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1. Introduction 

1.1. The importance of pneumococcal vaccination 

In 2015, lower respiratory tract infections affected 3.2 million people, these infections 

were on the third place on the “top 10 causes of death” list published by the World Health 

Organization (WHO) [1]. The position of these infections has not changed between 2000 and 

2015; as the number of affected people (3.4 versus 3.2 million) decreased by only 200000.  

The annual incidence of community acquired pneumonia (CAP) in the general adult 

population is between 1.6 and 13.4 cases per 1000 inhabitants [2].  

The most common pathogen of community and hospital acquired pneumonia is 

Streptococcus pneumoniae (pneumococcus). A European systematic review showed that 

pneumococcus was the most common isolated pathogen between 1990 and 2007 with 

variable incidence (11.9% - 68.3%) and mortality (1 - 48%) in different countries [3]. During 

seasonal and pandemic influenza, the leading cause of death is bacterial pneumonia caused 

by pneumococcus [4]. Due to its resistance to antibiotics, treatment is more and more difficult 

and challenging.  

Risk factors for pneumococcal pneumonia include older age, chronic medical 

conditions including diabetes mellitus, chronic liver and renal failure, pulmonary asthma, as 

well as secondary immunodeficiency including splenectomy, gravidity, hemato-oncological 

disorders, organ transplant, Human Immunodeficiency Virus (HIV) infection, and 

autoimmune rheumatic diseases (AIRD) [5].  

Pneumococcal vaccines are crucial in preventing severe pneumococcal disease. For 

vulnerable populations, such as the elderly, individuals with certain health conditions, 

pneumococcal vaccination is particularly important as they are at higher risk of developing 

severe complications from pneumococcal infections. The diverse recommendations 

encompass factors like age groups, risk categories, types of vaccines, vaccination schedules 

(including single or sequential vaccinations), and reimbursement policies. Such variations 

can result in complexities for healthcare providers and patients alike. Therefore, 

comprehensive evidence becomes crucial to streamline recommendations and optimize 

vaccination strategies. 
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1.2. The COVID-19 pandemic  

The first confirmed case of Severe Acute Respiratory Syndrome Coronavirus-2 

(SARS-CoV-2) infection in humans can be traced back to November 17, 2019, in China. On 

December 31, 2019, the Chinese Health Authority informed the WHO about 41 individuals 

who exhibited pneumonia of unknown origin. Most of these patients had visited the Huanan 

seafood market, which was subsequently closed the following day [6]. On January 7, 2020, 

Chinese researchers identified the pathogen causing the pneumonia, revealing it to be a new 

type of coronavirus responsible for the infection [7]. January 11, 2020, marked the world's 

first acknowledgment of a fatality due to the novel coronavirus infection, and on the same 

day, Chinese researchers identified the genetic makeup of the virus [8]. 

SARS-CoV-2 primarily targets the respiratory system, binding to the human 

Angiotensin-Converting Enzyme 2 (hACE2) receptors found on mucosal cells within the 

airways. The interaction between the receptor-binding domains (RBDs) of the spike proteins 

and hACE2 can result in various pathological consequences, which vary among patients. 

Based on current research and clinical observations, the infection can manifest symptoms of 

varying severity. In some cases, individuals may experience mild symptoms, such as fever, 

cough, fatigue, and loss of taste or smell. Others might develop moderate symptoms 

involving difficulty breathing, chest pain, and persistent fever. Severe cases can lead to acute 

respiratory distress syndrome (ARDS), pneumonia, organ failure, and in some instances, 

death. The severity and specific symptoms experienced by individuals often depend on 

various factors, including the patient's overall health, age, and any underlying medical 

conditions. Understanding these different levels of disease severity is crucial for appropriate 

medical management and intervention strategies [8].  

The SARS-CoV-2 pandemic has affected millions of lives globally and a significant 

number of lives lost. As of August 2022 over 6.4 million people has died of a total of 608 

million infected patients [9].  These numbers highlight the severity of the pandemic and the 

importance of global efforts to address and mitigate its effects. As we continue to navigate 

this situation, it's crucial to prioritize safety measures, vaccination, and healthcare support to 

minimize further spread and loss of life.  

While specific antiviral therapies for SARS-CoV-2 continue to be researched and 

developed, vaccination remains a key strategy in building immunity against the virus and 

curbing its spread within communities. It's vital to encourage widespread vaccination to 

protect individuals and collectively strive for herd immunity.  
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2. Literature review 

2.1. Lower respiratory tract infections in AIRD 

 

The group of AIRD involves; among others, rheumatoid arthritis (RA), idiopathic 

inflammatory myopathies, Sjögren’s syndrome, systemic lupus erythematosus (SLE), 

systemic sclerosis and mixed connective tissue disease. Patients with AIRD are more 

vulnerable to infections due to their underlying disease and immunosuppressive therapy, 

compared to the general population. For example, in patients suffering from SLE, bacterial 

infections are commonly reported to affect diverse organs, including the respiratory tract 

[10], and the most common cause of death in those patients is infection [11].  

Falagas et al [12] reported in their systematic review that patients with connective 

tissue disease had serious infections (bacteraemia and pneumonia), leading to death in 24% 

of the cases. Another cohort analysis showed that AIRD patients were more likely to be 

admitted to hospital for pneumococcal disease (rates for RA: 2.47; Sjögren's syndrome: 3.2; 

systemic sclerosis: 4.2; SLE: 5.0) compared to control cohorts [13].  

The mortality of respiratory infections in RA patients corrected for age and gender is 

2-5-times higher than that in the general population. Hospital admissions of patients with RA 

were doubled due to the severity of infections [14, 15]. In the general population, the annual 

incidence of CAP is 1.07-1.20/1000 person-years (PY) and the incidence among patients with 

AIRD treated with tumor necrosis factor α (TNF-α) inhibitors is 5.97/1000 PY [14, 15].  

2.2. Biologic therapy of RA  

RA is the classical example of AIRD. RA has a prevalence of 0.5-1% [16]. Disease-

modifying antirheumatic drugs (DMARDs) decrease the progression of inflammation and 

joint destruction, and improve physical function in RA. DMARDs include conventional, 

synthetic (csDMARD), biologic (bDMARD) and targeted synthetic (tsDMARD) 

compounds. Methotrexate (MTX) is the most used csDMARD. Based on recent guidelines, 

the standard therapy has been replaced by early, aggressive DMARD therapy. Targeted 

therapies have been introduced for the treatment of RA in the early 2000s. Biologics have 

significantly changed the outcome of RA, improved physical function and quality of life of 

the patients. These therapies also decrease the risk of chronic comorbidities and organ 

complications [17, 18].  
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By 2006, the number of bDMARD-treated Hungarian patients increased to 900. In 

2016, approximately 5000 patients were treated with biologics. In Europe, the rate of RA 

patients treated with biologics was 12.5 % in 2013, while in Hungary it was 9 % [19-21].   

Biologics interfere with several inflammatory pathways. Most of the available 

bDMARDs suppress pro-inflammatory cytokines, primarily tumour necrosis factor α (TNF-

α) and interleukin 6 (IL-6). Some biologics also inhibit B- and T-cells [17, 20, 22]. 

Immunogenicity of biologics is an important issue when we deal with vaccination of AIRD 

patients. Neutralizing anti-drug antibodies (ADAbs) to biologics are produced in 10-15% of 

treated patients [23-25]. ADAbs forms immune complexes resulting in increased hepatic 

clearance of biologics. The increased clearance leads to decreased plasma level of drugs, loss 

of main effects of biologics and development of side effects. The production of ADAbs has 

been observed in the case of anti-TNF-α antibodies such as infliximab, adalimumab, 

golimumab and certolizumab pegol. The soluble TNF receptor etanercept (ETA) is less 

immunogenic. Conventional DMARDs primarily MTX, combined with biologics decrease 

ADAb production, resulting in a better and sustained efficacy [23-25].   

2.3. Pneumococcal vaccination 

2.3.1. Pneumococcal virulence factors: the capsular polysaccharide  

Pneumococcus is a Gram-positive bacterium, a common commensal inhabitant of the 

nasopharynx.  Colonization of the nasopharynx by pneumococcus is asymptomatic, and starts 

during infancy [26], with a prevalence of 40-95%, persisting at 1-10% in adulthood [27]. 

Nasopharyngeal carriage is a special step along the path of pneumococcal disease. 

Nasopharyngeal colonization is the main primary reservoir for transmission of 

pneumococcus causing infection [28]. Pneumococcus can spread by direct extension causing 

otitis media, sinusitis, and pneumonia. The most common other conditions via hematogenous 

spread are invasive pneumococcal disease (IPD), meningitis and pneumonia. Pneumococcus 

has many virulence factors, including capsular polysaccharides, pneumolysin, pneumococcal 

surface protein A, C and pneumococcal surface Adhesin A. The essential virulence factors 

of pneumococcus, which are responsible for severe invasive infections, are capsular 

polysaccharides [27]. Out of more than 90 serotypes of capsular polysaccharide, there are 

only 25-30 serotypes responsible for pneumococcal infections [29]. Geographic region, age, 

chronic diseases and use of antibiotics are the most common specific factors that determine 

the prevalence of pneumococcal serotypes [30].   
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2.3.2. Pneumococcal vaccine developments  

While pneumococcal capsular polysaccharides play the most important role in the 

pathogenesis of the given disease, they are also a target for vaccine development. The aim of 

pneumococcal vaccine design is to cover the most common serotypes associated with severe 

disease and ensure effective long-term immunogenicity [29].  

Two types of pneumococcal vaccines; namely, polysaccharide (PPV) and protein 

conjugated (PCV) pneumococcal vaccines have been developed. PPV was introduced first in 

1977 with 14 serotypes, which was expanded to 23 in 1983 (Table 1) [29].  

Table 1. Timeline of pneumococcal vaccine development* 

1911 Starting pneumococcal vaccine research development   

1915–1945 Description of structure of pathogen, virulence factors, antigenicity, 

serotypes. In 1940 were known more than 80 serotypes.  

1977 Introduction of polysaccharide pneumococcal vaccine with 14 

serotypes in the US 

1983 Introduction of polysaccharide pneumococcal vaccine with 23 

serotypes 

2000 First development of conjugated pneumococcal vaccine with 7 

serotypes 

2009 Introduction of conjugated pneumococcal vaccine with 10 serotypes 

approved by European Commission  

2010 Introduction of conjugated pneumococcal vaccine with 13 serotypes   

for children (6 weeks-71 months)  

December 2011  First application of conjugated pneumococcal vaccine with 13 

serotypes in adults ≥50 years  

June 2012  ACIP recommendation of conjugated pneumococcal vaccine with 13 

serotypes for adults aged ≥19 years with immunocompromising 

conditions  

January 2013  Conjugated pneumococcal vaccine with 13 serotypes for teenagers 

(6–17 years)  

July 2013 

 

EMA recommendation of conjugated pneumococcal vaccine with 13 

serotypes for all ages  

Oct 2013 IDSA Clinical Practice Guideline for vaccination of the 

immunocompromised host including pneumococcal vaccination 

*The table shows introductions of all pneumococcal vaccines from 1911 to 2013, approval 

of PCV-13 vaccine for all ages, and special patient groups.  
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2.3.3. Different pneumococcal vaccines: different immunogenicity 

  

PCVs containing first 7 (PCV-7), then 10 serotypes (PCV-10) were licensed in 2000 

and 2009, approved only for infants and children (Table 2) [30, 31].  PCV-7 was removed 

from the market due to limited coverage of serotypes and absence of protection against 

serious pneumococcal infections [32]. 

The 13-valent conjugated vaccine (PCV-13) had been developed by 2010, initially 

recommended only for children [33]. Based on the increasing evidence, PCV-13 had been 

gradually approved for all ages by 2013 [33-35]. The three conjugated pneumococcal 

vaccines containing different numbers of serotypes (PCV-7, PCV-10, PCV-13), as well as 

the 23-valent polysaccharide vaccine (PPV-23) are described in Table 2. The PCV-13 

vaccine includes the same 12 serotypes (1, 3, 4, 5, 6B, 7F, 9V, 14, 18C, 19A, 19F, 23F) as 

PPV-23, the only difference is the 13th serotype (6A) [33-35].  

In the newly developed PCVs, the polysaccharide antigens are covalently linked to a 

protein. Due to protein binding, PCVs induce B-cell memory by T-cell-dependent immune 

responses leading to stronger induction of memory B-cells compared to PPV-23. 

It has been confirmed that although it covers a higher number of serotypes, PPV-23 lacks the 

booster effect of revaccination. PPV-23 is also unable to trigger long-standing 

immunological memory, which limits its use in all age groups [36]. Accordingly, WHO has 

declared and hastened that PCV-13 is required to prevent severe pneumococcal disease [37, 

38]. 

Table 2. Pneumococcal vaccines and serotypes* 

*The table shows all pneumococcal vaccines approved for children and adults 

 

Vaccines                                                                     Serotypes 

PCV-7       4     6B       9V       14     18C   19F     23F   

PCV-10 1     4 5   6B 7F     9V       14     18C   19F     23F   

PCV-13* 1   3 4 5 6A 6B 7F     9V       14     18C 19A 19F     23F   

PPV-23* 1 2 3 4 5   6B 7F 8 9N 9V 10A 11A 12F 14 15B 17F 18C 19A 19F 20 22F 23F 33F 
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2.3.4. Pneumococcal vaccination - general considerations and sequential scheme 

There are three main aspects of vaccination that play a vital role in the protection of 

the population against pneumococcal infection: 

1. Herd immunity 

2. To cover the most common pathogen-related serotypes of vaccine  

3. Good immunogenicity of vaccine 

The incidence of serious invasive pneumococcal infection in the adult population can 

be modified by childhood vaccination. The good pneumococcal vaccination coverage in 

children can reduce transmission of the infection to adult contacts [39]. The so-called herd 

immunity occurs when unimmunized individuals get into contact with immunized ones. In 

this situation, there is a lower chance of infection by the organism. Except for some European 

countries (Bosnia and Herzegovina, Estonia, Montenegro), most countries in Europe have 

created, and regularly use recommendations on immunizations for pneumococcal disease 

within their childhood vaccination schedule [39]. In Hungary PCV-13 had been included in 

the mandatory childhood schedule since 2014 [40]. Serious invasive pneumococcal 

infections have been significantly reduced in children because of PCV administration in 

childhood [41]. As has been detailed in the previous section, PCV-13 has a higher 

immunogenicity than PPV-23, inducing T-cell-mediated B-cell memory [36].  

The latest vaccination recommendations for adult based on systematic review and 

comprehensive field synopsis has been developed [42]. Based on the more evident 

immunogenicity of PCV-13, two studies confirmed immunological advantage in vaccine-

naive individuals if PCV-13 was given first, followed by PPV-23 [43]. T-cell-dependent 

immunogenicity of PCV-13 and coverage of 23-serotype PPV sequential pneumococcal 

vaccination sequential vaccination has to be applied. Based on the immunization history 

(previously PPV-23 vaccinated or not) of the patient suggested sequential pneumococcal 

vaccination scheme is recommended as seen on Table 3 [43, 44]. 

In 2012, ACIP recommended PCV-13 for adults aged ≥19 years with 

immunocompromised conditions [44]. Unfortunately, there are limited data available about 

the immunogenicity and safety of PCV-13 administered in that special fragile group of 

immunocompromised patients [44]. 
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Bhorat et al [45] evaluated effectiveness of PCV-13 administered to HIV-infected 

patients. The phase 3, open-label, single-arm study including 151 HIV patients showed 

significant increase of antibody levels after the first dose of PCV-13 [45]. Patients suffering 

from chronic lymphocytic leukaemia without anticancer therapy responded with twofold 

increase in specific pneumococcal antibody level to PCV-13 thirty days after the vaccination 

[46].  

PCV-7 was licenced only for children until 2009. The immunogenicity of PCV-7 in 

RA patients treated with biologic therapy was investigated and published between 2011 and 

2015. [47-50]. Results showed that protective antibody response was impaired by rituximab 

and abatacept [50], anti-TNF-α with concomitant MTX [47] or corticosteroid treatments [48], 

smoking [49] and older age [50]. Even though several observational studies were published 

about the safety and immunogenicity of PPV-23 vaccination administered in AIRD patients 

treated with biologics (detailed in discussion), there has been no published data about the 

newly recommended PCV-13 vaccine in that group treated with biologics. 

 

Table 3. Sequential pneumococcal vaccination scheme in pneumococcal vaccine-naive and 

vaccinated patients    

Pneumococcal vaccine (PPV-23) – naïve patient  

1st vaccine Interval 2nd vaccine Interval 3rd vaccine 

PVC-13 > 8 weeks PPV-23 > 5 years or 

> 65-year-old age 

PPV-23 

 

Previously PPV-23-vaccinated patient, aged < 65 years   

1st vaccine Interval 2nd vaccine Interval 3rd vaccine 

PPV-23 > 1 year PCV-13 > 8 weeks PPV-23 (> 5 year after 

the 1st PPV-23 vaccine 

 

Previously PPV-23- vaccinated patient, aged ≥ 65 years   

1st vaccine  Interval 2nd vaccine   

PPV-23 > 1 year PCV-13 - - 

 2.3.5. Conjugate pneumococcal vaccination with PCV in AIRD patients treated 

with biologics: missing data 

Even though several observations studies were published about the safety and 

immunogenicity of PPV-23 vaccination administered in AIRD patients treated with biologics 

(detailed in discussion), there has been no published data about the newly recommended 

PCV-13 vaccine in that group treated with biologics.    
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2.4. Efficacy of the third COVID-19 vaccination   

2.4.1. Short review about coronaviruses 

  

The term 'coronavirus' originates from the Latin word 'corona,' referring to the virus's 

morphology. It was first used in 1968. Prior to 2003, only two coronaviruses were known, 

causing mild illnesses in humans. However, the severe acute respiratory syndrome (SARS) 

virus emerged from Guangdong province in South China in 2003, infecting 8,000 people by 

July and resulting in 774 deaths. The Middle East Respiratory Syndrome virus, which is less 

contagious, emerged in Saudi Arabia in 2012, resulting in a higher death toll, claiming 866 

lives out of nearly 2,500 cases [6-8].  

In 2019, the Severe Acute Respiratory Syndrome Coronavirus-2 (SARS-CoV-2) 

emerged from Wuhan, China, causing the most severe global pandemic of coronavirus to 

date. All three viruses share characteristics such as having a spherical virion with a single-

stranded ribonucleic acid inside, surrounded by a lipid envelope with spike proteins on its 

surface. The spike protein acts as a multifunctional mechanism, regulating the virus's entry 

into the targeted host cell [51].  

 

2.4.2. COVID vaccination: the first messenger ribonucleic acid vaccine  

 

Traditional vaccine development often involves growing and inactivating a virus or 

using a weakened form of it, which can be time-consuming and challenging [52]. In contrast, 

messenger ribonucleic acid (mRNA) vaccines can be designed and produced relatively 

quickly once the genetic sequence of a virus is known. While mRNA vaccines had been 

studied for other diseases, the urgency of the pandemic accelerated their development and 

brought them to the forefront of public attention. The successful application of mRNA as a 

vaccine agent has brought about a revolution in vaccine development, especially highlighted 

by the rapid development of mRNA-based COVID-19 vaccines. The Pfizer-BioNTech 

COVID-19 Vaccine (BNT162b2) was one of the first to receive Emergency Use 

Authorization (EUA), initially for individuals 16 years and older, and later expanded to 

include adolescents aged 12 through 15. This authorization was granted after rigorous 

evaluation of available data from clinical trials, which demonstrated the vaccine's safety and 

efficacy in preventing COVID-19 [53]. 
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2.4.3. Hungarian vaccination protocol for citizens 

 

For instance, if a particular vaccine like BNT162b2 was not universally accessible, 

Hungary might have opted to administer alternative vaccines to ensure continued vaccination 

efforts and protection against COVID-19 [54]. The Hungarian Public Health Centre (NPH) 

guide prioritized four groups targeting those most in need or with heightened exposure 

included (I.) healthcare workers; (II.) high risk patients (elderly patients and people with 

chronic comorbidities); (III.) individuals in critical infrastructure roles, ensuring the 

functioning of essential services and maintaining societal stability (e.g., education); and (IV.) 

covers those who don't fall into the previous categories, focusing on the broader population 

aged 18-59 who are not included in the higher priority groups [55].  

In Hungary, the second available anti-SARS-CoV-2 vaccine was the BBIBP-CorV 

inactivated vaccine after the BNT162b2 mRNA vaccine; therefore the second risk group was 

immunized by the largest quantity of the BBIBP-CorV vaccine. Based on early studies that 

did not involve individuals over 65 and the latest clinical findings indicating decreased 

effectiveness of this vaccine in this age group, the anticipation for the use of heterologous 

boosters (utilizing different vaccines for the initial and subsequent booster doses in a 

vaccination regimen) suggests an interest in exploring whether combining different types of 

vaccines for initial and booster shots could provide additional benefits in terms of immunity 

and protection against COVID-19.  

 

2.4.4. Third vaccination of COVID-19 

 

The introduction of a third dose of COVID-19 vaccination during the third wave of 

the COVID-19 pandemic in 2021 was a response to emerging data on waning immunity and 

the need for additional protection, especially against new variants and potential breakthrough 

infections. The introduction of third dose was a part of the broader strategy to adapt 

vaccination campaigns in response to the changing nature of the virus and the dynamics of 

the pandemic, aiming to maintain high levels of protection and reduce the impact of COVID-

19 [56, 57].  

The need for further research and clinical data in this area underscored the importance 

of ongoing studies to determine the efficacy, safety, and immune response elicited by mixed 

vaccine schedules.  
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This information was vital for optimizing vaccination approaches, especially when 

considering third doses, and ensuring broad and robust protection against COVID-19 across 

different demographic groups. The comparison between BNT162b2 and BBIBP-CorV 

vaccines regarding their efficacy has been a focus of some studies [58, 59]. These studies 

suggested that BNT162b2 might offer higher efficacy in terms of raising antibody titres 

compared to BBIBP-CorV [58, 59].  

Therefore, it becomes crucial to ascertain whether using a third dose of BNT162b2 

after the initial BBIBP-CorV doses or vice versa could effectively improve the humoral 

immune response against the virus. According to the latest information, there's limited 

clinical data specifically addressing the efficacy and safety of using a combination of the 

BBIBP-CorV inactivated vaccine and the BNT162b2 mRNA vaccine as a third dose in non-

Caucasian populations [59-63]. 

It seems that the heterologous approach, using the BNT162b2 mRNA vaccine as a 

third dose after an initial BBIBP-CorV inactivated vaccine regimen with a temporal 

separation, resulted in notable improvements in anti-spike antibody production. This suggests 

that combining these vaccines in this manner could lead to a more robust immune response 

compared to using either no third dose or a homologous regimen (receiving another dose of 

BBIBP-CorV) [60, 62, 63]. 

Clinical laboratory tests have indeed played a crucial role during the COVID-19 

pandemic, especially in assessing the humoral response post-vaccination across various 

vaccine types. These tests help measure antibody levels and evaluate the effectiveness of 

vaccines in generating an immune response against SARS-CoV-2 [64]. Clinical studies have 

looked at the serological (antibody-related) responses in different populations under various 

conditions. These studies compare the immune responses in individuals who received 

different types of vaccinations - either as primary doses or third shots - and also consider 

whether these individuals had previous SARS-CoV-2 infections [65, 66]. 

The study by Pascuale et al [67] seems quite extensive, involving over 1300 

participants and assessing 15 different combinations of vaccines. Their focus on evaluating 

the anti-spike IgG response and virus neutralizing titres is crucial in understanding the 

immune response generated by various vaccine combinations [67].  
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There have been limited trials or studies assessing the use of different vaccine 

combinations involving BBIBP-CorV. This vaccine has been used in a restricted number of 

countries, with limited data available from these specific regions [57, 58, 66]. The original 

phase I/II trial for BBIBP-CorV demonstrated efficacy in the 18–59-year-old age group [67-

70]. Having this initial confirmation of efficacy in a specific age range is an important step 

in establishing the effectiveness of a vaccine. The lack of specific data on efficacy among the 

elderly might result in cautious recommendations regarding the use of BBIBP-CorV in this 

age group until more evidence becomes available to support its effectiveness and safety for 

older individuals [68, 71]. The comparative data highlighting lower efficacy and faster 

waning of effectiveness for BBIBP-CorV in comparison to vaccines like BNT162b2, 

mRNA1273 and Ad26.COV2.S underscores the differences observed among various 

COVID-19 vaccines [58, 72, 73]. The study by Blanco et al [73] indicating a significantly 

lower neutralizing response when BBIBP-CorV was used as a second dose in comparison to 

other protocols, is crucial in understanding the dynamics of mixed vaccine schedules. Their 

suggestion against recommending BBIBP-CorV as a second dose aligns with their findings 

regarding the diminished neutralizing response [73]. 
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3. Objectives, specific aims 
 

Study I.  
 

Patients suffering from autoimmune rheumatologic diseases (AIRD) are at risk of 

acquiring respiratory infections, because of their immunocompromised status. The 

most common respiratory pathogen in community acquired pneumonia is Streptococcus 

pneumoniae. It is therefore advantageous for such patients to receive pneumococcal 

vaccines. However, administration of biologic therapy can modify the immune response 

to the vaccine. We therefore wanted to explore the effectiveness of such vaccines in 

patients with RA treated with biologic therapy. 

 

Specific aims: 

1. We aimed to investigate whether the 13-valent conjugated pneumococcal vaccine, 

Prevenar 13 (PCV-13) administered to rheumatoid arthritis (RA) patients treated with 

biologic therapy is effective.  

2. The PCV-13 vaccine had been investigated in the general population, however, there 

has been little amount of safety data gathered in RA patients treated with biologics. 

Therefore our research investigated whether the PCV-13 vaccine was safe in RA 

patients undergoing biologic therapy with etanercept (ETA).  

3. Based on our results we aimed to compile a set of recommendations for pneumococcal 

vaccination in RA patients.  

Study II.  
 

Specific aims: 

1. We aimed to compare immunization regimens of homologous (2 basic and third dose 

of BNT162b2) and heterologous (2 basic BBIBP-CorV vaccines and third dose of 

BNT162b2 vaccine) COVID vaccination schemes.  

2. We investigate whether a third dose of BNT162b2 administered after two doses of 

BBIBP-CorV effectively boosts anti-SARS-CoV-2 RBD humoral immune responses 

more than a homologous regimen of three BNT162b2 doses.    

3. We investigate immune responses through subgroup analysis how different age 

groups react to vaccines.  
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4. We investigate if heterologous regimen of COVID vaccination is effective and safe.                                                                                                                   

4. Patients and methods 

4.1. Study I.  

4.1.1. Study population and epidemiological data 

  

The study was a prospective observational study evaluated in patients who presented to the 

University of Debrecen Clinical Centre, Department of Internal Medicine, Division of 

Rheumatology. The study group included 22 adult patients with an established diagnosis of 

RA according to the American College of Rheumatology/ European League Against 

Rheumatism (ACR/EULAR) classification criteria [74]. All patients received ETA biological 

therapy. We included a control group of 24 patients with osteoarthritis. Patients with primary 

immunodeficiency and secondary immunodeficiency (e.g. chronic alcohol intake, bronchial 

asthma, chronic hepatitis, diabetes mellitus, malignancy, splenectomy or other AIRD) that 

may influence the antibody response to vaccination were excluded. The plasma 

immunoglobulin G, A and M levels of all participants were in a normal range. None of the 

patients showed signs of infection (at least 2 weeks prior to vaccination). All participants in the 

study and control groups were naive to pneumococcal vaccine.  An Institutional Review 

Board approval had been obtained before the initiation of the study.  All enrolled 

patients gave written consent for participation.  

Table 4 presents the epidemiological characteristics of the individuals of study and 

control groups. Most of the RA patients were female (n=17; 77%) with mean age of 55.1±10.4 

years; 5 male enrolled RA patients (23%) of the study group were younger than female patients 

with a mean age of 52±11.07 years. The control group of 24 patients with OA included 18 

females and 6 males (mean age 63.9±9.7 years). There were no significant differences with 

respect to male: female ratio between the study and control group. Cardiovascular diseases 

(coronary heart disease, hypertension) were more common in the control group than in RA 

patients (88% vs 55%, p=0.034). The incidence of metabolic (hyperlipidaemia, obesity) and 

gastrointestinal (duodenal ulcer, gastro-oesophageal reflux) co-morbidities did not differ 

significantly between the two groups (p=0.46; p=0.403). 

Immuno-laboratory tests revealed IgM rheumatoid factor seropositivity in 13 RA 

patients (59%) and anti-cyclic citrullinated peptide (anti-CCP) seropositivity in 11 RA 
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patients (50%). All enrolled RA patients had low disease activity as defined by EULAR [75] 

before vaccination. The mean DAS28-CRP value at baseline was 2.78 ± 0.62. OA patients 

were taking non-steroidal anti-inflammatory drugs (NSAIDs) or analgesics only, no patient 

was treated with any type of immunosuppressive drugs.  

Table 4.  Epidemiological data of studied patients (Study I.)  

 RA group Control group p 

All patients (n) 22 24  

Male 5 6 0.918 

Female 17 18 

Mean age (year) 55.14±10.35 63.92±9.75 0.005 

    

Male 52±11,07 61.33±12.47 0.226 

Female 56.06±10.29 64.78±8.94 0.011 

Comorbidities (n) 

Cardiovascular 

Metabolic 

Gastrointestinal 

 

12  (55 %) 

6  (27%) 

8  (36%) 

 

20 (83 %) 

9 (36 %) 

6 (24 %) 

 

0.034 

0.460 

0.403 

Treatment (n)    

Etanercept + MTX 15  (68 %) 0 - 

Etanercept monotherapy 7    (32 %) 0 - 

Without corticosteroid 17  (77 %) 24 - 

Combined with corticosteroid 5   (23 %) 0 - 

Immunolaboratory tests     

Rheumatoid factor positive 13 (59 %) 0 - 

Anti-CCP positive 11 (50 %) 0 - 

Disease activity   - 

Mean DAS28-CRP 2.78±0.62 

 

- - 
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All RA patients were treated with 50 mg ETA administered subcutaneously (SC) once 

a week for at least one year. Out of these 22 RA patients, 15 patients (68%) received 

combination therapy of ETA plus oral MTX; 7 patients (32%) received ETA monotherapy. 

In patients treated with ETA+MTX combination, the mean MTX dose was 12.3±4.5 

mg/week. In the RA group, five patients (23%) received oral corticosteroids. The mean 

corticosteroid dose was 2.8 ±1.1 mg/day. No DMARDs other than ETA and MTX were 

administered to the RA patients.  

4.1.2. Vaccination of patients  

 

PCV-13 vaccination was applied to all RA patients 5 days before administering the 

next dose of ETA. The vaccination was performed after obtaining written informed consent 

and after fulfilling the contraindication checklist (fever, signs and symptoms of infection).  

All subjects were vaccinated with a single dose (0.5 ml) of the PCV-13 vaccine (Prevenar 

13, PfizerTM) IM into the upper arm.  

4.1.3. Laboratory methods 

 

Blood samples were collected by venepuncture and allowed to clot naturally. Serum 

samples were separated for the following tests: total anti-PPV23 antibody levels produced 

against the various serotypes at baseline before vaccination, 30 than 60 days after 

vaccination. All serum samples were stored at –70°C until the time of specific pneumococcal 

antibody level analysis. Pre-vaccination anti-PPV23 levels were compared to those 4 weeks 

and 8 weeks after vaccination. Pneumococcal antibody levels were assessed by a 

VaccZymeTMAnti-PCP IgG (immunoglobulin G) Enzyme Immunoassay Kit (produced by 

The Binding Site Group Ltd., Birmingham, United Kingdom).  This specific assay is 

designed for the in vitro measurement of IgA antibodies against Pneumococcal Capsular 

Polysaccharide present in human serum. According to the recommendations of the American 

Academy of Allergy, Asthma & Immunology, at least a twofold increase in antibody level 

was an indicator of an adequate immune response (AIR) [76].  

 

4.1.4. Safety assessments 

 

All vaccinated patients were observed for 30 minutes after vaccination to ensure if 

there were any need for urgent medical attention following vaccination due to serious allergic 
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reaction (generalized rash, angioedema, anaphylaxis). After the observation period, 

asymptomatic and complaint-free patients were discharged and asked to record the 

temperature (feverish, fever), any injection site reactions (e.g. pain, redness, swelling),  any 

adverse event (fatigue, nausea, vomiting, diarrhoea, myalgia, headache) or any other unusual 

events until the next follow-up visit (30 days after vaccination).  

4.1.5. Statistical analysis 

 

All statistical analyses were performed using the Statistical Package for the Social 

Sciences (IBM SPSS Statistics v20), USA. Categorical variables are reported as counts 

(percentages) and continuous variables as mean and standard deviation (SD). The distribution 

of continuous variables was evaluated by the Kolmogorov-Smirnov test. Data obtained in the 

RA and control groups were compared by independent samples t-test, Mann-Whitney U test, 

χ2 test or Fisher’s exact test. Changes of IgG levels were evaluated by Wilcoxon test 

separately in patients and control group. Correlations were determined by Spearman’s test. 

Regression analysis was used to determine the relation between the change of IgG level and 

epidemiological data as prognostic factors.  The used p-value threshold for significance was 

a two-sided value of 0.05 in all statistical tests. 

4.2. Study II.  

4.2.1. Study population and epidemiological data 

 

This prospective observational study with 122 participants all together compared the 

antibody response for third dose of BNT162b2 vaccine after two, basically different COVID 

vaccine in two groups of 61 patients each. Both group was vaccinated by basic COVID 

vaccination; the first group by BBIBP-CorV and the second group by BNT162b2.   

Adult patients (≥ 18 years) with primary immunodeficiency, or those undergoing 

immunosuppressive therapy, or with malignancy were excluded. None of the patients showed 

signs and symptoms of COVID-19 at least one week before third-dose vaccine. During the 

study patients with any suspicion of infection were monitored and tested by SARS-CoV-2 

PCR.  
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Table 5. shows the demographic data of patients with comorbidities. In our provided 

data, while the mean ages of the two groups were close (the first group: 63.9± 12.61 years, 

the second group: 59.9 ± 12.92 years) there was a statistically non-significant difference (p 

= 0.090) between them. In the first group, there were 39 female patients, constituting 62.9% 

of that group, while the second group had 41 female patients, comprising 67.2% of that group. 

The p-value of 0.849 indicates that there was no statistically significant difference in gender 

distribution between the two groups.  

The prevalence of various comorbidities was comparable between the two groups in 

the study. For instance, diabetes mellitus was the most common comorbidity in both groups 

had similar proportions: 21.3% in the study group and 16.4% in the control group, with a p-

value of 0.643, indicating no statistically significant difference. Additionally, other 

comorbidities such as cardiovascular disease, autoimmune diseases, chronic respiratory 

diseases, chronic renal insufficiency didn't show significant differences in prevalence 

between the study cohorts. 

Table 5.  Epidemiological data of studied patients (Study II.) 

 

4.2.2. Vaccination of patients 

 

In this study administering the first and second doses of both the BBIBP-CorV and 

BNT162b2 vaccines 21 days apart for all participants in both groups helps standardize the 

vaccination process. According to the NPH guideline the third dose of BNT162b2 mRNA 

COVID vaccine was administered at least four months (132–309 days) after the primary 

immunization.  

 
All 

patients 

BBIBP-CorV 

group 

BNT162b2 

group 
p 

All patients (n) 122 61                          61  

Age [year] [mean (SD)] 61.9 (12.87) 63.9 (12.61) 59.9 (12.92) 0.090 

Genders [female (%)] 80 (65.6) 39 ( 62.9)  41 ( 67.2)  0.849 

     

Co-morbidities [n (%)] 90 (73.8) 45 (73.8) 45 (73.8) ~ 1.0 

Cardiovascular [n (%)]  86 (70.5) 43 (70.5) 43 (70.5)  ~ 1.0 

Autoimmune [n (%)] 18 (14.8) 9 (14.8) 9 (14.8)  ~ 1.0 

Respiratory [n (%)] 13 (10.7) 7 (11.5)  6 (9.8)  ~ 1.0 

Renal [n (%)] 6 (4.9) 3 (4.9) 3 (4.9)  ~ 1.0 

Diabetes mellitus [n (%)] 23 (18.9) 13 (21.3) 10 (16.4)  0.643 
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Focusing on evaluating the total immunoglobulin (Ig) levels against the SARS-CoV-

2 spike protein 1 receptor-binding domain (anti-SARS-CoV-2 S1-RBD) we compared them 

administering a third dose of the BNT162b2 vaccine in two different groups: the BBIBP-

CorV vaccinated group following a heterologous regimen and the other group receiving three 

doses of BNT162b2 in a homologous regimen. The first sample was taken at the same time 

of administering of third vaccine, the second sample was collected after one month to 

evaluate the induced antibody level against SARS-CoV-2 S1-RBD. The study design is seen 

on Figure 1.   

We performed a subgroup analysis based on age groups (≤60 years and >60 years) 

within the study cohort to find out how age influences the antibody responses to the 

vaccination regimen, specifically focusing on the correlation between antibody responses and 

time intervals after vaccination.  

Patient questionnaires helped to analyze and review any possible infection and 

hospitalization due to COVID-19.     

 

 

Figure 1. Study design of COVID vaccination (basic and third) in two groups and blood 

sampling 
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4.2.3. Laboratory methods 

  

We used the Cobas® Anti-SARS-CoV-2 S serology test from Roche Diagnostics, 

(Mannheim, Germany) for measuring total Ig levels in serum samples to determine SARS-

CoV-2 S1-RBD-specific antibody titres before and after the third dose of vaccination. The 

test measures antibody levels in blood samples and uses a cut-off value to determine 

seropositivity. In this case, the cut-off value used for seropositivity was ≥0.8 BAU/mL. A 

result above this threshold indicates the presence of detectable antibodies against the S1-

RBD of the virus. 

4.2.4. Statistical analysis 

  

Normality Testing: The Kolmogorov–Smirnov test was employed to assess whether the data 

followed a normal distribution. This test is used to determine if a dataset significantly differs 

from a normal distribution. 

Descriptive Statistics: Results were presented as mean ± standard deviation (SD) for normally 

distributed data or as median with interquartile range (IQR) for non-normally distributed 

data. This provides a comprehensive view of the central tendency and spread of the data.  

Comparison of two groups: The Wilcoxon test, a non-parametric test for comparing two 

independent groups, was used for analysing serology results. This test is suitable for non-

normally distributed data and assesses if there is a significant difference between groups. 

Chi-Squared Test: For comparing demographic parameters between the two groups, the chi-

squared test was used. This statistical test assesses whether there is an association between 

categorical variables. 

Correlation analysis: Spearman’s correlation analysis was performed to examine 

relationships between variables. This non-parametric test assesses the strength and direction 

of monotonic relationships between variables. 

Significance level: A significance level of p < 0.05 was chosen, indicating that results with a 

probability value below this threshold were considered statistically significant. 

Software: The statistical analysis was conducted using the "R project" mathematical software 

via RStudio (Boston, MA, US). 
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5.  Results 

5.1. Study I. 

5.1.1. Antibody response to PCV-13 vaccine 

 

At baseline, pneumococcal antibody levels (IgG t = 0) in RA patients and in controls 

were 110.1 ± 68.2 mg/l and 124.0 ± 99.0 mg/l, respectively (Table 6.). Baseline levels in the 

RA and control groups did not show statistically significant difference. One month after 

vaccination, antibody levels (IgG t = 1) increased in both groups (RA: 247.7 ± 155.6 mg/l; 

controls: 417.7 ± 198.3 mg/l) compared to baseline (p < 0.001).  

The mean increase in antibody levels between baseline and 4 weeks was 2.63-fold in 

the RA and 6.13-fold in the control group (p= 0.016). There was also a significant difference 

between the two groups.  After two months, antibody levels (IgG t = 2) somewhat decreased 

in both groups, however, still remained significantly higher compared to baseline (RA: 207.6 

± 127.6 mg/l; control: 356.4 ± 171.2 mg/l, p=0.002). The mean increase in antibody levels 

after 8 weeks were 2.08-fold and 5.2-fold in the RA and control groups, respectively, 

compared to baseline (p=0.039) (Table 6., Figure 2.). 

Table 6.  Serum pneumococcal antibody level at baseline, after one and two months*  

Study 

groups 

Pneumococcal antibody levels 

mg/L 

Rate of changes of IgG levels 

 IgG-0  

baseline 

IgG-1 IgG-2 0-1 month 0-2 months p 

RA (n=22) 110.10 ± 

68.22 

247.67 ± 

155.23 

207.57 ± 

127.61 

2.63±1.53-fold 

increase 

2.08±0.87-fold 

increase 

<0.001 

Control 

(n=24) 

124.02± 

99.01 

417.72 ± 

198.33 

356.35 ± 

171.66 

6.13±7.33-fold 

increase 

5.20±5.32-fold 

increase 

<0.001 

p 0.585 0.002 0.002 0.016 0.039  

*IgG-0, baseline pneumococcal antibody level; IgG-1, pneumococcal antibody level after 1         

           month; IgG-2, pneumococcal antibody level after 2 months 
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Figure 2. Pneumococcal antibody levels at baseline (IgG 0), one month (IgG 1) and two 

months (IgG 2) after vaccination 

5.1.2. Subgroup analysis: treatment with or without MTX 

 

When comparing RA patients receiving ETA-MTX combination (n=15) and those 

receiving ETA monotherapy (n=7), the subgroup treated with combination produced a higher 

rate of increase in pneumococcal antibody levels after one month (2.89-fold increase) 

compared to the ETA monotherapy group (2.07-fold increase), however, the difference was 

not statistically significant (p = 0.503). After 2 months, the combination and monotherapy 

groups had 2.22-fold and 1.76-fold increases in antibody levels, respectively. The difference 

between the two subgroups was not significant (p= 0.245) (Table 7.).  

Table 7.  The effect of etanercept-methotrexate combination vs etanercept monotherapy on 

antibody response 

Treatment Pneumococcal antibody levels (mg/L) Rate of changes of IgG levels 

 IgG-0  

baseline 

IgG-1 IgG-2 0-1 month 0-2 months 

Combination 

(ETA+MTX) 

(n=15) 

103.68±63.92 263.83±179.15 217.04±143.72 

2.89±1.75-fold 

increase 

2.22 

±0.94-fold 

increase 

Monotherapy 

(ETA) 

(n=7) 

123.87±80.19 213.04±86.08 187.27±89.96 

2.07 

±0.73-fold 

increase 

1.76 

±0.65-fold 

increase 

p 0.531 0.488 0.622 0.503 0.245 
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5.1.3. Correlations between change of IgG and epidemiological data 

 

Pneumococcal antibody levels (at 0, 1 and 2 months) were analyzed using various 

methods; results are shown in Table 8. There was no significant correlation between changes 

of IgG levels and DAS28, RF levels, anti-CCP levels and MTX dose.  

Table 8.  Spearman’s correlations in RA group 

 

IgG-0, basaline pneumococcal antibody level; IgG-1, pneumococcal antibody  

level after 1 month; IgG-2, pneumococcal antibody level after 2 months 

 

 

Also indicated in Figure 3., the increase in antibody levels between baseline and week 

8 negatively correlated with age (Spearman’s R = −0. 431; p = 0.045) in the RA group. Such 

significant correlation was not observed in the control group. 

 

 Change of IgG 0-1 Change of IgG 0-2 

DAS28 
R=-0.016 

p=0.944 

R=-0.079 

p=0.728 

Rheumatoid factor level 
R=0.234 

p=0.295 

R=0.056 

p=0.805 

anti-CCP level 
R=0.014 

p=0.951 

R=-0.114 

p=0.621 

MTX dose before vaccination 
R=0.321 

p=0.243 

R=0.154 

p=0.583 

MTX dose after vaccination 
R=0.388 

p=0.190 

R=0.135 

p=0.660 
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Figure 3. Correlation between age and rate of changes of pneumococcal antibody IgG levels 

(IgG 2/IgG 0) in RA patients 

5.1.4. Vaccine safety and side effects 

 

In the RA group, MTX treatment was stopped in two patients due to gastrointestinal 

side effects one month after vaccination, otherwise, their condition was stable, and they did 

not need any supplementary treatment (Table 9.). The average dose of MTX after vaccination 

increased in the RA group (12.33±4.48 mg/week to 13.08±4.23 mg/week), but this change 

was not significant (p=0.337). During the treatment follow-up period after vaccination, the 

mean value of DAS28 did not increase over 3.2. Thus, PCV-13 vaccination did not increase 

disease activity in the group of RA patients. 

During the post-vaccination follow-up period, patients had no complaints, such as fever, pain 

or infections. In summary, there were neither clinically significant side effect nor local or 

systemic reactions were observed in any of the patients during the 2-month follow-up period. 
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 Table 9. Treatment follow-up after vaccination in study group 

Table 10/a. and Table 10/b. show the subgroup of 5 RA patients treated with 

corticosteroids. Considering the very small number of this subgroup, statistical analysis was 

not performed.  The corticosteroid dose was stable in 4 patients, only one patient (No 3) 

needed higher dose of corticosteroids after vaccination (increased from 2 mg to 4 mg). 

Comparing patients treated with corticosteroids (5 patients) and those without corticosteroids 

(17 patients), DAS28 value did not change significantly before (2.94±0.93 and 2.78±0.62; 

p=0.564) and after (2.79±0.45 and 2.97±0.87; p=0.673) vaccination.  None of the RA patients 

needed the introduction of corticosteroids after vaccination. In the control OA group, there 

were no changes in medications within 2 months after PCV13 administration.  

Table 10/a. Follow-up of subgroup of RA patients on corticosteroid treatments 1. 

Patient 

No 

Gender 

(age-year) 

DAS28 

before 

vaccine 

DAS28 

after 

vaccine 

Cortico-

steroid 

dose 

before 

vaccine 

(mg/day) 

Cortico-

steroid 

dose 

after 

vaccine 

(mg/day) 

MTX dose 

before 

vaccine 

(mg/week) 

MTX dose 

after 

vaccine 

(mg/week) 

1 Female, 43 3.1 3.34 4 4 15 15 

2 Female, 56 2.95 3.0 4 4 20 20 

3 Female, 60 3.68 2.1 2 4 5 0 

4 Male, 47 1.54 2.76 2 2 15 15 

5 Male, 53 3.42 2.76 2 2 0 0 

RA patients 

Before 

vaccination 

 

After 

vaccination 

 

p value 

Etanercept monotherapy (n) 7 9 
0.755 

Etanercept + MTX  (n) 15 13 

Dose of MTX (mg/week) 12.33±4.48 13.08±4.23 0.337 

Without corticosteroid treatment 

(n) 
17 17 

1.000 

Combined with corticosteroids (n) 5 5 

Dose of corticosteroid (mg/day) 2.8±1.10 3.2±1.10 0.374 

DAS28 
2.79±0.62 

 

2.93±0.79 

 

0.349 
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Table 10/b. Follow-up of subgroup of RA patients on corticosteroid treatments 2.  

 Patients on 

corticosteroids 

(n=5) 

Patients without 

corticosteroids 

(n=17) 

p value 

DAS28 before vaccine 2.94±0.93 2.78±0.62 0.564 

DAS28 after vaccine 2.79±0.45 2.97±0.87 0.673 

 

5.1.5. Predictive factors and antibody response in RA patients 

 

We aimed to determine prognostic factors, which predict antibody response. We 

performed univariate logistic regression analysis and investigated how different parameters 

affected the inadequate antibody responses in one and two months after vaccination in the 

RA group (Table 11.).  There were no correlations between gender, age, treatment strategy 

(ETA with or without MTX, with or without corticosteroids), immunolaboratory tests (RF 

levels, anti-CCP levels), disease activity (DAS28-CRP) and inadequate antibody responses.   

Table 11. Univariate logistic regression estimates of the effects of various factors on odds of 

inadequate immune response in RA group (after 1 and 2 months of vaccination) 

 1 month after vaccination 2 months after vaccination 

Epidemiological 

data 

Odds 

Ratio 

(OR) 

95% CI p 
Odds Ratio 

(OR) 
95% CI p 

Gender, age 

Male vs. female 0.281 0.026-3.067 0.298 0.136 0.012-1.513 0.105 

Age ≥ 60 ys. vs < 60 ys 1.281 0.228-7.187 0.779 2.333 0.400-13.609 0.346 

Treatment 

ETA+MTX vs 

ETA monotherapy 
0.889 0.144-5.479 0.998 0.857 0.141-5.228 0.867 

With vs without 

corticosteroids 
0.286 0.026-3.196 0.309 1.313 0.168-10.264 0.767 

Immunolaboratory tests 

RF level positive vs. 

negative 
0.636 0.072-5.613 0.684 1.250 0.143-10.940 0.840 

Anti-CCP level 

positive vs. negative 
0.625 0.105-3.707 0.605 0.700 0.116-4.232 0.093 

Disease activity 

DAS28 >3.2 vs ≤ 3.2 2.75 0.355-21.30 0.333 4.500 0.413-49.077 0.217 
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5.1.6. Practical recommendations of pneumococcal vaccination in RA patients 

As listed in our specific aims, reviewing the literature; primarily international 

recommendations, and performing our PCV-13 study, we aimed to compile some practical 

recommendations that could be used in everyday practice.  

Firstly, conjugated pneumococcal vaccination (PCV-10, PCV-13) is recommended 

from 2 months of age. This has been accepted in most of European Union (EU) countries and 

in the United States, however, only 6 EU countries (Bulgaria, France, Hungary, Latvia, 

Poland, Slovakia) included it in their mandatory childhood vaccination protocol [77].  

The country-specific adulthood pneumococcal vaccination guidelines are even more 

problematic in the EU. Ten countries have absolutely no guidelines. In another 10 countries, 

only PPVs are recommended. In 6 countries, only PCVs are recommended. There are only 5 

countries (Finland, Greece, Hungary, Italy, Luxemburg) where international, sequential 

pneumococcal vaccination protocol has been introduced. In addition, there is no specific 

clinical guideline for pneumococcal vaccination of patients with AIRD.  

There are five reviewed sets of pneumococcal vaccination available worldwide for 

immunocompromised patients [77-81].  Based on the EULAR [77], WHO [79], ACIP [78], 

IDSA [80] and Canadian Dermatology Association [81] reviews and recommendations and 

our results, the most relevant cornerstones of these recommendations are summarized in 

Table 12. 

Table 12. Checklist for optimal decision making in management of pneumococcal 

vaccination in RA patients 

Disease activity77 
Low    DAS28 ≤ 3.2 Vaccinate 

High   DAS28 > 3.2 Do not vaccinate 

Biologic therapy77,78 

 

anti-TNF-α, abatacept, 

tocilizumab 

 

Vaccinate 

rituximab 

Vaccinate ≥ 5months after the last dose 

of rituximab and at least 4 weeks before 

the next dose of rituximab 

 

Other therapy77  

Concomitant DMARDs and 

corticosteroid doses 

Vaccination based on the ACIP 

recommendation of low levels of 

immunosuppression*  

Sequential 

administrations of 

PCV-13 + PPV-2377,78 

Clear assessment of vaccination history is needed 

The vaccination scheme is different if the patient has previous PPV-23 

(follow Table 3) 

* low-level of immunosuppression: < 0.4 mg/kg weekly use of MTX; < 3.0 mg/kg daily use of azathioprine; 

<1.5 mg/kg daily use of 6-mercaptopurine; < 20 mg daily use of corticosteroids, for more than 14 days [77] 



34 

 

For the optimal decision making about pneumococcal vaccination, there are three 

issues that must be assessed by a multidisciplinary team (rheumatologist, experienced 

infectious disease specialist in vaccinology, general practitioner): 1. disease activity, 2. 

ongoing immunosuppressive therapy, 3. vaccination history. To prevent flare of autoimmune 

diseases, pneumococcal vaccines must be administered in the state of low disease activity 

(DAS28 ≤ 3.2). The optimal timing of administration of vaccines would be 2 weeks before 

initiation of DMARDs therapy in low disease activity. During anti-TNF-α, abatacept or 

tocilizumab therapy, the immunisation can be started. Patients treated with rituximab; due to 

B-cell depletion, must be vaccinated more than 5 months after the last rituximab dose, and at 

least 4 weeks before the next dose [77, 81]. Review of the immunisation history is important 

to decide how sequential pneumococcal vaccination should be conducted. Immunologically, 

the best option in vaccine-naive AIRD patient is to start with PCV-13 first, followed by PPV-

23 administration after 2 months [77, 81].  

5.2. Study II. 

5.2.1. Antibody response in heterologous and homologous vaccination groups 

 

The baseline comparison of anti-SARS-CoV-2 S1-RBD antibody levels between the 

BBIBP-CorV and BNT162b2 groups (20.8 [6.6–98.7] BAU/mL vs 903,4 [528.8–1811.7] 

BAU/mL, respectively) (Figure 4.) yielded a statistically significant (p < 0.0001) difference. 

It's notable that both the BBIBP-CorV cohort and the BNT162b2 group showed a significant 

increase in antibody levels after receiving the third dose of vaccine. The anti-SARS-CoV-2 

S1-RBD antibody levels substantially rose in both groups compared to their respective 

baseline levels (p < 0.0001). The BBIBP-CorV cohort exhibited a median antibody level of 

27,195 [15,604–42,754] BAU/mL after the third dose, while the BNT162b2 group displayed 

a median level of 24,492 [13,779–42,671] BAU/mL.  

The comparison of the increase in antibody titers (after/before total antibodies) 

between the heterologous (BBIBP-CorV) and homologous (BNT162b2) vaccination cohorts 

revealed a significant difference (Figure 5.). Specifically, the ratio of antibody levels after 

the third vaccination to baseline levels was notably higher in the heterologous vaccination 

group compared to the homologous group (p < 0.0001). This finding suggests that the 

increase in antibody levels following the third-dose vaccination was more pronounced in the 

heterologous vaccination group (BBIBP-CorV) compared to the homologous group 

(BNT162b2). The higher ratio of post-third dose to baseline antibody levels in the 
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heterologous cohort indicates a potentially stronger immune response elicited by the mix-

and-match (BBIBP-CorV + BNT162b2, heterologous) vaccination approach. 

 

 

 

Figure 4. Anti-SARS-CoV−2 total Ig levels before and after third dose of BNT162b2 

vaccination in BBIBP-CorV and BNT162b2 groups 
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Figure 5. Ratio of total Ig levels (after/before of third dose of BNT162b2 vaccine) between 

BBIBP-CorV and BNT162b2 groups 

5.2.2. Age-related subgroup analysis of SARS-CoV-2 total Ig levels 

 

Investigating potential differences in the humoral immune response induced by the third-

dose vaccination based on age groups (under or over 60 years) is an insightful approach.  

That's an interesting and somewhat unexpected finding that age didn't appear to influence the 

anti-SARS-CoV-2 total Ig levels in either the pre-third dose or post-third dose stages within 

these cohorts (Figure 6.):   
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1. Pre-third dose Ig levels: The absence of a difference in pre-third dose Ig levels 

between older (>60 years) and younger participants in either study group suggests 

that, before the third-dose vaccination, age did not seem to impact the baseline 

antibody levels against SARS-CoV-2 S1-RBD within these cohorts. 

2. Similarly, the finding that post-third dose total Ig levels didn't elevate to a greater 

extent in younger subjects, especially in the homologous vaccination group, implies 

that the third-dose vaccine might not have resulted in significantly higher antibody 

responses in younger individuals compared to older ones within the studied cohorts. 

The subgroup analysis confirmed further that only the type of vaccine significantly 

influenced the baseline anti-SARS-CoV-2 total Ig levels aligns.  

Figure 6. Age-related effect on anti-SARS-CoV−2 S1-RBD total Ig titers within 2 cohorts 

before and after the third-dose vaccination 
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5.2.3. Time-related analysis of SARS-CoV-2 total Ig levels after the third-dose 

vaccination 

The observed moderate but significant correlation between anti-SARS-CoV-2 total Ig levels 

after the third-dose vaccination and the time interval between the second and third doses in 

both groups is an important finding. A Spearman's correlation coefficient of 0.22 (p = 0.015) 

suggests a positive relationship between these variables. This correlation indicates that the 

efficacy of the third-dose vaccine, as measured by the increase in antibody levels, was most 

pronounced when the time interval between the basic (initial) and third-dose vaccinations 

ranged from around 6 to 8 months (Figure 7.). In the BBIBP-CorV group, the peak of 

antibody levels following the third-dose vaccination occurred approximately 8 months later 

than in the BNT162b2 group. Within this time frame, the third-dose vaccination seemed to 

induce a more substantial increase in antibody levels. 

 

Figure 7. Correlation of Timing of second and third dose of vaccine and antibody 

responses 
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5.2.4. Vaccine safety and side effects 

 

The administration of three vaccine doses to all subjects was both safe and well-

tolerated in our study. Additionally, the incidence of COVID-19 infection during the basic 

immunization regimen was notably low, with only one patient (1.7%) acquiring a mild case 

of the infection in the BBIBP-CorV group, occurring shortly after the second vaccine dose. 

Importantly, this individual did not require hospitalization, indicating a mild and manageable 

case.  

Notably, no cases of COVID-19 developed in the BNT162b2 group or in any 

participants from either group after the administration of the third-dose vaccine. 

The absence of serious or clinically significant side effects further supports the safety profile 

of the vaccination regimen used in your study. 
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6. Discussion 

6.1. Study I.  

6.1.1. Studies of PPV-23 in RA patients treated with biologics    

Previously, in the PPV era, there were more studies in which similar or mild immune 

responses were detected in biologics-treated versus non-treated patients. Between 2004-

2012, ETA and infliximab were the first studied anti-TNF-α agents in relation with 

pneumococcal vaccination [82-85]. The mean antibody response to PPV-23 vaccination was 

not impaired in patients on ETA or infliximab in most studies. In 2007, Kaine et al [86] 

investigated PPV-23 vaccination in adalimumab-treated RA patients. They concluded that 

adalimumab had no negative effect on PPV-23 vaccination, and that patients responded well 

to the vaccine [86].  

Since 2014, the efficacy of PPV-23 vaccine administered to biologic-treated RA 

patients has been investigated. These studies using certolizumab pegol and golimumab 

confirmed a protective immune response to the PPV-23 vaccine in these patients [87, 88]. 

Other biologics, such as tocilizumab [89, 90] and abatacept [91, 92], did not impair antibody 

responses to PPV-23 in RA patients.  

Two studies included rituximab-treated RA patients. These studies suggested that the 

B-cell inhibitor rituximab impaired immune responses to PPV-23 [93, 94]. Izumi et al [95] 

published a prospective, multicentre, double-blind, randomized, placebo-controlled trial of 

PPV-23 vaccination in RA patients. Altogether, 900 RA patients were randomized to two 

groups (464 PPV-23-vaccinated and 436 non-vaccinated). The vaccinated group included 

257, while the non-vaccinated group included 253 biologic-treated   RA patients. The 

incidence of pneumococcal pneumonia was one of the primary endpoints of the study. The 

results showed no effectivity of PPV-23 vaccination in RA patients treated with any 

DMARDs or corticosteroids, regardless of dose. Moreover, there was no significant 

difference in the incidence rate of pneumonia caused by pneumococcus between vaccinated 

and non-vaccinated groups [95]. 
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6.1.2. Studies of PCV in RA patients treated with biologics 

                               

There have been limited data available about the immunogenicity of the 13-valent 

PCV-13 administered in immunocompromised conditions. In recent literature, only one 

completed study investigated the immunogenicity of PCV-13 in patients suffering from 

immunocompromised condition [46]. The vaccine showed good effectivity in chronic 

lymphocytic leukaemia patients [46].   

Kapetanovic et al [96] compared the heptavalent conjugated pneumococcal vaccine 

(PCV-7); approved for children only, in adult RA patients receiving ETA, rituximab and 

adalimumab with PPV-23. There were no differences in antibody responses for PCV-7 or 

PPV-23. Both vaccines induced a protective response during anti-TNF-α treatment in RA 

patients [96].  

PCV-7 was also investigated in RA patients with concomitant rituximab, abatacept 

and tocilizumab treatment [50]. The result of the study concluded that rituximab and 

abatacept; but not tocilizumab, might impair antibody responses to PCV-7 [50].  

Based on the poor clinical data on the immunogenicity of PCV-13 in 

immunocompromised AIRD patients, here we evaluated the immunogenicity and safety of 

the new PCV-13 vaccine in RA patients undergoing ETA therapy. Our results showed a 

clinically significant (> 2-fold) elevations of antibody levels, as a protective level was 

observed after one- and two-months post-vaccination, compared to baseline in both RA and 

control groups. Pneumococcal antibody levels significantly increased four weeks after 

vaccination in both groups, then it somewhat decreased by week 8 in both groups, however, 

these levels remained significantly higher compared to baseline antibody levels. Our 

investigation was the first to show protective pneumococcal antibody levels after using the 

PCV-13 vaccine in RA patients treated with ETA. 

Since January 2024, two new conjugate vaccines with broader serotype coverage have 

been introduced in Hungary [97]. The 15-valent vaccine, PCV-15 (Vaxneuvance®), was 

approved in the EU on December 13, 2021, and has been available in Hungary since January 

2024 for individuals aged six weeks and older [98]. In 2024, this vaccine replaced PCV-13, 

which had previously been part of the mandatory childhood immunization schedule in 

Hungary [99]. The other vaccine, PCV-20 (Apexxnar®/Prevenar 20), containing 20 

serotypes, was approved in the EU on February 14, 2022, and also became available in 

Hungary in January 2024 for administration from six weeks of age [100]. 
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According to Hungary's current vaccination guidelines the choice and sequence of 

vaccination for adults depend on the individual’s prior immunization history and the serotype 

count of the vaccine to be administered. Sequential immunization remains recommended 

with the 23-valent polysaccharide vaccine (PPSV23), with some adjustments incorporating 

the newer, higher-valency PCV-15 and PCV-20 vaccines. Of the two main international 

guidelines currently in place (EULAR-2019 and ACR-2022), only the updated American 

guidelines address the use of these newer pneumococcal vaccines for patients with AIRD 

[101, 102]. EULAR is set to review its guidelines in October 2024.  

For further insights into the effectiveness of these vaccines in adults with impaired immunity, 

future studies will provide necessary data, as current literature is still lacking on this topic.  

 

6.1.3. Concomitant immunosuppressive treatment affecting antibody response: 

MTX 

Several studies and meta-analyses investigated antibody response for PPV-23 during 

biologic therapy with concomitant MTX treatment in RA patients. Most of them 

demonstrated a decreased antibody response for PPV-23 in patients treated with biologics 

and MTX [83-85, 103, 104].  

Studies investigating PCV-7 in RA patients treated with combined biologic + MTX 

therapy showed similar results. Immunological responses to PCV-7 were reduced with 

concomitant MTX treatment [104, 105]. Kapetanovic et al [106] performed a comparative 

study in which they analysed the immune response to PCV-13 in RA patients treated with or 

without MTX. This group demonstrated a decreased immune response to PCV-13 during 

MTX therapy [106].   

In our present study, we investigated whether ETA+MTX combination therapy had 

any effect on antibody response to PCV-13 compared to ETA monotherapy in RA patients. 

Surprisingly, after 1 and 2 months, patients in the subgroup with MTX combined therapy had 

better responses than those receiving ETA monotherapy, but the differences were not 

significant. This observation investigated by univariate analysis showed that patients on 

biologics with concomitant MTX therapy had similar antibody response compared to those 

not treated with MTX combination. 
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MTX promotes cell apoptosis [107]. Apoptosis affects the highly activated T-cells in 

a dose- and time-dependent manner [107]. Van Aalst et al [108]  reviewed the effect of MTX 

and biologics (anti-TNF-α, rituximab) in RA patients during pneumococcal vaccination 

(PPV-23, PCV-7 or PCV-13). Decreased initial antibody responses were observed in all 

vaccines compared to controls during the administration of all immunosuppressive drugs. 

However, patients treated with anti-TNF-α had stronger immune responses than those treated 

with other immunosuppressive agents [108]. 

6.1.4. Concomitant immunosuppressive treatment affecting antibody response: 

corticosteroids 

 

Visvanathan et al [84] investigated PPV-23 vaccinated RA patients on infliximab in 

two groups treated with or without oral corticosteroids. The surprising result confirmed that 

added the corticosteroid elicited superior antibody response after PPV-23 vaccination [84]. 

Kapetanovic et al [47] confirmed better immune responses to PCV-7 in RA patients 

treated with anti-TNF-α combined with concomitant corticosteroid therapy (mean doses of 

8.8-14 mg/week). Nagel et al [48] analysed if there was any correlation between antibody 

levels and increasing of subsequent events of serious pneumococcal infections after 

vaccination in 248 PCV-7 vaccinated RA patients. Higher dose of corticosteroid (≥7.5 

mg/day) was found to be a significant predictor of serious infections. In this trial, neither 

biologics nor MTX monotherapy nor combination treatment were predictive factors for 

serious pneumococcal infections [48].  

In our study, we did not analyse statistically corticosteroid-treated patients separately, 

due to the small number of this subgroup. In our univariate regression analysis, added 

corticosteroid therapy did not predict an impaired antibody response.  Thus, our PCV-13 

vaccinated RA patients had a good immune response. The immune response had not been 

impaired by MTX combination. Protective immune response was seen 2 months after vaccine 

administration.  

6.1.5. Older age as a predictive factor for antibody response  

 

Two studies using PCV-7 vaccine in RA patients concluded that older age was an 

independent predictor of inadequate antibody response [47, 48]. As we observed, significant 

negative correlation was found between the increasing antibody level (IgG2/IgG0) and age, 

https://www.ncbi.nlm.nih.gov/pubmed/?term=van%20Aalst%20M%5BAuthor%5D&cauthor=true&cauthor_uid=30122649
https://www.ncbi.nlm.nih.gov/pubmed/?term=van%20Aalst%20M%5BAuthor%5D&cauthor=true&cauthor_uid=30122649
https://www.ncbi.nlm.nih.gov/pubmed/?term=van%20Aalst%20M%5BAuthor%5D&cauthor=true&cauthor_uid=30122649
https://www.ncbi.nlm.nih.gov/pubmed/?term=van%20Aalst%20M%5BAuthor%5D&cauthor=true&cauthor_uid=30122649
https://www.ncbi.nlm.nih.gov/pubmed/?term=van%20Aalst%20M%5BAuthor%5D&cauthor=true&cauthor_uid=30122649
https://www.ncbi.nlm.nih.gov/pubmed/?term=van%20Aalst%20M%5BAuthor%5D&cauthor=true&cauthor_uid=30122649
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2 months after vaccination in the RA group. These results suggest that early initiation of 

pneumococcal vaccination in younger age produces a more robust adequate antibody 

response in RA patients. 

6.1.6. Limitations of the study 

There are some limitations of our study. RA patients treated with MTX monotherapy 

or without immunosuppressive drugs were not enrolled in the study, because the number of 

these patients at our department is limited. The control group included OA patients. Possibly 

another control group of RA patients would have been useful (e.g. drug-naive new RA 

patients), but infeasible for this purpose. We did not want to include patient population treated 

with different biologics.  

The number of patients within the RA group; especially in the combination versus 

monotherapy subgroups, were relatively low. However, it was not easy to do an at least two 

months’ prospective vaccination study using ETA monotherapy only.  

In this study, we only assessed total antibody level; any specific IgGs against 

pneumococcal polysaccharide serotypes were not measured.  

Moreover, the 2-month post-vaccination follow-up period was not enough to 

determine long term antibody response. The duration of protection after PCV-13 vaccination 

is still unknown, but it probably lasts at least several years. Long-term follow-up in order to 

assess the clinical occurrence of pneumococcal infections was not performed.  

6.2. Study II.  

6.2.1. The effect of third-dose BNT62b2 vaccination on the heterologous 

(BBIBP-CorV) and homologous (BNT162b2) groups  

The scarcity of heterologous vaccination studies—specifically those involving the use 

of BNT162b2 after two initial BBIBP-CorV vaccinations—in non-Caucasian populations 

highlights an important gap in our understanding of vaccine interactions and effectiveness 

across diverse demographic groups [60-63].  

Kanokudom et al [109] applied a protein subunit vaccine following a two-dose basic 

vaccination regimen involving BBIBP-CorV, seems to explore the potential of a 

heterologous vaccination strategy. Using a different type of vaccine, such as a protein subunit 
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vaccine, after completing the initial BBIBP-CorV regimen, aims to assess the immune 

response generated in this sequence [109].  

The study conducted by Hueda-Zavaleta et al [110] in Peru, which involved a 

temporal separation of 7 months between BBIBP-CorV and BNT162b2 vaccinations for 

healthcare workers, appears to focus on the effects of a heterologous vaccination schedule on 

humoral immunity. The findings indicating a more pronounced increase in humoral 

immunity among individuals without prior SARS-CoV-2 infection after receiving the 

heterologous BNT162b2 regimen are noteworthy. This suggests that the sequential use of 

different vaccines, especially with a considerable time gap, might induce a more robust 

immune response in individuals who haven't had prior exposure to the virus [110].   

The study conducted by Vargas-Herrera et al [63] in Peru showed a significant 

increase in geometric mean IgG levels following the administration of the third-dose 

BNT162b2 after prior BBIBP-CorV vaccination. This finding suggests that using a different 

vaccine as a third dose, specifically BNT162b2 after BBIBP-CorV, resulted in a notable 

enhancement of IgG antibody levels [63].   

The study conducted by Moghnieh et al [60] in Lebanon mirrors findings from other 

research, highlighting the significance of heterologous regimen. This group observed that a 

heterologous third-dose vaccination—using a different vaccine than the initial one—was 

significantly associated with higher anti-spike IgG geometric mean titers compared to the 

levels observed after receiving a homologous third-dose BNT162b2 vaccine [60].   

The research conducted by Park et al [62] involving Korean health professionals 

revealed that administering a third-dose BNT162b2 after the second dose of BBIBP-CorV 

provided more effective protection against laboratory-confirmed COVID-19. This 

comparative analysis indicated that the heterologous approach of using a different vaccine 

(BNT162b2) as a third-dose after the initial BBIBP-CorV doses offered greater protection 

against COVID-19 compared to not receiving a third-dose vaccine or receiving a third-dose 

BBIBP-CorV [62].  The safety and tolerability of heterologous vaccination, particularly using 

BNT162b2 after BBIBP-CorV were confirmed, as indicated by multiple studies [60, 62, 63, 

109, 110].                                    

Our real-world study provided valuable insights into the immunogenicity and efficacy 

of the third-dose BNT162b2 vaccination in individuals who had previously received either 

two BBIBP-CorV vaccinations (heterologous regimen) or two BNT162b2 vaccinations 

(homologous regimen). Both vaccination regimens resulted in high anti-SARS-CoV-2 Ig 

levels after the third-dose vaccine compared to baseline.  
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The 2x BBIBP-CorV + BNT162b2 combination provided adequate catch-up 

immunization for individuals who did not have access to the 2x BNT162b2 primary 

vaccination, emphasizing the societal value of heterologous vaccination.     

However, the heterologous regimen (BBIBP-CorV followed by BNT162b2) showed 

a significantly higher increase in antibody levels (after/before total Ig levels ratio) compared 

to the homologous regimen. Age did not influence anti-SARS-CoV-2 Ig levels in either 

regimen. There were no significant differences in antibody levels before or after the third-

dose vaccination between individuals older than 60 years and younger participants in both 

groups. The efficacy of the third-dose vaccine was most pronounced around 6–8 months after 

the initial vaccination schedule.  

A correlation was observed between the timing of the third-dose vaccination and anti-

SARS-CoV-2 Ig levels, suggesting that the most effective reinforcement occurred within this 

time frame. Importantly, the study highlighted that the third dose of BNT162b2 effectively 

enhanced the effects of the two-dose BBIBP-CorV vaccination. This finding supports the 

potential for cross-regimen vaccination strategies to strengthen immune responses.  A 

debated question regarding COVID vaccinations was whether the third dose should be 

considered part of the primary vaccination strategy or viewed as a booster shot. During the 

pandemic, it became particularly clear in the case of immunosuppressed patient groups that 

their primary immunization strategy includes three doses, meaning an extended vaccination 

series, which was also highlighted in the Centers for Disease Control and Prevention’s 

COVID vaccination recommendations. In our study, when compared to several primary 

immunization recommendations for non-replicating vaccines — where three doses are 

recommended — the third dose given within a six-month timeframe clearly improved the 

immune response. We did not specifically study the immunosuppressed population in our 

paper. 

6.2.2. Strengths and limitations of the study 

The strengths of our study:  

1. Pioneering exploration: Being one of the initial studies exploring the use of a BNT162b2 

heterologous regimen in individuals who previously received two BBIBP-CorV vaccinations 

in a Caucasian population is a notable strength. This contributes to filling the gap in 

knowledge regarding mixed vaccine schedules in specific demographic groups.  
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2. Comparative analysis: Comparing the heterologous regimen directly with a homologous 

protocol (three shots of BNT162b2) provides valuable insights into the comparative efficacy 

and potentially informs vaccination strategies.  

3. Age-group analysis: Evaluating the efficacy and safety of the vaccination regimen across 

various age groups is crucial. This consideration helps understand potential variations in 

response based on age, which is essential for tailoring vaccination recommendations. 

 

There are some limitations of our study:   

1. Single-Centre Nature: The single-centre aspect might limit the generalizability of the 

findings. Multi-centre studies can offer more diverse data, reflecting broader populations and 

healthcare settings. 

2. Biomarker measurement: Measuring only the level of anti-SARS-CoV S1-RBD antibodies 

for the evaluation of humoral immunity might provide an incomplete picture of the immune 

response, since the applied antibody test is surrogate to the gold standard plaque reduction 

neutralization test. 

7. Summary  

7.1. Study I.  

 

Rheumatoid arthritis patients are at risk of pneumonia due to the nature of their 

disease condition and immunosuppressive therapy. Pneumococcal vaccination can prevent 

serious pneumococcal infections. Our study confirmed:                                                                               

1. Effectiveness of conjugated pneumococcal vaccination: the PCV-13 was effective 2 

months after immunization in RA patients treated with etanercept.                                                                                                                                     

2. Etanercept combination with MTX therapy had better immune response to vaccine than 

those with etanercept monotherapy.                                                                                             

3. Safety and tolerability: The vaccination was safe, did not affect autoimmune disease 

activity, and the condition of RA patients was stable during, and after immunisation in the 

follow-up period.                                                                                                                         

4. Age-dependent response: Vaccination with PCV-13 in younger age produces a more 

robust AIR in RA patients. 

In summary, the most common pneumococcal pneumonia can be prevented in RA 

patients treated with etanercept and concomitant MTX therapy. The international data about 
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immune response to pneumococcal vaccination during biologics and concomitant MTX or 

corticosteroids is contradictory. Understanding of immune responses to pneumococcal 

vaccination in AIRD patients treated with immunosuppressive drugs requires more 

comparative trials. Effective reduction of pneumococcal vaccine-preventable infections 

improves quality of life of RA patients. Special issues of immunisation in AIRD have to be 

assessed in a regular updated country- specific recommendations reviewed by experts. 

7.2. Study II.  

 

Our study's conclusions provide critical insights into the efficacy of third dose 

COVID vaccinations, specifically with BNT162b2 following a BBIBP-CorV vaccination 

regimen. The list of the key findings is:                                                                                                               

1. Comparison of Immunization Regimens: we confirmed that two doses of BNT162b2 

induce higher anti-SARS-CoV-2 RBD total Ig antibody levels compared to two doses of 

BBIBP-CorV which establishes a disparity in the immune response generated by these 

vaccines.  2. Effectiveness of Heterologous Regimen: Demonstrating that a third dose of 

BNT162b2, administered after two doses of BBIBP-CorV, effectively reinforces anti-

SARS-CoV-2 RBD humoral immune responses more than a homologous regimen of three 

BNT162b2 doses is a crucial finding. This highlights the potential effectiveness of a third 

vaccine dose in a heterologous regimen for enhancing immune responses.                                                                                     

3. Age-independent response: Highlighting that the humoral immune responses observed 

were not significantly influenced by age but correlated with the timing of vaccine 

administration underscores the importance of the vaccination schedule in impacting 

immune response.                                                                                                                    

4. Safety and tolerability: Affirming the safety and tolerability of the third-dose vaccination 

is essential information for healthcare decision-making and public confidence in 

vaccination strategies.                                                                                                                                 

5. Future Research Directions: Emphasizing the need for further studies with larger 

participant numbers is critical for more robust and generalizable findings. Specifically, 

advocating for additional research involving Caucasian individuals receiving BBIBP-CorV 

vaccinations acknowledges the importance of diversity in vaccine research. 
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These findings have significant implications for vaccination policies and clinical 

decisions, emphasizing the importance of ongoing research for optimizing vaccination 

protocols. 

8. Összefoglalás (Summary in Hungarian) 

8.1. Tanulmány I.  

 

A rheumatoid arthritis az autoimmun alapbetegség és az összetett immunszuppresszív 

terápia miatt a pneumonia fokozott kockázatával jár. A pneumococcus elleni vakcináció 

megelőzheti a súlyos pneumococcus fertőzéseket.  

Kutatásunk igazolta, hogy a jelenleg javasolt PCV-13 hatékony volt etanercepttel 

kezelt RA betegekben az oltás után két hónappal. MTX-al kombinált kezelés mellett erősebb 

immunválasz volt kiváltható, mint az etanercept monoterápia mellett. Az oltás 

biztonságosnak bizonyult, nem volt hatással az autoimmun betegség aktivitására, és az RA-

s betegek állapota mindvégig stabil maradt az immunizációt követő periódusban. Fiatalabb 

korban kezdeményezett PCV-13 oltás erőteljesebb AIR-t eredményezett RA beteginkben. 

Összegezve, a gyakori pneumococcus pneumonia megelőzhető az etanercept és MTX 

kombináció mellett RA betegekben. A nemzetközi adatok ellentmondásosak a biológiai 

terápiával kombinált MTX és szteroid terápiát illetően. Ahhoz, hogy megértsük a 

pneumococcus oltásra adott immunválaszt immunszuppresszív terápiával kezelt AIRD-ben 

szenvedő betegeknél, több összehasonlító tanulmányra van szükség. A pneumococcus 

vakcinával megelőzhető fertőzések hatékony csökkentése javítja az RA betegek 

életminőségét. 

Az autoimmun reumatológiai betegségekben szenvedők speciális immunizációjára 

vonatkozó, ország-specifikus és naprakész ajánlások elkészítése mindenképpen tanácsos 

szakértői munkacsoport segítségével. 
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8.2. Tanulmány II.  

 

Tanulmányunk kritikus betekintést nyújtott a harmadik COVID oltás hatékonysági 

eredményeibe kifejezetten a harmadikként BNT162b2-vel oltott BBIBP-CorV oltási 

sémába. A legfontosabb eredmények a következők:                                                                                                        

1. Immunizációs sémák összehasonlítása: igazoltuk, hogy a két alapoltási sorból álló 

BNT162b2 magasabb anti-SARS-CoV-2 RBD Ig antitest szintet indukál, mint a két 

alapdózisból álló BIBP-CorV, ami a vakcinák által generált immunválasz eltérését mutatja.                               

2. A heterológ oltási séma hatékonysága: Kulcsfontosságú eredmény, hogy a BNT162b2 

harmadik dózisa két alapdózis BBIBP-CorV után hatékonyabban erősíti a SARS-CoV-2 

RBD elleni humoralis immunválaszt, mint a homológ sémában adott 3 BNT162b2. Mindez 

a heterológ csoportban adott harmadik oltás potenciális hatékonyságára utal.                                                                                                                       

3.Életkor-független válasz: Annak kiemelése, hogy az immunválaszokat nem befolyásolta 

szignifikánsan az életkor, de korreláltak a vakcina beadásának időzítésével, az oltási 

ütemterv fontosságát hangsúlyozza az immunválasz befolyásolásában.                                                                                                                     

4. Biztonság és tolerálhatóság: A harmadik oltás biztonságossága és tolerálhatósága 

alapvető információ az egészégügyi döntéshozatalhoz és az oltási stratégiákba vetett  

általános bizalomhoz.                                                                                                                                  

5. Jövőbeli kutatási irányok: Nagyobb esetszámmal végzett további tanulmányok  

szükségességének hangsúlyozása kritikus fontosságú a robosztusabb és általánosíthatóbb 

eredmények érdekében. A BBIBP-CorV oltásban részesülő kaukázusi egyének bevonásával 

végzett további kutatások támogatása biztosítja a változatosság fontosságát a vakcina 

kutatásban.        

A fenti eredmények jelentős hatással vannak az oltási ajánlásokra és a klinikai 

döntéshozatalokra hangsúlyozva a folyamatos kutatások fontosságát az oltási 

protokollok optimalizálása érdekében.    
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