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[bookmark: _Toc159308548]INTRODUCTION
[bookmark: _Toc159308549]1.1 Background 
The COVID-19 pandemic and its impacts across the world strengthened the case for disease surveillance. As we navigate the post-peak phases of COVID-19 and adapt to new variants, robust surveillance remains paramount for effective public health responses, resource allocation, capacity building and policy formulation. Population surveillance serves as a sentinel, allowing health authorities to understand patterns of the virus transmission, identify emerging strains, anticipate potential surges in infections as well as health services utilization delivery. 
In Kenya, the proactive response to the COVID-19 pandemic has been spearheaded by the Kenya Ministry of Health, in collaboration with research institutions such as the KEMRI Wellcome Trust Research Programme (KWTRP), African Population and Health Research Center (APHRC), and KEMRI Center for Global Health Research/Centers for Disease Control Kenya (KEMRI-CGHR/CDC Kenya) among others. This concerted effort has resulted in the implementation of SARS-CoV-2 serosurveillance initiatives across diverse populations of interest over a period of time.
Ongoing Health and Demographic Surveillance Systems (HDSS) situated in various parts of the country have provided a ready research framework on which surveillance of SARS-CoV-2 got embedded. The HDSS framework not only serves as surveillance infrastructure, but also as a dynamic platform, that enables the collection of context-specific data critical for evidence-based decision-making. By generating data on diverse populations, the serosurveillance efforts have provided a broader epidemiological picture as well as enabling impact assessment.
In this report, we share results from the fourth sero-survey conducted from July to October 2023 among residents of two informal settlements in Nairobi, namely Korogocho and Viwandani. The Nairobi Urban Health and Demographic Surveillance System (NUHDSS), run by APHRC, served as the sampling framework from which we made a random selection of participants. Different collaborators in Kisumu, Kilifi, Siaya, and Kibera area in Nairobi separately conducted similar surveys.
[bookmark: _Toc159308550]1.2 Rationale for the study 
While the peak of the COVID-19 is long gone, it remains essential to acquire reliable, representative, and current estimates of SARS-CoV-2 antibody levels at population level in country. This necessity stems from the imperative to monitor the trajectory of COVID-19 epidemic and inform the level of preparedness of public health interventions, including vaccination initiatives. Conducting successive surveys on antibody prevalence among diverse segments of the general population serves the purpose of elucidating shifts in the overall proportion of the population with antibodies, a marker of protection. These data can give insights about regions with immunity gaps, thereby informing targeted interventions like vaccination campaigns tailored to specific populations. Additionally, these endeavours shed light on the extent to which vaccination contributes to immunity and facilitate assessments of the duration of immunity following natural infection or vaccination within distinct population cohorts. 
[bookmark: _Toc159308551]1.3 Objective of the Study 
The goal of the KEMIS project is to develop a pathway towards establishing an integrated, nationally representative, population-based sero-surveillance program in Kenya while continuing to conduct SARS-CoV-2 sero-surveillance in the interim.

Specific objectives included: 

1. To track SARS-CoV-2 antibody seroprevalence in 2022 and 2023 in the NUHDSS by determining the proportion of seropositive individuals with neutralising antibodies.
2. To produce policy relevant output and recommendations for decision makers.





[bookmark: _Toc159308552]METHODOLOGY
[bookmark: _Toc159308553]2.1 Setting 
The research took place in two informal settlements, Korogocho and Viwandani, situated on the outskirts of Nairobi City. The African Population and Health Research Center (APHRC) has been managing a health and demographic surveillance system since 2002, which covers a population of roughly 80-100,000 individuals. The NUHDSS research team continually updates the status of this population. These two informal settlements are just a few of the numerous comparable settlements in Nairobi City, characterized by poor housing, overpopulation, underemployment, poverty, and inadequate access to social amenities, including health services. 
[bookmark: _Toc159308554]2.2 Design 
This was a cross sectional survey conducted on a random sample of residents of the Nairobi Urban Health and Demographic Surveillance area. The NUHDSS database was used as the sampling frame for a selecting a random sample. Participants who had been sampled but found to have either out-migrated or died were replaced with participants with similar demographic characteristics. However, in this round this challenge of missing residents was limited, since we used a more recently updated sample list from a household listing exercise conducted shortly before the survey. We also replaced participants with failed phlebotomy. 
[bookmark: _Toc159308555]2.3 Population 
We utilized the population register of the Nairobi Urban Health and Demographic Surveillance System (NUHDSS) as a basis for identification of usual residents of the two communities. 
[bookmark: _Toc159308556]2.3.1 Inclusion criteria 
· Usual NUHDSS residents of all ages who were willing to provide consent were included in the study. 
[bookmark: _Toc159308557]2.3.2 Exclusion criteria 
· [bookmark: _Toc157012769][bookmark: _Toc159308194][bookmark: _Toc159308558]Residents with bleeding disorders and other medical contraindications for venipuncture were exempted.
· For practical reasons, we excluded children less than six months of age.  

[bookmark: _Toc159308559]2.4 Sample size estimation and sampling
The target sample size of 300 participants aged below 15 years was estimated adequate for estimating a seroprevalence of 1% with a margin of error of 2%. The target sample size of 550 participants in the 15-64-year age group was estimated to be sufficient to estimate a seroprevalence of 3-5% with a margin of error below 5%. To ensure a representative sample, we stratified the population by age and selected 50 individuals for each 5-year age band within the range of 15-64 years, and 100 individuals for the 5-year age band of 0-14 years. In addition to this, 10 percent of this study sample was conveniently selected and engaged in a pilot aimed at understanding the feasibility of using dry blood spot (DBS) filter paper and the mitra device for SARS-CoV-2 serosurveillance. 
[bookmark: _Toc159308560]2.5 Participant identification 
The database includes unique individual identifiers such as name, sex, age, ethnicity, and area of residence of all individuals. A trained team of interviewers went to the field to identify the sampled individual using information from the NUHDSS. Upon positive identification, the process of consenting began by provision of information on the objectives of the study, potential benefits, risks, and the study procedures. Upon consenting, interviews and sample collection were conducted at a central place within the community where APHRC has an office and field laboratory. The study adhered to COVID-19 prevention protocols such as maintaining physical distancing, wearing facemasks, and practicing hand hygiene.
[bookmark: _Toc159308561]2.6 Interview tools 
A quantitative questionnaire was developed for this study with closed-ended questions to gather data on socio-demographic and clinical characteristics of the participants. The socio-demographic section included key variables such as residency status, level of education, religion, age, gender, usual place of residence, and socio-economic status. The clinical characteristics section contained questions on exposure and symptoms, access to COVID-19 prevention services, uptake of COVID-19 vaccine and immunization status. We also added a section focussing on the DBS process. The last part of the questionnaire included a laboratory report on sample collection status, sample storage, and blood grouping. The questionnaire was administered in Swahili.
[bookmark: _Toc159308562]2.7 Blood collection, management and analysis
For the venous blood sample collection, participants aged 5 years and older provided a blood sample of 5ml, while those under 5 years provided 2ml. Each blood sample was labelled with a unique identifier that linked it to the individual participant's data collection form. The samples were centrifuged on-site, and the serum was separated within 24 hours of collection. The serum samples were stored at a temperature of -20°C and later transported to KWTRP laboratories on dry ice. 
For DBS sample collection, we used filter paper and the Mitra device. DBS samples collected by filter paper were air dried completely; the filter paper was cut into two and correctly labelled. One of the cut pieces was kept in a zip loc bag with desiccant sachets and stored at room temperature. The second piece of filter paper was equally kept in a zip loc bag and stored under -20 degrees freezer. 
Mitra DBS samples were fully dried; the tips were popped off using applicator sticks and kept in a zip loc bag correctly labelled. The same were stored in -20 degrees freezers and later shipped for elusion and analysis. 
Enzyme-linked immunosorbent assay (ELISA) was used to screen the samples for the presence of SARS-Cov-2-specific IgM and IgG antibodies. The prevalence of exposure to SARS-CoV-2 was determined as the proportion of samples tested that were positive for IgM or IgG to SARS-CoV-2. 
[bookmark: _Toc159308563]2.8 Ethics considerations
The entire research program, including its other components, had its study protocol submitted for ethics review by KWTRP. After obtaining clearance from the Health Directorate office of the Nairobi Metropolitan Services to conduct the study in Nairobi County, measures were taken to prevent the spread of SARS-CoV-2 infection among study staff and participants during the study procedures, including consenting, sample collection, and data collection. All eligible participants were informed of the objectives, benefits, and risks of participating in the study and were given the choice to participate voluntarily. Written informed consent was obtained from all eligible participants before any procedures were carried out, and assent was obtained from minor participants. The investigators underwent research ethics training and have valid certificates for this. To protect confidentiality, individual data was anonymized. Potential risks and discomfort associated with blood collection were explained ahead of time, and a competent and qualified laboratory technologist conducted sample collection. Participants were given a signed copy of the consent document, and community-level dissemination events were organized to share information about the COVID-19 situation in the community and individual results for those who requested them.
[bookmark: _Toc159308564]2.9 Data quality and data management
To maintain the integrity of our data, we implemented various measures, which included:
· Providing training to field staff before data collection to ensure they understood the data collection procedures.
· Reviewing data tools during the training ahead of the data collection period to minimize discrepancies and enhance comprehension of the questions.
· Administering the questionnaire in Swahili, the language spoken by the residents of the project site.
· Holding weekly data review meetings with field staff to address any issues arising from the field.
· Conducting sample checks on households that had been interviewed to verify the accuracy of the data collection and interview processes.
[bookmark: _Toc159308565]2.10 Data analysis
The data was analysed using STATA Version 17 software, and the findings are presented in the form of frequencies and percentages. Specifically, we summarize age, gender, religion, and education level.
2.11 Community engagement
Prior to the commencement of data collection, the research team conducted community awareness initiatives to encourage participation. 
i) Inception meetings with sub-County Health Management Teams
Korogocho and Viwandani are situated in the Ruaraka and Makadara Sub Counties of Nairobi, respectively, from an administrative standpoint. We held meetings with the health management teams in each sub-county to provide information on the study's purpose, scope, and anticipated results. Dialogues to brainstorm and offer suggestions for collaborations and assistance followed this. Subsequently, we collaborated with the community strategy coordinators from both locations to facilitate community entry.
ii) Inception meeting with community local administrative leaders 
We held sensitization meetings with local community leaders to acquaint them with the project and seek their input and guidance on the most effective ways to engage the wider community. Attendees at these meetings included representatives from the county such as assistant county commissioners, as well as senior chiefs, their assistants and members of the community advisory committee for both sites. The main objective of this exercise was to update community leaders about the project, secure their backing, dispel any misconceptions among community members, and alleviate the stigma around COVID-19 issues.


iii) Engagement with community through Radio Programs 
We facilitated radio discussions at two local community radio stations, Koch FM for Korogocho site and Reuben FM for Viwandani site, to address important issues related to COVID-19 in general and specifically about the project. Listeners were encouraged to participate by calling or texting their inquiries for further explanation. To ensure that the message was clearly conveyed, we prepared a Swahili script containing key points before the sessions and conducted all the discussions in Swahili language. Prior to the event, advertising messages were regularly aired by the radio presenters at agreed upon dates and times throughout the duration of the project, serving as a reminder to the intended audience.












[bookmark: _Toc159308566][bookmark: _Hlk157009174]RESULTS
[bookmark: _Toc159308567]3.1 Characteristics of study participants 
[bookmark: _Toc159308568]3.1.1 Response rate 
In total, we approached 1,318 individuals across both sites for potential participation. Among these, 940 individuals (71%) were available during our visits. The remaining 378 individuals (29%) were either out-migrated, not at home, deceased, or recorded as exit entries. Of the 940 individuals present during the visit, 86 individuals (9%) opted not to participate in the project and were consequently not interviewed. The remaining 854 participants (91%) were successfully interviewed. Four participants experienced failed phlebotomies, resulting in unsuccessful blood sample collection. A total 850 participants were both interviewed and provided blood samples. Figure 1 illustrates the weekly recruitment of participants throughout the 17-week data collection period.
[image: ]
[bookmark: _Toc157078893]Figure 1. Weekly recruitment of study participants over data collection period
[bookmark: _heading=h.2bn6wsx][bookmark: _Toc159308569]3.1.2 Distribution of participants by socio-demographic characteristics
We provide an overview of the age distribution of study participants from two study sites in Table 1. The enrolment included 850 participants, with 291 being from Korogocho and 559 from Viwandani, as outlined in Table 1.



[bookmark: _Toc157079517]Table 1. Participant distribution by age
	Individual's age strata
	Korogocho
	Viwandani
	Total

	 
	No.
	%
	No.
	%
	No.
	%

	less than 5 years
	37
	12.7
	63
	11.3
	100
	11.8

	5-9 years
	36
	12.4
	64
	11.5
	100
	11.8

	10-14 years
	37
	12.7
	63
	11.3
	100
	11.8

	15-19 years
	21
	7.2
	29
	5.2
	50
	5.9

	20-24 years
	12
	4.1
	38
	6.8
	50
	5.9

	 25-29 years
	10
	3.4
	40
	7.2
	50
	5.9

	30-34 years
	10
	3.4
	40
	7.2
	50
	5.9

	35-39 years
	11
	4.8
	39
	7
	50
	5.9

	40-44 years
	12
	4.1
	38
	6.8
	50
	5.9

	45-49 years
	11
	3.8
	39
	7
	50
	5.9

	50-54 years
	15
	5.2
	35
	6.3
	50
	5.9

	55-59 years
	21
	7.2
	29
	5.2
	50
	5.9

	60-64 years
	24
	8.3
	26
	4.7
	50
	5.9

	65 years and above
	34
	11.7
	16
	2.9
	50
	5.9

	Total
	291
	100
	559
	100
	850
	100



In Table 2, we present an overview of the percentage distribution by sex across the two study sites. The survey comprised a larger proportion of male participants, accounting for 62.2% of the total participants, while female participants constituted 37.8%. Notably, the Viwandani site demonstrated a higher percentage of male participants, with a representation of 67.8%.
By religious affiliation, 728 individuals (85.7%), identified themselves as Christians. A smaller percentage, 53 individuals (6.2%), identified as Muslims, while 64 participants (7.5%) indicated no religious affiliation. Additionally, a tiny proportion (0.6%) identified with traditional religious beliefs (Table 2).
Table 2 provides a summary of the educational attainment of the study participants, reflecting a diverse range from no formal schooling to post-secondary education completion. The majority of participants (306 individuals) had not completed primary school, constituting 36% of the total. In contrast, a small number (56 participants, 6.6%) had attained post-secondary education.


[bookmark: _heading=h.147n2zr][bookmark: _Toc157079518]Table 2. Distribution of participants by gender, religion and level of education
	 Participant’s characteristic 
	Korogocho
	Viwandani
	Total

	 
	No.
	%
	No.
	%
	No.
	%

	Gender
	 
	 
	 
	 
	
	 

	Female
	170
	58.4
	359
	64.2
	529
	62.2

	Male
	121
	41.6
	200
	35.8
	321
	37.8

	Total
	291
	100
	559
	100
	850
	100

	Religion
	 
	 
	 
	 
	
	 

	None
	22
	7.6
	42
	7.5
	64
	7.5

	Muslim 
	41
	14.1
	12
	2.2
	53
	6.2

	Christian
	227
	78
	501
	89.6
	728
	85.7

	Traditional religion
	1
	0.3
	4
	0.7
	5
	0.6

	Total
	291
	100
	559
	100
	850
	100

	Level of education
	 
	 
	 
	 
	 
	 

	No formal education
	58
	19.9
	59
	10.6
	117
	13.8

	Incomplete primary
	118
	40.6
	188
	33.6
	306
	36

	Complete primary
	42
	14.4
	76
	13.6
	118
	13.9

	Incomplete secondary
	37
	12.7
	63
	11.3
	100
	11.8

	Complete secondary
	29
	10
	124
	22.2
	153
	18

	Post-secondary
	7
	2.4
	49
	8.8
	56
	6.6

	Total
	291
	100
	559
	100
	850
	100


[bookmark: _Toc159308570]3.2 Prevalence of SARS CoV-2 Antibodies 
Among the 850 individuals interviewed and tested, 720 participants (85%) had antibodies against SARS-CoV-2, indicating that a significant majority of residents had been either exposed to a natural infection, vaccination, or both. We assessed the prevalence of SARS-CoV-2 antibodies by residence (slum), age, and gender. Korogocho exhibited a higher overall prevalence of SARS-CoV-2 antibodies (92%) compared to Viwandani (81%). Figure 2 shows the seroprevalence across different age groups in Viwandani and Korogocho. The lowest prevalence was among individuals under 15 years old. In contrast, all participants aged 65 years and above tested positive for SARS-CoV-2 antibodies.


[bookmark: _Toc157078894]Figure 2. Prevalence of SARS-CoV-2 antibodies by age and residence
[bookmark: _heading=h.23ckvvd]Overall, there were small differences in the prevalence of SARS-CoV-2 by sex with exception of Viwandani where a higher proportion (82%) of males’ antibodies against SARS-CoV-2 had compared to females (77%), as depicted in Figure 3.Top of Form

[bookmark: _Toc157078895]Figure 3. Prevalence of SARS-CoV-2 antibodies by gender and residence
[bookmark: _heading=h.ihv636][bookmark: _Toc159308571]3.3 COVID-19 Vaccination 
We examined the vaccination status of the participants who were eligible to receive COVID-19 vaccine (12 years and above; 626 participants). We found that 236 participants (38%) of eligible residents at both locations had received complete vaccination, while an additional 52 participants (8%) had received partial vaccination. The remaining 338 (54%), who were the majority of the population eligible for vaccination were not vaccinated. The proportion of fully vaccinated individuals was greater in Korogocho (41%) compared to Viwandani (36%) (Table 3). 
[bookmark: _Toc157079519]Table 3. Covid-19 vaccination status by residence


In Figure 4, we present a summary of the prevalence of SARS-COV-2 antibodies by residence and vaccination status. Overall, the prevalence of COVID-19 antibodies was relatively higher across all vaccination categories and both sites, suggesting that a significant portion of the study participants developed antibodies secondary to having been exposed to the virus. The overall results also show high antibody prevalence among fully vaccinated individuals (Figure 4).

[bookmark: _Toc157078896]Figure 4. Prevalence of SARS-CoV-2 antibodies by vaccination status and place of residence
[bookmark: _Toc159308572][bookmark: _heading=h.hqg5bjng9v97]3.4 Micro sampling pilot
In the micro-sampling pilot involving 85 participants, Figure 5 shows their socio-demographic distribution by age and gender.

[bookmark: _Toc157078897]Figure 5. Distribution of micro sampling participants by age and gender
3.5 Ease of sample collection by device 
According to responses from the laboratory personnel, 28 out of the 85 blood samples indicated that filter paper was the easiest method to use, constituting 33% of the opinions. Venipuncture was deemed easy in 27 observations, representing 31% of the responses. The Mitra device was considered easy to use in 26 observations, accounting for 30% of the opinions. Notably, 4 observations (5%) indicated that all the devices were easy to use. These findings offer valuable insights into the preferences of laboratory personnel regarding the ease of various sample collection methods (Figure 6). 

[bookmark: _Toc157078898]Figure 6. Ease of sample collection by device
[bookmark: _Toc159308573]DISCUSSION
The prevalence of SARS-CoV-2 antibodies in the study population is high, recorded at 85% amongst all participants. Given that the prevalence SARS-CoV-2 antibodies among vaccine eligible individual but who had not received any vaccines was high (88%). This implies    that a substantial of the population has been exposed the SARS-CoV-2 infection. we observed differences in the proportions of individuals with antibodies between the two study sites, with Korogocho exhibiting a higher prevalence compared to Viwandani, sex and age. These differences even though small in some cases, may inform decision making with regards to the approaches being used to implement the vaccination program. The low proportion sof vaccine coverage among eligible individuals show that there is a gap.  While a high proportion of individuals have antibodies against SARS-CoV-2, this does not mean that they are immune/protected. It is also speculated that immune response arising from natural infection may induce response which is likely to wane off quicker that vaccine induced response hence the need to get vaccinated irrespective of whether one has antibodies from natural infection or not. This highlights the need for ongoing surveillance to adapt and inform refining of public health strategies, recognizing the dynamic interplay between natural immunity and vaccine-induced protection.
An age-stratified analysis further unveils nuances in antibody prevalence. Individuals under the age of 15 displayed a lower prevalence, suggesting potential differences in exposure or susceptibility among this age group. Intriguingly, those aged 65 and above exhibited a 100% prevalence, emphasizing the heightened vulnerability of elderly populations to SARS-CoV-2. 
The observed disparities in vaccination coverage between the two study sites reflects the demographic composition of the two communities and possibly a reflection of barriers to accessing vaccination services. On average the Viwandani population is younger, and work in the informal sector which making health care seeking harder due the nature of their work.  These differences could be exploited for targeted interventions aimed at addressing the barriers to vaccination in specific communities. With 54% of vaccine-eligible participants remaining unvaccinated, there is a clear gap that calls for intensified efforts to enhance vaccination coverage. 
The micro-sampling pilot provided valuable insights into the preferences of laboratory personnel regarding sample collection methods. Notably, the finding that filter paper was deemed the easiest method in a third of the observations, followed closely by venipuncture and the Mitra device, indicates the importance of considering practicality and user preferences when selecting sampling methods. The finding that all devices were considered easy to use in a small percentage of cases highlights the importance of considering various factors such as cost, when choosing a sampling method. 
These insights gleaned from the micro-sampling pilot are pivotal for optimizing sample collection methods in future studies. The emphasis on both effectiveness and ease of use is crucial for ensuring streamlined and successful data collection, ultimately enhancing the reliability and validity of research outcomes. As research methodologies evolve, incorporating such feedback from frontline personnel becomes instrumental in refining and advancing scientific practices.
[bookmark: _Toc159308574]CONCLUSION
In summary, the study highlights the complex interplay of natural immunity, vaccination, and demographics in shaping SARS-CoV-2 antibody prevalence. The proportion of individual with antibodies against SARS-CoV-2 is high while on the other hand the proportion of those fully vaccinated is low. The variations in proportions of those with antibodies and those vaccinated could be exploited for programmatic targeting in service delivery. Insights from the micro-sampling pilot stress the importance of practicality and user preferences in optimizing sample collection methods. As research methodologies evolve, frontline feedback remains crucial for advancing scientific practices and enhancing public health strategies.
Looking ahead, establishing resilient surveillance systems is imperative for global health security, enabling the timely detection and tracking of diseases with epidemic potential at population level. The results in this report are drawn from the fourth round of sample collection in the same population. The continued participation of the communities indicates their receptiveness and willingness to participate in disease surveillance operations involving bio-medical sample collection.








Prevalence of SAR-COV-2 antibodies by age and residence

Korogocho	
<	15	15-24	25-34	35-44	45-54	55-64	65+	Total	84	94	95	96	100	100	100	92	Viwandani	
<	15	15-24	25-34	35-44	45-54	55-64	65+	Total	62	85	87	92	92	96	100	81	Total	
<	15	15-24	25-34	35-44	45-54	55-64	65+	Total	70	88	89	93	94	98	100	85	Participant age group categories


Percentage of participants




Prevalence of SARS CoV-2 antibodies by gender and residence

Male	
Korogocho	Viwandani	Total	93	82	86	Female	
Korogocho	Viwandani	Total	92	77	83	



Prevalence of SAR-COV-2 antibodies by vaccination status and residence

Korogocho	
Fully vaccinated	Partially vaccinated	Not vaccinated	99	100	97	Viwandani	
Fully vaccinated	Partially vaccinated	Not vaccinated	97	95	83	Total	
Fully vaccinated	Partially vaccinated	Not vaccinated	98	96	88	
% of participants




Distribution of micro sampling participants by age and gender

Female	
<	15	15-24	25-34	35-44	45-54	55-64	65+	32	19	13	13	13	10	0	Male	
<	15	15-24	25-34	35-44	45-54	55-64	65+	22	15	22	11	17	9	4	Total	
<	15	15-24	25-34	35-44	45-54	55-64	65+	26	17	19	12	15	9	2	Participant age group categories


% of participants




Ease of sample collection by device


Venipuncture 	Filter paper 	Mitra device 	All the three 	0.32	0.33	0.3	0.05	Sample collection device


Ease of use 
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COVID vaccine status  Individual location  

   Korogocho   n(%)  Viwandani   n   (%)  Total   n(%)  

Fully vaccinated  86( 41 )  150( 36 )  236(3 8 )  

Partially vaccinated  13(6 )  39(9 )  52(8 )  

Not vaccinated  110(5 3 )  228(5 5 )  338(5 4 )  

Total  209  417  626  
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