiology evolving
either as a consequence of some novel mechanisms generated by this
virus in a few to the unmasking of a latent genetically mediated TMA or
a relapse of a known TMA disorder (HUS or iTTP) already in remission
and in a few even due to drugs especially hydroxychloroquine.

So far only sixteen cases of the classic TMA have been reported
despite the enormous magnitude of this pandemic since testing for
alternate complement pathway and ADAM TS 13 is being done only in
specialized labs which could lead to a relative under reporting of this
complication during this pandemic especially from underdeveloped
countries. Most of these cases have been directly attributed to the novel
virus barring three cases, in which the novel viral infection sparked a
relapse of a known TMA and in one case TMA (iTTP) was directly
attributed to hydroxychloroquine (HCQ) (Table-1). At least eight of
these cases have emerged in the light of this novel virus and concomitant
hydroxychloroquine therapy both known to bring about this complica-
tion, and at least six of these eight patients had a temporal relationship
of the TMA with HCQ initiation therefore discerning the actual causative
agent has been a challenge in some. Recently Jhaveri et al. reported a
case of severe Covid 19 pneumonia and multiorgan dysfunction
complicated by a fatal TMA secondary to the activation of the alternate
complement pathway with low factor H levels causing advanced renal
failure 2-weeks after admission. The TMA was attributed to Covid-19
infection by the authors, this was subsequently challenged in a letter
to the editor correlating the temporal profile of TMA in this particular
patient with hydroxychloroquine therapy. However, the authors refuted
this query by a counter explanation ratiocinating a delayed two-week
onset of TMA after stopping hydroxychloroquine thereby ruling out
the cause and effect relation (Jhaveri et al., 2020; Hasbal, 2020; Wan-
choo et al., 2018). Agreed that TMA could have been due to a genetic
variant of TMA (a HUS) and the virus could have acted as a second hit in
unmasking the TMA or even made a direct contribution via a novel
mechanism and HCQ may or may not have contributed to the devel-
opment of TMA in that particular patient howbeit, a long elimination
half-life of 40 days after a single dose of 200 mg HCQ, questions the
explanation given by the authors in acquitting HCQ as a cause of TMA in
that particular patient and hence raises some eyebrows (Tett et al.,
1989). Albiol, Hindilerden, Arikan, Capecchi and Al-Ansari and co-
workers reported five cases of Covid-19 respectively who developed the
classic iTTP syndrome with critically low ADAM-TS 13 levels in asso-
ciation with an ADAM-TS 13 inhibitor during the course of their illness.
Surprisingly all the five cases reported were concurrently on HCQ
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treatment with a strong temporal relationship of the drug with the
evolution of iTTP. All these cases responded to plasma exchange while in
Capecchi’s study besides plasma exchange anti-vWF nanobody capla-
cizumab was given as well. In Arikan’s case RT-PCR was negative for
SARS CoV 2 infection and IgG-antibody testing for Covid-19 was not
done but a strong probability score favoring HCQ induced iTTP was
established with the authors concluding that the iTTP being secondary
to HCQ however, contrasted to this particular patient HCQ/quinine
induced TTP is not a typical iTTP and has not been associated with a
critical drop in ADAM-TS 13 levels or the presence of an antibody
against the same which on the one hand calls into question the diagnosis
made by these authors and on the other even attributes iTTP to HCQ as a
novel complication (Albiol et al., 2020; Hindilerden et al., 2020; Arikan
et al., 2020; Capecchi et al., 2020; Mir, 2021; Altowyan et al., 2021).
Ironically HCQ is well known for some of its anti-thrombotic prop-
erties especially in patients of auto immune connective tissue diseases
and antiphospholipid antibody syndrome. HCQ induced TMA is a rare
but nevertheless a defined entity, being an idiosyncratic reaction rather
than dose related which can develop anytime within hours, days or
months of drug exposure usually associated with antibodies against
platelets and endothelium. The typical drug induced TMA (DITMA)
including quinine induced TMA is a clinical syndrome of TMA without
developing critically low ADAM-TS 13 levels or a circulating inhibitor.
However, the potential of HCQ to spark a TMA has been extrapolated
against a literature background of quinine associated TMA since only a
few cases of HCQ associated TMA have been reported so far without a
detailed evaluation (Fromm, 2018; Mar and Mendoza Ladd, 2011).
Notwithstanding some cases of the classic iTTP with critically low
ADAM-TS 13 levels and presence of an inhibitor have been reported in
literature in association with the thienopyridine group of anti- platelet
drugs (Zakarija et al., 2021). Whether HCQ can induce the production of
an antibody against ADAM-TS 13 in certain vulnerable patients is a
matter of debate and needs to be confirmed. It is worth a mention that
hydroxychloroquine is not effectively removed by any extracorporeal
therapy so even if the drug had contributed to the development of iTTP
in some of these cases which is ambiguous though, the therapeutic effect
of plasma exchange could have been mainly due to the removal of the
circulating antibody i.e. ADAM TS -13 inhibitor present in all four cases,
rather than the drug removal, and steroids could have attenuated the
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further production of antibodies even if the drug persisted in circulation
for a while (Berling et al., 2020).

Ten more cases of Covid-19 associated TMA have been reported one
by Ville et al. a COVID-19 induced relapse of genetic HUS in a lady
which responded to eculizumab (Villi et al., 2021). In the other two
cases TMA occurred in the light of Covid-19 but specific phenotype
could not be established in one due to lack of testing, both responded to
plasma exchange (PEX) steroids and rituximab (Altowyan et al., 2021;
Nicolotti et al., 2021). Beaulieu et al. reported a case of COVID-19
associated cases of iTTP which responded to PEX and caplacizumab
(Beaulieu et al., 2021). Two more cases of aHUS and iTTP complicating
COVID-19 infection were very recently reported however, exposure to
HCQ was not mentioned both responded to PEX (Logan et al., 2020;
El-Sawalhy et al., 2021). Maharaj et al. recently reported a challenging
scenario of a case of recalcitrant iTTP with a past history of frequent
relapses and thrombotic complications, who was recovering from a
recent relapse of TMA. She got readmitted with a COVID-19 pneumonia
complicated by an atypical iTTP relapse which was characterized by an
overwhelming coagulopathy but without a microangiopathic hemolytic
anemia and thrombocytopenia amidst a very low ADAM TS-13 activity
and a detectable inhibitor despite a markedly increased VWF: Ag to
ADAMTS-13 ratio indicating a complex interaction of COVID coagul-
opathy and an underlying iTTP evolving into a unique disease pheno-
type. This challenging case is a mixed bag of COVID-19 induced TTP like
syndrome and a true iTTP. It seems difficult to explain the pathophysi-
ology of this unique phenotype since, in a known case of iTTP the novel
viral infection should have aggravated the basic phenotype because
iTTP can flare amidst an infection known to induce endothelial stress or
injury and COVID-19 is known to cause endotheliitis and injury via
multiple mechanisms.The most plausible explanation for this unique
phenotype reported by Maharaj et al. could be that during this patient’s
recent iTTP flare an exposure to rituximab which was not tolerated well
precluding its further dosing (the dose of rituximab received by this
patient is not mentioned 100 mg or 500 mg or 1 g), could have elseways
masked some features of her iTTP and worsened her COVID disease and
its coagulopathy and negatively influenced the outcome. Since ritux-
imab can markedly influence the course of iTTP by significantly
reducing the flares and sometimes its therapeutic effect could be delayed
even by a month. So her iTTP didn’t worsen in the face of this novel viral
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Fig. 1. The Spectrum of Covid-19 Associated Coagulopathy and Thrombotic microangiopathies.
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Fig. 2. COVID-19 ASSOCIATED CASES OF
CLASSIC THROMBOTIC MICRO-
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SO FAR.
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= Not Done.
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infection possibly due to a delayed rituximab effect even if her
ADAMTS-13 levels were low in presence of an inhibitor at the point of
COVID-19 infection, the tradeoff being a fulminant COVID-19 and its
“pseudo TTP syndrome” dominating with its thrombotic complications”.
Densitometric studies of vVWF multimers in this patient could have hel-
ped to decipher the predominant phenotype with absence of the hy-
peractive and adherent ultra large vWF (ULVWF) multimers favoring the
“COVID-19 induced pseudo TTP” (Maharaj et al., 2021). The relative
safety of rituximab in a critically ill Covid-19 patient is quite concerning
or even disapproving given higher probabilities of an unfavorable
outcome which was also shown in Darnahal et al. case (Darnahal et al.,
2021). In refractory cases of iTTP in the light of this pandemic anti VWF
nanobody caplacizumab is a suitable option if readily available which
could effectively antagonize the ULVWF multimers without influencing
the antibody response to SARS CoV- 2 infection.

In all the sixteen cases of Covid-19 associated classic TMA reported
so far two different phenotypes of TMA evolved in the light of an
ongoing Covid-19 infection and eight of them being on hydroxy-
chloroquine (in six additional cases exposure to HCQ was not
mentioned). A past history of documented TMA was present in three
patients, with the novel virus triggering a flare in the them. Picking up
the real culprit unequivocally in the remaining would be a difficult task.
What should be the future approach in a similar setting? In recovered
patients with an exposure to HCQ, rechallenge with the drug could solve
the puzzle but this re-exposure would be neither ethical nor clinically
prudent since the consequence of a second exposure could be more se-
vere if the drug was the culprit. The role of novel invitro HCQ sensitizing
tests need to be determined as well (Galbiati et al., 2021). The virus
seems to have directly triggered a primary thrombotic microangiopathy
through some novel mechanisms in some of these patients (Fig. 1-D).
However, long term follow- up of the above mentioned patients who
recovered is recommended with collaborative registry data.

The classification of primary versus secondary TMA is not an abso-
lute one since many patients with the genetic variants or even latent
acquired cases of the disease could be clinically silent for years to be
unmasked by a secondary event like infection, endothelial injury, drugs
and pregnancy etc. which act as second hits and at times baffle even the
most experienced in the field regarding the origin of the clinical entity
which could have been the fons et origo in the cases of Tehrani and Safak
(Tehrani et al., 2020; Safak et al., 2021). In these predisposed patients
for TMA both the virus and the drug could operate in tandem or indi-
vidually as second hits by triggering a flare or by unmasking a latent
disease.

The history of HCQ use in medicine has been notable and on a large
scale in treating countless number of patients with malaria and various
connective tissue diseases annually, with HCQ induced TMA being a rare
entity reported in a miniscule of patients (more with the parent drug
quinine) which goes in perfect harmony with only a few cases of TMA
(TTP/HUS) in Covid 19 patients on hydroxychloroquine reported in
literature so far despite the massive use of the drug. As already
mentioned HCQ induced TTP is not a typical iTTP albeit very few cases
of HCQ associated TTP reported so far, hence shutting doors to a possible
novel mechanism behind an iTTP induced by the drug would be
imprudent. Given the intricate and complex interplay of multiple
mechanisms operating in this “inflammatory onslaught” in critically ill
COVID-19 patients, one of the less suspected culprits could easily escape
clinical attention and go virtually unnoticed (Fig. 1 C, D and E) (Varga
et al., 2020; Martinelli et al., 2020).

Summing up the syndrome of COVID-19 associated TMA is not a
single entity but an omnium gatherum of different mechanisms and
etiologies, “the pseudo TTP-like syndrome of COVID-19", “the true-
TTP/HUS flare by COVID-19”, “the true- de novo iTTP/HUS syn-
drome of COVID-19", “the overlap-TTP syndrome of COVID-19" (re-
ported by Mahajan et al) and a possible “drug-induced-TTP/HUS
syndrome occurring in COVID-19". Therefore, in the case of classic
TMA(aHUS/iTTP) in the light of Covid 19, the direct effect of the novel
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virus, an underlying genetic predisposition and even hydroxy-
chloroquine therapy: “before attributing everything to the novel virus it
would be worthwhile to be astute about other possibilities as well until proven
otherwise”.
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