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Abstract

:

The pediatric population is at a lower risk of severe SARS-CoV-2 infection compared to adults. Nevertheless, immunosuppression in pediatric and adolescent kidney transplant recipients (KTRs) increases their hazard compared to the general population. This systematic review evaluates the efficacy of SARS-CoV-2 vaccines and determines the risk factors of no seroconversion in this population. PubMed-MEDLINE databases were searched for cohort studies. A meta-analysis was performed using fixed and random effect models. In total, seven studies including 254 patients were further analyzed. The random effect model demonstrated a 63% seroconversion rate (95% CI 0.5, 0.76) following a two-dose schedule, which increased to 85% (95% CI 0.76, 0.93) after the third dose administration. Seropositivity was lower in patients under mycophenolate mofetil compared to azathioprine (OR 0.09, 95% CI 0.02, 0.43). Rituximab administration decreased the seroconversion rate (OR 0.12, 95% CI 0.03, 0.43). The glomerular filtration rate (GFR) was 9.25 mL/min/1.73 m2 lower (95% CI 16.37, 2.13) in patients with no seroconversion. The seroconversion rate was lower in vaccinated compared to infected patients (OR 0.13, 95% CI 0.02, 0.72). In conclusion, vaccination against SARS-CoV-2 in pediatric and adolescent KTRs elicits a humoral response, and a third dose is advised. Previous rituximab administration, antimetabolite therapy with mycophenolate mofetil and lower GFR reduce the likelihood for seroconversion.
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1. Introduction


Since the first successful pediatric kidney transplantation in 1959, growing knowledge on pediatric pretransplant preparation and improvement of surgical techniques and postoperative care have contributed to the impressive improvement of both patient and graft survival [1]. Consequently, pediatric kidney recipients’ outcomes are now reported to be equal to adults’, and children often experience even better long-term graft survival [2]. Thus, despite ongoing challenges, kidney transplantation is the optimal treatment of end-stage kidney disease in the pediatric population.



Nowadays, more than 1300 pediatric kidney transplantations are performed worldwide each year [1], and registries report an increasing prevalence among children. More specifically in Europe, the prevalence of pediatric kidney transplantation increased 1.5% annually from 2010 to 2016 with the annual overall number of performed kidney transplantations varying between 3.1 and 3.9 per million age-related population [3]. Based on the Annual Data Report in the USA, the total number reached the highest point in 2021 with a total of 820 pediatric kidney transplants, a trend driven by the growth in deceased donors [4].



The COVID-19 pandemic, announced as a public health emergency in March 2020, has affected adult kidney transplant recipients (KTRs) in many ways, including waitlist removals, living and deceased donor kidney transplantations and mortality rates [4]. First, the waitlist for kidney transplantation was raised, leading to augmentation of COVID-19 infection and overall mortality among the waitlisted patients [5,6]. Moreover, deceased donor kidney transplantations slightly increased [4]. Furthermore, long-term immunosuppressive therapy coupled with various coexisting comorbidities, such as arterial hypertension, commonly observed in KTRs, increased the risk of severe COVID-19 infection and hospitalization in this vulnerable population, which experienced a higher mortality rate compared to the general population and dialysis patients on the waitlist [5,6,7,8].



Children and adolescents exhibit a broad range of clinical manifestations from SARS-CoV-2 infection, with the majority having asymptomatic disease or experiencing minimal and mild symptoms [9]. Better local airway and thymic immune responses as well as an abundance of cross-reactive T cells and antibodies present in the pediatric compared to adult population have been suggested as contributive factors explaining this condition [9]. Nevertheless, a severe course with respiratory failure and pediatric inflammatory multisystem syndrome, defined as a multiorgan disease syndrome occurring 2–6 weeks after COVID-19 infection, has also been described [9]. As in the adult population, the COVID-19 pandemic challenged pediatric kidney transplantation programs to provide efficient and timely care. In the early phase of the pandemic, living donor kidney transplantations were critically reduced and deceased donor kidney transplantations were prioritized for those of highest need occasionally allowing COVID-19 positive donors or recipients [10,11]. Outcomes of SARS-CoV-2 infection did not differ between pediatric KTRs and the general pediatric population [11,12]. Nevertheless, both pediatric KTRs and pediatric dialysis patients exhibited a high risk of COVID-19 infection, with an incidence rate of 9.2% and 9.3% respectively, according to a recent multicenter study [13].



COVID-19 vaccine distribution guidelines have prioritized KTRs [14]. Literature however supports that humoral immunity in solid organ transplant recipients is impaired, based on evidence against previously developed vaccines, such as hepatitis B and influenza vaccines [15]. For instance, although a high or booster dose of the influenza vaccine is currently not recommended during the same season in KTRs, patients with a post-vaccination hepatitis B antibody titer less than 10 U/mL should be revaccinated [15]. A lower immunogenic response affecting both humoral and cellular responses is also described after SARS-CoV-2 vaccination in adult KTRs, suggesting that they are vulnerable to future infections [16]. For instance, according to Grupper et al., SARS-CoV2-IgG antibodies after a two-dose mRNA vaccination regimen were reported in 100% of 25 healthy controls but only in 37.5% of 136 KTRs [16]. As in the adult population, inactivated vaccines are considered safe in pediatric KTRs, but their efficacy is put into question, due to the recipient’s diminished immunological response and supplementary doses may be required [17]. The humoral response to SARS-CoV-2 vaccines has been addressed in some studies on children and adolescents KTRs. To that end, we conducted a systematic review and meta-analysis to evaluate the immunogenic response of SARS-CoV-2 vaccines in pediatric and adolescent KTRs.




2. Materials and Methods


This systematic review and meta-analysis was conducted according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines (PRISMA Checklist, Table S1). PubMed-MEDLINE was searched for original articles reporting the efficacy of the SARS-CoV-2 vaccine in pediatric and adolescent KTRs and the last search was conducted in December 2022. To that end, the following search term was used:



((COVID-19) OR (SARS-CoV-2) OR (coronavirus)) AND ((vaccine) OR (vaccination) OR (immune)) AND ((kidney transplant) OR (renal transplant)) AND ((child*) OR (adolesc*) OR (pediatr*)).



The references of the selected articles were further screened to search for potentially relevant articles. The literature review, data extraction and study quality assessment were independently performed by two reviewers, and any disagreement was resolved by consensus.



2.1. Eligibility Criteria


Studies investigating the immunogenicity of the COVID-19 mRNA vaccination in pediatric and adolescent KTRs were eligible for inclusion if they met the following criteria: (1) population: pediatric and adolescent KTRs; (2) intervention: COVID-19 mRNA vaccination; (3) study design: retrospective and prospective cohort and case-control studies; (4) outcome: seroconversion rate using anti-SARS-CoV-2 spike IgG after the second and/or the third dose of COVID-19 mRNA vaccines. The exclusion criteria were the following: (1) adult studies or unclear participants’ age; (2) case reports; (3) articles not written in English; and (4) studies with overlapping participants.




2.2. Data Extraction


The following data were extracted from the included articles: author, date of publication, country of origin, study design, study sample size, inclusion and exclusion criteria, mean participants’ age, kidney transplant duration, presence or absence of prior COVID-19 infection, number of received vaccine doses, type of vaccination, seroconversion rate after the second and/or third vaccine dose, post-vaccination time of SARS-CoV-2 IgG titer assessment and risk factors of no seroconversion. When feasible, data on the neutralization activity of the antibodies obtained after the vaccine regimen, adverse events of vaccination, and characteristics and seroconversion rate of healthy controls in case-control studies were collected. All study characteristics were tabulated and reviewed by the two reviewers.




2.3. Statistical Analysis


Review Manager 5.4 for Windows and R version 4.1.2 for Windows were utilized for the meta-analysis. The I2 test was used in order to measure the heterogeneity of the studies, where I2 ≥ 50% indicated high heterogeneity. A fixed model overall pool estimate was employed if the heterogeneity of the studies was below 40% and a random effect model was employed in the case of heterogeneity above 40%. A forest plot was applied for illustration of the combined estimated outcomes from the different studies. Effect measures were calculated as proportions for seroconversion after the second and third doses and the Odds Ratio (OR) was calculated for all other results. Publication bias was assessed with Egger’s test, although the power of the test is low in small samples. The quality review of the bias of the cohort studies was performed using the Newcastle-Ottawa Scale. Studies with 3 stars on selection domain, 1 or 2 stars in comparability domain and 2 or 3 stars in outcome/exposure domain were considered good quality. Sensitivity analysis, including only good quality studies, was performed when more than three good quality studies were available for meta-analysis. The p-value threshold for statistical significance was set at 0.05.





3. Results


3.1. Study Selection


The study selection flowchart is presented in Figure 1. The literature search resulted in 110 studies of which 70 were considered irrelevant based on abstract or title screening and one was a duplicate. Full-text access was available for the remaining 39 studies, and further 32 studies were removed according to the exclusion criteria. Therefore, seven studies were finally eligible for the meta-analysis.




3.2. Characteristics of the Included Studies


The included studies characteristics are provided in Table 1 [18,19,20,21,22,23,24]. All seven selected studies included 254 pediatric and adolescent KTRs, who were naïve to COVID-19 infection, based on prior to vaccination SARS-CoV-2 IgG titers or patient medical history, and who received two doses of the SARS-CoV-2 mRNA vaccine. A total of 95 patients received a third dose. Five studies incorporated a control group and almost all participants were administered the BNT162b2 COVID-19 mRNA vaccine. Among the included studies, two were conducted in Germany, one in USA, one in Italy, one in Turkey, one in Australia and one in Israel. Among the studies, five were retrospective and two prospective.



The quality assessment of the studies is illustrated in Table 2. Of note, the absence of SARS-CoV-2 IgG at study initiation was obtained in three studies, which were considered good quality [21,22,23]. In the rest of the studies, the absence of COVID-19 infection was mainly based on the patient’s medical history. The length and adequacy of follow-up were satisfactory in all the included studies. In most studies, the statistical analysis was controlled for age and other factors, including the type of immunosuppressive therapy.




3.3. Seroconversion after the Second and the Third Dose of COVID-19 mRNA Vaccine


The mean participant age (SD) was 16.7 (2.6) years. The meta-analysis of seven studies (I2 = 78%) revealed that 63% of the pediatric and adolescent COVID-19 naïve KTRs developed positive seroconversion after a standard two-dose SARS-CoV-2 vaccine regimen (95% CI 0.5, 0.76) (Egger’s test p = 0.178) (Figure 2). In a further analysis that included only good quality studies, the seroconversion rate was 72% (95% CI 0.54, 0.90). Moreover, 95 patients, included in four studies, were administered a third dose and the humoral immune response was positive in 85% of the patients (95% CI 0.76, 0.93) (Egger’s test p = 0.701) (Figure 3). Three of the included studies were conducted on 36 seronegative patients after the second dose. An immune response with positive SARS-CoV-2 IgG titers was observed in 23 of the previous non-responders (65%, 95%CI 0.48, 0.81) after a third vaccine dose administration (Egger’s test p = 0.569) (Figure 4). The median time between the second vaccination and assessment of immune response was 38.9 days.




3.4. Risk Factors of no Seroconversion after the Second Dose of the COVID-19 mRNA Vaccine


Multiple risk factors of no seroconversion were reported. Specifically, Crane et found that a younger age (<12 years) was significantly associated with higher seroconversion rate [18], while Stich et al. [23] and Gulmez et al. [24] observed that female sex and longer transplant duration were independent risk factors for non-seropositivity. Three studies compared seroconversion rate between the patients under mycophenolate mofetil (MMF) and azathioprine. According to the meta-analysis results on 96 participants (I2 = 0%), the seroconversion rate was 10-fold higher in KTRs on azathioprine compared to those on MMF (Figure 5). Moreover, based on the data from three studies (I2 = 13%), KTRs were 88% less likely to develop seroconversion if they had previously received Rituximab therapy (OR 0.12, 95% CI 0.03, 0.43) (Figure 6). Of note, MMF and prednisone dose were associated with a lower seroconversion rate according to the results of Cirillo et al. [19] and Kermond et al. [20] respectively. Furthermore, among 54 patients with no humoral response, the glomerular filtration rate (GFR) was 9.25 mL/min/1.73 m2 lower than that of 107 KTRs who developed SARS-CoV-2 IgG titers after the second dose of the COVID-19 mRNA vaccine (95% CI −16.37, −2.13) (Figure 7).




3.5. Neutralization Activity


Among the included studies, three investigated serum neutralizing activity against SARS-CoV-2. Specifically, in the Stich et al. study, 22.2% of KTRs presented functional neutralizing activity against the omicron (BA.1) variant using a live virus neutralization assay [23]. In the Sattler et al. study, 75% of KTRs presented adequate virus neutralizing capacity using a blocking ELISA (sVNT kit, GenScript) mimicking the virus neutralization process [21]. Finally, in the Gulmez et al. study, 54.3% of KTRs presented adequate neutralizing antibody response, assessed as percent inhibition (%IH) [24].




3.6. Adverse Events and Renal Outcomes


With respect to adverse events, no significant safety concerns were reported. Crane et al. [18] reported no serious adverse events after vaccination and Haskin et al. [22] described mild to moderate adverse reactions at the injection site such as pain (65%), redness (16%) and swelling (11%) and systemic symptoms, such as fatigue (41%), headache (35%), chills (8%), nausea (16%), diarrhea (5%), muscle pain (32%) and joint pain (5%). The effects on renal outcome were assessed in two studies. In the Haskin et al. study, one patient developed borderline cellular rejection two weeks post vaccination [22], while acute rejection or diagnosis of de novo glomerular disease was not recorded within the six-month period post vaccination in the Crane et al. study [18]. In the Haskin et al. study, pre-vaccination eGFR was slightly higher (56.6 ± 21.5 versus 57.4 ± 22.1 mL/min/1.73 m2; p < 0.001) and mean serum creatinine levels were lower (1.48 ± 0.94 versus 1.43 ± 0.93 mg/dL, p < 0.001) when compared to post-vaccine levels, although the difference did not reach statistical significance [22].




3.7. Comparison of Immune Response in KTRs and Controls


The immune response in healthy individuals was assessed in two studies. The data on 29 healthy individuals demonstrated significantly increased IgG, IgA and neutralization capacity levels when compared to KTRs [21,24], and whereas spike specific CD4+ T cell frequencies were similar in both groups, cytokine production and memory differentiation were significantly impaired in KTRs [21]. Patients with chronic kidney disease had higher serum levels of anti-SARS-CoV-2 IgG [23,24] neutralizing antibody activity and Interferon-Gamma Release Assay (IGRA) titers [24]. Stich et al. described a statistically significant difference of humoral immune response rates between KTRs (62.3%), patients with CKD on immunosuppressive medication (80.8%) and patients with CKD without immunosuppressive medication (95%) [23]. When compared to CKD without immunosuppressant therapy, anti-S1 Receptor Binding Domain (RBD) IgG level was ninefold lower (p < 0.001) in KTRs (117 [IQR 0–769] BAU/mL versus 1046 [IQR 470–2735] BAU/mL) [23].




3.8. Comparison of Serologic Response between Vaccinated and Naturally Infected Patients


The results on 84 COVID-19 vaccinated and 31 COVID-19 infected patients demonstrate that the serologic response is 87% less likely (OR 0.13, 95% CI 0.02, 0.72) after vaccination compared to natural infection (Figure 8). In addition, anti-SARS-CoV-2 IgG titers were found to be higher in COVID-19 infected compared to vaccinated patients with Haskin et al. demonstrating an almost 30-fold higher median titer level (2782 AU/mL (IQR: 1908–11 000) versus 100.3 AU/mL (IQR: 4.7–1744), p = 0.0008) [22].





4. Discussion


This systematic review study on pediatric and adolescent KTRs demonstrated a 63% immunologic response rate after a two-dose vaccination for SARS-CoV-2. The proportion improved to 85% after a third dose with a seroconversion of 65% of previous non-responders. Administration of MMF and Rituximab as part of immunosuppression therapy and lower GFR were associated with a lower humoral response. An enhanced serologic response was reported in naturally infected individuals compared to vaccinated ones, and no severe adverse events were documented after immunization with the exception of a borderline cellular rejection occurring in one patient two weeks post vaccination.



The positive humoral immune response reported in our meta-analysis is relatively higher compared to that in adult KTRs. Recent literature indicates inadequate seroconversion in adult KTRs with seropositivity following a standard immunization course varying from 30% to 51.4% among different studies [25,26,27,28]. In addition, in the adult population, older age and longer dialysis vintage before kidney transplantation were indicated as risk factors of a lower seroconversion rate [29]. Hence, young age is associated with enhanced immunogenicity of SARS-CoV-2 vaccines and the latter could be taken into consideration when prioritization of a booster vaccination is considered. Whereas our results are encouraging, a recent review indicates that the efficacy of vaccination among healthy children and adolescents ranges from 88% to 100% [30], which is significantly higher than that reported in our meta-analysis, indicating an impaired immunity in young KTRs compared to healthy controls. As current literature supports, suboptimal vaccine efficacy is anticipated in patients with immunosuppression and in particular in solid organ transplant recipients [31].



Data regarding neutralizing activity against SARS-CoV-2 variants are limited in both adult and pediatric KTRs. Benning et al. remarked that antispike 1, antireceptor-binding domain, and surrogate neutralizing antibodies were detected in 30%, 27%, and 24% of adult KTRs respectively, while neutralization against B.1.351 and B.1.617.2 was observed in 64% and 67% of adult KTRs, respectively [25]. In this systematic review, neutralizing activity was assessed in three studies, analyzed with different methods, and ranged from 22.2% to 75% [21,23,24]. Interestingly, Grupper et al. observed that the seroconversion rate was significantly lower in KTRs compared to those vaccinated before kidney transplantation [29]. These findings are in accordance with the results from the two studies, included in this systematic review, where seroconversion rate was higher in patients with CKD compared to KTRs [23,24].



The type of immunosuppressive treatment has emerged as an important factor contributing to seroconversion. The use of antimetabolites is associated with reduced immunogenicity in solid organ transplant recipients [32], and prior Rituximab induced B-cell depletion has been described as a strong predictor of seroconversion failure not only after SARS-CoV-2 but also after the influenza vaccine [33,34]. A temporary hold of treatment substantially increases immunogenicity [35,36], but data on this topic are limited. A fourth dose of the SARS-CoV-2 vaccine during a short-term (five weeks) MMF-based treatment withdrawal in KTRs who were seronegative after triple vaccination resulted in a significant increase in the humoral response without any evidence of renal impairment, emphasizing withhold safety [37]. The same results were reported after a five-week mycophenolic acid (MPA) hold (adding 5 mg prednisolone equivalent in case of steroid-free treatment), whereas no significant change in serological response rate was remarked after MPA reduction [38]. Regarding immunosuppressed participants other than KTRs, the American College of Rheumatology recently recommended withholding MMF 1-week postvaccination [36], while an observational trial concluded that 28.5% of patients with rheumatic conditions paused their medication before or during vaccination even without medical consulting in advance [39]. The absence of data on pediatric KTRs suggest that temporary withhold should be sought with caution. Nevertheless, T-cell immunity is preserved in these patients and vaccine induced T-cell immunity may provide sufficient protection given than successful recovery of COVID-19 has been reported in patients with agammaglobulinemia without developing humoral response [40,41].



Lower seroconversion rates and reduced magnitude of antibody response after vaccination compared to natural infection were observed in this systematic review and are consistent with literature data regarding other vaccines in general population. For instance, not only were the antibody titers generated by vaccination lower than those induced by natural mumps infection [42], but also the magnitude and duration of cell-mediated immunity were greater after rubella natural infection [43]. Finally, the safety and tolerability of the COVID-19 vaccination that emerged from this study are in accordance with previous results from adult KTRs [28]. Ślizień et al. reported no serious adverse events after COVID-19 mRNA vaccination in 300 KTRs, while fatigue, headache and myalgia were the most common systemic reactions [28]. Interestingly, in the same study, systemic reactions were most frequently observed in younger patients [28].



Although our literature review and meta-analysis was undertaken in a systematic way, our study has some limitations. Protocol registration was eliminated. Nevertheless, the quality of the included studies was thoroughly assessed by two independent reviewers. Moreover, limited literature was available, and both retrospective and prospective studies with fair and good quality were included possibly reducing the level of evidence. Although the methods used to assess response rates varied among studies, the heterogeneity of the studies in most cases was low, therefore the fixed effect model was preferred. This could be explained by the wide, overlapping confidence intervals and the relatively small number of included studies. In cases where the heterogeneity was high, the random effect approach was used in order to take into consideration the between-study variance.




5. Conclusions


In conclusion, despite the limited number of studies and participants, according to our results, seropositivity after a two-dose vaccine regimen against SARS-CoV-2 in pediatric and adolescent KTRs is suboptimal, and therefore, a third dose is advised. Reassuringly, our data confirm that third dose should be recommended to optimize seroconversion, but further studies should focus on strategies to enhance immunogenicity. Previous Rituximab administration, antimetabolite therapy with MMF and lower GFR are risk factors of non-seroconversion emphasizing the need for a multifaceted approach regarding the timing of vaccination and suggesting patient-centered care. Longer and larger follow-up studies are required in order to determine immunogenicity duration and types of vaccine-induced protection.
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Figure 1. The PRISMA flow diagram of the study. 
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Figure 2. Meta-analysis of the seroconversion rate after the second dose of COVID-19 mRNA vaccine in pediatric and adolescent COVID-19 naïve kidney transplant recipients including all studies and only good quality studies. Blue and green triangle correspond to the overall proportion according to the common effect and random effect model respectively. 
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Figure 3. Meta-analysis of the seroconversion rate after the third dose of COVID-19 mRNA vaccine in pediatric and adolescent COVID-19 naïve kidney transplant recipients. Blue and green triangle correspond to the overall proportion according to the common effect and random effect model respectively. 
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Figure 4. Meta-analysis of the seroconversion rate after the third dose of COVID-19 mRNA vaccine in pediatric and adolescent COVID-19 naïve kidney transplant recipients who were non-responders to the second dose. Blue and green triangle correspond to the overall proportion according to the common effect and random effect model respectively. 
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Figure 5. Meta-analysis of the seropositivity after the second dose of the COVID-19 mRNA vaccine in pediatric and adolescent kidney transplant recipients under mycophenolate mofetil or azathioprine. 
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Figure 6. Meta-analysis of the seropositivity after the second dose of the COVID-19 mRNA vaccine in pediatric and adolescent kidney transplant recipients having received or not received Rituximab therapy. 
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Figure 7. Meta-analysis of the glomerular filtration rate (GFR) expressed in ml/min/1.73 m2 in pediatric and adolescent kidney transplant recipients with or without SARS-CoV-2 IgG positive titers after the second dose of the COVID-19 mRNA vaccine. 
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Figure 8. Meta-analysis of the seropositivity in pediatric and adolescent kidney transplant recipients with COVID-19 infection or COVID-19 mRNA vaccination. 
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Table 1. Characteristics of the included studies.
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First Author

	
Study Design

	
Patient Age (Years)

	
Time Post KT (Years)

	
Patients

	
Characteristics of Controls

	
Type of Vaccine




	
2nd Dose

	
3rd Dose




	
N

	
Time of IgG Measurement (Days)

	
N

	
Time of IgG Measurement (Days)






	
Crane [18]

	
Retrospective and prospective cohort

	
Median (IQR):18 (15–20)

	
Median (IQR):

5 (2–9)

	
43 (7 with prior infection)

	
Median (IQR):56

(30–85)

	
26 (2 with prior infection, 16 not responded to 2nd dose)

	
Median (IQR):39

(28–59)

	
-

	
40 (93%) patients received BNT162b2, 2 (5%) mRNA1273, and 1 patient a mixed vaccine series




	
Cirillo [19]

	
Retrospective cohort and case-control

	
Mean (SD):19(2)

	
NA

	
18 (1 with prior infection)

	
NA

	
12 (1 with prior infection)

	
NA

	
Healthy controls

	
mRNA




	
Kermond [20]

	
Retrospective cohort

	
Median (IQR):15 (12–16)

	
Median (range): 11 (2 months–14 years)

	
20

	
Median (IQR): 38.5 (32.5–57.5)

	
20 (5 not responded to 2nd dose)

	
Median (IQR): 44 (40–52)

	
-

	
BNT162b2




	
Sattler [21]

	
Retrospective cohort and case-control

	
Mean (SD):14.17 (1.31)

	
Mean (SD):

7 (4.1)

	
20

	
Mean (SD): 39.30 (11.06)

	
-

	
-

	
13 healthy controls

	
BNT162b2




	
Haskin [22]

	
Prospective cohort and case-control

	
Mean (SD):18(3)

	
Mean (SD):

7.3 (5.6)

	
38

	
Median (IQR): 37 (20.5–53)

	
-

	
-

	
14 KTRs with prior COVID-19 infection

	
BNT162b2




	
Stich [23]

	
Retrospective cohort and case-control

	
Median (range): 14.1 (5–30)

	
NA

	
77

	
Median (IQR): 34 (22–63)

	
40 (15 not responded to 2nd dose)

	
NA

	
26 CKD patients with IS

20 CKD patients without IS

	
BNT162b2




	
Gulmez [24]

	
Prospective cohort and case control

	
Mean (SD):

15.9(2.86)

	
NA

	
46

	
Median (range): 8 weeks (7–14 weeks)

	
-

	
-

	
19 KTRs with prior COVID-19 infection

19 patients on dialysis

19 healthy controls

	
BNT162b2








CKD: chronic kidney disease, IS: immunosuppression, KT: kidney transplantation, KTRs: kidney transplant recipients, NA: not available.
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Table 2. Quality assessment of the included studies using the Newcastle-Ottawa Scale (NOS).
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First Authors

	
Selection

	
Compatibility

	
Outcome

	
Overall NOS Score




	
Representativeness of the Exposed Cohort

	
Ascertainment of Exposure

	
Absent

Outcome at

Study

Initiation

	
Assessment of Outcome

	
Follow-Up Duration

	
Adequacy of Follow-Up






	
Crane [18]

	
*

	
*

	

	
**

	
*

	
*

	
*

	
7




	
Cirillo [19]

	
*

	
*

	

	

	
*

	
*

	
*

	
5




	
Kermond [20]

	
*

	
*

	

	
**

	
*

	
*

	
*

	
7




	
Sattler [21]

	
*

	
*

	
*

	
**

	
*

	
*

	
*

	
8




	
Haskin [22]

	
*

	
*

	
*

	
**

	
*

	
*

	
*

	
8




	
Stich [23]

	
*

	
*

	
*

	
**

	
*

	
*

	
*

	
8




	
Gulmez [24]

	
*

	
*

	

	
**

	
*

	
*

	
*

	
7








* Each asterisk corresponds to 1 star.



















	
	
Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content.











© 2023 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






media/file13.jpg
B iy P . .

St siogop o 50 To ey S ety
e 8RR B N e b =T
- Sowos oA o i -
o “ o om st 201 -
e -

sy






media/file4.png
Study

Crane
Cirillo
Kermond
Sattler
Stich
Haskin
Gulmez

Common effect model
Random effects model
Prediction interval

Heterogeneity: I° = 78%, 1> = 0.0223, p < 0.01

Events Total
17 36

7 17

10 20

18 20

48 77

24 38

35 46
254

Study Events Total
Sattler 18 20
Stich 485 77
Haskin 24 38
Common effect model 135
Random effects model

Prediction interval

0

[ I
02 04 06 08

1

Proportion

Proportion

Heterogeneity: 1° = 83% - = 0.0204, p < 0.01

0

02 04 06 08

1

[0.00; 1.00]

Weight Weight
95%-Cl (common) (random)
0.47 [0.30;065] 11.5% 14.2%
041 [0.18;067] 56% 11.4%
050 [0.27;0.73] 6.3% 12.0%
0.90 [0.68;0.99] 17 6% 15.5%
062 [0.51;0.73] 26.0% 16.4%
063 [0.46;0.78] 13.0% 14.6%
0.76 [0.61;0.87] 20.0% 15.8%
0.66 [0.61;0.72] 100.0% --
0.63 [0.50; 0.76] - 100.0%
[0.21; 1.00]
Weight Weight
95%-Cl (common) (random)
090 [0.68;0.99] 31.1% 33.3%
062 [0.51;0.73] 46.0% 30.4%
063 [046;0.78] 22 9% 31.3%
0.71 [0.64;0.78] 100.0% --
0.72 [0.54; 0.90] - 100.0%





nav.xhtml


  vaccines-11-01080


  
    		
      vaccines-11-01080
    


  




  





media/file16.png
COVID-19 Vaccination  COVID-19 Infection Odds Ratio Odds Ratio
Study or Subgroup Bvents Total Bvents Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Gulmez 35 46 16 17 41.8% 0.20[0.02, 1.67] i
Haskin 24 33 14 14 583.2% 0.06[0.00,1.05] * L
Total (95% Cl) 84 31 100.0%  0.12 [0.02, 0.63] —ee———
Total events a9 a0
Heterogeneity: Chi*= 046, df=1 (F=0.80% F= 0% 'IZI.IZI“I IZI!’I ) ’I'III 100

Test for overall effect £= 249 (F=0.01)

COVID-19 Vaccination COVID-19 Infection





media/file2.png
s

Identification

~

o

Screening

Records identified through
PubMed search:
(n =110)

!

Records screened
(n=110)

A

!

Reports sought for retrieval
(n=39)

Eligibility

Included

'

Additional records found
through the references of
selected articles
(n=0)

Exclude duplicate records
(n=1)

Records excluded in the
title/abstract screening as clearly
irrelevant
(n=70)

Full-text articles assessed for
eligibility
(n=39)

Studies included in review
(n=7)

v

—

o bh W

Full-text articles excluded for following
reasons:

. adult studies, unclear participants’ age

(n=23)

. comments, editorials or case reports

(n=3)

. articles not written in English (n=0)
. no vaccine administration (n=5)
. overlapping population studies (n=1)






media/file5.jpg
Weight  Weight
Proporion  95%.CI (common) (random)

092 073,009 401%  349%
091 059.100]  170%  197%
075 [051.091]  136%  166%
078 (062089  293%  288%

085 078;092)  1000% =
085 [076; 093] - 1000%
1056 1.00]






media/file3.jpg
study

crane
Girlo
Kemang
Satter
Sien
Haskn
Gumer

‘Common effect model
Random effects model
Prediction interval

Events Total

7w

0
18
o
%

8

it

| JFPEETY

Ry £ To%, 00220, p <o T T T T

o

02 04 06 08 1

047 (030,085
041 018,067
050 (027,073
0% (068 093]
082 (051,073
083 046,078)
076 061,087

086 [081;072)
063 [050;076]
(021100

Weight  Weight
Proportion  95%-C1 (common) (random)

%

5%

83
6%
0%
130%
200%

1000%

2%
11a%
120%
155%
184%
146%
158%

1000%

Weight

Proporion  95%-CI (common) (random)

090 (068,099)
062 (051073
063 (046,078)

071 o84 078)
072 [054;090)

study Events Total
Satter 8 20 =
sten s 7 -

Haskin 2 ® —
Common effect model 135 -
Random effects model et
Prediction interval

Heterogenery 1= 3%, =00204,p <0 b1

0

02 04 06 08

31%
60%
20%

1000%

3%
354%
3%

1000%





media/file1.jpg
Records ideniied through
‘PubMed search:
(0=110)

‘Additional records found
hough the references of
selected aricies
(n=0)

Exclude duplcate records.
1)

Records excluded in the
titelabstract screening as cearly
inelovant
(n=70)

Fullextarticles assessed for
eligbilty
(n=39)

l

Fulltextartiles excluded forfolowing

adul studies, unclear paricipants age.
(n=23)

comments,ediorals or case reports
(=3)

s ot it ngin =)

o vaccine administiaton

Crerapping popaton suees (1)

Studies included in review
=A






media/file7.jpg
Weight _ Weight
study rd dose () 2nd dose () Proportion  $6%.CI (common) (random)
Cane ” ® - 075 pasogy  s13%  d91%
Kemond 3 5 ————— 080 15095 125%  141%
sicn H 5 053 o21/078  %2%  3W8%
Common effect model 38 — 085 [0.50;080]  1000% -
Random ffecs model = 085 [0.48: 081 - 1000%
Prodicion interval [00;1.00]

Hetaogensty. 0%, 200028, p =042
0 02 04 08 08 1





media/file10.png
Mycophenolate Mofetil  Azathioprine Odds Ratio Odds Ratio
Study or Subgroup Bvents Total Bvents Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Crane 17 a6 ] H 35.4% 0.07 [0.00,1.32] * i
kermaond ) 13 ] q  28.7% 0.06[0.00,1.29] 4 =
Stich 24 47 7 g 35.9% 015 [0.02,1.31] i
Total (95% CI) 96 19 100.0% 0.09 [0.02, 0.43] -*-—
Total events 46 18
Heterogeneity: Chif=0.30, df= 2 (P = 0.86) F= 0% =|:| Yy DI“I ) “I:III 00

Test for overall effect: £=3.05(F = 0.002)

Mycophenaolate Mofetil Azathioprine





media/file12.png
Rituximab No Rituximahb Odds Ratio Odds Ratio

Study or Subgroup Bvents Total Beents Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CIl

Gulmez I 3 a5 43 36.2% 0.03[0.00, 073 * i

Haskin 2 H 22 29 A6.8% 0.09 [0.02, 0.54] i

kermaond 1 2 = 16 F0% 078004 14.74] -

Total (95% CI) 14 88 100.0% 0.12 [0.03, 0.43] —eotliliiine-—

Total events 3 515

Heterogeneity; Chi®=2.28 dfi=2{P=032 F=13% =III Y D=1 1 1=III 100

Test for overall effect: £=3.25 (F = 0.001) Ritueimah Mo Rituximal





media/file9.jpg
DUECNIS IS A gl e
Stuoyor Sibgoup " EoetsToo Eans Totl Wokght W i e, 9541 ibiied 0551
Grane T 5 5o oorbon 1w ——T
Fammors H Bs 5w ovpo i —e——
S w a7 s ww ospmin ——e—7
Ty " 0o 0090004 ——

FetsogansyChi= 03, 1= 36 = 086 0%
Tostior ovrah afct 2= 305 = 000D

o it

ki





media/file0.png





media/file14.png
SARS-CoV-2 IgG negatif SARS-CoV-2 IgG positif Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean sD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Gulmez f5.8 228 11 £9.5 221 35 2MME% -13.70[29.03,1.63] — =
Haskin 53.3 28.5 14 59.3 17.7 24 18.6% -6.50[-23.02,10.02] — 1
Stich a1.6 16.3 29 601 249 48 598% -BA0[17.71,0.71] —l-
Total (95% Cl) 54 107 100.0% -9.25[-16.37,-2.13] <
Heterogeneity: Chi*= 046, df= 2 (P = 0.80); F= 0% l l

Test for overall effect: £=2.585 (P =0.01)

-100

-a0 0 50
SARS-Cov-2 IgG negatift SARS-CoV-2 IgG positif





media/file8.png
Weight Weight

Study 3rd dose (+) 2nd dose (-) Proportion 95%-Cl (common) (random)
Crane 12 16 T 0.75 [0.48;0.93] 51.3% 49.1%
Kermond 3 5 0.60 [0.15;0.99] 12.5% 141%
Stich 8 15 — 0.53 [0.27;0.79] 36.2% 36.8%
Common effect model 36 e 0.65 [0.50; 0.80] 100.0% -
Random effects model == 0.65 [0.48; 0.81] - 100.0%
Prediction interval | I [0.00; 1.00]

Heterogeneity: I = 0%, t° = 0.0029, p = 0.42 | ' !
0 02 04 06 08 1





media/file11.jpg
SRR, . RO Sh. A

Studyor Subgroup _Events Tota Events Tool_ Weiht W e, 95% 1. M e 9551
Gumez 0 3 3% 4 %% onmpmon e ——

Haskin 2 9 oz s owpoos —8—

Kemona Tz 9 16 0% ompokisrs

Tota 0551 " 50006 0120005043 —e—

Tot sents 3 &

Hoorogenaty CIP= 229, d1=2 =032 P= 13% %

Testforoverall flect 2= 3.25 (P = 0.001) R BS...





media/file6.png
Study

Crane
Cirllo
Kermond
Stich

Common effect model
Random effects model
Prediction interval

Heterogeneity: I° = 29%, t° = 0.0024, p = 0.24

Events Total
22 24

10 11

15 20

31 40

95

_—

.
e

0

I I l I |
02 04 06 08 1

Proportion

092 [0.73:0.99]
091 [059: 1.00]
075 [051:091]
078 [0.62:0.89

0.85 [0.78; 0.92]
0.85 [0.76; 0.93]
[0.56; 1.00]

Weight Weight

95%-Cl (common) (random)

401%  349%
17.0% 19.7%
13.6% 16.6%
293%  28.8%

100.0% -
- 100.0%
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