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Background

One of the most cost-effective public health interventions for reducing childhood mortality is vaccination.[footnoteRef:1],[footnoteRef:2] Routine vaccination programs prevent over 2 million childhood deaths each year due to deadly and debilitating diseases such as measles and polio, by delivering critical vaccines to children in the first year of life.[footnoteRef:3],[footnoteRef:4] However, research demonstrates that children who live in rural and remote settings, or come from high mobility families, tend to have poor routine vaccination coverage.[footnoteRef:5],[footnoteRef:6],[footnoteRef:7] In many countries, high national estimates of routine vaccination coverage can obscure regional and population-level disparities in vaccine access and uptake. The identification of communities facing higher than average barriers to vaccinating their children is critical for improving vaccine access and uptake and ensuring global reduction in vaccine-preventable outbreaks.[footnoteRef:8] [1:  Centers for Disease Control and Prevention: Impact of vaccines universally recommended for children—United States, 1990–1998. MMWR Morb Mortal Wkly Rep 1999, 48(12):238–243.]  [2:  Janusz CB, Castaneda-Orjuela C, Molina Aguilera IB, et al: Examining the cost of delivering routine immunization in Honduras. Vaccine 2015, 335: A53-A59.]  [3:  World Health Organization: Health Topics: Immunization. https://www.who.int/topics/immunization/en/]  [4:  Tippins A, Liedner AJ, Meghani M, et al: Timeliness of childhood vaccination in the Federated States of Micronesia. Vaccine 2017, 35(47): 6404-6411.]  [5:  World Health Organization: ImmunizationBasics Project. https://www.who.int/immunization/sage/ImmBasics_Epid_unimm_Final_v2.pdf]  [6:  Sun MP, Liu DW, Liu AH: Investigation of immunization coverage rate of children living in floating population area and affecting factors. Chin J Vaccines Immun 2002, 8:91–94.]  [7:  Hu Y, Li Q, Luo S, et al: Timeliness Vaccination of Measles Containing Vaccine and Barriers to Vaccination Among Migrant Children in East China. PLOS One 2013, 8(8): e73264.]  [8:  Sun M, Ma R, Zeng Y, et al.: Immunization status of migrant children in densely populated areas of Beijing, China. Vaccine 2010, 28: 1264-1274.] 

	In 1979, the Honduran Health Secretary made immunization of children and pregnant women a national health priority, creating one of the most successful national Expanded Program on Immunization (EPI) in Latin America.[footnoteRef:9] The Pan-American Health Organization estimates national vaccine uptake for Honduran children between the ages of 12 and 23 months to be over 97% for routine vaccines recommended in the first year of life (i.e., vaccines against measles, diphtheria/pertussis/tetanus (DPT), hepatitis B, Haemophilus influenzae type b (Hib), tuberculosis, and polio).[footnoteRef:10] Still, parent forgetfulness and convenience of time/place to vaccinate children correlates significantly with low childhood vaccine uptake in rural contexts.[footnoteRef:11] In a study conducted in rural Intibucá, Honduras, childhood vaccine uptake ranged from 84.4% to 98.8%, falling significantly below PAHO national estimates for 4 out of 5 vaccines.[footnoteRef:12] In addition, the authors suggested that children from families that migrate internally may not have accurate and complete official documentation of childhood vaccine uptake. [9:  Molina-Aguilera IB, Mendoza-Rodriguez LO, Palma-Rios MA, Danovaro-Holliday MC: Integrating Health Promotion and Disease Prevention Interventions with Vaccination in Honduras. J Infectious Diseases 2012, 205: S77-81.]  [10:  Pan-American Health Organization: Vaccination Coverage by Country. PLISA Health Information Platform for the Americas. http://www.paho.org/data/index.php/en/mnu-topics/immunizations/296-vaccination-coverage-by-country.html]  [11: Patel TA, Pandit NB: Why infants miss vaccination during routine immunization sessions? Study in a rural area of Anand district, Gujarat. Indian J Public Health 2011, 55 (4):321–323.]  [12:  He Y, Zarychta A, Ranz JB, et al: Childhood immunization rates in rural Intibucá, Honduras: an analysis of a local database tool and community health center records for assessing and improving vaccine coverage. BMC Public Health 2012, 12: 1056.] 

	Social support is a known correlate with (im)migration status and poor health outcomes.[footnoteRef:13] Lack of self-reported social support could either reflect social disconnectedness or perceived social isolation.[footnoteRef:14] Both have been linked to mortality, morbidity, and decreased access to healthcare. Familismo, the social concept of familial devotion, may predispose Latinx[footnoteRef:15] to place heightened emphasis upon family social networks which are often strained when part of the family moves away.[footnoteRef:16] Little research exists to explain how social support might impact vaccine uptake in Latinx migrant populations.[footnoteRef:17] In previously studied settings in Canada and China, greater investment in community health workers (CHWs) to remind migrant mothers of their children’s vaccination appointments and to inform mothers of the benefits of timely vaccine uptake has been shown to improve vaccination coverage of migrant children.[footnoteRef:18],[footnoteRef:19] Studying migrant mothers’ expectations of and interactions with CHWs may help inform whether and when mothers decide to take their children to be vaccinated. In addition, due to their integration with the communities they serve, CHWs may be leveraged in studies of vaccine uptake to provide the unique perspective on barriers to routine childhood vaccinations.  [13:  Salinero-Fort MÁ, del Otero-Sanz L, Martín-Madrazo C, et al. The relationship between social support and self-reported health status in immigrants: an adjusted analysis in the Madrid Cross Sectional Study. BMC Family Practice 2011, 12:46.]  [14:  McQuestion MJ, Calle AQ, Drasbek C, et al: Social Integration and Health Behavioral Change in San Luis, Honduras. Health Education and Behavior 2010, 37(5): 694-708.]  [15:  Here Latinx is used to define the diverse group of people who claim heritage from Spanish-speaking countries in Central and South America.]  [16:  Callister LC, Beckstrand RL, Corbett C: Postpartum depression and help-seeking behaviors in immigrant Hispanic women. J o Obstetric, Gynecologic, & Neonatal Nursing: Clinical Scholarship for the Care of Women, Childbearing Families, & Newborns 2011, 40:440–449.]  [17:  Social support here is defined to be inclusive of sources outside the immediate family (i.e., neighbors, friends, community members, community health workers.]  [18:  Hu Y, Luo S, Tang X, et al: Does an immunization package of services for migrant children improve the coverage, service quality, and understanding? An evidence from an intervention study of 1548 migrant children in eastern China. BMC Public Health 2015, 15:664.]  [19:  Kowal SP, Jardine CG, Bubela TM: “If they tell me to get it, I’ll get it. If they don’t…”: Immunization decision making processes of immigrant mothers. Revue Canadienne de Santé Publique 2015, 106(4): 230-235.] 

	Here, we describe the findings from a cross-sectional, mixed-methods study to measure social support and its influence on vaccine uptake and timeliness among young children living in La Colonia - a migrant low-income neighborhood with a mixture of formal and informal housing developments on the island of Roatan, Honduras. We present the results of a survey of parents in La Colonia with children between the ages of 12 and 23 months old to determine family demographics, vaccine uptake among children, self-reported social support of families, and interactions with CHWs. In addition, we draw major themes from two focus groups conducted with mothers of young children to focus on how social support influences mothers’ ability to vaccinate their children in La Colonia.



Methods
Objective: Our study goal is to examine whether social support correlates with childhood vaccine uptake and timeliness in La Colonia. Our quantitative research objectives are to measure vaccine uptake, self-reported social support, and demographics of mothers of children between the ages of 12 and 23 months, while our qualitative research objectives are to learn what barriers mothers of young children face in accessing childhood vaccines, how mothers rely upon social organizations or social support for health services and knowledge, and what role community health workers play in connecting mothers to health services. 

Hypothesis: We hypothesize that vaccine uptake in children between the ages of 12 and 23 months living in La Colonia will correlate with the level of social support reported by their mothers.

Study design
The study was cross-sectional and had two components: 
1. Cross-sectional survey: A cross-sectional survey was conducted to understand reasons for sub-optimal vaccine uptake in a migrant community in Roatan, Honduras over an eight-week period from late May to late July 2018. 50 parents of children 12-23 months old were surveyed in Spanish in the migrant community of La Colonia to collect data on demographic characteristics, vaccine timeliness, vaccine knowledge, vaccine safety confidence, and social support. 
2. Focus group discussions: Two focus groups were conducted with mothers of young children to determine the role that each play in providing vaccinations to the children of La Colonia. 
Survey and focus group participants were recruited by convenience and snowball sampling.

Participants
Parents of children 12-23 months were recruited to participate in the survey. Inclusion criteria limited the scope of the survey to the migrant community of La Colonia, indicated from previous research to experience lower rates of vaccination coverage than the island average (Vasudevan et al, unpublished data). Parents under the age of 18 were excluded from data analysis. Upon conclusion of the survey, parents were asked if they would be interested in further discussing vaccination access in a focus group. Parents that responded positively were later contacted by an undergraduate researcher to coordinate the date and time of the first focus group. Mothers were recruited for the follow-up focus group which was located in Clinica Esperanza, a local, nonprofit clinic that services La Colonia residents and offers vaccinations. The second focus group was conducted in a La Colonia church during a CHW weekly neighborhood checkup to measure the height and weight of children deemed at risk of stunting. 

Data collection 
Survey and focus group data were collected over an eight-week period from late May to late July 2018 by two bilingual undergraduate researchers affiliated with Duke University Bass Connections. The researchers sought to collect a geographically-exhaustive sample of La Colonia by walking through the five sub-sectors of the community and asking neighborhood residents for recommendations on where to find parents with children 12-23 months old. Parents were interviewed in their homes or their places of work in La Colonia by purposive and snowball sampling. Researchers approached potential participants by screening for eligibility, collecting informed oral consent, and offering to conduct the survey in the participant’s preferred language of Spanish or English. Questions were read by the researcher and participants’ verbal responses noted in a Qualtrics mobile survey application on Android tablets. If participants indicated confusion with the questions as read aloud, researchers showed the written form to the participant and explained the question as necessary. After the surveys, parents were informed of the free vaccinations available to their children at Clinica Esperanza, a nonprofit clinic mentioned above. Focus groups were transcribed and translated from the audio into English and coded to identify emerging themes in NVivo software with reference to the notes undergraduate researchers recorded in person during the group sessions. Each research participant was indirectly compensated for her participation in the form of a five dollar donation to Clinica Esperanza. 

Ethical approval and study funding
All study procedures were approved by the ethical review boards at Duke University IRB (Protocol # 2018-0274). The study was funded by a Bass Connections in Global Health grant, as well as Bass Connections Follow-On funding.

Quantitative Measures
The survey and focus group guides for parents and CHWs were developed specifically for this study, and adapted from a questionnaire previously implemented in Honduras by the mentor. Five different factors thought to underlie child vaccination coverage in La Colonia were included in the survey: 1) demographic characteristics, 2) vaccine uptake, 3) vaccine knowledge, 4) vaccine hesitancy, and 5) social support.





Demographic Characteristics
Parents were asked to provide their age, marital status, current employment status, educational level, number of individuals in the household, sub-sector of La Colonia in which they reside, age at first pregnancy, and mobile phone usage. Literacy was assessed by asking the participant to read aloud a simple sentence in their preferred language (Spanish/English); the researcher indicated in the survey whether the participant could read all, some, or none of the sentence. Socioeconomic position was assessed by three questions: 1) monthly household income, 2) level of agreement with the statement, “The current costs of healthcare are difficult for me and my family” and 3) listing of household assets..

Vaccine Uptake
Of focus for vaccine uptake were all mandatory vaccines a 12-month-old child following the Honduran Ministry of Health’s vaccination schedule should have received. Researchers recorded the immunization dates from official vaccination cards of the children 12-23 months old of parents surveyed. For missing or illegible dates, researchers recorded a value of 44. If parents could not produce their 12-23 month old child’s vaccination card upon request, these children were excluded from the assessment of vaccine uptake, but other data from the survey was analyzed.. 

Social Support
To understand how social support impacts vaccination coverage, a validated social support questionnaire adapted and translated from Moser et al was included in the survey.[footnoteRef:20] Parents rated their confidence in having support from anyone to perform eight tasks such as “help you if you were confined to bed” and “love and make you feel wanted” on a five-point scale (0=none of the time, 4=all of the time). [20:  Moser, André et al. “The eight-item modified Medical Outcomes Study Social Support Survey: psychometric evaluation showed excellent performance” Journal of clinical epidemiology vol. 65,10 (2012): 1107-16.
] 


Qualitative Procedure

Focus groups were recorded on two audio devices to facilitate transcription. Each session was led by a bilingual moderator, supported by a notetaker who captured key points of the discussion and managed any logistical issues. The moderator followed a focus group guide.Focus groups were transcribed and translated from Spanish to English in preparation for analysis.

Qualitative Measures

The mothers focus group guide centered around five topics: 1) household decision-making, 2) community networks, 3) barriers to vaccination, 4) role of CHWs, and 5) health attitudes. 

Household decision-making
Mothers were asked to name the primary decision-maker in their family and prompted with a variety of scenarios to establish how difficult economic decisions are made about healthcare for their children. They were then asked to elaborate on the factors that influence the decision to vaccinate their children.

Community networks
In order to understand the role of social support in vaccine-seeking behavior, mothers and CHWs were asked about their community networks. Mothers were invited to share how they relied upon their relatives and community organizations for help. In addition, they were asked how La Colonia residents use support networks to access health care and whether those efforts help or hinder the work of CHWs.

Barriers to Vaccination
Mothers were asked how easy or difficult it is for La Colonia residents to have their children immunized, with prompts offering different scenarios such as work, lack of money, or lack of transportation that might impede vaccination. Public knowledge of the vaccination program at Clinica Esperanza was queried to establish how mothers learned about and publicized vaccination opportunities to other mothers. They were asked to share difficulties vaccinating children on time as well as how they found money for transportation or childcare when they needed to take a child to receive medical attention.

Role of CHWs
Mothers were queried on the role of CHWs in helping them access medical care for their children. For mothers who had interacted with CHWs at least once, they were asked how they established a trusting relationship with CHWs, whether CHWs had educated them or a family member about health, how influential CHWs’ advice was on their health decisions, what additional services they might like CHWs to provide in the future, and whether they thought CHWs provided services to all residents of La Colonia.

Analysis
Survey data was collected on Android tablets using Qualtrics. Data was analyzed using Stata (version 15, Stata Corp.).  For descriptive statistics, means and proportions were calculated for continuous and categorical data, respectively. The primary outcome was vaccine coverage. Double sided T tests were performed to assess statistical significance of logistical regression models of social support and vaccine coverage.

Results
The findings of both the surveys and qualitative analysis yield insight into the demographic and social support contexts of child vaccination in the community of La Colonia, Honduras. These findings have been described below by quantitative and qualitative research objectives.

Quantitative
Cross-sectional Survey
A total of 50 women consented to participate in the survey. 4 eligible women approached for the study refused participation. Reasons for refusal were business (75%) with one woman providing no comment. 

Demographics
All survey respondents were female, and most were in a free union (60%, n=50). The average age of mothers was 25.9 years old, and 76% were full-time, self-described housewives. Respondents demonstrated high literacy rates (94%) and most had  some secondary education (82%). Average household monthly income was about 4000 lempiras, or $180. Just over half of the respondents had lived in Roatan 10 years or less (53%, n=49). Mothers had 1 to 5 children (n=50, mean = 2.5 children). 2% of respondents reported their health as poor, 22% as fair, and 58% good, while 6% of respondents reported their 12 to 23 month old child’s health as poor, 14% as fair, and 54% as good. Women tended to have early first pregnancies, at an average of 18.5 years old.  Ninety-three% of the women reported having at least 3 prenatal checkups during their pregnancy with their 12 to 23 month old child. A slight majority of the respondents said their pregnancy with their 12 to 23 month old child was unwanted (54%). Almost all births were facility-based (96%). See Appendix 1 for Demographic and Household Characteristics table.

Social Support
Mothers demonstrated self-reliance in matters of health and decision-making for their children, reporting generally low to intermediate availability of social support. In our survey, social support was defined as help, aid, or assistance from a partner, relative, or friend to fulfill a pressing task that the respondent was unable to complete solo. 72% (n=50) of respondents made household decisions alone or equally with their partner. 70% felt they received adequate help and attention from their partner, although self-reported sufficient social support was lower with relatives (56%) and friends (44%). Some respondents reported no social support when confined to bed (24%) or when needing assistance to get to a doctor (30%).

Barriers to Vaccination
Mothers recognized that cost, transportation, and distance to clinic represented significant hurdles to vaccinating their young children. 74% (n=50) of respondents agreed or strongly agreed with the statement, “The current costs of healthcare are difficult for me and my family.” 96% of mothers received counseling about vaccines from a clinic vaccinator during their child’s vaccination appointments. 32% (n=19) of mothers who listed barriers to vaccinating their children mentioned transportation, and an additional 16% said that distance to the vaccination clinic was the biggest discouragement to vaccination. Appointment wait times at the nearest vaccination clinic to La Colonia, Clinica Esperanza, were inconsistently reported, with 63% (n=50) of respondents reporting no wait and 24% reporting waits of over 2 hours. Heat, perceived cost of vaccines, and illness in the family were other reasons for delaying vaccination. About an equal percentage of respondents walked, bused, taxied, or used some combination of the three to the clinic for vaccination appointments for their 12 to 23 month old child.

CHW Interaction
Most respondents requested more health education and social services to be provided by CHWs. 68% (n=50) of respondents had never talked to a CHW, yet 80% of mothers asked for CHWs to offer vaccine and disease prevention education, case management, or transportation to the clinic. 30% of respondents expressed interest in asking questions of CHWs ranging in topic from the efficacy of the influenza vaccine to their child’s weight to specific questions for medical complaints. Less than half of the women who had interacted with CHWs had discussed vaccines and/or disease prevention (44%, n=16). 

Vaccine Prevalence
Uptake of mandatory vaccines for children between the ages of 12 and 23 months were consistently at or above national Honduran estimates and PAHO recommendations; however, coverage of vaccines tended to decline slightly from the first to last booster shot.[footnoteRef:21] See Appendix 2 for vaccine coverage table. [21:  Pan-American Health Organization: Vaccination Coverage by Country. PLISA Health Information Platform for the Americas. http://www.paho.org/data/index.php/en/mnu-topics/immunizations/296-vaccination-coverage-by-country.html] 


Focus Group Survey
3 women in the first parent focus group and 4 women in the second parent focus group completed a short demographic survey immediately before beginning the semi-structured interview.

Demographic Characteristics
Both parent focus groups were entirely female. Women who participated in the focus groups were an average of 30.7 years old, ranging from 27 to 40 (n=7). They had about 3 children each and a slight majority had ended their education in primary school. All had vaccinated their children at least once and two mothers reported being late to a vaccination appointment for her child, although only one entirely missed a recommended vaccination. The majority of respondents used smartphones with internet connectivity (71%) though most had never received health information through their phones (86%).

Qualitative
Parent Focus Groups
The nuances surrounding migration, friendships, and social support mothers offered in conversation about how one develops connections and accesses healthcare yielded important insights into areas of potential health interventions to improve childhood vaccine coverage in La Colonia.



Social Support
Overwhelmingly, focus group participants agreed that friendships were harder to form in La Colonia than in their hometowns in mainland Honduras. Mothers reported feeling isolated in La Colonia, with many of their community members too preoccupied with their own concerns to offer assistance in times of need to young families. Deep friendships tended to emerge from neighbors and churches, where people gathered to not only worship but socialize and receive financial or in-kind assistance to provide their children with food and school uniforms. 
“It is rare that person who listens to your problems and wants to help you…When I have problems...I have family, on the mainland I have my parents but a person who can achieve a solution...I don’t have. And what I do is call an old woman, an older lady in her seventies. She is my advisor. She is my pastor. I call her and we chat and that is for me a better exit. That is my exit from my problems.”

No mothers reported having more than one close friend, and many said they only had family or Jesus to rely on for comfort and assistance. Those La Colonia residents with more friends who sold all manner of goods in the streets only invested the time and effort to gain friends so that they could grow their business. Mothers reported difficulty building up social networks and asking acquaintances for healthcare advice because they never had to intentionally develop social connections in their hometowns, where everyone knew everyone since birth. 
“[The mainland and La Colonia] are very different. [laughs] Here you have to be friends. There no. There everyone knows you since infancy.”

People shared food and excess wealth on the mainland, which was uncommon in La Colonia. 
“In my [hometown] community, if one acquires a piece of meat too large, it is then shared. If one makes a good meal, it is then shared. So it is...they are more social. It is more united. [mothers murmur in agreement] If one says goodbye and gets back late, they are asked why they have not arrived (earlier). But here no. Here it is very different.”

In any case, mothers felt they could not rely upon relatives or friends for health education or vaccination advice because they believed their relatives did not necessarily have any more medical knowledge than themselves. All mothers interviewed attended church in La Colonia every week or so, although some reported attending non-worship social event in a church every day.

Household Decision-Making
Women learn the importance of vaccinating their children in La Colonia the moment their baby is born. Doctors and nurses in the public hospital near La Colonia educated the focus group participants about the importance of vaccines to prevent disease and explained how to follow the vaccine card to timely vaccinate their children. The mothers made most household decisions equally with their husbands, but felt that vaccines and child health fell squarely into the realm of female concerns, so mothers exercised sole discretion over when and where to vaccinate their children. 
“It is about maternal instincts also to vaccinate the babies...it is for the health of them. So, there is not a decision.”

Focus group participants who recently lived in mainland Honduras described relying upon neighbors for childcare when taking a child to be vaccinated, although childcare was harder to arrange in La Colonia so sometimes they brought all their children to the vaccination clinic near La Colonia. 
“When I lived in La Ceiba (mainland Honduran town closest to Roatan) I had Ensuera (speaker’s niece) and I only had two babies and I brought them downtown (to the clinic) with her. After I came here, I started bringing my kids with me because there is no one in my life who can watch my children.”

Mothers acknowledged that vaccinating their children can be expensive, especially if the doctor discovers another medical concern that leads to a prescription for an expensive drug; however, the importance of vaccination meant that they were willing to make financial sacrifices for their children’s health.

Barriers to Vaccination
Respondents reported that lack of childcare and poor infrastructure compounds the cost and transportation difficulties of traveling to the vaccination clinic. 
“ Mother 2: Yes, because we are here and the clinic is so far. But if you don’t have 	money for the bus…[silence].”

All focus group participants were self-described housewives who relied upon relatives, neighbors, or friends, if available, to watch their children while they took the child due for a vaccine to the nearest clinic or hospital. Mothers did not have the means to pay for professional childcare. Even though mothers recognized that vaccines are free, the cost of paying for a bus or taxi to arrive at the vaccination clinic or hospital and then purchase food for hungry children while waiting to be seen made every clinic visit expensive. 
“The other day I walked to the hospital way over there and I was angry because it is not very close and with two children it is difficult to arrive and wait many hours.”

Mothers did not worry about losing work time while waiting for vaccination appointments because none of them were employed. In Honduras, parents who lose their child’s vaccination card, which provides the record of all past and future dates of mandatory vaccinations for school-age children, must return to the hospital of their child’s birth to receive a new vaccination card and refill past vaccination dates from official records or their own memory. This was seen as an inconvenience by mothers. Mothers relied upon their memory and their vaccination cards to know when to bring their child in to the vaccination clinic. The focus group participants were hesitant to endorse a hypothetical phone-based public health intervention to remind them of vaccination appointments, preferring to receive reminders in person from a CHW when CHWs visited a nearby church to weigh and measure children at risk of stunting.

CHWs
Mothers were enthusiastic about CHWs’ involvement fostering social connections in La Colonia, improving health literacy, providing aid to families with underweight children, and serving as a liaison between the sub-sector of La Colonia each CHW lived in and the vaccination clinic nearest La Colonia. Interestingly, mothers stressed the need to expand CHW services to provide family and adult medical advice, not just measuring weight and growth in children under the age of 5. Mothers wanted CHWs to take their blood pressure and provide basic emergency medical services, particularly during the night when the nearest clinic and hospital are closed. 
“We need more than one promotora [CHW] here in the night or afternoon after the clinic and hospital close, in order to respond to urgent problems. I have high blood pressure and I need more medical attention but the walk to the clinic is difficult.”

Focus group participants would not trust a CHW who was not wearing clinic insignia or did not live in their sub-sector of La Colonia. CHWs were often the mothers’ first connection to the vaccination clinic and helped mothers vaccinate their children timely by reminding them of vaccination appointments when CHWs measured young children’s weight. 
“The promotora [CHW] explained everything to me. (She) told me that when (my daughter) has a fever, I can feel the high temperature with the back of my hand. The [CHW] encouraged me to visit the clinic.”

However, focus group participants recognized that CHWs were not able to reach most mothers of young children in La Colonia because they only visited a few neighboring families and did not tend to live in the most inaccessible parts of La Colonia. CHWs’ residence in the communities they serve was important to the mothers to develop long-term, trusting relationships and not worry about medical issues with walking long distances or arranging transportation that accompanied the trek to the clinic. In the absence of CHWs in parts of La Colonia, people go to their pastor for medical advice.

Discussion 
Vaccine coverage in La Colonia among children between the ages of 12 and 23 months is above 97% for most required doses. Still, mothers reported that changes in patterns of social support and reduced community cohesion in La Colonia compared to their mainland hometowns reduced their ability to rely upon others for help accessing health services for themselves or their family members. Furthermore, barriers like transportation cost discouraged some mothers from visiting the clinic when medical problems arose. La Colonia’s demographics, social support profile, and transportation challenges must be considered when designing a public health intervention to improve knowledge of and access to vaccination and other medical services. 

Setting
La Colonia is a migrant community of several thousand people on the island of Roatan forty miles off the coast of Honduras. Little scientific data exists on vaccine uptake or population count of La Colonia, and the mountainside development is in constant flux as more and more people build informal settlements in its expanding boundaries. Crumbling roads and dusty, steep walking paths represent a challenge to physically impaired residents. Believed to be one of the poorest populations in Roatan, La Colonia was selected as the site of our study of vaccine uptake and timeliness due to a long-standing partnership with Clinica Esperanza, a nonprofit clinic which serves as the primary health services provider for La Colonia residents.

Study Limitations
The short timescale and small target population of our research study represented significant challenges to data collection and results interpretation, respectively. Lack of data hindered the interpretive power of La Colonia vaccine coverage, as only 35 mothers who consented to the cross-sectional survey could present their 12 to 23 month old’s vaccine card. The impressively high recorded estimate of vaccine coverage from our data has the potential to overestimate child vaccine uptake because mothers who could not present their child’s vaccine card could have lower rates of vaccinating their children than those with vaccine cards readily available. In addition, the vaccine coverage data can only be generalized to one-year old children residing in La Colonia, which could miss variation in vaccine coverage among older or younger children. Cross-sectional surveys collecting vaccine uptake data were conducted between the hours of 9 am and 5 pm due to safety and visibility concerns. Due to the time of data collection and largely residential character of La Colonia, most parents available and willing to be surveyed were stay-at-home mothers. Social desirability bias could have motivated survey and focus group respondents to provide answers which were perceived to be pleasing to the researchers. The foreign power dynamic of American researchers asking questions about healthcare access in the informal, migrant settlement of La Colonia could have predisposed research participants to paint La Colonia in a more positive light to a foreign audience. Little research in La Colonia exists to which these findings may be compared, so further research is needed to investigate and extend our conclusions.
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Vaccine Uptake
La Colonia is a community composed primarily of low-income families who moved from the Honduran mainland within the last ten years, yet vaccine coverage among children between the ages of 12 and 23 months is above 97% for all but one required vaccine. Previous literature reported that rural and island Honduran health centers tend to underperform the national average of above 97% coverage for routine vaccines.[footnoteRef:22], [footnoteRef:23] Significantly, our findings of high vaccine uptake contradict such geographic predictions, indicating that another demographic or environmental factor is likely exerting more influence upon mothers’ ability to vaccinate their children than their island locality would suggest. Previous research into vaccine uptake among La Colonia children two years prior to this study found much lower rates of vaccine uptake (personal communication with Dr. Vasudevan). Three likely explanations emerge for the reported vaccine uptake: firstly, the recorded vaccine coverage could overestimate actual vaccination rates among 12 to 23 month olds in La Colonia. Only vaccine uptake data from mothers who could present their child’s vaccine card during our cross-sectional survey were included in data analysis because the vaccination history of children without readily available vaccine cards could not be validated. If mothers who could not present their child’s vaccine card were also less likely to vaccinate their children, then our estimate of vaccine uptake overestimates the coverage of mandatory vaccines for one-year olds. A second explanation for high vaccine coverage could be that La Colonia mothers are quite effective at having their children vaccinating, but not in a timely manner. Focusing vaccination analysis solely on uptake excludes the important variable of timeliness which influences population immunity levels and vaccine-preventable disease susceptibility in populations where many families delay vaccination. This explanation deserves further exploration by analyzing the timeliness of vaccination dates recorded in the cross-sectional survey, because the one vaccine with under 97% coverage among the 35 children surveyed was the measles-containing vaccine (MCV1) which is due at exactly 12 months. 21% (n=6/35) of children surveyed with vaccine cards did not have MCV1 inoculation, suggesting that one or more of their vaccinations may have been delayed. Vaccine timeliness should be a public health priority of communities that have already achieved high vaccine uptake. A third explanation of the high reported vaccine uptake could be that vaccination prevalence is actually quite high in La Colonia. Establishment of a vaccination program near La Colonia about two years prior to data collection, together with improved knowledge of vaccination services accrued by La Colonia families in the two years between data collection, offer convincing rationale for enhanced vaccination access and coverage from 2016 to 2018. [22:  He Y, Zarychta A, Ranz JB, et al: Childhood immunization rates in rural Intibucá, Honduras: an analysis of a local database tool and community health center records for assessing and improving vaccine coverage. BMC Public Health 2012, 12: 1056.]  [23:  Pan-American Health Organization: Vaccination Coverage by Country. PLISA Health Information Platform for the Americas. http://www.paho.org/data/index.php/en/mnu-topics/immunizations/296-vaccination-coverage-by-country.html] 


Social Support
Social support was examined in both the cross-sectional survey and focus groups. Due to the small sample size of vaccine cards of 12 to 23 month olds and the high reported vaccine coverage, no statistical correlation existed between social support and vaccine uptake. Further research is necessary to increase the sample size of vaccine cards and ensure the cultural validity of social support scales before predictive quantitative comparisons may be drawn. During the two parent focus groups, mothers voiced social support as hard to come by outside of religious organizations (discussed below) due to lack of kinship ties in La Colonia. Additionally, all mothers interviewed had migrated internally from mainland Honduras to La Colonia, leaving behind the close relationships they developed with neighbors in their hometowns. They discussed how learning to make friends was a challenge after shifting from a kin-based to friend-based social support network upon moving to La Colonia, especially while juggling the challenges of raising a young family. Although recorded 12 to 23 month old vaccine coverage was high, social support remained crucial to helping mothers access vaccination for their children in additional to other medical services because they relied upon close friends for health advice, referrals to the vaccination clinic, and childcare. Mothers who had interacted with CHWs described how CHWs filled the social support role of family and friends by listening to mothers’ problems and attempting to answer their medical questions.

Barriers to Health Services
Throughout discussion in focus groups of impediments to timely vaccinations, transportation, childcare, and misplacing vaccine cards emerged as dominant themes that challenged mothers’ desire and ability to vaccinate their children. Of primary concern to mothers was the high cost and low availability of transportation to the nearest vaccination clinic or hospital. Caregivers and patients with disabilities that impede their ability to walk would likely struggle to access vaccinations and other medical services without financial assistance to cover the cost of a taxi or bus. Bringing vaccinations to community centers in each La Colonia sub-sector would reduce the burden of transportation and the time of childcare arranged. Making replacement vaccine cards more widely available by storing vaccination data on secure clinical servers would allow mothers who misplaced their child’s vaccine card to continue to timely vaccinate without unnecessary re-immunization.

Religious Organizations as Sites for Improving Health Service Accessibility
Mothers in focus groups independently brought up churches as sites of community gathering and religious expression which enhanced feelings of social connectedness. In the absence of contact with CHWs, mothers turned to their pastors for health advice. Community members highly respect churches for their charitable donations of shoes and school uniforms to local families. Church attendance in La Colonia is widespread and churches are distributed throughout all five sub-sectors, suggesting that churches could be an effective site of clinical outreach campaigns to improve health literacy and vaccination coverage throughout La Colonia. Already, CHWs use churches as the sites of height and weight measurements in anti-stunting campaigns organized by CE. Enhancing CHW partnerships with churches and other religious/social organizations used as community gathering spaces could also foster more patient-clinic trust in a community that seeks medical authority from pastors and friends met at church.

CHWs as Clinic Liaisons
Only one third of mothers who took the cross-sectional survey reported having ever interacted with CHWs, yet mothers who had visited CHWs described in the focus groups how integral CHWs are to building trust between CE and La Colonia residents. CHWs foster trust because they live in areas they serve and communicate basic health education in culturally-competent ways that are understandable to their La Colonia peers. Mothers valued the professional and warm nature of CHWs trained at CE, who were often the first people to inform families of the vaccination program at CE. Focus group participants identified the inequity of CHW access in La Colonia, which they felt contributed to differences in healthcare access across La Colonia. In order to design public health interventions in La Colonia that reach the least-served residents, researchers must consider the spread of CHW residences and target sub-communities of La Colonia in less accessible, more elevated areas where fewer CHWs live. Considering the low cost of training and supporting CHWs, expanding the CHW program at CE to more sub-sectors of La Colonia could represent a cost-effective strategy to improve community health literacy and increase its patient population.

Call to Action 
Recorded vaccination coverage among children between the ages of 12 and 23 months in La Colonia is impressive; however, the data could overestimate vaccination uptake due to exclusion of children whose mothers could not present their vaccination card for verification of vaccines received. Additionally, significant barriers to accessing health services continue to exist in La Colonia, such as the prohibitive cost of transportation and low CHW coverage. Clinica Esperanza (CE) is a private, nonprofit clinic that serves as the primary provider of low-cost medical services to La Colonia. As part of CE’s ongoing efforts to improve its outreach, we propose that CE should allocate more resources in the future to vaccination and chronic disease education campaigns in La Colonia, emphasizing collaboration with religious and/or social organizations integral to La Colonia, such as churches and other community gathering places, to eliminate health access barriers of transportation and cost by bringing vaccinators and health educators near the homes of CE’s target population. Prior research in rural Honduras has shown that most of the cost to clinics or hospitals for delivering child vaccines was in human labor, with the most rural outposts delivering less than 500 doses a year at a cost per dose of $25.55. Building capacity through increased vaccine awareness and decreased barriers to accessing vaccines would lower the cost per dose and require little additional investment in training vaccinators.[footnoteRef:24] Thus, low-cost public health education interventions to improve vaccine knowledge, coupled with pop-up free vaccination clinics in community centers, are likely to improve vaccine uptake in places where infrastructure and lack of CHW contact with the target population remain significant barriers to healthcare access.  [24:  He Y, Zarychta A, Ranz JB, et al: Childhood immunization rates in rural Intibucá, Honduras: an analysis of a local database tool and community health center records for assessing and improving vaccine coverage. BMC Public Health 2012, 12: 1056.] 


Future Research Directions
La Colonia is an under-researched community about which little is known in academia. The first priority of future research efforts should be to characterize the demographics and primary health concerns of the community, to understand the socioeconomic conditions and most pressing health challenges facing its residents. In addition, further research is necessary to corroborate or disprove the high vaccine coverage among 12 to 23 month old children recorded in our study. Prior vaccine uptake research in La Colonia indicated lower rates of vaccination, but the installation of a vaccination program at CE and greater social support due to longer-term residency in La Colonia could be responsible for improved vaccine coverage. Pilot programs to train CHWs to host vaccine education seminars in churches and deployment of vaccinator nurses to churches in each of the sub-sectors could improve vaccine uptake, although the role of CHWs and churches in enhancing mothers’ access to vital health services needs to be elucidated. Continued partnerships with CHWs and CE are crucial to developing trust among potential research participants in La Colonia.


Appendix 1
Table 1 Demographics and Household Details of Cross-Sectional Survey
	Variable
	Statistic
	La Colonia
N=50

	What is your age (in years)?
	Mean (SD)
	25.88 (6.16)

	
	Min, Max
	18, 53

	What is the sex of CHILDNAME?
	
	

	Male
	N (%)
	19 (38)

	Female
	N (%)
	31 (62)

	How many children did you have who are older than CHILDNAME?
	Mean (SD)
	1.46 (1.23)

	
	Min, Max
	0, 5

	What is your marital status?
	
	

	Free union
	N (%)
	30 (60)

	Married
	N (%)
	11 (22)

	Widowed
	N (%)
	1 (2)

	Divorced/separated
	N (%)
	4 (8)

	Never married
	N (%)
	4 (8)

	Which of the following best describes your current employment status?
	
	

	Student
	N (%)
	1 (2)

	Unemployed/Housewife
	N (%)
	38 (76)

	Self-employed
	N (%)
	2 (4)

	Casual laborer
	N (%)
	7 (14)

	Professional
	N (%)
	2 (4)

	Can you read the following statement?
	
	

	Can read the full sentence
	N (%)
	47 (94)

	Can read some parts of the sentence
	N (%)
	2 (4)

	Cannot read
	N (%)
	1 (2)

	What is the highest level of education you have completed?
	
	

	None
	N (%)
	1 (2)

	Some or all primary (grades 1-6)
	N (%)
	15 (30)

	Some or all secondary (grades 7-9)
	N (%)
	25 (50)

	Some or all post-secondary
	N (%)
	9 (18)

	How long have you lived in Roatan? (N=49)
	
	

	<1 year
	N (%)
	4 (8.16)

	>1 - 5 years)
	N (%)
	7 (14.29)

	5- 10 years
	N (%)
	15 (30.61)

	More than 10 years
	N (%)
	23 (46.94)

	What is your average monthly household income in Lempiras?
	Mean (SD)
	4033 (3562)

	
	Min, Max
	0, 12000

	How many individuals live in this household?
	Mean (SD)
	5.04 (1.91)

	
	Min, Max
	2, 10







Appendix 2
Table 2. Vaccine Coverage
	[bookmark: IDX]Vaccine Coverage
	LaColonia
N=35
N (%)

	BCG
	34 (97.14)

	Hepatitis B
	34 (97.14)

	Polio Vaccine 1
	35 (100)

	Polio Vaccine 2
	35 (100)

	Polio Vaccine 3
	34 (97.14)

	DPT-HEP.B-HIB (Pentavalent)
	35 (100)

	DPT-HEP.B-HIB (Pentavalent)
	35 (100)

	DPT-HEP.B-HIB (Pentavalent)
	34 (97.14)

	Pneumococcal 1
	35 (100)

	Pneumococcal 2
	35 (100)

	Pneumococcal 3
	34 (97.14)

	Rotavirus 1
	35 (100)

	Rotavirus 2
	35 (100)

	Measles-containing vaccine 1
	29 (82.86)
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