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Anotacija

ledzimti imunsistémas traucgjumi (IIT) ir heterogéna reto slimibu grupa, kurai
raksturiga imiinsistémas disregulacija. Visbiezak sastopamais IIT veids ir parsvara antivielu
deficiti (PAD), no tiem biezak izplatitie — selektivs IgA deficits (SIgAD) un parasts mainigs
imundeficits (PMID). Vakcinacija PAD pacientiem ir 1pasi nozimiga saistiba ar paaugstinatu
infekciju risku, tomér pécvakcinacijas humorala atbildes reakcija PAD pacientiem var biit
trauc€ta. Savukart T-Stinu atbildes reakcija var sniegt aizsardzibu arf tad, ja antivielu veidoSanas
ir ierobezota.

S1 pétijuma mérkis ir analizét humoralo un T-§Ginu imiino atbildi pret SARS-CoV-2
antigénu PAD pacientiem un imiinas atbildes saistibu ar slimibas fenotipu un smagumu, ka art
izpétit iemeslus atteikumam no rekomendétas SARS-CoV-2 vakcinacijas IIT pacientiem
Latvija.

Promocijas darbs ir veidots ka Cetru secigu publikaciju kopa. Pirmaja dala analizéta [IT
izplatiba Latvija, raksturojot pacientu medicinisko dokumentaciju. Otraja un treSaja petijjuma
dala tika novérteta PAD (PMID un SIgAD) pacientu humorala un T-Stnu
SARS-CoV-2 specifiska atbilde, ka arT citokinu profils pec SARS-CoV-2 antigéna stimulacijas,
izmantojot enzimu saistitu imiinsorbcijas testu, interferona-y izdaliSanas testu un xMAP
tehnologiju. Ceturtaja pétijuma dala, izmantojot dal&ji strukturétu interviju un tematisko analizi,
tika pétiti IIT pacientu iemesli atteikumam no rekomendétas SARS-CoV-2 vakcinacijas.

IIT punkta prevalence Latvija 2020. gada decembr1 bija 7,1 uz 100 000 iedzivotaju.
SARS-CoV-2 specifisko IgG klases antivielu Iimenis PMID pacientiem bija zemaks
(5,47 (IQR =4,08)) neka veseliem kontrolgrupas individiem (9,43 koeficients (IQR = 2,13))
(p <0,05). Miisu pétijuma netika konstatétas statistiski nozimigas atSkiribas SARS-CoV-2
specifiskaja T-Stnu un citokinu atbildes reakcija starp PMID, SIgAD pacientu grupu vai
kontroles grupu (p>0,05). Péc SARS-CoV-2 antigéna stimulacijas pacientiem ar
autoantivielam seruma tika noveérots IL-4 limena pieaugums, ka ar sakotnéji augstaks IL-4 un
TNF-a Itmenis (p < 0,05), savukart IL-10 limenis statistiski nozimigi atskiras pacientiem ar
limfadenopatiju (p <0,05), hepatomegaliju (p <0,01) un splenomegaliju (p <0,01), bet
pacientiem ar zemu parslégto atminas B §tinu patsvaru bija izteiktaks TNF-o limena pieaugums
saltidzinajuma ar citam grupam (p < 0,01). Ka piecas galvenas t€mas, kas ietekméja IIT pacientu
lémumu nevakcinéties, tika identific€tas: (1) bailes un nenoteiktiba, (2) riska un ieguvumu
vertgjums, (3) argja ietekme no apkart€jiem cilvékiem, (4) neuztic€Sanas un nevéleéSanas
paklauties, (5) parlieciba par Covid-19 vakcinu un vakcinaciju kopuma.

ledzimto imunitates trauc€jumu izplatiba Latvija ir lidziga citu Eiropas valstu

raditajiem, tomer Latvija ir mazaks diagnosticéto PAD 1ipatsvars. T-Siinu atbilde pret



SARS-CoV-2 antigénu PMID un SIgAD pacientiem neatskiras no kontroles grupas pacientiem,
bet humorala atbilde PMID pacientiem bija samazinata. Vairaku citokinu (IL-4, IL-10, IL-21,
TNF-0) Iimenu izmainas péc SARS-CoV-2 antigéna stimulacijas ir saistitas ar slimibas
kliniskajiem vai imunologiskajiem fenotipiem. Lai gan lielaka dala IIT pacientu atteikSanas
iemesli no SARS-CoV-2 vakcinacijas bija [idzigi tiem, kas noveroti vispareja populacija, pastav
arT slimibai specifiski faktori: uzskats, ka vakcinacija imtindeficita pacientiem ir kontrindicéta,
ka ar1 uzskats, ka iminglobulinu aizstajterapijas sanemSanas gadijuma SARS-CoV-2
vakcinacija nav nepiecieSama.

Atslégvardi: iedzimti imunitates trauc€jumi, parsvara antivielu deficiti; parasts mainigs
imuindeficits; selektivs IgA deficits; iedzimtu imunitates trauc€jumu prevalence; SARS-CoV-2

imiina atbilde; vilcinaSanas vakcingties.



Abstract

SARS-CoV-2 Vaccination in Patients with
Inborn Errors of Immunity in Latvia:
Immune Response and Reasons for
Refusal of Recommended Vaccination

Inborn errors of immunity (IEI) are a heterogeneous group of rare diseases characterized
by immune system dysregulation. The most common type of IEI is predominantly antibody
deficiencies (PAD), with selective IgA deficiency (SIgAD) and common variable
immunodeficiency (CVID) being the most frequently observed. Vaccination is particularly
important for PAD patients due to their increased risk of infections; however, their humoral
immune response to vaccines may be impaired. Nevertheless, T-cell responses can provide
protection even when antibody production is limited.

The aim of this study is to investigate the humoral and T-cell immune response to
the SARS-CoV-2 antigen in PAD patients, as well as the association of immune responses with
disease phenotype and severity. Additionally, the study examines the reasons for refusal of
recommended SARS-CoV-2 vaccination among IEI patients in Latvia.

This dissertation is structured as a series of four sequential publications. In the first part,
the prevalence of IEI in Latvia was analyzed using patient medical records. The second and
third parts assessed the humoral and T-cell SARS-CoV-2-specific response in PAD (CVID and
SIgAD) patients, as well as cytokine profile following SARS-CoV-2 antigen stimulation, using
enzyme-linked immunosorbent assay, interferon-y release assay, and xMAP technology.
In the fourth part, semi-structured interviews and thematic analysis were used to explore
the reasons why IEI patients refused recommended SARS-CoV-2 vaccination.

The point prevalence of IEI in Latvia in December 2020 was 7.1 per
100 000 inhabitants. The level of SARS-CoV-2-specific IgG antibodies in CVID patients was
lower (5.47 ratio, IQR = 4.08) compared to healthy controls (9.43 ratio, IQR = 2.13) (p < 0.05).
No statistically significant difference was found in SARS-CoV-2-specific T-cell and cytokine
responses between patients with CVID, SIgAD, or the control group (p>0.05). After
SARS-CoV-2 antigen stimulation, patients with serum autoantibodies exhibited an increase in
IL-4 levels, as well as initially higher IL-4 and TNF-a levels (p < 0.05). Moreover, IL-10 levels
differed significantly in patients with lymphadenopathy (p < 0.05), hepatomegaly (p <0.01),
and splenomegaly (p <0.01). Patients with a low proportion of switched memory B cells
exhibited a more pronounced increase in TNF-a levels compared to other groups (p <0.01).

Five key themes influencing IEI patients’ decision to avoid vaccination were identified: (1) Fear



and uncertainty, (2) Risk—benefit assessment, (3) External influence from others, (4) Distrust
and unwillingness to comply, (5) Beliefs about COVID-19 vaccines and vaccination in general.

The prevalence of IEI in Latvia is similar to other European countries, but Latvia has
a lower proportion of PAD. The T-cell response to the SARS-CoV-2 antigen in CVID and
SIgAD patients did not differ from that of the control group, but the humoral response in CVID
patients was reduced. Changes in the levels of several cytokines (IL-4, IL-10, IL-21, TNF-a)
following SARS-CoV-2 antigen stimulation were associated with clinical or immunological
disease phenotypes. While most reasons for vaccine hesitancy among IEI patients were similar
to those observed in the general population, disease-specific factors were also identified:
the belief that vaccination is contraindicated in patients with immunodeficiency, as well as
the perception that SARS-CoV-2 vaccination is unnecessary for those receiving
immunoglobulin replacement therapy.

Keywords: inborn errors of immunity; predominantly antibody deficiencies; common
variable immunodeficiency; selective IgA deficiency; prevalence of inborn errors of immunity;

SARS-CoV-2 immune response; vaccine hesitancy.
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Ievads

ledzimti imunsistémas traucgjumi (IIT) ir heterogéna reto slimibu grupa, kurai
raksturiga imiinsistémas disregulacija (Bousfiha et al., 2020). Kliniski §1s slimibas izpauzas ar
atkartotam vai neparastam infekcijam, autoimunitati, autoiekaisigiem sindromiem, atopiju
un/vai laundabigam slimibam (Poli et al., 2025). IIT diagnoze tiek noteikta atbilstosi
kliniskajiem un laboratorajiem slimibas krit€rijiem un genétiskas test€Sanas rezultatam
(Costagliola & Consolini, 2023). IIT arstéSana ir atkariga no diagnozes un trauc€jumu smaguma
pakapes un var ietvert allogénu cilmes Stinu transplantaciju, imiinglobulinu aizstajterapiju,
biologisko medikamentu lietoSanu, profilaktisku antibiotiku lietoSanu un cita veida infekciju
profilaksi, tai skaita vakcinaciju, ka arT komplikaciju arstéSanu (Fevang, 2023; Hanitsch et al.,
2020). Vakcinacija tiek uzskatita par vienu no efektivakajiem infekciju profilakses veidiem.
Tiek pienemts, ka vakcinas iedarbojas, izraisot patogénam specifiskas imiinas atbildes
reakcijas, kuru rezultata veidojas aizsargajoSas antivielas un atminas imiinStinas (Shoja Doost
et al., 2024), tomér pacientiem ar daziem IIT traucumu veidiem S$is mehanisms var bt
defektivs (Paris, 2023; Tangye et al., 2022).

Visbiezak sastopamais IIT veids, kura gadijuma ar1 var biit vé€rojami trauc€umi
pecvakcinacijas atbildg, ir parsvara antivielu deficiti (PAD) (Poli et al., 2025). Biezakie no PAD
ir selektivs IgA deficits (SIgAD) un parasts mainigs imindeficits (PMID). Kliniski Sos
trauc€jumus raksturo paaugstinata uznémiba pret infekcijas slimibam, ka arT ar imiinregulacijas
traucgjumiem saistitas neinfekciozas komplikacijas (Edwards et al., 2019). Abiem
traucgjumiem raksturigi B Stunu defekti vai funkcionali trauc€jumi citas imtin§tnu Iinijas, kas
noved pie samazinatas iminglobulinu sintézes (Bagheri et al., 2023; Milito et al., 2021).
Lidztekus samazinatam imunglobulinu daudzumam, kas raksturigs visiem PAD pacientiem,
PMID diagnostiskajos kriterijos ietilpst arT traucéta pecvakcinacijas imtinatbilde un/vai zems
parslégto atminas B §tinu skaits, kas liecina par sekundaros limfoidos organos esoSo reaktivo
centru darbibas trauc€jumiem (Seidel et al., 2019). Reaktivie centri ir galvena vieta, kur noris
imiinglobulinu klases parslégsanas, somatiska hipermutacija un antivielu afinitates nobriesana.
Pacientiem ar PMID var biit disfunkcionali un neregulari reaktivie centri (Schouwenburg van
et al., 2022). Reaktivo centru disfunkcija var bt iesaistiti vairaki mehanismi, tostarp hroniska
infekcija, transkripcijas faktora T-bet pastiprinata ekspresija un ar to saistita pastiprinata
CD21low atminas B $iinu veidoSanas, CXCL13 disfunkcija (B $tnu hemoatraktants), ka ari
T folikularo Iidzetajstinu (TFH) un T folikularo regulatoro Stinu (TFR) darbibas traucgjumi
(Gupta et al., 2022; Romberg et al., 2019; Yang et al., 2022). TFH, izdalot interleikinu (IL) 4
un IL-21, reaktivo centru reakcijas limfmezglos ir bitiskas B Stinu diferenciacijai par

imiinglobulinus razojosam plazmas S$iinam un atminas B §inam (Baumjohann & Fazilleau,



2021), savukart TFR piedalas TFH regulacija, kontrol€jot imtino sinapsi starp B Stinu un TFH.
So $anu disfunkcija var biit saistita ar autoimunitates attistibu (Gupta et al., 2024; Padron &
Hernandez-Trujillo, 2023). B Stnu darbibas trauc€jumi varétu negativi ietekmét ar1 T-Stinu
atbildi PAD pacientiem, jo B Siinas ka viens no antigénprezentgjoso Stinu veidiem var
piedalities T-Stnu aktivacija (Apostolidis et al., 2021).

Papildus B Stnu darbibas traucgjumiem PAD var biit saistiti arl ar trauc&jumiem
mehanismos, kas ietekme imiinsistémas koordinaciju un regulaciju, tai skaita defektiem T-$tinu
signalcelos, iedzimtas imunitates $iinu, pieméram, makrofagu, dendritisko Stinu, dabisko
galétajsinu (NK) un iedzimto limfoido $iinu, darbibas trauc€jumiem. Trauc€jumi var rasties ari
arpus specifiskdm imtnStinu populacijam, pieméram, primaro vai sekundaro limfoido organu
mikrovid€ (Fernando et al., 2021; Ho & Cunningham-Rundles, 2020; Le Saos-Patrinos et al.,
2020; Martelius et al., 2023). So dazado §tnu disregulacijas sekas atspogulojas ari izmainitos
citokinu Itmenos (Polito et al., 2019; Poto et al., 2023; Rodriguez-Ubreva et al., 2024). Tomeér
PAD patogenézg, tostarp neinfekciozo komplikaciju attistiba, vl aizvien ir daudz nezinama.
Ta ka biezak sastopamie PAD parasti attistas pieauguso vecuma, viens no hipotetiskajiem vides
fakoriem, kas varétu ietekmét slimibas un komplikaciju attistibu, ir trauc€jumi imiinsist€émas
reakcija uz antigénu, tostarp virusa antigénu (Al-Hakim et al., 2024; Ameratunga et al., 2023;
Strohmeier et al., 2023). 2019. gada nogalé Kina tika identificts jauns viruss — smaga akiita
respiratora sindroma koronaviruss 2 (SARS-CoV-2), kas izraisija pneimoniju un atri izplatijas,
sasniedzot pandémijas apmerus (Zhou et al., 2020). Pacientu saskare ar SARS-CoV-2 antigénu
deva iespgju analizeét, ka PAD un citu IIT pacientu imunitates defekti ietekm€& imiinsist€émas
reakciju uz $o jauno antigénu (Quinti et al., 2022; Rodriguez-Ubreva et al., 2024).

Kaut ar atbildigas institiicijas rekomend&ja IIT pacientiem sanemt SARS-CoV-2
vakcinaciju (ESID, 2022), dala IIT pacientu no vakcinacijas pret SARS-CoV-2 tomeér atteicas.
Ir svarigi apzinat So pacientu biezakas bazas vakcinacijas sakara, lai efektivi varétu kliedet
nepamatotas bazas un pacienti varétu sanemt nepiecieSamo vakcinaciju. Ar1 gadijumos, kad
pacientam neveidojas aizsargajoSas antivielas, SARS-CoV-2 vakcina joprojam varétu bit
efektiva, jo T atminas Stnu klatbiitne var palidzet kontrolét infekciju (Amodio et al., 2021). T-
Stinu nozimi aizsardziba pret 2019. gada koronavirusa slimibu (Covid-19) apstiprina ari
zinojumi par to, ka Covid-19 pacientiem ar smagu slimibas gaitu konstatéts virusam specifisko
T-$tnu trikums, savukart pacientiem ar vieglaku slimibas gaitu raksturigas agrini induc@tas
funkcionalas
SARS-CoV-2 specifiskas T-Stnas, ka arT tas, ka asimptomatiskiem cilvékiem ar SARS-CoV-2
infekciju T-Stnu atbildes reakcijas var noritét bez humoralas atbildes reakcijas (Sahin et al.,

2021; Sekine et al., 2020; Sette & Crotty, 2021; Tan et al., 2021).
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Promocijas darbs ir sadalits trijas dalas: 1) IIT izplatibas analize Latvijas populacija

(Prokofjeva et al., 2022); 2) SARS-CoV-2 imiinas atbildes novérte§jums PAD pacientiem

(Lucane, Slisere, Gersone et al., 2023; Lucane, Slisere, Ozola et al., 2023); 3) faktoru, kas attur IIT

pacientus no rekomendétas SARS-CoV-2 vakcinacijas, analize (Lucane, Kursite et al., 2023).

Darba merkis

Raksturot iedzimto imtindeficttu trauc€jumu (IIT) izplatibu Latvijas populacija, izvertet

SARS-CoV-2 antigénam specifisko humoralo un T-$iinu imiino atbildi, tas saistibu ar slimibas

fenotipu un smagumu pacientiem ar predominanti antivielu deficitiem (PAD), ka arT identificét

faktorus, kas ietekme atteikSanos no rekomendétas SARS-CoV-2 vakcinacijas IIT traucjumu

pacientiem Latvija.

Darba uzdevumi

1.
2.

Apkopot IIT pacientu datus izplatibas noteikSanai Latvijas populacija.

Noteikt SARS-CoV-2 specifisko T-§iinu un antivielu imiino atbildi p&tamaja
(PMID un SIgAD pacienti) un kontroles grupa. Novertet atskiribas starp grupam.
Izvertet SARS-CoV-2 specifiskas iminas atbildes saistibu ar slimibas fenotipu un
smagumu pétamaja grupa.

Noteikt citokinu izmainas péc SARS-CoV-2 antigéna stimulacijas petamaja (PMID
un SIgAD pacienti) un kontroles grupa. Novertet atskiribas starp grupam. Izvertet,
ka citokinu Itmeni péc SARS-CoV-2 antigéna stimulacijas ir saistiti ar slimibas
fenotipu un smagumu p&tamaja grupa.

Izpétit IIT pacientu iemeslus atteikumam no rekomendétas SARS-CoV-2

vakcinacijas.

Darba hipoteze

1.

PMID pacientiem ir zemaks SARS-CoV-2 specifisko antivielu titrs, bet T-§iinu
atbilde neatskiras no SIgAD un kontroles grupam, savukart SARS-CoV-2 antigéna
inducetais citokinu sekrécijas profils atSkiras starp grupam un korelé ar slimibas
fenotipu un smagumu.

Papildus vispargja populacija aprakstitajiem iemesliem atteikties no rekomendétas
SARS-CoV-2 vakcinacijas IIT pacientu grupa pastav specifiski iemesli, kam ir

saistiba ar slimibu vai tas arstéSanu.
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Darba novitate

Pétijuma sakotngji tika noteikta IIT izplatiba Latvijas populacija. Sis ir pirmais pétijums,
kura analizeti IIT izplatibas raditaji Latvijas populacija. No kopé&jas IIT pacientu populacijas
nakama pé€tijuma posma veikSanai atlasiti pacienti ar PAD — specifisku IIT grupu, kurai
raksturiga trauc€ta imina atbilde p€c vakcinacijas un biezi noverojamas neinfekciozas
komplikacijas.

Petjumos par SARS-CoV-2 specifisko imiino atminu PAD pacientiem ka
surogatmarkieri visbiezak izmantoti tie$i antivielu Itmeni (Abo-helo et al., 2021; Bergman
et al., 2021; Delmonte et al., 2021; Ponsford et al., 2022), savukart par SARS-CoV-2 specifisko
T-§tinu atminu ir pieejams mazak petijumu, turklat Iidz §im neviena petijuma nav analiz€ta Stinu
imuna atbilde pret SARS-CoV-2 antigénu specifiski SIgAD pacientiem.

Nemot vera, ka vides faktori, tostarp saskare ar antigéniem, var ietekmét gan PAD, gan
specifiski neinfekciozo komplikaciju attistibu (Rodriguez-Ubreva et al., 2024), petijumi par
imiinas reakcijas atSkirtbam pret SARS-CoV-2 antigénu PAD pacientiem varétu sniegt jaunas
atzinas par slimibas patogenézi. Ta ka citokiniem ir svariga loma T-§inu izdzivo$ana un
diferenciacija, to sekrécijas raksturojums var€tu atklat funkcionalas atSkiribas ar klinisku
nozimi (Abyazi et al., 2022). Tikai dazos pétijumos ir analiz&tas klinisko fenotipu un dazadu
imunologisko raditaju (iminglobulinu, T un B S§tnu subpopulaciju, bazes citokinu Iimenu)
saistibas ar imunsist€mas atbildes reakciju pret SARS-CoV-2 antigénu. Tapat p€tijumos
lielakoties ir pétitas T-Siinu atbildes reakcijas pret SARS-CoV-2 antigénu, nosakot IL-2 un/vai
IFN-y sekréciju (Hagin et al., 2021; Pham et al., 2022; Leeuwen van et al., 2022). Sis ir pirmais
pétijums, kura noteikts plasaks citokinu spektrs péc pilnasinu stimulacijas ar SARS-CoV-2
antigénu PAD pacientiem.

Ta ka dazu IIT diagnozu gadijuma antivielu atbildes reakcija pret SARS-CoV-2
vakcinaciju var biit samazinata un sakotngjie vakcinu pétijumi neieklava pacientus ar IIT, dalai
pacientu tiesi datu trukums specifiskajai populacijai kluva par iemeslu vilcinaties ar izveli par
labu vakcinacijai, tade] petijumi iminas atbildes joma, tai skaitd izmantojot surogatmarkierus,
reto imiinsist€émas slimibu pacientiem ir biitiski (Aberumand et al., 2022). Tomer pastav ari citi
iemesli atteikumam no SARS-CoV-2 vakcinacijas. Lidz §im veikti tikai tris petijumi par IIT
pacientu iemesliem (Aberumand et al., 2022; Pergent et al., 2023; Wiesik-Szewczyk et al.,
2022), turklat neviens no tiem nebija kvalitativa dizaina pétijums. Izmantojot kvalitativo
pétniecibas pieeju, iesp&jams, varétu atklat jaunus, visparejai populacijai neraksturigus un tiesi
IIT pacientiem specifiskus faktorus, kas nosaka pacientu atteikumu no vakcinacijas un kas nav

bijusi paredzami, izmantojot p&tnieka izstradatus vairaku atbilzu variantu jautajumus.
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Diskusija
1. Iedzimto imunitates traucéjumu izplatiba Latvijas populacija

Pirmaja pétjjuma dala no pacientu mediciniskas dokumentacijas tika iegiiti dati par
Latvija diagnostic€tajiem IIT pacientiem, lai noveértétu IIT izplatibu Latvijas populacija, ka ar1
veiktu pacientu atlasi turpmakiem pétijuma posmiem. Latvija IIT pacientu novéroSana notiek
Paula Stradina Kliniskaja universitates slimnica un Bérnu kliniskaja universitates slimnica, un
dati tika iegiiti no §STm abam slimnicam.

Divdesmit septinu gadu perioda no 1994. lidz 2020. gadam Latvija tika diagnosticeti
173 pacienti ar IIT. IIT punkta prevalence Latvija 2020. gada decembri bija 7,1 uz
100 000 iedzivotaju. Salidzinot ar citam Eiropas valstim, péc Eiropas Imiindeficitu biedribas
(ESID) registra datiem, kopéja IIT izplatiba svarstas no 1,3 uz 100 000 iedzivotaju Polija Iidz
8,85 uz 100 000 iedzivotaju Irija (Bonilla et al., 2016; Ryan et al., 2022). Jaatzimé, ka IIT
izplatibas raditaji sakotn&ji Latvija bija loti zemi un ir augu$i pedejo gadu laika: no 0,08
gadijumiem uz 100 000 iedzivotaju 1994. gada un 1,1 uz 100 000 iedzivotaju 2004. gada lidz
7,1 gadijumam uz 100 000 iedzivotaju 2020. gada. 2004. gada tika uzsakts starptautiskais
“J projekts” — izglitibas un kliisko pétijumu sadarbibas programma imiindeficitu joma, kas
Sobrid aptver jau 32 valstis. “J projekta” mérkis ir veicinat informé&tibu un IIT pacientu agrinu
diagnostiku un arstésanu. Latvijas un arT citu Austumeiropas un Centraleiropas valstu gadijuma
tas ir sekmgjis IIT pacientu atpaziSanu un diagnostiku, rezultgjoties pacientu skaita pieauguma
(Abolhassani et al., 2022). Tapat IIT diagnostika ir uzlabojusies, ar1 ievieSot praksé jaunas
diagnostikas metodes un uzlabojoties genétisko izmekl&jumu piecjamibai.

Latvija visbiezak diagnosticéta IIT diagnozu grupa ir kombingti imiindeficiti ar
sindromiskam iezim&m, savukart citas valstis domingjosa grupa ir PAD: no 20 % Islandg lidz
63 % Italija (Lougaris et al., 2020; Ludviksson et al., 2014). “J projekta” valstis PAD 1patsvars
bija 46,3 % no kopgja pacientu skaita, bet otrs biezakais IIT veids bija kombinéti imiindeficiti
(14,3 %) (Abolhassani et al., 2022). Savukart Latvija PAD veido 21 % no kopgja IIT pacientu
skaita. Mazaka PAD proporcija IIT pacientu vidi vartu biit skaidrojama ar nepietickamu §1s
slimibas pacientu atpaziSanu.

Smagakas IIT formas, smaga kombinéta imiindeficita (SKID) incidence, Latvija no
1994. Ilidz 2020. gadam bija 1 no 32 963 dzivi dzimuSajiem jaundzimuSajiem. Agrina §is
slimibas atklasana ir nozimiga, jo lauj nekav@joties sakt izolaciju un nostitit pacientu allogénai
hematopoétisko cilmes Stinu transplantacijas veikSanai, turklat arst€Sanas rezultati ir labaki tiem
bérniem, kuriem transplantacija veikta lidz 3,5 méneSu vecumam pirms smagu infekcijas
slimibu parslimosanas (Thakar et al., 2023). Agrinai slimibas diagnostikai ir izstradats

jaundzimusSo skrinings, kas ir ticis ieviests 17 Eiropas valstis (Blom et al., 2024). Kop$
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2023. gada skrinings ir ieviets arl Latvija (LR Veselibas ministrija, 2023). Péc skrininga
ievieSanas SKID raditajiem valsti ir tendence pieaugt, jo tiek diagnosticéti ar1 gadijumi, kad
cilveki biitu agrini mirusi no infekcijas slimibam, pirms tiktu diagnosticéts SKID, tadgjadi
patiesa incidence varétu biit augstaka (Ricci et al., 2024).

Sis ir pirmais pétijums par IIT izplatibu Latvijas populacija. P&tijuma galvena
priekSrociba ir ilgais petijuma periods un datu pieejamiba no visiem Latvijas centriem, kuros
arsté $is retas slimibas. Potencials ierobezojums ir tas, ka Latvija nav iedzimto imunitates
traucjumu pacientu registra, dati mediciniskaja dokumentacija médz bit nepilnigi, ka ar7 dazi
pacienti varétu nebiit diagnostic€ti un novirziti talakai novéroSanai pie imunologa, kas nozime,

ka IIT izplatiba varétu biit novertéta ka parak zema.

2. PAD pacientu imunologiska atbildes reakcija pret SARS-CoV-2 antigénu

Otrajai pétijuma dalai no visiem Latvija diagnosticetajiem IIT tika atlasiti pacienti ar
biezakajiem PAD. Saja pétijuma dala tika ieklauti 47 dalibnieki: 17 pacienti ar PMID,
15 pacienti ar SIgAD un 15 kontoles grupas individi. Atbilstosi kliniskie dati par PMID un
SIgAD pacientiem tika iegiiti no pacientu slimibas vesturém un anketam. Misu pétijjuma
pacienti un kontroles grupas dalibnieki bija saneémusi homologu vakcinacijas shemu ar kadu no
§tm vakctnam — Pfizer-BioNTech/BNT162b2 (divas vai tris devas), Spikevax mRNA-1273 (divas
vai tris devas) vai Jcovden Ad26.COV2 (vienu devu); 50 % pacientu un 53 % kontroles grupas
dalibnieku bija sanémusi balstvakcinas devu vismaz 6 meéneSus pé€c primaras sérijas
pabeigSanas. Vidgjais laiks péc pedejas vakcinas devas sanemsSanas bija 173 dienas pacientu
grupa un 215 dienas kontroles grupa. Saja pétfjuma dala tika noteikta PAD pacientu humorala
un T-$iinu imtina atbilde pret SARS-CoV-2 antigénu.

Petfjuma dalibnieku asins paraugi tika iegiiti no 2022. gada aprila lidz jilijam. Lai
noteiktu SARS-CoV-2 specifisko humoralo atbildi, tika mérits SARS-CoV-2 specifiskais IgG
antivielu limenis pret smailes proteina S1 doménu, izmantojot enzimu imiinsorbenta analizi
(ELISA). Lai noteiktu pret SARS-CoV-2 smailes proteina S1 un S2 doménu specifisko T-Stinu
reakciju, tika izmantots interferona-y (INF-y) izdaliSanas tests (IGRA) QuantiFERON
SARS-CoV-2, ar kuru mérjja INF-y Iimena pieaugumu péc SARS-CoV-2 peptidu antigénu
stimulacijas. Citokinu izmainu noteikSanai pirms un péc SARS-CoV-2 smailes proteina
antigénu stimulacijas tika izmantota XMAP Luminex tehnologija. Tika vertétas antivielu
limenu, T-§tinu izdalita INF-y un citu citokinu atSkiribas starp pacientu un kontroles grupam un

pacientu grupa — arT saistiba ar slimibas klinisko ainu un smagumu.
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2.1. Humorala atbilde

Serokonversija jeb SARS-CoV-2 smailes proteinam specifisko IgG klases antivielu
limenis, kas parsniedza pozitivitates slieksni, bija vérojams 93 % PMID pacientu un visiem
kontroles grupas un SIgAD pacientiem. Savukart citos pétijumos PAD pacientu grupa ir
ievérojamas seropozitivitates Itmena atSkiribas, pieauguso populacija seropozitivitates limenim
varigjot no 15 Iidz 100 % (Abella et al., 2022; Amodio et al., 2021; Barmettler et al., 2022;
Bergman et al., 2021; Delmonte et al., 2021; Gdschl et al., 2022; Hagin et al., 2021; Lin et al.,
2022; Oyaert et al., 2022; Pham et al., 2022; Pulvirenti et al., 2021; Salinas et al., 2021; Shields,
Faustini, Hill, Al-Taei, Walder, et al., 2022a; Squire & Joshi, 2021; Steiner et al., 2023; A. M.
Zhang et al., 2024). Tomer janem vera, ka liela dala So p&tijumu bija salidzinosi neliels izlases
lielums. P&tijumos ar lielaku PMID pacientu izlasi seropozitivitates [imenis vari€ja no 66 lidz
81 % (Shields, Faustini, Hill, Al-Taei, Tanner, et al., 2022; Leeuwen van et al., 2022). Plaso
seropozitivitates diapazonu dazados petijumos var€tu skaidrot ari ar atSkirigu pétjjumu
metodologiju un slimibas heterogenitati, Covid-19 parslimoSanu anamnézg, atskirigu
vakcinacijas shému lietojumu, ka ar1 laiku péc pede€jas vakcinas devas ievades (Quinti et al.,
2022; Steiner et al., 2023).

Lai gan lielakajai dalai musu pétijuma dalibnieku specifisko antivielu titrs sasniedza
pozitivitates Itmeni, SARS-CoV-2 specifisko antivielu limenis bija zemaks PMID pacientiem,
salidzinot ar veseliem kontrolgrupas individiem vai SIgAD pacientiem. Sis rezultats saskan ar
citiem pétijumiem, kur PMID pacientiem tika novérota gan zemaka sakotn€ja specifiska
SARS-CoV-2 antivielu atbilde, gan vakcinacijas antivielu Iimenis samazinajas straujak neka
citiem IIT pacientiem vai kontroles grupas dalibniekiem Pino-Molina del et al., 2021; Shields,
Faustini, Hill, Al-Taei, Tanner, et al., 2022; Leeuwen van et al., 2023). Miisu pétijuma netika
verteta antivielu neitralizacijas spéja, tomér janem véra, ka PMID gadijuma pat kvantitativi
pietickama antivielu daudzuma var bt nepilniga antivielu kvalitate — aviditate, neitralizacijas
sp&ja un ierobezots antivielu repertuars (Nadesalingam et al., 2023; Pham et al., 2022; Shields,
Faustini, Hill, Al-Taei, Walder et al., 2022a; Steiner et al., 2023; Troelnikov et al., 2023).
P&tijumos Sie rezultati skaidroti ar trauc€jumiem reaktivo centru un atminas B $iinu veidoSana,
piem@ram, pacientiem ar PMID péc vakcinacijas ar Pfizer-BioNTech/BNT162b2 vakcinu,
salidzinot ar veseliem kontrolgrupas individiem, bija samazinats SARS-CoV-2 specifisko
atminas B $tinu daudzums, ka arT tika konstatéts vairak atipisku atminas B §iinu, kas varétu bt
radusas ekstrafolikularas, nevis reaktivo centru, reakcijas, un $aja gadijuma antivielu Iimenis
seruma saglabajas 1saku laiku (Salinas et al., 2021). Savukart cita petijuma tika novérots, ka

PAD pacientiem péc primaras mRNA vakcinacijas s€rijas bija samazinats IgG1+ un CD1lc+
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atminas B Stinu skaits, kas varétu liecinat par B $iinu receptoru signalcelu trauc€jumiem un/vai
samazinatu T-§tnu palidzibu (Lin et al., 2022).

Misu pétijuma ne Covid-19 parslimo$ana anamnézg€, ne Covid-19 smaguma pakape
vera, ka petijuma veikSanas bridi, 2022. gada aprili, lielaka dala pacientu (59 %) un kontroles
grupas dalibnieku (53 %) jau ieprieks bija saskarusies ar SARS-CoV-2 virusu. Ka art janem
vera §1 pétijuma ierobezojums: izlases lielums bija ierobezots $o slimibu retuma dél, kas
ievérojami samazinaja statistisko spéku un ierobezoja sp&u noteikt nozimigas asociacijas.
Ieprieksejos pétijumos konstatéts, ka PAD pacientiem, kuri bija parslimojusi Covid-19,
pecvakcinacijas antivielu limenis bija augstaks neka tiem, kuri nekad nebija infic&jusSies
(Shields, Faustini, Hill, Al-Taei, Walder et al., 2022). Tomér ir ari petjjumi, kur Covid-19
parslimoSana nebija saistita ar SARS-CoV-2 specifiskas antivielu atbildes intensitati (Erra et al.,
2022).

Tapat musu pétijuma netika novérota atSkiriba starp dazadiem vakcinu veidiem un
atSkiribas starp vairaku atSkirigu homologu vakcinu imunogenitati PAD pacientiem (Shields,
Faustini, Hill, Al-Taei, Tanner et al., 2022), savukart cita pétijuma, kas ieklava dazadu IIT
pacientus, Spikevax mRNA-1273 uzradija augstaku imunogenitati, salidzinot ar citam vakcinam
(Sputnik V, Oxford-AstraZeneca ChAdOx1, Sinopharm/BIBP un Pfizer-BioNTech/BNT162b2)
(Erra et al., 2022). Miisu pétijuma pacienti bija sanémusi tikai homologus vakcinu rezimus,
savukart citos pétijumos seropozitivitates Ilimenis paaugstinajas, izmantojot heterologus
vakcinu rezimus (pieméram, Oxford-AstraZeneca ChadOx1 primara shéma un revakcinacija ar
Pfizer-BioNTech/BNT162b2) (Kamar et al., 2021; Shields, Faustini, Hill, Al-Taei, Tanner et al.,

2022; Zimmerman et al., 2022). Miisu petijuma sanemto vakcinas devu skaits nebija saistits ar

dizains nelava novertet antivielu attistibas dinamiku p€c katras vakinacijas devas sanemsanas,
tacu citos pétijumos dalai PMID pacientu, kuriem serokonversiju nenovéroja péc pirmas mRNS
vakcinas devas, pozitivs antivielu limenis tika konstatéts péc vairakam vakcinu devam, ka ari
uzlabojas antivielu aviditate (Delmonte et al., 2021; Goda et al., 2022; Shin et al., 2022;
Barmettler et al., 2022; Shields, Faustini, Hill, Al-Taei, Tanner et al., 2022; Tandon et al., 2023;
Zimmerman et al., 2022). Tas liecina, ka vairaku SARS-CoV-2 vakcinu devu sanemsana ir
kliniski izdeviga, 1pasi augsta riska PAD pacientiem (A. M. Zhang et al., 2024). Cita petijjuma
secinats, ka péc revakcinacijas PAD pacientu atminas B Stnas tiek novérsts IgG1 klases
parslégsanas defekts (Lin et al., 2022). Tomer literatura ir atrodami ar1 pret€ji zinojumi, kuros

PMID pacientiem antivielu reakcija neuzlabojas péc treSas un/vai ceturtas mRNS vakcinu
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devas, ja sakotngji netika noveérota SARS-CoV-2 specifiska antivielu atbilde uz pirmajam
divam/trim SARS-CoV-2 mRNS vakcinu devam (Nielsen et al., 2022; Leeuwen van et al.,
2023). Kopuma jasecina, lai gan lielai dalai PMID pacientu ir nosakamas specifiskas
SARS-CoV-2 antivielas, dalai PMID pacientu joprojam ir traucéta SARS-CoV-2 specifiskas
imiinas atbildes veidoSanas, un teorétiski to varétu prognozet, nemot véra sakotngjo
iminsistémas profilu un klinisko ainu.

Ieprieks zinots, ka pacientiem ar PAD un autoimunitati vai citam neinfekciozam
komplikacijam anamnéze ir sliktaka atbildes reakcija uz vakcinaciju (Durkee-Shock & Keller,
2022; Goda et al., 2022; Pulvirenti et al., 2021; Shin et al., 2022; Leeuwen van et al., 2023),
tacu ir atrodami ar1 petijumi, kuros imiina atbilde nav saistita ar kltniskajam izpausmém (Mizera
et al., 2023; Steiner et al., 2023). Misu pétijuma netika konstateta saistiba starp SARS-CoV-2
specifisko IgG Iimeni un slimibas kliniskajam izpausmém, tacu So datu interpretacija janem
vera pétijuma izlases lielums, kas ierobezoja sp€ju noteikt nozimigas asociacijas. Lai gan miisu
petijuma SARS-CoV-2 smailes proteinam specifiska IgG Iimenis tieSi nekorelgja ar
kliniskajiem raditajiem, tomer tika atrasta saistiba starp citokinu Itmeni, ko veido $iinas, kas
iesaistitas antivielu sintézg, un autoantivielu klatbiitni pacientu seruma. ST saistiba tiks apskatita
talak diskusijas sadala.

Starp SARS-CoV-2 specifisko antivielu un T-$tinu atbildes reakciju netika novérota
statistiski nozimiga korelacija PMID grupa, savukart SIgAD un kontroles grupas tika novérota
korelacija starp SARS-CoV-2 specifisko antivielu un T-$iinu imunitati, un ari citos petijumos
ar veseliem individiem ir konstatéta $1 tendence — pozitiva korelacija starp SARS-CoV-2
smailes proteinam specifisko T-§tinu (CD4+ un CD8+) daudzumu un IgG antivielu Iimeni
agrini péc vakcinacijas, kas liecina par vienlaicigu adaptivas humoralas un $iinu imunitates
attistibu (Boppana et al., 2021; Sahin et al., 2021). Savukart citos petjjumos, kas ieklava PAD
pacientus, specifisko antivielu titri nekorel&ja ar T-Stinu atminu (Gdschl et al., 2022; Mizera et
al., 2023). Attieciba uz T-Siinu subpopulaciju korelaciju ar SARS-CoV-2 specifisko humoralo
atbildi miisu pétijjuma tika atrasta saistiba starp humoralo reakciju un centralo atminas CD8+
Sinu daudzumu un specifiski SIgAD pacientu grupa ari ar centralo atminas CD4+ Stnu
daudzumu, I1dzigi ka ieprieks aprakstits PAD pacientiem (Rosenthal et al., 2023; Shin et al.,
2022).

Miisu pétijuma netika konstateta saistiba starp SARS-CoV-2 specifisko antivielu atbildi
un B Stinu subpopulaciju skaitu, un lidzigi rezultati ir ari cita pe€tijjuma par agrino
pécvakcinacijas atbildi IIT pacientiem (Amodio et al., 2021). Tomér ir pétijumi, kur PAD
pacientu sakotngjais IgG, IgA, kopé&jais B Stinu, parslégto atminas B §tinu, marginalas zonas

B stinam Iidzigo Siinu, B regulatoro $tinu vai CD2llow B S$iinu daudzums ir saistits ar
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SARS-CoV-2 pécvakcinacijas humoralo atbildi (Antoli et al., 2022; Barmettler et al., 2022;
Gupta et al., 2024; Pham et al., 2022; Sauerwein et al., 2022; Shin et al., 2022). Misu pétijuma
ar1 EUROclass klasifikacijas fenotipiem nebija saistibas ar SARS-CoV-2 specifisko humoralo
atbildi un SARS-CoV-2 vakcinacijas sakara citi zinojumi par o jautajumu nav pieejami.
Janem veéra, ka SARS-CoV-2 specifisko antivielu daudzuma interpretaciju $aja un citos
pétijumos var ietekmét tas, ka pacienti ar PMID sanem imiinglobulinu aizstajterapiju.
Ir iesp&jams, ka imunglobulina preparati satur&ja specifiskas antivielas pret SARS-CoV-2
antigénu asins paraugu nemsanas bridi, 2022. gada aprili (Babaha & Rezaei, 2020; Gdschl
et al., 2022). Lai noverstu potencialo ietekmi, miisu p&tijuma pacientu asins paraugi tika nemti
pirms kartgjas imunglobulinu ievades. Laiks no donora plazmas nodoSanas lidz gatava
imiinglobulinu produkta izplatiSanas sakumam parasti ilgst [idz gadam (Zimmerman et al.,
2022). Ar1 citos pétijumos PMID pacienti, kuriem péc vakcinacijas netika konstatéta
SARS-CoV-2 specifiska humorala atbilde, saneéma IgG aizstajterapiju, tadel ir maz ticams, ka
pasiva imunizacija, ko izraisa IgG aizstajterapija, ietekmé&ja SARS-CoV-2 antivielu analizes
rezultatus (Arroyo-Sanchez et al., 2022; Nielsen et al., 2022; Pham et al., 2022; Sauerwein
et al., 2022; Shin et al., 2022; Volk et al., 2022). Lidzigs gadijums tika nove€rots ari miisu
petijuma grupa: pacientei, kura sanem iminglobulinu aizstajterapiju un tadejadi tiek sasniegts
normals seruma IgG Itmenis (kas pierada lidzestibu terapijai), specifisko SARS-CoV-2
antivielu titrs bija zem references intervala pozitivitates robezas. Tapat vél 2022. gada pirmaja
pusé test€tajiem imiinglobulinu aizvietotajproduktiem bija zems antivielu titrs gan pret
SARS-CoV-2 smailes proteinu, gan receptorus saistoSo doménu (Farcet et al., 2022; Nielsen

et al., 2022; Romero et al., 2022; Zimmerman et al., 2022).

2.2. T-Siinu atbilde

CD8+ T-Sunam ir izSkiroSa nozime pretvirusu atbildes reakcija akiitas infekcijas
gadijuma, savukart B un CD4+ T-§tinam ir biitiska loma virusu infekcijas novér§ana un galigaja
virusa iznicinasana (Wolf de et al., 2022). Ja viruss inficé iminkompetentu cilvéku ar iegtito
imunitati pret So virusu, péc aktivacijas CD8+ citotoksiskie T limfociti ierobezo intracelularo
virusa komponentu izplatibu, izdalot granzimus un perforinus, parvadot apoptozes signalus un
izdalot imiinstimul&joSus citokinus, tostarp IFN-y un TNF-0, bet CD4+ T-Stnu dazado
subpopulaciju funkcija virusinfekciju gadijuma ir pretvirusu imunitates koordin€Sana un
regulésana (Apostolidis et al., 2021; Piazza di et al., 2021).

Misu pétijuma lielakajai dalai PMID (93 %) un SIgAD (92 %) pacientu tikai konstateta
T-Stinu atbildes reakcija pret SARS-CoV-2 antigénu, kas tika meérita ka INF-y sintézes
picaugums uz SARS-CoV-2 specifisko antigénu stimulaciju IGRA testa. Citos p&tijumos

18



T-Stinu atbildes reakcija tika konstatéta no 53 Iidz 90 % ITT pacientu (Amodio et al., 2021;
Antoli et al., 2022; Delmonte et al., 2021; Gernez et al., 2022; Goda et al., 2022; Go6schl et al.,
2022; Hagin et al., 2021; Lin et al., 2022; Mizera et al., 2023; Oyaert et al., 2022; Salinas et al.,
2021; Steiner et al., 2023).

Misu darba netika konstatétas statistiski nozimigas atSkiribas SARS-CoV-2
specifiskaja T-Stnu atbildes reakcija starp PAD pacientu un kontroles grupam, tapat ka citos
pétijumos (Abolhassani et al., 2022; Goda et al., 2022; Gdschl et al., 2022; Gupta et al., 2024;
Hagin et al., 2021; Murray et al., 2023; Pham et al., 2022; Leeuwen van et al., 2023), kas atbilst
slimibas patogenézei, jo PAD pacientiem galvenokart ir traucéta tiesi antivielu sintéze, nevis
T-8tnu funkcija periférija (Tangye et al., 2022). Vairakos pétijumos PAD pacientu grupa
T-$tinu atbilde pat bija intensivaka, salidzinot ar kontroles grupu (Ainsua-Enrich et al., 2022;
Amodio et al., 2021; Delmonte et al., 2021). Viens no skaidrojumiem varétu but T-Stinu
kompensatora funkcija pacientiem ar primariem B §tinu funkciju trauc€jumiem (Amodio et al.,
2021). Tomér PAD ir heterogéna slimibu grupa, un ir pieejami pétijumi, kuros secinats, ka
PMID pacientiem T-§tinu atbilde ir samazinata, salidzinot ar kontroles grupu (Ainsua-Enrich
et al., 2022; Antoli et al., 2022; Gupta et al., 2021; Sauerwein et al., 2022; Leeuwen van et al.,
2023). Pieméram, pétijuma, kura noteica SARS-CoV-2 smailes protetnam specifisko
citotoksisko T-Stinu aktivaciju, PMID pacientiem tika konstatéts mazaks smailes proteinam
specifiski aktivéto CD8+CD25+ T-Sunu skaits, salidzinot ar kontroles grupu, kas neuzlabojas
ar1 pec treSas vakcinas devas sanemsanas. Kaut gan INF-y pozitivitates slieksni PMID pacientu
grupa sasniedza tikpat biezi ka kontroles grupa, tomér IFN-y sekret§josSo T-Stnu skaits bija
ievérojami zemaks PMID pacientiem, salidzinot ar kontroles grupu (Ainsua-Enrich et al.,
2022). Tapat cita neliela petjjuma PMID pacientiem tika konstatéts samazinats SARS-CoV-2
smailes proteinam specifisko citotoksisko T-$tinu skaits (CD8+ CDI107a+ granulims B+
perforins+), salidzinot ar veseliem kontrolgrupas dalibniekiem vai Brutona slimibas pacientiem
(Gupta et al., 2021). Rezultatu pretrunigums vartu tikt skaidrots ar atSkirigo pétijumu
metodologiju un slimibas heterogenitati. Lai gan lielai dalai PAD pacientu T-§tnu imunitaté
netiek noveroti primari traucgjumi, dazos gadijumos ir iesp&jams viegls Slinu imunitates
defekts, pieméram, dalai pacientu antivielu sintézes defekts var biit saistits nevis ar primariem
B §iinu darbibas trauc€jumiem, bet ar samazinatu T folikularo 11dz&tajStnu palidzibu B §inam
sekundaro limfoido organu reaktivo centru reakcijas (Amodio et al., 2021; Sepahi et al., 2024).
Ar1 dazu specifisku patog€no génu variantu rezultata varétu tikt trauc€ta T-Stinu imiina atbilde,
pieméram, NFKBI géna patogéno variantu gadijuma ir trauc€ts kodola faktora kB (NF-kB)
signalcel§, kas ir galvenais regul&josais transkripcijas faktors antigénam specifisko imiinas

atbildes reakciju attistiba, ka ari proiekaisuma citokinu (IL-1B, TNF-a, INF-y) parmériga
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ekspresija, kas var biit saistita ar autoimunitati (Dieli-Crimi et al., 2018). Lai gan statistiski
ticama saistiba starp klinisko ainu un T-§tnu atbildi miisu pétijuma netika konstateta, tomer
japiemin, ka vienigajai PMID pacientei, kurai netika konstatéta pozitiva T-§tinu atbilde, kliniski
izpaudas tris autoimiinas slimibas un genctiskaja testéSana bija apstiprinats NRAS gena
patogénais variants. Misu pétijuma pacientei INF-y Iimena pieaugums netika noverots, jo bazes
INF-y limenis seruma pirms antigéna stimulacijas bija lidziga Iimeni ka citiem paraugiem péc
antigéna stimulacijas. Ieprieks pacientiem ar NRAS géna patogenajiem variantiem ir aprakstita
I tipa INF signalcelu pastiprinata aktivacija (Papa et al., 2021), bet paaugstinats II tipa INF
limenis lidz Sim literatiira nav aprakstits. Tapat ari imiinsupresiva terapija var bt iemesls
samazinatai T-$iinu atbildei péc vakcinacijas. Musu pétijuma SIgAD pacientu grupa vieniga
paciente, kurai netika noverota pozitiva T-Stnu atbilde (INF-y [imenis seruma bija zems gan
pirms, gan péc antigéna stimulacijas), bija paciente ar reimatoido artritu, kura sanéma
imunsupresgjosu terapiju, tai skaita biologiskos medikamentus. Ari iepriek$€jos pétijumos
pacienti, kuri sanéma imiinsupres€josu terapiju, uzradija vaju T-Siinu atbildi (Liebers et al.,
2022; Oyaert et al., 2022; Sleen van et al., 2023).

Misu pétijuma nebija atSkiribas T-Stinu atbildé starp dazadu vakcinu sanémeéjiem, un
l1dzigi zinots arT citos petijumos IIT pacientiem (Arroyo-Sanchez et al., 2022; Erra et al., 2022;
Shields, Faustini, Hill, Al-Taei, Walder et al., 2022). Miisu p&tjjuma netika konstat&ta saistiba
starp T-Stnu atbildes intensitati un Covid-19 parslimoSanu anamnéze vai slimibas smagumu.
Citos petijumos $aja jautajuma dati ir atSkirigi — ir pieejami petjjumi ar lidzigiem rezultatiem
(Erra et al., 2022), savukart COV-AD pétijuma T-$iinu atbildes reakcijas pacientiem ar ieprieks
parslimotu Covid-19 bija izteiktakas, salidzinot ar Covid-19 neskarto PAD grupu (Shields
et al., 2022).

Saja pétijuma netika konstatgta statistiski ticama saistiba starp SARS-CoV-2 specifisko
T-Stinu atbildi un T-Stnu apakStipiem, un lidzigi zinots ar1 citos petijumos (Antoli et al., 2022;
Goda et al., 2022; Shields et al., 2022). Ar1 pacientiem, kuriem neizveidojas nosakama T-Stinu
atbilde, netika noverotas statistiski nozimigas saistibas ar T-Stinu subpopulaciju biezumu ne
Saja petljuma, ne ar1 citos petijumos (Amodio et al., 2021). Miisu pétijjuma netika novérota
nozimiga korelacija starp SARS-CoV-2 specifisko T-Stinu reakciju un B Siinu apakstipiem vai
kopgjo IgG, IgM vai IgA Iimeni, un Iidzigi zinots arf citos p&tijumos (Goda et al., 2022; Shields
et al., 2022). Pasreizgja pétijuma ar1 EUROclass klasifikacijas fenotipiem nebija saistibas ar
T-Stinu atbildi, un SARS-CoV-2 vakcinacijas sakara citi zinojumi par $o jautajumu nav
pieejami.

T-Sinu imunas atbildes reakcijas atSkiribas nebija saistitas ar pacienta kliniskajiem

parametriem, iznemot SIgAD grupu, kura pacientiem ar recidivéjoSu otitu bija statistiski
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nozimigi zemaka T-Siinu atbildes reakcija, salidzinot ar pacientiem bez §is infekcijas. Tomer
citos pétijumos, tapat ka SARS-CoV-2 specifisko antivielu atbildes trikuma gadijuma, ar1
SARS-CoV-2 specifiska T-§tinu atbilde neizveidojas pacientiem ar autoimiinam slimibam
(Amodio et al., 2021; Hagin et al., 2021; Leeuwen van et al., 2022) un labdabigu
limfoproliferaciju anamnézé (Arroyo-Sanchez et al., 2022), lai gan ir pétijjumi, kuros $ada
T-$tnu atbildes saistiba ar kliniskajam izpausmém nav atrodama (Goda et al., 2022). Ar1 So
datu interpretacija janem véra pétijuma izlases lielums, kas ierobezoja sp&ju noteikt nozimigas
asociacijas.

Metodei, kas tika izmantota T-Stinu atbildes noteikSanai, ir ierobezojumi, kas janem
veéra: T-Stnu atbildes reakcijas ir sarezgitas un var aktivizét dazadus molekularos celus, ka
rezultata var aktivéties atskirigi funkcionalie citokinu ekspresijas profili. Saja pétfjuma tika
izmantots komerciali pieejams IGRA tests SARS-CoV-2 T-Siinu imiinas atbildes noteikSanai,
tacu pastav liela metozu dazadiba (pieméram, metodes, kas balstas uz T-Sinam raksturigo
citokinu sekréciju, antigé€na izraisitu proliferativu Stnu reakciju vai noteiktu aktivacijas
markieru ekspresiju, adas vélina tipa hipersensitivitates reakciju, un citas) un nav skaidras
vienpratibas par metodi, kura visprecizak raksturo antigénam specifisku T-Stnu atbildes
reakciju, kas apgriitina pétifjumu rezultatu savstarp€jo salidzinaSanu (Barrios et al., 2022;
Friedmann et al., 2020).

Kopuma, lai gan miisu pétijuma netika konstatta statistiski nozimiga atskiriba
SARS-CoV-2 specifiskas IFN-y atbildes reakcija starp PMID, SIgAD pacientu grupam un
kontroles grupu, tas neizslédz iesp€ju, ka dazos gadijumos PAD pacientiem varétu biit

trauc€jumi citu citokinu sekrécija (Lin et al., 2022).

3. PAD pacientu citokinu sekrécijas profils pec SARS-CoV-2 antigéna stimulacijas
S1 pétijuma rezultati atklaja, ka PAD pacientiem péc pilnasinu SARS-CoV-2 antigéna
stimulacijas statistiski nozimigs pieaugums vérojams IFN-y, TNF-a, IL-1pB, IL-10, IL-15 un
[IL-17A, bet ne IL-21, IL-4 un IL-6 Iimeni, savukart TGF-f1 Iimenis p&c inkubacijas ar
SARS-CoV-2 antigénu bija zemaks, neka pirms. Citokinu Iimenu izmainu dinamika netika
noverota atSkiriba starp grupam (SIgAD, PMID un kontroles grupa), savukart mérjjuma bez
paraugu inkubacijas ar SARS-CoV-2 antigénu (citokinu bazes [imenis) tika noveérotas vairaku
citokinu Itmenu atSkiribas: PAD pacientiem bija raksturigs augstaks bazes IL-10 un IL-4
limenis, salidzinot ar kontroles grupu. leprieks zinots, ka IL-4 signalcelu traucgjumi ir saistiti
ar PMID smagumu (Taraldsrud et al., 2017). Savukart cita petjjuma zinots, ka citokinu limena
pieaugums (IL-10, IL-12, IFN-y, IL-6, IL-8, IL-22) vienu meénesi péc SARS-CoV-2

vakcinacijas, salidzinot ar Iimeni pirms vakcinacijas, PMID pacientiem bija augstaks, bet citu
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citokinu Itmenu pieaugums neatSkiras no kontroles grupas (IL-1B, IL-4, IL-5 un TNF-a)
(Rosenthal et al., 2023).

Ka mingts ieprieks, augstaks INF-y limenis péc SARS-CoV-2 antigéna stimulacijas
vakcinétiem PAD pacientiem bija augstaks salidzinajuma ar nevakcinétiem pacientiem, kuri
bija parslimojusi Covid-19. Saja pétijuma més neatklajam atskiribas citu citokinu limenu
izmainas péc SARS-CoV-2 antigéna stimulacijas, salidzinot vakcinétus un nevakcinétus
pacientus, lai gan ieprieks$ veikta pétjjuma ar veseliem individiem TNF-a atbildes reakcija uz
stimulaciju ar SARS-CoV-2 specifisko peptidu kopumu (smailes, nukleokapsida un
membranas) bija ievérojami augstaka vakcin€tiem individiem, salidzinot ar nevakcinétiem
Covid-19 parslimojusiem pétijuma dalibniekiem (Li et al., 2021). ST at3kiriba varétu bit saistita
ar atSkirigu SARS-CoV-2 peptidu kopumu, kas tika izmantots antigéna stimulacijas testa, ka
ar1 nelielo promocijas petijuma dalibnieku skaitu.

Talak darba tika pétits, vai SARS-CoV-2 specifiska citokinu reakcija ir saistita ar PAD
pacientu imunologiskajiem un kliiskajiem fenotipiem jeb neinfekciozajam komplikacijam.
Saja promocijas pétijuma autoantivielu esamiba PAD pacientu seruma bija saistita ar augstaku
bazes IL-4 un TNF-a limeni, ka arT IL-4 Iimena pieaugumu péc SARS-CoV-2 antigéna
stimulacijas. IL-4 pieaugums korel&ja ar1 ar kopgjo IgG un IgM Ilimeni, bet ne SARS-CoV-2
specifiska IgG Iimeni. Pétjjuma tika konstat&ta korelacija art starp IL-21 limena pieaugumu p&c
SARS-CoV-2 antigéna stimulacijas un PMID smaguma pakapi (punktu skaits PMID smaguma
izvert€Sanas skala pieaug, palielinoties gan infekciozo, gan neinfekciozo komplikaciju
skaitam). Ir zinams, ka reaktivajos centros TFH galvenokart sintezé IL-21 un IL-4, atbalstot
B stinu izdzivosanu, proliferaciju un diferenciaciju (Ueno, 2016). Savukart TFH izdalita 1L-4
trukums izraisa nepilnvertigu palidzibu B §tinam (Yusuf et al., 2010), un IL-21 defekti ir saistiti
ar ilgdzivojoSo plazmas $iinu trauc€jumiem. Izmantojot pelu modelus bez IL-21 receptoriem,
IL-21R—/— pelém sakotngja reaktivo centru veidoSanas, imiinglobulinu klasu parslégsanas un
virusam specifiska IgG reakcija bija normala, tomér o pelu limfmezglos reaktivie centri izzuda
atrak un tika noveroti trauc&jumi ilgdzivojoso plazmas §iinu veido$ana un ilgtermina antivielu
limena uzturé$ana (Rasheed et al., 2013). Citos pétijumos gan PMID, gan SIgAD pacientiem
IL-4 un IL-21 signalcelu defekti ir saistiti ar biezaku neinfekciozo komplikaciju izplatibu, tai
skaita autoimunitati (Desjardins et al., 2018; Ho & Cunningham-Rundles, 2020; Salzer et al.,
2014; Singh et al., 2014; Yazdani et al., 2019). Lai gan tieSa saikne starp Covid-19 un
autoimiinu slimibu attistibu nav pieradita, ir vairaki zinojumi par autoimiino slimibu attistibu
péc Covid-19 parslimosanas (Banjongjit et al., 2024; Catriona & Paolo, 2022; Diao et al., 2020;
Halpert & Shoenfeld, 2020; Kasperkiewicz & Woodley, 2023; Kouranloo et al., 2023;
Laxminarayana, 2022; Lyons-Weiler, 2020; Nabizadeh et al., 2022; Shoenfeld, 2020; Stathi
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et al., 2023; Y. Zhang et al., 2020). P&tijuma ar imiinkompetentiem Covid-19 pacientiem tika
noveérota parmériga plazmoblastu ekspansija, kas bija saistita ar autoantivielu veidoSanos.
Sie plazmoblasti atfistijas IL-4 un B $iinu aktivacijas faktora (BAFF) ietekmé, un tika
identificétas  divas  atSkirigas atminas Stnu populacijas (CD80+/ISG15+ un
CD11c+/SOX5+/T—bet+/—), kuram bija autoreaktivitates pazimes, kas, iesp&jams, kalpoja ka
autoantivielu avots (Schultheif3 et al., 2021). Iepriek$&jos petijumos ari zinots, ka specifiski
IL-4 un IL-10 génu promotera polimorfismi ir saistiti ar PMID attistibu (Rezaei et al., 2010).

Saja promocijas darba pacientiem ar labdabigu poliklonalu limfoproliferaciju, kas
izpauzas ka hepatomegalija, splenomegalija un limfadenopatija, IL-10 Iimena pieaugums péc
SARS-CoV-2 antigéna stimulacijas bija mazaks neka pacientiem bez $§Tm izpausmém vai
kontroles grupa. IL-10 razo galvenokart T-Siinas, 1pasi Treg un TFH S§iinas, ka arT monociti un
B regulatoras Stinas. Tam piemit regulatora funkcija, IL-10 ir pretiekaisuma citokins, kas var
kaveét proiekaisuma citokinu sintézi (Varzaneh et al., 2014). IepriekS veiktos pétijjumos
splenomegalija bija saistita ar B §tinu homeostazes disregulaciju, tostarp samazinatu parslégto
atminas B Stnu skaitu, kas varétu liecinat par reaktivo centru attistibas trauc&jumiem (Wehr
et al., 2008).

Interesanti, ka 2024. gada publicéta petijuma PMID pacientu arstéSana pirmo reizi tika
izmantota CD4+ T-$tinu inducgjama kostimulatora (ICOS) aktivizéSana ar vopratelimabu, kas
ievérojami palielinaja kop&jo TFH, TFH2 Sunu skaitu, ka arT normalizgja IL-4, IL-10 un IL-21
sekréciju in vitro. ArstéSana ar vopratelimabu palielinaja ari plazmocitu, IgG+ B $iinu,
samazinaja naivo un parejas B Stnu skaitu un iev€rojami palielinaja IgG1 sekréciju PMID
pacientiem. Interesanti, ka arst€Sana ar vopratelimabu atjaunoja ar1 IgA sekréciju in vitro
vairakiem PMID pacientiem, kuriem seruma bija pilnigs endogéna IgA trikums. Tadgjadi ar1
kliniskie pétijumi apstiprina IL-4, IL-10 un IL-21 disfunkcijas nozimi PMID patogenézé
(Sepahi et al., 2024).

Misu pétijuma papildus vairaku citu jau min&to citokinu I[imenu izmainam tika novérota
arT1 TGF-B1 lIimena samazinaSanas péc pilnasinu stimulacijas ar SARS-CoV-2 antigénu, turklat
Sis samazinajums bija izteiktaks pacientiem, kuriem bija zemaks SARS-CoV-2 specifisko IgG
antivielu titrs. TGF-B1 loma antivielu sintézé izpauzas galvenokart ka induc€to Treg Stinu
darbibas ierosinasana, lai nomaktu B §tinas (Strainic et al., 2013; Xu et al., 2016), un antivielu
klases parslegSanas ierosinasana, galvenokart uz IgAl un IgA2 klases antivielam
(Ferreira-Gomes et al., 2021). TGF-B1 var raZzot dazadas Siinas, tai skaita lielako dalu im@in§tnu,
reaggjot uz infekciju, un galvenokart tas darbojas ka vairaku imtn$anu, pieméram, Treg, NK
Stinu un makrofagu, regulators (Ramirez-Martinez et al., 2022). Japiemin, ka TGF-B1 sakotng&ji

veidojas ka latents komplekss un pirms biologisko funkciju veik$anas tam nepiecieSama

23



aktivizacija, kas var notikt dazados veidos, tostarp ar Treg starpniecibu (Liénart et al., 2018).
TGF-B1 var aktivizét NF-kB, kas var talak regulét dazadu citokinu ekspresiju, tostarp INF-y,
TNF-o un IL-1p3 (Hamidi et al., 2021; Yan et al., 2022). Misu pétijuma PAD pacientu grupa
TGF-B1 limena izmainas negativi korelgja ar IL-1B un TNF-a limeni. Viens no iesp&jamiem
skaidrojumiem TGF-B1 limena samazinajumam p&c SARS-CoV-2 antigéna stimulacijas varétu
biit TNF-a un IL-1 izraisita SMAD?7 (galvenie signalu parnes€ji TGF- receptoru darbibai)
ekspresijas aktivacija (Bitzer et al., 2000), jo SMAD7 inhibé€ TGF-B1 sintézi (Liang et al.,
2024). Miisu pétijuma ar1 TNF-a [Tmenis bija ievérojami augstaks pacientiem ar zemu parslégto
atminas B §tnu skaitu (EUROclass B+SmB—).

P&tijumam ir vairaki ierobezojumi. Pirmkart, izlases lielums, kas bija ierobezots So
slimibu retuma dél, ka ar1 kontroles grupas nelidzsvarots apjoms attieciba pret pétamo grupu
samazina statistisko speéku un ierobezo sp&ju noteikt nozimigas asociacijas. Otrkart, pétijuma
noveroSanas plans un plaSais laika periods péc imunizacijas shémas pabeigSanas nelauj izvertet
imiinas atbildes reakcijas dinamiku. Treskart, SARS-CoV-2 infekcijas anamnéze $aja petijjuma
tika noteikta, balstoties uz medicinisko dokumentaciju un veiktajiem PCR testiem, nevis
nosakot antivielas pret virusa nukleokapsida proteinu, kas var ierobezot hibridimunitates
noteikSanas precizitati, 1pasi vieglu vai asimptomatisku SARS-CoV-2 infekciju gadijuma.
Ceturtkart, petijuma netika ieklauta SARS-CoV-2 specifisko atminas B §tinu novértgjumu vai
antivielu neitralizacijas spgja. Attieciba uz ilgtermina imunologisko atminu veseliem
pacientiem péc Covid-19 parslimosanas ir noverota tendence SARS-CoV-2 specifiskas atminas
B Stinu daudzumam pieaugt vairakus méneSus péc inficeSanas (Dan et al., 2021). Tapat
pilnasinu stimulacijai ar virusa antigénu ir ierobezojumi, kas janem véra: T-§iinu atbildes
reakcijas ir sarezgitas un var aktivizeét dazadas Stnu subpopulacijas un molekularos celus, ka
rezultata var rasties atSkirigi funkcionalie citokinu ekspresijas profili. Tapat ierobeZojums ir tas,
ka tika izmantots tikai SARS-CoV-2 smailes proteina antigéns un netika ieklauti citi
SARS-CoV-2 proteini, piemeram, nukleokapsida vai membranas proteins. Tehnisku iemeslu
del analizé netika ieklauts citokins IL-2. Tapat pastav arl ierobezojums, salidzinot miisu

rezultatus ar citiem pétjjumiem, jo petijjumos izmantotas izmekleSanas metodes biezi atskiras.

4. Iemesli atteikumam no rekomendétas SARS-CoV-2 vakcinacijas

Ka minéts, IIT slimibu grupas biezaka kliniska izpausme ir paaugstinata uznémiba pret
infekcijas slimibam, kas varétu rosinat domat, ka Sie pacienti biitu pasi ieintereséti infekciju
profilakses pasakumos. Tomér, neraugoties uz to, ka atbildigas institiicijas rekomendgja
SARS-CoV-2 vakcinaciju IIT pacientiem (ESID, 2022), ka arT to, ka vairakos pétijumos tika

pieradita vakcinu drosiba specifiski Saja pacientu grupa, ka ari tika zinots par pozitivu
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imiinatbildes markieru paradiSanos péc vakcinacijas (Bergman et al., 2021; Milito et al., 2023),
bija pacienti, kuri no vakcinacijas pret SARS-CoV-2 atteicas.

Sis ir pirmais pétijums, kura tika izmantotas kvalitativas pétniecibas metodes, lai iegiitu
plasaku izpratni par motivaciju, kas ir pamata IIT pacientu lémumam atteikties no vakcinacijas.
Promocijas darba secinats, ka pacientu izveli atteikties no SARS-CoV-2 vakcinacijas ietekméja
vairaki savstarp€ji saistiti un pastiprinosi iemesli. Galvenas témas, kas tika identificétas ka
iemesli atteikumam no SARS-CoV-2 vakcinacijas: (1) bailes un nenoteiktiba, (2) bazas par
riskiem un ieguvumu nesaskatiSana, (3) argjas ietekmes no apkartgjiem cilvékiem,

(4) neuzticéSanas un nevélesanas paklauties, (5) uzskati par vakcinaciju un Covid-19.

4.1. Bailes un nenoteiktiba

Pétijuma vairaki pacienti atziméja, ka izjit bailes no SARS-CoV-2 vakcinacijas. Dazi
no Siem pacientiem sp&ja konkretizét bailu iemeslu, tomér bija pacienti, kuru bailes bija
nekonkrétas un nebija saistitas ar racionaliem apsvérumiem. Tapat pacienti atzina, ka jitas
unikali savas slimibas dél un nevar uz sevi attiecinat rekomendacijas, kuras vispargjai
populacijai piedava sabiedribas veselibas specialisti. Dazi dalibnieki akcent€ja arT apjukuma un
nenoteiktibas izjltu, nezinot, ko uzskatit par patiesibu un ko par mitu. Tadel, raugoties no
vakcinu komunikacijas viedokla, veselibas apriipes specialistiem biitu izSkiroSa loma uzticibas
veidoSana, informéSana par vakcinacijas personigajiem ieguvumiem, ka ari So pacientu
specifisko bazu un dezinformacijas novérsana attieciba uz SARS-CoV-2 vakcinam (Silver
et al., 2022). UzticeSanas starp arstiem un pacientiem ir 1pasi svariga, un ir pieradits, ka
veselibas apriipes specialistu personigs ieteikums sanemt vakcinu pozitivi ietekme vakcinacijas
izvéli (Fernandes et al., 2021; Silver et al., 2022). Sie rezultati ari uzsver, cik svarigi ir
nodroSinat arstu un medicinas masu informé&tibu par SARS-CoV-2 vakcinacijas efektivitati un

drosibu personam ar IIT (Pergent et al., 2023).

4.2. Riska un ieguvuma novertejums

Samazinata iesp€jama ieguvuma uztvere apvienojuma ar bazam par veselibas
pasliktinasanos péc vakcinacijas lika daziem dalibniekiem uzskatit, ka ar vakcinaciju saistitie
riski ir lielaki par tas potencialajiem ieguvumiem. IepriekS€jos pétijumos IIT pacienti, kas
atteicas no vakcinacijas, visbiezak izteica tieSi bazas par to, ka vakcinacija nenodroSinas
pictickamu aizsardzibu pret Covid-19, un tikai tad sekoja bazas par alergiskas reakcijas, vél
nezinamas vakcinas blakusparadibas vai slimibas paasinajuma iesp&jamibu (Aberumand et al.,
2022; Pergent et al., 2023), kamér visparéja populacija visbiezak minétas bija tiesi bazas par
iesp€jamam vakcinas blakném. ArT miisu pétijuma pacienti ar antivielu deficitu atziméja, ka

iemesls atteikties no vakcinacijas bija tas, ka ieprieks pret citam vakcinreguléjamam slimibam
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viniem nebija izveidojusas antivielas. Turklat, lai gan lielaka dala $1 pétijuma grupas cilvéku
bija parliecinati, ka Covid-19 ir smaga slimiba, vakcinas potenciali raditos draudus dala
pacientu uztvéra ka smagakus neka saslimSanu ar Covid-19. P&tijums Latvijas vispargja
populacija atklaja, ka pacientu subjektivi uztverta uznémiba pret Covid-19 netika identificéta
ka faktors, kas ietekmétu vakcinacijas uzvedibu SARS-CoV-2 sakara (Surina et al., 2021),

pretgji citam valstim (Al-Amer et al., 2022).

4.3.  Argjas ietekmes

Narativs par negativam veselibas sekam péc SARS-CoV-2 vakcinacijas ir klatesoss ar1
Latvijas populacija (Surina et al., 2021) un var ietekmét IIT pacientu attieksmi pret vakcinaciju.
Dazi dalibnieki dalijas ar negativas pieredzes stastiem no gimenes locekliem vai tuviem
draugiem, bet citi no attalakiem avotiem, tai skaita medikiem un likumdevejiem.

Vairaki pétijuma iesaistitie dalibnieki atzina, ka Sos stastus dzird&jusi socialo mediju
platformas. Arl pétijumos apstiprinata saistiba starp mediju diskursu un iedzivotaju veélmi
vakcingties: valstis, kur diskusija socialajos plassazinas lidzeklos koncentr&jas vairak uz
blakusparadibam vai negativam emocijam saistiba ar SARS-CoV-2 vakcinaciju, ir zemaka

vakcinacijas aptvere (Jun et al., 2022).

4.4. NeuzticeSanas un nevéleSanas paklauties jeb “individs pret sistemu”

leprieksejos pétijumos lielakajai IIT pacientu dalai baZzas bija saistitas specifiski ar
SARS-CoV-2 vakcinu un tikai 1,7-4,7 % pacientu pauda neuzticibu vakcinam kopuma
(Aberumand et al., 2022; Pergent et al., 2023). Miusu pétijuma dalibnieki pauda viedokli ar1 par
tadam témam ka neuzticésanas medicinas sist€émai vai politikas veidotajiem.

Vairaki no Siem minétajiem faktoriem, kas var€tu ietekmét vilcinasanos vakcinéties, ir
konstateti arT Latvijas vispargja populacija, tapec tie nav raksturigi tikai konkrétam iedzivotaju
grupam ar novajinatu imunitati. Interesanti, ka cita petijuma, kas veikts Latvijas vispargja
populacija, tika atklats, ka uztic€Sanas valsts institicijam un bailes no Covid-19 ir
SARS-CoV-2 vakcinacijas uzvedibu noteicosie faktori (Surina et al., 2022). Uzticésanos
vakcinacijas konteksta var apliikot trijos dazados limenos: uzticéSanas konkrétajam vakcinas
produktam (pieméram, SARS-CoV-2 vakcinai un tas izstradatajiem), uztic€Sanas vakcinas
nodro$inatajam (pieme&ram, medicinas darbiniekiem) un ticiba politikas veidotajiem
(pieméram, valdibai un veselibas apripes sist€mas vadibai) (Maciuszek et al., 2023; Prati,
2020). Saskana ar musu petijuma datiem pacientu uztveri par vakcinas efektivitati un drosibu
ietekmé neuzticéSanas visos trijos minétajos Itmenos. Ar1 pétijumi apstiprina, ka neuzticéSanas
valsts iestadeém tieSi ietekm€ iedzivotaju velmi rikoties saskana ar So iestazu ieteikumiem,

savukart uzticeSanas un palaviba uz valsti un veselibas apriipes sisteému ir saistita ar lielaku
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gatavibu vakcinéties pret SARS-CoV-2 (Chan et al., 2020). Tiek uzskatits, ka neuzticéSanas
politikas veidotajiem kopa ar psihologiskajiem un strukturalajiem faktoriem ir svarigs aspekts,
kas veido ticibu sazverestibas teorijam (Kim & Kim, 2020; Simione et al., 2021; Uscinski
et al., 2020; Prooijen van, 2019).

Tapat dazi dalibnieki atzZimgja izjiitu, ka vakcinacija viniem tika uzspiesta un ir tikusi
ierobezota personiga autonomija attieciba uz kermeni, radot lielaku v&lmi pretoties
SARS-CoV-2 vakcinacijai, un Iidziga tendence tika novérota ar1 petjjuma Latvijas medicinas
darbinieku vidi (Lielsvagere-Endele et al., 2022). Lai gan obligata vakcinacija ir veiksmiga
stratégija taliteja perspektiva, ta potenciali var izraisit pretestibu un nelabvéligu attieksmi pret

vakcinaciju ilgtermina (Bardosh et al., 2022).

4.5. Personigie uzskati par vakcinaciju un Covid-19

A1l negativa personiga pieredze saistiba ar vakcinaciju un maldigi uzskati misu
petijuma bija faktori, kas atturgja IIT pacientus no vakcinacijas. Lai gan dazi klidaini uzskati
bija plasi izplatiti vakcinacijas miti, piem&ram, mits, ka vakcinas var “parslogot” vai
“novajinat” imiinsisteému (Geoghegan et al., 2020), citi bija raksturigi specifiski IIT pacientiem,
pieméram, parlieciba, ka vakcinacija nav nepiecieSama, ja pacients sanem imiinglobulina
aizstajéjterapiju. ST biitu uzskatama par kliidainu parliecibu un nav atbilstosa ESID ieteikumiem
(ESID, 2022). Pirmkart, imiinglobulina preparatu sagatavosSana ir sarezgits process, kas ilgst
vairakus ménesus (I1dz pat aptuveni gadam), tap&c sagaidams, ka Sajos preparatos pietickams
SARS-CoV-2 specifisko antivielu daudzums paradijas ar novéloSanos (Jin et al., 2021; Pham
et al., 2022). Otrkart, pat ja konkrétam pacientam neizveidojas specifiska antivielu reakcija uz
vakcinaciju, T-S§tinu imiina atbilde var biit normala un kalpot ka papildu aizsardziba pret
SARS-CoV-2 infekciju (Amodio et al., 2021; Bergman et al., 2021; Li et al., 2021; Moss, 2022;
Shields, Faustini, Hill, Al-Taei, Tanner et al., 2022).

A1l ceriba, ka vakcinas nodroSinas pilnigu sterilu imunitati, apvienojuma ar tendenci
novertét vakcinu efektivitati, pamatojoties nevis uz empiriskiem pieradijumiem, bet gan uz
ierobezotu skaitu gadijumu, kas novéroti tuvakaja socialaja loka, bija papildu faktors, kas
veicinaja dalibnieku skepsi pret vakcinu efektivitati. Sie maldigie prieksstati var bt saistiti ar
Latvijas iedzivotaju nepietickamo veselibas pratibas limeni. Ieprieks veikti pétijumi liecina, ka
aptuveni 79 % Latvijas iedzivotaju ir vajas veselibas pratibas kompetences, kas varétu veicinat
plasaku riskantas veselibas uzvedibas izplatibu populacija, tai skaita nevakcinéSanos (Gatulyté
etal., 2022). Lai gan, no otras puses, ieprieks¢jie petijumi rada, ka izglitibai vispar&ja populacija

ir mazaka ietekme uz vilcinaSanos vakcinéties neka uzticibai veselibas apripei un zinatnei. Tas
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liecina, ka zinaSanu trukums var nebiit tik nozimigs faktors ka sabiedribas uzticiba veselibas
apriipei un zinatnei (Rughinis et al., 2022).

Sai pétfjuma dalai ir atzim&jami vairaki ierobezojumi. Pirmkart, intervijas notika no
2023. gada aprila Iidz augustam, proti, ap pandémijas stavokla beigam 2023. gada maija.
Nemot véra, ka vakcinacijas iniciativas galvenokart tika veiktas 2021. un 2022. gada, ir
iesp&jama atceréSanas kliida. Tomér Sis datu vakSanas laiks lava arT izslégt tos IIT pacientus,
kuri bija noskanoti vakcinéties. Otrkart, dazas specifiskas IIT diagnozu grupas varétu biit mazak
parstavetas. TreSkart, pieejami vairaki modeli, kas skaidro vilcinaSanos vakcinéties. Misu
petljuma intervijas jautdjumu izstradasana tika izmantots Veselibas parliecibu modelis. Tacu
pieejami ar1 citi modeli, pieméram, 5C modelis, kura par vakcinacijas vilcinaSanos
ietekméjosiem faktoriem uzskata uztic€Sanos, pasefektivitati, ierobezojumus, riska aprékinu un
kolektivo atbildibu (Gendler & Ofri, 2021). ST pétijuma intervijas jautajumos més neieklavam
jautajumus par ierobezojumiem sanemt vakcinaciju (fizisko pieejamibu vai cenu pieejamibu),
paSefektivitati un uzskatus par kolektivas atbildibas jautajumiem, jo netika prognozets, ka Sie
jautajumi varétu bt nozimigi, lai attur€tu pacientus ar imindeficitu no vakcinacijas
(Aberumand et al., 2022; Pergent et al., 2023; Wiesik-Szewczyk et al., 2022). Lai gan Sie
specifiskie jautajumi netika ieklauti, dal&ji strukturétas intervijas formats un atvertie jautajumi
lava pacientiem paust jebkada veida bazas saistiba ar vakcinaciju. V&l jaatzimé, ka vakcinacija
bija viegli pieejama, izmantojot specializ€tus vakcinacijas centrus vai gimenes arstu prakses
visa Latvija, vakcinacija bija pieejama bez maksas, tad€jadi lidz minimumam samazinot bazas
par pieejamibu ka vienu no bitiskiem SARS-CoV-2 vakcinacijas uzvedibu ietekmé&joSiem
faktoriem.

Nobeiguma japiemin, ka iemesli atteikumam no rekomendétas SARS-CoV-2
vakcinacijas IIT pacientu grupa Latvija ir daudzSkautnaini un nozime ir gan politiskajam
kontekstam, gan sabiedribas un individualiem psihologiskajiem faktoriem. Tapat starp
identific€tajam témam, iesp&ams, pastav c€lonsakaribas, tacu S$adas teor€tiskas tému
hierarhijas struktiiras izstradei biitu nepieciesama papildu metodologija. Kaut gan lielaka dala
vakcinacijas vilcinasanas iemeslu $aja grupa ir lidzigi vispargjai populacijai, iegiitie dati liecina,
ka personam ar imiindeficitu ir ar1 unikali uzskati un bazas, kas ietekmé vinu lémumus attieciba

uz vakcinaciju.
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Secinajumi
IIT punkta prevalence Latvija 2020. gada decembri bija 7,1 uz 100 000 iedzivotaju.
SARS-CoV-2 specifiska T-Stnu atbilde PMID un SIgAD pacientiem neatSkiras no
kontroles grupas pacientiem, savukart SARS-CoV-2 humorala atbilde PMID ir statistiski
ticami zemaka, salidzinot ar SIgAD pacientiem un kontroles grupu.
Humoralas atbildes reakcijas statistiski ticami neatSkiras dazadiem PAD pacientu
kliniskajiem fenotipiem, savukart vairaku citokinu (IL-4, IL-10, IL-21, TNF-a) Iimenu
izmainam péc SARS-CoV-2 stimulacijas ir novérojama tendence uz saistibu ar slimibas
kliniskajam izpausmém vai fenotipiem.
IIT pacientu grupa tika konstatéti specifiski ar slimibu saistiti vakcinacijas atteikuma
iemesli: uzskats, ka vakcinacija imiindeficita pacientiem ir kontrindicéta, ka ar1 uzskats, ka
iminglobulinu aizstajterapijas sanemsanas gadijuma SARS-CoV-2 vakcinacija nav

nepiecieSama.
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Priekslikumi

Latvija ir mazaks PAD Tipatsvars starp diagnosticetajiem IIT pacientiem. NepiecieSams
turpinat uzlabot PAD atpaziSanu un diagnostiku Latvijas populacija, izglitojot veselibas
apriipes specialistus, kuri varétu biit iesaistiti So pacientu apripé.

PAD pacientu SARS-CoV-2 specifiska T-Stinu atbilde neatskiras no kontroles grupas,
turklat lielaka dala pacientu uzradija ari pozitivu humoralo atbildi. SARS-CoV-2
vakcinacija butu rekomend&jama Saja pacientu grupa.

Veselibas apriipes specialistiem biitu iz8kiroSa loma uzticibas veidoSana, informéSana par
vakcinacijas personigajiem ieguvumiem, ka ari So pacientu specifisko bazu un

dezinformacijas noversana attieciba uz SARS-CoV-2 vakcinam.
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Pateicibas

Velos izteikt visdzilako pateicibu savai zinatniskajai vaditajai profesorei Nataljai
Kurjanei par nenoveért§jamo atbalstu, vertigajam vadlinijam un pacietibu visa pétniecibas
procesa. Jusu zinasanas un iedvesma ir bijuSas butiskas §1 darba tapsana. Sirsnigs paldies art
zinatniskajai konsultantei Lindai Gailitei par sniegtajiem ieskatiem un idejam.

Esmu loti pateiciga PSKUS Apvienotajai laboratorijai, Tpasi Baibai Sliserei, par
nozimigu ieguldijumu §1 pétijuma attistiba un laboratorisko analizu veikSana, ka ari
laboratorijas vaditajai Dagnijai Straupmanei un laboranteém Elvirai Haginai un Jelenai Serovai
par atbalstu un palidzibu.

No sirds pateicos Rigas Stradina universitates Molekularas genétikas zinatniskas
laboratorijas kolektivam — 1paSi Ingai Kempei, Dmitrijam Rotam un Ingai NartiSai — par
atsaucibu, padomiem un ieguldijumu pétijuma istenosana.

Izsaku pateicibu ari Rigas Stradina universitates Fiziologijas Kkatedrai, 1pasi
Gitai Gersonei un Péterim Tretjakovam, par palidzibu citokinu analizu veikSana.

Liels paldies Rigas Stradina universitates Sabiedribas veselibas institiita docetajai un petniecei
Mirdzai Kursitei par atsaucibu un nenoveért€jamo atbalstu kvalitativas petijuma dalas izstrade.

Sirsniga pateiciba petijuma iesaistitajiem pacientiem un vinu vecakiem par atsaucibu un
uzticéSanos, ka ar1 kontroles grupas dalibniekiem.

Pateicos projekta finansétajiem — Rigas Stradina universitatei un Eiropas Socialajam
fondam, kas finansg Latvijas Zinatnes padomes Fundamentalo un lietisko petijumu projektus.

Visbeidzot, visdzilako pateicibu veltu savai gimenei par pacietibu, izpratni un

neizsikstoSo moralo atbalstu.
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To the Editor, All data were analysed using Microsoft Office Excel and

1BM SPSS Statistics for Windows Version 23. Data related
Inborn errors of immunity (1E1) refer to a heterogeneous  to demographic and clinical indicators were analysed using
group of congenital disorders that are characterised by  descriptive statistics and parametric/non-parametric analy-
impaired function and dysregulation of the immune system.  sis, as appropriate. To estimate the minimum point preva-
TEI were traditionally considered to be rare disorders (1 in lence and incidence, we used data sourced trom the Central
10,0001 in 50,000 live births), but the collective prevalence Statistical Bureau of Latvia in March 2021 [2]. The point
is now estimated to be around 1 in 1000-1in 5000 [1]. Prev-  prevalence was expressed as alive patients per 100,000
alence is an important epidemiological indicator that is used  inhabitants at a particular point in time (December 2020).
for planning public health policies. However, the prevalence Incidence was presented as the number of patients per live
of these conditions in Latvia is unknown. births.

To describe the epidemiological and clinical character- Over a 27-year period, a total of 173 patients with IEI
istics of patients with inborn error of immunity in Latvia  were identified (see Table 1), with 47% being male (male/
aver a 27-year period, we conducted a retrospective study,  female ratio=1:1.1). Patients with selective IgA deficiency
reviewing the medical records of patients who were diag- (183 patients, median age 7.5 (IQR: 9.2), 59% of them male)
nosed with an IET in Latvia from the 1st of January 1994 to  and transient hypogammaglobulinaemia of infancy (4-7
31st of December 2020. Data were sourced from the only  patients per year) were not included in the study popula-
tertiary centres, where immunologists consult: The Chil-  tion. The median age of living patient in this cohort was
dren’s Clinical University Hospital and Pauls Stradins Clini- 14.3 years (IQR: 31.3). Most of these patients (80%)} were
cal University Hospital (for adults) in Riga, Latvia, where  diagnosed before the age of 18 years. The median age at the
severe patients from Latvia are treated. time of diagnosis was 2.9 years (IQR: 15.9), and it ranged

Data regarding patients’ demographic and clinical char-  from birth to late adulthood (074 years). No statistical
acteristics were collected using the computerised hospital — significance was found for age at diagnosis between male
information systems and medical records. Diagnosis of  and female patients (p=0.130). Thirty-nine (23%) patients
1EI was based on the diagnostic criteria of the European  died during the study period; the median age at death was
Society for Immuncdeficiencies (ESID). We retrospectively 2.8 years (IQR: 14.4), ranging from 2 days (o 51 years.
reviewed the data of these patients and re-evaluated the com- Genetic testing was performed in 52% of cases. Of these
pliance with the ESID diagnostic criteria. 173 patients, 31% ot patients were recorded to have received
1gG supplementation therapy, 10% received prophylactic
antibacterial therapy, and 9% of patients received haema-
topoietic stem cell transplantation (HSCT), with a median

20 Zane Lucanc age at time of HSCT of 2.1 years (IQR: 13.0). Familial cases

zane lucane@rsu.edu.lv : B
were observed in 21% of patients.

! Children’s Clinical University Hospital, Vienibas gatve Categories based on the International Union of Tmmu-
Street 45, Riga LV-1004, Latvia nological Secieties (TUIS) classification were distributed as

2 Pauls Stradins Clinical University Hospital, Pilsonu Street shown in Table 1. The point prevalence of TET in December
13, Riga T.V-1002, Latvia 2020 in Latvia was 7.1 per 100,000 inhabitants (see Suppl.

* Riga Stradins University, Dzirciema Street 16, Riga LV-1007, Fig. 1). The estimated 27-year incidence of severe combined
Lalvia
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Table 1 Patients with Inborn errors of immunity in Latvia

Number ol Gender M/F Mortalilies Genelic lesling  Prophylactic Immunoglobu- HSCT Family history
paticnts alive/deceased  yes/mo/mo antibiotics yes/  lin replace- donc/mot  of IEL positive/
information no information  ment therapy  done negative/no
yes/no/no information
infermaticn
Tmmunode- 20 (12%) 12/8 2/18 8/12 0/20/0 14/6%/0 416 8/12/0
ficiencies
affecting
cellular and

humoral
immunity

Combined 57 (33%) 21/36 52/5 54/3 45211 4/52/1 1456 3/54/0
immunodefi-
ciencies with
associated or
syndromic
features

Predominantly 36 (21%) 20116 346 5431 72316 32131 1/35 4/19/13
antibody
deliciency

Discases of 8 (5%) 6/2 4/4 3/1/2 1/5/2 15572 /8 5/1/2
immunc dys-
regulation

Congenital 18 (10%) 12/6 18/0 10/2/6 6/2/10 0O/8/10 414 5/3/10
defects of
phagocyte
number or
function

Defects in 2(1%) 072 20 2/0 2/0/tr 2/0/0 02 0/2/0)
intrinsic
and innate
immunity

Auto-inflam- 8 (5%) 3/5 8/0 5/3 0/6/3 0/6/3 /8 2/4/2
matory
disorders

Complecment 11 (6%) 011 11/0 V401 /1170 V110 /11 T/4/0
deficiencies

Bone marrow 11 (6%) 6/5 506 0/0/11 0/0/11 010 5/6 2/9/0
[ailure

Unclassilied 2(1% 1/1 210 171 14071 o/1/1 02 0/1/1
inborn crror
of immunity

“Patients who died prior to 2000 (except from 1994 to 1996) did not receive immunoglobulin replacement therapy, but plasma infusions instead

immunodeficiency (SCID) in Latvia was 1 per 32,963 live  countries has been reported between 1.3 per 100,000 inhab-

births. itants in Russia and 18.8 per 100,000 in I[celand |3, 4].
These data represent the first deseription of the epidemi- Predominantly antibody deficiencies composed 21% of
ology of TEI in Latvia. The prevalence of IEI in Latvia has  cases; however, most studies regarding the epidemiology of
increased tremendously, it compared to 0.08 per 100,000in  IEI in other European countries have reported a larger pro-
1994 and 1.1 per 100,000 inhabitants in 2004, when Lat-  portion of patients with predominantly antibody deficiency:
via joined the J project, to 7.1 per 100,000 inhabitants in  ranging from 20% in lceland to 63% in Italy [4, 5]. A smaller
2020 (see Suppl. I'ig. 1}. The prevalence in other European  proportion of patients diagnosed with predominantly anti-
body deficiency in combination to considerably stronger

@ Springer
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representation of paediatric patients could be due to the
under-diagnosis of common variable immunodeficiencies.
The rate of under-diagnosis could be high for several rea-
sons: low availability of immunologic testing at the begin-
ning of the study period, insufficient knowledge about IEL
among non-immunologists, and low public awareness. We
hypothesise that a certain number of patients with PFAPA
could alse be undiagnosed for this reason.

Awareness campaigns could be a selution to improve the
public awareness of IEI in Latvia. In 2018, the Centre of
the Rare Diseases was established in the Children Clinical
University Hospital, and all IEI patients will be registered
there; however, no national registries for IEI exist. Also, the
availability and accessibility of immunologic testing should
be improved.

The estimated incidence of SCID in Latvia was 1 per
32,963 live births, However, newborn screening for SCID is
not available in Latvia,; for this reason, patients with SCID
that die in early infancy could be undiagnosed. The intro-
duction of newborn screening could improve the care for
these patients.

Regarding the diagnostics, genetic testing was performed
in 52% of all IEI patients. Pathogenic variants were found
in 18 genes (see Suppl. Table 1). The highest proportion
of patients with genetically verified diagnoses was among
the patients from the 1UIS classification category combined
immunodeficiencies with associated and syndromic features
(54/57: 94.7%). Most genetically diagnosed patients had a
Del 22q11.2 defect (35 patients). The diagnosis of 22¢q11.2
deletion was based on chromosome and fluorescence in situ
hybridization (FISH) analysis. It was followed by five
Familial Mediterranean fever patients with heterozygous
(3} or compound heterozygous (2) MEFV gene mutation
(three patients had Armanian; two—Slavic origin), and five
patients with Nijmegen syndrome who all carried the typical
Eastern Slavic mutation NM_002485 5(NBN):c.657_661del
(p.Lys219f3); the origin of all five patients was Slavic, Five
chronic granulomatous disease patients had a mutation in
CYBB gene. Rare defects, with less than five patients for
each pene, affected the following genes: RAG2, TL.2RG,
DCLREIC, CD40LG, WAS, ATM, SPINKS5, KMT2D,
KDMG6A, PIK3CD, BTK, STATI, PRFI, SH2DIA, and
SBDS (sce Suppl. Table 1). The proportion of patients with
a genetically confirmed diagnosis in Latvia has been increas-
ing since 2018, when the public funding for the genetic test-
ing abroad (Blueprint Genetics, Helsinki, Finland) became
available. Before that, genetic testing was possible due to
collaboration with the I project network.

Regarding the treatment, all patients who had indications
for immunoglebulin replacement therapy (31% of all IEI
patients) received IgG supplementation therapy. In com-
parison with reports from other countries, Latvia had the
lowest proportion of patients receiving HSCT (9%); in other

@ Springer

countries, this proportion ranged up to 16% in Russia [3].
This was due to limited health care resources in Latvia at
the beginning of the study period. The possibility of send-
ing patients abroad to receive HSCT has improved within
the last few years.

This is. to the best of our knowledge, the first study exam-
ining the prevalence of TEI in Latvia. The main strength
of the study is the long study period. Several limitations
must also be considered. There were some limitations in
the clinical data available in the medical records; therefore,
a prospective collection of data would have been more accu-
rate compared to our retrospective design. Another poten-
tial imitation is that some patients could be undiagnosed or
nol referred to immunologists, meaning that the prevalence
could be underestimated.

Supplementary Information The online version contains supplemen-
tary material available at https://doLorg/1 (L 1007/510875-022-01 229-1.
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Abstract: Some studies have found increased coronavirus disease-19 (COVID-19)-related morbidity
and mortality in patients with primary antibody deficiencies. Immunizaticn against COVID-19 may,
therefore, be particularly important in these patients. However, the durability of the immune response
remains unclear in such patients. In this study, we evaluated the cellular and humoral response to
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) antigens in a cross-sectional study
of 32 patients with primary antibody deficiency {n = 17 with common variable immunodeficiency
(CVID) and n = 15 with selective IgA deficiency) and 15 healthy controls. Serological and cellular
responses were determined using enzyme-linked immunosorbent assay and interferon-gamma
release assays. The subsets of B and T lymphocytes were measured using flow cytometry. Of the
32 patients, 28 had completed the vaccination regimen with a median time after vaccination of
173 days (IQR = 142): 27 patients showed a positive spike-peptide-specific antibody response, and
26 patients showed a positive spike-peptide-specific T-cell response. The median level of antibody
response in CVID patients (5.47 ratio (IQR = 4.08)) was lower compared to healthy controls (.43 ratio
(IQR = 2.13)). No difference in anti-spike T-cell response was found between the groups. The results
of this study indicate that markers of the sustained SARS-CoV-2 spike-specific immune response are
detectable several months after vaccination in patients with primary antibody deficiencies comparable
to controls.

Keywords: inborn error of immunity; antibody deficiency; common variable immunodeficiency;
selective IgA deficiency; SARS-CoV-2; immune response; T-cell response; antibady respanse

1. Introduction

Primary antibody deficiencies (PAD) are a group of rare diseases that account for
about 55% of all inborn errors of immunity (IEI) [1]. Selective immunoglobulin A (IgA)
deficiency (slgAD) is the most common PAD. It is characterized by diminished serum IgA
levels with normal IgM and IgG levels and is often asymptomatic but may present with
recurrent infections or immune dysregulation-related symptoms such as autoimmunity or
atopic diseases [2]. The most common symptomatic IEI is common variable immunodefi-
ciency (CVID), characterized by reduced serum IgG and IgA and /or IgM levels and poor
vaccination responses. CVID is manifested by severe and recurrent infections, and up to
66% present with various non-infectious complications, such as autoimmunity, enteropathy,
and malignancy [3].

In late 2019, a new coronavirus, severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), was identified [4], causing a pandemic of acute respiratory syndrome
known as coronavirus disease-19 (COVID-19} with significant morbidity and mortal-
ity in the general population [5]. Early reports showed an increased risk of severe

Vaccines 2023, 11, 354. https:/ /doi.org/10.3390/vaccines11020354
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COVID-19 disease in subjects with immunosuppression [6]. Therefore, patients with
inborn errors of immunity were of special interest, as a defect in the immune system
may predispose them to severe infections, including severe COVID-19, especially in
patients with defects in type [ interferon signaling pathways [7]. On the other hand,
immunosuppression could reduce immune responses, cytokine storms, and inflam-
matory processes, constituting a protective factor against COVID-19 [8]. Although
some studies concluded that for the majority of patients, the underlying IEI was not
an independent risk factor for severe COVID-19 [9-12], some studies found increased
morbidity and /or mortality, including in patients with commeon variable immunod-
eficiency [13-15]. SIgAD has also been identified as a risk factor for a more severe
COVID-19 course [16,17]. Therefore, vaccination against COVID-19 may be particu-
larly important in IEI patients. The European Society for Immuncdeficiencies (ESID)
recommends that patients with [EI receive any of the available COVID-19 vaccines
according to the national vaccination schedule that includes a primary vaccination
course and booster doses [18].

Overall, the long-term durability of the antibody response is poorly understood,
with several studies showing a trend toward decreasing antibody levels over time in im-
munocempetent individuals [19-22] while the receptor-binding domain (RBD) of the spike
protein-specific memory B-cell fraction persists [23]. This trend of decrease in antibody
levels has also been observed 6 months after the vaccination in primary antibody deficiency
patients [24]. Furthermore, a limited neutralizing capacity of anti-spike SARS-CoV-2 an-
tibodies has been reported in these patients [25,26]. Therefore, since the mechanisms of
somatic mutation and selection in germinal centers that lead to differentiation of mature
class-switched memory B cells and antibody response may be altered in patients with spe-
cific antibody deficiencies [27], several studies have highlighted the importance of assessing
cellular responses specific for the SARS-CoV-2 antigen, when evaluating vaccine-induced
immunity in patients with IEI [28]. Even in cases where the patient does not develop a
humoral immune response to COVID-19 at a protective level, the vaccine could still be
highly effective, as the presence of memory T cells can help control the infection. The
role of T cells in COVID-19 protection is supported by reports of a lack of SARS-CoV-2
responsive CD4+ T cells in severely infected patients, as well as a milder disease in patients
with early induction of functional SARS-CoV-2-specific T cells, or the presence of T-cell
responses without a humoral response in asymptomatic individuals [29-31]. The durability
of SARS-CoV-2 specific T-cell responses could also be higher than the durability of humoral
responses [32]; however, the long-term SARS-CoV-2-specific T-cell memory in patients with
antibody deficiency remains unclear. In addition, no study to date has investigated the
humeoral and cellular immune response to SARS-CoV-2 vaccination, specifically in sIgAD
patients. In addition, only a few studies have explored immunological correlations and pre-
dictive markers associated with higher immune responses after SARS-CoV-2 vaccination,
most of them evaluating early immune responses [28,33-36],

The primary objective of this study was to evaluate a long-term SARS-CoV-2 spike-
specific humoral and cellular immune response in adult patients with the most common
types of primary antibody deficiency (slgAD and CVID) compared to healthy controls of
the same age. The secondary objective was to identify predictive markers that are associated
with a better immune response after COVID-19 vaccination in the patient group.

2. Materials and Methods
2.1. Subjects

Patients with CVID and symptomatic sIgAD who were treated at a tertiary immunol-
ogy center {Pauls Stradins Clinical University Hospital, Riga, Latvia) were invited to partic-
ipate in the study from April to July 2022. A total of 47 subjects were recruited for the study,
including 17 patients with CVID, 15 patients with symptomatic sIgAD, and 15 healthy
controls. The diagnosis was based on diagnostic criteria of the European Society for Tmmun-
odeficiencies (ESID) clinical diagnostic criteria [37]. All patients were re-evaluated to meet
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the diagnostic criteria of CVID. Relevant clinical data on CVID and sIgAD patients were
obtained from patient electronic health records, including data on patient age, sex, family
history of inborn error of immunity, treatment, history of SARS-CoV-2 vaccination and
infection, confirmed by a positive polymerase chain reaction (PCR), clinical characteristics,
including prior infections, infectious complications, such as conductive hearing loss and
bronchiectasis and non-infectious complications, such as autoimmunity, pelyclonal benign
lymphoproliferation, granulomatous disease, enteropathy, and malignancy. A SARS-CoV-2
vaccination course was considered complete if the patient received one dose after recovery
from COVID-19 or two doses if not previously infected with SARS-CoV-2. The severity
of COVID-19 in the personal history was assessed using the World Health Organization
(WHO) clinical progression scale [38]. Patients who were unvaccinated were excluded from
association analyses. Blood samples were obtained from patients and controls. All subjects
provided written consent to participate in this study. This study was performed in accor-
dance with the principles of the Declaration of Helsinki. The study protocol was reviewed
and approved by the Central Board of the Ethics Committee of the Health Ministry of the
Republic of Latvia (No. 01-29.1/2878).

2.2, Antibody Response to SARS-CoV-2

Serum separator tubes were used to separate serum by centrifugation. Serum samples
were tested using the commercial, semi-quantitative enzyme-linked immunosorbent assay
(ELISA) that detects specific SARS-CoV-2- IgG antibodies against the 51 domain of the spike
protein (Euroimmun Anti-SARS-CoV-2 IgG assay, Euroimmun, Litbeck, Germany), follow-
ing the manufacturer’s recommendations. An [gGAM ratio (optical density compared with
calibrator) > 1.1 was considered a positive response.

2.3. T-Cell Response to SARS-CoV-2

To detect the response of SARS-CoV-2 spike protein-reactive T cells, an interferon-
gamma release assay (IGRA) QuantiFERON 5ARS-CoV-2 (Qiagen, Hilden, Germany) was
used. The SARS-CoV-2 spike (S) protein consists of a signal peptide, an N-terminal 51
protease fragment (also containing receptor-binding domain (RBDY}), and a C-terminal S2
protease fragment [29]. Specialized QuantiFERON starter set blood collection tubes were
used to collect blood: Agl tube, containing T-cell epitopes within the receptor-binding
domain of 51 (measures CD4+ T-cell responses); Ag2 tube, containing T-cell epitopes within
51 and S2 (measures CD4+ and CD8+ T-cell responses), as well as positive and negative
control tubes. The tubes were incubated at 37 °C for 20 h, then centrifuged for plasma
separation and froze at —20 °C for further analysis of interferon-gamma (IFN-y) production
using an ELISA, as previously reported [39], according to the manufacturer’s protocol, A
value >0.15 IU/mL was considered a positive response.

2.4. Lymphoeyte Isolation and Flow Cytometry

Fresh blood samples were collected in tubes containing lithium heparin. Briefly,
heparinized whole blood samples were diluted and transferred to SepMate peripheral
blood mononuclear cell (PBMC) isolation tubes (STEMCELL Technologies, Vancouver,
Canada) containing Histopaque-1077 density gradient cell separation medium (Sigma-
Aldrich, Saint Louis, MO, USA) and isolated following the manufacturer’s instructions.
The viability of PBMCs was detected by trypan blue staining.

After washing with phosphate-buffered saline (Thermo Fisher Scientific, Waltham, MA,
USA) with 2% fetal bovine serum (Sigma Aldrich, Saint Louis, MO, USA), isolated PBMCs
were incubated in 96-well plates with a fragment crystallizable region (Fc) blocking reagent
(Miltenyi Biotec, Bergisch Gladbach, Germany). The PBMCs were then stained with a mix-
ture of the following antibodies at optimal concentrations: anti-21 fluorescein isothiocyanate
(FITC), anti-CD27 phycoerythrin (PE) / Dazzle594, anti-CD268 peridinin chlorophyll protein
(PerCP)/Cyanine5.5 (Cy5.5), [gD-PE/Cyanine? {Cy7), anti-IgM allophycocyanin (APC)
(all from BioLegend, San Diego, CA, USA), anti-CD19 Alexa Fluor 700 (A700) (from BD
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Biosciences, San Jose, CA, USA) anti-CD38 PE (from Beckman Coulter, Brea, CA, USA)
for B-cell panel; anti-CD45RA electron-coupled dye (ECD), anti-CD45R0O PE/Cy5.5, anti-
CD8 APC/A700 (all from Beckman Coulter, Brea, CA, USA), anti-CD27 PE/Cyanine?,
anti-CD4 APC, anti-CD3 APC/Cy7 (all from Biol.egend, San Diego, CA, USA) for T-cell
panel; anti-CD25 PE, anti-CD127 PE/Cy7, anti-CD4 APC, anti-CD8 APC/A700, anti-CD3
APC/Cy7 (all from BioLegend, San Diego, CA, USA) for T regulatory cell panel. The
PBMCs were washed and then fixed with formaldehyde. For the staining of the nuclear
FOXP3 antigen, anti-FOXP3-Alexa Fluor 488 (A488) (BioLegend, San Diego, CA, USA)
and the Transcription Factor Staining Buffer Set (BD) Biosciences, San Jose, CA, USA) were
used according to the manufacturer’s instructions, adjusted for 96-well staining. Data were
obtained as LMD files using a Beckman Coulter Navios Ex flow cytometer and analyzed
using Kaluza 2.1 software (Beckman Coulter, Brea, CA, USA). Manual gating was applied,
as shown in Supplementary Material S1.

B cells were subdivided into the following subpopulations: naive B cells
(CD19+CD27 —IgM+IgD+), marginal zone B cells (CD19+CD27+IgM++IgD+), switched mem-
ory B cells (CD19+CD27+IgM—IgD—), IgM-only memory B cells (CD19+CD27+IgM++IgD—),
transitional B cells (CD19+1gD+CD27-1gM++CD38++), CD21low B cell (CD19+ IgM+, CD21-
CD38-), plasmablasts (CD19+CD21+CD38+++IgM —), atypical memory B cells (CD19+CD21-
CD27-IgD-). T cells were subdivided as follows: naive T helper cells (CD3+CD4+CD27+CD45RA+),
central/transitory memory T helper cells (CD3+CD4+CD27+CD45RA-), effector mem-
ory T helper cells (CD3+CD4+CD27-CD45RA-), terminally differentiated T helper cells
(CD3+CD4+CD27-CD45RA+), recent thymic emigrant T cells (CD3+CD4+CD31+CD45R0O-),
naive T cytotoxic cells (CD3+CD8+CD27+CD45RA+), central / transitory memory T cytotoxic cells
(CD3+CD8+CD27+CD45RA-), effector memory T cytotoxic cells (CD3+CD8+CD27-CD45RA-),
terminally differentiated T eytotoxic cells (CD3+CD8+CD27-CD45RA+). T regulatory cells were
identified based on the following parameters: CD3+CD4+CD25+FOXP3+CD127dim.

2.5. Clinical and Immunologic Phenotyping of CVID Patients

Clinical phenotyping was based on the classification suggested by Chapel et al. [40]
and included patients with infection-only, autoimmunity, enteropathy, polyclonal lympho-
cytic infiltration, malignancy, and overlapped phenotype (if the patient had more than
one non-infectious complication). The severity of CVID was assessed using CVID Severity
Score proposed by Ameratunga [41]. Immunological phenotyping was based on the most
commonly used classifications of B-cell subtypes in CVID patients: Paris [42], Freiburg [43],
EUROQCclass [44], and B-cell pattern classifications [45].

2.6. Data Analysis

The normality of the data was assessed using the Shapiro-Wilk test. The results
indicated that the data were not normally distributed; therefore, nonparametric statistical
methods were used in subsequent analysis. Differences in categorical variables were
examined by using chi-square and Fisher exact tests. The Mann-Whitney U or Kruskal—-
Wallis tests were used to compare continuous variables by two or more groups, respectively.
Spearman'’s rank test was used to assess the correlation between continuous variables. A
p-value < 0.05 was considered statistically significant. Statistical analysis was performed
using IBM SPSS Statistics Version 23 (IBM, New York, NY, USA). Graphs were generated
using GraphPad Prism 8 (GraphPad Software, San Diego, CA, USA).

3. Results
3.1. Subjects

A total of 32 patients with primary antibody deficiencies (aged 38.5 (IQR = 21) years)
and 15 healthy vaccinated controls (aged 37 (IQR = 19) years) were enrolled in the study.
Table 1 summarizes the demographic and clinical data of patients and controls.
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Table 1. Demographic and clinical parameters of the patients and controls.

Parameters CVID slgAD Healthy Controls r

Number 17 15 15 -
Sex

Female, # (%) 10 (58.8%) 12 (80%) 10 (66.6%) 0.460

Male, 12 (%) 7 (41.2% 3 (20%) 5 (33.4%)
Age, median (IQR) 40 (24) 37 (21) 37 (19) 0.467
Ethnicity, Caucasian, 17 (100%) 15 (100%) 15 (100%) -
Age at diagnosis, median (IQR) 34 (28) 33 (45) 0.664
Positive family history, n (%) 1 (5.8%) 1 (6.6%) 0.755
Clinical characteristics
Recurrent infections, n (%) 17 (100%}) 13 (86.6%)
Recurrent pneumonia, 1 (%) 15 (88.2%) 1 (6.6%)
Recurrent otitis media, 1 (%) 8 (47%) 2 (13.3%)
Recurrent sinusitis, 1 (%) 12 (70.5%) 3 (20%)
Recurrent urinary tract infections, n (%) 2(11.7% 3 (20%)
Sepsis in personal medical history, n (%) 0 (0%) 1 (6.6%)
Bronchiectasis, i (% 6 (35.3%) 0 (0%)
Conductive hearing impairment, n (%) 3(17.6%) 0 (0%}
Autoimmunity, n (%) 6 (35.3%) 8 (53.3%) 0.784
Splenomegaly, 1 (%) 5(29.4%) 1 (6.7%) 0.178
Hepatomegaly, 1 (%) 3(17.6% 1 (6.7%) 0.603
Enteropathy, 1 (%) 4 (23.5%) 3 (20.0%) 0.576
Malignancy, i (%) 2 (11.8%) 1 (6.7%) 0.548
Allergy or atopy, n (%) 10 (58.8%) 8 (53.3%) 0517
CVID severity score, median 15 points (IQR = 19)
Fosilyss ROy FORIEpeRe 10 (58.8%) 9 (60.0%) 8 (53.8%) 0918
medical history, n (%)
Severity of COVID-19 according to WHO
clinical progression scale *
Asymptomatic (score 1), it 1 0 0
Mild (not hospitalized 2-3), # 6 8 8
Moderate (hospitalized 4-3), 2 1 0
Severe (hospitalized 6 + ), n 1 0 0

Abbreviation: CVID—common variable immunodeficiency; sIgAD—selective IgA deficiency; n—number;
IQR—interquartile range; SARS-CoV-2—severe acute respiratory syndrome coronavirus 2; PCR—polymerase
chain reaction; COVID-19—coronavirus disease 2019; WHO—World Health Organization. p-values of less than
0.05 were regarded as significant. * Ambulatory mild disease: score 1—asymptomatic, viral ribonucleic acid
(RNA) detected; score 2—symptomatic—independent; score 3—symptomatic, assistance needed; Hospitalized:
moderate disease: score 4—hospitalized, no oxygen therapy required; score 5—hospitalized, oxygen by mask
or nasal prongs; Hospitalized: severe disease: score 6—hospitalized with non-invasive ventilation or high flow
oxygen; score 7—intubation and mechanic ventilation partial pressure of oxygen/fraction of inspired oxygen ratio
(pOa /FIO,) > 150 or oxygen saturation /fraction of inspired oxygen ratio (Sp(): /Fi0);) = 200; score 8—mechanic
ventilation pO; /Fi0; < 150 or Sp0; / FiOy < 200 or vasopressors; score 9—mechanic ventilation pO; /Fi0); < 150
or 5p(), / FiO; < 200 and vasopressors, dialysis or extracorporeal membrane oxygenation (ECMO); Dead: score
10—dead.

Regarding treatment, in the CVID group, all patients except two received regular
immunoglobulin replacement therapy (subcutaneously 100 mg/kg/week). A patient
with sTgAD with rheumatoid arthritis was on regular immunosuppressive treatment with
corticosteroids (methylprednisolone 8 mg/day), methotrexate 15 mg/week, and biological
therapy with JAK inhibitor (upadacitinibum 15 mg/day). Two patients had previously
received chemotherapy for neoplasia, and one patient was treated with rituximab (the last
dose was administered 6 months prior to vaccination).

3.2. Vaccination Status and Previous SARS-CoV-2 Infection

Of the 32 patients enrolled in this study, 28 had completed the SARS-CoV-2 immu-
nization schedule with the messenger ribonucleic acid (nRNA} vaccine (27 patients) or the
adenovirus vector vaccine (1 patient) before enrollment in a study with a median time of
173 days (IQR = 142) after the last vaccine dose, ranging from 25 to 345 days {see Table 2).
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All healthy controls were vaccinated with mRNA vaccines, with days after the last dose
ranging from 96 to 511 (median 215, IQR = 201).

Table 2. Vaccination-related parameters in patients and controls.

Parameter CVID slgAD Healthy Controls P

Number of vaccinated individuals 15 13 15

Vaccination 0.711

Pfizer BloNTechBNT162b2, 1 9 9 12

Spikevax mRNA-1273, n 5 4 3

Jeovden Ad26.COV2, n 1 0 0

Booster dose (3rd dose) received, n 10 4 8 0.118

Days after vaccination, median (IQR) 167 (77) 148 (300) 215 (201) 0.156

Positive humaral response, i (%) 14 (93.3%) 13 (100%) 15 (100%) 1.000

Positive T-cell response n/yes 14 (93.3%) 12 (92.3%) 12 (80%) 0.596

Level of anti-5 IgG, ratio, median (IQR) 5.4720 (4.08) 86260 (5.12) 94350 (2.13) 0.035

€D+ cell response (INF-y) tor 51 0.4662 (0.56) 0.5845 (0.62) 0.2949 (0.70) 0.765

pool-specific protein, IU/mL, median (IQR)

CD4+ and CD8+ cell response (INF-y) to 1 )

and 52 pool-specific proteins, IU/mL, 0.6451 (1.28) 0.5052 (0.92) 0.5503 (0.68) 0.966
median (IQR}

Abbreviation: CVID—common variable immunodeficiency; slgAD—selective [gA deficiency; n—number;
IQR—interquartile range; mRN A—messenger ribonucleic acid; anti-5 IgG—anti-spike mmunoglobulin G; INF-
y—interferon-gamma; 51—51 region of the severe acute respiratory syndrome coronavirus 2 spike glycoprotein;
52—82 region of the severe acute respiratory syndrome coronavirus 2 spike glycoprotein. p-values of less than
0.05 were regarded as significant.

Four patients refused the vaccination but had previously had COVID-19 in their per-
sonal medical history. None of these four patients showed a positive T-cell response to the
SARS-CoV-2 51/52 pool antigens. Two of these patients had CVID, and two—sIgAD. Two
patients with the most recent SARS-CoV-2 infection—a CVID patient 58 days after positive
SARS-CoV-2 PCR and a selective [gA patient 108 days after positive PCR—showed a posi-
tive anti-spike humoral response (anti-spike IgG antibody ratio 9.91 and 2.2, respectively).
The remaining two unvaccinated patients had a positive SARS-CoV-2 PCR test about a year
ago, and their serum antibody levels were undetectable. We further analyzed vaccinated
individuals only.

3.3. Humoral and Cellular Response to SARS-CoV-2 Vaccine

Overall, all vaccinated patients with slgAD had anti-spike IgG antibody levels >1.1 ratios
(see Table 2). Of the 15 vaccinated patients with CVID, 14 tested positive for anti-spike IgG
antibodies (including the patient on rituximab), showing a wide range of antibody levels,
from undetectable levels to normal or high titers. However, as can be seen in Figure 1a, the
median level of antibody response in CVID patients was lower compared to the healthy
controls. Overall, there was a significant but weak negative correlation between antibody
levels and days after vaccination (ry = —0.302; p = 0.049; see Figure 1b). This correlation
was also observed in the slgAD subgroup (rs = —0.247, p = 0.038) but was not present in
the CVID subgroup (rs = —0.247; p = 0.376) and in healthy controls (r; = —0.182; p = 0.515).

Of the 15 CVID-vaccinated patients, 14 showed a positive anti-spike T-cell response
(see Table 2). The only non-responsive CVID patient had three autoimmune diseases (type
1 diabetes, celiac disease, chronic autoimmune thyroiditis) and a baseline serum INF-y
level of 3.06 IU/mL and exhibited high anti-spike [gG antibody titers (11.2 ratio). All
patients with sIgAD, except for the patient on immunosup pressive therapy, had positive
anti-spike T-cell response. Evaluation of T-cell responses showed no significant differences
in spike-specific IFN-y production between the study groups, as well as no correlation with
days after vaccination (see Figure 2).
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Figure 1. (a) Levels of anti-spike IgG antibody levels in different groups; (b) correlation between

anti-spike IgG antibody levels and days atter vaccination.

Interestingly, regarding healthy controls, three healthy controls did not exhibit an
anti-spike T-cell response (on days 215; 363; 511 after the last vaccine dose) but showed a
positive humoral response (anti-spike 1gG antibody ratio 9.23, 6.18, and 6.69, respectively).
Furthermore, we observed a positive correlation between anti-spike IgG antibody levels
and T-cell response (INF-y synthesis to the S1 and 52 pools) in the control group (S1 pool
(rs = 0.571; p = 0.026) and to the S1/52 pool (15 = 0.721; p = 0.02)), but we did not observe
this trend in the sIgAD or CVID groups.

3.4. Immunological Memory fo SARS-CoV-2 and Demographic/Clinical/fmmimologic
Phenotyping Markers

Age did not significantly influence the extent of humoral or cell response in any of
the groups. We did not observe any differences in humoral or T-cell anti-spike responses
between COVID-19-convalescent individuals and subjects naive to infection in any of
the groups.

No differences in humoral or T-cell immune responses were associated with the
patient’s clinical parameters, except in the sIgAD group, patients with recurrent otitis had
a statistically significantly lower median T-cell response to 51/52 antigen compared to
patients without this infection (p = 0.038; median 0.5 (IQR = 0.8) and 0.13, respectively).
In CVID patients, no correlation was found between humoral or T-cell response and the
Ameratunga CVID severity score. We did not observe any difference in humoral or T-cell
response between different groups of CVID Chapel phenotypes.

A significant correlation was found between the anti-spike antibody response and
central memory CD8+ cell percentages (rs = 0.385; p = 0.047), and in the selective IgA
patient group also, central memory CD4+ cell percentages (rs = 0.635; p = 0.020). We found
no significant relationship between the anti-spike cellular response and the subsets of B
cells. No significant correlation was observed between anti-spike IgG antibody or T-cell
response and total IgG, IgM, or IgA levels.
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In CVID patients, immunological classification of the patients did not reveal a dif-
ference in anti-spike humoral or T-cell response between different immunological clas-
sifications according to Paris, Freiburg, EUROclass, or B-cell pattern classifications. The
only B-cell-negative CVID patient (group B- according to EUROclass classification) also
exhibited a positive anti-spike IgG antibody level (11.2 ratio) and anti-spike T-cell re-
sponse (0.25 ITU/mL) 139 days after concluding the primary vaccination regimen with the
mRNA-1273 vaccine.
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Figure 2. (a) CD4+ cell response (levels of INF-y) to S1 pool-specific protein in different groups;
(b) CD4+ and CD8+ cell response (levels of INF-y) to S1/S2 pool-specific protein in different groups;
(c) Correlation between anti-spike CD4+ and CD8+ cell response and days after vaccination.

4. Discussion

In this study, we evaluated a long-term SARS-CoV-2 spike-specific humoral and cel-
lular immune response in a cohort of 32 adult patients with CVID (which represents 85%
of patients diagnosed with CVID in Latvia [46]) or symptomatic sIgAD and 15 healthy
controls. Our data suggest that CVID and slgAD patients show a humoral and cellular im-
mune response to the SARS-CoV-2 vaccine that is present several months after vaccination,
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but the detectable anti-spike IgG antibody levels in CVID patients are lower than in healthy
controls, and selective IgA patients.

A previous report examining the early response to vaccination had revealed positive
anti-spike antibodies with a wide variation in seropositivity rates after vaccination, ranging
between 20.6% and 90.9% [25,26,28,33-35,47,48] and cellular response in up to 85% of
patients tested with TET [35]. In our cohort, we observed comparable rates of detectable
anti-spike antibodies (93% in CVID patients) and anti-spike T-cell responses (93% in CVID
patients). However, almost all CVID patients received subcutaneous immunoglebulin
(8CIG) replacement therapy, and this should be taken into consideration when evaluating
humeoral responses, as it is likely that the pool of immunoglobulin preparations contains
specific antibodies to SARS-CoV-2 [49,50]. In contrast, earlier findings of Pham suggested
that intravenous immune globulin (IVIG) preparations received in September 2021 did not
significantly alter patient levels of SARS-CoV-2 antibodies [25]. In addition, we did not
observe a correlation between total IgG and spike-specific IgG antibody levels.

We demenstrated that patients with CVID and sIgAD are capable of generating an
anti-spike T-cell response at least up to almost a year (up to 345 days) after the completion
of the vaccination schedule, consistent with the relatively sparing T-cell immunity of these
patients. The results are in line with previously described that contrary to protein vaccines,
mRNA vaccine formulations also trigger robust CD4+ T-cell responses and strong CD8+
T-cell responses, perhaps as a result of the effective presentation of endogenously generated
antigens on major histocompatibility complex (MHC) class I molecules [51]. Similar to our
findings, other studies that measured early vaccine responses also found ne statistically
significant differences in anti-spike T-cell response between healthy vaccinated contrels and
patients with CVID or sIgAD [33]. On the contrary, in IEI patients, a significantly higher
subset of SARS-CoV-2 antigen-specific CD4 + CD40L + T cells have been described a month
after vaccination, suggesting T-cell compensatory function in patients with primary B-cell
impairment [28]. However, these different outcomes could be explained by differences
in the methodology, as it is uncertain how much the various assays (cytokine production,
antigen-induced proliferative responses, or the overexpression of certain activation markers)
accurately represent the same characteristics of a T-cell response, and there is no clear
consensus on methods of how to identify vaccine-specific T-cell responses [52].

Studies with healthy donors have found a positive correlation between the magni-
tude of anti-spike CD4+ T cells with anti-spike IgG antibody responses early after the
vaccination and, consistent with the concept of intramolecular help, also anti-spike CD8+
T-cell responses, suggesting the concurrent development of adaptive humoral and cellular
immunity [29]. However, studies on long-term immunological memory in healthy individ-
uals have also found antibody titers not to be predictive of T-cell memory [53]. We found
a relationship between anti-spike humoral and cellular responses in the control group;
however, this link was not observed in the CVID group and, interestingly, in the selective
IgA patient group who did not receive immunoglobulin replacement therapy.

Older people have been reported to be at increased risk of severe COVID-19 infection.
Although there are several factors related to the increased risk, one of these risk factors
could be a reduced T-cell response, partly due to a more limited repertoire of naive T
cells [31]. It has been described that the immune response to vaccination is eften also
weaker, with a limited duration of protection in elderly individuals [54]. This trend has
also been documented by Hagin et al. in CVID patients [33]. However, we did not observe
an association between the humoral or cellular immune response to vaccination and age in
our cohort of primary antibody patients, similar to other reports [25,26,28].

Although it has previously been described that the humoral and T-cell response of
patients with previous SARS-CoV-2 infections was significantly greater than that of patients
with infection-naive individuals after vaccination [26,34], we did not observe this in our
cohort. However, these differences have been suggested to arise from constituents of the
peptide pool in interferon-gamma release assays (IGRA) tests [26].
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Primary antibody deficiency patients with a history of autoimmunity have previously
been reported to have a poorer response to vaccination [36]. In this study, we were not able
to identify an association between the magnitude of the immune response and clinical man-
ifestations. Regarding immunological correlates with vaccine responsiveness, we found a
significant correlation between the anti-spike humoral response and central memory CD8+
cell percentages and in the selective IgA patient group—also with central memory CD4+
cell percentages. The results are consistent with a previously reported expansion of the
T-cell memory subsets in patients with [El and healthy controls 28 days after vaccination
with the BNT162b2 mRNA vaccine [28]. However, a recent study examining immunological
predictors of impaired immune response to SARS-CoV-2 vaccination found no association
to central memory CD4+ or CD8+ T cells, but a significantly higher frequency of effector
memory CD8+ T cells in those of impaired humoral immune response [36], and a similar
trend has also been observed with humoral response to influenzae vaccination in CVID
patients [55]. We found no significant relationship between long-term anti-spike humoral
response and B-cell subsets, consistent with reports on early vaccination responses in IEI
patients where there was no variation in the B-cell compartment a month after vaccination
was reported [28]. However, in PAD patients, lower levels of baseline 1gG, IgA, total B
cells, and switched memory B cells were related to poor SARS-CoV-2 vaccine anti-spike
antibody response [36]. In addition, following influenza vaccination, in patients with CVID,
numbers of circulating switched memory B lymphocytes (EUROClass B+ smB+} were
directly correlated with a superior humoral immune response [56].

Several major limitations of this study should be considered. First, the small sample
size. Second, the observational design of the study and the broad time frame within the
measurements after completion of the immunization schedule does not allow us to conclude
if the presence of anti-spike antibodies or anti-spike T-cell responses can confer protection
against different SARS-CoV-2 or to evaluate the dynamics of the immune responses. Third,
we did not include the evaluation of SARS-CoV-2-specific memory B cells in our study.
Regarding long-term immunological memory in healthy patients, a trend of increased
SARS-CoV-2-specific memory B cells several months after infection in healthy individuals
reconvalescent from SARS-CoV-2 [53]. In patients with antibody deficiencies, Salinas et al.
found an impaired spike-specific memory B-cell compartment in CVID patients, compared
to healthy controls after vaccination with Pfizer/BioNTech. They also found a higher
frequency of spike-specific atypical memory B-cell subsets in CVID patients compared
to healthy controls after vaccination, suggesting that they retreated from extrafollicular
reactions rather than germinal center reactions [34].

In conclusion, this study provides information on leng-term immunological memory
in patients with CVID and sIgAD. Qur findings confirm that markers of the sustained SARS-
CoV-2 spike-specific humoral and cellular immune response are detectable several months
after vaccination. Despite the significantly lower median levels of anti-spike [gG response
in CVID patients than in healthy controls, the T-cell response in CVID and slgAD patients
was comparable to that of healthy controls; therefore, vaccination should be recommended
in these patients.

Supplementary Materials: The following supporting information can be downloaded at: https:/ /www
mdpi.com/article/10.3390/vaccines11020354 /51, Supplementation S1: Gating strategy of B and T
lymphocyte subsets.
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Abstract: Predominantly antibody deficiencies (PADs) are inborn disorders characterized by immune
dysregulation and increased susceptibility to infections. Response to vaccination, including severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2), may be impaired in these patients, and
studies on responsiveness correlates, including cytokine signatures to antigen stimulation, are sparse.
In this study, we aimed to describe the spike-specific cytokine response following whole-blood
stimulation with SARS-CoV-2 spike peptides in patients with PAD (r = 16 with common variable
immunodeficiency and n = 15 with selective IgA deficiency) and its relationship with the occurrence
of coronavirus disease 2019 (COVID-19) during up to 10-month follow-up period. Spike-induced
antibody and cytokine production was measured using ELISA (anti-spike IgG, IFN-y) and xMAP
technology (interleukin-1p (IL-1B), IL-4, 1L-6, IL-10, 1L-15, IL-17A, 1L-21, TNF-, TGF-B1). No
difference was found in the production of cytokines between patients with PAD and controls. Anti-
spike IgC and cytokine levels did not predict contraction of COVID-19. The only cytokine that
distinguished between vaccinated and naturally infected unvaccinated PAD patients was IFN-y
(median 0.64 (IQR = 1.08) in vaccinated vs. 0.10 (IQR = 0.28) in unvaccinated). This study describes
the spike-specific cytokine response to SARS-CoV-2 antigens, which is not predictive of contracting
COVID-19 during the follow-up.

Keywords: antibody deficiency; common variable immunodeficiency; selective IgA deficiency;
SARS-CoV-2; COVID-19; cytokine

1. Introduction

Predominantly antibody deficiencies (PADs) are a group of diserders characterized
by impaired B cell differentiation and decreased synthesis of immunoglobulins, resulting
in recurrent sinopulmonary infections and, in some cases, poor vaccine response [1]. The
most common diagnoses include selective TgA deficiency (SIgAD) and common variable
immunodeficiency (CVID). Patients with SIgAD have reduced serum immunoglobulin A
(IgA) levels below 0.07 g /L, with normal levels of other immumnoglobulins. They are often
asymptomatic and do not usually have an impaired response to vaccination. Symptomatic
patients may experience recurrent respiratory and gastrointestinal infections and have a
higher risk of atopic or autoimmune diseases compared to the general population [2]. CVID
is the most common symptomatic antibody deficiency. The Turopean Society for Tmmumn-
odeficiencies Registry working definition for CVID is decreased levels of immunoglobulins
(IgG, 1gA, and/or IgM) and low switched memory B cells or poor vaccine response in
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individuals older than 4 years of age with no other identifiable cause or severe T cell de-
fects [3]. Recurrent bacterial infections are the hallmark of the disease; however, the majority
of patients also experience immune dysregulation-related non-infectious complications,
including autoimmune diseases and malignancy [4]. Immune dysregulation, including dys-
regulated cytokine response, has been long known to be a part of the immunopathogenesis
of predominantly antibody deficiencies, such as CVID and SIgAD [4-7].

When the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) pandemic
broke out in late 2019 [8], initial reports indicated increased disease-related morbidity
and mortality in immunocompromised patients [9-13], including those with PAD [14-16].
After vaccines became available, several studies have investigated both the reactogenicity
and immumnogenicity of SARS-CoV-2 vaccines in PAD patients, and most studies con-
cluded that the immune response in PAD patients was inferior to that in healthy vaccine
recipients [17-32].

The main SARS-CoV-2 antigen is thought to be the spike (S) protein, which binds to
the human angiotensin-converting enzyme 2 receptor via the receptor-binding domain of
the virus and thus enters the cell. This protein consists of three parts: a signal peptide, an N-
terminal 51 protease fragment containing the receptor-binding domain, and a C-terminal 52
protease fragment [33,34]. Coordinated cellular immunity is essential for disease control in
viral infections, including SARS-CoV-2, while dysregulated and exacerbated inflammatory
responses play a pivotal role in the development of severe coronavirus disease-19 (COVID-
19) infection [35-37]. During natural infection with SARS-CoV-2, it has been observed
that along with traditional markers of inflammation, such as C-reactive protein (CRP) and
serum amyloid A, there are higher levels of specific pro-inflammatory cytokines, including
interleukin 6 (IL-6), IL-1p, TL-8, TL-10, interferon gamma (IFN-y), and tumor necrosis factor
alpha (TNF-o) [38]. In addition, several other cytokines and chemokines have been shown
to have altered expression in COVID-19, and the levels of some of these cytokines have
been linked to the prognosis of COVID-19 [39-59]. However, some have speculated that
in patients with inborn errors of immunity, immunodeficiency might act as a protective
factor against the cytokine storm, which is the main trigger for the severe course of COVID-
19 [60]. Therefore, the interplay between cytokine dysregulation in patients with PAD is
intriguing; on the one hand, these patients may fail to mount an efficient immune response
to vaccination, which could lead to a more severe course of the disease [61]. In contrast, a
reduced inflammatory response could be related to a decreased risk of cytokine storms that
lead to multi-organ failure [60].

In addition, attempts have been made to identify biomarkers related to efficient vaccine
responses, and several associations between cytokine levels and SARS-CoV-2-specific
humoral immune responses have been observed. Several studies with immunocompetent
individuals have examined the correlates of SARS-CoV-2-specific humoral response and
found changes in levels of M-CSF, 1L-1a, IFN-v, 1L-13, IL-10, IL-12p70, IL-6, IL-17A, [L-15,
and IEN signaling-related cytokines (CXCL10, MCP-1, MCP-2, and MCP-3) to be correlated
with SARS-CoV-2-specific antibody response in healthy volunteers [45,62-65]. Regarding
PAD patients, several studies have examined the T cell response role in protection against
SARS-CoV-2, showing IL-2 and/or IFN-y secretion in response to pooled SARS-CoV-
2 antigens [18,24-28]. Nonetheless, the understanding of the wider range of cytokines
produced following SARS-CoV-2 antigen stimulation in individuals with predominantly
antibody deficiencies is currently limited.

In this study, we aimed to describe the cytokine signatures following whole-blood
stimulation with SARS-CoV-2 antigen in SARS-CoV-2 naturally infected and vaccinated
PAD patients and compare these results with those of healthy controls. We also assessed
whether cytokine profile or other immunological parameters were related to vaccine ef-
fectiveness for preventing coronavirus disease 2019 (COVID-19) during the follow-up
period and cytokine signature relatedness with patients’ clinical parameters and anti-spike
antibody levels,
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2. Materials and Methods
2.1. Study Population

Patients with CVID and symptomatic SIgAD who were treated at a tertiary immunol-
ogy center (Pauls Stradins Clinical University Hospital, Riga, Latvia) were enrolled in the
study from April to July 2022. In total, 38 adult individuals were included in the study:
31 predominantly antibody deficiency patients (16 with CVID and 15 with SIgAD) and 7
healthy controls. All 31 patients were diagnosed according to the European Society for
Immunodeficiencies diagnostic criteria [3]. To gather data on the demographic and clinical
characteristics of patients, a thorough medical history of the patients was compiled, and
their medical records were assessed. At the onset of the study, patient medical history
was collected for several clinical parameters, including the frequency and type of infec-
tions (including SARS-CoV-2 infection and SARS-CoV-2 vaccination status), autoimmune
diseases, levels of autoantibodies (rtheumatoid factor, anti-nuclear antibody (ANA) and ex-
tractable nuclear antigen antibody (ENA) screening, antineutrophil cytoplasmic antibodies
(p-ANCA, c-ANCA, atypical ANCA), antibodies against cardiolipins and phospholipids,
lupus anticoagulant, anti-double-stranded DNA, anti-histone, anti-thyroid peroxidase,
anti-tissue transglutaminase, anti-gliadin, and anti-gastric parietal cell antibodies), benign
polyclonal lymphoproliferation (lymphadenopathy, splenomegaly, and hepatomegaly),
granulomatous disease, enteropathy, atopy, or allergy (asthma, allergic rhinitis, food allergy,
and atopic dermatitis), and malignant diseases. Data regarding patient immunoglobulin
levels (TgG, IgM, and TgA) and lymphocyte subpopulations on the day of bloed collection
were also retrieved from the patients” medical records. Lymphocytes were divided into
the following subpopulations: B cells (CD19+), T cells (CD3+), T helper cells (CD3+CD4+),
T cytotoxic cells (CD3+CD8+), T natural killer cells (CD3+CD56+), and activated T cells
(CD3+HLADR+). The SARS-CoV-2 vaccination course was considered to be completed
if the individual had received two doses if naive to SARS-CoV-2 infection, or one dose if
previously infected. The severity of COVID-19 in personal history was assessed using the
World Health Organization Clinical Progress scale [66]. Immunological phenotyping was
based on the EUROclass classifications [67]. CVID severity was assessed using the CVID
severity score proposed by Ameratunga [68]. Following written consent to participate in
this study, blood samples were obtained from patients and control participants. Four to
ten months (122-317 days) after blood sample collection, the patient’s medical documenta-
tion (SARS-CoV-2 PCR test results, booster vaccination status) was reviewed again, and
participants were contacted to determine if they had a positive SARS-CoV-2 rapid antigen
test result during this time. In cases where a patient received an additional dose of the
vaccine as a booster during the follow-up period, the duration of their follow-up time was
maodified to account for the period leading up to the date on which they received the booster
dose. This study was conducted in accordance with the principles of the Declaration of
Helsinki. The study protocol was reviewed and approved by the Central Board of the
Ethics Committee of the Health Ministry of the Republic of Latvia (No. 01-29.1/2878).

2.2. Blood Collection

Peripheral venous blood samples were collected from all the participants. A peripheral
blood sample for SARS-CoV-2 anti-spike [gG was collected in a serum collection tube,
centrifuged after 30 min, and frozen at —20 °C until the day of measurement. A sample
for peripheral blood mononuclear cell (PBMC) isolation and phenotyping of B and T
lymphocyte subsets was collected in a lithium heparin-coated tube, and PBMCs were
isolated as described previously [25]. Samples for the assessment of CD4+ and CD8+
cell cytokine responses to SARS-CoV-2 peptide stimulation and cytekine determination
before /after SARS-CoV-2 peptide stimulation were collected in heparinized whole-blood
QuantiFERON SARS-CoV-2 blood collection tubes (Qiagen, Hilden, Germany), incubated
at 37 °C for 20 h, centrifuged according to the manufacturer’s protocol, and frozen at —20
°C for subsequent analysis. QuantiFERON SARS-CoV-2 blood collection starter kit contains
four types of blood collection tubes: negative control, Agl tube (contains epitopes from the
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51 fragment of the SARS-CoV-2 spike protein, measures response mediated by CD4+ cell
response), Ag2 tube (contains epitopes from the 51 and S2 fragments of the SARS-CoV-2
spike protein, measures response mediated by both CD4+ and CD8+ cells), and positive
control (mitogen control) [34,69]. Negative control was used to measure cytokine baseline
levels and non-specific cytokine release during the incubation, while the Ag2 tube was
used to measure cytokine levels after antigen stimulation.

2.3. Humoral Response to SARS-CoV-2

The humoral response to SARS-CoV-2 (IgG class antibodies to SARS-CoV-2 51 domain
of the spike protein) was assessed using the semi-quantitative enzyme-linked immunosor-
bent assay (ELISA) from Euroimmun (Anti-SARS-CoV-2 IgG assay, Euroimmun, Liibeck,
Germany), following the manufacturer’s recommendations and as described previously.
An IgGAM ratio (optical density compared with the calibrator) > 1.1 was considered a
positive response. SARS-CoV-2 anti-spike response was considered low if the levels were
<1.1, moderate if the anti-spike IgG levels were between 1.1 and 10, and high if levels
were >10.

2.4. Cytokine Detection

Cytokine levels before and after SARS-CoV-2 S1 and 52 pool peptide stimulation were
determined by Luminex xMAP technology using Luminex 200 equipment (A DiaSorin
Company, Austin, TX, USA) and a multiplex assay (MILLIPLEX MAP Human TH17
Magnetic Bead Panel, Cat#: HTH17MAG-14 K and MILLIPLEX MAP TGF-81 Magnetic
Bead Single Plex Kit, Cat#: TGFBMAG-64K-01, both from Merck Millipore, Darmstadt,
Germany), following the manufacturer’s protocol. Levels of the following cytokines were
measured: transforming growth factor beta 1 (TGF-£1), [L-1f3, 1L-4, 1L-6, 1L-10, IL-15,
IL-17A, TL-21, and TNF-&. Antigen-specific responses were quantified as the increase or
decrease in cytokine levels in SARS-CoV-2 51 and 52 pool peptide-stimulated samples
compared with paired unstimulated negative controls. For the analysis, cytokines falling
below the lowest detection limit were adjusted to 0.5, and absent values were removed.

Levels of interferon gamma (IFN-y) production before and after SARS-CoV-2 51 and 52
pool peptide stimulation were assessed using QuantiFERON SARS-CoV-2 ELISA assay (Qia-
gen, Hilden, Germany), as previously reported [69], according to the manufacturer’s protocol.

2.5. T and B Cell Subset Phenotyping

T and B cell subpopulations from freshly isolated PBMCs were determined by flow
cytometry as described previously [25]. B cells were subdivided into the following
subpopulations: naive B cells (CD19+CD27—-IgM+IgD+), marginal zone-like B cells
(CD19+CD27+IgM++IgD+), switched memory B cells (CD19+CD27+IgM —IgD—), TgM-
only memory B cells (CD19+CD27+IgM++IgD—), transitional B cells (CD19+IgD+CD27-
IgM++CD38++), CD21low B cell (CD19+ IgM+,CD21-CD38-), plasmablasts (CD19+CD21+
CD38+++IgM—), and atypical memory B cells {CD19+CD21—-CD27—IgD—). T cells were
subdivided as follows: naive T helper cells (CD3+CD4+CD27+CD45R A+), central /transitory
memery T helper cells (CD3+CD4+CD27+CD45RA—, effector memory T helper cells
(CD3+CD4+CD27—CD45RA —), terminally differentiated T helper cells (CD3+CD4+CD27 —
CD45RA+), recent thymic emigrant T cells (CD3+CD4+CD31+CD45RO —), naive T cyto-
toxic cells (CD3+CD8+CD27+CD45RA+), central /transitory memory T cytotoxic cells
(CD3+CD8+CD27+CD45RA —), effector memory T cytotoxic cells (CD3+CD8+CD27-CD45
RA—), terminally differentiated T eytotoxic cells (CD3+CD8+CD27 —CD45RA+), T regula-
tory cells (CD3+CD4+CD25+FOXP3+CD127dim).

2.6. Statistical Analysis

The Shapiro-Wilk test was used to determine whether continuous variables were
normally distributed. The results indicated that the data were not normally distributed;
therefore, medians and interquartile ranges (1QRs) were used in data presentation, and
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nonparametric statistical methods were used in subsequent analysis. The differences in
categorical variables were examined using the chi-square and Fisher exact tests. The Mann—
Whitney U or Kruskal-Wallis test was used to compare continuous variables between
two or more groups, respectively. The Wilcoxon signed-rank test was used to compare
two dependent samples. Spearman’s rank test was used to assess the correlation between
continuous variables. A binominal regression analysis was used to predict the occurrence
of COVID-19. In binominal regression analysis, the dependent variable was whether
COVID-19 was present during the follow-up period, while the independent variables were
measured at the beginning of this period as follows: levels of anti-spike [gG, changes
in cytokine levels (IFN-y, TGF-p, IL-18, IL-4, IL-6, IL-10, IL-15, IL-17A, IL-21, TNF-«)
following whole-blood stimulation with SARS-CoV-2 S1 and S2 pool antigens, as well as
levels of total [gG, IgA, and IgM, and different lymphocyte subpopulations as previously
noted. Statistical significance was set at p value < 0.05. Statistical analysis was performed
using IBM SPSS Statistics version 23 (IBM, New York, NY, USA). Graphs were generated
using GraphPad Prism version 8 (GraphPad Software, San Diego, CA, USA).

3. Results
3.1. Study Population

Overall, 38 individuals were enrolled in the study: 31 patients with predominantly
antibody deficiency (29.0% male, median age 40 years, IQR = 22) and seven control subjects
(28.5% male, median age 50 years, IQR = 21). In the patient group, 16 and 15 patients
were diagnosed with CVID and SIgAD, respectively. The clinical characteristics of the
participants are presented in Table 1.

Table 1. Demographic and clinical parameters of the predominantly antibody deficiency patients.
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Table 1. Conl.
— C_OV]D;I % o COV].D-W Clinical Manifestations Infection-
Di ” ? Vaccination to Days after Personal Medical during .
iagnosis Sex Age S ” Y . and Non-Infectious Related
SARS-CoV-2 Vaccination History Prior to Follow-Up C i R
: v omplications Complications
Blood Collection Period
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score 2
thyroidilis
) Yes, 59 days after
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Spikevax Yes, 35 days after meningitis in
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mRNA-1273 < 5 .
score 2 Lerpes Zester; allergic
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Yes, 108 days after ] e
SIgAD Temale 3 No N/A COVIT-19, WHO Yes Recumient olitis media, No
vaceination sinusitis
score 2
; Yos, 244 days after P
> A g 3 _ -
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TechBNT162b2 o hepatomegaly
score 2 2
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> B )
STgAD Male 30 LBl p4 No Yes tomsillitis; atopic No
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- e . = Plizer BioN- 4
Control Lemale 52 LechBN1162b2 487 No No N/A N/A
; Yos, 140 days after
. Pfizer BioN- v i Fatii ,
Control Male 37 TechBNT162b2 36 (,(JV[]")L L‘-),j\\dHO No N/A N/A
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Spikevax Yes, 140 days afler
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- = Pfizer BioN- /
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’ : 4 g 2 5 b .
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score 2

Abbreviations: CVID—common variable immunodeficiency; SIgAD—selective IgA deficiency; SARS-CoV-2—
severe acute respiratory syndrome coronavirus 2; COVID-19—coronavirus disease 2019; WHO—World Health
Organization. * Ambulatory mild disease: score 1—asymptomatic, viral ribonucleic acid (RNA) detected; score
2—symptomatic, independent; score 3—symptomatic, assistance needed; [lospitalized: moderate disease: score
4—hospitalized, no oxygen therapy required; score 5—hospitalized, oxygen by mask or nasal prongs; Hospitalized:
severe disease: score 6—hospitalized with non-invasive ventilation or high flow oxygen; score 7—intubation and
mechanic ventilation partial pressure of oxygen/fraction of inspired oxygen ratio (pO2/Fi(2) = 150 or oxygen
saturation /fraction of inspired oxygen ratio (SpO2/Fi02) > 200; score 3—mechanic ventilation pO2/Fi02 < 150
or Sp02/ FIO2 < 200 or vasopressors; score 9—mechanic ventilation pO2/Fi0Q2 < 150 or SpO2/Fi0O2 < 200 and
vasopressors, dialysis, or extracorporeal membrane oxygenation (ECMO); Dead: score 10—dead.
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3.2. Prior Exposure to SARS-CoV-2 Antigen and COVID-19 during the Follow-Up Period in the
Study Population

All patients and control group subjects had been previously exposed to the SARS-
CoV-2 antigen at the time of blood sample collection via natural infection (4 patients,
0 controls), vaccination (12 patients, 3 controls), or both (15 patients, 4 controls). Of all
vaccinated individuals (27 patients and 7 controls), the median time to completion of the
vaccination regimen was 164 (IQR = 114) days: median 153 (IQR = 90) days in patients and
203 (IQR = 169) days in the healthy vaccine recipient group. The median duration between
positive SARS-CoV-2 PCR test results and the date of evaluation for unvaccinated patients
was 106 days (IQR = 144). Seven patients and two controls developed COVID-19 during
the follow-up period, all of whom had mild disease according to the WHO classification
(up to a score of 3) and were treated in an out-patient setting.

3.3. Changes in Cytokine Production Following SARS-CoV-2 Antigen Stimmulation

To examine the changes in cytokine levels in response to SARS-CoV-2 antigen stimu-
lation, we initially assessed the overall differences in cytokine production by comparing
the baseline levels with those after stimulation in all study participants. Subsequently, we
performed a similar analysis after excluding individuals who had not been vaccinated.
Furthermore, we compared cytokine levels between the patient and control groups to
determine whether significant differences existed in both baseline levels and changes in
cytokine levels following antigen stimulation. Additionally, we examined the potential dif-
ferences in cytokine levels and changes between patients diagnosed with common variable
immunodeficiency (CVID) and selective IgA deficiency (SIgAD). All relevant statistical
data are presented in Supplementary Table 51, which provides a detailed display of all
pertinent statistical analyses.

Overall, we found a statistically significant increase in the levels of IFN-y, 1L-10, 1L-15,
IL-17A, IL-1p, and TNF-x, but not [L-21, IL-4, and IL-6, and a decrease in TGE-p1 follow-
ing SARS-CoV-2 antigen stimulation (see Figure 1 and Supplementary Table Sla). After
excluding patients who had not been vaccinated, changes were observed in the levels of the
cytokines mentioned previously, except for changes in IL-15, which were not statistically
significant (see Supplementary Table Sla). However, in the Mann-Whitney U test, we did
not observe a significant difference between the patient and control groups regarding the
increase in cytokine levels after SARS-CoV-2 antigen stimulation (see Supplementary Table
S51b). In contrast, such differences were observed in the baseline cytokine levels; patients
were characterized by significantly elevated baseline levels of IL-10 and IL-4 compared
with the control group (see Supplementary Table S1b).

In addition, when categorizing patients based on diagnosis, we observed significant
changes in IFN-y, IL-10, IL-15, and IL-4 levels in the SIgAD subgroup, whereas only
changes in the levels of IFN-y and TGF-B1 were observed in the CVID subgroup (see
Supplementary Table S1a). We also found a statistically significant difference in the increase
in 1L-4 synthesis following SARS-CoV-2 antigen stimulation between different diagnosis
groups: IL-4 did not increase in the CVID group (median 0 ng/mL), but we found a median
1.2 ng/mL increase in the SIgAD group (see Supplementary Table 51b).
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Figure 1. Wilcoxon test results for changes in cytokine levels tollowing whole-blood SARS-CoV-2
antigen stimulation in patients and controls. (a) Levels of ITN-y before and after SARS-CoV-2 antigen
stimulation; n = 38. (b) Levels of IL-10 before and after SARS-CoV-2 antigen stimulation; n = 38.
(c) Levels of IL-15 before and after SARS-CoV-2 antigen stimulation; n = 34. {d} Levels of IL- before
and after SARS-CoV-2 antigen stimulation; n = 20. (e) Levels of TNF-« before and after SARS-CoV-2
antigen stimulation; n = 36. (f) Levels of TGF-p1 before and atter SARS-CoV-2 antigen stimulation;
H=38.

3.4. Predictors of COVID-19 during the Follow-Up Period in PAD Patients

To determine potential clinical parameters that may be associated with the occurrence
of COVID-19 during the follow-up period, we conducted a binomial logistic regression
analysis and employed the Mann-Whitney U test. All the relevant statistical data are
presented in Supplementary Table 52.

Binomial logistic regression analysis indicated that variables such as anti-spike IgG
levels, cytokine levels following SARS-CoV-2 antigen stimulation, total IgG, TgM, and
IgA levels, and lymphocyte subpopulations cannot be used to predict the likelihcod of
contracting COVID-19 (see Supplementary Table S2a). However, the Mann-Whitney U test
demonstrated significant differences in cytotoxic T and NK cell subpopulations between
Ppatients who contracted COVID-19 during the follow-up period and those who did not (see
Figure 2 and Supplementary Table 52b}. However, the effect size of this test was moderate.
After excluding patients who had not been vaccinated, significant differences in cytotoxic T
cells, but not NK cells, were observed (see Supplementary Table 52b).

When categorizing patients based on their diagnosis, a consistent observation of
differences in cytotoxic T cells, but not NK cells, was found in the CVID group, while
in the SIgAD group, we did not find a statistically significant difference in lymphocyte
subpopulations between the patients who contracted COVID-19 and those who did not.

We did not find a statistically significant relationship between the occurrence of
COVID-19 during the follow-up period and anti-spike IgG or cytokine levels after the
SARS-CoV-2 antigen stimulation (see Supplementary Table S2b).
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Figure 2. Associations of cytotoxic T cell and NK cell percentages with occurrence of COVID-19
in follow-up. (a) Mann-Whitney U test results for associations between cytotoxic T (CD8+) cells
and occurrence of COVID-19 in follow-up in patients who did (# = 7) or did not {n = 24) have
COVID-19 during the fellow-up period. (b) Mann-Whitney U test results for associations between
NK (CD3—-CD56+) cells and occurrence of COVID-19 in follow-up in patients who did (n = 7) or did
not (n = 24) have COVID-19 during the follow-up period.

3.5. Associations between the Cytokine Levels and Previous SARS-CoV-2 Vaccination

To ascertain potential differences in cytokine levels between vaccinated and unvac-
cinated patients and controls, the Kruskal-Wallis test was conducted. Furthermore, we
assessed whether the cytokine response was correlated with the type of vaccination received
within the patient group. All the relevant statistical data are presented in Supplementary
Tables S3 and S6.

The Kruskal-Wallis test indicated a significant difference in the median increase in
IEN-y levels in the vaccinated, unvaccinated, and control groups (see Figure 3a and Sup-
plementary Table S3a). When categorizing patients based on their diagnosis, a consistent
observation of a difference between vaccinated and unvaccinated individuals was found in
the CVID group, but not in the SIgAD group (see Supplementary Table S3b). No other sig-
nificant differences were found in the increase in cytokine levels after SARS-CoV-2 antigen
stimulation between the vaccinated and unvaccinated patients or vaccinated controls.
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Figure 3. Associations between the cytokine levels and previous SARS-CoV-2 vaccination. (a) Mann—
Whitney U test results for associations between the IFN-y level changes after SARS-CoV-2 antigen
stimulation in vaccinated patient group (# = 28), unvaccinated patient group (r = 4), and control
group (1 = 7). (b) Spearman’s correlation between the increase in levels of TGF-p31 after whole-blood
stimulation with SARS-CoV-2 spike protein $1 and $2 pool peptides in vaccinated patients (n = 27)
and control group individuals (7 = 7). ns—non-significant.
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Furthermore, there was no significant correlation between the type of vaccine admin-
istered and changes in cytokine levels (see Supplementary Table S3c).

Regarding the cytokine response correlation with time after the last vaccine dose, the
only cytokine whose level changed after antigen stimulation correlated with time after

vaccination was TGF-B1 (in the patient group) (Figure 3b and Supplementary Table Séc).

3.6. Associations between the Cytokine Levels and SARS-CoV-2 Huinoral Response

We also assessed whether the cytokine response to SARS-CoV-2 antigen stimulation

was related to the anti-spike IgG antibody levels. All the relevant statistical data are

presented in Supplementary Tables 54 and Sé6.

No significant correlation was observed between the levels of anti-spike IgG and the
increase in cytokine levels following SARS-CoV-2 antigen stimulation in patients with
PAD (see Supplementary Table 56c). However, when categorizing patients based on low,
moderate, or high anti-spike antibody response, patients with low antibody response
exhibited a higher median decrease in TGF-1 levels after stimulation with SARS-CoV-2
antigen and compared to patients with a moderate or high humoral response or control
group individuals (see Figure 4 and Supplementary Table S4a}.
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Figure 4. Kruskal-Wallis test results for associations between the levels of TGF-B1 after SAR5-CoV-2
antigen stimulation and SARS-CoV-2 humoral response. Median decrease in levels of TGF-§31 after
SARS-CoV-2 antigen stimulation in patients with low (1 = 3), moderate, or high anti-spike IgG
response (n = 28) and controls {(n = 7). ns—non-significant.

3.7. Associations befween the Cytokivie Levels and Patient’s Demographic and Clinical Characteristics

We also assessed whether there were any correlations between age and cytokine re-
sponses to SARS-CoV-2 antigen stimulation as well as any differences in cytokine responses
in relation to various clinical manifestations. All relevant statistical data are presented in
Supplementary Tables 55 and Sé.

In the patient group, age was significantly correlated with changes in the levels of
TGF-p1 and IL-1p following SARS-CoV-2 antigen stimulation (see Supplementary Table S6a).

Distinct variations were observed in the cytokine profiles when comparing various
complications and comorbidities. The Kruskal-Wallis test indicated that there was a
significant difference in the median increase in the level of IL-4 and the frequency of detected
autoantibedies in personal medical history, while in the control group or patients without
autoantibodies, no increase was observed; in patients who had detected autoantibodies in
their personal medical history, we found a median 1.26 ng/mL increase in the levels of 1L-4
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following SARS-CoV-2 antigen stimulation (see Figure 5a and Supplementary Table S5a).
Additionally, baseline IL-4 and TNF- levels were higher in patients with autoantibodies.
We found no association between increased cytokine levels, including IT.-4, after SARS-CoV-
2 antigen stimulation and clinically detectable autoimmune diseases (see Supplementary
Table S5a). However, when categorizing patients according to diagnosis, in the CVID group,
TGF-31 levels were related to the presence of autoimmune disease (see Supplementary
Table S5c). An increase in the level of IL-4 following SARS-CoV-2 antigen stimulation, but
not the baseline 11.-4 level, was also correlated with the levels of total IgG and total IgM

(see Figure 6 and Supplementary Table 56c).
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Figure 5. Associations between the IL-4, TL-10, TNF-¢, and IL-21 levels and patient’s clinical character-
istics. (a) Mann—-Whitney U test results for associations between 11.-4 level changes after SARS-CoV-2
antigen stimulation in patients with detected autoantibodies (1 = 8), patients without the condition
(12 = 8), and control group {(n = 2). (b) Mann-Whitney U test results for associations between [L-10
level changes following SARS-CoV-2 antigen stimulation in patients with hepatomegaly (n = 4),
patients without the condition (# = 27), and control group (1 = 7). (c) Mann-Whitney U test results for
associations between IL-10 level changes following SARS-CoV-2 antigen stimulation in patients with
splenomegaly (1 = 5), patients without the condition (1 = 26), and control group (n = 7). (d) Mann—
Whitney U test results for associations between the changes in IL-10 level following SARS-CoV-2
antigen stimulation in patients with lymphadenopathy (1 = 7), patients without the condition (1 = 24),
and control group (1 =7). (¢) Mann-Whitney U test results for associations between the changes in
TNEF-« following SARS-CoV-2 antigen stimulation in patients with B+5mB- (n = 4), B+5mB+ pheno-
type (1 = 9), and control group individuals (n = 7). (f) Spearman’s correlation between the CVID
patients’ severity score and increase in levels of [L-21 after whole-bloed stimulation with SARS-CoV-2

antigen in CVID patients (1 = 9). ns—non-significant.

Changes in [L-10 levels after SARS-CoV-2 antigen stimulation were found to be sig-
nificantly associated with lymphadenopathy, splenomegaly, and hepatomegaly. 1L-10
levels decreased after SARS-CoV-2 antigen stimulation in patients with lymphadenopathy,
whereas an increase was observed in those without the condition and in the control group.
A similar trend was observed for splenomegaly and hepatomegaly, as well as for changes
in IL-15 levels and splenomegaly (see Figure 5b—d and Supplementary Table S5a). When
categorizing patients based on their diagnosis, a consistent observation of changes in IL-10
levels was found in the CVID group, but not in the SIgAD group, since only one patient
with each of these conditions was present in the SIgAD subgroup (see Supplementary
Table Sbc,d).
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Figure 6. Correlation matrix of the changes in levels of cytokines following SARS-CoV-2 antigen
stimulation and immunological parameters. Spearman r values are shown from red (- 1.0) to blue
(1.0). The absence of an r value in certain blank cells signifies that the corresponding Spearman’s
correlation coefficient (r) value is 0.

In the CVID patient subgroup, we also assessed the association with the EUROclass
classification groups and found a statistically significant difference between the increase in
levels of TNF-x after SARS-CoV-2 stimulation; patients with low switched memory B cell
percentages (EUROclass group B+SmB-) had a higher increase in TNF-« levels compared
to patients with normal switched memory B cell percentages or the control group subjects
(see Figure 5e and Supplementary Table $5b). There was only one patient with B- and
one patient with CD21),,, high phenotype and two with transitional cell high phenotype;
therefore, the median values for these patients have not been reported.

In the CVID patient subgroup, we assessed a correlation with the CVID severity score,
and only spike-induced IL-21 response correlated with the severity of CVID (rs = 0.809,
p=0.009, n=9).
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3.8. Correlation between the Cytokine Levels and Lymphocyte Subsets

Correlations between changes in cytokine levels following SARS-CoV-2 antigen stimu-
lation and immunological parameters are shown in Figure 6 and Supplementary Table S6.

Overall, we found a significant correlation between the increase in the levels of Th17
cytokines (IL-17A and IL-21) after SARS-CoV-2 antigen stimulation, as well as TCF-p with
the pro-inflammatory cytokines IL-1f and TNF-« (see Supplementary Table S6b). We also
observed a correlation between the baseline levels of pro-inflammatory cytokines: IL-1(3
correlated with the levels of IL.-6 and TNF-x, and [1.-6 with TNF-x and I1.-10 correlated
with IL-4 and IL-15 (see Supplementary Table S6a).

Regarding correlations with lymphocyte subsets, several B cell subsets were correlated
with changes in cytokine levels after SARS-CoV-2 antigen stimulation: marginal zone-like B
cells and IgM-only memory B cells correlated with changes in TFN-y and 11.-10 levels, while
IFN-y was also correlated with CD21low B cells. Changes in 11-4 levels also correlated with
IgM-only memory B cells, CD21low B cells, and T helper cells. Changes in IL-1f levels were
related to total and atypical B cells, whereas changes in TL-6 levels were related to naive
B cells. Natural killer T cells correlated with changes in [L-10, IL-17A, and 1121 levels.
Changes in 11.-17A levels also correlated with total T cells and terminally differentiated T
cells. Natural killer cells were correlated with changes in IL-17A and TNF-« levels (see
Figure 6 and Supplementary Table Séc).

4. Discussion

In this study, we present the spike-specific cytokine response observed after whole-
blood stimulation with the SARS-CoV-2 antigen in naturally infected unvaccinated and
vaccinated PAD patients and explore the cytokine profile and other immunological param-
eters as markers for predicting the contraction of COVID-19 infection during the up to
10-month follow-up period.

Overall, we were not able to predict the occurrence of COVID-19 based on the anti-
spike humoral response, baseline cytokine levels, changes in cytokine levels following
whole-blood SARS-CoV-2 antigen stimulation, or other immunological parameters in
patients with PAD. However, patients with higher percentages of cytotoxic T and NK
cells showed a lower incidence of COVID-19 during the follow-up period. This finding
is consistent with the current understanding that these specitic cell types play a crucial
role in the antiviral immune response, including that against SARS-CoV-2 [70]. Functional
exhaustion of cytotoxic lymphocytes (such as CD8+ cytotoxic T cells and NK cells) has
been associated with poor COVID-19 prognosis [33,44], whereas substantial CD8+ T cell
responses have been associated with mild COVID-19 disease [71]. Cytokine levels after
SARS-CoV-2 antigen stimulation did not prove to be predictive of COVID-19. To the best of
our knowledge, there have been no prior studies examining the potential of cytokine levels
as predictive markers of occurrence of COVID-19 in patients with PAD; however, previous
research conducted on healthy individuals during an 8-month follow-up pericd following
CoronaVac vaccination found that those who exhibited lower levels of IFN-y in the IEN-y
release assay were at a higher risk of contracting COVID-19 [72]. Similarly, we were unable
to predict the likelihood of being infected with SARS-CoV-2 through anti-spike antibody
levels, which is consistent with the findings of the COV-AD study [72].

Cytokines that have previously exhibited alterations in their levels following vaccina-
tion in immunocompetent individuals include IFN-y, IL-10, IL-15, 1L-17A, 1L-1 B, TNF-x,
IP-10/CXCL10, IL-6, IFN-&2, IL-12p70, IL-18, IL-23, and IL-33 [73-78]. Interestingly, in
addition to several of the mentioned cytokines, we also observed a decrease in the level
of TGF-p1 following whole-blood stimulation with the SAR5-CoV-2 antigen, and this
decrease was more prominent in patients who showed a low anti-spike LgG response as
well as in CVID patients with an autoimmune disease. The main source of TGF-1 is
epithelial cells, but it can be produced by most immune cells in response to infection, and it
mainly acts as a regulator of multiple types of immune cells, including T regulatory (Treg)
cells, NK cells, and macrophages [79]. The TGE-p1 role in antibody synthesis is mainly
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induced by the induction of T regulatory cells to suppress B cells [80,81] and the induction
of an isotype switch to mainly IgAl and IgA2 class antibodies [82]. In a study on the
dynamics of adaptive immune response in severe COVID-19 examining the plasmablast
transcriptome changes over the course of eight weeks, plasmablasts showed a continuous
immune reaction; during the first week, plasmablasts showed an immune response directed
against SARS-CoV-2, characterized by the synthesis of IgG antibodies against the spike and
nucleocapsid proteins, but later response switched to IgA-expressing plasmablasts, which
were are not specific to SARS-CoV-2 proteins and reflected continued instruction of the
B lymphocytes by TGF-$31 [82]. In addition, in the upper airways of immunocompetent
patients, TGF-p1 transcript level expression was lower in SARS-CoV-2-infected patients
than in controls, and in asymptomatic individuals, TGF-1 correlated negatively with
IFN-y, suggesting its role in the regulation of early antiviral inflammatory response [83]. In
our cohort, changes in the levels of TGF-31 were significantly correlated with the levels of
IL-1$3 and TNF-e. Indeed, TGF-31 can activate nuclear factor-kappa-light-chain-enhancer
of activated B cells {NF-kB), which can further upregulate various cytokines, including
IFN-y, TNF-e, and TL-1 B [84,85]. Further research is warranted to determine the function
of TGE-31 in the adaptive immune reactions related to COVID-19 in patients with PAD.

This report confirms a higher IFN~y response to SARS-CoV-2 antigen stimulation in
vaccinated PAD patients than in unvaccinated patients who were exposed to the SARS-
CoV-2 virus via natural COVID-19, similar to that previously reported in individuals in
the general population [74,86], although conflicting evidence exists [87]. In our cohort,
we found no difference in the changes in other cytokine levels after SARS-CoV-2 antigen
stimulation when comparing vaccinated and unvaccinated patients, although previously
in a study with healthy individuals, TNT-o levels in response to stimulation with peptide
pools corresponding to the SARS-CoV-2 spike, nucleocapsid, or membrane protein were
significantly higher in individuals who had completed a vaccination regimen than in
unvaccinated individuals [74]. These differences could be because we only examined
cytokine responses to 51 and 52 pools in this study.

We also examined whether the spike-specific cytokine response was associated with
any specific non-infectious complications. In this study, we found an association between
the magnitude of the increase in IL-4 and the presence of autoantibodies in patients’ serum,
as well as an increase in [L-4 correlated with total IgG and IgM levels, but not with anti-spike
IgG. This finding is in line with a study of COVID-19 patients where excessive plasmablast
expansion was correlated with autoantibody production, and these plasmablasts devel-
oped according to IL-4— and BAFF-driven developmental trajectories. Although they were
not enriched in autoreactive B cells, two distinet memory populations (CD80+ /ISC15+
and CD1lc+/S0OX5+/ T-bet+/—) with signs of autoreactivity were identified, which were
considered to be the source of COVID-19 autoantibodies [88]. Indeed, the evidence of the
development of autoimmune conditions following COVID-19 has accumulated during the
past few years [44,89-95]. In addition, we found a correlation between IL-21 and CVID
severity score in patients with CVID. Within secondary lymphoid organs, T follicular helper
(Tth) cells are primarily engaged in ensuring B cell survival, proliferation, and differentia-
tion by producing significant quantities of 1L-21 and IL-4 [96], and the majority of inborn
errors of immunity patients exhibit spike-specific circulating Tfh cells [28]. Regarding CVID
and SIgAD patients, association studies suggest that defective IL-4 and IL-21 signaling
has been linked to an increased prevalence of non-infectious complications, including
autoimmunity [4,97-100].

IL-10 was identified as another cytokine whose increase was associated with a specific
patient phenotype. IL-10 is an anti-inflammatory cytokine that is capable of inhibiting the
synthesis of pro-inflammatory cytokines and is produced mainly by T cells, especially Treg
and Tth cells, as well as monocytes and B regulatory cells [7]. In our study, the extent of the
spike-specific 1L-10 response was significantly lower in patients with benign polyclonal
lymphoproliferation, manifested as hepatomegaly, splenomegaly, and lymphadenopathy.
In the EUROclass trial, splenomegaly was associated with dysregulation of B cell homeosta-
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sis, including reduced switched-low memory B cells, which could indicate dysregulated
germinal center development [67]. We also observed that the level of the pro-inflammatory
cytokine TNF-o was significantly higher in patients with low switched memory B cell
counts (EUROclass B+5mB—). Although the cytokine response to SARS-CoV-2 antigen
has not been examined previously in the context of non-infectious complications of PAD,
the response of circulating Tfh isolated from CVID patients to submitogenic PHA+IL-2
stimulation, as indicated by the intracellular expression of Tth cytokines (IL-4, IL-10, IL-21),
with non-infectious complications (autoimmunity and/or granulomatous disease) was
lower than that in patients without these complications. In contrast, the I1.-4 response
was higher in patients with autoimmunity and /or granulomatous disease [101]. Studies
of IL.-10 levels without antigen stimulation suggest that low TL.-10 production in patients
with CVID-like disorders with homozygous deletion of the inducible T cell co-stimulator
(ICOS), a key receptor of Tfh help to germinal center B cells, may contribute to the disturbed
germinal center reaction in secondary lymphoid organs, and patients with this genetic
defect can be associated with splenomegaly [102]. In addition, CVID patients have been
shown to have a decreased frequency of naive regulatory T cells, one of the major sources
of [L-10, in CVID patients with splenomegaly [103].

Several major limitations should be considered. First, the sample size was limited
due to the rarity of these conditions, which reduced the statistical power and limited the
ability to detect significant associations; therefore, the utility of predicting factors should be
studied in larger cohorts. Second, the timeframe within the measurements after completion
of the immunization schedule was broad in this cohort. Third, whole-blood stimulation
has limitations that should be considered: T cell responses are complex, and natural or
vaccine-induced T cell stimulation can activate different cell subpopulations and molecular
pathways, resulting in distinct functional cytokine expression profiles and clinical outcomes.
In addition, we examined only the spike-induced cytokine response, and other SARS-CoV-2
proteins, such as the nucleocapsid or membrane proteins, were not included. The cytokine
IL-2 was not included in the analysis due to technical reasons. Therefore, it is possible
that predicting vaccine-induced or natural protection may be more accurate if we consider
the activation of T cells that express different cytokines or activation markers in addition
to those currently being examined. In addition, there is a limitation in comparing our
results with those of other studies, because the methods of investigation vary significantly
between studies.

5. Conclusions

No significant association was observed between spike-specific cytokine response,
anti-spike IgC levels, or other relevant factors and the likelihood of contracting COVID-19.
Similar to the healthy control groups, the most distinct difference between vaccinated and
naturally infected unvaccinated patients with PAD was the higher increase in IFN-y levels
in the vaccinated patients.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/v15051146/51. Table S1. Changes in cytokine levels following SARS-
CoV-2 stimulation. Table 52. Predictors of COVID-19 during the follow-up period in PAD patients.
Table 53, Associations between the cylokine levels and previous SARS-CoV-2 vaccination. Table S4.
Associations between the changes in cytokine levels following SARS-CoV-2 antigen stimulation and
SARS-CoV-2-specific humoral response. Table S5. Associations between the cytokine levels and
patient’s demographic and clinical characteristics. Table S6. Spearman correlation analysis.
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Abstract: Background: The European Society for Immunodeficiencies recommends that all patients
with inborn errors of immunity (IE[) without contraindications should receive SARS-CoV-2 vaccina-
tion. The aim of this study was to investigate the reasons that discourage IEI patients from receiving
the recommended vaccination and to assess vaccination coverage among IFI patients in Latvia.
Methods: In this multicenter mixed-methods study, the vaccination status of all patients with [EI
within two tertiary centers in Latvia was reviewed using electronic health records. Semi-structured
interviews were conducted with 16 IEI patients who did not undergo vaccination, and a thematic
analysis was performed. Results: A tofal of 341 patients (49.3% female; median age 19.7 years
(IQR:17)) were included in the quantitative part. The proportion of fully vaccinated individuals aged
> 12 years was 66.8%-70.9% with patients with selective IgA deficiency and 58.8% with other IEI
(x? = 14.12, p < 0.001). The proportion of fully vaccinated individuals aged 5-11 years was 11.1%.
Age was associated with vaccination status: younger patients were found to have a significantly
lower likelihood of receiving vaccination (U = 8585, p < 0.001). The five main themes identified were
as follows: (1) fear and uncertainty; (2) risk and benefit assessment: COVID-19 vaccine—is it worth
it? (3) external influences: the dark horse of the decision-making—people around us; (4) individuals
against the system; and (5) beliefs about vaccination and COVID-19. Under-representation of certain
IEI groups and recall bias are possible limitations of this study. Conclusions: While most reasons
for hesitancy were similar to those previously described in the general population, disease-specific
concerns were also identified.

Keywords: vaccine hesitancy; vaccination coverage; COVID-19 vaccine; SARS-CoV-2 vaccine; inborn
errors of immunity; primary immunodeficiencies; Latvia

1. Introduction

Inborn errors of immunity (LEI) encompass a diverse collection of inherited disorders
characterized by defects in various parts of the immune system [1]. The defining character-
istic of these disorders is immunodeficiency, which translates to increased susceptibility to
infectious agents, with the specific causative agents varying depending on the particular
diagnosis [2]. Although definitive treatment options, such as stem cell transplantation or
gene therapy, for certain [Els may be feasible, only supportive interventions such as lifelong
immunoglobulin replacement therapy and bielogical or antimicrobial therapy are currently
available for the majority of patients. Therefore, comprehensive management also requires
a significant focus on infection prevention, where vaccination plays a pivotal role [3].
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At the beginning of the coronavirus disease 2019 (COVID-19) pandemic, individuals
with specific IEI were assumed to be more susceptible to severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) infection and experience more severe presentation compared
to the general population [4-6]. Therefore, after vaccines became available, the European
Society for Immunodeficiencies (ESID) recommended that all IEI patients devoid of con-
traindications should receive vaccination with any of the accessible vaccine formulations
according to their national vaccination schedule to include primary courses and booster
doses of vaccination, provided that they are not live vaccines for those in whom it would
be contraindicated. Patients who were infected with SARS-CoV-2 and recovered were still
recommended to be vaccinated against SARS-CoV-2 [7].

According to the World Health Organization’s (WHO's) strategic advisory group of
experts on immunization, vaccination hesitancy can be defined as a “delay in acceptance or
refusal of vaccination despite availability of vaccination services” [8], and it was identified
as one of the top ten global health threats already prior to the COVID-19 pandemic [9].
While vaccine hesitancy itself is a well-known phenomenon, it would be tempting to as-
sume that patients who are aware of their defective immune system would automatically
accept safe and recommended SARS-CoV-2 vaccines, since the assessment of the potential
threat of COVID-19 is described as a motive for the intention to vaccinate [10]. However, an
initial ambivalent attitude toward SARS-CoV-2 vaccination has been reported among some
IEI patients due to limited data on vaccine efficacy and safety specific to this population [11],
despite recommendations from specialists [7]. Nevertheless, when subsequent investiga-
tions were undertaken to assess the effectiveness and safety of vaccines specifically within
this patient group, the reported safety data were reassuring [12-14]. Notably, although
certain TET groups have displayed diminished antibody responses against SARS-CoV-2
vaccination, the potential advantages of vaccination were deemed superior to the associated
risks [15-18]. Furthermore, it is noteworthy to mention that T-cell immune responses in
these patients remained largely unimpaired, highlighting the benefits of vaccination even if
patients fail to mount a sufficient measurable antibody response [13,16,19-22].

Nevertheless, there have been cases in which patients declined vaccination or refrained
from vaccinating their children against SARS-CoV-2, despite the inherent vulnerability of these
individuals to various infectious diseases. Could the rationale underlying vaccine refusal in this
patient population differ from those prevalent among the general population or patients with
other chronic diseases? While several extensive studies have examined reasons for vaccination
hesitancy among the general population [23-25] or other chronic diseases, such as autoimmune
diseases [26-33] or cancer [34-36], data regarding reasons for the hesitancy of patients affected
by inborn errors of immunity to accept vaccination against SARS-CoV-2 infection are limited.
Few studies have addressed the reasons for vaccination hesitancy in this patient group, none
of which had a qualitative design [11,37,38]. We hypothesized that employing a qualitative
approach might uncover novel factors contributing to vaccination hesitancy, which may not
have been previously documented in the general population or anticipated through researcher-
designed multiple-choice queries and could be distinctive to individuals with IEL Notably,
a multinational study concluded that hesitancy to vaccinate was more prevalent in Eastern
European countries than in Western Europe or North America [37]. The aim of this study
was to investigate the reasons that discourage IEI patients from receiving the recommended
SARS-CoV-2 vaccination and to assess vaccination coverage among IEI patients in Latvia.

2. Materials and Methods
2.1, Design

In this mixed-methods study, to assess vaccination coverage among patients with
1El and identify individuals who had not received vaccination against SARS-CoV-2, data
regarding the SARS-CoV-2 vaccination status of all patients diagnosed with IET in Latvia
were extracted. Additionally, to gain insights into the reasons behind vaccination hesitancy,
a qualitative approach employing thematic analysis of transcripts from semi-structured
interviews was used. Qualitative methods in health care are commonly employed to
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gain deeper insights into complex psycho-social phenomena, rather than ‘measure’ them.
It is widely regarded as the most suitable research approach for investigating human
experiences, beliefs, and perceptions [39]. In this study, quantitative and qualitative data
were analyzed separately and merged in the discussion.

2.2, Quantitative Study
2.2.1. Study Population

Data were sourced from the only tertiary centers in Latvia, where immunologists
consult (both children and adults): Children’s Clinical University Hospital and Pauls
Stradins Clinical University Hospital. All patients diagnosed with IEI at these two facilities
comprised the study population. Data were extracted from patient health records and
included the following: age, gender, clinical diagnosis, treatment, and SARS-CoV-2 vacci-
nation status. The diagnosis of 1E] was based on the ESID diagnostic criteria [40]. Clinical
diagnoses were classified according to the International Union of Inmunological Societies
(IUIS) classification [2].

2.2.2. Statistical Analysis

Data related to demographic and clinical indicators were analyzed using descriptive
statistics and parametric/non-parametric analysis, as appropriate. The Shapiro-Wilk test
was used to determine whether continuous variables were normally distributed. The
results indicated that the age data were not normally distributed; therefore, medians and
interquartile ranges (IQRs) were used in data presentation, and nonparametric statistical
methods were used in subsequent analyses. The differences in categorical variables were
examined using the Chi-square and Fisher exact tests. The Mann-Whitney U was used
to compare continuous variables between two groups. Statistical significance was set at
p value < 0.05. Statistical analysis was performed using IBM SPSS Statistics version 29
(TBM, New York, NY, USA).

2.3. Qualitative Study
2.3.1. Study Population and Sample

A purposive maximum variation sampling strategy [41] was used to recruit patients,
representing diverse demographic parameters (age group and gender) and a variety of
diagnostic groups according to the 1UIS classification. The sample consisted of both adult
patients with IE] and parents of children with IE1 who were eligible for vaccination, and
none of the patients had received any SARS-CoV-2 vaccine.

2.3.2. Data Collection

Semi-structured interviews were used for qualitative data collection. The one-on-one
semi-structured interview method allows the researcher to set an agenda in terms of the
topics covered, while also allowing participants the freedom to express themselves openly.
Therefore, it represents the optimal method for gathering data on individuals” perspectives,
beliefs, and perceptions regarding sensitive topics [39]. The semi-structured interview
protocols (see Supplementation 51) were designed following a literature review and were
grounded in the Health Belief Model (HBM), a theoretical model that attempts to explain
why certain health behaviors are adopted, such as preventive health and vaccine use [42].
The HBM contains six constructs: encompassed perceived susceptibility (assessing the risk
of becoming ill), perceived severity (evaluating the seriousness of the illness or unwanted
potential consequences), perceived barriers (analyzing the influences that discourage adop-
tion of vaccination), perceived benefits (appraising the positive outcomes associated with
vaccination), cues to action (events, people, or things that trigger the behavior change),
and self-efficacy (confidence and belief in the ability to perform a behavior) [42]. The
main emphasis was on the “barriers” construct, and questions exploring the “self-efficacy”
construct were not included, since we did not predict that this issue would be the driving
force that would retrain immunodeficient patients from vaccination, as they were not
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reported by previous studies in IEI patients [11,37,38]. Additionally, the input was gleaned
from validated vaccine hesitancy evaluation instruments and explanatory models [43—45],
as well as insights gained from a pilot interview. Interview questions were offered to
participants in two languages, Latvian and Russian, to facilitate effective commumication.

Eligible patients were contacted via telephone, and upon obtaining their consent
to participate in the study, the interviews were conducted via telephone call. With the
participants’ consent, the interviews were audio-recorded and transcribed verbatim for
analysis. After the transcription of the interviews, each patient was assigned a code that
was used throughout the study to guarantee anonymity. Interviews were conducted from
April to August 2023 by one member (Z.L.) of the authoring team at a time chosen by each
participant and lasted from 7 to 55 minutes (average time—20 minutes). The interviews
with these patients continued until a point of data saturation was reached, signifying that
no new unique themes emerged during the final two interviews.

2.3.3. Data Analysis

The interview transcripts were analyzed using NVivo plus version 12 (Lumivero, Den-
ver, CO, USA). A thematic inductive analysis with ‘open coding’ was performed on the
transcripts of the interview data. The basis of thematic analysis is to reduce the complexity
of the data by looking for patterns or “themes” in the data [39,49,50]. In the thematic
analysis, six phases according to Braun and Clarke [49] were adopted: (1) familiarization
with the data, (2) generating initial codes, (3) searching for themes, (4) reviewing themes,
(5) defining and naming themes, and (6) producing the report. In the process of thematic
analysis, we scrutinized the coded data and observed that certain codes exhibited a pattern,
and these codes were systematically grouped into overarching themes that conveyed in-
sights relevant to the research question. The initial themes were then reviewed, modified,
and refined to “identify the ‘essence’ of what each theme is about” [49]. Data analysis
was performed independently by two members of the authoring team, Z.L. and K.S. Both
authors coded four interviews independently and then met to discuss the initial codes,
overarching themes, and disparities in analysis, which were discussed until a consensus
was achieved. To ensure the rigor and accuracy of the analysis, the researchers were
consulted by an experienced researcher with a background in qualitative research. The
authoring team engaged in a collaborative process to review and enhance the identified
themes and subthemes.

2.3.4. Ethiecs Statement

This study was conducted in accordance with the principles of the Declaration of
Helsinki. The study protocol was part of a study reviewed and approved by the Cen-
tral Board of the Ethics Committee of the Health Ministry of the Republic of Latvia
(No. 01-29.1/2878). All participants read and understood the informed consent that in-
cluded information about the study, including its purpose, procedures, potential risks, and
benefits, before agreeing to participate in the study; they also had an opportunity to ask
any questions, which were answered by our team members. All participants provided
a written form of consent prior to the interviews. They were assured of their complete
anonymity and confidentiality. To safeguard their privacy, all identifiable information was
carefully removed. Additionally, all data collected in this research were securely stored and
accessible only to the research team. Participants were also informed that participation was
completely voluntary and that they had the right to withdraw from the study at any point
without facing any negative consequences.

This study adhered to the Standards for Reporting Qualitative Research guidelines
(COREQ) [51].
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3. Results
3.1. Quantitative Findings
3.1.1. Population Characterization

In the present study, a cohort of 341 patients was analyzed to assess vaccination rates
among individuals with IEL. The median age was 19.7 years (IQR: 17; range: 0-78 years),
49.3% were female, and 44.2% were pediatric patients (see Table 1). Most of the patients
living with ILI were diagnosed with predominantly antibody deficiency (64.2%), followed
by combined immunodeficiency with syndromic features (17.6%). The majority of the
patients (57.2%) were diagnosed with selective IgA deficiency (SIgAD). In the SIgAD group,
the median age was 22 years (IQR: 15 years; range: 5-78 years), 43.1% were female, and
31.3% were pediatric patients. In the group of 146 patients with 1El other than SIgAD, the
median age was 15.1 years (IQR: 19.5; range: 0-72 years), 57.5% were female, and 61.5%
were pediatric patients.

Table 1. Demographic characteristics, treatment, and vaccination coverage in different IEI categories
according to IUIS classification.

Vaccination Status

Total Age Group Pediatric/ Receives Yes/No/
IE1 Category Number of Alive IET 8 Adpul G Immuneglobulin Non-Eligible for
Patients Replacement Yes/No Vaccination *f
No Information
Immunodeficiencies affecting cellular y
and humoral immunity £ 410 2/2 9/2/2/0
Combined immunodeficiencies with
assoclated or syndromic features el w7 218 113341670
Predeminantly antibody deficiency 219 65/154 21/1498 131/70/0/18
Of thosc, SlgALY 195 61/134 0/195 115/62/0/18
Diseases of immune dysregulation 4 3/1 2/2 1/3/0/0
Congenital defects of phagocyte » P
number or function 15 1078 0/18 5/10/1/2
Defects in intrinsic and innate P
immunity 4 3/1 2/2 2/0/2/0
Autoinflammatory disorders 12 9/3 0/12 4/6/0/2
Complement deficiencies 11 1/10 0/11 6/5/0/0
Bone marrow failure 6 1/5 0/6 5/0/1/0
Phenocopies of inborn errors of p
immunity 1 0/1 1/0 1/0/0/0
Undlassified immunaodeficiency 2 2/0 0/2 a/1/0/1
Total 341 151/190 30/311 166/149/3,/23

* Patients younger than 6 months old or SCID patients with elective hematopoietic stem cell transplantation.

3.1.2. Vaccination Coverage

Of all patients with an IEI > 12 years and for whom information regarding vaccination
status was available (n = 238), 66.8% were vaccinated (see Table 2). In the age group of
5-11 years, of the 54 patients for whom the information was available, 11.1% had received
the vaccination, while in the age group of 6 months to 5 years none of the patients had
received the vaccination. In the patient group aged > 12 years, age was significantly
associated with vaccination status, and younger patients were found to have a significantly
lower likelihood of receiving vaccination (U = 8585, p < 0.001). This association between
vaccination status and age was not observed if analysis was conducted in the adult group
separately. No association was found between the vaccination status and gender.

Data from SIgAD patients and patients with more severe IEI were also analyzed
separately because of the specific characteristics and milder phenotype of SIgAD that
distinguish it from other types of IEIs. The results of the Chi-square test revealed a

91




4. pielikuma turpindjums

Vuccines 2023, 11, 1637

6of 18

significant association between diagnosis (SIgAD or other IEI) and vaccination status
(x* = 14.12, p < 0.001). Cramer’s V indicated a small effect size (V = 0.21) for this association.

Of the SIgAD patients > 12 years of age and for whom information regarding vac-
cination status was available (n = 158), 7(.9% were vaccinated, while in the age group of
5-11 years (n = 19), this number was 15.8%.

Of all other IEI patients aged > 12 years and for whom vaccination status was available
(n = 80), 58.8% had received SAR5-CoV-2 vaccination, while in the age group of 5-11 years
(n = 35), this number was 8.6%. After confrolling for age, vaccination status was not found
to be associated with immunoglobulin replacement therapy.

Table 2. Vaccination coverage comparison between the Latvian general population, SIgAD, and other
LEI patients in different age groups.

Latvian General Selective IgA

Other IEI Patients,

B Vecumated 1521 Vounateg % Veccnated
12-19 68 510 265
20-29 81 828 722
30-39 77 80.0 0.9
40-49 79 700 60.0
50-59 81 80.0 833

60+ 71 60.0 75.0
Total £8% 70.9% 58.8%

3.2, Qualitative Study
3.2.1. Study Sample Characterization

Seventeen patients were invited to participate in the interviews, and one refused.
Finally, sixteen participants were included in the qualitative study (see Table 3); nine of
these were parents of children with IEI, whereas six were adult patients with 1EI Six
patients were male and ten female. Four of sixteen patients were receiving immunoglobulin
replacement therapy.

Table 3. Clinical and demographic characteristics of interview participants.

Receives

Gender of the Age Group of the

Code Interviewee Diagnosis Group Immunoglobulin Patient Patient, Years
Replacement
Combined immumodeficiencics
1111 Parent with associated or syndromic No li 5-11
Features
P g -
D2 Parent Fredominantlyantibody Yes M 511
Deficiency
IFI3 —_— Predomma_n_tly antibody No M 511
Deficiency
Diseases of immune
TE14 Parent 9 Yes M 12-18
Dysregulation
> i , i ,
115 Parent Fredominantly anfibody Yes M 511
Deficiency
2 i ' i r
[EI6 o Predominantly antibody No E 12-18

Deficiency
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Table 3. Conl.

Receives
Code Interviewee Diagnosis Group Immunoglobulin Gendelr of the Age C'%mup of the
Patient Patient, Years
Replacement

TRI7 Patient Predominantly antibody Yes F 40-60
Deficiency

TEI8 Parent Combined immunodeficiencies No F 12-18

Ry 1 r 1 4

1119 Patient | n..domménltl)i antibody No b 60
Deficiency

TEI10 Patient Complement deficiency No F 19-40

Combined immunodeficiencies
T Parent with associated or syndromic No T 511
leatures

e Pationt Prudomma'n-lly antibody No R 19-40
Deficiency

1E113 Parent Autoinflammatory disease No 3 12-18

TFT14 Patient Kredomantiyantibody: No M 40-60
Deficiency

TET15 Patient Complement deficiency No F 40-60

Combined immunodeficiencies
116 Parent with associated or syndromic No M 12-18

Features

3.2.2, Findings of Thematic Analysis

Inductive thematic analysis revealed five themes and twelve subthemes for reasons
that increment vaccination hesitancy or refusal (see Table 4). Identified themes (5) and
subthemes (12) are described below, with participant quotations translated into English
and identified by participant code, For the majority of patients, vaccination hesitancy was
influenced by a combination of interconnected and mutually reinforcing reasons. Most
patients reported fear and a higher perception of risks associated with vaccination (health
concerns) and/or a low perception of benefits (possibly impaired immune response to
vaccination) that drove them toward hesitant attitudes about vaccination. This risk /benefit
evaluation was influenced by several external and internal factors, such as influences from
other people’s opinions, mistrust, personal beliefs about vaccination and COVID-19, and
negative personal experiences,

Table 4. Themes and subthemes of factors that influence vaccination hesitancy among IEI patients in

Latvia.

Themes Subthemes

Fear

1. Fear and uncertainty Too many unknowns

Concerns about negative outcomes
Doubts about the positive effect
Orverall lack of confidence in the vaccine

2. Risk and benefit assessment: COVID-19
vaccine—is it worth it?

3. External influences: The dark horse of the
decision-making—people around us

Stories of health problems after vaccination
Public figures and doctors against vaccination

4. Individuals against the system

The right te choose
Mistrust
General disbelief of official information

5. Beliefs about vaccines and COVID-19

Beliefs about vaccines in general
Beliefs about COVID-19 and its vaccine
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3.3. Theme 1. Fear and Uncertainty

Fear and uncertainty appeared to play an important role in shaping participants’
decision-making about the SARS-CoV-2 vaccination, with some individuals citing these
factors as the primary reasons for their refusal of the vaccine.

3.3.1, Fear

Notably, fear as a key emotion was mentioned by many participants. Mainly, partici-
pants expressed unspecified fear of vaccination.

“But even now [ would not like to vaccinate him, because [ am afraid, because [ am
afraid of some kind of reaction and that something will be bad.” (TEI2)

Among those who could identify the source of their fear, predominant factors included
health concerns, as well as a fear of death.

“Fear of dying. [ want to live a little longer.” (IEI14)

3.3.2. Too Many Unknowns

Uncertainty regarding the overarching pandemic context emerged as a recurrent theme
within interviews. While not necessarily mentioned as a direct reason for vaccine refusal, it
appeared as a closely linked theme alongside vaccine hesitancy. Some participants emphasized
the feeling of confusion, not knowing what to consider to be true and what a myth.

“All of those horror stories somehow influence the psyche.. yes.. because the contrary
information is not that much. Where is the truth—no one really knows.” (1E15)

3.4. Theme 2. Risk and Benefit Assessment: COVID-19 Vaccine—Is It Worth 1§?

A diminished perception of possible benefits in combination with intense health-
related concerns led certain participants to perceive the risks associated with vaccination as
outweighing its potential benefits.

“Well, yes, there are advantages, but there are more disadvantages than advantages.”
(IEI14)

3.4.1. Concerns about Negative Outcomes

The majority of participants expressed some concern regarding vaccination-associated
health issues, encompassing both known adverse effects and potential long-term conse-
quences that may still remain uncertain.

“All those listed side effects.. For example, 1 feel like [ will get them all at once. Perhaps,
it is better not to get vaccinated. For example, a blood clot formation [can occur]. [ simply
believe that I don’t need it.” (IET12)

Concerns regarding the possibility of disease exacerbation following SARS-CoV-2
vaccination appeared to be a recurrent theme among participants.

“Well, in general, it could be that things go smoothly, but maybe something with the
immunity goes wrong again, not as it should be.” (IEI8)

3.4.2. Doubts about the Positive Lffect

Participants, mainly in the predominantly antibody deficiency diagnosis group, had
low expectations that there would be a desired effect after vaccination since they were
informed that antibody responses following vaccination may be impaired.

“Well, one thing is that I may not have the antibodies after vaccination anyway.”
(TET14)

Another reemerging theme was doubting the necessity of vaccination because a
vaccinated person can also get infected. Several participants mentioned stories from
their immediate social circles where unvaccinated people did not get infected or had milder
symptoms of COVID-19 than vaccinated people.

“Thad a wedding, we were 10 people, and 5 of them got sick. Of those who became
sick—3 them were very ill, and all three were vaccinated three times. The other two, who
were not vaccinated, were me and my husband. We did not feel anything. And we all just
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got tested, and it turned out that half got sick and half didn’t, and even those who were not
vaccinated didn’t get sick.” (IEI10)

3.4.3. Overall Lack of Confidence in the Vaccine

Several participants expressed concerns and skepticism about the science behind
the SARS-CoV-2 vaccination. They emphasized that SARS-CoV-2 vaccines are under-
studied and too novel to be used, particularly for patients with immune system diseases.
Even though some participants displayed a general lack of confidence in all vaccines, the
prevailing attitude among most of the participants was skepticism, which was focused
primarily on SARS-CoV-2 vaccination.

“Well, there are vaccinations where you have to see what the vaccine is, because
untested vaccines and vaccines that have just started to be used, if they have not yet
evolved over time, they are difficult for people like me.” {IEI15)

3.5. Theme 3. External Influences: The Dark Hovse of the Decision-Making—DPeople around Us

As one of the major themes, the opinions and stories of other pecple were mentioned
as an important factor in making the decision about vaccinating against SARS-CoV-2.

3.5.1. Stories of Health Problems after Vaccination

Numerous participants recalled stories about different health problems that appeared
after vaccination against SARS-CoV-2. Some participants shared stories from family mem-
bers or close friends and others from distant sources. All of them, with various degrees of
certainty, expressed the opinion that negative health outcomes were due to vaccination.

“My daughter’s best friend’s stepfather died within a month [after vaccination], he
developed stomach cancer, which was not diagnosed before, right? I'm surrounded by
[cases similar to these]—if you think about it, I could write a book here.” (IEI15)

“And then my husband got one vaccine, and that's it. After that, he had a gout flare
approximately two weeks later. It was something that he had experienced only once in the
past, and now it’s happening very frequently to him, for instance.” (IEI10)

3.5.2. Public Figures and Doctors against Vaccination

Several participants noted that hearing public figures and doctors being against vacci-
nation made them doubt it as well. Most commonly, polarized opinions among the medical
community were mentioned. For some participants, doubts about the necessity of the
SARS-CoV-2 vaccination were influenced by their attending physician or other specialists.

“And also, as government officials expressed: “I didn’t vaccinate my daughter because
then she might be at risk of not having children.” (IEI3)

“One person says one thing, another says another, and it's the same with the COVID
vaccination—some say it's not necessary, even a couple of doctors told me it’s better not to
risk, while others say it's definitely needed, and it seems that no one really knows for sure.”
(TET10}

3.6. Theme 4. [ndividuals against the System

Another major theme was a collision of individual thoughts and wishes and the
narrative of governmental and healthcare institutions.

3.6.1. The Right to Choose

Numerous participants emphasized the feeling that the vaccination was forced on
them, leaving them with a sense of their autonomy regarding their bodily choices being
constrained.

“1 believe that everyone is responsible for their own body. Everyone has a choice of
whether to get vaccinated or not. But when they imposed all this foolish coercion, it further
diminished any trust in the whole [vaccination process].” (IEI12)
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“T am precautionary of the fact that, let’s say, I had a colleague of mine, she had an
oncological disease, by the way, she did not cope with the disease [COVID-19], but she
was an anti-vaccination. Yes, she died in the end, yes, but at least she stayed with her own
opinion.” (IEI16)

Some reported that the compulsory vaccination campaign created more resistance
to the SARS-CoV-2 vaccination and that they would have considered it if it had not been
mandatory.

“I don’t think people need to be forced. Here is the vaccine to do for those who want
to do it, who does not want to do it should not be forced. So [ think that this is what they
can say so they forced it wrong. They made more resistance with this, maybe 1 would even
go if they didn’t force me so much.” (IE12)

3.6.2. Mistrust

Mistrust emerged as a prominent theme in the interviews and was manifested at
different levels. Some participants expressed skepticism about the interests behind vaccines
and about the vaccine developers and pharmaceutical companies. Notably, this sense of
distrust extended to the healthcare system and governmental institutions, with mutual
influence observed among different levels and types of mistrust.

“[T obtain the information] from the Disease Prevention and Control Centre, etc. [The
information] from the government—I don't trust it.” {IE15)

“Most likely, us, ordinary people, do not have a deep understanding—is it really as
the doctors say?” (IEI6)

3.6.3. General Disbelief of Official Information

Some participants expressed disbelief and doubts about the truthfulness of publicly
available information about COVID-19, vaccination against it, or vaccination in general.
They mentioned the pandemic and vaccination being a fraud.

“[laughs] Well, I think it was not even a real illness. Just some kind of virus. Everyone
just said COVID, COVID.” (TET11)

“Now [ am starting to read some publications on the Internet, that it was some kind of
scam with these COVID vaccinations. They write that they are now revealing with these
pharmaceutical companies and governments, they are involved in a scam” (IEI7)

3.7. Theme 5. Beliefs about Vaccines and COVID-19

Throughout interviews, different types of beliefs about vaccines or COVID-19 emerged
as one of the contributing factors in the decision-making process of whether to get vacci-
nated both in general and particularly against SARS-CoV-2,

3.7.1. Beliefs about Vaccination in General

Different beliefs related to vaccination emerged in the interviews that were stated as
some of the reasons for their unwillingness to vaccinate. Some participants mentioned that
vaccines “weaken” or “overstimulate” the immune system, while others mentioned that
vaccination is not necessary for treatable diseases, or might cause autism.

“My son, too, had whooping cough after being vaccinated. At the age of 14 he had
whooping cough. He was treated, we managed without a hospital, but there was a strong
cough, there was a very strong cough. I think that it is not necessary to be vaccinated
against it, since it can be treated with medication, and those diseases that are not treatable,
it seems to me that maybe it’s worth getting vaccinated.” (IEI7)

Also, disease-specific beliefs were mentioned, such as that vaccinations are contraindi-
cated for rare diseases or that previous vaccinations may have been the cause of immun-
odeficiency itself. Some participants shared the belief that receiving immunoglobulin
replacement therapy was sufficient for immunity and, therefore, did not need the vaccine.

“First and foremost, I have children for whom vaccination is not allowed at all. They
have rare diseases, and they must not receive anything like that at all.” (IEI11)
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“Well, somehow it seems to me that vaccines are not geed for him. I think they may
be dangerous. And plus, if immunoglobulins give him everything he needs for protection,
then why would he need it?” (TEI2)

3.7.2. Beliefs about COVID-19 or the Vaccine against It

Some participants expressed the belief that COVID-19 was not a severe disease, also
mentioning examples of immunodeficient people who had mild or no symptoms.

“When my child got sick with COVID for the first time, I thought I would lose him,
but during all 3 times when he was sick, he didn’t even have a fever. How can you have
such a disease, if you don't even have lungs to breathe, where the smallest thing could hurt
you, and you get COVID, but you have nothing [from the clinical symptoms]?” (IEI4)

Other participants talked about different reasons why they thought that the vaccination
was not necessary in their particular situation, for example, after being infected with
COVID-19 or substituting vaccination with isolation from others.

“But she hasn’t been vaccinated because we didn’t make it on time, and now it doesn’t
make sense. Because she was sick all the time. That period when I thought, well, let’s do it,
then she got sick for the second time—she was infected with COVID without vaccination,
$0 we thought we would wait for that period, that we didn’t need to vaccinate yet. And
then there was the second episode. But this time, of course, in much milder form.” (IEL6)

4. Discussion

This study is the first to employ qualitative interviews to gain a more comprehensive
understanding of the motivations underlying IEI patients’ decisions to decline vaccination,
as well as access to vaccination coverage among IE] patients in Latvia. In this study, the
proportion of fully primary-vaccinated individuals above 12 years of age was 66.8%, which
is similar to that in the Latvian general population (68%) [52]. The main themes identified
behind the vaccination hesitancy were as follows: (1) fear and uncertainty, (2) risk and
benefit assessment: COVID-19 vaccine—is it worth it? (3) external influences: the dark
horse of the decision-making—people around us, {4) individuals against the system, and
(5) beliefs about the vaccination and COVID-19.

Previous studies in the general population have shown that saciodemographic factors,
such as gender, education level, race, and ethnicity, are the most prominent factors asso-
ciated with the intention to use SARS-CoV-2 vaccines [25,44]. Concerning demographic
factors within the IEI group, an extensive cross-national analysis involving 40 countries
revealed a linkage between female gender and greater vaccine hesitancy [37], while find-
ings from a study conducted in Poland indicated that unvaccinated individuals were more
likely to possess primary or vocational education [38]. In this study, unlike in previously
mentioned IEI cohorts, age was associated with vaccination status; however, this difference
can be ascribed to the predominance of pediatric cases within our cohort, where the median
age was 19.7 years, contrasting with the median ages of 42-47 years in other cohorts [37,38].

While the overall vaccination rate was comparable to that in the general population,
after excluding SIgAD patients, vaccine coverage in the IEI group other than SIgAD patients
above 12 years of age was 58.8%, which is lower than that in the general population in Latvia.
This contrasts with other studies, where the reported vaccine acceptance rate was higher
in IET patients compared to the general population [11,37,38], while the share of SIgAD
patients in these cohorts was much lower (0.006%-6.9% of all included patients [37,38] vs.
57.8% in our study group). Furthermore, the qualitative analysis revealed that, in addition
to universal vaccine refusal reasons, such as concerns about adverse effects, patients
with TET also had disease-specific concerns. This may have contributed to a heightened
perception of vaccination as a threat, as compared to individuals in the general population.
Interestingly, another study in the Latvian general population revealed that perceived
vulnerability was not identified as a factor related to SARS-CoV-2 vaccination [45], unlike
in other countries [24]. This is consistent with our finding that the vaccination rate in
patients with the most vulnerable immumne system was the lowest.
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Previous studies in patients with IEI have reported uncertainty regarding whether
an immune response can be mounted as the most common reason. This primary concern
was then followed by concerns about allergic reactions, still unknown vaccine side effects,
or post-vaccination disease flares [11,37]. Both the identified themes, namely, concern
about vaccine efficacy given the immunodeficiency state, as well as concern about negative
health cutcomes, were also represented in our study group. In addition, although fear
was a frequently mentioned theme in our study group, participants mainly expressed
fear of the SARS-CoV-2 vaccination and not the virus, although the majority of patients
considered COVI1D-19 to be a severe illness. This prioritization of fear over vaccine-related
risks compared to the fear of COVID-19 has been reported previously in the general
pepulation [53], and it can be understood through the HBM constructs, including perceived
susceptibility, severity, benefits, and barriers [42].

Several external and internal influences that shape 1EL patient attitudes and behav-
iors have been described in previous studies, including advice from healthcare providers,
skeptical viewpoints of the science behind the SARS-CoV-2 vaccine, and mistrust in the
medical system in general [11]. In previcus studies, for most patients, the concerns were
SARS-CoV-2 vaccine-specific, while only 1.7-4.7% expressed mistrust in vaccines in gen-
eral [11,37]. Themes such as external influence by their healthcare provider or other
authorities, mistrust, as well as false beliefs were also reported by our participants. While
some false beliefs were commonly reported vaccination myths, such as that vaccines might
“overwhelm” or “weaken” the immune system [54], others seemed to be specific to the
IEl population, such as a belief that vaccination is not necessary if the patient receives
immunoglobulin replacement treatment. This belief could potentially stem from a mis-
interpretation of the information provided by an immunologist since this belief is true
for other vaccine-regulated diseases that have sufficient vaccine coverage in the general
population for which these preparations provide passive immunity [55]. However, at the
beginning of the COVID-19 pandemic, this belief did not adhere to current recommenda-
tions [7]. First, immunoglobulin product preparation is a complicated process that takes
several months; therefore, a delay in the appearance of sufficient levels of SARS-CoV-2
specific antibodies in these products is expected, which was especially important at the
beginning of vaccination campaigns [56]. Second, even if a particular patient fails to mount
a specific antibody response to vaccination, T-cell immune responses may be intact and
serve as an additional defense against SARS-CoV-2 infection [57-60]. In addition, the
anticipation of vaccines offering complete sterile immunity, coupled with a tendency to
assess vaccine efficacy not through empirical evidence but rather through a limited number
of cases observed within one’s immediate social circle, constituted an additional factor
contributing to participants’ skepticism towards vaccine efficacy. These misconceptions
may be associated with inadequate levels of health literacy within the Latvian population.
A recent investigation indicated that approximately 79% of Latvian citizens exhibit weak
health literacy competencies, potentially contributing to riskier health-related behaviors,
stch as vaccine hesitancy [61].

Narratives regarding the negative health consequences of the SARS-CoV-2 vaccination
have been circulating around and have been reported by studies in the Latvian general pop-
ulation [45], as well as in our patients, including death purportedly linked to SARS-CoV-2
vaccination. In some cases, these perceptions were grounded in unsubstantiated convic-
tions that there is a direct causal link between SARS-CoV-2 vaceination and deteriorating
health conditions. Several of our participants, those who expressed concerns about negative
vaccination health effects, also admitted that they had gained this information from social
media platforms. Indeed, social media discourse in countries that focus more on side
effects or negative emotions is correlated with a lower country’s vaccination rate [62]. In
addition, vaccine skeptics frequently use online platforms to spread disinformation about
vaccines [63].

Interestingly, another study in the Latvian general population revealed that, among
others, institutional trust and fear of COVID-19 are predictors for SARS-CoV-2 vaccination
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behaviors [64]. Trustin the context of vaccination can be conceptualized across three distinet
dimensions: confidence in the vaccine product itself (e.g., SARS-CoV-2 vaccine), reliance
on the vaccine provider (e.g., medical professionals), and faith in policymakers (e.g., the
government and the healthcare system) [65]. According to our data, patients’ perception
of vaccine efficacy and safety seemed to be influenced by mistrust in all three of these
levels. Interestingly, in previous studies among the general population, education was
reported to have less explanatory power of vaccine hesitancy, suggesting that a deficit
in scientific literacy may play a lesser role than the establishment of public trust in the
health system and science [66]. Indeed, mistrust in state institutions has been reported to
directly affect the population’s willingness to act in accordance with the recommendations
of these institutions, while trust and confidence in the state and healthcare system has
been associated with greater compliance to SARS-CoV-2 vaccination in Furope [67]. Social
and economic inequality has also been associated with lower SARS-CoV-2 vaccination
coverage [68], as well as higher indicators of public corruption, which is believed to generate
mistrust in government [69,70]. Indeed, according to the Eurobarameter, trust in political
parties as well as healthcare professionals is among the lowest in the EU [71] and corruption
tolerance [72], as well as the Gini coefficient, are higher than average in the EU [73],
which is also reflected in data regarding vaccination hesitancy in Latvia [45]. Mistrust in
policymakers is also thought to be an important aspect of formation of conspiracy beliefs,
together with psychological and structural factors [74-76].

Altogether, these findings underscore the importance of providing training to physi-
cians and nurses regarding the effectiveness and safety of SARS-CoV-2 vaccination in
individuals with IEI [37]. Trust between doctors and patients is particularly important for
vaccination decisions [77]. Tn addition, some patients expressed that they feel unique with
this condition; therefore, generic information by public health professionals may nof seem
fully applicable to them due to their specific condition. Therefore, from the perspective of
vaccine communication, healthcare professionals would play a pivetal role in building trust,
communicating about the personal benefits of vaccination, and addressing misinformation
and hesitancy concerns regarding SARS-CoV-2 vaccines for these specific patients with a
rare disease [77]. It has been shown that healthcare professionals’ recommendation to re-
ceive the vaccine has a positive effect on vaccination behavior, while the lack of confidence
because the vaccine was too new showed a negative effect on vaccination intention [78].
In addition to that, initiatives that increase health literacy could be employed, including
health education in schools and the provision of structured health-related information
about vaccinations [61].

This study has several limitations. First, the data were gathered between April and
August 2023, a period following the end of the pandemic in May 2023. Given that vaccina-
tion initiatives were predominantly conducted earlier, the potential for recall bias exists,
which may lead to missing details or the inclusion of inaccurate information in participants’
responses, leading to a misunderstanding of the topic. However, this time framework
also enabled the exclusion of interviewees who were inclined towards vaccination, as
those who harbored such intentions had enough time to proceed with vaccination. Sec-
ond, there is a likelihood of under-representation of specific IEl classification categories,
particularly patients with congenital neutropenia or bone marrow failure treated by hema-
tologists in Latvia. This could potentially result in the omission of diagnoses that may have
disease-specific concerns due to their unique clinical characteristics or treatment regimens
(including HSCT), leading to an incomplete understanding of the issue and limited gener-
alizability to all 1EI patients. Furthermore, we used the HBM to design interview questions.
However, several frameworks that could explain hesitancy have been developed, such
as the 5C model of the drivers of vaccine hesitancy, which consists of five components:
confidence, complacency, constraints, risk calculation, and collective responsibility [79].
In our interview questions, we did not include specific questions to explore constraints
(availability or affordability), nor did we questions about confidence (or self-efficacy) and
collective reasonability issues, since we did not predict that these issues would be the
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driving forces that would prevent immunodeficient patients from vaccination, as they were
not reported by previous studies [11,37,38]. Notably, vaccination was readily accessible
through dedicated vaccination centers or local general practitioner (GP) facilities in Latvia,
with no associated costs, thereby minimizing concerns about accessibility or inconvenience
as substantial influential factors. In addition, some possible associations were beyond
the scope of this study, as we did not incorporate information concerning the educational
level of the patients or other plausible factors that have been documented as influential in
vaccination decisions, and their absence might lead to an incomplete picture of the issue.
Furthermore, we did not use validated vaccination hesitancy scales due to the absence of
validation in the Latvian language. However, the application of such scales within this
particular population could be potential fields for future research. Employing standardized
scales could reduce interviewer bias and facilitate comparative analysis with patients in
other populations. Moreover, the incorporation of additional factors could enhance the
comprehensiveness of the insights into vaccination hesitancy.

5. Conclusions

The reasons for SARS-CoV-2 vaccine acceptance and hesitancy in the TET patient
group in Latvia are complex and multifaceted, and both specific immunity status and the
geopolitical context play a role. While most reasons for vaccination hesitancy in this group
are similar to those in the general population, the findings suggest that individuals with
immunodeficiency have unique perceptions and concerns that influence their decisions
regarding vaccination. It is important to consider these factors when consulting IEI patients
about vaccination.
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6. pielikums

Pacientu informétas piekriSanas veidlapa

Cienita kundze!/Godatais kungs!

Mes aicinam Jus piedalities pétijuma ,,Primarie (parsvara) antivielu defictti pieaugusajiem: meklgjot
slimibas c€lonus un klinisko izpausmju dazadibu”, kas tilks Tstenots sadarbiba ar Rigas Stradina
universitates Molekularas genétikas zinatnisko laboratoriju. Ludeu, izlasiet informaciju par petfjumu,
pirms parakstat pickrisanas formu, So lapu Jums ir izsniedzis viens no projekta pétnickiem. Vina/vinas
pienakums ir atbildet uz visiem jautajumiem, kas Jums varétu rasties. Parliecinieties, ka Jums ir skaidra
petijuma butiba, saturs un paredzetas darbibas, pirms parakstat piekrisanas formu.

Pétijuma mérkis

Pétijuma merkis ir izmeklet primara imondeficita etiologiju, ka arm genetiskos, transkriptoma un
imunologiskus faktorus, kas ietekm@ primaro (parsvara) antivielu deficttu klinisko dazadibu.

Projekta apraksts

Primarie imiindeficiti ir iedzimto slimibu grupa, kas raksturojas ar traucétu imiinas sistémas darbibu.
Primarie (parsvard) antivielu deficiti (PAD) pieaugu$ajiem ir visizplatitakie priméarie imtndeficTti ar
specifisku balto asins 3unu - B $inu - diferenciacijas nomakumu, traucgtu antivielu razo$anu un
samazinatu atbildi pret vakcinaciju. Slimibas klniskas izpausmes un sakuma vecums ir loti mainigs.
Celoni, kas izraisa PAD, liclakoties nav skaidri; tikai 15-30 % gadTjumu ir iesp&jams atrast genétisku
(ar iedzimtibu saistitu) iemeslu.

Maisu projekta mérkis ir analizét iedzimtibu un imiinsistéemas raditajus Latvijas iedzivotajiem ar
aizdomam par vai jau diagnosticétu primaro imiindeficitu, ka arT genctiskos, transkriptoma un
imunologiskus faktorus, kas ietekmé PAD klinisko daZadibu. legitie rezultati laus iegiit nozimigu
informaciju par PAD ctiologiju un klinisko mainibu, kas uzlabos slimibas diagnostiku un laus nodro$inat
pacientiem personaliz&to arstésanu.

Pétijuma laika Jis tiksiet aptaujats/aptaujata par Jisu veselibas stavokli un jautajumiem saistiba ar
vakcinaciju, ka arT sanemsict anketu aizpildi$anai. PEtnicks, kur$ Jiis aptaujas, picdavas Jums 3o anketu,
ka arf sniegs papildus skaidrojumus tas aizpildisanai, ja tas biis nepieciesams.

Jums tiks panemts asins paraugs lidzigi ka standarta asins analtzu veikSanai. 1apat ka standarta asins
analtzu nemsanas gadijuma, diiriens daZiem pacientiem var 3kist nepatikams, retos gadijumos parauga
nemsanas vieta var izveidoties asins izplidums vai iekaisums.

leguitais materials tiks izmantots, lai raksturotu imunsistemas stavokli, tai skaita imano atbildi pret
SARS-CoV-2 virusu, ka arT analizEtu iedzimtibas (génu variantu DNS molckul@) un transkriptoma (RNS
molekulas) faktorus, kas var veicinat dazadu slimibu, tostarp arT imtndeficTtu, attistibu.

Projekta ilgums

Projekta ilgums ir 3 gadi (01.01.2021. - 31.12.2023). Jusu piekrisanas dokuments tiks saglabats
75 gadus, Jusu biologiskais materials (asinis, no asinTim jegtita DNS un RNS (jeb gengtiskais materials})
tiks uzglabats atbilstosi Jasu pickriSanai. Jums biis iesp&ja jebkurd bridi bez paskaidrojumiem atsaukt
savu piekrisanu. Sadd gadfjuma asinu paraugi, veselibas stavok|a apraksts un jebkura ar personas
identificE8anu saistita informacija tick iznicindta, iznemot to, kas icpricks tikusi publiccta.

Iesp€jamie riski

Picdali$anas petijuma nav saistita ar nopictniem riskicm Jusu veselibai. Jums tiks panemti asins paraugi,
IidzTgi ka standarta asins analTzu veikSanai. Retos gadfjumos parauga pemsanas vietd var izveidoties
asins izpludums vai ickaisums. Asins parauga nemsanu veiks sertificets medicinas specialists,

Datu konfidencialitate un projekta dalibnicka tiesibas

Latvijas Republikas Saeimas pienemtais .,Cilvéka genoma izpétes likums”, ka arT ..Fizisko personu datu
apstrades likums® un “Pacientu tiestbu likums™ garanté JGsu personas datu, veselibas un iedzimtibas
datu konfidencialitati. Informacija tiks uzglabata vieta ar ierobezotu pieejamibu un netiks izsniegta ne
Jasu gimenes locekliem, ne apdro$inasanas firmam, ne darba dev&jam. legiitie dati un asinu paraugi
netiks izmantoti komercialiem m&rkiem vai nelikumigi nodoti neiesaistiam tresajam personam. Dati,
kas par Jums tiks uzglabati Rigas Stradina universitates Molekularas genétikas zinatniskaja laboratorija,
tiks izsniegti tikai sekojo3os gadijumos — Jums personigi, pec Jusu rakstiska pieprasijuma vai art atklajot
Jums klmiski nozimigas variacijas, ja busiet pickritis/piekritusi sanemt par tam informaciju.

Zinas par Josu veselibas stavokli, dati no Jisu aizpildTtajam anketam un analfZu rezultati (bet ne Jusu
personu identificgjosi dati) bis pieejami arm pétniekiem, kas piedalds petjjuma. Atbilstosi Jisu
piekri¥anai anontmi dati tiks iesniegti zindtniekiem pieejamas datubazgs, lai vairotu zind3anas saistiba
ar imandeficttiem.

Tapat ar Jasu rakstveida piekriSanu (izpemot neatliekamas palidzibas gadijumus) Jisu veselibas
stavokla aprakstu drikstés izsniegt Jasu arstam péc pamatota vipa pieprasjuma. Jums ir tiestbas art
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aizliegt sava veselibas stavokla apraksta papildina$anu, atjaunosanu vai parbaudi projekta ietvaros vai
ierobezot sava iedzimitbas materidla (génu kopuma jeb genoma) izp@tes apjomu.

Jums ir tiesibas jebkura laika atsaukt savu pickrisanu piedalttics $aja projekta, 3ada gadijuma Jtsu asinu
paraugi, aizpilditas anketas, veselibas stavokla un iedzimtibas apraksts un jebkura ar personas
identific€8anu saistita informacija tiks iznicinata.

S7 pétijuma protokols ir apstiprinats LR Centralaja medicinas &tikas komiteja.

Brivpratiga piedaliSanas

Jiisu piedali$anas projektd ir brivpratiga. AtteikSanas no piedaliSsands petijuma neradis Jums nekadas
nevelamas sekas.

lespejamie ieguvumi

Piedali$anas p&tijuma nesniegs Jums taligju labumu, tadu pétijuma rezuliata iegitie dati palidzgs ieght
jaunas zinasanas par icdzimtibas un imiinsistémas raditaju nozimi primaro imandeficitu genétiskaja
predispozicija (iedzimtd nosliecé uz imiindeficitu). Tas laus nakotn& precizak paredzét §Ts slimibas
attistibas iesp&ju, uzlabot arstéanas cfektivitati.

Esmu iepazinies/-usies ar rakstisku informéaciju par projekta mérki. saturu un iesp&jamajiem riskiem.
Esmu sanémis/-usi atbildes uz visiem maniem jautajumiem. Piekritu dalibai pétijuma un sava
veseltbas stavokla apraksta papildinasanai, atjaunosanai vai parbaudei péfjuma datu bazg, izmantojot
medicinisko dokumentaciju. Apzinos, ka jebkura bridi bez paskaidrojumiem varu atsaukt savu
piekri3anu un tada gadfjuma manu audu paraugi un veselibas stavokla apraksts un jebkura ar personas
identific&Sanu saistita inform@cija tiek iznicinata, iznemot to, kas ieprieks publicgta.

Pétijuma dalibnieks / vipa pilnvarota persona Pétnieks (pilnvarota persona)
Virds, uzvards (drukdtiem burtiem: Vards, uzvirds (drukatiem burtiem):
Personas kods Personas kods
Kontaktinformacija Datums, paraksts
Datums, paraksis

Epasts: mgzl@rsu.lv
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7. pielikums

Ar imiindeficitu saistitu simptomu aptauja

Visparigie dati

Kods (ievada pétnieks):

Dzimums: Q Viriesu O Sievie$u
Vecums:
Svars, kg:

Augums, cm:

Kur Jas dzivojat berniba?

O Dzivoklis pilséta O Maja pilséta O Dzivoklis laukos O Maja laukos

Cik biezi Jus smekejat:

O Nesmék&ju [ < lpacipudiena O I pacipudiena O > lpacinu diend

Vai esat veicis vakcinaciju pret:

= Pneimokoku O Né C Nezinu O Ja (datums)
*  Gripu O Né © Nezinu O Ja (datums)
= Difteriju un stingumkrampjiem O Né O Nezinu O Ja (datums)
= Poliomielitu O Né © Nezinu O Ja (datums)
= V&jbakam O N& O Nezinu O Ja (datums)
=  Masalam un masalinam (MMR) O N& O Nezinu O Ja (datums)
*  Eréu encefalttu O Né O Nezinu O Ja (datums)
= Citu ierosinataju ( ) O Ng O Nezinu O Ja (datums)

Vai Jums ir kada alergija?

O Ne O Nezinu O Ja (pret ko?)

Vai alergija ir [gE-medi&ta (IgE limenis paaugstinats)?

ONé ONezinu OJa
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7. pielikuma turpinajums

Simptomi

Kad Jums tika atklata imfOndeficita diagnoze? (gads)

Kad Jums paradijas pirmie simptomi, lai aizdomatos par imiindeticttu? (gads)

Pedejo 12 ménesu laika? Visas dzives laika?

Cik reizes slimojat ar augigjo elpcelu
infekeiju?

Cik reizes slimojat ar gripu?

Cik reizes slimojat ar sénisu
infekcijam? Kada veida?

Cik reizes slimojat ar vidusauss
iekaisumu?

Cik reizes slimojat ar tonsillttu
{anginu)?

Cik reizes slimojat ar plauu karsoni?
Cik reizes Jums ir bijusi caureja /
zarnu infekeija?

Cik reizes Jums ir bijis drudzis bez
citiem simptomiem?

Cik antibiotiku kursi Jums ir bijusi?
Cik dienas slimibas d&l nespé&jat
veikt ikdienas darbus?

Cik reizes un cik dicnas esat arstgjics
slimnica infekcijas slimibu dgl?

Cik reizes un cik dienas esat arstéjies
slimnica citu iemeslu d&l?

Vai ieprieks arstésana tika lictoti sekojosie medikamenti?

= Antibiotiku profilakse O Ng O Nezinu O Ja (¢ik?)
= Glikokortikosteroidi (hormoni) O Neé O Nezinu O Ja (cik?)
= Iminglobulini O Né O Nezinu O Ja (datums)
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7. pielikuma turpinajums

Izpausmes un blakusslimibas
Vai Jums ir SobrTd vai ieprieks ir bijui?
= Nervu sisttmas saslim$anas
O Meningtts O Encefalits O Neiropatija O Multipla skleroze O Citas
= Llpcelu saslim$anas

O Astma OO Bronhektazes 0 HOPS O Citas

= Kunga-zarnu trakta saslim$anas
O Biezas caurejas O Mutes ¢tilas O Tekaisiga zarnu slimiba O Citas
= Kustibu un balsta sistGmas saslimSanas
O Osteoporoze O Osteomieltts O Citas
* Autoimiinas slimibas
O Reimatoids artrits O Sarkana vilkede O Celiakija O Hronisks autoimuns tireoidits

O Citas

= Endokrinas saslim3anas

O Vairogdziedzera saslim3anas O 1. tipa cukura diab&ts O Citas

= [aundabigas saslim8anas

O Limfoma O Leikeémija O Kunga vezis O Krits vézis O Citas

® Urinizvadu sistémas saslim8anas

O Biezas urincelu infekeijas O Nieru mazspgja O Citas

»  Adas saslim$anas
O Ekzéma O Psoridze O Strutainas infekeijas O Vitiligo (pigmenta zudums)
O Karpas vai kondilomas O Jostas roze O Atkartotas aukstumpumpas (herpes)
O Citas

* Dzirdes vai redzes problémas
O Dzirdes zudums O Redzes zudums O Acs iekaisums (uveits) O Citas
= (itas slimibas
O Palielinata liesa O Palielinata akna O Mazasiniba O Palielinati limfmezgli

O Citas

Vai Jums ir bijusas operacijas?

= Plaugu O Né O Nezinu O Ja (kada?)
= Licsas O Ng O Nezinu O Ja (kdda?)
= (Citas O Neé O Nezinu O Ja (kada?)

= Jzgiezti adenotdi vai rikles mandeles O Né © Nezinu O Ja
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7. pielikuma turpinajums

Radiniekn un gimenes dati

No kuras valsts ir Jiisu vecvecaki:

= Mates (&vs

= Mates mate

= Teévatévs

= Téva mate

Par kuriem no radiniekiem, Jums ir pieejama informacija

O Mate O Tevs O Brali (Cik?) [0 Masas O Deli OMeitas

Vai kadam Jasu gimeng ir kdda no sekojosam slimibam?

»  Tmundeficits vai paaugstinata uznémiba pret infekcijas slimibam: O Ne O Nezinu O Ja
(kam? Noradiet radniecibas pakapi)

= Vézis vai citas laundabigas slimtbas:
O Né O Nevinu O Ja(kam?)

= Autoiminas slimibas (piem., reimatoids artrits, 1. tipa cukura diabéts u. ¢.):

O Ng O Nezinu O Ja (kam?)

= Citas nozimigas slimibas {

O Nezinu
O Nezinu
O Nezinu
O Nezinu

O Né O Nezinu O Ja (kam?)
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