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Purpose: Undesirable complement (C) activation by nanomedicines can entail an adverse immune 

reaction known as C activation-related pseudoallergy (CARPA) in sensitive patients. The syndrome 

includes cardiopulmonary, hemodynamic, and a variety of other physiological changes that have 

been well described in man, pigs, dogs, and rats. However, the information on CARPA is scarce 

and ambiguous in mice, a species widely used in preclinical studies. The present study aimed to 

fill this gap by exploring signs of CARPA in mice following i.v. administration of AmBisome 

and Abelcet, which are nano-formulations of Amphotericin B with high risk to cause CARPA.

Materials and methods: Anesthetized NMRI mice were intravenously injected with liposomal 

amphotericin B (Abelcet and AmBisome; 30–300 mg phospholipid/kg), drug-free high choles-

terol multilamellar vesicles (HC-MLV), and positive controls, cobra venom factor (CVF) and 

zymosan, followed by the measurement of blood pressure (BP), heart rate, white blood cell, and 

platelet counts and plasma thromboxane B2 (TXB2) levels. C activation was assessed by C3a 

ELISA, a C3 consumption assay (PAN-C3) and a modified sheep red blood cell hemolytic assay.

Results: All test agents, except HC-MLV, caused transient hypertension, thrombocytopenia, 

and elevation of plasma TXB2, which were paralleled by significant rises of plasma C3a in 

CVF and zymosan-treated animals, wherein the initial hypertension turned into hypotension 

and shock. Abelcet and AmBisome caused minor, delayed rise of C3a that was not associated 

with hypertension. The C3a receptor inhibitor SB-290157 attenuated the hypertension caused 

by Abelcet and decreased the BP thereafter.

Conclusion: The parallelism between C3a anaphylatoxin production and severity of physiological 

changes caused by the different agents is consistent with CARPA underlying these changes. 

Although the reactive dose of liposomal phospholipids was substantially higher than that in other 

species (pigs, dogs), the mouse seems suitable for studying the mechanism of hypersensitivity 

reactions to liposomal formulations of amphotericin B, a frequent side effect of these drugs.

Keywords: hypersensitivity, infusion reactions, zymosan, cobra venom factor, TXB2, 

cholesterol, anaphylatoxins, platelets

Introduction
Complement (C) activation-related pseudoallergy (CARPA) can be a serious side effect 

of liposomal drugs, biologicals, and many other modern therapeutic and diagnostic 

agents.1,2 The leading symptoms of CARPA are mild-to-severe circulatory changes 

that include hemodynamic (blood pressure, BP) changes, flushing, rash, urticaria, 

chest and back pain, dyspnea, fever, coughing, and many other common symptoms 

of acute allergy.1,2 Regarding the mechanisms of hemodynamic changes, stimulation 

of anaphylatoxin (AT) receptors CR3a and CR5a are known to alter BP.3–5 It has also 
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been clearly demonstrated in several rodent species that acti-

vation of CR5a decreases BP, and the inhibition of CR5a can 

avoid hypotension caused by C activation.3 On the contrary, 

stimulation of CR3a can induce hypertension.3 However, the 

relative contribution of different C receptor activations and 

other bioactive substances to cardiopulmonary distress has 

not yet been dissected.

This study focused on the effects of AmBisome and Abelcet 

in mice, two clinically available liposomal formulations of 

amphotericin B, which are known to cause CARPA in man in 

a relatively high percentage (.10%),6–10 and which were found 

in preliminary experiments to be effective triggers of hemody-

namic changes in mice. These changes have previously been 

studied in man,11,12 pigs,13–18 minipigs,19 and rats,20 but, surpris-

ingly, not in mice, despite the common use of this species in 

immunology, genetic, physiology, and toxicology studies. As 

a positive control we used known activators of the C system; 

zymosan and cobra venom factor (CVF). Since the structures 

of AmBisome and Abelcet are substantially different (they 

consist of small unilamellar liposomes and large multimicron 

ribbon-like lipid complexes, respectively),21,22 our experiments 

also addressed the question of whether the size of liposomes 

has an impact on the hemodynamic and other changes. In addi-

tion, we tested large multilamellar liposomes with high (71%) 

cholesterol content (HC-MLV), as these liposomes induced 

strong hemodynamic derangements in rats23 and pigs.18

Materials and methods
Chemicals, liposomes, and ELISA kits
Zymosan and the α-sheep RBC antibody (hemolysin) were 

purchased from Sigma (St Louis, MO, USA). AmBisome 

and Abelcet were obtained from Semmelweis University 

Pharmacy (Budapest, Hungary). HC-MLVs were prepared as 

described previously.23 The mouse C3a and PAN C3 ELISA 

kits, and CVF were obtained from TECOMedical (Sissach, 

Switzerland). The TXB2 ELISA was from Cayman Chemi-

cal (Ann Arbor, MI, USA). Vacutainers with hirudin were 

purchased from Roche (Budapest, Hungary).

animals
We used an outbred mouse strain originally developed 

at the Naval Medical Research Institute (Crl: NMRI BR) 

and C57Bl6/N mice for the bridging study. SPF male mice 

weighing 27–35 g were purchased from Toxicoop Ltd 

(Budapest, Hungary). Mice had free access to standard rodent 

chow (Altromin standard diet, Germany) and tap water. 

The experiments were started after a minimum of 1-week 

adaptation following arrival.

ethical approval
All procedures were performed in accordance with guide-

lines set by the National Institutes of Health (USA) and the 

Hungarian law on animal care and protection. The protocol 

was approved by the Institutional Ethical Committee for 

Animal Care and Use of Semmelweis University (registration 

number: PEI-001/3948-6/2014).

experimental protocol
Mice were anesthetized with pentobarbital (60 mg/kg i.p.), and 

the right carotid artery and the left jugular vein were cannulated 

with PP10 tubing for measuring BP and for drug administra-

tion, respectively. The BP was measured using a BPR-02 

pressure transducer (Experimetria Ltd., Budapest, Hungary), 

an HG-01D BP amplifier (Experimetria Ltd.) and a PowerLab 

data acquisition system (ADInstruments Ltd., Oxford, UK). 

Mean BP (MBP) and heart rate (HR) were derived from the 

pulsatile BP curve, monitored and recorded in a desktop com-

puter using LabChart data analysis software (ADInstruments 

Ltd.). These recordings were continuous during the experiment, 

which started with 10 minutes baseline recording, followed by 

i.v. injection of test materials (within 1 minute) in a volume 

of 10 mL/kg. Separate groups of animals were anesthetized 

with isoflurane (2%–3%) inhalation, and the test substances 

were injected via the tail vein. The animals were then treated 

with lepirudin (Refludan, Aventis Pharma, 0.15 mg/g i.p.) to 

prevent blood coagulation. Mollnes et al25 and Cedrone et al24 

have described that a similar dose of hirudin does not interfere 

with C activation, which was confirmed in our experiments as 

well. The animals were sacrificed by cervical dislocation, and 

then blood was collected from the chest cavity after cutting the 

caval vein. The protocol of the study is illustrated in Figure 1.

Measuring plasma extravasation
The mice were anesthetized with isoflurane, and zymosan 

(30 mg/kg) was injected via the tail vein, and then Evans blue 

(100 mg/mL) was administered via the retroorbital sinus. 

10 minutes later the animals were killed by cervical disloca-

tion, and, after opening the chest and cutting the vena cava, 

they were perfused with 10 mL and 0.5 mL cold saline via 

the left and right ventricles, respectively. Samples dissected 

from various organs were weighed and then transferred to 

0.5 mL formamide. Evans blue was extracted from the tissues 

for 24 hours at room temperature, and the dye concentration 

was measured at 620 nM in a plate reader.

complement assays
Mouse C3a was measured by TECOMedical’s mouse C3a 

ELISA kit. C3 consumption was measured by Quidel’s PAN 
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C3-kit, and total C consumption was measured by a modi-

fied sheep red cell hemolytic assay (SRBC), as described 

previously.20

handling of blood samples for the 
different analyses
Blood was collected into three types of tubes as follows; for 

the PAN-C3 and SRBC assays the tubes contained 15 µg 

Lepirudin (in 10 µL); for C3a and blood cell counting the 

tubes contained K3EDTA (MiniCollect®, Greiner Bio-One 

Hungary Kft, Budapest, Hungary) and for the TXB2 assay 

we used tubes that contained K3EDTA and indomethacin 

(10 µg/tube, 5 µL).

statistical analysis
All data presented are mean ± SEM. All treated groups were 

compared to the saline control group using one-way ANOVA 

followed by Dunnett’s multiple comparisons test, but the 

treated groups were not compared to each other. If either 

Brown-Forsythe test or Bartlett’s test indicated significant 

inhomogeneity of the data among the groups, the data were 

log transformed for statistical analysis. The hemodynamic 

effects were analyzed with one-way ANOVA for repeated 

measurements followed by Dunnett’s multiple comparisons 

test. The effects of SB290157 were evaluated using two-way 

ANOVA for repeated measurements. The tests were per-

formed using GraphPad Prism version six for Windows 

(GraphPad Software, La Jolla, CA, USA).

Results
Basic characteristics of liposomes
Table 1 presents some basic information on the liposomes 

used in this study. The liposomes were selected by their 

known CARPA-genic activity in humans or in different 

animal models.

hemodynamic effects of c activators and 
liposomes
Preliminary mouse studies were conducted to select the doses, 

which effectively cause significant, quantitative and analyzable 

Figure 1 schematic outline of the study design.
Abbreviations: BP, blood pressure; HR, heart rate.

Table 1 Basic characteristics of liposomes

Name API Lipids Shape and nominal size Origin References

amBisome amphotericin B HSPC, Chol, DSPG, αT Spherical SUV, ,100 nm Gilead, USA 1, 2

abelcet amphotericin B DMPC, DMPG ribbon-like 
complexes .10 µm

Leadiant Biosciences, 
Inc., MD, USA

3, 4

hc-MlV PBs HSPC, Chol, DSPG 0.8–10 µm MlV self-made 5

Abbreviations: αT, α-totocopherol; API, active pharmaceutical ingredient; Chol, cholesterol; DSPG, distearoyl-phosphatidylglycerol; HC, high cholesterol; HSPC, 
hydrogenated soy phosphatidylcholine; MLV, multilamellar vesicles; SUV, small unilamellar vesicles; DMPC, 1-α-dimyristoylphosphatidylcholin; DMPG, 1-α-dimyristoyl-
phosphatidylglycerol.
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changes in MBP (data not shown). In the case of liposomal 

formulations, the doses were 30–300 mg phospholipid/kg, 

which are nearly 2-orders of magnitude higher than that 

required to trigger CARPA in pigs (~0.5 mg/kg). The MBP 

and HR changes in response to the positive controls and 

liposomal formulations are shown in Figure 2. The positive 

controls, zymosan (Figure 2A) and CVF (Figure 2B), and the 

liposomal amphotericin B formulations, Abelcet (Figure 2C) 

Figure 2 hemodynamic changes caused by complement activators and liposomes in male NMrI mice (n=5–6).
Note: (A) Zymosan (30 mg/kg), (B) CVF 100 U/kg), (C) Abelcet (30 mg/kg), and (D) amBisome (300 mg/kg) were administered as i.v. bolus at times indicated by the arrows.
Abbreviations: CVF, cobra venom factor; NMRI, Naval Medical Research Institute.

www.dovepress.com
www.dovepress.com
www.dovepress.com


International Journal of Nanomedicine 2019:14 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

1567
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and AmBisome (Figure 2D) triggered essentially similar 

transient hypertension. In the animals treated with these 

samples the rise of MBP started at ≈1 minute, peaked at 

2–4 minutes and gradually declined within 10–15 minutes 

after treatment. However, there was a remarkable difference 

in the hemodynamic effects between C activators (Figure 2A 

and B) and liposomes (Figure 2C and D). While the MBP 

curve returned to normal after the hypertensive phase if 

liposomal amphotericin B formulations were administered, 

it progressed into hypotensive shock after treatment with 

positive controls. The HC-MLV at 300 mg/kg i.v. caused 

a minor, insignificant effect on the MBP (data not shown). 

The HR changes were inconsistent between the samples and 

varied from a gradual decline in the case of zymosan to a 

gradual rise in the case of AmBisome.

Taken together, these data confirm that both the known 

C activators (zymosan and CVF) and the liposomal ampho-

tericin B formulations (Ambisome and Abelcet) can cause 

MBP changes in mice that are characteristic of CARPA 

observed in other species.

hematological and innate immune 
responses to c activators and liposomes
In addition to the hemodynamic changes, the typical CARPA 

responses in pigs and rats include changes of blood cell 

counts and plasma markers of nonspecific humoral and cel-

lular immune stimulation (C activation markers, TXA2).18,20 

Thus, we explored these changes in mice treated with C acti-

vators and liposomes. The changes of TXA2 were assessed 

by measuring its stable metabolite, TXB2.26

As shown in Figure 3, the same dose of zymosan that 

caused a rise in MBP (Figure 2) led to significant thrombocy-

topenia (Figure 3A), leukocytosis (Figure 3B), erythrocytosis 

(Figure 3C), TXB2 release (Figure 3D), and C consump-

tion (Figure 3E) within 2–3 minutes of treatment, providing 

evidence of CARPA. The gradual, up to ≈70%, rise of RBC 

(Figure 3C) was most likely due to hemoconcentration, which is 

known to be a consequence of AT-induced capillary leakage, ie, 

indirect proof of C activation. In fact, zymosan caused plasma 

extravasation in the lung, gastrocnemius muscle, skin, and 

small intestine at 10 minutes after its administration (Figure 3F).

Figure 3 hematological changes (A–C), TXB2 levels (D), complement consumption (E), and plasma extravasation of Evans blue in various organs (F) of Zymosan-treated 
(30 mg/kg i.v.) male NMrI mice. 
Notes: The arrow indicates the time of treatment. The number of mice is n=3–5 for each time. Complement consumption was assessed using a modified sheep red blood 
cell hemolytic assay. The number of animals is eleven for the plasma extravasation test. Significant differences (*P,0.05; **P,0.01; ***P,0.001) are shown in comparison to 
the baseline or vehicle treated control group in the case of extravasation.
Abbreviations: NMRI, Naval Medical Research Institute; TXB2, thromboxane B2 levels.
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Figure 4 shows the blood cell changes caused by other test 

agents in this study at 3–5 minutes after treatments. Despite 

uniform hypertension caused by both C activators and liposo-

mal amphotericin B formulations (Figure 2), thrombocytopenia 

(Figure 4A) was seen only after zymosan and Abelcet treat-

ment, and erythrocytosis (Figure 4C) and hematocrit (HTC) 

rises (Figure 4D) were seen only after zymosan and CVF. HC-

MLV interfered with the detection of white blood cell (WBC) 

(Figure 4B), as a consequence of its multi-micron size.23

Figure 5 shows the effects of various treatments on C 

activation markers 3–5 minutes after injection. As expected, 

zymosan and CVF caused massive changes in all three 

tests (C consumption, PAN-C3 and C3a in Figure 5A–C, 

respectively), indicating strong C activation. Interestingly, 

the relative changes caused by zymosan and CVF differed 

in these assays, suggesting differential sensitivity to these 

agents. In contrast, none of the liposomes caused significant 

changes in any of these assays (Figure 5A–C). Based on the 

dynamic window, data scattering and (lack of) negative values 

(which reflect matrix effects near baseline), the C3a ELISA 

 (Figure 5C) proved to be the most consistent quantitative assay 

for C activation in mice under the conditions of this study.

Figure 5D shows that plasma TXB2 was significantly 

increased by the C activators and liposomes at 3–5 minutes 

(except HC-MLV), which increases run in parallel with the 

hypertensive effects of these agents (Figure 2). Thus, the early 

release of TXB2 may explain the hypertensive effect of lipo-

somes, which could not be associated with C3a production.

The lack of AT production by AmBisome and Abelcet 

in mouse blood at 3–5 minutes post-treatment contradicts 

the findings on strong C activation by these drugs in human 

serum, leading us to further explore this phenomenon. 

In additional experiments we measured, therefore, the rise of 

C3a over longer than 3–5 minutes, and, in fact, at 10, 20, and 

30 minutes after treatment we obtained evidence of significant 

C activation by AmBisome and Abelcet (Figure 5E) as well. 

Figure 4 hematological effects of c activators and liposomes. 
Notes: A–D show the maximal changes of platelets, WBC, RBC and hematocrit, respectively, following injection of the C activators and liposomes, specified on the x-axis.  
n=8–11 mice for each assay. Significant differences (**P,0.01; ***P,0.001) relative to the group treated with saline (Ns). *?HC-MLV interfered with the detection of WBC, 
these data are not reliable.
Abbreviations: CVF, cobra venom factor; HC-MLV, high cholesterol multilamellar vesicles; RBC, red blood cell; WBC, white blood cell.
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Őrfi et al

Figure 5 Effects of C activators and liposomes on biomarkers of complement activation and TXB2 levels. (A) Hemolytic C consumed, measured in a modified sheep red 
blood cell hemolytic assay, (B) C3 consumption evaluated by the PAN-C3 assay, and (C) mouse C3a, measured by mouse specific ELISA. (D) TXB2 levels measured by ELISA. 
n=8–11 mice for each assay. (E) The effects of Abelecet and AmBisome on plasma C3a measured at 3 minutes as well as 10, 20, and 30 minutes after treatment (the results 
for 10–30 minutes are combined as C3a levels were similar at 10, 20, and 30 minutes).
Notes: n=3–5 mice at each time. Significant differences (*P,0.05; ***P,0.001) relative to the group treated with saline (Ns).
Abbreviations: CVF, cobra venom factor; HC-MLV, high cholesterol multilamellar vesicles; RBC, red blood cell; TXB2, thromboxane B2 levels; WBC, white blood cell.

These observations suggest that liposomes can activate 

mouse C in vivo; however, this activation is weak, so that 

net rise of AT becomes manifest slower than the release of 

TXA2 and development of systemic hypertension.

effect of a c3ar antagonist on abelcet-
induced hypertension
Previous studies in pigs indicated a causal role of C activation 

in the hemodynamic changes caused by liposomes, while the 
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absence of C3a production by liposomes raises the possibility 

of C-independent hemodynamic derangement in mice, ie, 

C-independent pseudoallergy (CIPA). To explore the latter 

possibility further, we tested the effect of SB-290157, a C3aR 

antagonist, on Abelcet-induced hypertension. It was assumed 

that if this compound inhibits the rise of MBP in mice that 

would serve direct evidence of the causal involvement of 

C activation in hypertension. As shown in Figure 6A, in 

fact, SB-290157 significantly attenuated the hypertensive 

effect of Abelcet; however, this effect was not complete and 

SB-290157 also caused significant tachycardia (Figure 6B), 

which is a CARPA symptom. Thus, although the effect of 

SB-290157 is consistent with a role of C activation in the 

liposome-induced hemodynamic changes, it did not provide 

conclusive evidence regarding the causal role of C3a in 

hypertension.

strain dependence of liposomal 
hypertension in mice
One self-evident question regarding the hypertensive effects 

of AmBisome and Abelcet in mice is whether it is limited 

to the NMRI mice, or it is universal among different mouse 

strains? To address this question we used Abelcet as a trig-

ger of hypertension and C57Bl/6N mice as a comparator 

strain. As shown in Figure 6C and D, there was only a minor 

quantitative difference in MBP responses in the two strains; 

Abelcet caused a somewhat stronger and longer hyperten-

sion in C57Bl/6N than in NMRI mice, but the changes of 

HR were not different. These data, therefore, suggest that 

liposome-induced transient hypertension is not limited to 

NMRI mice, although the effects in different strains might 

be quantitatively different.

Discussion
Features of carPa in mice
The identical time course of systemic hypertension, throm-

bocytopenia, leukocytosis, rise of TXB2, capillary leakage,27 

C consumption and buildup of C3a in the blood after injec-

tion of C activator zymosan and CVF leave little doubt 

about the association, most likely causal involvement 

of C activation in these transient physiological changes. 

Since they all are typical manifestations of human,1,2 rat,20,23 

Figure 6 effects of sB-290157 on the blood pressure and hr changes caused by abelcet and comparison of the effects of abelcet in NMrI and c57Bl/6N mice. changes in 
mean arterial pressure (A) and hr (B) after pretreatment with sB-290157 at 10 mg/kg i.v. or its vehicle (5% DMsO in saline) and then administration of abelcet at 30 mg/kg 
i.v. comparison of changes in mean arterial pressure (C) and hr (D) in NMrI and c57Bl/6N mice after administration of abelcet at 30 mg/kg i.v.
Note: *P,0.05; **P,0.01; significant differences between the two groups.
Abbreviations: HR, heart rate; MAP, mean arterial pressure; NMRI, Naval Medical Research Institute. 
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and porcine13,16,18,20 hypersensitivity reactions (HSRs) 

which were shown to be related to C activation, this study 

provides evidence for the first time that full-spectrum 

CARPA syndrome can arise in mice, just as in the above-

mentioned species. However, our study also shows that 

there are significant differences in these species regarding 

the features of CARPA. Notably, the reactive dose of zymo-

san and liposomes in the present mouse and in previous 

rat studies was roughly two orders of magnitude higher 

than those in pigs and hypersensitive humans, implying 

relatively low sensitivity of mice and rats for CARPA. 

Furthermore, in mice, the initial hemodynamic change 

is hypertension, which is followed (or not followed) by 

hypotension, while in pigs and rats the primary response is 

often hypotension.3,20,28 In pigs, the initial hypotension may 

split the pulmonary hypertension to become biphasic.20,28

Mechanism of hemodynamic changes: the 
puzzle of liposome reactions
As for the mechanism of initial hypertension with or with-

out subsequent hypotension and shock, the association of 

hypertension with significant C consumption and elevation 

of C3a in blood indicates direct involvement of C activation 

in these changes, at least in the case of zymosan and CVF 

(Figure 7). As mentioned, this observation provides evidence 

for the presence of CARPA in mice. The exact mechanism of 

the causal role of C activation in the hypertensive response 

with or without subsequent hypotension is not clear. Ana-

phylatoxins and secondary mediators can all contribute 

to both effects, one example being the C5aR mediated 

hypotension in rodents.3 However, in the absence of C5a 

measurement we cannot confirm or contradict a role of C5a 

in these changes, and the relative contributions of different 

activation mechanisms28–30 (Figure 7) need to be explored 

in further studies.

In contrast to the C activators, the hypertension caused 

by AmBisome and Abelcet, a frequent side effect of lipo-

somal Amphotericin B,31 was not associated with C3a 

elevation or C consumption. This argues against C proteins 

playing a direct role in this change. Nevertheless, the find-

ing that the C3aR antagonist SB-290157 attenuated the 

hypertensive effect of Abelcet indicates at least a partial 

role of C3a or other C3aR agonists. Furthermore, we have 

no information on C5a, which can form independent of C3 

conversion via the extrinsic complement pathway,32 thus a 

role of C5a cannot be excluded even in lack of evidence of 

significant C activation. 

There are several limitations of this study. One is that 

we used only male mice although pathophysiological pro-

cesses can be different in the two sexes (see NIH notice 

NOT-OD-15–102). So, we cannot exclude that female mice 

respond differently. Also, the presence of CARPA was shown 

only for zymosan and CVF, which are strong C activators 

with many more biological effects. Thus, in addition to C 

activation, other C-independent processes could also con-

tribute to the observed changes, referred to as C-independent 

pseudoallergy (CIPA, Figure 7). Furthermore, there is a 

large number of unaddressed questions in the study, such as 

the mechanism of liposome-induced CIPA, the tachycardic 

effect of C3aR inhibitor and the role of Amphotericin-B in 

the effects of AmBisome and Abelcet.

Conclusion
The systematic analysis of CARPA symptoms in mice 

represents, to our best knowledge, the first effort to explore 

the use of mice as a model of human HSRs. We confirm the 

presence of this phenomenon in this species but only for 

strong C activators, not for the studied liposomes. These 

findings represent a translational value, since understanding 

the details of a complex, multi-channel cross-talk between 

the immune and circulatory systems in different species 

will help to predict and prevent HSRs in man. Although the 

exact mechanisms of physiological changes reported in this 

study have not been clarified, the results fit in the double hit 

hypothesis claiming C-dependent (CARPA) and independent 

Figure 7 Double hit hypothesis of c activator- and liposome-induced circulatory 
changes in mice. 
Notes: cells (blue) that can secrete vasoactive mediators (orange) can be stimulated 
either via anaphylatoxin-receptor (ATR, “AT hit”), or directly ((“C-independent hit”) 
leading to carPa and c-independent pseudoallergy (cIPa)). Zymosan and cVF act 
via ATR, while AmBisome and Abelcet via a direct hit. The entailing physiological 
changes are listed on a black background. Italicized entries are hypothetical.
Abbreviations: AT, anaphylatoxin; ATR, anaphylatoxin receptor; CARPA, C activation-
related pseudo allergy; CIPA, C-independent pseudoallergy; CVF, cobra venom factor.
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(CIPA) stimulation of allergy mediating cells as underlying 

mechanism.2,17 (Figure 7).
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