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FACTORS AFFECTING SEROCONVERSION RATE FOLLOWING HEPATITIS B VACCINATION IN PATIENTS WITH STAGE 4 CHRONIC KIDNEY DISEASE 




ABSTRACT
Aim: To assess the seroconversion rate following hepatitis B vaccination in patients with stage 4 chronic kidney disease (CKD) and to determine the factors associated with non-response to vaccination. 
Study Design: A prospective quantitative cohort study.
Setting and Duration of Study: Armadale Renal Service, Armadale Hospital, Western Australia, July 2022 to January 2025.
Background: Preventing the blood borne hepatitis B virus through vaccination is crucial for the high-risk haemodialysis patients. However, these individuals often exhibit low vaccine response rates due to declining immunity as kidney function deteriorates. While early vaccination before dialysis is suggested, a global consensus on the most effective CKD stage for initiation remains elusive. 
Method: Patients with stage 4 CKD (eGFR 15-29 ml/min/1.73m21.73M2) were enrolled in the study. Eligible patients with Hepatitis B surface Antibodies (HBsAb) <10 mIU/mL were recruited with informed consent. They received 40mcg of H_B_VAX II® intramuscularly in the deltoid muscle at 0 -1- 6 - month interval. Vaccine response, defined as HBsAb >10 mIU/mL, was measured six-eight weeks post vaccination. Response rate, patient and clinical factors were entered into the Statistical Package for Social Sciences version 29.0 for Windows for data analysis. Data were expressed as mean ± Standard Deviation, results analysed using t-tests and chi-square χ2 tests.  P value <0.05 as statistically significant.

Results: Of the 106 enrolled patients (Males-71, Females-35), 99 (Males-67, Females-32) completed the course; seven deceased patients with incomplete vaccination were excluded for data analysis. Vaccination response rate was 47.47% (n= 47) while 52.52% (n=52) were non-responders (P=0.001). Factors negatively associated with vaccine response included older age group (P=0.001), presence of cardiovascular disease (P=0.011), Vitamin D3 deficiency (P=0.028), lower transferrin saturation (P =0.045), and presence of multiple comorbidities (P=0.017).
Conclusion: This study showed a low hepatitis B vaccine response rate even in stage 4 CKD, underscoring the importance of early vaccination before progression to dialysis requirement. Identifying the factors that influence the response rate can aid in individualizing vaccination management strategy. 
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1. INTRODUCTION 


1.1 Background and Significance 

Haemodialysis (HD) is a blood purification process for patients with end-stage kidney failure (ESKD). The procedure involves frequent blood exposure procedures, cannulation with skin integrity invasion three times a week and planned or unplanned surgical procedures for haemodialysis vascular access. These factors collectively expose HD patients to a high risk of infection, particularly the hepatitis B virus (HBV) infection. Data consistently shows infection as the second leading cause of mortality in this population  (1-3).

The hepatitis B vaccine, developed in1982 (4) following two fatal infection outbreaks in 1970s (5), is a critical preventative measure.  Haemodialysis patients face an elevated risk of the bloodborne HBV infection due to frequent blood exposure and invasive procedures (1, 6).

HBV infection can lead to acute hepatitis, liver fibrosis and hepatocellular carcinoma (primary liver cancer) (7-9).  While vaccination against this blood borne virus remains a vital defense (10), vaccine response rate in the HD patients are notably low (11) , and diminishing response is attributed to a decline in immune function as the kidney disease progresses (12) (13) ,prompting ongoing research to identify the  most effective CKD stage for vaccine initiation. Despite four decades of research, there is little consensus regarding recommendations for vaccine commencement stage  (9, 14, 15) .  

A previous publication by the authors explored vaccine response in stage 5 CKD (both dialysis and non-dialysis dependent) (16) (light 2024) and highlighted  variations in clinical practice through a clinical practice patterns survey. This survey also revealed limited knowledge regarding the necessity and benefits of early CKD hepatitis B vaccination and identified barriers to the vaccination management (17) . This prospective cohort study aims to investigate the efficacy of initiating vaccination at an earlier stage of CKD (Stage 4) and to examine the influence of patient and clinic factors on the vaccine response.

1.2 Aim
The aim of the study was to assess the seroconversion rate following  hepatitis B vaccine in patients with stage 4 chronic kidney disease and to determine the factors associated with non-response to the vaccination. 
1.3 Objectives  

The objectives of the study were to:
· Evaluate the efficacy of commencing hepatitis B vaccination at an early-stage CKD, before reaching dialysis requirement stage. 
· Explore the impact of patient factors such as age and gender on the vaccine response.
· Investigate the effect of clinical factors that might have effects on the response rate such as co-morbidities of Diabetes Mellitus (DM), Cardiovascular disease (CVD), hypertension (HT), chronic obstructive pulmonary disease (COPD), Obstructive Sleep Apnea (OSA), and laboratory investigations such as serum albumin, parathyroid hormones (PTH), vitamin D3, hemoglobin (Hb), iron status including transferrin, serum ferritin, transferrin saturation (TSAT), and erythropoietin stimulating agents (ESA) dependence (the dependency of the ESA medication for treatment of anaemia caused by CKD).


2. material and methods 

2.1 Study Design 

Participants for this prospective quantitative cohort study were recruited from July 2022 to July 2024.  Eligible participants completed a three-dose (0-1- 6-month) hepatitis B vaccination course over six months. The final patient completed the vaccination regime in January 2025. Post-vaccination response was assessed by obtaining the hepatitis B serology (HBsAb, HBsAg, HBcAb) six-eight weeks after the final (third) vaccine dose.

2.2 Recruitment 

Patients attending renal clinics under the care of the Renal Service of the Armadale Hospital in Western Australia were screened for eligibility. Patients identified with stage 4 CKD (eGFR 15-29 mL/min/1.73m2) from routine renal clinic biochemistry results were invited to participate. Study information was provided, and a screening test for hepatitis B serology (HBsAb, HBsAg, HBcAb) was conducted. Patients with serology result of HBsAb < 10mIU/mL, negative HBsAg, HBcAb and no prior hepatitis B vaccination were deemed eligible and recruited into the study.

2.3 Participation 
Participation was voluntary. All participants were fully informed about the hepatitis B virus, the rationale for vaccination, the potential side effects, risks and injection site discomfort. All participants completed the Patient Specific Information Consent Form (PICF), as approved by the East Metropolitan Health Service (EMHS) Human Research Ethics Committee (HREC), before study entry. Eligible participants with HBsAb < 10 mIU/mL were commenced on H_B_VAX II® 40 mcg administered intramuscularly in the deltoid muscle given as per unit clinical practice protocol at 0 -1- 6 - month intervals.

2.4 Data Collection
Patients’ demographic information and medical information were retrieved from the Digital Medical Records; laboratory results were obtained from the digital Information Clinical Management iSOFT database. All patient data were recorded in a password- protected Excel spread sheet with patient names de-identified and allocated study- specific coded numbers.

2.5 Data Analysis and Statistics

Analyses were performed using the Statistical Package for Social Sciences (SPSS), version 29.0.0 for Windows (IBM, Corporation, Armonk, NY, USA). 

Descriptive statistics (Mean, Standard Deviation [SD]). were used to analyse demographic data. The categoric variables were analysed using the Chi-square   test for gender, DM, CVD, HT, COPD, OSA, Serum Albumin < 35g/L and ESA dependence, and were presented as frequencies and percentages. 

The Independent Samples t- test was used to test the significance of difference of values in the continuous variables such as age, eGFR, serum albumin, PTH, Vitamin D3, HB, Transferrin, TSATs, Ferritin and the presence of number of co-morbidities. A P value of < 0.05 is considered as statistically significant.

3. RESULTS 

3.1 Demographics

A total of 106 patients (M=71, F=35) were eligible and participated in the study, seven patients deceased before completion of the vaccination regimen. The final complete dataset for analysis comprised of 99 patients (M=67, F=32). The mean age of the participants was 72.01 years +/- 10.268.

The demographics and presence of co-morbidities of the final participants (N=99) are detailed in Table 1:

	Table 1. Demographics and presence of co-morbidities


	Parameters
	Stage 4 CKD patients (N=99)


	Mean Age, years (SD)

	72.01 (± 10.268)

	Gender male, n (%)

	67 (67.7)

	Gender female, n (%)

	32 (32.3)

	DM, n (%)

	55 (52.5) 

	HT, n (%)

	69 (69.7) 

	CVD, n (%)

	53 (53.5) 

	COPD, n (%)

	10 (10.1)

	OSA, n (%)

	25 (25.3)

	S ALB <35 g/L, n (%)

	18 (18.2)

	ESA dependence, n (%)

	13 (13.1)

	Notes: DM: Diabetes Mellitus; HT, hypertension; CVD, cardiovascular disease; COPD, chronic obstructive pulmonary disease; OSA, obstructive sleep apnoea; S Alb, Serum Albumin; ESA, erythropoietin stimulating agents





3.2 Etiology of CKD

Figure 1 showing the etiologies of CKD in the study cohort included 1. Diabetic Nephropathy (28.3%), 2. Glomerulonephritis (10.4%), 3. Tubulointerstitial nephritis 11.3%),4. Hereditary or cystic disease (3.8%), 5. Nephrosclerosis/Renovascular disease (32.1%), 6. Dyscrasias or neoplasm (2.8%) and 7. Obstructive Nephropathy (11.3%). 

                [image: ]

3.3 Vaccine response

The hepatitis B vaccine response is defined by the measurement of Hepatitis B surface antibodies (HBsAb), with HBsAb < 10 mIU/mL classified as non-responders and HBsAb >10 mIU/mL classified as responders (18). The results presented in Table 2 show that 52.52% (n=52) of the participants were “Non-responders”, while 47.47 % (n=47) were “Responders” to the vaccine (P=0.001).

The range, median, and interquartile Range (IQR) of the “Responders” are further detailed in Table 2. 

	Table 2: Hepatitis B vaccine response in stage 4 CKD patients (N=99)


	Parameters
	Stage 4 CKD patients 


	Non-responders (HBsAb <10 mIU/mL) n, %

	52, 52.52%

	Responders (HBsAb > 10 mIU/mL) n, %

	47, 47.47% 
(P=0.001)

	Results of the Responders


	Min

	13

	Max

	1000

	Quartile 1

	47

	Quartile 2 (Median)

	85

	Quartile 3

	371.05

	Interquartile Range (IQR)

	324.05

	Range

	987
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3.4 Patient characteristics and vaccine response
The relationship of the patient factors and clinical factors by vaccine responders and non-responders is detailed in Table 3. Age was significantly associated with non-response (P=0.001). Clinical factors were the presence of CVD, TSAT levels, Vitamin D3 level and the presence of multiple comorbidities have a significant negative response to the hepatitis B vaccine. 
Other factors investigated in the study such as DM, HT, COPD, OSA, ESA dependence, S Alb < 35g/L, PTH, HB, transferrin and ferritin levels, did not have a significant effect on the vaccine response (P >0.05).  

	Table 3: Patient characteristics and vaccine response


	
Stage 4 CKD patients N=99


	
	Responders
(n=47, 47.47%)

	Non-Responders
(n=52, 52.52%)
	
	

	
Categoric Data ( χ2 )
	
n
	
%
	
n
	
%
	
χ2  (df)
	
P value

	Gender
        Male
        Female
	
31
16
	
65.96
34.04
	
36
16
	
69.23
30.77
	
0.121(1)
	
0.728

	DM
        Yes
        No
	
21
26
	
44.68
55.32
	
31
91
	
59.61
40.39
	
2.450(2)
	
0.294

	CVD
	
	
	
	
	
	

	        Yes
        No
	19
28
	40.42
59.58
	34
18
	65.38
34.62
	8.974(2)
	0.011*

	HT
	
	
	
	
	
	

	        Yes
        No
	32
15
	68.08
31.92
	37
15
	71.15
28.85
	2.268(2)
	0.322

	COPD
	
	
	
	
	
	

	        Yes
         No
	4
43
	8.52
91.48
	6
46
	11.54
88.46
	0.366(2)
	0.833

	OSA
	
	
	
	
	
	

	        Yes
        No
	11
36
	23.40
76.60
	14
38
	26.92
73.08
	0.199(2)
	0.905

	ESA Dependent
	
	
	
	
	
	

	       Yes
       No
	6
41
	12.76
87.24
	7
45
	13.46
86.54
	0.018(2)
	0.991

	S Alb <35g/L
	
	
	
	
	
	

	       Yes
        No

	6
41
	12.76
87.24
	12
40
	23.08
76.92
	1.764(1)
	0.184

	
Numerical data (T test)
	
Mean
Responders 
	
±SD
	
Mean
Non-responders
	
±SD
	
t (df)
	
P value

	
Age 
	
70.79
	
12.685
	
73.12
	
7.406
	
-1.128(97)
	
0.001*

	
	
	
	
	
	
	

	eGFR
	23.68
	4.274
	23.12
	4.255
	0.659(97)
	0.943

	
	
	
	
	
	
	

	S Alb
	40.32
	5.205
	38.77
	4.837
	1.536(97)
	0.937

	
	
	
	
	
	
	

	PTH 
	22.14
	17.64
	22.39
	18.712
	-0.068(94)
	0.753

	
	
	
	
	
	
	

	VitD3
	65
	24.136
	67
	30.392
	-0.357(95)
	0.028*

	
	
	
	
	
	
	

	HB
	117.36
	18.85
	119.4
	14.882
	-0.601(97)
	0.148

	
	
	
	
	
	
	

	Transferrin
	29.19
	5.072
	28.31
	5.929
	0.793(97)
	0.151

	
	
	
	
	
	
	

	TSATs
	24.77
	12.23
	21.54
	7.421
	1.604(97)
	0.045*

	
	
	
	
	
	
	

	Ferritin 
	222.28
	228.07
	218.44
	218.86
	0.085(97)
	0.531

	
	
	
	
	
	
	

	HBsAb
	260.91
	307.39
	10
	0
	5.889(97)
	0.943

	
	
	
	
	
	
	

	Number of co-morbidities
	2.11
	1.202
	2.71
	1.273
	-2.425(97)
	0.017*

	
	
	
	
	
	
	

	Abbreviations: DM: Diabetes Mellitus; CVD, cardiovascular disease; HT, hypertension; COPD, chronic obstructive pulmonary disease; OSA, obstructive sleep apnoea; ESA, erythropoietin stimulating agents; S Alb, Serum Albumin; PTH, Parathyroid Hormone; VitD3, Vitamin D3; HB, Haemoglobin; TSAT, Transferrin Saturation; HBsAb, Hepatitis B surface antibodies; SD, standard deviation
Note for P values: Chi-square  tests used for categoric variables: Gender, DM, CVD, HT, COPD, OSA, ESA Dependent, S Alb <35 g/L
                              t-test, Independent Samples t test used for numerical data for Age, S Alb, PTH, VitD3, HB, Transferrin, TSATs, Ferritin
                             * P <0.05, statistically significant




3.5 Sub-groups analysis 

Further sub-group analyses were conducted on age and eGFR detailing the vaccine response trends in relationship to these two subgroups, as well as vaccine response in the presence of co-morbidities (DM, HT, CVD, COPD, OSA, ESA dependence and Serum Albumin <35g/L).


Figure 2 showed a notably higher response in the 31-50 years group compared to the 51-70 years and 71-90 years groups. 


                         


                       [image: ]
                                 
Figure 3 showed the response rate was greater in the eGFR 26-29 sub-group compared to the sub-groups with lower eGFRs (15-20; 21-25). 


                           [image: ]
                                         
The vaccine non-responders also presented with a greater number of co-morbidities.

Table 4 and Figure 4  indicated that 43 (91.49%) of the vaccine responders (n=47) had at least one comorbidity with maximum of four comorbidities. In contrast, 50 (96.15%) of the vaccine non-responders (n=52) showed at least one comorbidity with maximum of six comorbidities. 

Table 4: Number of comorbidities
   [image: ]    Fig 4: Presence of Number of co-morbidities
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4. DISCUSSION

4.1 Discussion of results 

Hepatitis B vaccination has been a standard of practice since its development in the 1980s, prompted by  the  fatal infection outbreaks in two Edinburg hospital HD units in 1970 (5). Low vaccine response rate in the HD population, and knowledge that the immune response correlating with the degree of kidney function decline, have prompted ongoing research to achieve better vaccine response rates. Four decades on, global practices remain diverse, with varied protocols and no consensus regarding the most beneficial CKD stage to commence the vaccination. 

In Australia, a recent clinical practice pattern survey demonstrated variation in vaccination practice across the states and territories (17) The current study focused on the stage 4 CKD population to explore the efficiency and applicability of establishing a standardised beneficial CKD stage for the vaccine initiation. The study results from our 99 participants showed a low response rate even in stage 4 CKD (47.47%). The study further explored the patient and clinical factors that might influence the vaccine response, and identified that age, presence of CVD, TSATS levels, Vitamin D deficiency and co-existence of multiple co-morbidities were negatively associated with vaccine response.

· Age
The significant negative effect of age on vaccine response reported in this study  aligns with  the findings by Sit (19) and Zitt (20) .Yang explained that the bone marrow depression during  aging leads to  impaired humoral and cellular response in older people  (21) ,this  is reflected in our study cohort’s mean age of 72.01 years. The weakening of the adaptive immune system (known immunosenescence) is characterized by thymic size reduction and compromised T-cell production and differentiation, also contributes to reduced response rate (22, 23). 
Further sub-group analysis of the age factor revealed that the 31-50 years group exhibited the highest response rate compared to the 51-70 year and 71-90 year groups This analysis highlights the importance of initiating vaccination at an earlier age, particularly as younger patients are more likely to be considered for kidney transplantation. Studies have shown that organs from HBV positive donor are safe for seroprotective recipients (24), thereby expanding the kidney transplant pool and emphasizing the benefit of early vaccination to enhance seroconversion in potential kidney recipients.

· Cardiovascular Disease (CVD) 

The presence of CVD had a significant negative effect on vaccine response in the current  study, similar to the negative association found in our previous study investigating vaccine response in stage 5 non-dialysis dependent CKD patients  (16).  While there was limited literature directly support the negative effect of CVD on the hepatitis B vaccine in the CKD population, it may be  explained by the inflammatory progression in CVDs often lead to suppressed  innate and adaptive immune responses (25). In addition, it is known that a subset of T cells called Regulatory T cells ( also known as Tregs) has a crucial role in modulating immune response and maintaining immune homeostasis. Studies have shown that the inflammatory state and oxidative stress associated with CVD can lead to dysfunction or decreased numbers of Tregs (25-27). Thus, the negative hepatitis B vaccine response in CVD patients in our study could be attributed to dysfunctional or reduced Tregs.

· Transferrin Saturation (TSAT)   

Transferrin saturation (TSAT) and ferritin serve as iron status indicators in anemia management and markers of iron supplementation in CKD patients. The serum ferritin level correlates with iron stores; a low serum ferritin level indicates absolute iron deficiency in the absence of inflammation (28).Thus, TSAT is a crucial biochemical marker of overall body iron status as the ratio of serum iron to total iron-binding capacity. The TSAT levels are affected by serum iron, which can fluctuate diurnally with dietary iron intake, or rapidly decrease due to the iron sequestration in macrophages during inflammation. Therefore, low TSAT levels indicate  both iron deficiency and  inflammatory or nutritional conditions (29). 

In this study, we found that the TSAT levels negatively impacted hepatitis B vaccine response. There are few studies that explore the specific effect of TSATS on the vaccine in CKD patients reported in the contemporary literature. We hypothesize that this negative influence could be due to the underlying inflammation and nutritional deficiencies associated with low TSAT, as other studies have demonstrated that malnutrition can also negatively affect vaccine response(16, 30).Furthermore, recent evidence by Stoffel and Drakesmith suggests that iron deficiency leads to impaired adaptive immunity by reducing B-cells production, T-cell activation and proliferation (31).

· Vitamin D

Vitamin D receptors are present in nearly all immune cells and play a role in both innate and adaptive immunity (32).Vitamin D can inhibit B and T cell proliferation, reduce  inflammatory cytokine production and enhance the anti-inflammatory cytokines levels (33) ,  highlighting its importance in  immune regulation. Kashi et al 
(2021) reported that low vitamin D levels at the initiation of hepatitis B vaccination were associated with poorer vaccine response in the general population (34) . While some  studies have explored the effect of vitamin D levels on hepatitis B vaccine response in the  haemodialysis population (35, 36) , only one article by Zitt et al (2012)  reported the negative vaccine effect of low vitamin D levels in both pre dialysis and dialysis patients (35). Our prospective study cohort with stage 4 CKD confirmed that low vitamin D significantly negatively impact HBV vaccine response, aligning with Zitt’s finding. 

Given the  high prevalence of  vitamin D deficiency is in the CKD patients due to impaired availability by the proximal renal tubular cells (in decreased renal function), poor dietary intake, reduced absorption relating to gastrointestinal disturbance in CKD and reduced sunlight exposure (35, 37), improving or correcting the vitamin D deficiency could  significantly improve hepatitis B seroconversion. 

· Number of co-morbidities 
CKD patients frequently present with multiple co-morbidities (38-40). Conditions such as DM, CVD and HT are often the primary causes of CKD (41).Our study expanded to include other comorbidities such as COPD, OSA, ESA dependence (indicating anaemia) and Serum Albumin <35 (indicating malnutrition,(42, 43))  and examined their effect on vaccine response.  Our results showed 93.94% of the cohort had at least one comorbidity, with a maximum of six comorbidities. This is consistent  with the  cross-sectional study by MacRae et al, where 98.2% of adult CKD patients had at least one comorbidities (39) ,and Bowling et al showed 85.0% of the CKD patients had two or more comorbidities in their study(38). Evidently, our data further demonstrated better vaccine response with responders having fewer co-morbidities (1 - 4) than non-responders (1 - 6). These results highlighted the significant negative impact of the number of comorbidities on the vaccine response. These findings should be considered in the HBV vaccination management.
4.2 Summary of vaccine affecting factors 
This prospective cohort study revealed five factors that significantly affect vaccine response. Reasons for their negative impact can be deduced as follows: 
· Age (older): Bone marrow depression and immunosenescence leading to impaired humoral and cellular response.
· Presence of CVD: Inflammation and oxidative stress can lead to dysfunction or reduced numbers of regulatory T cells (Tregs).
· TSAT (low): Indicative of inflammation, malnutrition and impaired adaptive immunity due to reduced B-cell production, T-cell activation and proliferation.
· Vitamin D (deficiency): Impaired regulation of immune response, including inhibition of B & T cells proliferation and altered cytokines production.
· Multiple co-morbidities: A higher number of morbidities exerts a stronger negative effect on immune function and vaccine response

 4.3 Significance of the study

Although the response rate of the stage 4 CKD patients was low, the identified affecting factors could play a vital role in enhancing the response rate and may inform future research. Our results highlight that ensuring the younger patients are vaccinate no later than stage 4 CKD is crucial, particularly to promote seroconversion for increasing opportunities in the kidney transplant recipient pool. The knowledge of the Vitamin D3 deficiency and improving TSATs /iron deficiency could also enhance the vaccine response rate. These findings could help establish a standard practice to commence the vaccine no later than stage 4 CKD, in addition to targeting these individualized factors. Finally, while new recommendations advocate for  HBV vaccination at birth in the younger generations (44), the fact that the HBsAb levels and protective immunity is not long lived and wane over time, as evidenced by many studies (45, 46), underscores the continued importance of  tailored, individualized vaccine programs for CKD patients .  

4.4 Limitation of the study

It is possible that the observed low vaccine response rate is partly attributed to the higher number of older age participants. Further studies should include younger participants.  It is acknowledged that younger patients can be challenging to recruit due to the rigorous nature of the vaccination program commitment, the pre-selection serology screening for eligibility, the time and travel commitment to the clinic, which may disincentivize potential younger participants engaged in the workforce. This is a single center cohort study with voluntary recruitment. A larger sample to include all clinic attendants with stage 4 CKD as well as a control group should be considered in future studies.


5. CONCLUSION

This study demonstrated that the hepatitis B vaccine response rate even commencing in stage 4 CKD is low, emphasizing the critical importance of early vaccination before progression to dialysis. Recognizing the identified influencing patient and clinical factors could also contribute to individualizing and prioritizing vaccination management strategies. 
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Figure 3: Vaccine response rate as sper eGFR sub-groups
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Table 4 : Number of comorbidities

number of Co- Responders Non-responders
morbi (n=47) (n=52)
0 4 2
1 12 7
2 13 11
3 11 22
4 7 5
5 0 4
6 0 1
7 0 0
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Figure 4: Presence of number of co-morbidities
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Figure 1 Etiology of CKD for study cohort
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Figure 2 Age sub-groups and vaccine response
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