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The systemic capillary leak syndrome following COVID-19 vaccine

Chengjie Zhao*, Ruirui Xue*, Kaile Zhao, Ruoyan Lei, Mingyi Zhao, and Lin Liu

Department of Pediatrics, The Third Xiangya Hospital, Central South University, Changsha, China

ABSTRACT

The COVID-19 outbreak has been declared the sixth Public Health Emergency of International Concern
certified by the World Health Organization. With the extensive application of COVID-19 vaccines, rare but
serious adverse reactions have gradually emerged, among which systemic capillary leak syndrome (SCLS)
deserves our attention. SCLS is difficult to diagnose. Not only can it exacerbate various diseases, but also
can lead to pulmonary edema, kidney failure, and even death. We summarized and discussed case reports
of SCLS induced by COVID-19 vaccines to raise awareness of COVID-19 vaccine-associated rare diseases.
We conducted a comprehensive search in Web of Science, PubMed and Embase and collected case
reports of SCLS induced by COVID-19 vaccine before February 19, 2024. We identified and analyzed 12
articles, encompassing 15 cases. We synthesized the data to summerize possible mechanisms of SCLS,
clinical manifestations, differential diagnoses, and therapeutic approaches. Most SCLS occurred after
vaccination with the Pfe-Biontech mRNA vaccine (9/15) and following the second vaccination (10/15).
Almost all patients experienced hypotension (13/15) and tachycardia (11/15). Most patients received
intravenous fluids (9/15) and corticosteroids (9/15). 11 patients were recovered and were discharged,
while 4 patients died. Inflammation and endothelial cell damage may be linked to SCLS and COVID-19
vaccines. These findings highlight the necessity of focusing on serious adverse reactions of COVID-19
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vaccines and the urgency to reconsider the safety of COVID-19 vaccines.

Introduction

The COVID-19 pandemic, which erupted globally in 2019, has
become one of the most significant health crises of this cen-
tury. Since the outbreak of the COVID-19 pneumonia in 2020,
vaccines have been developed and have proven to be highly
effective in preventing and treating the disease."> The COVID-
19 vaccines are mainly classified into four types based on
the development process, including the mRNA vaccine
(BNT162b2), the non-replicating adenovirus vector-based
DNA vaccines (AZD1222/ChAdOx1), the inactivated virus
vaccine (CoronaVac) and subunit vaccines.>* Although the
safety and efficacy of these vaccines in preventing and treating
COVID-19 pneumonia have been demonstrated, a certain
number of patients have experienced adverse reactions
post-vaccination, including capillary leak syndrome and
anaphylaxis.’

The systemic capillary leak syndrome (SCLS) refers to
a disease characterized by increased permeability of capillaries
to proteins, causing protein-rich fluid to flow from inside the
blood vessels to the tissue space,*” which has been categorized
several types, including idiopathic(Clarkson), drug-induced
and others. The specific and definitive treatment guidelines
for the various subtypes remain to be further defined. The
prominent features of SCLS are hypotension, hemoconcentra-
tion and hypoalbuminemia.® SCLS can be triggered by
a variety of disorders. When capillary leak syndrome occurs

in the context of hematologic malignancy treatment and the
shared pathophysiology of these disorders is to cause a surge in
systemic cytokine storms, resulting in capillary endothelial cell
injury on the cellular level,” thereby increasing capillary per-
meability and leading to the exudation of intravascular mate-
rial. The role of mediators other than cytokines is not well
known. Several studies and case reports have indicated the
possible relationship between COVID-19 vaccination and
SCLS.510-12

Although the causal relationship and specific mechanism
between COVID-19 vaccination and the pathogenesis of SCLS
have not been fully elucidated, the occurrence of rare adverse
reactions post-vaccination has garnered significant clinical
attention. This study summarizes the case reports of SCLS
after COVID-19 vaccination, summarizes its basic informa-
tion, clinical manifestations, vaccination status, etc., and ana-
lyzes the possible mechanisms, which provides a direction for
future related research and helps to improve clinicians” aware-
ness of this rare side effect.

Methods
Search strategy

We consulted authoritative medical databases, including Web
of Science, PubMed and Embase, to extensively collect and
include case reports of SCLS diagnosed after COVID-19
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vaccination worldwide. We meticulously examined the rele-
vant case reports from the beginning until January 30, 2024,
and continued to follow up and study them in depth.On
February 19, 2024, we conducted a second study to ensure
the articles were thoroughly accurateIn addition, we
researched all references in the included case reports to pre-
vent any omissions. The search formula used in PubMed is as
follows:((covid[Title/Abstract] OR cov[Title/Abstract] OR
coronavirus|[Title/Abstract]) AND (vaccine[Title/Abstract] OR
vaccination[Title/Abstract] OR vaccinum[Title/Abstract]))
AND (capillary leak syndrome[Title/Abstract] OR capillary
leak[Title/ Abstract] OR CLS|[Title/Abstract]).We also employed
similar methods and combinations of keywords in Web of
Science and Embase to ensure the accuracy of our search.
Additionally, we screened and excluded reviews, duplicate arti-
cles, experimental studies, observational studies and case reports
with incomplete clinical information.

Data extraction

Firstly, we respectively retrieved 43, 21 and 31 relevant
articles in Web of Science, PubMed and Embase databases

using the above keywords and search formulas. Secondly,
we filtrated duplicate articles (n=40) from different data-
bases. After removing these duplicate articles, we obtained
55 research articles, which were included in the scope of
case screening. Finally, through careful browsing of these
55 articles, we selected 12 eligible articles, including 15
cases, which reported capillary leak syndrome within
a certain period after COVID-19 vaccination, which is
presented in Figure 1.

We systematically extracted and integrated the first
author of each article as a representative to summarize
the useful information of each study. We collected infor-
mation about patients by category. The basic information
includes the patient ‘s age, gender and region. Clinical
features include the year of onset, past medical history,
and clinical presentation. In addition, we also collected
information related to vaccines, including the vaccine
type, the vaccination times, time of onset after vaccination
as well as data on treatment, outcome(recovery or died),
and course of disease. These data have been compiled in
Table 1. At the same time, we also summarized the highly
relevant laboratory data and presented them in Table 2.

Identification of studies via databases and registers

Records removed before

> screening,including
duplications =40

Records excluded after

_5 Records identified from
® database searching
= n = 43 (Web of Science)
Z n =21 (PubMed)
3 n = 31 (Embase)
A4
Records screened after
reading titles or/and
abstracts
(n =55)
o
c
=
o
Q
(3]
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Reports assessed for
eligibility
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Studies included in
meta-analysis
(n=12)

Figure 1. PRISMA flow diagram for study selection.
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Table 2. Physical and laboratory examination of 15 patients from case reports.

HUMAN VACCINES & IMMUNOTHERAPEUTICS e 5

Physical examination

Laboratory examination

Reference Blood pressure, mmHg Hemoglobin, g/L Hematocrit, % Creatinine, mg/dL Albumin, g/L
Normal 90-139/60-89 137-168 40-52 0.7-1.2 35-50
Buj M et al.” Y(72/51 mmHg) 236 70 3.8 17
Matheny M et al." Y 201 62 2.59 11
Y 233 68.6 1.5 20
Y 199 62.8 24 23
Robichaud J et al® N(93/60 mmHg) 224 65 15 28
Yang Cet al. Y 176 52 None 28
Yatsuzuka K et al.’® Y(87/59 mmHg) None None 1.65 26
Akiyama Y et al."” Y(97/50 mmHg) 222 67.5 1.51 32
Tanabe M et al.”® Y(81/60 mmHg) 156 47 0.93 36
Araki T et al.”® Y(66/-mmHg) 208 None None 8
Madala N et al.?® Y(80/60 mmHg) None None None None
Inoue M et al.?! Y(86/52 mmHg) 241 723 0.22 18
Choi GJ et al.? Y(60/40 mmHg) 227 63.7 2 33
Kosaka A et al.> N(110/71 mmHg) 123 36.7 0.84 36
N(169/119 mmHg) 217 62.9 1.86 None

Y means the patient had hypotension.
N means the patient had not hypotension.

Results
Basic information

The basic information of the 15 cases included in the ultimate
analysis is as follows. The majority of the 15 patients were from
Asia (7 from Japan and 1 from South Korea), with the rest
from North America (4 from the United States of America and
2 from Canada) and Europe (1 from Spain). The mean age of
the 15 patients was 53 years old, the median age was 56 years
old, and the range was 30 years old (36-66 years old). Among
them, 7 were female (mean age 51.6 years, median age 58
years) and 8 were male (mean age 54.3 years, median age
54.5 years). Regarding past medical history, 4 patients ever
had SCLS and 2 patients had hypertension. All patients were
vaccinated with COVID-19 vaccine, including 9 cases of
Pfizer-BioNTech mRNA vaccine jointly developed by Pfizer
and BioNTech. 2 cases were vaccinated with Johnson &
Johnson, Janssen, a vaccine developed by the Dutch arm of
the US pharmaceutical company Johnson & Johnson Group. 2
cases were vaccinated with the Oxford-AstraZeneca AZD1222
COVID-19 vaccine developed jointly by AstraZeneca and
Oxford University, and 1 case was vaccinated with the
Moderna COVID-19 vaccine developed by Moderna. Among
them, most of the patients (10 cases) developed SCLS after
the second vaccination, followed by 3 cases after the first
vaccination, 1 case after the fourth vaccination, and 1 case
did not mention the vaccination times.

Clinical characteristics

We collected and summarized the clinical presentations of 15
patients, detailed in Table 1. Most of the patients (11 cases)
developed SCLS within one week of vaccination, of which 4
cases developed within one day of vaccination, 4 cases devel-
oped two days later, and 2 cases developed four days later. Of
the 15 patients, 8 experienced generalized discomfort and pain.
9 patients developed fever. As many as 13 patients presented
hypotension, and 11 of them showed tachycardia. Respiratory-
related symptoms were found in 8 patients, including

wheezing and dyspnea. 7 patients had gastrointestinal symp-
toms, including nausea, vomiting and diarrhea.

Physical & laboratory examination

The results of physical and laboratory tests that are highly
associated with SCLS and commonly performed are presented
in Table 2. Among the 15 cases included, hemoglobin was
measured in 13 patients, with 11 showing elevated levels.
Hematocrit was measured in 12 patients, of which 9 patients
had elevated hematocrit. Creatinine was measured in 12
patients, with 9 showing increases. Albumin was measured in
13 patients, 11 of whom had low albumin. All patients had
their blood pressure measured and 13 of them had
hypotension.

Treatment

The treatment and prognosis summary for 15 patients is pre-
sented in Table 1. Drug therapy included intravenous infusion
(9 cases), corticosteroid therapy (9 cases), intravenous immu-
noglobulin (6 cases), vasopressors (6 cases), antibiotic therapy
(5 cases), renal replacement therapy (3 cases), crystalloid ther-
apy (4 cases), and albumin therapy (3 cases). Two patients
received intubation treatment, and one patient was treated
with anticoagulation therapy plus intravenous administration
of unfractionated heparin.

Eleven patients were successfully cured, while four patients
died due to ineffective treatment, specifically due to additional
SCLS complications worsening (case 2), cardiac arrest (case
11), worsening hypotensive shock (case 13), and secondary
pulmonary edema with respiratory failure (case 14). Among
those who recovered and were discharged, the duration of
illness ranged from two days to three weeks.

Discussion

In summary, we have collected and discussed a series of cases
of SCLS following COVID-19 vaccination, describing the rare
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association between systemic capillary leakage and COVID-19
vaccine administration. SCLS is a rare disorder with an unclear
etiology, characterized by recurrent and unpredictable epi-
sodes of capillary leakage, although it is thought to be caused
by a combination of endothelial contraction, cell apoptosis,
and damage.

Because the symptoms and signs of SCLS are very similar to
many other diseases, diagnosing SCLS requires clinical evalua-
tion and the exclusion of other conditions that cause similar
symptoms and signs, such as vascular edema, allergic reac-
tions, and sepsis.” The SCLS diagnostic triad is composed of
the “3 Hs:” Mhypotension (typically systolic blood pressure
<90 mm Hg); @ hemoconcentration (men >49% to 50% and
43% to 45% in women, or hemoglobin >20 g/dL); ®hypoalbu-
minemia (serum albumin <3.0 g/dL) in the absence of second-
ary causes for such abnormalities.”* After fluid resuscitation,
severe, rapidly developing systemic edema of the face, trunk,
and extremities usually occurs,” which matches the clinical
presentation of our cases. However, these clinical criteria are
nonspecific and not present in all cases, making the predictive
diagnosis of SCLS challenging. Research reports suggest that
mRNA vaccines pose a greater risk than viral vector vaccines,
although they perform well in preventing COVID-19. This is
largely consistent with the statistical results regarding the types
of vaccines administered to the patients."®

According to what we found, most of the patients presented
with prodromal symptoms such as weakness, dizziness, and
extreme fatigue early in the course of the disease, which is
consistent with the presentation of 25 patients suffering from
systemic capillary leakage syndrome from 1981 to 2008 as
documented by Prashant Kapoor et al.*®> In patients with
capillary leakage syndrome, the increased permeability of the
capillaries leads to the outflow of protein-rich fluid from
the capillaries into the interstitial space, which is a key
factor causing hypotension in most patients.’® In order to
compensate for the hypotension-induced perfusion deficit in
a short period of time, the heart rate of the patient will accel-
erate, which leads to the simultaneous occurrence of hypoten-
sion and tachycardia.

It is worth noting that respiratory disorders such as dyspnea
and chest pain were present in more than half of the patients
we recorded. This presentation may be associated with exuda-
tive pleural effusion, as confirmed in previous studies.*® In the
presence of hypovolemia, secondary activation of the renin,
angiotensin, and aldosterone systems will further promote
sodium and water retention and cause generalized multisystem
edema. If the edema occurs in the gastrointestinal tract, the
patient may experience abdominal pain, nausea, and vomiting.
This mechanism explains the presence of gastrointestinal reac-
tions in close to half of the patients we documented.® In terms
of clinical presentation, capillary leakage, sepsis and septicemia
can all lead to fever and shock, which need to be treated by
empirical antimicrobials and identified by cultures and clinical
evaluation.”® Also, anaphylaxis can interfere with the diagnosis
and requires further differentiation.””

In laboratory examinations, when SCLS occurs, protein-
rich plasma is lost from the blood vessels to the surrounding
interstitial fluid, resulting in hypoproteinemia. Albumin is the
most abundant protein in serum. Studies have shown that

trauma may be a trigger for SCLS. Following injury, liver
protein synthesis changes from albumin to acute phase reac-
tants and immune mediators,*® which makes hypoproteinemia
more dramatic and stubborn. Low albumin levels are strongly
positively correlated with adverse disease outcomes.*” In con-
trast, erythrocytes are larger and usually remain within blood
vessels, so when plasma is lost, the relative concentration of
erythrocytes and the hemoglobin in them increases, resulting
in hemoconcentration. Hemoglobin levels typically exceed
20 g/dL and do not improve with intravenous saline, making
SCLS easily misdiagnosed as polycythemia vera,’® and possi-
bly resulting in ineffective bloodletting therapy’' that aggra-
vates the condition. It is worth nothing that elevated
hemoglobin levels may be masked by underlying anemia,*
and patients with slower-developing SCLS may not show
hemoconcentration.® Acute kidney injury (AKI) is the most
common organ injury in SCLS,”® which is often caused by
reduced renal perfusion due to low blood volume.”* AKI is
characterized by a sharp drop in glomerular filtration rate
followed by an increase in serum creatinine concentration
and oliguria.>® Gosling et al. showed that microalbuminuria
(urinary protein to creatinine ratio, ACR) can reflect rapid
changes in systemic capillary permeability and is an indicator
of the severity of SCLS.>® Tn our case, most patients had
decreased albumin levels, increased hematocrit levels, ele-
vated hemoglobin levels, and elevated creatinine levels,
which were consistent with the above analysis and the diag-
nostic indicators of SCLS.

Since the SCLS we studied is a rare adverse event that may
be caused by the COVID-19 vaccines, the treatment strategies
were based on clinical data observation rather than control
experiments. Although many of our patients have undergone
corticosteroid therapy, the related drug trials have not been
shown to be effective. In most patients, steroids cannot prevent
the progression of the disease.” This syndrome has a fatal risk,
with nearly one-third of our cases resulting in death. At the
same time, SCLS is also self-limiting, and conservative treat-
ment is essential for patients in the acute phase.”” Because the
pathological mechanism of SCLS is the transfer of protein and
liquid caused by high permeability of capillaries, resulting in
blood concentration and low serum albumin, liquid therapy is
not effective in acute attacks and may also aggravate pulmon-
ary edema. Fishel et al. believed that when the capillary leakage
syndrome was caused by infection or inflammation, the use of
excessive crystal solution treatment might cause pulmonary
edema and hinder tissue oxygen supply. At this time, the use of
albumin and other colloidal solution treatment may be more
effective.’®

Most patients received IVIg treatment. Previous studies
have shown that IVIg is well-tolerated, can prevent acute flares
of systemic capillary leak syndrome, and helps to reduce the
frequency of SCLS-related residual symptoms such as fatigue,
general discomfort and limb swelling.”® TVIg also has the
characteristics of anti-cytokines and immune regulation, and
can inhibit the synthesis of interleukins, especially IL-2, which
may be related to the mechanism of SCLS.* By interacting
with complements, IVIg can also reduce complement-
mediated tissue damage by removing the active components
of the scavenger and transferring complements to target



cells.*' However, the optimal treatment regimen, dose and
duration of IVIg still need to be further studied. It is confirmed
that IVIg may be considered as frontline therapy for subjects
with a clear-cut diagnosis of SCLS and recurrent attacks. Given
the rarity of SCLS, we need more patient treatment experience
to further determine whether IVIg can be used as the primary
treatment.””*?

The specific mechanism of SCLS induced by COVID-19
vaccines is not completely clear, but literature suggests that
both viral vector and mRNA COVID-19 vaccines induce
strong activation of CD8+ T cells and CD4+ T cells, as well
as the production of TNF-a, IFN-y, and IL-2'°. Elevated
IL-2 plays an important role in the inflammatory response
and cytokine storm in COVID-19 patients.*’ At the same
time, IL-2 can enhance the production of nitric oxide
synthase (NOS) and induce the production of NO, which
directly or indirectly damages capillaries and leads to fluid
leakage.** Lim WC et al. showed that the expression of IL-
6, G-CSF and GM-CSF in endothelial cells increased sig-
nificantly under the synergistic effect of TNF-a and IFN-
v.*> In addition, Karki R et al. showed that the synergistic
effect of TNF-a and IFN-y could directly cause endothelial
cell injury.*® IL-6 directly affects vascular endothelial cells,
produces multiple types of cytokines and chemokines, and
activates the coagulation cascade, resulting in endothelial
dysregulation characterized by coagulation disorders and
vascular leakage,”” while triggering cytokine storms.
Cytokine storms will activate more immune cells, further
aggravating endothelial cell injury and SCLS, forming
a vicious cycle (Figure 2).
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We observed the occurrence of monoclonal gammopathy of
undetermined significance ( MGUS) with unknown signifi-
cance in the collected cases. MGUS is defined as a plasma cell
dyscrasia with a predominant increase of the IgG immunoglo-
bulin fraction without end-organ damage, and the clinical
absence of symptoms attributable to a plasma cell proliferative
disorder like hypercalcemia, renal insufficiency, anemia, and
bone lesions.*® And three of them had a past medical history of
MGUS, and five patients were diagnosed with MGUS in their
present medical history. Different from other vascular leakage
syndromes, this disease is currently only found in adult SCLS
patients. It is reported that up to 79% of adult SCLS patients
are diagnosed with MGUS,* corresponding with the data we
collected, which has not been observed in the pediatric cohort.
The most common monoclonal immune protein is IgG kappa.

Capillary leakage can also be caused by a variety of dis-
eases, such as autoimmune diseases, differentiation syn-
drome, graft syndrome, etc. Not only that, some
monoclonal antibodies and anticancer drugs, including
some interleukins, can also cause capillary leakage, often
accompanied by AKI. In addition to hypotension, cytokines
may play an important role in the pathophysiology of AKI
caused by capillary syndrome.” Whole-exome sequencing of
patients and their unaffected first-degree relatives revealed
rare compound heterozygous pathogenic nucleotide varia-
tions that may follow recessive inheritance, such as
ZNF407 (both nuclear binding proteins), NPC1L1, TECPR1
(all protein binding genes), which is helpful for the study of
the pathogenesis of SCLS. Genetic analysis showed that the
phenotype of SCLS could not be explained by a single gene
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or a germline exome mutation of a known pathway. The
results cannot rule out that one of the causes of SCLS is
genetic variation. Rare variations of various genes have been
found in individual patients in the study cohort. A large
number of gene interactions may produce a common phe-
notype leading to the occurrence and development of SCLS.
In addition, genetic changes in non-coding regions such as
intron sequence variations or epigenetic modifications may
also induce SCLS. Confirmation of this view requires addi-
tional methods, such as whole genome sequencing or DNA
methylation analysis. Another possibility is that SCLS may
be caused by a complex interaction of two or more gene
variants. However, current studies have not confirmed or
overturned the more complex genetic regulatory mechan-
isms that may exist in SCLS.”” An interesting finding is
that most of the patients in our cases showed SCLS after
the second dose of vaccination. The specific reason is not
clear, and further research is needed. Additionally, one-third
of patients have a history of SCLS and are re-attacked after
being vaccinated against COVID-19, which may also become
a new entry point for clinicians in the diagnosis of SCLS.

Conclusion

In this paper, we systematically studied the SCLS reported
after COVID-19 vaccination, and its pathogenesis is still
unclear. When patients have acute fever after vaccination
with COVID-19 vaccines and are accompanied by hypoten-
sion, vomiting, physical discomfort, and tachycardia, in
addition to common adverse reactions such as sepsis, aller-
gic reactions, and infections, clinicians also need to pay
attention to SCLS. SCLS can be differentiated by the typical
triad of hypotension, blood concentration, and hypoalbumi-
nemia. Early diagnosis are crucial for the prognosis of
COVID-19 vaccination in SCLS patients. In particular, clin-
ical risk assessment and safety monitoring should be per-
formed in patients with a history of SCLS who receive
COVID-19 vaccinations. When carrying out the second
dose of vaccination, we should also pay more attention to
the occurrence of rare diseases such as SCLS.

Author contribution

Chengjie = Zhao:  Conceptualization, = Methodology,
Investigation, Writing - Original Draft. Ruirui Xue:
Methodology, Investigation, Writing - Original Draft,
Visualization. Kaile Zhao: Methodology, Investigation,
Writing - Original Draft. Ruoyan Lei: Methodology,
Investigation. Mingyi Zhao: Conceptualization, Writing -
Original Draft, Funding acquisition. Lin Liu: Supervision,
Writing - Review & Editing, Funding acquisition.

Disclosure statement

No potential conflict of interest was reported by the author(s).

Funding

This study was funded by the Wisdom Accumulation and Talent
Cultivation Project of the Third xiangya hospital of Central South
University [YX202212]. National Natural Science Foundation of China
[82102280]. Natural Scientific Foundation of Hunan Province
[2022]]30893].

ORCID

Lin Liu () http://orcid.org/0009-0002-7726-0241

Acknowledgments

The authors thank everyone who has contributed to this study, especially
Dan Li who provided a schematic diagram for this article.

Abbreviation

SCLS systemic capillary leak syndrome

AKI acute kidney injury

ACR microalbuminuria

IVIg intravenous immunoglobulin

IL interleukin

IFN interferon

TNF tumor necrosis factor

GM-CSF  granulocyte-macrophage colony-stimulating factor
G-CSF H-granulocyte colony-stimulating factor

MGUS monoclonal gammopathy of undetermined significance

Data availability statement

All data generated in this article are included in the paper and supple-
mentary materials.

Ethical approval statement

The work described has been carried out in accordance with The Code of
Ethics of the World Medical Association (Declaration of Helsinki) for
experiments involving humans.

References

1. Marra AR, Kobayashi T, Suzuki H, Alsuhaibani M, Schweizer ML,
Diekema DJ, Tofaneto BM, Bariani LM, Auler MDA, Salinas JL,
et al. The long-term effectiveness of coronavirus disease 2019
(COVID-19) vaccines: a systematic literature review and
meta-analysis. Antimicrob Stewardship & Healthcare Epidemiol:
ASHE. 2022;2(1):e22-e. d0i:10.1017/ash.2021.261.

2. Tenforde MW, Olson SM, Self WH, Talbot HK, Lindsell CJ,
Steingrub JS, Shapiro NI, Ginde AA, Douin DJ, Prekker ME,
et al. Effectiveness of Pfizer-BioNTech and moderna vaccines
against COVID-19 among hospitalized adults aged >65 years —
United States, January-March 2021. MMWR Morb Mortal Wkly
Rep. 2021;70(18):674-9. doi:10.15585/mmwr.mm7018el.

3. Jackson LA, Anderson EJ, Rouphael NG, Roberts PC, Makhene M,
Coler RN, McCullough MP, Chappell JD, Denison MR, Stevens L],
et al. An mRNA vaccine against SARS-CoV-2 — preliminary
report. N Engl J Med. 2020;383(20):1920-31. doi:10.1056/
NEJMo0a2022483.

4. Jin L, Li Z, Zhang X, Li J, Zhu F. CoronaVac: a review of efficacy,
safety, and immunogenicity of the inactivated vaccine against
SARS-CoV-2. Hum Vaccines & Immunotherapeut. 2022;18
(6):18. doi:10.1080/21645515.2022.2096970.


https://doi.org/10.1017/ash.2021.261
https://doi.org/10.15585/mmwr.mm7018e1
https://doi.org/10.1056/NEJMoa2022483
https://doi.org/10.1056/NEJMoa2022483
https://doi.org/10.1080/21645515.2022.2096970

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

. Afshar ZM, Pirzaman AT, Liang JJJ, Sharma A, Pirzadeh M,

Babazadeh A, Hashemi E, Deravi N, Abdi S, Allahgholipour A,
et al. Do we miss rare adverse events induced by COVID-19
vaccination? Front Med. 2022;9:9. doi:10.3389/fmed.2022.933914.

. Siddall E, Khatri M, Radhakrishnan J. Capillary leak syndrome:

etiologies, pathophysiology, and management. Kidney Int. 2017;92
(1):37-46. doi:10.1016/j.kint.2016.11.029.

. Druey KM. Narrative review: the systemic capillary leak syndrome.

Ann Intern Med. 2010;153(2):90-W32. doi:10.7326/0003-4819-
153-2-201007200-00005.

. Robichaud J, Cote C, Cote F. Systemic capillary leak syndrome

after ChAdOx1 nCOV-19 (Oxford-AstraZeneca) vaccination. Can
Med Assoc J. 2021;193(34):1341-4. doi:10.1503/cmaj.211212.

. Siddall E, Radhakrishnan J. Capillary leak syndrome: a cytokine

and catecholamine storm? Kidney Int. 2019;95(5):1009-11. doi:10.
1016/j.kint.2019.03.001.

Ruggiero R, Balzano N, Di Napoli R, Mascolo A, Berrino PM,
Rafaniello C, Sportiello L, Rossi F, Capuano A. Capillary leak
syndrome following COVID-19 vaccination: data from the
European pharmacovigilance database eudravigilance. Front
Immunol. 2022;13:13. doi:10.3389/fimmu.2022.956825.

Park J, Kim D, Song T-J. A disproportionality analysis for asso-
ciation of systemic capillary leak syndrome with COVID-19
vaccination using the World health organization pharmacovigi-
lance database. Vaccines. 2022;10(6):835. doi:10.3390/vac
cines10060835.

Folegatti PM, Jenkin D, Morris S, Gilbert S, Kim D, Robertson JS,
Smith ER, Martin E, Gurwith M, Chen RT, et al. Vaccines based on
the replication-deficient simian adenoviral vector ChAdOx1: stan-
dardized template with key considerations for a risk/benefit
assessment. Vaccine. 2022;40(35):5248-62. doi:10.1016/j.vaccine.
2022.06.008.

Buj M, Morales-Varas G, Pedrosa-Guerrero A, Alonso-Ciria E.
Sindrome de fuga capilar sistémica tras infeccion por SARS-CoV
-2 y tras vacunacion contra COVID-19: una revision de alcance
a propésito de un caso. Rev Clin Esp. 2022;222(6):374-6. doi:10.
1016/j.rce.2021.11.006.

Matheny M, Maleque N, Channell N, Eisch AR, Auld SC,
Banerji A, Druey KM. Severe exacerbations of systemic capillary
leak syndrome after COVID-19 vaccination: a case series. Ann
Intern Med. 2021;174(10):1476-8. doi:10.7326/121-0250.

Yang C, Tsang MYC, Zypchen LN, Luong C. Pericardial effusion
and systemic capillary leak syndrome late post-SARS-CoV-2
vaccination. BMJ Case Rep. 2023;16(10):16. doi:10.1136/bcr-
2023-256527.

Yatsuzuka K, Murakami M, Kuroo Y, Fukui M, Yoshida S, Muto J,
Shiraishi K, Sayama K. Flare-up of generalized pustular psoriasis
combined with systemic capillary leak syndrome after coronavirus
disease 2019 mRNA vaccination. ] Dermatol. 2022;49(4):454-8.
doi:10.1111/1346-8138.16271.

Akiyama Y, Inagaki T, Morioka S, Kusano E, Ohmagari N.
Exacerbations of idiopathic systemic capillary leak syndrome fol-
lowing BNT162b2 mRNA COVID-19 vaccine (Pfizer-BioNTech).
Intern Med. 2023;62(13):2013-7. d0i:10.2169/internalmedicine.
1682-23.

Tanabe M, Hikone M, Sugiyama K, Hamabe Y. Systemic capillary
leak syndrome complicated by laryngeal edema after severe acute
respiratory syndrome coronavirus 2 vaccination. Acute Med &
Surg. 2021;8(1):8. doi:10.1002/ams2.700.

Araki T, Morimoto R, Ito R, Mizutani T, Kimura Y, Kazama S,
Oishi H, Kuwayama T, Hiraiwa H, Kondo T, et al. A case of
systemic capillary leak syndrome with severe cardiac dysfunction
after mRNA vaccination for COVID-19. CJC Open. 2022;4
(7):656-9. doi:10.1016/j.cjco.2022.03.008.

Madala N, Adhikari P, Chaparala S, Hawwa R. Systemic capillary
leak syndrome: what is the trigger; covid-19 infection or
vaccination? Chest. 2022;161(6):535A-A. doi:10.1016/j.chest.
2022.04.069.

Inoue M, Yasue Y, Kobayashi Y, Sugiyama Y. Systemic capillary
leak syndrome (SCLS) after receiving BNT162b2 mRNA

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

HUMAN VACCINES & IMMUNOTHERAPEUTICS e 9

COVID-19 (Pfizer-BioNTech) vaccine. BM] Case Rep. 2022;15
(3):15. doi:10.1136/bcr-2022-248927.

Choi G-J, Baek SH, Kim J, Kim JH, Kwon G-Y, Kim DK, Jung YH,
Kim S. Fatal systemic capillary leak syndrome after SARS-CoV-2
vaccination in patient with multiple myeloma. Emerg Infect Dis.
2021;27(11):2973-5. d0i:10.3201/eid2711.211723.

Kosaka A, Goto T, Washino T, Sakamoto N, Iwabuchi S,
Nakamura-Uchiyama F. Two cases of systemic capillary leak syn-
drome associated with COVID-19 in Japan. J Infect Chemother.
2024;30(3):250-4. doi:10.1016/j.jiac.2023.10.005.

Anipindi M, Kacarow ], Bitetto D. Systemic capillary leak syn-
drome (SCLS) presentation in patients receiving anti-cancer
treatments. Cureus. 2023;15:38335. doi:10.7759/cureus.38335.
Kapoor P, Greipp PT, Schaefer EW, Mandrekar SJ, Kamal AH,
Gonzalez-Paz NC, Kumar S, Greipp PR. Idiopathic systemic capil-
lary leak syndrome (Clarkson’s disease): the mayo clinic experience.
Mayo Clinic Proc. 2010;85(10):905-12. doi:10.4065/mcp.2010.0159.
Dhir V, Arya V, Malav IC, Bs BS, Gupta R, Dey AB. Idiopathic
systemic capillary leak syndrome (SCLS): case report and systema-
tic review of cases reported in the last 16 years. Intern Med.
2007;46(12):899-904. doi:10.2169/internalmedicine.46.6129.

Xie Z, Chan E, Yin Y, Ghosh CC, Wisch L, Nelson C, Young M,
Parikh SM, Druey KM. Inflammatory markers of the systemic
capillary leak syndrome (Clarkson disease). J Clin Cell Immunol.
2014;5:1000213. d0i:10.4172/2155-9899.1000213.

Stein DM, Scalea TM. Capillary leak syndrome in trauma: what is
it and what are the consequences? Adv Surg. 2012;46(1):237-53.
doi:10.1016/j.yasu.2012.03.008.

Lambadiari V, Korakas E, Oikonomou E, Bletsa E, Kountouri A,
Goliopoulou A, Ikonomidis I, Siasos G. COVID-19, endothelium
and the cardiometabolic patient: a possible role for capillary leak
syndrome. Biomedicines. 2022;10(10):2379. doi:10.3390/biomedi
cines10102379.

Eo TS, Chun KJ, Hong SJ, Kim JY, Lee IR, Lee KH, Eisenhut M,
Kronbichler A, Shin JI. Clinical presentation, management, and
prognostic factors of idiopathic systemic capillary leak syndrome:
a systematic review. The J Allergy And Clin Immunol: In Pract.
2018;6(2):609-18. doi:10.1016/j.jaip.2017.07.021.

Druey KM, Parikh SM. Idiopathic systemic capillary leak syn-
drome (Clarkson disease). J Allergy Clin Immunol. 2017;140
(3):663-70. doi:10.1016/j.jaci.2016.10.042.

Kawabe S, Saeki T, Yamazaki H, Nagai M, Aoyagi R, Miyamura S.
Systemic capillary leak syndrome. Intern Med. 2002;41(3):211-5.
doi:10.2169/internalmedicine.41.211.

Udayabhaskaran V, Arun Thomas ET, Shaji B. Capillary leak
syndrome following snakebite envenomation. Indian ] Crit Care
Med. 2017;21(10):698-702. d0i:10.4103/ijccm.JJCCM_41_17.
Izzedine H, Mathian A, Amoura Z, Ng JH, Jhaveri KD. Anticancer
drug-induced capillary leak syndrome. Kidney Int Rep. 2022;7
(5):945-53. doi:10.1016/j.ekir.2022.02.014.

Levey AS, James MT. Acute kidney injury. Ann Intern Med.
2017;167(9):ITC65+. doi:10.7326/aitc201711070.

Gosling P, Brudney S, McGrath L, Riseboro S, Manji M.
Mortality prediction at admission to intensive care:
a comparison of microalbuminuria with acute physiology
scores after 24 hours. Crit Care Med. 2003;31(1):98-103.
d0i:10.1097/00003246-200301000-00016.

Lee YS, Kim SY, Kwon CW, Song HG, Lee YK, Kim HJ, Zang DY.
Two cases of systemic capillary leak syndrome that were treated
with pentastarch. Korean J Intern Med. 2007;22(2):130-2. doi:10.
3904/kjim.2007.22.2.130.

Fishel RS, Are C, Barbul A. Vessel injury and capillary leak. Crit
Care Med. 2003;31(Supplement):502-11. do0i:10.1097/01.Ccm.
0000081431.50015.46.

Xie Z, Chan EC, Long LM, Nelson C, Druey KM. High-dose
intravenous immunoglobulin therapy for systemic capillary leak
syndrome (Clarkson disease). Am ] Med. 2015;128(1):91-5. doi:10.
1016/j.amjmed.2014.08.015.

Lambert M, Launay D, Hachulla E, Morell-Dubois S, Soland V,
Queyrel V, Fourrier F, Hatron P-Y. High-dose intravenous


https://doi.org/10.3389/fmed.2022.933914
https://doi.org/10.1016/j.kint.2016.11.029
https://doi.org/10.7326/0003-4819-153-2-201007200-00005
https://doi.org/10.7326/0003-4819-153-2-201007200-00005
https://doi.org/10.1503/cmaj.211212
https://doi.org/10.1016/j.kint.2019.03.001
https://doi.org/10.1016/j.kint.2019.03.001
https://doi.org/10.3389/fimmu.2022.956825
https://doi.org/10.3390/vaccines10060835
https://doi.org/10.3390/vaccines10060835
https://doi.org/10.1016/j.vaccine.2022.06.008
https://doi.org/10.1016/j.vaccine.2022.06.008
https://doi.org/10.1016/j.rce.2021.11.006
https://doi.org/10.1016/j.rce.2021.11.006
https://doi.org/10.7326/l21-0250
https://doi.org/10.1136/bcr-2023-256527
https://doi.org/10.1136/bcr-2023-256527
https://doi.org/10.1111/1346-8138.16271
https://doi.org/10.2169/internalmedicine.1682-23
https://doi.org/10.2169/internalmedicine.1682-23
https://doi.org/10.1002/ams2.700
https://doi.org/10.1016/j.cjco.2022.03.008
https://doi.org/10.1016/j.chest.2022.04.069
https://doi.org/10.1016/j.chest.2022.04.069
https://doi.org/10.1136/bcr-2022-248927
https://doi.org/10.3201/eid2711.211723
https://doi.org/10.1016/j.jiac.2023.10.005
https://doi.org/10.7759/cureus.38335
https://doi.org/10.4065/mcp.2010.0159
https://doi.org/10.2169/internalmedicine.46.6129
https://doi.org/10.4172/2155-9899.1000213
https://doi.org/10.1016/j.yasu.2012.03.008
https://doi.org/10.3390/biomedicines10102379
https://doi.org/10.3390/biomedicines10102379
https://doi.org/10.1016/j.jaip.2017.07.021
https://doi.org/10.1016/j.jaci.2016.10.042
https://doi.org/10.2169/internalmedicine.41.211
https://doi.org/10.4103/ijccm.IJCCM_41_17
https://doi.org/10.1016/j.ekir.2022.02.014
https://doi.org/10.7326/aitc201711070
https://doi.org/10.1097/00003246-200301000-00016
https://doi.org/10.3904/kjim.2007.22.2.130
https://doi.org/10.3904/kjim.2007.22.2.130
https://doi.org/10.1097/01.Ccm.0000081431.50015.46
https://doi.org/10.1097/01.Ccm.0000081431.50015.46
https://doi.org/10.1016/j.amjmed.2014.08.015
https://doi.org/10.1016/j.amjmed.2014.08.015

10 (&) C.ZHAOETAL.

41.

42.

43.

44.

45.

immunoglobulins dramatically reverse systemic capillary leak
syndrome. Crit Care Med. 2008;36(7):2184-7. d0i:10.1097/
CCM.0b013e31817d7c71.

Basta M, Fries LF, Frank MM. High doses of intravenous Ig
inhibit in vitro uptake of C4 fragments onto sensitized
erythrocytes. Blood. 1991;77(2):376-80. doi:10.1182/blood.V77.
2.376.376.

Moyon Q, Pineton de Chambrun M, Gousseff M, Mathian A,
Hie M, Urbanski G, Verlicchi F, Faguer S, Dossier A, Lega J-C,
et al. Intravenous immunoglobulins tapering and withdrawal in
systemic capillary leak syndrome (Clarkson disease). J Allergy Clin
Immunol Pract. 2022;10(11):2889-95. do0i:10.1016/j.jaip.2022.07.006.
Naeini LG, Abbasi L, Karimi F, Kokabian P, Abyaneh FA,
Naderi D, Hu W. The important role of Interleukin-2 in
COVID-19. J Immunol Res. 2023;2023:1-13. doi:10.1155/2023/
7097329.

Orucevic A, Lala PK. Role of nitric oxide in IL-2 therapy-induced
capillary leak syndrome. Cancer Metastasis Rev. 1998;17
(1):127-42. doi:10.1023/2:1005969024182.

Lim WC, Olding M, Healy E, Millar TM. Human endothelial cells
modulate CD4+ T cell populations and enhance regulatory T cell
suppressive capacity. Front Immunol. 2018;9:9. doi:10.3389/
fimmu.2018.00565.

46.

47.

48.

49.

50.

Karki R, Sharma BR, Tuladhar S, Williams EP, Zalduondo L,
Samir P, Zheng M, Sundaram B, Banoth B, Malireddi RKS, et al.
Synergism of TNF-a and IFN-y triggers inflammatory cell death,
tissue damage, and mortality in SARS-CoV-2 infection and cyto-
kine shock syndromes. Cell. 2021;184(1):149-68.e17. doi:10.1016/
j.cell.2020.11.025.

Kang S, Kishimoto T. Interplay between interleukin-6 signaling
and the vascular endothelium in cytokine storms. Experiment
Molecul Med. 2021;53(7):1116-23. doi:10.1038/s12276-021-
00649-0.

Kaur J, Valisekka SS, Hameed M, Bandi PS, Varma S,
Onwughalu CJ, Ibrahim H, Mongia H. Monoclonal gammopathy
of undetermined significance: a comprehensive review. Clin
Lymphoma Myeloma Leuk. 2023;23(5):195-212. doi:10.1016/j.
clml.2023.02.004.

Gousseff M. The systemic capillary leak syndrome: a case series of
28 patients from a European registry. Ann Intern Med. 2011;154
(7):464. doi:10.7326/0003-4819-154-7-201104050-00004.

Pierce R, Ji W, Chan EC, Xie Z, Long LM, Khokha M,
Lakhani S, Druey KM. Whole-exome sequencing of adult and
pediatric cohorts of the rare vascular disorder systemic capil-
lary leak syndrome. Shock. 2019;52(2):183-90. doi:10.1097/shk.
0000000000001254.


https://doi.org/10.1097/CCM.0b013e31817d7c71
https://doi.org/10.1097/CCM.0b013e31817d7c71
https://doi.org/10.1182/blood.V77.2.376.376
https://doi.org/10.1182/blood.V77.2.376.376
https://doi.org/10.1016/j.jaip.2022.07.006
https://doi.org/10.1155/2023/7097329
https://doi.org/10.1155/2023/7097329
https://doi.org/10.1023/a:1005969024182
https://doi.org/10.3389/fimmu.2018.00565
https://doi.org/10.3389/fimmu.2018.00565
https://doi.org/10.1016/j.cell.2020.11.025
https://doi.org/10.1016/j.cell.2020.11.025
https://doi.org/10.1038/s12276-021-00649-0
https://doi.org/10.1038/s12276-021-00649-0
https://doi.org/10.1016/j.clml.2023.02.004
https://doi.org/10.1016/j.clml.2023.02.004
https://doi.org/10.7326/0003-4819-154-7-201104050-00004
https://doi.org/10.1097/shk.0000000000001254
https://doi.org/10.1097/shk.0000000000001254

	Abstract
	Introduction
	Methods
	Search strategy
	Data extraction

	Results
	Basic information
	Clinical characteristics
	Physical & laboratory examination
	Treatment

	Discussion
	Conclusion
	Author contribution
	Disclosure statement
	Funding
	ORCID
	Acknowledgments
	Abbreviation
	Data availability statement
	Ethical approval statement
	References

