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Evaluation of IgG Antibody Response to HPV Vaccination among Urban and Rural Populations in Ebonyi State, Nigeria

Abstract.
Background: Human Papillomavirus (HPV) is still one of the most widespread sexually transmitted diseases as well as a major cause of cervical cancer in the world. Immunization, especially the production of IgG antibodies is an essential pointer of protection that has been induced by the vaccine. The research study measured and compared the levels of IgG antibody and the immune index (ABS and INDEX) after the HPV vaccination among the urban and rural communities in Ebonyi State, Nigeria. There were 278 participants who received the vaccination that had been recruited; 139 in Abakaliki (urban) and 139 in Ezza North (rural). Methods: In order to determine the levels of serum IgG, Enzyme-Linked Immunosorbent Assay (ELISA) was used and the test results were analyzed through independent t-tests, Chi-square, and logistic regression. Results: The findings showed that the mean levels of IgG were also significantly more in Abakaliki (ABS 0.598 ± 0.340; INDEX 3.62 ± 2.08) than in Ezza North (ABS 0.072 ± 0.096; INDEX 0.43 ± 0.58). The difference in the response of antibodies was significantly different (t = 17.53, p < 0.00001). The percentage of vaccination and IgG positivity was also larger in Abakaliki (86.3%) compared to Ezza North (69.1%). The logistic regression analysis revealed that the participants in urban areas were two and half times more likely to develop a positive IgG response in comparison to the participants in the rural area (p = 0.032) (p<0.05). Conclusion: The results indicate that there is a strong urban-rural gap in immunity developed due to HPV vaccination, and that vaccine manipulation, access to healthcare, and socio-environmental conditions affect the immune measures. Strengthening cold-chain infrastructure, enhance outreach vaccination in rural areas, and increase awareness of the population to have equal vaccine efficacy can play a role in the reduction of HPV-related diseases in Nigeria.
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Introduction
Human Papillomavirus (HPV) is among the commonest sexually transmitted disease in the world and a leading etiological agent of cervical cancer [1] which is a major public health concern, especially in underdeveloped nations with low and middle incomes [2]. According to the estimates by the World Health Organization (WHO), persistent HPV infection, and in particular, the high-risk genotypes of HPV 16 and 18, are the cause of cervical cancer in more than 95 percent of cases [3]. HPV vaccination has shown to be a beneficial preventative measure against HPV, which causes strong humoral responses and long protection against HPV infection and malignancy [4].
HPV vaccine protection is immunologically based on the production of the neutralizing antibodies, mainly Immunoglobulin G (IgG), preventing the viral entry and replication in the host epithelial cells. The level of serum IgG is consequently one of the most significant biomarkers to determine the power and duration of immune response after vaccination [5]. Some of the studies have shown that high IgG levels are associated with long-term protection and low exposure to HPV-associated diseases [6]. Nevertheless, the new data shows that socioeconomic, environmental, and healthcare delivery disparities have the potential to affect vaccine immunogenicity resulting in uneven antibody responses across various populations [7].
The coverage of HPV vaccination is not optimal in Nigeria, and the disparity between Nigerian cities and rural populations is very high [8]. Urban residents have more advantages in the form of improved healthcare infrastructure, the availability of vaccines, and cold-chain, and rural communities have issues with poor vaccine storage, low awareness, and poor healthcare-seeking behavior [9]. These disparities can be converted into quantifiable variations in subsequent vaccination outcomes of immunization, and finally influence the effectiveness of HPV immunization strategies, as a whole. The awareness of such disparities is important to maximize the benefits of vaccination methods and attain fair cervical cancer prevention activities [10].
Although the introduction of HPV vaccination campaigns in Nigeria has been carried out, there are limited studies that have looked at the immunological response of this vaccine in various population settings. Past studies have devoted a lot of attention to vaccine uptake and awareness and very few studies have dealt with comparative antibody response in both urban and rural population. It is thus necessary to measure the immunology of the HPV vaccination in these different settings to determine any possible gaps in the delivery and efficacy of the vaccine.
The purpose of this study was to compare and contrast IgG antibody and immune indexes (ABS and INDEX) between vaccinated people living in urban (Abakaliki) and rural (Ezza North) communities of the city of Ebonyi, Nigeria. The study can inform the immunological efficacy of HPV vaccination in various population settings by examining the magnitude of the vaccine-induced IgG responses as well as the factors affecting the magnitude of responses. 
Method
Study Area
The research was carried out in the Ebonyi State Ezza North and Abakalik LGA, Nigeria. Ezza North is a largely rural area whose healthcare amenities are low, with low vaccine coverage, and low socioeconomic indicators. The capital of the state, Abakaliki, is urbanized and has a more developed health care infrastructure, a greater level of literacy, and a relatively greater vaccination rate. The target population  is those that are aged 926 years old and have previously received at least one dose of the HPV vaccine. This is the age range in the WHO guidelines regarding the HPV vaccination which is aimed at preadolescents, adolescents and young adults. The participants were recruited in the two LGAs in schools, health facilities, and community outreach programs. These are the peculiarities that allow comparing the two LGAs in this study (Figure 1)
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Figure 1: Map of Ebonyi State showing Ezza North and  Abakaliki local government 
 Source: Ude (2011).
 Research Design
The present study was a comparative cross-sectional research design to measure the IgG immune response of HPV-vaccinated people in Ezza North and Abakaliki LGAs. Cross-sectional designs are most suitable in assessing the immune response and distinguishing between the populations of different populations at a given time [11]. The criteria of inclusion are that the individuals must be aged between 9 and 26 years old, be residents of Ezza North or Abakaliki LGA at least one year long and be willing to give an informed consent or assent (with parental consent in cases of minors). The exclusion criteria are those people who have not received all vaccinations or have no idea of their vaccination status, pregnant people (hormonal changes can affect the level of IgG), as well as those who have known immunosuppressive conditions or immunosuppressive treatment.

3.4 Sample Size Determination
The sample size was determined using a standard formula for cross-sectional studies:
studies.


Where:
n = sample size
Z = standard normal deviation at 95% confidence level (1.96)
p = estimated HPV prevalence in similar populations (based on previous studies or literature, often at 10%)
e = margin of error (typically set at 5%):
Therefore:



Thus, the computed sample size was 139 participants for one study location 
Sampling Method and Collection of Samples.
Multi-stage sampling was used where the selection of wards in each LGA was done randomly in order to provide geographical coverage. In the chosen wards, schools, health, and communities, the selection was purposively convenient with regard to the possibility of having participants who qualify under the inclusion criteria. 5mL of venous blood was collected using sterile syringes and vacutainer tubes and a certified phlebotomist recruited the participants and collected the blood [12]. The venipuncture was done in accordance with WHO-suggested guidelines regarding the blood collection practices to prevent any complications and discharge the samples intact [13]. The minimization of the risk of contamination was achieved by the use of standard aseptic procedures such as gloves, alcohol swabs, and disposable needles [14]. All the gathered blood specimen was marked with special identifiers so as to track it and send it to the laboratory in coolers with ice packs. Separated serum was frozen at -20 o C until analysis [15]. Observation of participants was conducted in the short term following the collection of samples in case of adverse reactions.

 Laboratory Analysis
The individual sample serums were tested on IgG concentrations using Enzyme-Linked Immunosorbent Assay (ELISA) kits of HPV antibodies. ELISA is a gold standard method of detecting antibodies because it is highly sensitive and specific. The assay had been conducted in two doses in order to guarantee reliability and consistency of the results.
Lab procedures were done as per the instructions given by the manufacturer in ELISA kit. These involve preparation of reagents, serial dilutions of samples and optical densities on ELISA plate reader. The findings were then related to the standard curve to measure the levels of IgG. The standard operating procedures were also followed by all the staff in the laboratories to ensure accuracy and reproducibility [16].
 Data Analysis
The comparison of the means of IgG between the Ezza North and Abakaliki LGAs was done using independent samples t-tests. T-test was used to determine the difference in IgG levels among sub-groups through R coding statistical analysis software. Statistical analysis (Independent t-test, Chi-square, logistic regression)
Results
The IgG levels in HPV-vaccinated individuals in Ezza North LGA and Abakaliki LGA
Table 1 indicates that there is a pronounced difference in IgG antibody levels and the indices of the immune response in the population of the Abakaliki LGA and Ezza North LGA with respect to the vaccination status. The mean IgG level (ABS) in Abakaliki was 0.598 and standard deviation=0.340. Its median was 0.574, range of interquartile is 0.287 to 0.922, and values were in the range of 0.056 to 1.185. Conversely, the standard deviation of 0.096 gave the mean ABS of 0.072 in Ezza North. The median was 0.057 with the interquartile range of 0.020 to 0.091 with the values of 0.001 to 0.946. This implies that the mean concentration of IgG in Abakaliki was approximately eight times greater when compared to Ezza North and most of the rural responses were concentrated towards the lower end of the scale.
On the same note, the index of immune response (INDEX) in Abakaliki was a lot higher than in Ezza North. The standard deviation of 2.08 and the mean of 3.62 gave the mean of 3.58 and the range of the interquartile of 1.82 to 5.16 as the mean INDEX in Abakaliki. The values were ranging between 0.36 and 7.94. In Ezza North, the mean INDEX was 0.43 and standard deviation was 0.58, median was 0.35, interquartile of 0.12-0.55 and the range was 0.006 to 5.73. Once again, the mean response in Abakaliki was greater than eight times bigger than the one in Ezza North (Table 1a)
Table 1a:  IgG Levels (ABS) and INDEX  in-vaccinated individuals in Ezza North LGA and Abakaliki LGA.
	Group
	N
	ABS Mean ± SD
	ABS Median (IQR)
	ABS Range
	INDEX Mean ± SD
	INDEX Median (IQR)
	INDEX Range

	Abakaliki
	139
	0.598 ± 0.340
	0.574 (0.287–0.922)
	0.056–1.185
	3.62 ± 2.08
	3.58 (1.82–5.16)
	0.36–7.94

	Ezza North
	139
	0.072 ± 0.096
	0.057 (0.020–0.091)
	0.001–0.946
	0.43 ± 0.58
	0.35 (0.12–0.55)
	0.006–5.73


Percentage of Neg/POS of IgG Levels (ABS) and INDEX  in-vaccinated individuals in Ezza North and Abakaliki LGA
The findings indicate that there are drastic differences in the level of IgG and response rates of the two study groups. The IgG concentration (ABS) mean of Abakaliki was 0.598 as 0.340 with a median of 0.574 (IQR: 0.287-0.922). There was also a high index of immune response with the average of immune response being 3.62 + 2.08 but the median of this index was 3.58 (IQR: 1.82 5.16). On the IgG status, 86.3% (n=120) of the participants were positive, 8.6% (n=12) negative and only 5.0% (n=7) were equivocal.
Comparatively, the members of Ezza North responded with considerably reduced immunity. They had a mean ABS of 0.072, SD= 0.096 with a median of 0.057 (IQR: 0.020-0.091), and a mean INDEX of 0.43, SD= 0.58 with a median of 0.35 (IQR: 0.12-0.55). Distribution of the IgG status demonstrated that 69.1% (n = 96) were positive, 27.3% (n = 38) negative and 3.6% (n = 5) equivocal. (Table 1b)
Table 1b: Percentage of Neg/POS of IgG Levels (ABS) and INDEX in-vaccinated individuals in Ezza North and Abakaliki LGA
	Group
	N
	ABS Mean ± SD
	ABS Median (IQR)
	INDEX Mean ± SD
	INDEX Median (IQR)
	EQ (n, %)
	NEG (n, %)
	POS (n, %)

	Abakaliki
	139
	0.598 ± 0.340
	0.574 (0.287–0.922)
	3.62 ± 2.08
	3.58 (1.82–5.16)
	7 (5.0%)
	12 (8.6%)
	120 (86.3%)

	Ezza North
	139
	0.072 ± 0.096
	0.057 (0.020–0.091)
	0.43 ± 0.58
	0.35 (0.12–0.55)
	5 (3.6%)
	38 (27.3%)
	96 (69.1%)


 The independent t-test comparing IgG levels (ABS) between Abakaliki and Ezza North
Independent t-test between the IgG levels (ABS) of Abakaliki and Ezza North indicates that the t-statistics is 17.53 with a p-value of less than 0.00001 which is highly significant. This indicated that the level of IgG antibody in vaccinated people of Abakaliki was significantly higher than in Ezza North, which means that the difference in immune responses was statistically significant and not accidental (Table 2).

Table 2: The independent t-test comparing IgG levels (ABS) between Abakaliki and Ezza North

	Comparison
	t-Statistic
	p-Value

	Abakaliki vs. Ezza North (ABS)
	17.53
	< 0.00001


The summary results of IgG antibody levels and  positivity rates and HPV vaccination rates in urban community of Abakaliki and the rural community of Ezza North
It also show a great disparity in the level of IgG antibodies and the coverage of HPV vaccination between the rural community of Ezza North and urban community of Abakaliki. Regarding the level of antibody, the participants in Abakaliki had significantly higher levels of ABS, which was 0.598 +/- 0.340 mean of IgG and ABS of 0.072 +/- 0.096 in Ezza North. This difference was also observed in the median values, as Abakaliki had the median of 0.574 (IQR 0.2870.922) and Ezza North had the median of 0.057 (IQR 0.0200.091). Equally, the IgG index value was significantly higher in the city of Abakaliki (mean 3.62 ± 2.08; median 3.58) compared to that of Ezza North (mean 0.43 ± 0.58; median 0.35). Categorically in serostatus, 86.3 percent of the persons in Abakaliki were found to be IgG positive, but only 69.1 percent in Ezza North and over three times higher in the rural compared to the urban groups, who were IgG negative (27.3 and 8.6 percent). This was a significant difference as indicated in the independent t-test of the IgG levels (t = 17.53, p < 0.00001). Regarding the uptake in terms of the vaccination coverage, Abakaliki was found to have a higher uptake rate since 120 out of the 139 participants (86.3 percent) in Abakaliki were vaccinated compared to 96 out of the 139 participants (69.1 percent) in Ezza North. This difference was statistically significant using chi -square test (Chi 2 = 10.981, p = 0.00092) (Table 3).

Table 3: The IgG antibody levels and positivity rates and HPV vaccination rates

	Group
	N
	ABS Mean ± SD
	ABS Median (IQR)
	INDEX Mean ± SD
	INDEX Median (IQR)
	EQ (n, %)
	NEG (n, %)
	POS (n, %)
	Vaccination Rate (%)

	Abakaliki (Urban)
	139
	0.598 ± 0.340
	0.574 (0.287–0.922)
	3.62 ± 2.08
	3.58 (1.82–5.16)
	7 (5.0%)
	12 (8.6%)
	120 (86.3%)
	86.3%

	Ezza North (Rural)
	139
	0.072 ± 0.096
	0.057 (0.020–0.091)
	0.43 ± 0.58
	0.35 (0.12–0.55)
	5 (3.6%)
	38 (27.3%)
	96 (69.1%)
	69.1%


Key: ABS: IgG absorbance (antibody concentration), INDEX: Computed immune response index, EQ: Equivocal; NEG: Negative; POS: Positive IgG, t = 17.53, p < 0.00001 → Significant difference (Urban > Rural), χ² = 10.981, p = 0.00092 → Significant difference in vaccination rate (Urban > Rural)
 Logistic Regression Coefficients of comparison of factors that affect immune response to HPV vaccine between urban and rural communities of Ebonyi State
The findings of the logistic regression analysis that assessed predictors of IgG antibody response after vaccination against HPV are given in Table 4. There was a significant positive intercept ( = 0.7919, p < 0.001), thus, a high probability of the immune response with no or very minimal input to mounting the immune response. ABS variable (3.5790, p = 0.363) and INDEX ( -0.5731, p = 0.363) failed to demonstrate statistically significant relationships with IgG positivity indicating that in this dataset neither of these two variables was a strong predictor. A large effect was observed, however, with group (urban vs rural). Group Binary coefficient was 1.0068 (p = 0.032) with a 95% interval of 0.085 to 1.928. This means that the subjects in urban Abakaliki had a higher tendency of a positive IgG response than the rural Ezza North.

Table 4: Logistic Regression Coefficients of comparison of factors that affect immune response to HPV vaccine between urban and rural communities of Ebonyi State
	Variable
	Coef. (β)
	Std. Err.
	Z
	p-Value
	95% CI [Lower, Upper]

	Intercept
	0.7919
	0.190
	4.166
	0.000
	0.419 – 1.164

	ABS
	3.5790
	3.937
	0.909
	0.363
	-4.137 – 11.295

	INDEX
	-0.5731
	0.630
	-0.910
	0.363
	-1.808 – 0.661

	Group_Binary
	1.0068
	0.470
	2.141
	0.032
	0.085 – 1.928


 Odds Ratios (from Logistic Regression) of comparison of factors that affect immune response to HPV vaccine between urban and rural communities of Ebonyi State
It is the odds ratios based on the logistic regression model and it provides a better understanding of the role of each factors in the development of IgG antibody response following the HPV vaccination. The intercept indicates an odds ratio of 2.21 (p < 0.001) which means that there is a high likelihood of seroconversion at the baseline. The odds ratio of ABS was very high (35.84), however, this was not statistically significant (p = 0.363), which implies that it is not reliable to predict response in this dataset. Equally, INDEX had an odds ratio that was lower than 1 (0.56, p = 0.363), which was not significant, indicating weak predictive ability.
On the contrary, the odds ratio of the group variable (urban vs rural) was 2.74 (p = 0.032), which indicated that the participants in Abakaliki (urban) were nearly three times more likely to mount an IgG response than those in Ezza North (rural). This supports previous results of the chi-square tests and descriptive analysis that location along with the social and healthcare factors related to it determines the ultimate outcome of immune response (Table 5) decisively.



 Table 5: Odds Ratios (from Logistic Regression) of comparison of factors that affect immune response to HPV vaccine between urban and rural communities of Ebonyi State
	Variable
	Odds Ratio
	p-Value

	Intercept
	2.21
	0.00003

	ABS
	35.84
	0.363

	INDEX
	0.56
	0.363

	Group_Binary
	2.74
	0.032 


Discussion
The significantly higher average IgG absorbance and the immune index in Abakaliki than in Ezza North (Abakaliki ABS 0.598 + 0.340 vs Ezza North 0.072 + 0.096: t = 17.53, p = 0.00001) is in agreement with the fact that licensed HPV vaccines can produce robust and long-lasting humoral immunity under optimal conditions. Sustained seropositivity and maintenance of antibody levels several years after full vaccination confirmed by long-term follow-up and clinical trial data demonstrate that the vaccine has enough biological potential to induce a long-term IgG response in case storage, handling and dosing regimens are maintained [17].
Population level syntheses underscore the fact that the coverage and strategy of delivery of programmes on HPV immunization has both a direct and herd effects on HPV immunization. Multi-cohort campaigns and high coverage have been reportedly associated with the highest decrease in HPV infection and pre-cancerous lesions, and patchy or low coverage suppresses individual and population-level benefits [18]. The fact that Abakaliki (86.3) had higher rates of vaccination and IgG-positivity than Ezza North (69.1) therefore may mean that these gaps may be major contributors to the greater antibody reactions of the urban cohort and may imply that the rural population may not be getting much of the indirect benefits of herd protection in the event that these gaps do not improve [19].
Operational and logistics issues allow us to offer a plausible proximate explanation of the decreased measured antibody titers in rural environments. The implementation studies and program evaluations in low- and middle-income countries report that the last-mile distribution issues, intermittent power, and cold-chain leakage is an ordinary problem in the resource-constrained regions and may lower the vaccine potency and the observed immunogenicity [20]. In the context of cold-chain integrity and complete dosing is not achievable, field-measured antibody levels can be weakened despite an effective vaccine because of the importance of fortifying these supply-chain factors has been noted [21].
Both uptake and immunological outcomes are also determined by the sociodemographic and delivery-platform determinants. Recent mixed-methods and survey research in sub-Saharan Africa demonstrates that caregiver knowledge, access to delivery in schools, organization of service and vaccine hesitancy are associated with individuals who are vaccinated and adherence to schedule; all these factors are associated with timing and completion of dosing and subsequent magnitude of the antibody [33,34]. Your logistic regression that urban residence is an indicator of seropositivity (OR 2.74, p = 0.032) is consistent with the regional data that urban populations are more likely to use an organized delivery platform and have better completion rates, which is presumably intended to contribute to the stronger serological responses in the urban cohort [33,34].
New findings of lower dose schedules introduce a twist in the interpretation of the intergroup differences in the antibody levels. Since 2019, there have been several observational and trial reports indicating that single dose or delayed dose regimens can offer strong protection in many settings; however, serotiter is often less following the single dose and the long term durability is still the matter of ongoing study (recent reviews 2019-2023). In addition, suggesting that the disparity between your cohorts in terms of dosing completeness/length of time since vaccination could partly account for lower rural titers, this study underscores the importance of including verified dosing-history and time data in future studies (recent reviews and trial updates).
Put collectively, the literature suggests three practical implications to your findings. To begin with, contextual and programmatic deficiencies explain (better) the low rural titers than does an inherent vaccine failure. Second, there is a need to lessen the disparity in the coverage and delivery of HPV in cities and rural areas at both the individual level and to obtain the population-wide reductions in HPV-related illness that elimination models predict. Third, targeting of operational research linking serology with cold chain monitoring and keeping dosages-verified histories of contextual variables, such as nutrition, comorbidity, Lange's timing could better isolate drivers of given interventions such as strengthening cold chains, expanding school-based delivery or catch-up campaigns that could be directed at rural areas (Brisson et al., 2020; WHO, 2021; Gavi, 2020).
They also need to recognize limitations of interpretation: recommended studies on measured antibody titers are sensitive to time since last dose and number of doses administered and without absolute and well validated dosing histories and cold-chain records they cannot be unambiguously ascribed to any single cause low rural titers. Combined operational monitoring data and longitudinal serology will be most informative in future work in order to inform programmatic decision-making (Brisson et al., 2020; Otieno et al., 2021).
Conclusion
The findings of the study show that there exists an urban-rural disparity in HPV vaccine-elicited IgG antibody reaction among vaccinated individuals in the Ebonyi State in Nigeria. The levels of IgG (mean ABS 0.598 0.340) and the levels of the immune index (mean INDEX 3.62 2.08) were significantly higher in the participants of Abakaliki (urban) than the participants of Ezza North (rural) whose mean ABS and INDEX 0.072 0.096 0.43 0.58, respectively. This was very significant as indicated by independent t -test ( t =17.53, p less than 0.00001) but the logistic regression ( OR = 2.74, p = 0.032) revealed that urban participants were almost three times more apt to mount positive response in IgG in contrast to rural participants. These results suggest that the HPV vaccination is immunologically active but effects are enhanced by environmental, infrastructural and socio-economic determinants of HPV vaccinations that differ between the urban and rural populations.
The reasons that could have explained these differences include the ease of access to healthcare, more robust systems of administering vaccines, and improved cold-chain systems in urban locations. On the other hand, the rural environment has been challenged in the aspect of the lack of uniform supply of vaccines, lack of sufficient healthcare centers, lack of effective community health education, and the likelihood of cold-chain interferences. Such discrepancies may influence the efficiency of the HPV immunization programme in Nigeria overall and slack the goal of providing equal cervical cancer prevention. These results draw attention to the fact that it is necessary to address logistical, infrastructural, and behavioral determinants limiting the measures against vaccine coverage and immune response in rural populations.
Recommendations
Enhancement of the Rural Immunization Infrastructure: The government and the public health organizations are intended to enhance healthcare infrastructure and avail good cold-chain facilities in the rural communities. The storage facilities in which the vaccines are kept have to be checked and assessed regularly in order to make sure that the immunogenicity is not lost as well as the vaccines remain in their potent state. Enhanced Community-Based Outreach: door to door immunization, school based programmes, mobile clinics should be intensified in order to promote the rural vaccination programmes. These efforts will enhance accessibility and more so in the case of adolescent girls who are the central subjects of HPV vaccination.
It is necessary to create comprehensive education programmes which will dispel the myths about vaccines against HPV and make people know more about their benefits. The positive attitude towards vaccination needs to be promoted by the involvement of social leaders, educators, and churches. Policy and Governmental Pledge: The Ministry of Health should pay attention to the equal access to vaccines and invest in the under-serviced places. It will be sustainable by introducing the use of HPV vaccination to the existing primary healthcare services and National Immunization Programme. Research and Monitoring: The problems concerning the immune response such as nutritional state, intervals of administration, and management of vaccines in rural settings require to be researched. Continuous serological monitoring will help in assessing the efficacy of the vaccine, and providing a policy adjustment.
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