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The analysis of the effect 
of the COVID‑19 pandemic 
on patients with hereditary 
angioedema type I and type II
Dávid Szilágyi 1, Hanga Réka Horváth 1, Noémi Andrási 1,2,3, Miklós Soma Kempler 1, 
Zsuzsanna Balla 1,2 & Henriette Farkas 1*

Due to the similarity between the pathomechanism of SARS-CoV-2 infections and hereditary 
angioedema due to C1-inhibitor deficiency (C1-INH-HAE), a possibility emerged that C1-INH-HAE may 
worsen the course of the infection, or that the infection may influence the severity of angioedema 
(HAE) attacks in C1-INH-HAE patients. Our study aimed to evaluate the effects of the COVID-19 
pandemic on the quality of life (QoL) of Hungarian C1-INH-HAE patients, and to survey the acute 
course of the infection, post COVID symptoms (PCS), vaccination coverage and the side effects of 
vaccines in this patient population. 93 patients completed our questionnaire between 1st July 2021 
and 31st October 2021. In this same period and between March 2019 and March 2020, 63 patients 
completed the angioedema quality of life questionnaire (AE-QoL). Out of those patients infected 
with SARS-CoV-2 in the examined period (18/93 patients; 19%), 5% required hospitalization, 28% 
experienced HAE attacks in the acute phase of the infection, and 44% experienced PCS. A total 
number of 142 doses of vaccines were administered to the patients. Serious vaccine reactions did not 
occur in any case, 4 (5%) out of the 73 vaccinated patients experienced HAE attacks. No significant 
difference (p = 0.59) was found in the median of the AE-QoL total score, or in the number of HAE 
attacks prior and during the pandemic. Based on our study, HAE patients did not experience more 
serious SARS-CoV-2 infection, and it did not aggravate the course of HAE either. Changes in the QoL 
were not significant, and vaccines were safe in HAE patients.
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QoL	� Quality of life
RNA	� Ribonucleic acid
SARS-CoV-2	� Severe acute respiratory syndrome coronavirus 2
STP	� Short-term prophylaxis

Hereditary angioedema due to C1-inhibitor deficiency (C1-INH-HAE) is a rare, autosomal dominantly inherited 
disorder. The disease is most frequently caused by a SERPING1 gene mutation. In type 1 HAE, the antigenic 
C1-INH concentration and the functional C1-INH activity decrease due to the genetic disorder, while in type 2 
HAE, the concentration of C1-INH is normal, but the protein does not function properly1,2.

In C1-INH-HAE patients, the decreased amount or dysfunction of C1-INH periodically causes an excessive 
bradykinin (Bk) production3,4. Bk causes vasodilation and increased vascular permeability that result in recurrent 
edematous attacks, characteristically in the subcutaneous (head-neck, trunk, limb, gluteal region, or genitalia) 
and/or submucous (airway and/or gastrointestinal) tissues1,5. Angioedematous symptoms can vary from harm-
less swellings to life-threatening laryngeal edemas6–8.

Different factors may provoke the development of HAE attacks, like local trauma, physical exertion, men-
struation, emotional stress, ACE-inhibitors, taking oral estrogen-containing contraceptives, weather change 
and infectious diseases9.

In C1-INH-HAE therapy we differentiate acute therapy, short-term prophylaxis (STP), and long-term prophy-
laxis (LTP). The most frequently used acute treatments are the C1-INH concentrates derived from human plasma 
(pdC1-INH), or C1-INH made by recombinant technology; these exert their effect by supplementing the missing 
C1-INH protein. Other agents, like the B2R antagonist icatibant or kallikrein inhibitor ecallantide, exist10. The 
aim of STP is most often to prevent the attacks occurring due to smaller medical interventions and operations 
by injecting pdC1-INH11. The purpose of LTP is to decrease the frequency of HAE attacks. The following can be 
given as first line treatments: pdC1-INH, plasma kallikrein inhibitors: lanadelumab, berotralstat. As second-line 
treatment, danazol or tranexamic acid can be used11,12.

SARS-CoV-2 is a positive-strand RNA virus responsible for an airway infection that can show the clinical 
picture from mild flu-like symptoms to ARDS or even, in some cases, death13–15. The virus, spread from animals 
to humans, was first discovered in December 2019 in Wuhan province of China, and from there, with increasing 
infection numbers, it became a pandemic in 202016. In Hungary, the first cases were reported in March 202017.

By post COVID symptoms (PCS), the WHO defines the symptom or syndrome that occurs 3 months from 
the onset of the first clinical symptom or diagnosis of SARS-CoV-2 infection; lasts for at least 2 months and has 
an impact on everyday functioning. This symptom may be new following initial recovery from an acute infection 
or persist from the acute illness. Symptoms may include tiredness, shortness of breath, chest discomfort, cough, 
loss of smell, dysgeusia, joint pain, loss of appetite, dizziness, muscle pain, insomnia, gastrointestinal symptoms, 
posttraumatic stress disorder, depression, memory problems, concentration problems, anxiety, headache. The 
symptoms may fluctuate, and relapses may also occur18–20.

To stop the COVID-19 pandemic and to reduce more severe course infections, in the beginning of 2021, the 
vaccines against SARS-CoV-2 occurred. In Hungary, the population could choose from six types of vaccines: 
mRNA vaccines Comirnaty and Moderna COVID-19; adenovirus vector-based Gam-COVID-Vac, Vaxzevria, 
and Janssen vaccines (the latter occurred later); and the Sinopharm vaccine containing the inactivated virus. The 
reactions few days after the administration of the vaccines were similar in case of all vaccines. The most common 
side effects included local reactions, tiredness, headache, bad mood, joint pain, shivering, hyperthermia or fever, 
gastrointestinal symptoms, airway symptoms, nervous system symptoms and chest pain21,22.

Multiple connections were found between C1-INH-HAE and SARS-CoV-2 infection. First, in July 2020 Xu 
et al. suggested the possibility that the course of SARS-CoV-2 may be more severe in C1-INH-HAE patients, 
and that the infection may aggravate HAE symptoms, or it may provoke angioedematous attacks in symptom-
less C1-INH-HAE patients23. Also, in July 2020, Garvin et al. were the first to describe the pathomechanism of 
the Bk storm in SARS-CoV-2 infection, as a possible etiology behind the more severe infections; this further 
strengthened the possible connection between the two illnesses. Besides ACE2 decrease, the smaller decrease 
in ACE levels may also play a role in the increase of Bk during the Bk storm, since Bk is the substrate of ACE, 
which may accumulate by avoiding breakdown24.

The COVID-19 pandemic brought other difficulties to the everyday life of people besides the SARS-CoV-2 
disease, like quarantine, or the possible change of the workplace, work site, or income. These are social changes 
that can substantially change the everyday life and habits of people and may result in less or more stress25–27.

The aim of our study was to survey the course of SARS-CoV-2 infection in C1-INH-HAE patients, and to 
analyze the angioedematous attacks during the acute phase of the infection and the potentially occurring PCS. 
Our other objective was to analyze the vaccination against SARS-CoV-2, the change in the QoL of patients and 
the availability of HAE medications and treating physicians.

Methods
Patient population
Patients over 18 years with type 1 or 2 C1-INH-HAE were enrolled, who are treated in the Hungarian Angi-
oedema Center of Reference and Excellence of Semmelweis University, Department of Internal Medicine and 
Hematology.

Examined period
The examined pandemic period was from 1st September 2020 to 30th April 2021, which covered the second 
and third wave of COVID-19 in Hungary. In these eight months, case numbers significantly increased, and 
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restrictions were introduced. The restrictions included entry restrictions, mandatory mask wearing in closed 
areas and public transportation; visiting ban in hospitals and nursing homes; food services and nightclubs were 
to be closed by 11 PM, and it was prohibited to conduct an event with more than 500 attendees.

Questionnaires used for the study
We used two questionnaires in our study. The first was assembled according to our objectives by our work group, 
while the second was the Hungarian AE-QoL (Angioedema Quality of Life Questionnaire) used for the evalu-
ation of the QoL.

The former questionnaire asked about the course of SARS-CoV-2 infection, the duration and the required 
treatment of certain symptoms, in order to establish the effects of HAE on the infection. Moreover, we analyzed 
the incidence and course of angioedematous attacks occurring during the acute phase of the infection. PCS were 
recorded according to the criteria specified by the WHO15. We investigated if there are PCS characteristic of HAE 
patients, how frequent their occurrence is and how long certain symptoms persist. We analyzed the vaccination 
with COVID-19 vaccines and investigated the acute reactions occurring in 48 h after the administration of the 
vaccine. We gave special attention to the angioedematous attacks occurring after the vaccination. Our patients 
keep an HAE diary, where they document the number and quality of HAE attacks. We also compared these data 
with the questionnaire in order to minimize memory bias. Furthermore, we asked about the change in the avail-
ability of HAE treating physicians and medications. The questionnaire was completed via telephone, between 
20 June 2021 and 01 October 2021.

The AE-QoL is an internationally used and validated questionnaire that surveys the QoL of HAE patients. 
It analyzes the four weeks prior to completion. The test contains 17 questions which analyze QoL in 4 domains: 
Function, Fatigue/Mood, Fear/Shame, Food. Each question can be given 5 kinds of answers, to which points are 
assigned (never—1; rarely—2; occasionally—3; often—4; very often—5). The domains contain different number 
of questions: Function has 4; Fatigue/Mood has 5; Fear/Shame has 6 and Food contains 2. The partial score of 
certain domains, and the total score of the test was calculated with the (received points − number of questions)/
(the maximum receivable points − the minimal receivable points) × 100 formula. The achieved score can there-
fore be between 0 and 100. The higher the achieved score, the worse, the lower, the better the measured QoL27. 
The questionnaires were completed in person, both prior to and during the pandemic, specifically examining 
the period between 1st September 2020 and 30th April 2021. For those who were infected with SARS-CoV-2, 
the questionnaire examined the course of their infection. The minimal clinically important difference (MCID) 
in the AE-QoL was 6 points28.

Statistical analysis
To compare the AE-QoL scores, we used GraphPad Prism 5.0 (GraphPad Software, San Diego, CA, USA). The 
comparison of the AE-QoL total score and domains was performed with Mann–Whitney test, while the relation 
between the AE-QoL results and the number of attacks was done with Spearman correlation. A significance level 
of p < 0.05 was used in all statistical tests.

Ethics approval and consent to participate
The study protocol was approved by the Regional, Institutional Scientific and Research Ethics Committee of Sem-
melweis University (ethics approval number 19068/2018/EKU), and we acted in accordance with the Declaration 
of Helsinki and obtained informed consent from the participants.

Results
Out of the 93 patients (M/F: 35/58; min–max age: 18–79 years, median age: 48 years), 18 patients were infected 
with SARS-CoV-2 (M/F: 8/10, min–max age: 22–73 years; median age: 44.5 years) during the examined period 
(01 September 2020–30th April 2021). LTP was given to 22 patients (21 received danazol, 1 received iv. pd 
C1-INH concentrate).

Out of 93 patients, 61 completed the AE-QoL questionnaire both in the beginning of the Hungarian epidemic 
(March 2020) and during the examined period.

Survey of the SARS‑CoV‑2 infected patients
Out of the 18 patients who became infected with SARS-CoV-2, 15 had symptoms, and the duration of the symp-
tomatic period was 8 days on average. In 6 patients, the diagnosis was established by a positive polymerase chain 
reaction (PCR) test, 6 patients were the contacts of infected people diagnosed with positive tests; two patients 
had positive antigen rapid tests, while in 4 cases the infection was verified with an ex-post positive serologi-
cal test. The symptoms are shown on Fig. 1. Out of those who were infected, only 1 (5.6%), a 65-year-old male 
patient needed hospitalization. The received results are influenced by the fact that 12 of the 18 patients (67%) did 
not have any comorbidities besides C1-INH-HAE, 4 patients (22%) were treated with hypertension, including 
the patient who was hospitalized, 1 (5.6%) patient was treated with hyperthyroidism and 1 (5.6%) with anxiety 
disorders. The median age of the infected patients is also in favor of the milder disease course. Table 1 presents 
the way of verifying the infection, the duration of symptoms; the number and location of HAE attacks during 
the infection; potential co-morbidities; the used therapy for the infection and the therapy for the HAE attacks 
in SARS-CoV-2 infected patients.

Out of 18 infected patients, 13 (72%) did not have HAE attacks during the SARS-CoV-2 infection, while 5 
patients (28%) did: 3 abdominal, 3 localized on the extremities, one of 5 patients had an attack on both sites.

In the acute phase of the infection, the evaluation of the ratio (5/18) of the C1-INH-HAE patients with attacks 
during the infection was influenced by the facts that 4/18 (22%) patients have never had HAE attack before; 2/18 
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(11%) patients did not have an attack for 2 years; 1–1/18 (6%) patients did not have an attack for 8 and 15 years. 
If we only view the clinically active C1-INH-HAE patients, in 5/10 (50%) cases, HAE attacks occurred during 
the acute infection. 1/5 patients used danazol for LTP out of those who also experienced HAE attacks during 
the infection; and altogether 3/18 patients used androgens for LTP. This may also influence the received results.

Survey of the post covid symptoms
8/18 patients who were infected have experienced PCS after the acute phase of the infection. The PCS occurring 
most often included loss of smell (3 patients), dysgeusia (2 patients), recurrent headache (1 patient), recurrent 
chest discomfort (1 patient), tachycardia (1 patient), hair loss (1 patient), or varicose veins in the lower extremi-
ties (1 patient). All patients with PCS, as well as 3 patients without PCS received LTP. Danazol was administered 
as LTP in all cases.

Evaluation of vaccination status
From the 93 examined C1-INH-HAE patients, 73 received two vaccines (in case of Janssen Vaccine, only one), 
20 patients did not receive any vaccine during the observation period. A total number of 142 doses of vaccines 
were administered to the patients (vaccinated min–max age: 18–79 years, median age: 49 years; unvaccinated 
min–max age: 18–67 years, median age: 44 years). Altogether 38 patients got Comirnaty, 11 Sinopharm, 8 
Moderna COVID-19 Vaccine, 7 Gam-COVID-Vac, 5 Vaxzevria and 4 Janssen Vaccine. In addition, 4 patients 
received STP, 17 patients received LTP, and 2 patients received STP and LTP before the vaccination. The medica-
tion used for STP was iv. pd C1-INH in all cases. For LTP, danazol was administered in most cases, except from 
one patient, who used iv. pd C1-INH as LTP. In the 48 h following the vaccination, the most frequent side effects 
were: muscle pain (36 patients, 49%); weakness (30; 41%); malaise (26; 35%); joint pain (19; 26%), shivering (18; 
25%), fever or hyperthermia (17; 23%), headache (16; 22%), local reaction (14; 20%), gastrointestinal symptoms 
(7; 10%), neurological symptoms (4; 5%), and respiratory symptoms (1; 1%). The symptoms experienced after 
the vaccine are detailed in Table 2. From the 73 vaccinated patients, 4 reported angioedematous attack after the 
vaccine (all 4 patients had abdominal attacks, 5%); 2 received mRNA vaccine, while 2 received vector vaccines. 
From these 4 patients, 1 received STP and LTP, 1 patient received only LTP, while the remaining 2 patients were 
not administered any prophylactic therapy. The attacks eased after the administration of iv. pd C1-INH.

The availability of C1‑INH‑HAE patients’ medications and the treating physician
According to 94% of the C1-INH-HAE patients who used HAE therapy (64/68 patients), the availability of the 
HAE medication did not change in the analyzed period; 3% stated that the availability improved (2 patients) 
and 3% said that the availability worsened (2 patients). The availability of HAE treating physicians during this 
time, according to 96% of 93 patients (89 patients), did not change; 3% reported improvement (3 patients) and 
1% said it worsened (1 patient).

Evaluation of the AE‑QoL total score
The AE-QoL questionnaire was completed by 63 patients, both prior to and during the pandemic. The median 
of the recorded AE-QoL total score (25% and 75% percentiles) from the time prior to the pandemic (March 
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Figure 1.   Frequency of SARS-CoV-2 infection symptoms. The most common symptom of the SARS-CoV-2 
infection was the loss of smell, which was present in 10 patients (55.5%), followed by fever (9 patients; 50%), and 
weakness (8 patients; 44.4%). 5 patients (27.8%) experienced at least one HAE attack during the acute phase of 
the infection. The localization of the attack was either abdominal or in the extremities. 
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2019–March, 2020) is 23.53 (2.94; 37.13). The same value during the pandemic time period (September, 
2020–April, 2021) was 13.23 (1.47; 33.82). Although the improving tendency of the QoL was observed during 
the pandemic, there was no significant difference between the two periods regarding total score (p = 0.59). In 19 
cases the total score measured during the pandemic decreased with more than 6 points (the QoL improved) and 
in 9 cases it increased with 6 points (the QoL decreased) when compared to the survey prior to the pandemic.

Discussion
The severity of the course of the SARS-CoV-2 infection is determined with the therapy required for the suc-
cessful treatment of the infection (like need for hospitalization, need for intensive care). In our study, 5% of the 
infected patients required hospitalization, 5% went to the emergency care unit with their symptoms, no patient 
needed intensive care. In the study of Grumach et al., similar results were reported; one (7%) C1-INH-HAE 
patient needed hospitalization, while Bostan et al. also reported that one (11%) of the infected C1-INH-HAE 
patients required hospitalization, but intensive care was not required in any case.29,30 Although Bostan et al.29 

Table 1.   Presentation of the clinical data of hereditary angioedema patients who underwent SARS-CoV-2 
infection. F female, M male, HAE hereditary angioedema, AG antigen, PCR polymerase chain reaction, pdC1-
INH plasma derived C1-INH, rC1-INH recombinant C1-INH, LTP long-term prophylaxis. *The symptom 
persisted as a post covid symptom for months.

Patient Age, sex Verification of the infection Symptoms (duration in days)
HAE attacks during the 
infection

Comorbidity, therapy of 
infection HAE therapy

1. 36/F Close contact Dry cough (2), tiredness (7) 3 abdominal None, did not require treat-
ment pdC1-INH as needed

2. 22/F Serology Asymptomatic Never had an attack None pdC1-INH as needed

3. 36/F Close contact
Fever (7), dry cough (7), 
shortness of breath (7), tired-
ness (8), weakness (7), loss of 
smell and dysgeusia (21)

No attack during the infection None, did not require treat-
ment

pdC1-INH as needed, 
icatibant

4. 46/M PCR test
Dry cough (3), shortness 
of breath (1), dysgeusia (1), 
weakness (5)

Never had an attack Hypertension, did not require 
treatment pdC1-INH as needed

5. 39/M Close contact Fever (1), dry cough (1), 
weakness(1), loss of smell(1) 1 extremity None, did not require treat-

ment
danazol LTP, icatibant as 
needed, rC1-INH

6. 44/F Serology Loss of smell and dysgeusia* No attack for 2 years None, did not require treat-
ment pdC1-INH as needed

7. 67/M Serology Asymptomatic No attack during the infection None, did not require treat-
ment pdC1-INH as needed

8. 73/M PCR test Fever (7) Never had an attack None, antibiotic treatment pdC1-INH as needed

9. 65/M PCR test Fever (17), throat pain (7), 
gastrointestinal symptoms (7) No attack for 15 years

Hypertension, hospitalization, 
oxygen therapy, antibiotic 
treatment

pdC1-INH as needed

10. 51/F PCR test Fever (6), tiredness (6), weak-
ness (6), loss of smell (21)

3 Abdominal
1 Extremity
1 Genitalia

None, favipiravir treatment pdC1-INH as needed, 
icatibant

11. 43/F Serology Loss of smell and dysgeusia 
(60) No attack for 8 years None, did not require treat-

ment pdC1-INH as needed

12. 42/M Close contact Fever(1), dry cough (2), runny 
nose (2) No attack for 2 years None, did not require treat-

ment danazol LTP

13. 72/F Ag rapid test Dizziness (3) No attack during the infection Anxiety disorder, no treat-
ment needed

danazol LTP, icatibant as 
needed

14. 58/M Close contact
Dry cough (3), tiredness (7), 
muscle pain (7), weakness (7), 
loss of smell and dysgeusia (7), 
abdominal pain (7)

Never had an attack Hypertension, did not require 
treatment pdC1-INH as needed

15. 33/F Ag rapid test Loss of smell* 1 Extremity
1 Abdominal

None, did not require treat-
ment pdC1-INH as needed

16. 55/F PCR test

Fever (1), dry cough (7), 
tiredness (7), digestive tract 
symptoms (2), headache (7), 
weakness (7), loss of smell (7), 
productive cough (7), chest 
pain (7)

No attack during the infection Hypertension, favipiravir danazol as needed

17. 45/F PCR test
Tiredness (10), muscle pain 
(4), headache (6), weakness 
(4), loss of smell (14), dysgeu-
sia (21), runny nose (7)

1 Extremity None, did not require treat-
ment rC1-INH as needed, icatibant

18. 34/M Close contact

Fever (3), dry cough (3), 
tiredness (3), muscle pain (3), 
gastrointestinal symptoms (1), 
weakness (4), loss of smell and 
dysgeusia (14), chest pain (7)

No attack during the infection None, did not require treat-
ment

pdC1-INH as needed, 
icatibant
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did not report data regarding the course of disease, in the study of Grumach et al.30, the most frequent COVID-
19 symptoms were anosmia (77%) and dysgeusia (77%), while these symptoms in our study were observed in 
56% and 39% of the SARS-CoV-2 infected patients, respectively. In the survey of Olivares et al. 14% of all HAE 
patients required hospitalization during SARS-CoV-2 infection, one of them (1.8%), a 71 year-old patient with 
no comorbidity, lost their life during the hospitalization31. Veronez et al. who analyzed the data of lots of SARS-
CoV-2 infected C1-INH-HAE patients (n = 69), found that 14.5% of the patients presented to the emergency 
care unit with their symptoms, while only 2.9% required substantial hospital care32.

Based on the above-mentioned data, SARS-CoV-2 infection in C1-INH-HAE patients did not require inten-
sive therapy in the vast majority of cases. It is important to add that in the above-mentioned surveys, and in ours 
as well, the median age of the patients was under 50 years, and SARS-CoV-2 infection typically causes a more 
serious clinical picture in the older generation.

In our study, 27% of the patients experienced at least one angioedematous attack during the acute phase of the 
SARS-CoV-2 infection. Regarding localization, 16% of the infected patients have experienced abdominal, 22% 
reported an edematous attack on the extremities. In the study of Grumach et al., 50% of C1-INH-HAE patients 
had an edematous attack in the acute phase of the infection; 37.5% had limb edema, 12.5% had abdominal locali-
zation, while Olivares et al. measured this ratio at 45.5%, also in C1-INH-HAE patients30,31. In the acute phase of 
SARS-CoV-2 infection the ratio of patients experiencing edematous attacks in the study of Belbezier et al. was 
27%; the location of the edematous attacks was abdominal in 18% and localized to the extremities in 9%. In the 
study of Gökmen et al., the above-mentioned ratio was 63%, they did not disclose data about the localization 
of the attacks, while Bostan et al. reported this ratio at 44%, 22% on the extremities, and 22% abdominal29,33,34.

Based on the previously mentioned results edematous attacks localized to the abdomen and the extremities 
were the most frequent, just like in our results. However, the ratio of the patients experiencing attacks after having 
been undergone the infection was higher in some studies. In case of the survey of Bostan et al., the frequency 
of the edematous attacks during the infection could be explained with the fact that their examined population 
had a higher ratio of patients who had edematous attacks in the examined year besides the acute phase of the 
infection, while this is not true to 44% of our population who have undergone the infection29,30. Gökmen et al. 
mention in their study that 54% of the infected patients did not use any kind of LTP despite having a higher 
attack frequency anyway, which may explain the outstanding results of their study34. In the survey of Olivares 
et al. 50% of all HAE patients who had an edematous attack during being infected did not use any kind of LTP, 
which may explain the different results in this case31.

In our survey, 44% of patients have experienced PCS after the SARS-CoV-2 infection, most often loss of 
smell/dysgeusia (16%). Fernández-de-las-Peñas et al. have summarized 34 articles mentioning post covid in their 
review, where they combined the populations. In this combined population 45.9% of the patients experienced 
PCS persisting for more than 3 months, out of which tiredness (35.3%) and shortness of breath (26.3%) were 
the most common. Since our results are identical with that of the review’s, there was no significant deviation 

Table 2.   The vaccination against SARS-CoV-2 and the distribution of the side effects of the vaccines in 
hereditary angioedematous patients. The side effects occurred as follows: muscle pain (49%), weakness (41%), 
bad mood (36%), malaise (35%); joint pain (26%), shivering (25%), fever or hyperthermia (23%), headache 
(22%), local reaction (20%), gastrointestinal symptoms (10%), HAE attack (5%), neurological symptoms (5%), 
airway symptoms (1%), chest pain (1%), rash throughout the body (1%), hypertension (1%), amenorrhea (1%), 
tachycardia (1%). GI gastrointestinal, HAE hereditary angioedema.

Comirnaty Sinopharm
Moderna-COVID-19 
vaccine Gam-COVID-Vac Vaxzevria Janssen Vaccine ∑

Number of vaccinated 
patients 38 11 8 7 5 4 73

Muscle pain 22 3 2 5 4 0 36

Weakness 15 0 4 4 4 3 30

Bad mood 13 0 4 5 3 1 26

Joint pain 11 0 2 3 3 0 19

Headache 12 0 2 1 1 0 16

Local reaction 8 1 2 2 0 1 14

GI symptoms 5 0 1 1 0 0 7

Airway symptoms 0 0 1 0 0 0 1

Neurological symptoms 3 0 1 0 0 0 4

Chest pain 1 0 0 0 0 0 1

Rash throughout the body 1 0 0 0 0 0 1

Hypertension 1 0 0 0 0 0 1

Amenorrhea 1 0 0 0 0 0 1

Tachycardia 1 0 0 0 0 0 1

Shivering 5 0 5 3 4 1 18

Hyperthermia or fever 5 0 4 4 3 1 17

HAE attack 1 0 1 1 0 1 4
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in our C1-INH-HAE population in the PCS persisting for more than 3 months, when compared to the healthy 
population35.

In our survey, 5% of C1-INH-HAE patients reported an edematous attack after getting a COVID-19 vaccine; 
they were located in the abdomen in all cases. In contrast, in their study, Fijen et al. have reported that 16% of 
their patients had an attack after being vaccinated; 50% in the extremities, 40% in the abdomen. Their study, 
however, does not unequivocally discuss how exactly are C1-INH-HAE and nC1-INH-HAE patients divided 
in their population, and 6/10 of the patients who had an HAE attack after the vaccine had a poor AECT (Angi-
oedema Control Test) result, which may convey more frequent HAE attacks or that the attacks are more difficult 
to treat with the applied therapy36,37.

Bostan et al. received similar results to ours, regarding the survey on the QoL, although they only evaluated 
the QoL of 9 C1-INH-HAE and 1 nC1-INH-HAE patients who have undergone SARS-CoV-2 infection. Three 
tests from different times were compared, the first prior to the infection, the second during the acute phase of the 
infection, and the third 3 months after the acute phase. No significant difference was found between the data of 
the three questionnaires29. In contrast, in our study, we found a slightly improving QoL with the decrease in the 
median of the total score during the pandemic. There may be multiple reasons why we found slightly improving 
QoL related to angioedematous symptoms compared to the period prior to the pandemic. One of them may 
be that the AE-QoL questionnaire can evaluate the 4 weeks before the completion with the most certainty. As 
the recall period increases, so does the bias of the test27. The other reason of the improving QoL may be that in 
our study, we analyzed the second and third wave of COVID-19 in Hungary, which had very similar lockdowns 
and restrictions as the first wave. It may be possible that with time, people’s approach both to SARS-CoV-2 
and the restrictions introduced due to the pandemic changed, and the resulting situation caused less fear and 
uncertainty in them.

Conclusions
Our study investigated a significantly high number of HAE patients, analyzing not only the course of COVID-19, 
but also if vaccinations against SARS-CoV-2 pose a specific risk to HAE patients, including vector based, live 
attenuated, as well as mRNA vaccines. To our knowledge, this is also the first study that investigated COVID-19 
in HAE patients from the Hungarian population.

Based on our research, we assume that SARS-CoV-2, similarly to other infections, may induce HAE attacks 
in certain cases, but their course is mostly similarly severe to the attacks the patient is used to, and they can be 
treated successfully as well. Although the median age (44.5) of the analyzed HAE population that underwent 
SARS-CoV-2 infection was not in the endangered age group, the number of infected patients in the population is 
small18, and only 4 patients have a comorbidity of internal medicine, so based on the received results, it seems that 
HAE does not aggravate the acute infection of SARS-CoV-2 infection. Furthermore, despite the limitations of our 
survey, we propose that since HAE attacks occurring during the acute phase of the infection always had a milder 
course, the two diseases do not aggravate each other’s course, despite the overlaps in their pathomechanisms.

During our survey, out of 73 patients, HAE attacks occurred as the acute side effect of the SARS-CoV-2 vac-
cines in only 4 patients, in the days after the administration of the vaccine. We established that neither mRNA, 
vector based nor live attenuated SARS-CoV-2 vaccines pose a higher risk to C1-INH-HAE patients, than to the 
average population.

According to our patients, the availability of HAE physicians and HAE medications did not change in the 
analyzed pandemic period.

Since there was no significant difference between the attack number prior to and during the pandemic, 
and we did not find any significant difference in the QoL in between the two periods, the findings of this study 
indicate that the second and third wave of the Hungarian COVID-19 epidemic did not significantly influence 
the clinical picture of C1-INH-HAE.

Data availability
The datasets generated and/or analysed during the current study are not publicly available due to individual 
privacy but are available from the corresponding author on reasonable request.
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