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Abstract

:

Women and men keeping chickens in Kenya aspire to have a source of income, feed their families healthy food, and grow their businesses. Managing animal diseases and minimizing input costs enable their success. This study uses qualitative methods to recommend design opportunities for a veterinary product under development in Kenya that contains bacteriophages (phages) that target pathogenic Salmonella strains responsible for fowl typhoid, salmonellosis, and pullorum in chickens and foodborne illness in people. Our findings revealed the interplay between gender and two production systems: free-range and semi-intensive. Chicken keepers in both systems could benefit from phages combined with the orally administered Newcastle disease vaccine, one of the most commonly used preventive veterinary interventions, or phages as a treatment for fowl typhoid. Oral administration is less labor intensive, with greater benefits for women who have less control over family labor and reported doing more care tasks themselves. Men in free-range systems usually pay for veterinary inputs. In semi-intensive production systems, a phage-based product used prophylactically could be an alternative to expensive, intramuscular fowl typhoid vaccines. Keeping layers was common for women in semi-intensive systems, as they are more economically impacted by reduced laying caused by bacterial diseases. Awareness of zoonoses was low, but men and women were concerned about the negative health effects of drug residues in meat and eggs. Therefore, highlighting the lack of a withdrawal period for a phage product may appeal to customers. Antibiotics are used to both treat and prevent diseases, and phage products will need to do both to compete in the Kenyan market. These findings guide the ongoing design of a phage-based product with the goal of introducing a new veterinary product that meets the diverse needs of chicken keepers in Africa and serves as an alternative or complement to antibiotics.
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1. Introduction


Globally, the poultry industry has increased 5% every year for the past three decades [1]. One report suggests that egg production in developing countries increased by 331% from 1980 to 2000 [2]. In Kenya, poultry farming represents about 30% of the total agricultural contribution to the Gross Domestic Product, with an estimated 75% of rural families keeping chickens, with an average of 13 birds per household [3]. Chickens are important assets to both women and men; their roles include improving financial and food security and strengthening social relations, such as when given as gifts or slaughtered for visitors [4]. Women dominate small-scale chicken production [5], and they often control the sale of chickens and the proceeds [6]. These proceeds are a unique source of livelihood for women whose caretaking responsibilities can limit their income-generating opportunities [7]. This income is threatened by infectious diseases that reduce productivity. Infectious diseases associated with chicken farming and egg production also pose a risk to the health of livestock keepers and consumers. Women and youth are at a higher risk of exposure to infectious diseases than men because of their direct involvement in routine care [8]. Nontyphoidal Salmonella is a major cause of foodborne infections in both developed and developing countries [9]. In low-income countries, it can also evolve into a life-threatening and invasive form of the disease in humans, which occurs in young children at rates of up to 388 cases per 100,000 people [10]. Africa has a high number of foodborne diseases, with approximately 91 million related diseases and 137,000 deaths per year [11]. Some studies on Salmonella enterica serotype Typhimurium, the main cause of salmonellosis in humans, suggest poultry are carriers [12], while other studies question the findings, showing that some serotype variants have a narrow host range and cause disease only in humans and higher primates [13]. In chickens, Salmonella causes fowl typhoid, salmonellosis, and pullorum disease [14,15]. Fowl typhoid is an acute septicemic condition that mainly affects mature birds, especially commercial layers. Salmonellosis, caused by the same pathogen that causes gastrointestinal infections in humans, can cause enteric disease in chickens, with signs such as diarrhea. It is often self-limiting in chickens, with the possibility of infection without showing clinical illness. Pullorum disease causes diarrhea and mortality in chicks and decreased egg production in adult birds.



Current methods for controlling Salmonella infections in poultry farms include the use of antibiotics to treat and prevent infections. Antibiotics may also be used at subtherapeutic doses to increase the growth rate of chickens and improve feed efficiency. However, a study of chicken farmers keeping layers in Ghana and Kenya as well as broilers in Zambia and Zimbabwe found limited use of antibiotics for growth promotion, with treatment and prevention as the most common reasons for use [16].



Antimicrobial resistance (AMR) is a growing concern in Salmonella infections [17]. An estimated 75% of antibiotics administered to poultry are released into the environment and likely contribute to the emergence and spread of AMR [1]. While it is difficult to estimate the prevalence of antimicrobial resistance in Sub-Saharan Africa due to limited surveillance programs and research, studies such as those by Langata et al. (2019) have found evidence of antibiotic-resistant Salmonella isolates. Isolates from chicken droppings in Nairobi, Kenya, showed resistance to amoxicillin, cotrimoxazole, tetracycline, and streptomycin (50%, 28%, 11%, and 6% of the isolates, respectively [18]. None of the isolates were resistant to gentamicin, nalidixic acid, ciprofloxacin, or chloramphenicol. Another study reported that Salmonella isolates from poultry feed in Kenya had the highest resistance to amoxicillin (41%) [19].



Among strategies to control bacterial infections, the use of bacterial viruses, or bacteriophages (phages), is on the rise as an alternative or complement to antibiotics [20,21]. Phages are more specific than antibiotics, often infecting and killing a single bacterial strain or a group of related strains, limiting their impact on the microbiota. They also have the advantage of co-evolving with their bacterial host, reducing the emergence of long-term resistance [21]. In recent years, several phages targeting Salmonella have been isolated, and some have been used to treat Salmonella infection in chickens [21,22,23,24,25,26]. There are already at least seven different commercially available Salmonella phage-based products that have been registered in the USA, Poland, China, Colombia, Chile, and in Southeast Asian countries [27]. A number of them showed efficacy on food products and poultry meat [28]. At this time, a commercial product has yet to be made available or registered in Kenya. Several institutes, including the International Livestock Research Institute (ILRI), are working on developing phage products and cocktails to tackle AMR in Kenya, as demonstrated by the recent Kenyan Phage Symposium held in 2022 [29]. There is openness to licensing or registering a phage-based product in Kenya; Makumi et al. (2021) describe initial discussions with the Veterinary Medicines Board [30]. In chicken production, phages could not only be used for treatment and prevention but also as a surface cleaner that targets specific bacteria. A recent review discusses the potential benefits and challenges of using phage therapy within the Sub-Saharan African market, including the creation of phage biobanks and the regulation of phage products for veterinary use [30]. Considerations include how a product could be registered; for example, phages alone would not be considered a vaccine even if used prophylactically because they do not induce an immune response. A document outlining guidelines for veterinary phage product registration by the European Medicines Agency acknowledges that “due to the specific nature of bacteriophage products, adaptation of the general rules may be acceptable, and the regulatory framework is expected to be flexible” in part because of the multiple potential applications and the potential to co-administer phage products with other veterinary products such as antibiotics [31].



To develop a product for the Sub-Saharan market, it is important to understand the conditions under which poultry production occurs. In low- and middle-income countries such as Kenya, poultry production, even in urban areas, is dispersed across many farms and households, many using free-range and semi-intensive production systems. In Sub-Saharan Africa, estimates of the total poultry population kept in rural or traditional production systems range between 60% and 80% [2,32]. Chickens in these production systems are often under the control of women and are an important economic and nutritional resource for women and children [2]. In Kenya, indigenous chickens, often associated with more extensive production systems, made up half of the value of the national chicken meat production in 2004, with the other half coming from broilers and culled layers [3]. In this context, chicken production is both a business and a household enterprise where household members, mostly women and youth, contribute labor and business expenses and profits are intertwined with the financial needs of the household. Veterinary decision-making happens within a social context influenced by gender norms and intra-personal relationships between household members and veterinary providers. Women play an active role in poultry management, particularly in Sectors 3 and 4, as defined by the Food and Agriculture Organization of the United Nations (FAO) [3], which we refer to as semi-intensive and free-range production systems, respectively. Even in Sector 3, which has semi-intensive production systems, biosecurity is low; chickens may spend time outside in contact with wild birds or other livestock, and the chicken owners may still be vulnerable to food insecurity.



Management practices, the division of labor, and access to veterinary services vary by gender. Women and men have different levels of decision-making ability and access to resources to prevent or treat bacterial infections and other animal health issues [8]. In a study about Tanzanian smallholder chicken-owning households, there was no difference in awareness of Newcastle disease vaccines or their use between households with men or women as decision-makers for chickens [33]. The same study, however, reported more use of aloe vera to prevent or minimize signs of Newcastle disease in households where a woman was the primary decision-maker for chickens (41% vs. 29% in households where a man was the primary decision-maker). Women’s greater reliance on aloe vera may suggest less access to veterinary products, either because of their cost or because of differences in knowledge and access to veterinary services and information. A study on the use of insects as feed for poultry and fish in Kenya showed that while men and women were both able to list insects as appropriate for feeding chickens, women knew of more commercial and homemade feed types compared to men but were less able to purchase commercially available feed because of its cost [6]. Levels of access to information and service provision have also been shown to vary between genders and affect the practices used. In a study on antimicrobial use in poultry systems in four African countries, women had a 5% lower knowledge score (p < 0.05) on a set of questionnaires about best practices in antibiotic use than men when other variables were held at their mean and controlling for country [16]. A survey conducted by the FAO, covering 97 countries with sex-disaggregated data, looked at gender equity in extension, referring to services delivered by experts on agriculture, agribusiness, and health. Only 5% of all extension resources were directed at women. Moreover, only 15 % of the extension personnel were women [34].



Given the documented gendered differences in the division of labor and the access to information and veterinary services in the poultry sector, it has been highlighted that a gender lens is relevant when considering the design of a new veterinary product. This study uses the framework for gender-responsive animal health research developed by ILRI, which recommends the consideration of gender at three stages of research: research prioritization, product design, and delivery of products and services [35]. Using this framework, we ask the following question: What design considerations of a phage-based product can potentially improve adoptability by female and male chicken keepers with smaller flock sizes in semi-intensive and free-range production systems? The objectives of this study were to characterize chicken production by gender in two production systems (free-range and semi-intensive); map gendered disease problems and existing solutions; and identify product design opportunities with the goal of improving uptake of a phage-based product or products. A parallel activity within the same project is the biological characterization of known or novel phages towards Kenyan Salmonella strains, which is underway and will be presented in upcoming manuscripts.




2. Materials and Methods


2.1. Study Sites


Six sub-counties in Nairobi, Kiambu, and Machakos counties in Kenya were purposefully chosen to overlap with the sites where phages were isolated for product development in the larger research project. The locations are also ideal because proximity to Nairobi increases chances of accessing a new veterinary product, but a focus on semi-intensive and free-range production systems highlights the needs of chicken keepers, who may be less likely to benefit than more industrial and intensified chicken operations. Nairobi County contains the capital city of Nairobi. With a high population density of 4515 people per square km in 2009 [36], the area hosts private businesses catering to livestock keepers, from feed companies to agro-veterinary supply shops (agrovets), and many urban consumers of eggs and meat. Kiambu County is directly adjacent to the city of Nairobi, with a large urban population because of the northern growth of Nairobi and a population density of 638 people/square km. The Kikuyu people are the dominant ethnic group. Machakos County shares a western border with Nairobi and Kiambu counties, with the county capital, Machakos, located about 65 km away from Nairobi. Machakos County has a larger rural population and a lower population density (177 people/square km) compared to Nairobi and Kiambu Counties. The Kamba are the dominant tribe. The poverty rates are much higher in Machakos County, with 57% of the population at or below the national poverty line, compared to 22% and 25% in Nairobi and Kiambu Counties, respectively, as per 2006 data [36].



Veterinary services in Kenya are provided publicly and privately. In the early 2000s, government extension services in Kenya, including veterinary services, shifted to a demand-driven model [37]. Consistent with the national model, participants within the study counties reported accessing veterinary services from public and private providers.




2.2. Data Collection


A participatory, qualitative methodology was employed for this study, highlighting the needs and current practices of chicken keepers within their social and economic context. This approach acknowledges the complexity of the decision about whether to adopt a new veterinary product or not. Data collection methods consisted of 24 focus group discussions (FGDs), with chicken keepers disaggregated by gender (women and men) and production system type (free-range and semi-intensive), and 17 key informant interviews (KIIs) with experts who have professional-level knowledge of the poultry sector and work closely with chicken keepers (see the demographic breakdown in the results section). Field activities were conducted in April 2021. The FGD and KII tools are available in the Field Researcher Guide [38].



The sample size considered the goal of gathering the following: perspectives from women and men from three regions that are users of two production systems; the number of people required for an engaging and inclusive discussion; and the likelihood of reaching data saturation for the topics of interest. Eligible participants were women and men (at least 18 years old) who owned, made decisions about, or cared for chickens on their farm or household, had chickens within the past 3 months, and fit the respective production system criteria. Free-range production was defined as fewer than 50 chickens; semi-intensive production was defined as 50 or more chickens. Participants were chosen purposefully with help from community leaders and local government officials, with recruitment for each production system based on the approximate flock size the participants “typically” have, in acknowledgement of the cycles of buying and selling within chicken production. As a result, 12% of participants reported a flock size outside the desired threshold specified for their FGD at the time of data collection (ten outliers for the free-range FGDs and nine outliers for the semi-intensive FGDs). Unless the participants failed to meet other eligibility criteria, they were retained in the study because removing them after recruitment could have incentivized lying about flock size or prompted arguments about their “typical” flock size after recruitment by the community mobilizer and travel to the meeting location. The relatively low threshold for flock size targeted chicken keepers corresponding to FAO’s definition of Sector 4 (village or backyard) and Sector 3 (commercial) chicken keepers [3]. The group size was capped at eight participants due to government-imposed restrictions on large group meetings during the COVID-19 pandemic.



All research activities were facilitated in Swahili or English, depending on the participants’ preferences, with a man facilitating the men’s FGDs and a woman facilitating the women’s FGDs. Typically, two people took independent notes, but occasionally a single note-taker took notes for key informant interviews. Participants were asked to give written consent to participate. Audio recordings were taken for all activities. At the end of the activity, participants were reimbursed a modest amount for their travel to the meeting point and provided with drinks and snacks to consume at home as a COVID-related alternative to refreshments typically provided during the discussions.




2.3. Lean Social Canvas


The discussion tools for the FGDs and KIIs were based on the social lean canvas template, a tool used to organize early-stage ideas for a social enterprise by identifying problems, existing solutions, and the unique value propositions of new products [39]. Guided by the lean social canvas template, we asked what problems each group currently faces in chicken keeping. These problems may or may not be directly related to bacterial diseases. Next, we considered whether phages can provide a solution to any of the existing problems, identified the existing alternatives that the respective group of chicken keepers is currently using to address the problem, and suggested a unique value proposition, or “selling point”, that a phage product can provide for each group.



While the discussion tools were designed to assess the feasibility of a phage product, we did not mention phages directly or ask for the participants’ opinions about phages. An informed end user of a veterinary or medical product can reasonably expect information about the product’s efficacy, safety (including side effects), and usage, but further details may be beyond the scope of what is useful. Since previous knowledge of phages was unlikely, any discussions would have involved the research team introducing the concept for the first time, and attempting to gauge opinions shortly after would likely be both unreliable and distracting. The tool focused instead on broader considerations affecting the feasibility of a new veterinary product or products. Phages were mentioned by name with key informants, whose technical backgrounds allowed them to appreciate the additional detail.



Relevant context included reasons for keeping chickens, breed preferences, roles in routine and management activities, how tasks are divided amongst family members or employees, animal health and production challenges, and awareness of zoonotic diseases. Within this context, we narrowed in on the use of veterinary products, discussing gendered access to veterinary services and inputs, relationships with animal health professionals, currently used veterinary products, and preferences for new products. The number of FGDs where a topic is mentioned out of the total number of FGDs for that specific group is included in parentheses. An FGD was counted if at least one participant in the group raised the topic. The KIIs triangulated the information collected from FGDs.




2.4. Analysis


The recordings were fully transcribed and translated into English. Complete transcripts of all FGDs are available online [40] in support of the movement towards more open data in qualitative research [41]. Key informant interview transcripts are not shared to protect the anonymity of the interviewees. A final document, containing the transcriptions plus relevant notes (such as body language or details about the group dynamics), was created for each research activity and coded thematically using NVivo (released in March 2020) [42]. Most of the coding was deductive, using a predetermined coding framework, with some opportunity for inductive coding through adding themes that emerged from the data in a second iteration of the coding framework. Disease and health concerns were coded by the disease name for commonly recognized diseases, such as the Newcastle disease and respiratory illnesses, and by signs relevant to bacterial diseases, such as white diarrhea. Two people worked together to code the documents. Each document was coded by only one person; however, both coders trained on a subset of documents and discussed discrepancies to ensure the themes were understood and being coded similarly. Since identical FGD questions were used, analyses compared the content of information on themes and the numbers of mentions across themes to identify differences and similarities by gender and production system. The final coding framework is available in Appendix A, Table A1. Quotations are identified with the gender of the participant, their production system, and county either within the text or in parentheses directly after the quote.





3. Results


The results are organized as follows: we start by providing a characterization of the study participant and the two production systems (free-range and semi-intensive); we then provide an overview of the gendered management of chickens; animal disease concerns and solutions; access to animal health services; use of animal health products (including vaccines, drugs, and traditional medicine); and opportunities and barriers to accessing animal health products.



3.1. Participant Demographics


We conducted 24 focus group discussions with 162 chicken keepers (85 women and 77 men) (Table 1) and 17 interviews with key informants. Informants included public and private veterinarians, government-employed livestock production officers, a hatchery employee, and employees and owners of agrovets, shops that sell farm inputs and veterinary products. The gender distribution among the 162 chicken keepers participating in the focus group discussions across the three counties and six sub-counties was relatively equal, with 53% women and 47% men. Most participants were married (86%) with secondary school education or above (83%), and between 35 and 60 years old (67%), as shown in Table 2. The youth participants (<35 years old) were disproportionately male (66%). The key informants included seven men and eleven women (one interview had two informants).




3.2. Reasons for Keeping Chickens and Breed Preferences


The decision to adopt a new veterinary product can be better understood in the context of people’s financial and personal incentives for keeping chickens. In this section, we discuss motivations for keeping chickens, preferences for types of chickens (broilers, layers, improved local chickens, and local chickens), and preferences for specific breeds, all of which can influence the need for veterinary input and perceptions about vulnerability to disease.



There are common reasons for women with free-range production systems (<50 chickens) to keep chickens for eggs and meat and sell them to cover modest financial needs in the household. As expressed by a woman in Machakos County:


I keep chickens because of their many benefits. I take them to the market when I do not have money, sell them, and use the money to do things at home. They give me eggs that my children eat, and at times I sell the eggs. They make my home beautiful, and they give me manure.







For men with free-range production systems, income and making money were more emphasized as reasons to keep chickens, although household consumption of meat and eggs was also mentioned. As a man from Nairobi County explained, “I keep chickens because, most of the time, when they mature, I make money from them.”



Women with semi-intensive production (>50 chickens) referred to chicken-keeping as their business, also citing personal interest or passion as a motivator. A middle-aged woman in Kiambu County, a university graduate, explained. “I like farming so much. I like trying different things and exploring. At first, I tried broilers and pigs. I was doing it because I liked agriculture, but now I do it as a business.”



Men typically keeping more than 50 chickens described keeping chickens for income. A Kiambu County participant referred to chicken-keeping as his “side hustle.” A farmer with secondary school education in Kiambu County elaborated. “The reason for raising chickens is to sustain myself in life and build commercially by taking on a project.”



Even as levels of intensification increase, local breed chickens (referred to as kienyeji chickens in Swahili) and improved local breeds (breeds with genetic contributions from both exotic and local chickens) feature prominently because of their reputation as disease-resistant compared to “exotics” such as layers and broilers. In addition, many consumers in Kenya prefer meat and eggs from local and improved local chickens. Improved local breeds mentioned by name in the FGDs included Sasso (three FGDs), Kenbro (three FGDs), and Kuroiler (two FGDs). Kari and Rainbow roosters were mentioned only by key informants.



Table 3 shows the types of chickens kept by the 162 participants. Many of the semi-intensive producers kept multiple types of chickens. For men, the most common combination was local and improved, kept by 23% of all participants (9/40), and for women, layers and local chickens were most often combined, reported by 15% of participants. The median flock size for women with semi-intensive production systems was higher (250 chickens) than that of semi-intensive men (only 70 chickens).



As a woman with a free-range production system in Nairobi County explained: “I stick to kienyeji because the meat is tastier. Their eggs are also tastier, with a yellow yolk.” A man, also in Nairobi County, described the market demand: “Me too; I keep kienyeji like my colleagues because feed prices have gone up and these kienyeji chickens can be fed maize from the market. I can chop greens for them. They feed well according to one’s financial ability. They are very marketable, especially during Christmas time, when they are in high demand.” A woman in Kiambu County with semi-intensive production described her shift from keeping broilers to keeping layers:


I kept broilers for almost ten years. They are marketable. When you are consistent, you can keep them because the people you supply are asking for the chickens, but we were not consistent. Sometimes we did not have them, so I turned to layers, and it is going very well. The only challenge is that before they start laying the eggs, they spend a lot of money, but otherwise the layers are better.







For men with semi-intensive production, concerns about disease were a motivating factor to prefer local or improved chickens, with participants in all six FGDs mentioning they are perceived as “resistant,” “less prone to disease,” and “their sickness is not comparable to broilers.” Local and improved chickens were also perceived by both women and men to be more responsive than exotic chickens to readily available and inexpensive traditional medicines like aloe vera.



Local chickens were also associated by the participants with healthier meat and eggs, in part because of concerns about the human health effects of drugs and other veterinary inputs used in rearing exotic chickens. This came out most strongly in the men’s free-range FGDs in Nairobi County. Thus, in addition to taste preferences, health considerations likely explain the enthusiasm for local chicken products, especially among urban customers.




On the subject of side effects, I personally do not like keeping exotic breeds because of the additives in feeds used to stimulate growth. There are effects from these exotic breeds; for instance, a three-month-old chicken is ready for consumption. Even us in the village may be at risk because we will find them all over the marketplaces, so I fear them so much.






I want to say that kienyeji chickens have no effect. I have been with them for about 40 years; they do not need a lot of medication and hence are safe to eat.






3.3. Roles in Routine and Management Tasks


Understanding who conducts routine and management tasks within the household is relevant for understanding who to target with a new veterinary product. Routine tasks include cleaning, feeding, and daily chores, while management tasks include buying and selling chickens as well as veterinary decision-making such as purchasing and administering veterinary inputs.



3.3.1. Free-Range Production


Women and men with free-range production systems described doing routine tasks themselves or with the help of other household members, usually school-aged boys and girls or women employed as house help. Men who spent less time at home delegated tasks to their wives or children, although some older men reported doing routine tasks themselves. Two common areas of co-investment by husbands or other adult family members were purchasing feed and building/expanding chicken housing, discussed further in the production factors section. When it came to buying and selling, responsibility in most homes narrowed to husbands and wives, with women in Machakos County describing more consultation with and permission-seeking of their husbands. In a few cases, other adult household members, such as a daughter, also participated in decision-making. A Nairobi County man in his sixties served as a reminder that decision-making authority and ownership do not always perfectly overlap. “I say they are mine, but even if I say that, my wife is at liberty to sell or eat them. She asks whether she can sell/eat, and I cannot refuse because the household belongs to both of us.”



In a Machakos County FGD, two participants described the gender norms in their area, the first saying: “Many men here do not keep chickens. Women are the ones who keep chickens.” This prompted the second woman to explain: “Or maybe the wife died, or he has children, and they are taking care of them. However, most of the families are complete families, so the chickens are owned by the women.” This observation is reflected in the participant demographics: 86% of all participants were married (Table 1).



When asked about veterinary decision-making, most discussions in the free-range production FGDs cantered around treating chickens rather than seeking preventive care. Women usually identified the sick chickens and administered the drugs, an in many cases husbands or other family members paid for the administered drugs. A self-described housewife in Machakos County with about 60 chickens explained: “My husband is not near, but when I get a sick chicken, I tell him, and he brings the medicine. Before he comes, I take aloe vera and give it to them.” A woman in Nairobi County reported traveling to the agrovet and purchasing herself because she felt a sense of urgency.




When I wake up in the morning and find my chickens sick, I am not happy, and I do not have peace. I will act fast to get the medicine to give to them. If I send my husband, he may have other things to do, and he may take time to bring it, making me wait to give the chickens medicine. Sometimes he may even forget.





When speaking about veterinary decision-making and sourcing veterinary inputs, men described cooperating with their wives to organize seeking treatment. They made more references than the women with free-range production to “knowing vets and agrovets,” “having a guy” who delivers and administers drugs, and “having the phone number of one of the vets.” Almost all of the men described paying for any veterinary inputs themselves, although a few said their wives, or in one case, their mothers, might look for inputs if they were more available.




3.3.2. Semi-Intensive Production


Women and men with semi-intensive production systems (>50 chickens) described a greater variety of routine tasks, including washing drinkers and feeders, collecting eggs, and replacing sawdust. Women, who in this study had larger flock sizes than men, mentioned more tasks associated with larger flock sizes, such as checking incubators, spraying disinfectant, and slaughtering chickens for market.



Women described doing routine activities with assistance from family members, including a brother, mother, and school-aged children, and in some cases, with employees. A single woman in Nairobi County described hiring people “for some hours or as we have agreed”, while a woman in Machakos County had a male employee who did routine tasks most days. A businesswoman in Nairobi County explained that profit margins do not allow her to hire an employee. “I do it because the profit margin for broilers is very low. If I employed someone with a monthly salary, I would get very little profit.”



While some men performed routine activities, they reported a greater reliance on their wives, family members, and household employees. A teacher in Kiambu County with 1200 layers described how he schedules his day with an employee: “I decided to feed them once a day in the evening because I am working, and you realize at some point you may not have an employee. If that happens, will I still manage to feed them after work?” When it came to identifying sick chickens, anyone noticing a problem was expected to report it, but most men felt it was their responsibility to check the chickens frequently, confirm if a problem had been reported, and liaise with a vet or agrovet.



Women with semi-intensive production reported having significantly more authority to buy and sell chickens without consulting their husbands or other family members. Furthermore, a woman in Kiambu County told us that her husband supports her when customers purchase chickens from her early in the morning:


There’s consultation here and there, but I solely make the decisions. I do inform him that I made this decision because of this and that. It is a formality because he is not interested. Sometimes the chickens are being picked up at 4 a.m., and the ones taking them are men. I have to tell him to be available that day because I am selling chickens and they will be picked up at night. Even if he will not support, he has to be there for security. Consultation comes in handy.







In contrast to the free-range production FGDs, more of the discussions about veterinary decision-making focused on vaccination than on treatment. Women reported sourcing vaccines and medications from agrovets, paying for them, and administering them themselves, except in the case of intramuscular injections, when they engaged veterinarians. A few worked with employees, describing teaching them about the administration of vaccines, drugs, and vitamins, but always under close supervision. “Apart from collecting eggs, for things like vaccinating, I ensure that I do it, although when I am doing it, she (an employee) is there to learn”, said a woman in Kiambu County with 900 layers and improved chickens. In a few cases, women reported their husbands paying for veterinary inputs. A man in Kiambu detailed the financial understanding he has with his wife when asked who purchases drugs and vaccines: “Mostly it is my wife. We have structured it so I cater for items like feeds that need huge finance, but my wife does the ones that are less capital intensive.”



For many of the chicken-keeping enterprises, the financial structure is still linked to the financial structure of the typical African household, whereby the man as head of household is expected to provide resources and take on the risk of economic activities conducted by other household members. A man in Kiambu County pondered the complexity of ownership and responsibility:


There is a saying from my past that ‘the bedbugs and the lice in a house belong to the man of the house’. Hence, the chickens belong to the man of the house, and he can delegate responsibilities to anyone. My wife is the owner, unless she gets stuck and requests for me to boost her. Sometimes there are losses, and I cannot say that my wife should bear the loss alone. We sit down and agree. Since it is a family thing, we decide as a family.









3.4. Disease and Health Concerns


The most frequently mentioned health concerns were the Newcastle disease (ND), raised in 16 of the 24 FGDs, followed by respiratory illness (15 FGDs), coccidiosis or bloody diarrhea (13 FGDs), parasites (13 FGDs), fowl typhoid (6 FGDs), and salmonellosis (3 FGDs), as shown in Table 4. Mentions of coccidiosis and parasites were highest among men in FGDs in the semi-intensive system. Pullorum disease was not mentioned in any FGDs. Since chicken keepers could not reasonably be expected to make veterinary diagnoses or know fewer common diseases by their scientific names, we coded mentions of three signs of disease associated with but not exclusive to bacterial diseases: white diarrhea (11/16 FGDs), chick mortality (7 FGDs), and reduced laying (4 FGDs). Most health concerns were present across all FGD categories, with the exception of white diarrhea, which was mentioned mostly by women with free-range production (five FGDs) and least by men with semi-intensive production (one FGD).



A government-employed livestock production officer in Machakos County summarized common diseases for the chicken keepers he works with: “Newcastle disease is the starting point, with fowl pox and Gumboro (infectious bursal disease) also coming up. Fowl typhoid is another one.” A livestock production officer in Kiambu County agreed she receives fewer complaints about bacterial diseases but shared an interaction with one farmer who suspected salmonellosis.




I have not had so many complaints about that (bacterial diseases), because mostly it is a hygiene issue. Even when they die of that, they (farmers) will not know. There is one farmer who called me. He was sure it was salmonellosis because he is young and he may be able to Google. You know, Google has become the best vet and the best doctor. For many, it is Newcastle and Gumboro.





When chicken keepers spoke about bacterial diseases, fowl typhoid (caused by Salmonella gallinarum) was the most commonly mentioned by name. Participants with free-range production systems described clinical signs and difficulty treating them, while commercial keepers mentioned the vaccine. A man in Kiambu County explained he associates fowl typhoid with drug resistance because of previous negative experiences.




There was a time I lost a batch of 500 layers. What I have realized is that when fowl typhoid sets in, it is very resistant to drugs. It is like it is suppressed for some time, but even before the dose is finished, it recurs. Twice I have experienced the same, and it is one disease that I have come to fear.





A semi-intensive producer in Nairobi County was familiar with fowl typhoid vaccines and described access challenges: “You might be using them for the treatment, but they do not work. The drugs are expensive and come in large quantities. The same vaccines are not stored properly.” Another barrier to vaccinating against fowl typhoid is the intramuscular administration, as explained by a woman keeping chickens commercially in Kiambu County: “When I have chicks, the important thing is the vaccine schedule we get from the agrovet, and we give it to them, but for the injections, we call the veterinarian to inject for fowl typhoid and fowl pox.”



For the few who mentioned bacterial diseases by name, they usually associated them with diarrhea and described purchasing “drugs” or “medicine” to treat their chickens, often after consultation with an agrovet or vet. A man in Kiambu County who attended the free-range production FGD but had previously kept layers on a larger scale explained: “At times, you could find them having diarrhea. When I get this, I consult my vet, and I get advice on what to do. Mostly, he insists on cleanliness.” A woman in Kiambu County with 35 local chickens remarked: “They get diseases fast. When they start to have diarrhea, I buy and give them drugs.”




3.5. Relationship with Animal Health Professionals


The participants from all locations described relied on people offering animal health related services for advice and veterinary input. The most common were agrovets, who sell veterinary inputs and give technical advice, and veterinarians, particularly government officers. In Kenya, veterinary officers focus on disease surveillance, vaccination, sample collection, and outbreak reporting, while livestock production officers focus on extension and animal husbandry trainings. Agrovet shops must be licensed to operate, and while there are minimum educational requirements for the owner, employees have varying levels of training and experience. The most common source of veterinary care for chickens was agrovets for women and men in free-range production (55% and 51%, respectively) and commercial men (50%), with veterinarians as the second most common source (Table 5). A young, single man in Machakos County who keeps his own chickens and maintains a flock of chickens for his employer described his strategy if any of the chickens appear unwell: “I am the one in charge of the chickens. I consult with the agrovet and get advice and treatment.” Women with semi-intensive production, the group of participants with the highest flock sizes in the study, reported veterinarians as the most common source of veterinary care (56%), followed by agrovets (41%).



Vets were described as needed for the administration of injectable vaccines or drugs, especially by commercial women and men with larger flock sizes. A woman in Thika with 400 layers said, “I give them the ones put in water, but there are others that need to be performed by the veterinary officer, especially those for injecting on the wing or thigh.” In Kenya, fowl pox vaccine is typically administered through a wing web stab and fowl typhoid vaccine through an intramuscular injection, usually on the thigh [43].



No relationship is perfect, and chicken keepers, veterinarians, and agrovets reported sources of tension. People keeping chickens said animal health professionals were not always available when their services were needed and questioned the technical expertise of some agrovet employees, whom they perceived as lacking in expertise in poultry disease. A few commercial men in Nairobi complained veterinarians had introduced diseases onto their farms by disregarding basic biosecurity practices after visiting other clients.




When there is a health issue, I look for people trained in poultry matters, although they are very few. For example, in the village you might find only two of them, and it is very difficult to get them. (Man, semi-intensive production, Machakos County)






The veterinary officers from the government know better, and we prefer them because they know what to give when the chicken is sick instead of going to the agrovet, where they do not know what the drug is for. (Woman, free-range production, Kiambu County)





Government officers expressed frustration that some chicken keepers, especially those with smaller flocks, ask for advice without heeding it and seek treatment advice at the last moment rather than proactively preventing problems through vaccination and good husbandry. They wished more Kenyans understood that veterinary services are now demand-driven and agreed with the chicken keepers’ assessment that not all agrovets are qualified. Agrovets said some chicken keepers arrive to the shop demanding a product recommended by a friend or previously used without understanding the root of the health problem.



Consequently, while agrovets and veterinarians were the primary sources of veterinary care, sources of information about chicken keeping were varied, including fellow farmers, neighbors, friends, and community members; trainings (conducted by county government, feed companies, or NGOs); television programs; internet searches; social media groups; farmer groups; newspapers; radio; feed company extensionists; and expositions such as those hosted by the Agricultural Society of Kenya.




3.6. Veterinary Products


The introduction of a new veterinary product requires understanding existing problems and the products that chicken keepers are currently using. From most to least mentioned, FGD participants mentioned vaccines (22/24 FGDs), traditional medicine (21 FGDs), antibiotics (17 FGDs), and vitamins (10 FGDs). All products were mentioned in all four FGD categories. We also considered cleaning products because one potential application of phages is in a surface cleaner.



3.6.1. Vaccines


Chicken keepers were aware of vaccines, generally understood to be a veterinary product given in water or injected before a chicken gets sick to prevent disease. The ability to consistently follow a recommended vaccination schedule depends on cost, packaging (vaccines sold in large quantities favor those with larger flocks), and administration. Participants in free-range production FGDs (10/12 FGDs) and semi-intensive production systems (12/12 FGDs) mentioned the use of vaccines as a preventive measure. The Newcastle disease (ND) vaccine was the most accessible due to its smaller package sizes, lower cost, and administration in drinking water. It was mentioned in 15 FGDs, with reports of vaccination in 13 FGDs; 85% of all participants reported access to the vaccine (Table 5). We did not ask individual participants about access to other vaccine types, choosing to interpret ND vaccine access as a proxy for access to preventive veterinary products in general. For example, we assumed the 15% unable to access ND vaccines would be unlikely to access other types of vaccines.



The next two most used vaccines were Gumboro (reports of vaccination from six FGDs, five commercials, and one smallholder) and fowl pox (reports of vaccination from five FGDs, all commercial). Rarely mentioned vaccines were fowl typhoid (mentioned in two FGDs with reported use in one FGD), Marek’s disease (mentioned in two FGDs with no reported use), and infectious bronchitis (reported use in one FGD). Vaccines combining ND with infectious bronchitis are commercially available, so it is possible that the actual use is higher but was not explicitly mentioned by the participants. In the case of Marek’s disease, the prohibitive cost of the vaccine plus administration was reported as a barrier to use even for a hatchery. Vaccines that require an intramuscular or subcutaneous injection, such as the current fowl typhoid vaccine, or a web stab, such as fowl pox, are costly in part because of the need to engage a trained person to administer them.




For most vaccines, I normally do it myself, but for injectables, I pay a vet who does it for me. That is for the wing stab and the intramuscular vaccine administered to the thigh. However, the ones we give in water, I give them myself. (Man, semi-intensive production, Kiambu County)





Cold chain, particularly for vaccines, was less of a concern for chicken keepers in the urban and peri-urban study sites, with most participants traveling only a few kilometres to access veterinary products. Even in these environments, products requiring cold chain distribution reduce profit margins for agrovets because of the cost of storage and could be compromised by power outages. As a result, some chicken keepers, particularly those with semi-intensive production systems, “prefer and trust big institutions that can afford a backup system like a generator.” Chicken keepers in Machakos County faced greater problems than their neighbors near Nairobi, some traveling up to 50 km to access vaccines.




3.6.2. Antibiotics


Antibiotics are easily administered in drinking water, require no refrigeration, and serve as a solution when the problem is uncertain. Antibiotics were mentioned in 17/24 FGDs and used by 69% of all participants within the previous three months. Chicken keepers described using antibiotics to both treat and prevent disease. No participants described using antibiotics as a growth promoter. Similarly, no participants reported using or being aware of feed products that contain antibiotics, although some did mention giving antibiotics to accompany transitions from one type of feed to another. “I look at the feces, and they are not good, I go for antibiotics” (Woman, semi-intensive production, Kiambu County). “When I see signs of sickness, I buy antibiotics. My project is small; I do not call a vet” (Man, free-range production, Nairobi County).



Although participants spoke about the purchase of antibiotics, few could recall the names of the antibiotics used. Antibiotics mentioned by name included Tylodoxin (for treatment of diarrhea mentioned by a man with semi-intensive production), Ecogin (an antibiotic and vitamin mix sold for growing chicks mentioned by a man with semi-intensive production), Sulfaclozine Sodium Monohydrate, or ESB 30% (for treatment of bloody diarrhea by a woman with semi-intensive production), Tylosin (for treatment of “snoring” or respiratory signs mentioned by a woman with free-range production), Biotrim (mentioned by women with free-range production “because it is cheap”), and Poltricin (mentioned by a man with free-range production). A complete list of products mentioned by FGD participants and key informants, including antibiotics, vaccines, traditional medicines, and cleaning products, can be found in Appendix A, Table A2.



The withdrawal period is defined as the period from when a drug, typically an antibiotic, is administered to the time when drug residues in eggs and meat have dropped below a specified threshold, allowing them to be safely consumed. Concerns about the withdrawal period were mentioned in all FGD types (11/24 FGDs). Chicken keepers often knew about the withdrawal period, worried about the human health effects of residues in meat and eggs, yet acknowledged they were unable to take on the burden of losses during the withdrawal period and often sold birds and eggs anyway.




I think our biggest challenge, especially when dealing with layers, is the withdrawal of eggs once the chickens have been medicated. Broilers are a bit better. You cannot expect me to collect my 35 trays of eggs for three days and dispose of them. I will sell the eggs. (Man, semi-intensive production, Nairobi County)





Notably, concern about the withdrawal period and residues was not limited to antibiotics but was often mistakenly attributed to the use of a wider range of veterinary products, including vaccines, as shown in the conversation below. Vaccines, designed to stimulate the immune system’s response against disease, do not have withdrawal periods.




Participant: I went back to the vet and was told at least every month I should give the chickens medication, alternating between Newcastle and Gumboro vaccines.






Facilitator: Has this alternating and medicating monthly had any effect?






Participant: The medicine cost me and there was a withdrawal period for eggs and meat. (Woman, free-range production, Nairobi County)





Participants across all four FGD types (13/24 FGDs) mentioned antibiotics or drugs not working. Possible explanations for this include using the incorrect drug, administration route, or dosing; expired or incorrectly stored products; and/or drug-resistant pathogens. Regardless of the reason, drugs not working contributed to additional expenses for the chicken keepers, distrust of animal health professionals or agrovet employees if they were engaged, and in some cases, a search for alternative solutions such as traditional medicine. A man with semi-intensive production in Nairobi County lamented the cost of drugs and expressed frustration with the level of training of the agrovet employee who sold him the product: “Drugs are available, but they are not effective; they have let us down. A drug may be expensive but very ineffective, and the person dispensing it also has no knowledge.”



Some participants used antibiotics against viral pathogens, which are ineffective. For example, four participants (two women and two men, both in a semi-intensive production system) described using antibiotics to treat Newcastle disease. “For the bigger chickens, I would say Newcastle disease affects them most. It is bad because when it strikes, it has no treatment. You may only use antibiotics to control the symptoms”, explained a man with semi-intensive production from Kiambu. A woman with semi-intensive production, also in Kiambu, described what happens when Newcastle disease enters her flock: “By the third day, I lose them. Even if I give them antibiotics, they still die.” A man in Nairobi County described his frustration with “agrovet drugs” in general, saying: “I use traditional remedies because agrovet drugs are not working.”




3.6.3. Traditional Medicine


Use of traditional medicine to treat and prevent chicken diseases was reported by men and women in both production systems (21/24 FGDs). Traditional medicines were defined broadly to include plants such as aloe vera, foods such as ginger, and other substances such as wood ash. Traditional medicines were usually administered to chickens in drinking water, with a few applied topically for wounds, lesions, or external parasites. A man in Machakos County with semi-intensive production described the common scenario of relying on both veterinary products and traditional medicines as a chicken producer, saying: “We have the medicines we can use, such as antibiotics, and traditional ways to treat them, like wood ash and aloe vera.” Some participants used language and information borrowed from the veterinary profession; for example, a woman with semi-intensive production in Kiambu County said: “The Mexican marigold is an antibiotic. We also give garlic, which is a very strong antibiotic.”



Traditional medicines served as an affordable alternative to veterinary products and were appreciated for being safer for humans compared to veterinary products. “Aloe vera is planted at no cost. We also eat the chickens, and I do not want to eat one that has many drugs,” said a woman with free-range production in Kiambu County. A woman in Nairobi County, also with free-range production, went so far as to suggest using veterinary products will degrade the superior qualities of the local chicken if used, saying: “‘Yes, traditional medicine does not cost me, plus it is not pure kienyeji when I use the medication from an agrovet.”



The downsides of traditional medicine included uncertainty about dosing, challenges with administering to large flocks, and “not being completely effective.” See Table A2 in the Appendix A for a complete list of traditional medicines mentioned.




3.6.4. Cleaning


In addition to veterinary applications, phage products could potentially be used as surface cleaners that target specific strains of bacteria. As described in Section 3.3., roles in routine and management tasks, cleaning, and hygiene were viewed as important parts of the disease prevention, and were mentioned more by female (six semi-intensive FGDs and five free-range FGDs) compared to male (four semi-intensive FGDs and two free-range FGDs) chicken keepers. Products used when disinfecting chicken houses included powdered washing soap, Norocleanse, glutraquat TH-4, and Jik. Disinfectants were mixed with water or sprayed using backpack sprayers designed for the application of pesticides and fungicides to crops. Less costly alternatives included wood ash, sprinkled in chicken housing to kill germs and insects, and soda ash mixed with water in a footbath at the entrance.





3.7. Production Factors


In addition to veterinary considerations, chicken keepers mentioned four aspects of production that influence adoption opportunities for phages: regulatory environment, feed, housing, and biosecurity.



3.7.1. Regulatory Environment


Government regulations surrounding the sale of veterinary products and feed, as well as the movement and disposal of animals, were mentioned by men and women with semi-intensive production and by men with free-range production. Participants in the men’s free-range production groups worried about fake products and hawkers repackaging feed and drugs under trusted brand names. They did not trust the Kenya Bureau of Standards to appropriately intervene. A man in Nairobi County explained:


Now, we trust Unga feeds, but there are people who have used their packaging bags to sell substandard products, so I do not trust anything Kenyan. I may only trust it if it is from angels or something from a tree.







Participants in semi-intensive production were concerned that internationally banned veterinary drugs may be sold in Kenya without consumers knowing and that vaccine quality would be adversely affected by poor handling.




3.7.2. Feed


The high cost and unpredictable quality of packaged chicken feed were mentioned in almost every FGD. Women with free-range production reported purchasing feed as an area where their husbands often financially contributed. Participants in all FGDs complained that a company with high-quality feeds could start using poor-quality feeds (e.g., rotting maize), and that the packaging standards and regulatory processes could be weakened by corruption. They worried about aflatoxins and changes in formulations of supplements. They also described adverse health effects in their flocks, which they attributed to poor-quality feeds. A woman in Kiambu County with 700 layers said:


Sometimes the feeds we give to the chicken cause the eggs to be small or the yolk to be light, and we are forced to buy the booster (a product containing antibiotics) because the feed is not the same. The company may be the same, but the feed is not the same.







This contributed to many chicken keepers regularly changing feeds in an effort to maintain high production and reduce costs. Across all FGD types, people described formulating their own feed, often by purchasing ingredients from grain mills, with varying levels of success.




3.7.3. Housing


Well-constructed housing, with ventilation and sufficient space to avoid overcrowding, can prevent conditions conducive to bacterial and other infections. Unfortunately, as a livestock production officer in Machakos explained, some chicken keepers construct housing that contributes to diseases and possibly increases the use of antibiotics:


Since they do not want them to be taken away by predators, they enclose them in a very small house. If any disease comes, there will be no ventilation, so that disease will kill the chicks. When they start treating, they will go and give just any antibiotic, so they can even overdose.







Constraints to housing practices included the cost of building materials, the availability of land (especially for commercial keepers), knowledge about best designs, and, as mentioned above, the threat of predators, including mongooses and domestic dogs. Constructing housing was widely considered to be a man’s responsibility.




3.7.4. Biosecurity


Women with free-range production reported more detailed biosecurity practices than men (4/6 FGDs), including cleaning the housing with disinfectants or soda ash, limiting visitors, constructing housing with permanent floors, and isolating sick chickens. Only one participant, located in Kiambu County, reported using a foot bath. Men with free-range production reported isolating sick birds and disinfecting housing through cleaning or spraying (3/6 FGDs). Some knew about foot baths, but few reported using them. Biosecurity practices were mentioned in all six of the women’s semi-intensive production FGDs, including spraying disinfectant at regular intervals, cleaning housing with disinfectants or soda ash, isolating sick chickens, using foot baths, minimizing visitors, and separating chicken housing by age group. Similar practices were mentioned by men with semi-intensive production (5/6 FGDs), with the addition of requiring changes of clothing and shoes from employees, assigning limited people to have access to certain buildings or areas, and concerns about veterinary professionals bringing disease from other farms.





3.8. Human Health


Since Salmonella can cause illness in humans, to assess awareness of zoonoses, participants were asked to describe any negative effects chicken keeping could have on human health. Across all FGDs, awareness of zoonoses was low (3/24 FGDs). Three women in two FGDs for free-range production mentioned people getting sick from chickens. One had a sick child and was told at the hospital it was caused by chickens; another mentioned touching chicken manure without gloves as a method of transmitting disease to people. A man keeping chickens commercially mentioned zoonoses but said it had not been a problem in his business. No one mentioned diarrhea, vomiting, food-borne illness, or any human health conditions by name.



The most mentioned negative health concern was the effects of drugs and growth boosters in meat and eggs on human health (14/24 FGDs), followed by chickens attracting flies or parasites such as mites (11/24 FGDs), and asthma/allergies exacerbated by dust or chicken manure (10/24 FGDs). The withdrawal period was mentioned by participants in all four FGD types and in 11/24 FGDs. Nairobi County participants mentioned the withdrawal period more than participants from other counties (6/8 FGDs). For example, withdrawal was mentioned by only two FGDs in Machakos, both commercial producers. Most participants did not specify or know what types of veterinary products have withdrawal periods, with some participants incorrectly associating withdrawal periods with vaccine use or veterinary inputs in general.




Now that I keep kienyeji chickens, I mostly do not want to use medication because they are eaten by the family, and when someone comes to buy them, they ask many questions, specifically if the chicken has been given any medication. We want to sell the products that we also eat. That is why I give them aloe vera, because even humans use aloe vera. The times I use antibiotics, it is not because I want to, but because there is no other way or other expertise I can use. (Woman, free-range production, Nairobi County)







4. Discussion


Overall, we sought to explore what options exist for designing bacteriophage products that can be adopted by female and male chicken farmers in both free-range and semi-intensive production systems. The following design recommendations consider both gender and production systems.



A social lean canvas summary describes how a phage product can be a solution to stated problems and its unique value propositions for female and male chicken keepers in free-range production systems (Figure 1).



With lower budgets for veterinary inputs, less access to veterinarian services, and low biosecurity in free-range production, participants described seeking treatments rather than preventive actions, such as adhering to vaccination schedules. In this context, a phage product that can treat fowl typhoid would be valued. The Newcastle disease vaccine was found to be the only preventive veterinary input often used by both women and men respondents across the two systems and by more women (89%) than men (65%) in free-range systems. We therefore recommend a second product, marketed as a vaccine, that combines phages with ND vaccines for disease prevention. Most veterinary inputs, from antibiotics to ND vaccines, are administered through drinking water rather than intramuscular injections, so it is recommended that all phage-based products, whether marketed as vaccines or treatments, be administered orally. This allows the chicken keepers to depend less on costly administration by veterinarians. Alternatives to treatment and prevention of bacterial diseases included cleaning and biosecurity practices, most mentioned by women, and the construction of appropriate housing, largely the responsibility of men.



Women in free-range systems described having less access to capital for inputs such as feed and veterinary services/products and often depending on their husbands to purchase veterinary products, both because of cost and their greater access to agrovets and veterinarians due to more responsibilities outside the home. Even though men may bear the cost of the inputs, women took an active role in overseeing or initiating the purchase of those inputs. Notably, women in free-range systems described disease problems using more descriptive signs than disease names, such as white diarrhea (associated with the pullorum disease) or reduced laying (associated with fowl typhoid, fowl coryza, and E. coli). It may be beneficial to consider including disease signs on packaging or marketing materials. Participants preferred small package sizes appropriate for those with smaller flocks and clear dosing instructions, with dosage cups or marked packaging to indicate quantities. Lastly, given concern about residues from veterinary products in meat and eggs, a phage product should be labeled and marketed as having no withdrawal period and no residues passing into eggs or meat.



Both women and men preferred rearing local and improved local breeds of chickens because they perceived them to be more disease-resistant and requiring minimal veterinary inputs. Such a perception could limit the adoption of any veterinary product without the sensitization that local chickens can benefit from veterinary interventions. Local chickens are not only kept by free-range producers or in rural areas, but also by semi-intensive and some emergent commercial farmers since there is a demand for meat and eggs from local chickens at the Kenyan market.



Women and men in semi-intensive production systems reported using more types of vaccines, such as Gumboro and fowl pox; however, fowl typhoid vaccines were among the least accessible because of the cost and technical skill needed to administer an intramuscular injection. In this context, in addition to the design suggestions for free-range chicken keepers, a phage product marketed as a vaccine to prevent fowl typhoid would be valued (Figure 2).



In semi-intensive production systems, in comparison to women, men delegated routine tasks mostly to their wives and employees. Furthermore, women and older men tended to perform the work themselves or with the assistance of children. To prevent the burden of additional labor administering medication or vaccines, which may fall disproportionately on women, oral delivery in drinking water is the most practical delivery method for any product. Concerns about feed quality led to many participants changing feed brands frequently and aspiring to formulate their own feeds; therefore, delivery of phages through feed is not recommended for the Kenyan context. Hatcheries and multipliers, informal businesses that raise hatchery chicks into teen chicks for sale to livestock keepers, could be targeted as early adopters of a phage product due to their large numbers of chickens and the risk of bacterial diseases due to overcrowding.



Women in semi-intensive systems were the most likely to keep layers, saying the marketing of eggs was compatible with their household duties compared to selling broilers. This makes them most financially impacted by reduced laying, which is associated with some bacterial diseases, with potentially more to gain from control of disease through a phage product. Men in semi-intensive systems mentioned parasites and coccidiosis much more than other participant types, suggesting that in a resource-constrained environment, they may have other priorities that supersede control of bacterial diseases. Urban consumers of meat and eggs in Nairobi preferred animal products from local chickens in part due to concerns about drug residues, so the lack of a withdrawal period for phages continues to be a unique value proposition compared to antibiotics. In contrast, awareness of zoonoses was low, so presenting phages as a way to reduce human health problems such as diarrhea may not gain traction.



One potential application of phages considered in the study was their use in cleaning products. Existing cleaning products, including soap and bleach, are accessible and affordable, and many kill a variety of pathogens. Therefore phage products as surface cleaners, while being eco-friendly, will probably not give any additional advantages to chicken keepers in free-range and semi-intensive systems. Phage-based cleaning products may be more useful in a more commercial context; however, that is beyond the scope of this research. Hatcheries and multipliers, informal businesses that raise hatchery chicks into teen chicks for sale to livestock keepers, could be targeted as early adopters of a phage product due to their large numbers of chickens and the risk of bacterial diseases due to overcrowding.



Lastly, financial incentives for agrovet employees are a consideration for the uptake of a new veterinary product. Agrovets were the most mentioned source of veterinary care for all participant types except women in semi-intensive production, who mentioned veterinarians more. This is consistent with the findings of a study in five Sub-Saharan African countries showing 80% of livestock-keeping households acquired antibiotics from agrovets [16]. Considerations for agrovet employees when stocking products include profit margins, shelf life, and cold chain requirements. The closer a phage product can be to an affordable antibiotic with a long shelf life and no need for refrigeration, the more competitive it will be.



Phage therapy is being investigated to treat Salmonella infections in chickens globally. The co-creation process between the laboratory research team and the socioeconomic/gender team is an example of best practices in product development, increasing the likelihood the final product will be adopted and useful to a diversity of chicken keepers. Strengths of this study include early collaboration between the product development and social science teams and providing open access to qualitative data. Limitations of the study include the inability to look at adoption opportunities for more commercialized chicken keepers due to the focus on sector 3 and 4 participants with moderate flock sizes and the inability to consider intra-household or spousal dynamics for veterinary decision-making due to the structure of the FGDs with one individual representing each household. The focus on a limited geographical area and greater depth with fewer participants limit the ability to generalize the needs and priorities of chicken keepers in other contexts. The focus on peri-urban Nairobi and the selection of women participants by community mobilizers, who may over-represent successful female chicken keepers, may suggest more egalitarian attitudes than would be found in more rural parts of Kenya.




5. Conclusions


Next steps for a phage product in Kenya include ongoing research, such as biological characterization of known or novel phages towards Kenyan Salmonella strains, testing efficacy and safety, exploring therapeutic effects of phages in combination with existing products, such as antibiotics and Newcastle vaccines, and continuing conversations about the registration process with the Veterinary Medicines Board. Some of the language in this article, such as the suggestion “to market a product as a vaccine” (i.e., implying that the vaccine should be administered before chickens have clinical signs), may be in conflict with registration requirements or definitions. We recommend marketing and labeling strategies that help veterinarians, agrovet employees, and chicken keepers understand how the new product will be used. It may also be appropriate to register multiple products, such as one used for treatment and another used prophylactically, as a way to best serve the different needs of chicken keepers in Kenya.







Author Contributions


Conceptualization, Z.A.C., N.S., A.M. and S.M.; methodology, Z.A.C. and N.N.; fieldwork investigation, N.N. and Z.A.C.; formal analysis, Z.A.C., N.N. and A.L.M.; writing—original draft preparation, Z.A.C. and N.N.; writing—review and editing, N.S., A.M., A.L.M. and S.M.; funding acquisition, N.S. and S.M. All authors have read and agreed to the published version of the manuscript.




Funding


This study was funded by the Canadian International Development Research Center (IDRC), in partnership with the UKAID Global AMR Innovation Fund, Department of Health and Social Care (DHSC), through grant #109049. S.M. holds the Canada Research Chair in Bacteriophages.




Institutional Review Board Statement


This study was issued ethical approval by the International Livestock Research Institute (ILRI) Institutional Research Ethics Committee (IREC), reference ILRI-IREC2019-08/2, for studies involving humans. ILRI IREC is accredited by the National Commission for Science, Technology, and Innovation (NACOSTI) in Kenya, and approved by the Federalwide Assurance (FWA) for the Protection of Human Subjects in the United States of America.




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


Supporting data can be downloaded at: https://data.mel.cgiar.org/dataset.xhtml?persistentId=hdl:20.500.11766.1/FK2/QKORYG (accessed on 9 March 2023). Dataset: Focus group discussion transcripts 1–24.




Acknowledgments


We thank Sylvia Macharia and Job Kariuki for their hard work facilitating fieldwork activities and transcribing audio recordings. Thank you to Nicoline de Haan for her early contributions to the collaboration between the lab and gender teams. We are grateful to ILRI gender team leader Alessandra Galie for her insightful and valuable feedback in bringing out the gender lens. Finally, we appreciate the people who took time out of their busy lives to speak with us about their chickens and the phage product we hope will someday exist.




Conflicts of Interest


The authors declare no other conflict of interest. The funders had no role in the design of the study, in the collection, analysis, or interpretation of data, in the writing of the manuscript, or in the decision to publish the results.





Appendix A




[image: Table] 





Table A1. Coding framework used in NVivo.






Table A1. Coding framework used in NVivo.





	Name
	Description





	Bacterial disease
	Parent node for themes of bacterial disease.



	  Fowl typhoid
	Mentions of fowl typhoid by name (not by signs).



	  Infectious coryza
	Mentions of infectious coryza by name (not by signs).



	  Pullorum
	Mentions of pullorum by name (not by signs).



	  Salmonellosis
	Mentions of salmonellosis by name (not by signs).



	Breed preferences
	Information about preferences for rearing different types of chickens and how they may differentially respond to diseases. Key words: kienyeji, local chicken, broiler, layer, exotic, Kuroiler, improved kienyeji.



	Disease
	Theme covering main diseases and animal health concerns mentioned by livestock keepers. For all diseases, code only if the respondent mentions the disease by name. For descriptions of signs/symptoms, code under “signs of disease.”



	  Coccidiosis
	Mentions of coccidiosis by name OR by mention of red or bloody diarrhea.



	  Fowl pox
	Mentions of fowl pox by name (not by signs).



	  Gumboro
	Mentions of Gumboro by name (not by signs), also known as infectious bursal disease (IBD).



	  Newcastle disease
	Mentions of Newcastle disease by name (not by signs).



	  Parasites
	Mention of internal or external parasites, including ticks, fleas, worms, lice, etc.



	Gender
	Parent node for gender themes.



	  Access to vet products or services
	Any gender differences in the way women and men access vet products, services, and information; barriers.



	  Farmer roles
	Who owns, who decides, who sells, who is consulted, and who does general roles with a focus on age and gender. Who in the household does different tasks and why? Key words: Ownership, decision-making.



	    Buying and paying for vet inputs
	Information about who buys and pays for veterinary inputs with an emphasis on who does the task and their age/gender. The act of physically buying inputs such as drugs, vaccines, vitamins and providing the cash for the purchase.



	    Buying selling chickens and eggs
	Information about who buys and sells chickens, eggs, and meat, and makes decisions about purchases and sales, with emphasis on who does the task and their age/gender.



	    Identifying sick chickens
	Information about who identifies sick chickens, with emphasis on who does the task and their age/gender.



	    Ownership
	Information about who owns the chickens and consultations relating to ownership decisions.



	    Routine tasks
	Feeding, watering, cleaning, collecting eggs, and any other routine/”menial” tasks that are performed daily or regularly.



	    Veterinary decision-making
	Information about who makes decisions about veterinary care, with emphasis on who does the task and their age/gender. E.g., deciding to call a vet, go to an agrovet, give traditional medicine, or seek treatment.



	  Professionals
	Challenges faced when working as a woman vet/agrovet, differences between men and women.



	Information
	Parent node for themes about where chicken keepers get information.



	  Info sources
	Source of information about chicken keeping. Can be formal (e.g.,: vet) or informal (e.g., my mother). Include social media, radio, TV, etc.



	  Relationship with professionals
	Information about the perceptions, trust, and relationships between farmers and professionals, including vets or agrovets, that influence access. E.g., skill level, availability, ease of traveling, or contacting.



	  Training
	Training attended; who offered; who attended; why? Note: Cross-code gender differences in access to information as “gender differences in access.”



	Product details
	Products include all veterinary inputs, including treatments, vaccines, vitamins, traditional medicine, and feeds.



	  Administration
	Mode of administration used/preferred for veterinary products (including traditional medicine). Examples include drinking water, intramuscular, powder.



	  Adoption
	Factors that limit or support the adoption/uptake of new products.



	  Cold chain
	Any information about product storage, handling, or cold-chain requirements.



	  New product attributes
	Desired attributes for a new product including cost, effectiveness, packaging, color, etc.



	  Packaging
	Details about veterinary products such as dose, package size, appearance of the package, labeling, and instructions.



	  Source
	Where do you source from? Consider distance, means of transport, and availability when needed.



	Production
	Parent node for themes relating to chicken production.



	  Biosecurity
	Details about biosecurity practices, including isolating, quarantining, sanitation, foot bath, and limiting visitors.



	  COVID
	Effects of COVID on chicken rearing, marketing, and production.



	  Feeds
	Details about types of feeds used, access to feeds, cost, and quality.



	  Housing
	Details about chicken housing.



	  Marketing
	Access to markets to sell eggs and chickens and information about markets.



	  Regulation
	Details about legal policies regarding sales, movement of chickens, regulation of inputs, etc.



	  Vet services
	Information about veterinary services, challenges, and details about government structure.



	Products
	Parent node for veterinary and cleaning products used by chicken keepers.



	  Antibiotics
	Descriptions of the use of or qualities of antibiotics for chickens.



	  Antibiotics (not working)
	Stories or descriptions of antibiotics or drugs not working.



	  Cleaning
	Descriptions of any products used for cleaning and disinfecting, whether commercial or homemade.



	  Drugs (not specified)
	Descriptions of drugs that are not antibiotics, such as coccidiostats/dewormers or drugs that are not specified.



	  Traditional medicine
	Descriptions of herbal treatments (e.g., aloe vera) or remedies involving household items (e.g., chili, milk) or human drugs (e.g., panadol).



	  Vaccines
	Descriptions of all chicken vaccines.



	  Vitamins
	Descriptions of products containing vitamins. Code mentions of nutrition in feeds (e.g., supplemental feeding of kale) under the feeds node.



	  Withdrawal period
	Descriptions of the waiting period after giving antibiotics to consume meat and eggs.



	Reasons for rearing chickens
	Why do respondents rear chickens?



	  Negative effects on human health
	Does keeping chicken affect the health of the people in the household? List negative effects only. E.g., drug residues, allergies, and zoonoses.



	    Zoonoses
	Any reference to zoonoses —diseases jumping from animals to humans.



	Signs of disease
	Parent node for themes relating to signs of disease.



	  Chick mortality
	Descriptions of chick mortality. Not only associated with bacterial diseases but also with coding since this was an important theme for chicken keepers.



	  Reduced laying
	Mentions of reduced egg production regardless of the listed cause. Coded because of the strong association with fowl typhoid.



	  Respiratory
	Themes of respiratory signs, including coughing, sneezing, snoring, chest congestion, etc.



	  White diarrhea
	Descriptions of white or watery diarrhea. Coded for strong association with bacterial diseases.
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Table A2. Table of products used as mentioned by chicken keepers and agrovets/veterinarians.
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Name of Drug (Trade Name)

	
Active Ingredients

	
Mode of Administration

	
Mentioned by




	
Chicken Keepers

	
Agrovet/Vet






	
Antibiotics




	
Egocin

	
Oxytetracycline

	
Drinking water

	
✓

	




	
Tylodoxy

	
Oxytetracycline

	
Drinking water

	
✓

	




	
Biotrim/Biotrin

	
Co-Trimoxazole

	
Drinking water

	
✓

	




	
Sulphurs

	
Primsol

	
Trimethoprim

	
Drinking water

	

	
✓




	
Diozene

	
Diosmium micronisatum

	
Drinking water

	

	
✓




	
Diseptoprin

	
Sulphadiazine Trimethoprim

	
Drinking water

	

	
✓




	
Agracox

	
Sulphadiazine, Pyrimethamine Furaltadone, Vitamin A, and K3

	
Drinking water

	

	
✓




	
Skajicycline

	
Tetracycline

	
Drinking water

	

	
✓




	
Biosol

	
Trimethoprim and Sulphamethoxazole

	
Drinking water

	
✓

	
✓




	
Poltricin (tetracyclines)

	
Oxytetracycline

	
Eye drops

	
✓

	




	
Amoxicillin

	
Amoxicillin

	
Drinking water

	
✓

	




	
Trimeloprin

	
Trimethoprim

	
Drinking water

	

	
✓




	
Force back

	
Tefluthrin

	
Drinking water

	

	
✓




	
Aliseryl

	
Erythromycin, Oxytetracycline, and Streptomycin

	
Drinking water

	

	
✓




	
Limoxin

	
Oxytetracycline

	
Drinking water

	

	
✓




	
Neoxyvital

	
Oxytetracycline, Neomycin, Vitamin A, B1, B2, B6, C, D, E, and K, Calcium Pantothenate, Nicotinamide, Manganese, Zinc sulphate, Iron sulphate, Copper sulphate, Cobalt sulphate, and Potassium iodide

	
Drinking water

	

	
✓




	
S-dime

	
Sulfadimidine

	
Drinking water

	

	
✓




	
Aliseryl

	
Erythromycin, Oxytetracycline, Streptomycin, Vitamin A, B1, B2, B6, B12, C, D3, E, and K3

	
Drinking water

	

	
✓




	
Oxysol plus

	
Oxytetracycline

	
Drinking water

	

	
✓




	
Vetoxy

	
Oxytetracycline

	
Drinking water

	

	
✓




	
Antiparasitic drugs




	
ESB 30%

	
Sulfaclozine sodium monohydrate

	
Drinking water

	
✓

	




	
ESB 3

	
Sulfaclozine sodium monohydrate

	
Drinking water

	
✓

	
✓




	
Amprolium

	
Amprolium Hydrochloride

	
Drinking water

	

	
✓




	
Amprobum

	
Amprolium Hydrochloride

	
Drinking water

	

	
✓




	
Bettercox

	
Amprolium Hydrochloride

	
Drinking water

	

	
✓




	
Albindazole

	
Albendazole

	
Drinking water

	

	
✓




	
Coccidoxidants

	
Amprolium Hydrochloride

	
Drinking water

	

	
✓




	
Coccid

	
Amprolium Hydrochloride

	
Drinking water

	

	
✓




	
Ascarex

	
Piperazine Dihydrochloride

	
Drinking water

	
✓

	




	
Other veterinary products




	
Multivitamins

	
Nicotinamide, Vit A, B1, B2, C, and D

	
Drinking water

	
✓

	




	
Calcium like DCP

	
Phosphorus and Calcium

	
Mixed with feed

	
✓

	




	
Livogen (iron replacement product)

	
Ferrous Fumarate (Iron) and Folic Acid (vitamin B9)

	
Subcutaneous Injection and Drinking water

	
✓

	




	
Dewormers

	
Levacide

	
Levamisole Hydrochloride

	
Subcutaneous injection

	
✓

	




	
(Ascarex)

	
Piperazine Dihydrochloride

	
Drinking water

	
✓

	




	
Glucose

	

	
Oral dose, Drinking water, and Subcutaneous injection

	
✓

	




	
Kaolin

	

	
Drinking water

	
✓

	




	
Cetrino

	
levocetirizine

	
Oral dose and Intramuscular injection

	
✓

	




	
Methazone

	
Dexamethasone

	
Drinking water

	

	
✓




	
Thyroxin

	
Thyroxine

	
Drinking water

	

	
✓




	
Cetrino (tropical antiseptic cream)

	
Cetrimide

	
Topical

	

	
✓




	
Vaccines




	
Newcastle vaccines

	
I-2 and La Sota strains of the Newcastle disease virus

	
Eye drop and oral, respectively

	
✓

	
✓




	
Gumboro vaccine

	
Live IBD strain 228E

	
Drinking water

	
✓

	
✓




	
Fowl pox vaccine

	
Fowl Pox Virus

	
Wing web stab

	
✓

	
✓




	
Fowl typhoid vaccine

	
1 × 107 CFU of the Salmonella gallinarum 9R strain

	
Subcutaneous/intramuscular injection

	
✓

	
✓




	
Marek’s vaccine

	
FC-126 strain of turkey herpesvirus and SB-I strain of chicken herpesvirus

	
Subcutaneous injection

	
✓

	
✓




	
Traditional medicine




	

	
Scientific name

	

	

	




	
Aloe vera

	
Aloe barbadensis miller

	
Added to drinking water or applied to an infected area; mixed with other herbs like chilli pepper and crushed

	
✓

	
✓




	
Oil or liquid paraffin

	

	
Topically applied on infected area

	
✓

	




	
Blackjack

	
Bidens pilosa

	
Hang leaves and stems as a supplemental feed

	
✓

	




	
Chilli (Hot) pepper

	
Capsicum frutescens

	
Drinking water

	
✓

	




	
Black pepper

	
Piper nigrum

	
Drinking water

	
✓

	




	
Tobacco

	
Nicotiana tabacum

	
Drinking water

	
✓

	




	
Red onions

	
Allium cepa

	
Drinking water

	
✓

	




	
Spring onions

	
Allium fistulosum

	
Chopped and mixed with drinking water

	
✓

	




	
Garlic

	
Allium sativum

	
Drinking water

	
✓

	




	
Ginger

	
Zingiber officinale

	
Drinking water

	
✓

	




	
Mexican marigold

	
Tagetes erecta

	
Drinking water

	
✓

	




	
Muvuavui (local name)

	
From a tree, can cause skin irritation in people

	

	
✓

	




	
Uthunga

	
Launaea cornuta

	
Drinking water

	
✓

	




	
Mukinduri (Croton tree)

	
Codiaeum variegatum

	
Drinking water

	
✓

	




	
Cactus

	

	
Drinking water

	
✓

	




	
Milk

	

	
Orally

	
✓

	




	
Soot

	
Black carbon

	
Orally and drinking water

	
✓

	




	
Cleaning/disinfection (Biosecurity measures)




	
Soap

	
Sodium hydroxide

	
Mixed with water for cleaning

	
✓

	




	
Norocleanse

	
Glutaraldehyde and Coco-benzyl-dimethyl-ammonium chloride

	
Spraying, foot bath, and misting

	
✓

	




	
TH4

	
Quaternary ammonium, glutaraldehyde

	
Spraying on solid surfaces, footbath, and thermo fogging

	
✓

	




	
Virumex

	
Quaternary ammonium

	
Spraying on solid surfaces

	
✓

	




	
Jik (bleach)

	
Sodium Hypochlorite

	
Mixed with water for cleaning

	
✓

	




	
Intradyne

	
Calcium hypochlorite

	
Spraying on solid surfaces

	
✓

	




	
Wood ash

	

	
Poured into the chicken house to kill germs

	
✓

	




	
Soda

	
Sodium bicarbonate

	
Diluted in water for foot bath

	
✓

	











References


	



Gerber, P.; Opio, C.; Steinfeld, H. Poultry Production and the Environment—A Review; Food and Agriculture Organization: Rome, Italy, 2007; Available online: http://www.fao.org/ag/againfo/home/events/bangkok2007/docs/part2/2_2.pdf (accessed on 8 March 2023).

	



FAO. Poultry Development Review; FAO: Rome, Italy, 2013; Available online: https://www.fao.org/3/i3531e/i3531e.pdf (accessed on 8 March 2023).

	



Nyaga, P.N. Poultry Sector Country Review: Kenya; FAO Poultry Sector Country Review: Rome, Italy, 2007; pp. 3–9. [Google Scholar]

	



Dumas, S.E.; Maranga, A.; Mbullo, P.; Collins, S.; Wekesa, P.; Onono, M.; Young, S.L. “Men Are in Front at Eating Time, but Not When It Comes to Rearing the Chicken”: Unpacking the Gendered Benefits and Costs of Livestock Ownership in Kenya. Food Nutr. Bull. 2018, 39, 3–27. [Google Scholar] [CrossRef]

	



Macharia, J.N.; Diiro, G.M.; Busienei, J.R.; Munei, K.; Affognon, H.D.; Ekesi, S.; Muriithi, B.; Nakimbugwe, D.; Tanga, C.M.; Fiaboe, K.K. Gendered analysis of the demand for poultry feed in Kenya. Agrekon 2020, 59, 426–439. [Google Scholar] [CrossRef]

	



Waithanji, E.; Affognon, D.H.; King’Ori, S.; Diiro, G.; Nakimbugwe, D.; Fiaboe, K.K. Insects as feed: Gendered knowledge attitudes and practices among poultry and Pond Fish farmers in Kenya. NJAS—Wagening. J. Life Sci. 2019, 92, 100312. [Google Scholar] [CrossRef]

	



Ramasawmy, M.; Galiè, A.; Dessie, T. Poultry trait preferences and gender in Ethiopia. In State of the Knowledge for Gender in Breeding: Case Studies for Practitioners; CGIAR Gender and Breeding Initiative Working Paper 3; Tufan, H.A., Grando, S., Meola, C., Eds.; International Potato Center (CIP): Lima, Peru, 2018; pp. 57–65. Available online: https://hdl.handle.net/10568/100843 (accessed on 10 January 2023).

	



Garsow, A.V.; Kim, E.G.; Colverson, K.E.; Ilic, S.; Kunyanga, C.; Bainah, A.; Kowalcyk, B.B. A review of the roles of men, women, and youth in ensuring food safety in the smallholder poultry value chain in Kenya. Front. Sustain. Food Syst. 2022, 6, 603. [Google Scholar] [CrossRef]

	



Feasey, N.A.; Hadfield, J.; Keddy, K.H.; Dallman, T.J.; Jacobs, J.; Deng, X.; Wigley, P.; Barquist, L.; Langridge, G.C.; Feltwell, T.; et al. Salmonella Enteritidis lineages associated with enterocolitis in high-income settings and invasive disease in low-income settings. Nat. Genet. 2017, 48, 1211–1217. [Google Scholar] [CrossRef] [PubMed]

	



Uche, I.V.; MacLennan, C.A.; Saul, A. A systematic review of the incidence, risk factors and case fatality rates of invasive nontyphoidal Salmonella (iNTS) disease in Africa (1966 to 2014). PLoS Negl. Trop Dis. 2017, 11, e0005118. [Google Scholar] [CrossRef] [PubMed]

	



Andrew Selaledi, L.; Mohammed Hassan, Z.; Manyelo, T.G.; Mabelebele, M. The current status of the alternative use to antibiotics in poultry production: An African perspective. Antibiotics 2020, 9, 594. [Google Scholar] [CrossRef]

	



Dar, M.A.; Ahmed, R.; Urwat, U.; Ahmad, S.M.; Dar, P.A.; Kushoo, Z.A.; Dar, T.A.; Mumtaz, P.T.; Bhat, S.A.; Amin, U.; et al. Expression kinetics of natural resistance associated macrophage protein (NRAMP) genes in Salmonella Typhimurium-infected chicken. BMC Vet. Res. 2018, 14, 180. [Google Scholar] [CrossRef]

	



Rabsch, W.; Andrews, H.L.; Kingsley, R.A.; Prager, R.; Tschäpe, H.; Adams, L.G.; Bäumler, A.J. Salmonella enterica serotype Typhimurium and its host-adapted variants. Infect. Immun. 2002, 70, 2249–2255. [Google Scholar] [CrossRef]

	



World Organisation for Animal Health (OIE). Salmonellosis. In Terrestrial Manual, 8th ed.; 2018; pp. 1735–1752. Available online: https://www.oie.int/fileadmin/Home/fr/Health_standards/tahm/3.09.08_SALMONELLOSIS.pdf (accessed on 8 March 2023).

	



World Organisation for Animal Health (OIE). Fowl Typhoid and Pullorum Disease. In Terrestrial Manual; 2018; pp. 914–930. Available online: https://www.woah.org/fileadmin/Home/eng/Health_standards/tahm/3.03.11_FOWL_TYPHOID.pdf (accessed on 8 March 2023).

	



Caudell, M.A.; Dorado-Garcia, A.; Eckford, S.; Creese, C.; Byarugaba, D.K.; Afakye, K.; Chansa-Kabali, T.; Fasina, F.O.; Kabali, E.; Kiambi, S.; et al. Towards a bottom-up understanding of antimicrobial use and resistance on the farm: A knowledge, attitudes, and practices survey across livestock systems in five African countries. PLoS ONE 2020, 15, e0220274. [Google Scholar] [CrossRef]

	



Nhung, N.T.; Chansiripornchai, N.; Carrique-Mas, J.J. Antimicrobial resistance in bacterial poultry pathogens: A review. Front. Vet. Sci. 2017, 4, 126. [Google Scholar] [CrossRef]

	



Langata, L.M.; Maingi, J.M.; Musonye, H.A.; Kiiru, J.; Nyamache, A.K. Antimicrobial resistance genes in Salmonella and Escherichia coli isolates from chicken droppings in Nairobi, Kenya. BMC Res. Notes 2019, 12, 22. [Google Scholar] [CrossRef]

	



Ngai, D.G.; Nyamache, A.K.; Ombori, O. Prevalence and antimicrobial resistance profiles of Salmonella species and Escherichia coli isolates from poultry feeds in Ruiru Sub-County, Kenya. BMC Res. Notes 2021, 14, 4–9. [Google Scholar] [CrossRef]

	



Domingo-Calap, P.; Delgado-Martínez, J. Bacteriophages: Protagonists of a post-antibiotic era. Antibiotics 2018, 7, 66. [Google Scholar] [CrossRef]

	



Wernicki, A.; Nowaczek, A.; Urban-Chmiel, R. Bacteriophage therapy to combat bacterial infections in poultry. Virol. J. 2017, 14, 179. [Google Scholar] [CrossRef]

	



Atterbury, R.J.; Van Bergen, M.A.P.; Ortiz, F.; Lovell, M.A.; Harris, J.A.; De Boer, A.; Wagenaar, J.A.; Allen, V.M.; Barrow, P.A. Bacteriophage therapy to reduce Salmonella colonization of broiler chickens. Appl. Environ. Microbiol. 2007, 73, 4543–4549. [Google Scholar] [CrossRef] [PubMed]

	



Grant, A.; Hashem, F.; Parveen, S. Salmonella and Campylobacter: Antimicrobial resistance and bacteriophage control in poultry. Food Microbiol. 2016, 53, 104–109. [Google Scholar] [CrossRef] [PubMed]

	



Henriques, A.; Sereno, R.; Almeida, A. Reducing Salmonella horizontal transmission during egg incubation by phage therapy. Foodborne Pathog. Dis. 2013, 10, 718–722. [Google Scholar] [CrossRef]

	



Hong, S.; Jeong, J.; Lee, J.; Kim, S.; Min, W.; Myung, H. Therapeutic effects of bacteriophages against Salmonella Gallinarum infection in chickens. J. Microbiol. Biotechnol. 2013, 23, 1478–1483. [Google Scholar] [CrossRef] [PubMed]

	



Tie, K.; Yuan, Y.; Yan, S.; Yu, X.; Zhang, Q.; Xu, H.; Zhang, Y.; Gu, J.; Sun, C.; Lei, L.; et al. Isolation and identification of Salmonella pullorum bacteriophage YSP2 and its use as a therapy for chicken diarrhea. Virus Genes 2018, 54, 446–456. [Google Scholar] [CrossRef]

	



Huang, Y.; Wang, W.; Zhang, Z.; Gu, Y.; Huang, A.; Wang, J.; Hao, H. Phage Products for Fighting Antimicrobial Resistance. Microorganisms 2022, 10, 1324. [Google Scholar] [CrossRef]

	



Dec, M.; Wernicki, A.; Urban-Chmiel, R. Efficacy of experimental phage therapies in livestock. Anim Health Res. Rev. 2020, 21, 69–83. [Google Scholar] [CrossRef]

	



Ouma, S.D. Kenya researchers explore use of bacteriophages as alternative to fight drug resistance pathogens. Health Bus. 2022. Available online: https://healthbusiness.co.ke/6243/kenya-researchers-explore-use-of-bacteriophages-as-alternative-to-fight-drug-resistance-pathogens/ (accessed on 17 January 2023).

	



Makumi, A.; Mhone, A.L.; Odaba, J.; Guantai, L.; Svitek, N. Phages for Africa: The potential benefit and challenges of phage therapy for the livestock sector in Sub-Saharan Africa. Antibiotics 2021, 10, 1085. [Google Scholar] [CrossRef] [PubMed]

	



European Medicines Agency. Guideline on Quality, Safety and Efficacy of Veterinary Medicinal Products Specifically Designed for Phage Therapy. 2023. Available online: https://www.ema.europa.eu/en/quality-safety-efficacy-bacteriophages-veterinary-medicines-scientific-guideline#current-version-section (accessed on 8 March 2023).

	



Kitalyi, A.J. Village Chicken Production Systems in Rural Africa: Household and Food Security and Gender Issues; Animal Production and Health Paper 142; Food and Agriculture Organization: Rome, Italy, 1998; Available online: https://archive.org/stream/bub_gb_sKUIT7AwFA4C/bub_gb_sKUIT7AwFA4C_djvu.txt (accessed on 8 March 2023).

	



Campbell, Z.A.; Marsh, T.L.; Mpolya, E.A.; Thumbi, S.M.; Palmer, G.H. Newcastle disease vaccine adoption by smallholder households in Tanzania: Identifying determinants and barriers. PLoS ONE 2018, 13, e0206058. [Google Scholar] [CrossRef]

	



FAO. Women in Agriculture: Closing the Gender Gap for Development; FAO: Rome, Italy, 2011. [Google Scholar]

	



McLeod, A.; Galiè, A.; Baltenweck, I. Gender-Responsive Animal Health Research: A Framework and Checklists for ILRI Researchers; Nairobi, Kenya, 2021. Available online: https://cgspace.cgiar.org/handle/10568/114709 (accessed on 8 March 2023).

	



Kenya National Bureau of Statistics. Kenya Data Portal. 2022. Available online: https://kenya.opendataforafrica.org/ (accessed on 25 February 2022).

	



Ong’ayo, A.H.; Onyango, C.A.; Ochola, W.O. Extension service providers’ perception towards demand driven system of agricultural extension service delivery. Case study of Siaya and Kilifi counties in Kenya research article extension service providers’ perception towards demand driven system of ag. Int. J. Curr. Res. 2018, 10, 71747–71752. [Google Scholar] [CrossRef]

	



Campbell, Z.; Njiru, N. Field Researcher Guide: Gender-Responsive Study of Phage Adoption Opportunities for Chicken Keepers in Kenya: ILRI Manual 60; Nairobi, Kenya, 2022. Available online: https://hdl.handle.net/10568/119347 (accessed on 8 March 2023).

	



Moscovitz, D. Social Lean Canvas. 2021. Available online: https://dave.moskovitz.co.nz/files/2020/05/SocialLeanCanvas.v5.pdf (accessed on 27 May 2021).

	



Campbell, Z.; Njiru, N. Gender-Responsive Design Opportunities for Bacteriophage Therapy Targeting Salmonella for Adoption by Kenyan Chicken Keepers. MELDATA, V1. 2022. Available online: https://hdl.handle.net/20.500.11766.1/FK2/QKORYG,MELDAT (accessed on 26 July 2022).

	



Chauvette, A.; Schick-Makaroff, K.; Molzahn, A.E. Open data in qualitative research. Int. J. Qual. Methods 2019, 18, 1–6. [Google Scholar] [CrossRef]

	



QSR International Pty Ltd. NVivo. 2020. Available online: https://www.qsrinternational.com/nvivo-qualitative-data-analysis-software/home (accessed on 15 May 2022).

	



KALRO. Recommended Indigenous Chicken Vaccination Program. 2016. Available online: https://www.kalro.org/asal-aprp/docs/Revised_Vaccinationguidelines2_May_2016(1).pdf (accessed on 11 February 2022).








[image: Viruses 15 00746 g001 550] 





Figure 1. Lean social canvas summary for chicken keepers with free-range production systems (<50 chickens). Symbols indicate points that differentially influence women (♀) or men (♂). 
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Figure 2. Lean social canvas summary for chicken keepers with semi-intensive production systems (>50 chickens). Symbols indicate points that differentially influence women (♀) or men (♂). 
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Table 1. Number of participants across the 24 focus group discussions broken down by site, gender, and production system.
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County

	
Sub-County

	
Free-Range 1

	
Semi-Intensive

	
Total




	
Women

	
Men

	
Women

	
Men






	
Nairobi

	
Ruai

	
7

	
5

	
7

	
8

	
27




	

	
Dagoreti

	
10

	
7

	
6

	
8

	
31




	
Kiambu

	
Thika Makongeni

	
6

	
5

	
8

	
4

	
23




	

	
Gatundu South

	
6

	
7

	
7

	
5

	
25




	
Machakos

	
Machakos Central

	
9

	
7

	
8

	
7

	
31




	

	
Mwala

	
6

	
6

	
5

	
8

	
25




	
Total

	
44

	
37

	
41

	
40

	
162








1 Free-range defined as <50 chickens and semi-intensive as >50 chickens.
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Table 2. Focus group participant characteristics by production system and gender.
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Free-Range 1

	
Semi-Intensive

	
Total




	
Women

	
Men

	
Women

	
Men






	
Education

	
Primary

	
12

	
6

	
5

	
4

	
27




	

	
Secondary

	
23

	
19

	
23

	
18

	
83




	

	
Above

	
9

	
12

	
13

	
18

	
52




	
Age (yrs) 2

	
<35

	
6

	
9

	
4

	
10

	
29




	

	
35–60

	
36

	
20

	
29

	
24

	
109




	

	
>60

	
2

	
8

	
7

	
6

	
23




	
Marital status

	
Married

	
38

	
29

	
35

	
38

	
140




	

	
Single

	
4

	
8

	
3

	
1

	
16




	

	
Widowed

	
2

	
0

	
3

	
1

	
6








1 Free-range defined as <50 chickens and semi-intensive as >50 chickens. 2 One participant declined to provide their age. n = 162 participants.
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Table 3. Flock size and type of chickens of focus group participants.
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Free-Range 1

	
Semi-Intensive

	
Total




	
Women

	
Men

	
Women

	
Men






	
Flock size

	
Mean

	
44

	
30

	
397

	
247

	
180




	

	
Median

	
39

	
26

	
250

	
70

	
55




	
Type of chicken 2

	
Local

	
30

	
21

	
8

	
8

	
67




	

	
Improved

	
5

	
7

	
8

	
5

	
25




	

	
Layers

	
0

	
0

	
6

	
2

	
8




	

	
Broilers

	
0

	
0

	
4

	
1

	
5




	

	
Multiple

	
9

	
5

	
15

	
24

	
53








1 Free-range defined as <50 chickens and semi-intensive as > 50 chickens. 2 Four participants did not provide information about the type of chicken kept. n = 162 participants.
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Table 4. Number of focus group discussions (FGDs) mentioning diseases, syndromes, and signs.
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Free-Range 1

	
Semi-Intensive

	
Total




	
Women

	
Men

	
Women

	
Men






	
Newcastle disease

	
4

	
2

	
5

	
5

	
16




	
Respiratory signs

	
4

	
2

	
5

	
4

	
15




	
Coccidiosis 2

	
4

	
2

	
2

	
5

	
13




	
Parasites

	
4

	
1

	
3

	
5

	
13




	
Fowl typhoid

	
1

	
2

	
2

	
1

	
6




	
Salmonellosis

	
1

	
1

	
1

	
0

	
3




	
Pullorum disease

	
0

	
0

	
0

	
0

	
0




	
White diarrhea

	
5

	
2

	
3

	
1

	
11




	
Chick mortality

	
2

	
2

	
2

	
1

	
7




	
Reduced laying

	
2

	
0

	
1

	
1

	
4








1 Free-range defined as <50 chickens and semi-intensive as >50 chickens. 2 Bloody or red diarrhea was coded as coccidiosis. Each category had six FGDs for a total of 24 FGDs. Highlighted rows indicate bacterial diseases and associated signs.













[image: Table] 





Table 5. Information about veterinary care and services as reported by focus group participants.
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Free-Range 1

	
Semi-Intensive

	
Total




	
Women

	
Men

	
Women

	
Men






	
Source vet care 2

	
Agrovet

	
24

	
19

	
17

	
20

	
80




	

	
Vet

	
13

	
12

	
23

	
15

	
63




	

	
Community

	
2

	
3

	
1

	
4

	
10




	

	
None

	
2

	
2

	
0

	
1

	
5




	
Access to ND vaccines (%)

	
89%

	
65%

	
100%

	
83%

	
85%




	
Used antibiotics last 4 months

	
73%

	
59%

	
68%

	
73%

	
69%








1 Free-range defined as <50 chickens and semi-intensive as >50 chickens. 2 Four responses for the other. n = 162 participants.
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