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EXECUTIVE SUMMARY

Antimicrobial resistance (AMR) is a growing global public 

health crisis that threatens to undo decades of progress. 

In 2021, an estimated 1.14 million deaths worldwide 

were attributed to bacterial AMR, with adults aged 70+ 

experiencing a more than 80 percent increase in AMR-

related mortality. AMR occurs when microorganisms, 

such as bacteria, viruses, parasites, or fungi, become 

resistant to antimicrobial treatments to which they were 

susceptible. One of the primary drivers of AMR is the 

overuse and misuse of antibiotics in both human 

medicine and agriculture. In many countries, including 

Kenya, antibiotics are sometimes prescribed 

unnecessarily or used incorrectly. This can lead to the 

survival and proliferation of resistant bacteria.

The best approach to mitigate the rising AMR burden is 

to significantly reduce infection vulnerabilities across 

human and animal populations through vaccination. 

Vaccines safeguard people and animals by preventing 

infections and their onward transmission, whether 

antimicrobial resistant or not. This reduces the need for 

antimicrobial treatments, which lowers the selective 

pressure on microbial populations that drives the 

development and spread of resistance. The vaccination 

approach is cost-effective and an appropriate strategy in 

Kenya, where healthcare resources are limited and health 

systems already under significant financial strain.
Surveillance data from a Kenyan hospital showed a 

decline in penicillin-resistant Streptococcus pneumoniae 

prevalence from 28 percent in 2009 to 12 percent in 

2014, following the introduction of the pneumococcal 

conjugate vaccine (PCV). By 2019, Kenya reported a 92 

percent reduction in PCV-10-type invasive 

pneumococcal disease among children under five years 

and a 74 percent reduction in unvaccinated children aged 

5–14 years. Separately, a 39 percent reduction in malaria 

incidence was reported among children aged 5–7 

months who received three doses of malaria vaccine. 

Efforts to combat AMR in humans through vaccination 

require a One Health approach, with similar vaccination 

efforts extended to animals because of the inevitable 

spread of microbes between humans and animals.

Although the role of vaccines in combating AMR is well 

recognized, it remains underutilized in national AMR 

action plans. For instance, Kenya's 2023–2027 plan 

emphasizes investment in research for new medicines 

and vaccines but lacks a defined strategy for adopting and 

integrating available vaccines into AMR control efforts. 

Addressing this gap through explicit vaccine deployment 

strategies is essential for strengthening the country's 

AMR mitigation framework. This policy brief leverages 

the expertise of the AMR Technical Working Group 

(TWG) and current data to highlight Kenya's AMR status 

and propose vaccine adoption as a solution to the 

growing AMR threat.

Catch-up vaccination The action of vaccinating an individual who has missed or not received doses 
of vaccines for which they are eligible, per the national immunization 
schedule

Cold chain A system of ensuring that vaccines are maintained at the required low 
temperatures from production until they reach the consumer; refers to all 
the equipment, processes, and mechanisms used to store and transport 
vaccines from producer to user (including vaccine carriers, cold boxes, 
refrigerators, freezers, and cold rooms) by air, road and over water bodies

Disability-adjusted life year 
(DALY)

Disease burden in terms of years of life lost prematurely and loss of 
productive years due to ill health

Health worker/s Health professionals clinicians and nonclinicians engaged in providing health –
services but not management and support workers who have no specific 
training in health matters (for example, administrators, accountants, and
clerical workers in health institutions)

Defined Daily Dose (DDD) A standardized indicator that estimates the average maintenance dose of a
drug used for its main indication in adults. 

GLOSSARY OF TERMS

*Photo source: Billy 2022
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Kenya, like many developing nations, grapples with a 

substantial burden of VPDs, as outlined in Table 1. These 

diseases pose a significant threat to public health, 

particularly among children and vulnerable populations. 

The burden of VPDs is exacerbated by the growing 

challenge of AMR (Micoli et al. 2021). AMR complicates 

the treatment of diseases that are otherwise preventable 

by vaccination, leading to increased morbidity, mortality, 

and healthcare costs (Salam et al. 2023). 

Table 1. Infectious Disease Burden in Kenya

aRank Category Percentage of total deaths 

14 Other infectious diseases 2.21

Percentage of total DALYs 

20.04

9.81

5.48

2.57

1 Respiratory infections, TB 29.15

3 HIV/AIDS, STIs 9.23

8 Enteric infections 4.24

12 NTD, malaria 2.36 3.92

Source: Global Burden of Disease (IHME 2025).

a) Ranking in comparison to all causes of DALYs

VPDs Commonly Prevalent in Kenya

a)   Pneumococcal Disease

Streptococcus pneumoniae is the primary cause of severe 

pneumonia, meningitis, and sepsis, particularly in children 

under five, with a case fatality of up to about 50 percent 

(Wang et al. 2023). In 2021, pneumonia caused more 

than 700,000 fatalities among children in low- and 

middle-income countries (LMICs). Children aged 5–14 

with pneumonia accounted for 11.7 percent of all 

medical admissions and 7.9 percent of mortality 

recorded at district-level medical facilities in Kenya 

(Macpherson et al. 2019).  bacteria have S. pneumoniae

developed resistance to several antibiotics, including 

penicillin, which was once the first-line treatment (Schrag 

et al. 2004). Penicillin resistance in pneumococcal strains 

has been reported, reducing its effectiveness (von Specht 

et al. 2021). Resistance to macrolides, such as 

erythromycin, has also been observed, complicating the 

treatment of such infections as pneumonia, meningitis, 

and otitis media (Cillóniz et al. 2018). Acute respiratory 

infections are the second leading cause of death in all 

ages, with pneumonia the largest contributor to the 

burden of disease among children living in slums 

(Breiman et al. 2015).  has been recorded S. pneumoniae

to be resistant to chloramphenicol and cotrimoxazole in 

children and doxycycline, penicillin, and cotrimoxazole in 

adults (Kobayashi et al. 2017).

b)   Measles and Rubella

Measles outbreaks are occasionally caused by gaps in 

immunization coverage, which continues to be a serious 

public health risk (Mburu et al. 2021). Between 2003 and 

2016, Kenya reported confirmed measles cases with an 

annual incidence ranging from 2 to 65 cases per million 

people, with urban residents generally experiencing a 

higher prevalence than those in rural areas (Lee et al. 

2019). By mid-2024, Kenya reported 1,536 cases, 

including 199 confirmed cases and 11 fatalities (WHO 

African Region 2024). Measles is a highly contagious viral 

illness that, especially in young children, can result in 

serious complications, such as pneumonia, encephalitis, 

VACCINE-PREVENTABLE DISEASES (VPDs)
HIGHLY IMPACTED BY AMR IN KENYA

DALYs – disability-adjusted life years; TB – tuberculosis; HIV – human immunodeficiency virus; AIDS – acquired 

immunodeficiency syndrome, STIs – sexually transmitted infections; NTD – Neglected tropical diseases

Key Recommendations for Vaccines as an 

AMR Mitigation Tool

1.  Vaccination should be leveraged to combat AMR by 

preventing infections and reducing antibiotic misuse.

2.  Addressing vaccine hesitancy is essential for the 

success of immunization programs.

3.  Maintaining existing vaccines within Kenya's 

immunization schedule while increasing their coverage is 

essential for sustained public health impact.

4.  Increase coverage of newly introduced vaccines, such 

as the typhoid conjugate vaccine (TCV), to address 

endemic diseases and reduce the burden on healthcare 

systems. 

5.  Addressing gaps in vaccine accessibility and 

distribution is necessary to achieve equitable health 

outcomes and strengthen AMR mitigation efforts.
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The economic burden of TB extends beyond direct 

healthcare costs to include the indirect costs borne by 

households, such as transportation to healthcare facilities 

and the loss of income due to illness (Dememew et al. 

2024). For many families, TB could lead to catastrophic 

health expenditures, pushing them further into poverty. 

e)   Malaria

Malaria continues to be a major public health issue in 

Kenya, even with expanded intervention measures 

(Amboko et al. 2020). Annually, the country records 

approximately 6.7 million clinical malaria cases (Elnour et 

al. 2023), with 70 percent of the population at risk 

(Sultana et al. 2017). The disease claims an estimated 

4,000 lives each year, predominantly affecting children, 

and accounts for 13–15 percent of outpatient visits to 

healthcare facilities (Elnour et al. 2023).

Malaria is one of the leading causes of fetal morbidity and 

mortality, especially in sub-Saharan Africa (Ebohon et al. 

2024). Over the past five years, significant efforts have 

been made by the government and its partners to 

combat the disease through prevention and treatment 

initiatives (Division of National Malaria Programme Kenya 

and ICF 2021). These efforts include mass and routine 

distribution of mosquito nets to achieve universal 

coverage, intermittent preventive treatment for pregnant 

women, and the parasitological diagnosis and treatment 

of malaria cases.

Antimalarial drug resistance, particularly in Plasmodium 

falciparum, challenges the treatment and control of 

malaria. Resistance to aminoquinolines and antifolates is 

long-standing, yet with greatly decreased use of 

chloroquine to treat malaria, the prevalence of resistance 

to it has reduced (Conrad and Rosenthal 2019). Kenya is 

a hotspot for the emergence of drug resistance in Africa. 

The resistance of  to chloroquine P. falciparum

diphosphate and later to sulfadoxine-pyrimethamine has 

been well documented (Akala et al. 2011).

and even death (Leung et al. 2018). As a virus, it is not 

immediately curable with drugs; nonetheless, because 

bacterial infections frequently accompany it, measles is 

crucial in conversations regarding AMR. It can impair 

immunity, increasing the risk of secondary bacterial 

infections, including those caused by Staphylococcus 

aureus, S. pneumoniae Haemophilus   and 

influenzae–induced otitis media (Bonagura and Rosenthal 

2020). Treatment choices are made more difficult by 

reports of resistance to ampicillin and other beta-lactam 

antibiotics in Kenya.
 
c)   Typhoid Fever

The global estimate of typhoid fever burden is 11–21 

million cases and 128,000–161,000 deaths annually 

(WHO 2025b). Increasing AMR complicates treatment 

and control in endemic regions (Bello et al. 2024). 

Typhoid fever caused by  serotype Salmonella enterica

typhi ( ) is a significant public health issue in Kenya S. typhi

(Ochieng et al. 2022). It is endemic, with the highest 

burden observed in urban informal settlements and rural 

areas with inadequate sanitation infrastructure (Ng'eno 

et al. 2023). It is primarily spread through contaminated 

food and water, making it prevalent in areas with poor 

sanitation and limited access to clean water. 
If untreated, typhoid fever can lead to severe 

complications, including intestinal perforation, 

hemorrhage, and systemic infections, which can be fatal 

(Ray and Raha 2021). The case-fatality rate in untreated 

cases can be as high as 10–30 percent (Adesegun et al. 

2020). Even with treatment, the case-fatality rate is 1–4 

percent, depending on the availability of medical care and 

emergence of drug-resistant strains. 

A growing concern in Kenya is the rise of AMR in  S. typhi

multidrug-resistant (MDR) strains; resistance to first-line 

antibiotics, such as chloramphenicol, ampicillin, and 

trimethoprim-sulfamethoxazole, has been increasingly 

reported (Marchello et al. 2020). 

More recently, strains have emerged that are resistant to 

fluoroquinolones, the current standard treatment, and 

even third-generation cephalosporins, such as 

ceftriaxone (Klemm et al. 2018). This resistance 

complicates treatment protocols and increases the cost 

and duration of treatment. The AMR of  is also S. typhi

changing, with extensively drug-resistant strains 

exhibiting simultaneous resistance to fluoroquinolones, 

third-generation cephalosporins, ampicillin, 

chloramphenicol, and trimethoprim/sulfamethoxazole 

spreading globally (Marchello et al. 2020).

d)   TB

TB, caused by  remains a Mycobacterium tuberculosis,

major public health challenge. In 2023, the World Health 

Organization (WHO) estimated that it caused 1.09 

million and 161,000 deaths among HIV-negative and HIV-

positive people, respectively, worldwide (WHO 2025a). 

Kenya is among the 30 countries with the highest burden 

(Abdullahi et al. 2019). The Ministry of Health (MoH) 

reports indicate that about 139,000 people develop TB 

annually (35,000 are HIV positive), and 21,600 people 

die from it (Stop TB Partnership 2025). As of 2020, TB 

was the fourth-highest cause of death in Kenya (Waruru 

et al. 2022). Approximately 30 percent of patients are 

coinfected with HIV, which complicates treatment and 

significantly increases the risk of mortality (Ngari et al. 

2023). 

Multidrug-resistant tuberculosis (MDR-TB), defined as 

resistance to at least the two primary first-line drugs, 

isoniazid and rifampicin, was observed in 3.6 percent of 

new and 18 percent of previously treated cases, with an 

overall prevalence of 5.6 percent (MacNeil 2019). It 

requires a prolonged regimen combining second-line 

drugs, which are generally less effective, associated with 

higher rates of adverse effects, and significantly more 

expensive (Seung et al. 2015).

In Kenya, TB disproportionately affects the male 

population, with the highest prevalence among those 

aged 24–34 (Kenya MoH 2018). Urban areas, particularly 

informal settlements, bear the brunt of TB, with Nairobi 

County contributing 15 percent. MDR-TB is estimated to 

be twice as common in men and affects approximately 

2.3 percent of children under 15. By 2020, Kenya had 

achieved a TB treatment coverage of 51 percent, with a 

case-fatality ratio of 6 percent (Vassall 2025). Nearly 2.6 

percent of all cases are MDR, a trend that jeopardizes 

the WHO's End TB Strategy that aims to reduce TB 

mortality by 90 percent and new cases by 80 percent by 

2030 while ensuring that no family is burdened with 

catastrophic expenses.
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multifaceted and cohesive approach that encompasses 

understanding of mechanisms and drivers at the 

individual and population levels, surveillance, 

antimicrobial stewardship, improved infection prevention 

and control measures, strengthened global policies, and 

developing novel antimicrobial therapies (Ho et al. 2024).

The rising threat of AMR in Kenya is particularly 

concerning, as the country is already grappling with 

multiple challenges. First, most of the population lives in 

poverty, and access to quality care remains a challenge 

(Lokuruka 2020). Second, the public healthcare system is 

under immense strain due to high workloads, frequent 

healthcare worker strikes, recurring shortages of 

essential medicines and supplies, and lack of capacity for 

routine microbiology testing (Mohiddin et al. 2022; 

Bahati et al. 2025). Last, Kenya faces other pressing health 

issues, including elevated rates of maternal and child 

mortality and a substantial burden of infectious diseases, 

such as HIV, tuberculosis, and malaria. Consequently, the 

rise in AMR to commonly used first-line drugs and 

increasing infections from life-threatening pathogens 

needs urgent attention (Kalanxhi et al. 2023).

Local PPSs indicate that third-generation cephalosporins 

and penicillins are among the most commonly prescribed 

antibiotics in Kenyan hospitals. For example, one study 

found that penicillin G accounted for 32.2 percent of 

prescriptions for community-acquired infections, 

followed by third-generation cephalosporins at 27.6 

percent (Kamita et al. 2022). Another PPS reported that 

ceftriaxone was the most commonly used antibiotic, 

prescribed in 34.5 percent of cases (123 out of 237 

prescriptions) (Nyaboke et al. 2025). These prescribing 

patterns may contribute to the selective pressure driving 

resistance in Gram-negative organisms, including 

carbapenem-resistant Enterobacterales and ESBL 

producers. According to recent research, 7–17 percent 

of hospitalized patients are impacted by these pathogens, 

with 39 percent of isolates identified as having "difficult-

to-treat resistance" (Ita et al. 2022). The challenge is 

exacerbated by inadequate routine surveillance and 

methodological limitations, which undermine the 

reliability and applicability of local data on antibiotic 

resistance and usage (GARP 2011). Although Kenya has 

had AMR surveillance since the 1980s, the lack of 

microbiology laboratories in numerous healthcare 

facilities continues to be a significant barrier to effectively 

monitoring AMR trends.

Data on AMR in Kenya are frequently derived from 

single-center surveillance studies or point prevalence 

estimates in tertiary care facilities, which may not 

accurately reflect the broader population (Kariuki et al. 

2022). These facilities often cater to more severe cases 

or specific socioeconomic and urban populations. 

Despite these constraints, the data reveal alarmingly high 

levels of resistance, including multidrug and extensive 

drug resistance among common pathogens in certain 

instances. The absence of quantitative data on 

antimicrobial use and consumption, particularly in 

agriculture, poses a significant challenge in Kenya and 

beyond (Mshana et al. 2021).

In 2019, Kenya recorded 8,500 deaths directly 

attributable and 37,300 deaths associated with AMR 

(IHME 2023). It ranks 28th out of 204 nations in terms 

of age-standardized mortality due to AMR. Five key 

pathogens are associated with AMR and significant 

mortality (number of deaths): Klebsiella pneumoniae 

(6,200), Escherichia coli (5,900), S. pneumoniae (5,600), S. 

aureus (5,000), and S. typhi (2,400). These are commonly 

linked to lower respiratory, thoracic, bloodstream, and 

peritoneal or intra-abdominal infections (IHME 2023; 

Byarugaba et al. 2024). The high levels of extended-

spectrum cephalosporin resistance and MDR among 

Enterobacteriaceae isolates are concerning (Lord et al. 

2021; Ogalo et al. 2016).

In 2018, the MoH introduced the AMR Surveillance 

Strategy (2018–2022). Its main objective was to assess 

the national burden of AMR among priority pathogens, 

including E. coli, K. pneumoniae, Acinetobacter baumannii, 

S. aureus, S. pneumoniae, Shigella species, Salmonella 

species, and Pseudomonas aeruginosa, through laboratory-

based monitoring. These pathogens were based on the 

WHO priority pathogen list and organisms of local 

priority (WHO 2024b). Five major ones—S. aureus, E. 

coli, S. pneumoniae, K. pneumoniae, and P. aeruginosa
—accounted for 54.9 percent of deaths globally 

attributed to the bacteria studied (Ikuta et al. 2022). The 

most fatal infectious syndromes and pathogens differed 

based on age and geographical location.

Although antimicrobials have traditionally been used to 

treat infections and improve health outcomes, resistance 

to commonly used ones have posed one of the most 

serious global public health threats of our time (WHO 

2021). The frequently cited Review on Antimicrobial 

Resistance estimates that AMR could lead to 10 million 

lives lost annually by 2050, in addition to significant clinical 

and economic consequences (O'Neill 2016). The Global 

Research on Antimicrobial Resistance project assessed 

the impact of AMR by estimating deaths and disability-

adjusted life years (DALYs) that could be avoided if all 

drug-resistant infections were replaced with susceptible 

infections or no infections. In 2019, the study estimated 

1.27 million deaths (95 percent  (UI): uncertainty interval

0.91–1.7) and 47.9 million DALYs (95 percent UI: 35–64) 

directly attributable to and 4.95 million deaths (95 

percent UI: 3.6–6.6) and 192 million DALYs (95 percent 

UI: 146–248) associated with bacterial AMR (Murray et 

al. 2022). AMR is a global challenge affecting all countries 

regardless of socioeconomic status. In 2021, an 

estimated 1.14 million deaths were attributed to 

bacterial AMR. Although AMR-related mortality declined 

by more than 50 percent in children under five, it 

increased by 80 percent in adults 70+. Also, resistance of 

Gram-negative bacteria to carbapenems increased 

significantly, with attributable deaths rising from 127,000 

in 1990 to 216,000 in 2021 (Naghavi et al. 2024).

Sub-Saharan Africa bears the world's largest burden of 

bacterial AMR (Murray et al. 2022), partly due to the 

prevailing high levels of poverty, which result in a high 

burden of infectious diseases, poor regulation of 

antimicrobial use, and a lack of alternatives to ineffective 

antimicrobials (Kariuki et al. 2022). The prevalence of 

AMR as a public health concern is comparable to, and in 

certain situations exceeds, that of HIV/AIDS and malaria. 

Kenya, in particular, has been identified as an AMR 

hotspot. A major contributing factor to its increasing 

antibiotic resistance problem is the ineffective 

implementation of regulations, which has led to 

widespread overuse and misuse of antibiotics across 

sectors, including agriculture, livestock production, and 

human health. Point prevalence surveys (PPSs) in Kenyan 

health facilities reveal concerning trends in antibiotic use. 

For instance, one study reported that 62 percent of 

hospitalized patients were on antibiotics, with 42 percent 

of these from the WHO "Watch" category, indicating 

higher potential to drive resistance (Kamita et al. 2022). 

Furthermore, the problem is exacerbated by the 

uncontrolled release of antibiotics into the environment 

(Kariuki et al. 2013; Ayukekbong et al. 2017). 

The availability of antibiotics without prescription and 

poorly controlled supply chains contribute to their 

misuse (Kemp et al. 2021). Inadequate infection 

prevention control procedures, poor sanitation, and 

inappropriate food handling techniques all contribute to 

the persistent spread of AMR, which is prevalent in 

humans, animals, food products, and the environment 

(Rware et al. 2024). Tackling AMR requires a 

ANTIMICROBIAL RESISTANCE IN KENYA
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THE ROLE OF VACCINES IN MITIGATING AMR

Vaccines are among other strategies aimed at fighting 

AMR (Micoli et al. 2021; Jansen et al. 2018), by 

stimulating the immune system to recognize and respond 

to specific pathogens, thereby preventing infections from 

occurring in the first place. The COVID-19 pandemic 

highlighted the critical importance of vaccination, as the 

rapid development of safe and effective vaccines became 

an urgent global priority (Costanzo et al. 2022; Farhud 

and Zokaei 2021). An antibiotic is designed against a 

specific target, but vaccines are directed against multiple 

targets, which makes resistance episodes in the 

vaccinated population very rare. Additionally, the 

duration of the protection and herd immunity, if reached, 

make vaccines more efficient and reliable tools than 

antibiotics.

Vaccines are used prophylactically and thus effective 

before bacteria start to multiply following the initial 

infection (low pathogen burden) and different tissues 

and organs are affected, which substantially reduces the 

likelihood that resistance-conferring mutations will 

emerge and spread. By reducing the incidence of 

infectious diseases, vaccines decrease the need for 

antibiotics, which are often overprescribed or misused, 

leading to the emergence and spread of AMR (Ukuhor 

2021).

This reduction in antibiotic usage helps to mitigate the 

selective pressure driving the development of AMR. 

Vaccines can also prevent secondary infections that arise 

as a complication (Costanzo and Roviello 2023). For 

instance, a single-blind study among 6–60-month-old 

children in Turkey (Ozgur et al. 2006) established that 

children with influenza vaccination experienced a 

significant reduction in acute otitis media, otitis media 

with effusion, and total otitis compared to the 

unvaccinated group, confirming the usefulness of 

vaccination in preventing secondary infections.

Vaccines are also used in veterinary medicine to prevent 

infectious diseases in livestock and poultry. Antibiotics 

are extensively used in agriculture, including livestock 

farming, thereby contributing to the emergence of AMR 

(Kasimanickam et al. 2021). In Kenya, where agriculture is 

a significant sector, livestock vaccines can reduce the 

need for antibiotic use in animals, curbing the spread of 

resistant bacteria to humans through the food chain 

(Mudenda et al. 2023).

Vaccines are often regarded as one of the most cost-

effective and impactful public health interventions, saving 

millions of lives each year when implemented at the 

national level. Over the past 40 years, vaccination has 

successfully eradicated smallpox and eliminated measles, 

diphtheria, tetanus, pertussis, and poliomyelitis in 

populations that have maintained high implementation 

rates in their programs (Miller and Sentz 2006). Several 

licensed vaccines targeting bacterial pathogens, such as H. 

influenzae type b, S. pneumoniae, and S. typhi, and viral 

pathogens, such as influenza virus and rotavirus, have 

proven effective in combating AMR. They achieve this by 

reducing unnecessary antibiotic use, lowering the 

prevalence of antibiotic-resistant bacterial strains, and 

fostering herd immunity ( Jansen et al. 2021).

The introduction and distribution of vaccines often 

necessitate strengthening the healthcare infrastructure, 

including cold chain systems, surveillance, and vaccination 

programs (Ashok et al. 2017). This indirectly enhances 

overall healthcare delivery, which can have a positive 

impact on AMR containment efforts. Vaccine campaigns 

provide an opportunity to educate the public and 

healthcare professionals about the prudent use of 

antibiotics, importance of completing prescribed courses, 

and dangers of antibiotic misuse (Almutairi et al. 2023). 

This awareness can help in promoting responsible 

antibiotic use and combating AMR.

Investing in vaccine research and development can lead 

to new vaccines targeting pathogens that are becoming 

increasingly resistant to existing treatments. By 

developing vaccines against priority pathogens, 

researchers can help to address gaps in infectious disease 

prevention and control, ultimately reducing the reliance 

on antibiotics and combating AMR (WHO 2016). A 

recent WHO report reveals that vaccines targeting 23 

pathogens (excluding gonorrhea) could reduce global 

antibiotic use by 22 percent, equivalent to 2.5 billion 

defined daily doses annually. This finding highlights the 

crucial role of vaccination in combating AMR. Although 

16 17

some of these vaccines are already available but remain 

underutilized, others still need to be developed and 

rapidly introduced to the market (WHO 2024a). 

Unfortunately, most of the vaccines developed against 

the main resistant pathogens are still under preclinical 

and clinical evaluation due to the complexity of 

pathogens and technical difficulties (Costanzo and 

Roviello 2023).
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some of these vaccines are already available but remain 

underutilized, others still need to be developed and 

rapidly introduced to the market (WHO 2024a). 

Unfortunately, most of the vaccines developed against 

the main resistant pathogens are still under preclinical 

and clinical evaluation due to the complexity of 

pathogens and technical difficulties (Costanzo and 

Roviello 2023).



Table 2. Estimated Impact of Vaccines on AMR Burden

Vaccine

aTCV
(10-year prediction)

aKenya  

Sub-Saharan 
Africa
Lower-income 

bcountries

TCV
(10-year prediction)

aKenya  

Sub-Saharan 
Africa

Lower-income 
bcountries

cTb  vaccine
(15-year prediction)

Kenya

Africa
dGlobal

DALYs
number percent number percent

Averted AMR cases Averted deaths

Fluoroquinolone-nonsusceptible (FQNS) typhoid fever

151,000 71.2 1,266 76.3 65,000

6,819,000 68.8 65,762 65.8 3,093,000

42,515,000 61 506,026 59.6 27,923,000

Multidrug-resistant typhoid fever

570,000

14,392,000

21,218,000

74.8

68

65.8

4,674

173,735

342,725

73.3

65.9

71.5

243,000

8,019,000

16,508,000

Rifampicin-resistant TB (RR-TB)

2,100 8 460 6.3 —

66,000 7.7 18,000 6.5 —

620,000 10 119,000 7.3 —

Vaccines have a great potential to mitigate AMR through 

the reduction of AMR cases, AMR-related deaths, and 

DALYs. Table 2 shows examples of vaccines and their 

impacts on AMR in Kenya, demonstrating their crucial 

role in combating this growing public health threat.

VACCINE IMPACT ON AMR IN KENYA

*Photo source: Macheroux-Denault 2019
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a) Estimates of typhoid conjugate vaccines on FQNS and multidrug-resistant typhoid fever (Birger et al. 2022)
b) Average for 73 Gavi-eligible lower-income countries (Birger et al. 2022)
c) Estimates of the effect of TB vaccines with and without an additional improvement program for RR-TB management 

(Fu et al. 2021)
d) Average for the top 30 countries contributing to 90 percent of global RR-TB burden (Fu et al. 2021)

Vaccines for Bacterial Infections

a)   PCV

Pneumococcal diseases are a leading cause of morbidity 

and mortality among children globally, and their burden 

might be worsened by AMR (Andrejko et al. 2021). 

Pneumonia kills more children than any other infectious 

disease, claiming the lives of over 700,000 children under 

five, including 190,000 newborns every year and about 

2,000 children every day (UNICEF 2024).

In 2011, with support from Gavi, Kenya became one of 

the first countries in Africa to introduce PCV and the 

first to use ten-valent pneumococcal conjugate vaccine 

(PCV10). PCV10 delivered at 6, 10, and 14 weeks of age 

was introduced in January 2011, accompanied by a catch-

up campaign in Kilifi County for children under 5 

(Hammitt et al. 2019). Immediately before PCV10 was 

introduced, the county's annual incidence of clinically 

defined pneumonia was 1,220 per 100,000. After 

PCV10, this was reduced by 329 per 100,000 (Silaba et 

al. 2019).

In Kenya, a 92 percent reduction in PCV-10 type invasive 

pneumococcal disease has been reported in children up 

to five and 74 percent in unvaccinated children aged 

5–14 (Hammitt et al. 2019). This reduction is linked to 

decreased antibiotic prescriptions for respiratory 

infections. Surveillance data show that the PCV10-GSK 

vaccine has contributed to a reduction in overall 

pneumococcal colonization and carriage of vaccine-type 

serotypes (Verani et al. 2024). After PCV10, the carriage 

of serotypes targeted by it (PCV10-type) decreased in 

both children under 5 and adults; however, PCV10-type 

serotypes and penicillin-nonsusceptible pneumococci 

continued to persist among children, regardless of 

whether they received catch-up vaccination. This 

suggests that although the vaccine has reduced carriage, 

it has not completely eliminated PCV10-type serotypes 

or antibiotic-resistant strains, potentially due to factors 

such as incomplete vaccine coverage, natural reservoirs 

of these strains, or limited efficacy against some 

serotypes.

b)   TCV

Typhoid fever is a major health concern in Kenya, with 

97,762 reported cases in 2016; a significant majority (62 

percent) occurred in children under 15, indicating that 

children are particularly vulnerable (Simiyu and Jamka 

2018). In 2019, Kenya had 126,098 cases, equivalent to 

251 per 100,000 population. Typhoid caused 1,568 

deaths in 2019, an increase from the 1,075 reported in 

2016; 54 percent of these were among children under 

15, indicating that it remains a significant cause of 

mortality in this age group (Coalition Against Typhoid 

2021). In 2024, a study in a Nairobi slum found that 5 

percent of patients presenting with typhoid-like 

symptoms at four local health facilities tested positive for 

typhoid, with more than a quarter being MDR (Kasiano 

et al. 2024). An analysis of typhoid samples from three 

regions in Kenya showed that 82.4 percent were 

resistant to all five commonly used antibiotics: ampicillin, 

chloramphenicol, tetracycline, streptomycin, and 

cotrimoxazole (Coalition Against Typhoid 2021). This 

indicates an alarmingly high prevalence of MDR typhoid, 

rendering many first-line treatment options ineffective. 

Additionally, an analysis of typhoid samples from Nairobi 

Kenya found that 37 percent were MDR; resistance to 

ciprofloxacin and nalidixic acid was 43 and 52 percent, 

respectively (Kasiano et al. 2024). A sharp increase in the 

latter is an indication of reduced susceptibility to 

fluoroquinolones, which are the recommended drugs. 

Genetic analysis showed that MDR typhoid strains in 

Kenya are part of the lineage linked to MDR typhoid 

across Asia (Coalition Against Typhoid 2021). This 

finding suggests that the spread of MDR strains is not 

limited to Kenya but part of a broader intercontinental 

transmission of resistant clones.

Typhoid vaccination can reduce the need for antibiotics, 

slow the expansion of drug-resistant strains, and save 

lives.
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Vaccines for Bacterial Infections

a)   PCV

Pneumococcal diseases are a leading cause of morbidity 

and mortality among children globally, and their burden 

might be worsened by AMR (Andrejko et al. 2021). 

Pneumonia kills more children than any other infectious 

disease, claiming the lives of over 700,000 children under 

five, including 190,000 newborns every year and about 

2,000 children every day (UNICEF 2024).

In 2011, with support from Gavi, Kenya became one of 

the first countries in Africa to introduce PCV and the 

first to use ten-valent pneumococcal conjugate vaccine 

(PCV10). PCV10 delivered at 6, 10, and 14 weeks of age 

was introduced in January 2011, accompanied by a catch-

up campaign in Kilifi County for children under 5 

(Hammitt et al. 2019). Immediately before PCV10 was 

introduced, the county's annual incidence of clinically 

defined pneumonia was 1,220 per 100,000. After 

PCV10, this was reduced by 329 per 100,000 (Silaba et 

al. 2019).

In Kenya, a 92 percent reduction in PCV-10 type invasive 

pneumococcal disease has been reported in children up 

to five and 74 percent in unvaccinated children aged 

5–14 (Hammitt et al. 2019). This reduction is linked to 

decreased antibiotic prescriptions for respiratory 

infections. Surveillance data show that the PCV10-GSK 

vaccine has contributed to a reduction in overall 

pneumococcal colonization and carriage of vaccine-type 

serotypes (Verani et al. 2024). After PCV10, the carriage 

of serotypes targeted by it (PCV10-type) decreased in 

both children under 5 and adults; however, PCV10-type 

serotypes and penicillin-nonsusceptible pneumococci 

continued to persist among children, regardless of 

whether they received catch-up vaccination. This 

suggests that although the vaccine has reduced carriage, 

it has not completely eliminated PCV10-type serotypes 

or antibiotic-resistant strains, potentially due to factors 

such as incomplete vaccine coverage, natural reservoirs 

of these strains, or limited efficacy against some 

serotypes.

b)   TCV

Typhoid fever is a major health concern in Kenya, with 

97,762 reported cases in 2016; a significant majority (62 

percent) occurred in children under 15, indicating that 

children are particularly vulnerable (Simiyu and Jamka 

2018). In 2019, Kenya had 126,098 cases, equivalent to 

251 per 100,000 population. Typhoid caused 1,568 

deaths in 2019, an increase from the 1,075 reported in 

2016; 54 percent of these were among children under 

15, indicating that it remains a significant cause of 

mortality in this age group (Coalition Against Typhoid 

2021). In 2024, a study in a Nairobi slum found that 5 

percent of patients presenting with typhoid-like 

symptoms at four local health facilities tested positive for 

typhoid, with more than a quarter being MDR (Kasiano 

et al. 2024). An analysis of typhoid samples from three 

regions in Kenya showed that 82.4 percent were 

resistant to all five commonly used antibiotics: ampicillin, 

chloramphenicol, tetracycline, streptomycin, and 

cotrimoxazole (Coalition Against Typhoid 2021). This 

indicates an alarmingly high prevalence of MDR typhoid, 

rendering many first-line treatment options ineffective. 

Additionally, an analysis of typhoid samples from Nairobi 

Kenya found that 37 percent were MDR; resistance to 

ciprofloxacin and nalidixic acid was 43 and 52 percent, 

respectively (Kasiano et al. 2024). A sharp increase in the 

latter is an indication of reduced susceptibility to 

fluoroquinolones, which are the recommended drugs. 

Genetic analysis showed that MDR typhoid strains in 

Kenya are part of the lineage linked to MDR typhoid 

across Asia (Coalition Against Typhoid 2021). This 

finding suggests that the spread of MDR strains is not 

limited to Kenya but part of a broader intercontinental 

transmission of resistant clones.

Typhoid vaccination can reduce the need for antibiotics, 

slow the expansion of drug-resistant strains, and save 

lives.



Three large Phase 3 efficacy studies in Bangladesh, 

Malawi, and Nepal showed that TCV prevented 85, 84, 

and 79 percent of cases in children 9 months to 16 years 

old, respectively (Coalition Against Typhoid 2022). A 

Phase 3 study of the EuTCV (a TCV candidate) was 

launched by a Kenya Medical Research Institute team in 

Kericho in 2022. Compared to older vaccines, TCVs have 

longer-lasting protection, require only one dose, and are 

suitable for children under two.

Routine immunization (RI) with TCV at age 9 months 

with a catch-up campaign up to age 15 was predicted to 

avert 46–74 percent of all typhoid fever cases in 73 

countries eligible for Gavi support. Vaccination was 

predicted to reduce the relative prevalence of 

antimicrobial-resistant typhoid fever by 16 percent. TCV 

introduction with a catch-up campaign was predicted to 

avert 42.5 million cases and 506,000 deaths caused by 

fluoroquinolone-nonsusceptible (FQNS) typhoid fever 

and 21.2 million cases and 342,000 deaths from MDR-TB 

over 10 years (Birger et al. 2022). In July 2025, Kenya 

added the TCV vaccine to its routine immunization 

schedule and launched a nationwide campaign to 

introduce the TCV to over 21 million children aged 9 

months to 14 years (Kenya MoH 2025). The initiative 

aims to reduce drug-resistant typhoid (Kenya MoH 

2025).

c)   TB Vaccine

In 2021, Kenya recorded an estimated 133,000 TB cases, 

with approximately 32,000 deaths attributed to it; 76,010 

TB cases were reported, and 64 percent of all notified 

bacteriologically confirmed cases underwent testing for 

rifampicin resistance (Kenya MoH 2022). Kenya is among 

the 22 high-burden TB countries with an estimated 

incident rate of 268 cases per 100,000 (WHO 2013). 

The COVID-19 pandemic led to social stigma and 

discrimination, causing people to hide illnesses, such as 

TB. Barriers to community TB case finding include 

inadequate motivation, lack of equipment, inconsistent 

engagement, resource allocation, knowledge gaps, and 

weak referral linkages (Kenya MoH 2022). Kenya's 

National Tuberculosis Program has been active in 

implementing strategies to combat TB, including 

widespread case detection, treatment, and public 

awareness campaigns.

Bacillus Calmette-Guérin (BCG), developed in 1921, is 

the most widely used licensed TB vaccine, preventing 76 

percent of cases in 2002 when administered at birth or 

shortly after (Costanzo and Roviello 2023). BCG 

protection can last up to 15 years, but information is 

limited beyond this due to short follow-ups or few 

events if follow-up is long (Nguipdop-Djomo et al. 2016). 

Hence, the vaccine is less effective in preventing 

pulmonary TB, which is the most common form in 

adults.

Hospitals now administer life-saving BCG vaccinations to 

all children through the Kenya Expanded Program on 

Immunization (KEPI), in line with the WHO's essential 

medicines list. The Kenyan MoH (2014) recommends 

BCG vaccination at birth or first clinical contact, except 

for preterm and low-birthweight infants, who should be 

vaccinated at discharge.

New vaccines to prevent adolescent and adult TB are 

urgently needed. M72/AS01E, an immunogenic fusion 

protein-based vaccine, demonstrated high efficacy in a 

2018 Phase 2b trial, effectively preventing TB in HIV-

negative adult patients—protecting about 50 percent 

after 36 months of treatment (Tait et al. 2019; Costanzo 

and Roviello 2023). Similarly, a Phase 2b trial of 

M72/AS01E in Kenya, South Africa, and Zambia showed 

a significant protective effect against TB, with a 50 

percent point estimate efficacy (WHO 2018).

M72/AS01E has demonstrated substantial efficacy in 

preventing progression to active pulmonary TB in 

individuals with latent infection, which can significantly 

reduce new cases and therefore the need for antibiotics 

(Tait et al. 2019). M72/AS01E can significantly lower 

transmission rates within communities, which means 

lower cases and antibiotic use, helping to curb the 

development and spread of antibiotic-resistant strains 

(Beresford and Sadoff 2010). MDR-TB requires complex, 

prolonged, and expensive treatment regimens, which 

contribute to the challenge of AMR. The vaccine 

candidate pipeline includes whole cell, adjuvanted 

proteins, and recombinant subunit vector vaccines for 

prevention, early life immunization, posttreatment, and 

immunotherapeutic adjuncts to reduce treatment 

duration (WHO 2018). Preventing TB deaths could lead 

to substantial life expectancy gains, with 74 percent of 
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these concentrated in Kenya and nine other countries: 

Mozambique, South Africa, Angola, Democratic Republic 

of Congo, Nigeria, Papua New Guinea, Myanmar, India, 

and Indonesia (Silva et al. 2021).

d)   H. Inuenzae Type b (Hib) Vaccine 

Hib causes 95 percent of invasive H. influenzae infections 

in unimmunized populations, leading to severe and fatal 

infections, especially in young children (European Centre 

for Disease Prevention and Control 2023). Routine 

immunization has reduced serious H. influenzae disease 

and virtually eliminated meningitis (Khattak and Anjum 

2023). Before the introduction of the Hib vaccine, Hib 

was a leading cause of bacterial meningitis and 

pneumonia in children under five globally, causing 3 

million episodes of serious disease each year and half a 

million deaths (Watt et al. 2009; Peltola 2000). The 

widespread use of Hib conjugate vaccines has led to 

nearly eliminating Hib disease in countries where it has 

been widely used (Fitzwater et al. 2019).

In Kilifi, Kenya, H. influenzae causes 5 percent of inpatient 

deaths among young children; S. pneumoniae and malaria 

account for 9 and 22 percent, respectively (Berkley et al. 

2005). The Hib vaccine, introduced in 2001 as part of 

the routine childhood immunization program, has 

significantly reduced the incidence of Hib-related 

diseases (Cowgill et al. 2006), which reduced incidence 

among children aged <5 to 12 percent of its baseline 

level. This impact was not observed until the third year 

after the vaccine was introduced. Before that, Hib was 

responsible for 50–60 percent of bacterial meningitis 

cases in children under five (Heikki Peltola 2001). A 

study in Kilifi, Kenya, observed an 88 percent reduction 

in Hib meningitis cases postvaccine (Akumu et al. 2007). 

National surveillance data indicated a decrease in Hib 

pneumonia and meningitis cases by more than 90 

percent in vaccinated children. The Hib vaccine has 

played a crucial role in mitigating AMR by reducing the 

need for antibiotics (Costanzo and Roviello 2023).

Vaccines for Viral Infections

a)   Rotavirus Vaccine (RV)

Globally, group A rotaviruses (RVAs) are the primary 

causative agents of acute gastroenteritis (AGE) requiring 

hospitalization among infants and children under five 

(Troeger et al. 2018; Luchs and Timenetsky 2016) and 

estimated to be responsible for nearly 30 percent of all 

antibiotic-treated diarrhea in under-five children in sub-

Saharan Africa. For every 16 appropriately prescribed 

antibiotics to treat diarrhea, 12 are inappropriately 

prescribed (Lewnard et al. 2020). RV rollout is estimated 

to have a considerable impact on inappropriate antibiotic 

use; a 77 percent coverage rate among children under 

two across 18 LMICs could avert 13.6 million antibiotic-

treated diarrheal cases every year.

In Kenya, before the introduction of RV, RVA caused 

more than 3,908 infant deaths, 3,015 outpatient visits, 

and 279 hospitalizations per 100,000 children under 5 

annually, with an annual cost of US$10.8 million to the 

healthcare system (Wandera et al. 2017). The primary 

benefit of vaccination is the reduction of severe 

gastroenteritis. Genotypic studies in Nairobi County 

reveal a shift in circulating rotavirus genotypes, with G3 

becoming the predominant type with a 40 percent 

detection rate among HIV+ children with rotavirus 

infections, highlighting the need for continuous 

monitoring and identification (Gikonyo et al. 2017; 

Gikonyo et al. 2020).

Live-attenuated RV (Rotarix) was introduced in July 2014 

into KEPI for all newborns at 6 and 10 weeks of age and 

aimed at protecting more than 1.5 million children from 

severe diarrhea through co-financing with Gavi 

(Wandera et al. 2017). Postintroduction data indicated a 

notable decline in rotavirus and all-cause AGE 

hospitalizations and a shift in strain dominance among 

Kenyan children (Mutua et al. 2023; Wandera et al. 

2017). Before the vaccine, the monthly median number 

of all-cause AGE cases was 97, which decreased to 24, 

representing a 75.3 percent reduction. This included a 

53.4 percent reduction in rotavirus-specific AGE 

prevalence, with the largest improvements in 

hospitalizations among vaccine-eligible children (<12 

months). Thus, vaccination has provided a platform to 

assess the real-world impact in preventing and reducing 

the health burden of severe childhood diarrhea in the 

country.
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2017). Before the vaccine, the monthly median number 
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representing a 75.3 percent reduction. This included a 
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prevalence, with the largest improvements in 

hospitalizations among vaccine-eligible children (<12 

months). Thus, vaccination has provided a platform to 

assess the real-world impact in preventing and reducing 

the health burden of severe childhood diarrhea in the 

country.



b)   Measles-Rubella (MR) Combined Vaccine

Despite the effectiveness of the measles vaccine and a 

79 percent decrease in global deaths from measles since 

2000, it remains a leading cause of vaccine-preventable 

deaths worldwide (Kasidet and Davis 2017). Kenya has 

been actively working toward eliminating measles, 

following the World Health Assembly and Measles 

Elimination 2020 resolutions. In 2002, it introduced the 

first supplementary immunization activities (SIAs) using 

A-D syringes and Gavi-funded injection safety support 

2003–2005. In 2016, it added the MR vaccine. Kenya's 

measles control involves a first dose of vaccine at 9 

months and a second dose at 18 months, with periodic 

SIAs for accelerated control, aiming to close immunity 

gaps and prevent large outbreaks (Mburu et al. 2021).

In 2021, Kenya reported 896 measles cases. This 

outbreak has been associated with a low uptake of the 

second dose of the measles-containing vaccine (MCV2), 

which stood at 56 percent in 2021 (WHO 2023b). 

Achieving at least 95 percent coverage for both doses is 

essential to establish effective population immunity 

against measles and rubella. The suboptimal MCV2 

coverage in Kenya underscores the need for enhanced 

immunization efforts to prevent future outbreaks. Today, 

many cases and deaths from measles still occur 

worldwide—9.8 million cases and 207,500 deaths in 

2019—along with cases of congenital rubella syndrome 

in LMICs (Levin et al. 2023).

Vaccines for Parasitic Diseases

Malaria Vaccine

In Kenya, 70 percent of the population is at risk of 

malaria, making it a significant public health concern. 

Malaria was the second leading cause of disease, with an 

11.7 percent caseload in 2022, as per the Kenya 

Economic Survey 2023 (Ochieng and Jattani 2023). The 

RTS,S/AS01 vaccine pilot program has been in operation 

for over three years and successfully integrated into the 

RI schedule (Moturi et al. 2023), targeting children at 6 

months for the first dose, 7 months for the second, 9 

months for the third, and 24 months for the fourth. This 

is distinct from Kenya's standard immunization timeline 

and implemented only in selected subnational regions.

The analysis reveals the positive impact of introducing 

RTS,S/AS01 as part of Kenya's integrated malaria control 

strategy (WHO 2023c). It complements existing malaria 

interventions, such as insecticide-treated bed nets, 

indoor residual spraying, preventive treatment for 

pregnant women, and effective medications. Together, 

these measures create a multipronged approach. 

Following the vaccine, hospitalizations for severe malaria 

declined markedly among children under five, and child 

deaths reduced notably where it was implemented, 

highlighting its life-saving potential.
In Kenya, malaria parasite prevalence has decreased from 

8 percent in 2015 to 5.6 percent in 2020, attributed 

partly to the introduction of RTS,S in 2019 (WHO 

2023a). This reduction demonstrates the vaccine's 

contribution to lowering malaria cases, alongside other 

interventions. However, the slowing reduction rate since 

2017 signals challenges in sustaining progress. Factors 

such as regional disparities, resistance to existing 

interventions, and environmental changes could be 

influencing this slowdown. The Kenya Malaria Strategy 

(2019–2023) boosts gross domestic product (GDP) due 

to increased labor availability (Elnour et al. 2023). 

However, it also increases government health 

expenditure, raises production costs, and decreases 

household welfare. Consequently, household labor 

endowment increases due to reduced malaria incidence 

and deaths. Although service use estimates suggest high 

uptake of RTS,S/AS01 of those who enter KEPI, with 

inevitable dropout beyond 9 months, population-based 

denominators suggest that a significant proportion of 

children (22 percent) are not receiving any dose of it 

(Moturi et al. 2023).

Malaria imposes substantial economic costs on Kenya, 

both directly through treatment and hospitalization and 

indirectly through productivity losses and deaths (Elnour 

et al. 2023). The costs significantly affect households 

(especially those that rely on out-of-pocket expenditure 

for healthcare), health systems, and the economy at 

large. These issues and the rising antimalarial resistance 

are making the WHO's 2016–2030 malaria strategy 

targets—which aim for at least a 90 percent reduction in 

cases and deaths by 2030—increasingly difficult to 

achieve. In 2009, the total economic cost of malaria for 

children under five in Kenya was estimated at US$251 

million. Adding a malaria vaccine to the interventions in 

22 23

sub-Saharan Africa would be both highly cost-effective 

and impactful (Sauboin et al. 2019). Child vaccination 

would prevent 16.8 million malaria cases and 113,000 

deaths over 15 years, and infant vaccination would 

prevent 16 million cases and 107,000 deaths. These 

reductions, combined with a cost-effectiveness ratio well 

within acceptable thresholds, indicates that vaccination 

could be a valuable addition to malaria control programs.
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ANIMAL VACCINES

a)   East Coast Fever (ECF) Vaccine

ECF is a serious tick-borne disease that affects cattle in 

East Africa, including Kenya (Ikaal et al. 2020). Before the 

availability of the vaccine, outbreaks often required 

antibiotics (Peters et al. 2020). Vaccination has 

significantly reduced the incidence of the disease, 

thereby lowering the need for antibiotics (Nanteza et al. 

2023); a single dose provides lifelong immunity. Two large 

batches of the vaccine were manufactured by 

International Livestock Research Institute and partners in 

1996 and 2008, comprising 600,000 and 1.2 million 

doses, respectively (Toye et al. 2020). Through 

commercial distribution, about 2 million cattle have now 

been vaccinated, increasing the incomes of 156,000 

households by US$74 million. From 1997 to 2014, the 

vaccine prevented the untimely deaths of some 400,000 

animals. This vaccine has also been used in Malawi, 

Tanzania, and Uganda, where calf mortality due to ECF 

has been reduced by up to 95 percent. Vaccination has 

increased incomes for livestock-keeping households in 

various ways. Aside from avoided herd losses, milk sales 

have increased due to more productive cows, vaccinated 

bull calves have fetched higher market prices than 

nonvaccinated calves, and, in the pastoral sector, the 

vaccine has meant a higher number of yearling animals.

b)   Rabies Vaccine

Rabies is endemic across Kenya and estimated to cause 

523 (95 percent CI: 134–1,100) deaths annually (Bitek et 

al. 2019). Vaccination plays a crucial role in reducing the 

need for antibiotics. When individuals are vaccinated, 

they are less likely to contract the disease from infected 

animals, thereby reducing the instances where antibiotics 

might be prescribed as a precautionary measure or for 

secondary infections (Rupprecht et al. 2006). This 

directly contributes to lowering the selective pressure 

for antibiotic-resistant bacteria. Vaccination also prevents 

rabies itself, a disease that can lead to severe neurological 

symptoms and eventual death if not treated promptly.. 

By reducing the incidence of rabies, vaccination programs 

decrease the need for antibiotics, saving costs for both 

individuals and healthcare systems. The cost of human 

treatment for rabies is US$85, but the cost of dog 

vaccination is US$2 in Kenya (Borse et al. 2018).

*Photo source: Kubik 2024
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An analysis evaluating the projected impact and cost-

effectiveness of continuing PCV use in Kenya beyond 

2022 found that, if it were discontinued in 2022, the 

incidence of invasive pneumococcal disease (IPD) would 

be predicted to nearly double, from 8.5 per 100,000 in 

2022 to 16.2 per 100,000 by 2032 (Ojal et al. 2019). 

This highlights the critical role of PCV in maintaining low 

IPD rates. Continuing PCV vaccination is projected to 

prevent 14,329 deaths (95 percent predictive interval 

[PI]: 6,130–25,256) and 101,513 cases of disease (95 

percent PI: 4,386–196,674) for 2022–2032. These 

substantial reductions in morbidity and mortality 

underscore the vaccine's life-saving potential. The 

incremental cost per DALY averted is estimated at 

US$153 (95 percent PI: US$70–US$411) by 2032. This 

ratio is well within the acceptable thresholds for LMICs, 

making continued vaccination a cost-effective investment.

Sustaining and enhancing pneumococcal vaccination 

programs is a sound investment in child health and 

economic savings. Transitioning to PCV13 could further 

optimize outcomes, benefiting both individuals and the 

broader healthcare system (Ayieko et al. 2013). 

Introducing PCV13 improves cost-effectiveness ratios by 

approximately 20 percent, making it a more efficient 

option compared to PCV10. This includes indirect 

effects (e.g., herd immunity) and further enhances cost-

effectiveness by 43–56 percent, showcasing the broader 

community benefits of vaccination.

Another analysis underscores the significant burden of 

rotavirus infection in Kenya and highlights the potential 

health and economic benefits of routine vaccination 

(Tate et al. 2009). Rotavirus infection accounts for 19 

percent of hospitalizations and 16 percent of clinic visits 

for diarrhea among children under five annually. It causes 

approximately 4,471 deaths, 8,781 hospitalizations, and 

1,443,883 clinic visits annually, resulting in a US$10.8 

million cost to the healthcare system. A 2-dose 

vaccination series could significantly reduce the disease 

burden: prevent 2,467 deaths (55 percent), 5,724 

hospitalizations (65 percent), and 852,589 clinic visits (59 

percent). Vaccination would save 58 DALYs per 1,000 

children annually, demonstrating a substantial health 

impact.

Between 2014 and 2033, rotavirus vaccination can avert 

approximately 60,935 and 216,454 undiscounted deaths 

and hospital admissions, respectively, in children under 5 

in Kenya. Over the 20-year period, Kenya would invest 

US$80 million in vaccination; however, the program is 

expected to save the government US$30 million in 

healthcare costs by reducing the disease burden and 

saving US$38 per DALY averted. This highlights the 

program's cost-effectiveness.

A study in Kenya estimated that the direct economic cost 

of malaria to the government and households in children 

as young as five was approximately US$251 million in 

2009 (Ochieng 2023). Investing in vaccination for 

children and infants is a highly cost-effective strategy with 

substantial health and economic benefits (Sauboin et al. 

2019). Both child and infant vaccination strategies are 

highly cost-effective relative to GDP per capita 

thresholds, making them viable options for investment in 

malaria-endemic regions. The incremental cost-

effectiveness ratio is US$200 and US$225 per DALY 

averted for child and infant vaccination, respectively, 

which represent 14 and 17 percent of the GDP per 

capita threshold, indicating that both strategies are highly 

cost-effective.

The M72 vaccine showed a 50 percent efficacy in 

preventing pulmonary TB in a Phase 2b trial. The Gates 

Foundation noted that over 25 years, a vaccine with at 

least 50 percent efficacy could prevent up to 76 million 

new cases and 8.5 million deaths. According to WHO, it 

will also prevent 42 million courses of antibiotics and 

US$41.5 billion in catastrophic household costs, 

especially for the world's poorest and most vulnerable 

people (Bill & Melinda Gates Foundation 2023).

The Hib vaccine significantly reduced the incidence of 

Hib meningitis, nonmeningitis invasive disease, and 

nonbacteremia Hib pneumonia in Kenyan children aged 
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<5. The vaccine's cost per discounted DALY and death 

averted was US$38 and US$1,197, respectively, making it 

a cost-effective intervention (Akumu et al. 2007). From 

2016 to 2020, 1427 measles cases occurred in hard-to-

reach children, causing US$9.5 million in medical costs 

and productivity losses. An effective outreach vaccination 

strategy averted these cases, costing US$76 per DALY 

when 25 percent received MCV and US$122 per DALY 

when 50 percent received MCV (Lee et al. 2019).
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KEPI, first developed in 1980, recommends 

immunization against six infectious diseases: TB, polio, 

diphtheria, whooping cough, tetanus, and measles (Kenya 

MoH 2023). Since 1980, immunizations have been 

provided to all children under one; the tetanus toxoid 

vaccination is also available to pregnant women. By 1990, 

an 80 percent vaccination coverage rate for all six 

vaccines was achieved. In 2001, vaccines targeting yellow 

fever, hepatitis B, and Hib were added to KEPI, followed 

by PCV in 2011, a second dose of measles-containing 

vaccine (MCV2) in 2013, and RV in 2014. In addition, the 

national government coordinates emergency response 

vaccination campaigns for polio, measles, meningitis, and 

influenza outbreaks.

Kenya has made immunization a health priority, 

introducing new vaccines ahead of many other LMICs in 

sub-Saharan Africa, such as PCV in 2011 and RV in 2014 

(Sambala et al. 2019). As of 2020, Kenya's routine 

childhood immunization schedule included one dose 

each of BCG and oral polio vaccine (OPV) at birth; three 

doses each of diphtheria–tetanus–whole cell 

pertussis–Hemophilus influenzae type b–hepatitis B 

(pentavalent), OPV, and PCV at 6, 10, and 14 weeks; two 

doses of RV at 6 and 10 weeks; one dose of inactivated 

polio vaccine (IPV) at 14 weeks; and two doses of 

measles and rubella at 9 and 18 months (Janusz et al. 

2021). 

Although vaccine coverage in Kenya is heterogenous, 

2024 WHO data indicate that coverage for certain 

vaccines reached 90 percent or higher in 2023 (Figure 

1): Hib third dose (93 percent), PCV third dose (91 

percent), MCV first dose (91 percent), and BCG (90 

percent). However, 2024 saw a slight decline in coverage 

such that only Hib third dose (91 percent) achieved the 

international target of 90 percent. Although coverage for 

the second dose of MCV has been steadily increasing 

since 2015, it remained constant at 76 percent across 

2023 and 2024. Similarly, RV coverage stood at 82 

percent in 2024, highlighting the need for further efforts 

to improve uptake.

IMMUNIZATION PROGRAM IN KENYA
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IMMUNIZATION PROGRAM IN KENYA



Although the causes of low vaccination coverage are 

multifaceted, certain factors have been linked to lower 

full uptake. Children born to mothers with low 

education levels, delivered at home, from areas with 

inadequate healthcare facilities, in lower-income 

households, and of higher birth order are at higher risk 

of being underimmunized (Allan et al. 2021). The 

disparities in coverage will be reduced by interventions 

targeted at underimmunized children in these 

subpopulations.

The national vaccination plan is financially supported by 

Gavi. Due to its economic growth, Kenya is expected to 

graduate out of Gavi eligibility and therefore transition 

away from foreign donor support for KEPI; the country 

will fully fund it by 2027. In 2020, 23 percent of the 

nearly US$34 million annual expenditure on RI was 

covered by domestic financial support (Simoneau and 

Bliss 2020). Kenya's 2023–2027 AMR National Action 

Plans (NAP) emphasizes investment in research for new 

medicines and vaccines but does not address the role of 

vaccines in mitigating AMR. Doing so will help ensure 

that the additional benefits of vaccines in the context of 

AMR are realized at the policy and implementation level. 

In addition, recognizing the links between AMR and 

vaccines will ensure that human and financial investments 

for AMR mitigation and vaccine improvement and 

expansion efforts will be sustainable.

Combination with Other Public Health 

Interventions

Vaccination is a critical tool for preventing infections; 

however, as a standalone strategy, it cannot meaningfully 

reduce infectious disease burden (Li et al. 2025). 

Improvements in water, sanitation, and hygiene 

infrastructure, such as increasing access to clean water, 

sanitation facilities, and hygiene education, prevent 

environmental transmission, thereby breaking the cycle 

of contamination in communities where diseases such as 

cholera or typhoid are endemic (Tadesse et al. 2022). 

Robust IPC measures in healthcare settings, including 

hand hygiene, sterilization, and isolation procedures, can 

help reduce the incidence of hospital-acquired infections. 

Investing in these public health interventions extends 

beyond addressing immediate dangers to develop 

resilient systems that lower overall disease rates, save 

lives, and support sustainable access to healthcare for all 

(Lewnard et al. 2024).

Figure 1. Vaccination Coverage for Selected Vaccine-Preventable Diseases in Kenya (2010–2024)

Values in brackets indicate coverage at the initial year of reporting and most recently (2024). The graph was
generated based on WHO's WUENIC (2025) immunization coverage data.
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The TWG outlined key recommendations to enhance 

the role of vaccines in combating AMR, as detailed in 

Table 3. These recommendations focus on strengthening 

immunization programs, addressing vaccine hesitancy, 

improving diagnostic and treatment capacity in county 

hospitals, and reinforcing the NAP and emphasized the 

importance of a One Health approach and sustained 

stakeholder engagement to ensure a comprehensive and 

coordinated response to AMR.

Table 3. Insights and Recommendations From GARP-KENYA Technical Working Group Members to
Leverage Vaccines in Addressing AMR

Factors Potential Issues

Antibiotic Use and
Resistance

Challenges in regulating antibiotic use, high 
costs, and lack of effective national policy 
guidelines

Proposed Interventions

Develop and adopt updated antimicrobial 
guidelines, and establish national policy 
frameworks for antimicrobial use similar to 
those for TB and HIV.

Threat of AMR Lack of awareness and insufficient 
policymaker engagement

Conduct public awareness campaigns, and 
engage policymakers with data-driven 
advocacy to emphasize AMR as a serious 
health threat.

Capacity in County
Hospitals

Limited access to necessary tests and 
antibiotics and overreliance on first-line 
treatments

Improve diagnostic capabilities and access to 
antibiotics at county hospitals while 
enhancing healthcare system efficiencies.

Antimicrobial
Effectiveness

Inconsistent therapies and inadequate
handling of nonhospitalized patients

Strengthen healthcare system functionality, 
and improve management of outpatient 
and emergency care.

One Health
Approach

Lack of coordinated response across 
sectors (health, agriculture, environment)

Foster multisectoral collaboration, 
integrating veterinary and environmental 
health into AMR strategies.

Education and
Awareness

Misinformation among health workers and 
the public, including misconceptions about 
vaccines and antibiotics

Educate health workers and the public on 
AMR, importance of completing prescriptions, 
and vaccine benefits, via targeted advocacy and 
communication strategies.

Policy and Strategic
Goals

Weak implementation of AMR and 
vaccine-related policies

Develop actionable, measurable policies 
with clearly defined goals, and implement 
advocacy networks to connect with 
policymakers effectively.

Diagnostics and
Vaccination

Limited rapid diagnostic tools and reliance 
on clinical diagnoses

Invest in rapid diagnostic technologies, and 
prioritize preventive measures, like 
vaccination programs.

Hospital
Regulations

Over-prescription, misuse of antibiotics,
and insufficient hospital policies

Enforce strict hospital policies on antibiotic 
stewardship, train healthcare workers on 
judicious antibiotic use, and strengthen 
pharmacy boards for compliance.

Local Vaccine
Production

Over-dependence on external sources 
and insufficient vaccine production 
capacity

Build local manufacturing capabilities, 
prioritize production for high-burden 
diseases, and facilitate technology transfer.

KEY RECOMMENDATIONS



Although the causes of low vaccination coverage are 

multifaceted, certain factors have been linked to lower 

full uptake. Children born to mothers with low 

education levels, delivered at home, from areas with 

inadequate healthcare facilities, in lower-income 

households, and of higher birth order are at higher risk 

of being underimmunized (Allan et al. 2021). The 

disparities in coverage will be reduced by interventions 

targeted at underimmunized children in these 

subpopulations.

The national vaccination plan is financially supported by 

Gavi. Due to its economic growth, Kenya is expected to 

graduate out of Gavi eligibility and therefore transition 

away from foreign donor support for KEPI; the country 

will fully fund it by 2027. In 2020, 23 percent of the 

nearly US$34 million annual expenditure on RI was 

covered by domestic financial support (Simoneau and 

Bliss 2020). Kenya's 2023–2027 AMR National Action 

Plans (NAP) emphasizes investment in research for new 

medicines and vaccines but does not address the role of 

vaccines in mitigating AMR. Doing so will help ensure 

that the additional benefits of vaccines in the context of 

AMR are realized at the policy and implementation level. 

In addition, recognizing the links between AMR and 

vaccines will ensure that human and financial investments 

for AMR mitigation and vaccine improvement and 

expansion efforts will be sustainable.

Combination with Other Public Health 

Interventions

Vaccination is a critical tool for preventing infections; 

however, as a standalone strategy, it cannot meaningfully 

reduce infectious disease burden (Li et al. 2025). 

Improvements in water, sanitation, and hygiene 

infrastructure, such as increasing access to clean water, 

sanitation facilities, and hygiene education, prevent 

environmental transmission, thereby breaking the cycle 

of contamination in communities where diseases such as 

cholera or typhoid are endemic (Tadesse et al. 2022). 

Robust IPC measures in healthcare settings, including 

hand hygiene, sterilization, and isolation procedures, can 

help reduce the incidence of hospital-acquired infections. 

Investing in these public health interventions extends 

beyond addressing immediate dangers to develop 

resilient systems that lower overall disease rates, save 

lives, and support sustainable access to healthcare for all 

(Lewnard et al. 2024).

Figure 1. Vaccination Coverage for Selected Vaccine-Preventable Diseases in Kenya (2010–2024)

Values in brackets indicate coverage at the initial year of reporting and most recently (2024). The graph was
generated based on WHO's WUENIC (2025) immunization coverage data.
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The TWG outlined key recommendations to enhance 

the role of vaccines in combating AMR, as detailed in 

Table 3. These recommendations focus on strengthening 

immunization programs, addressing vaccine hesitancy, 

improving diagnostic and treatment capacity in county 

hospitals, and reinforcing the NAP and emphasized the 

importance of a One Health approach and sustained 

stakeholder engagement to ensure a comprehensive and 

coordinated response to AMR.

Table 3. Insights and Recommendations From GARP-KENYA Technical Working Group Members to
Leverage Vaccines in Addressing AMR

Factors Potential Issues

Antibiotic Use and
Resistance

Challenges in regulating antibiotic use, high 
costs, and lack of effective national policy 
guidelines

Proposed Interventions

Develop and adopt updated antimicrobial 
guidelines, and establish national policy 
frameworks for antimicrobial use similar to 
those for TB and HIV.

Threat of AMR Lack of awareness and insufficient 
policymaker engagement

Conduct public awareness campaigns, and 
engage policymakers with data-driven 
advocacy to emphasize AMR as a serious 
health threat.

Capacity in County
Hospitals

Limited access to necessary tests and 
antibiotics and overreliance on first-line 
treatments

Improve diagnostic capabilities and access to 
antibiotics at county hospitals while 
enhancing healthcare system efficiencies.

Antimicrobial
Effectiveness

Inconsistent therapies and inadequate
handling of nonhospitalized patients

Strengthen healthcare system functionality, 
and improve management of outpatient 
and emergency care.

One Health
Approach

Lack of coordinated response across 
sectors (health, agriculture, environment)

Foster multisectoral collaboration, 
integrating veterinary and environmental 
health into AMR strategies.

Education and
Awareness

Misinformation among health workers and 
the public, including misconceptions about 
vaccines and antibiotics

Educate health workers and the public on 
AMR, importance of completing prescriptions, 
and vaccine benefits, via targeted advocacy and 
communication strategies.

Policy and Strategic
Goals

Weak implementation of AMR and 
vaccine-related policies

Develop actionable, measurable policies 
with clearly defined goals, and implement 
advocacy networks to connect with 
policymakers effectively.

Diagnostics and
Vaccination

Limited rapid diagnostic tools and reliance 
on clinical diagnoses

Invest in rapid diagnostic technologies, and 
prioritize preventive measures, like 
vaccination programs.

Hospital
Regulations

Over-prescription, misuse of antibiotics,
and insufficient hospital policies

Enforce strict hospital policies on antibiotic 
stewardship, train healthcare workers on 
judicious antibiotic use, and strengthen 
pharmacy boards for compliance.

Local Vaccine
Production

Over-dependence on external sources 
and insufficient vaccine production 
capacity

Build local manufacturing capabilities, 
prioritize production for high-burden 
diseases, and facilitate technology transfer.
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Table 3 (continued). Insights and Recommendations From GARP-KENYA Technical Working Group 
Members to Leverage Vaccines in Addressing AMR

Vaccines play a pivotal role in mitigating AMR by 

reducing the burden of infectious diseases and 

minimizing the unnecessary use of antibiotics. Despite 

their immense potential, several challenges must be 

addressed to fully leverage their value. Reaching 

underserved and hard-to-reach populations, 

enhancing community awareness, maintaining robust 

cold chain systems, and countering misinformation 

are crucial steps to improving vaccine coverage and 

acceptance. Additionally, addressing systemic barriers, 

such as gaps in national antimicrobial policies, limited 

data on vaccine efficacy, and insufficient engagement 

with policymakers and stakeholders, is critical to 

building a resilient immunization framework. By 

integrating innovative solutions, such as drone 

delivery, empowering community health promoters, 

and expanding insurance coverage for vaccines, Kenya 

can strengthen its efforts against AMR. Collaborative 

strategies that engage all stakeholders—health 

professionals, policymakers, religious institutions, and 

communities—will ensure vaccines fulfill their dual 

purpose of protecting public health and curbing the 

growing threat of AMR.

CONCLUSION

Funding and
Resource
Allocation

High costs of diagnostics, tests, and 
vaccines hindering accessibility

Advocate for sustainable investment in AMR 
and vaccination efforts, and include vaccines in 
insurance coverage to improve affordability.

Factors Potential Issues

Vaccine Hesitancy Cultural, religious, and societal resistance 
to vaccines

Proposed Interventions

Engage religious leaders and community 
stakeholders, contextualize vaccine 
messaging, and fund targeted advocacy to 
address vaccine hesitancy.

Stakeholder
Engagement 

Limited stakeholder involvement 
in immunization strategies

Collaborate with insurance companies, health 
providers, community health promoters, and 
youth organizations to enhance coverage and 
support national immunization programs.

Targeted
Vaccination
Programs

Insufficient coverage for adults, mobile 
populations, and specific diseases, such 
as typhoid and cholera

Develop structured adult vaccination 
programs, prioritize hard-to-reach and 
underserved areas, and integrate vaccines 
such as typhoid and malaria into routine 
immunization schedules.
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such as gaps in national antimicrobial policies, limited 

data on vaccine efficacy, and insufficient engagement 
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building a resilient immunization framework. By 
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can strengthen its efforts against AMR. Collaborative 

strategies that engage all stakeholders—health 

professionals, policymakers, religious institutions, and 

communities—will ensure vaccines fulfill their dual 

purpose of protecting public health and curbing the 

growing threat of AMR.

CONCLUSION
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Proposed Interventions

Engage religious leaders and community 
stakeholders, contextualize vaccine 
messaging, and fund targeted advocacy to 
address vaccine hesitancy.

Stakeholder
Engagement 

Limited stakeholder involvement 
in immunization strategies

Collaborate with insurance companies, health 
providers, community health promoters, and 
youth organizations to enhance coverage and 
support national immunization programs.

Targeted
Vaccination
Programs

Insufficient coverage for adults, mobile 
populations, and specific diseases, such 
as typhoid and cholera

Develop structured adult vaccination 
programs, prioritize hard-to-reach and 
underserved areas, and integrate vaccines 
such as typhoid and malaria into routine 
immunization schedules.

30 31

REFERENCES

Abdullahi, Osman A., Moses M. Ngari, Deche Sanga, 

Geoffrey Katana, and Annie Willetts. 2019. Mortality 

During Treatment for Tuberculosis; a Review of 

Surveillance Data in a Rural County in Kenya. PLoS One 

14(7): e0219191.

Adesegun, Oluwaseyitan A., Oluwafunmilola O. 

Adeyemi, Osaze Ehioghae, David F. Rabor, Tolulope O. 

Binuyo, Bisola A. Alafin, Onyedikachi B. Nnagha, Akolade 

O. Idowu, and Ayokunle Osonuga. 2020. Current Trends 

in the Epidemiology and Management of Enteric Fever in 

Africa: A Literature Review. Asian Pacific Journal of Tropical 

Medicine 13(5): 204–13.

Akala, Hoseah M., Fredrick L. Eyase, Agnes C. Cheruiyot, 

Angela A. Omondi, Bernhards R. Ogutu, Norman C. 

Waters, Jacob D. Johnson, Mark E. Polhemus, David C. 

Schnabel, and Douglas S. Walsh. 2011. Antimalarial Drug 

Sensitivity Profile of Western Kenya Plasmodium 

falciparum Field Isolates Determined by a SYBR Green I 

in Vitro Assay and Molecular Analysis. American Journal of 

Tropical Medicine and Hygiene 85(1): 34.

Akumu, Angela O., Mike English, Anthony J. Scott, and 

Ulla K. Griffiths. 2007. "Economic evaluation of delivering 

Haemophilus influenzae type b vaccine in routine 

immunization services in Kenya," Bulletin of the World 

Health Organization 85(7): 511–8. [doi: 

https://doi.org/10.2471/blt.06.034686]

Allan, Simon, Ifedayo M. Adetifa, and Kaja Abbas. 2021. 

Inequities in Childhood Immunisation Coverage 

Associated with Socioeconomic, Geographic, Maternal, 

Child, and Place of Birth Characteristics in Kenya. BMC 

Infectious Diseases 21(1): 553.

Almutairi, Khalid S., Ezzuddin A. Okmi, Sabah S. Alnofaiei, 

Waleed K. Alshamari, Sultan H. Almutairi, Sulaiman I. 

Alsuwailem, and Eid H. Alkhaldi. 2023. "The effects of 

health education on the awareness of antimicrobial 

resistance among high school students in Riyadh, Saudi 

Arabia During 2023: A quasi-experimental study," Cureus 

15(7): e41639. [doi: 

https://doi.org/10.7759/cureus.41639]

Amboko, Beatrice, Kasia Stepniewska, Peter M. Macharia, 

Beatrice Machini, Philip Bejon, Robert W. Snow, and 

Dejan Zurovac. 2020. Trends in Health Workers’ 

Compliance with Outpatient Malaria Case-Management 

Guidelines Across Malaria Epidemiological Zones in 

Kenya, 2010–2016. Malaria Journal 19: 1–14.

Andrejko, Kristin, Buddhika Ratnasiri, William P. 

Hausdorff, Ramanan Laxminarayan, and Joseph A. 

Lewnard. 2021. "Antimicrobial resistance in paediatric 

Streptococcus pneumoniae isolates amid global 

implementation of pneumococcal conjugate vaccines: A 

systematic review and meta-regression analysis," Lancet 

Microbe 2(9): e450–60. 

[ ]https://doi.org/10.1016/s2666–5247(21)00064–1

Ashok, Ashvin, Michael Brison, and Yann LeTallec. 2017. 

"Improving cold chain systems: Challenges and solutions," 

Vaccine 35(17): 2217–23. [doi: 

https://doi.org/10.1016/j.vaccine.2016.08.045]

Ayieko, Philip, Ulla K. Griffiths, Moses Ndiritu, Jennifer 

Moisi, Isaac K. Mugoya, Tatu Kamau, Mike English, and 

Anthony G. Scott. 2013. Assessment of Health Benefits 

and Cost-Effectiveness of 10-Valent and 13-Valent 

Pneumococcal Conjugate Vaccination in Kenyan Children. 

PLoS One 8(6): e67324.

Ayukekbong, James A., Michel Ntemgwa, and Andrew N. 

Atabe. 2017. The Threat of Antimicrobial Resistance in 

Developing Countries: Causes and Control Strategies. 

Antimicrobial Resistance & Infection Control 6: 1–8.

Bahati, Felix, Edna Mutua, Samuel Akech, Mike English, 

Brian Nyamwaya, Jackline Gachoki, and Jacob McKnight. 

2025. Effects of Health System Limitations on the use of 

Blood Culture and Sensitivity Testing in Kenyan County 

Hospitals: An Interview-Based Qualitative Study Using 

Causal Loop Diagrams. Lancet Microbe 6(1).

Bello, Bisola A., Olamilekan R. Adesola, Ibrahim Idris, 

Yawson G. Scott, Suleiman Alfa, and Akinfemi F. Ajibade. 

2024. Combatting Extensively Drug-Resistant Salmonella: 

A Global Perspective on Outbreaks, Impacts, and 

Control Strategies. Pathogens and Global Health: 1–15.

https://pmc.ncbi.nlm.nih.gov/articles/PMC2636374/pdf/06-034686.pdf
https://www.cureus.com/articles/166861-the-effects-of-health-education-on-the-awareness-of-antimicrobial-resistance-among-high-school-students-in-riyadh-saudi-arabia-during-2023-a-quasi-experimental-study#!/
https://www.sciencedirect.com/science/article/pii/S0264410X16307307?via%3Dihub
https://www.thelancet.com/journals/lanmic/article/PIIS2666-5247(21)00064-1/fulltext


Beresford, Belinda, and Jerald C. Sadoff. 2010. "Update 

on research and development pipeline: Tuberculosis 

vaccines," Clinical Infectious Diseases 50(Suppl 3): 

S178–83. [doi: ]https://doi.org/10.1086/651489

Berkley, James A., Brett S. Lowe, Isaiah Mwangi, Thomas 

Williams, Evasius Bauni, Saleem Mwarumba, Carolin 

Ngetsa, Mary P. Slack, Sally Njenga, Anthony C. Hart, 

Kathryn Maitland, Mike English, Kevin Marsh, and 

Anthony G. Scott. 2005. "Bacteremia among children 

admitted to a rural hospital in Kenya," New England 

Journal of Medicine 352(1): 39–47. [doi: 

https://doi.org/10.1056/NEJMoa040275]

Bill & Melinda Gates Foundation. 2023. Wellcome and 

the Gates Foundation to Fund Late-Stage Development 

of a Tuberculosis M72 Vaccine Candidate That Could Be 

the First in 100 Years If Proven Effective. 

https://www.gatesfoundation.org/ideas/media-center/ 

press-releases/2023/06/funding-commitment-m72-tb-

vaccine-candidate 

Billy, Miaron. A Nurse Attends to Patients in a Remote 

Area in Northern Kenya, Africa. September 25, 2022. 

Photograph. Marsabit, Kenya. Shutterstock.

Birger, Ruthie, Marina Antillón, Joke Bilcke, Christiane 

Dolecek, Gordon Dougan, Andrew J. Pollard, Kathleen 

M. Neuzil, Isabel Frost, Ramanan Laxminarayan, and 

Virginia E. Pitzer. 2022. "Estimating the effect of 

vaccination on antimicrobial-resistant typhoid fever in 73 

countries supported by Gavi: A mathematical modelling 

study," Lancet Infectious Diseases 22(5): 679–91. 

https://doi.org/10.1016/s1473–3099(21)00627–7

Bitek, Austine O., Eric Osoro, Peninah M. Munyua, Mark 

Nanyingi, Yvonne Muthiani, Stella Kiambi, Mathew 

Muturi, Athman Mwatondo, Rees Muriithi, and Sarah 

Cleaveland. 2019. A Hundred Years of Rabies in Kenya 

and the Strategy for Eliminating Dog-Mediated Rabies by 

2030. AAS Open Research 1: 23.

Bonagura, Vincent R., and David W. Rosenthal. 2020. 

Infections That Cause Secondary Immune Deficiency. In 

Stiehm's Immune Deficiencies, 1035–1058. Elsevier.

Borse, Rebekah H., Charisma Y. Atkins, Manoj Gambhir, 

Eduardo A. Undurraga, Jesse D. Blanton, Emily B. Kahn, 

Jessie L. Dyer, Charles E. Rupprecht, and Martin I. 

Meltzer. 2018. Cost-Effectiveness of Dog Rabies 

Vaccination Programs in East Africa. PLoS Neglected 

Tropical Diseases 12(5): e0006490.

Breiman, Robert F., Leonard Cosmas, M. Kariuki Njenga, 

John Williamson, Joshua A. Mott, Mark A. Katz, Dean D. 

Erdman, Eileen Schneider, M. Steven Oberste, and John 

C. Neatherlin. 2015. Severe Acute Respiratory Infection 

in Children in a Densely Populated Urban Slum in Kenya, 

2007–2011. BMC Infectious Diseases 15: 1–11.

Byarugaba, Denis K., Tamer S. Osman, Omar M. Sayyouh, 

Godfrey Wokorach, Collins K. Kigen, James W. Muturi, 

Vanessa N. Onyonyi, Mayar M. Said, Salwa A. Nasrat, and 

Mahmoud Gazo. 2024. Genomic Epidemiology of 

Multidrug-Resistant Escherichia coli and Klebsiella 

pneumoniae in Kenya, Uganda, and Jordan. Emerging 

Infectious Diseases 30(Suppl 2): S33.

Cillóniz, Catia, Carolina Garcia-Vidal, Adrian Ceccato, and 

Antoni Torres. 2018. Antimicrobial Resistance Among 

Streptococcus pneumoniae. Antimicrobial Resistance in the 

21st Century: 13–38.

Coalition Against Typhoid. 2021. Burden of Typhoid in 

Kenya. Take On Typhoid. 

https://www.coalitionagainsttyphoid.org/wp-content/ 

uploads/2024/08/TakeonTyphoid_FactSheet_Kenya_
2024_L2.pdf 

Coalition Against Typhoid. 2022. Potential of Typhoid 

Conjugate Vaccines in Kenya. 

https://www.coalitionagainsttyphoid.org/wp-content/ 

uploads/2022/12/Kenya-TCV-Fact-Sheet-Nov2022.pdf 

Conrad, Melissa D., and Philip J. Rosenthal. 2019. 

Antimalarial Drug Resistance in Africa: The Calm Before 

the Storm? Lancet Infectious Diseases 19(10): e338–351.

Costanzo, Michele, Maria A.R. De Giglio, and Giovanni 

Nicola Roviello. 2022. Anti-Coronavirus Vaccines: Past 

Investigations on SARS-CoV-1 and MERS-CoV, the 

Approved Vaccines from BioNTech/Pfizer, Moderna, 

Oxford/AstraZeneca and Others Under Development 

Against SARSCoV-2 Infection. Current Medicinal 

Chemistry 29(1): 4–18.

32 33

Costanzo, Vincenzo, and Giovanni N. Roviello. 2023. The 

Potential Role of Vaccines in Preventing Antimicrobial 

Resistance (AMR): An Update and Future Perspectives. 

Vaccines 11(2): 333.

Cowgill, Karen D., Moses Ndiritu, Joyce Nyiro, Mary 

Slack, Salome Chiphatsi, Amina Ismail, Tatu Kamau, Isaiah 

Mwangi, Mike English, and Charles Newton. 2006. 

Effectiveness of Haemophilus influenzae Type b 

Conjugate Vaccine Introduction into Routine Childhood 

Immunization in Kenya. JAMA 296(6): 671–8.

Dememew, Zewdu G., Alemayehu A. Deribew, Daniel 

G. Datiko, K Melkieneh, Tesfaye G. Laloto, Seyoum 

Negash, Christopher Gilmartin, Muluken Melese, and 

Pedro G. Suarez. 2024. TB-Related Catastrophic Costs 

and Associated Factors for Patients in Ethiopia. IJTLD 

Open 1(8): 369.

Division of National Malaria Programme Kenya, and ICF. 

2021. Kenya Malaria Indicator Survey 2020. Kenya 

Ministry of Health. 

https://dhsprogram.com/pubs/pdf/MIS36/MIS36.pdf 

Ebohon, Osamudiamen, Francis Iraborc, Ambrose 

Emuobonuvie Akpovonaa, Favour Oghenefejiro 

Okpobrisia, Misheck Nkhatab, Lawrence A. Nnyanzib, 

Kehinde K. Kanmodib, and Ehimwenma S. Omoregieh. 

2024. Use of long-Lasting Insecticide-Treated Nets 

Among Antenatal Clinic Attendees in Delta State, 

Nigeria: A Cross-Sectional Study. FUW Trends in Science 

and Technology Journal 9(2): 20–9.

Elnour, Zuhal, Harald Grethe, Khalid Siddig, and Stephen 

Munga. 2023. Malaria Control and Elimination in Kenya: 

Economy-Wide Benefits and Regional Disparities. 

Malaria Journal 22(1): 117.

European Centre for Disease Prevention and Control. 

2023. Disease Information About Invasive Haemophilus 

influenzae Disease. 

https://www.ecdc.europa.eu/en/invasive-haemophilus-

influenzae-disease/facts#:~:text=Haemophilus%20 

influenzae%20type%20b%20is%20responsible%20for%2

095%25%20of%20all,and%20in%20economically%20dev

eloping%20countries
 

Farhud, Dariush D., and Shaghayegh Zokaei. 2021. A 

Brief Overview of COVID-19 Vaccines. Iranian Journal of 

Public Health 50(7): i.

Fitzwater, Sean P., Padmanabhan Ramachandran, 

Geoffrey D. Kahn, Krishnamoorthy Nedunchelian, 

Saradha Suresh, Mathuram Santosham, and Aruna 

Chandran. 2019. "Impact of the introduction of the 

Haemophilus influenzae type b conjugate vaccine in an 

urban setting in southern India," Vaccine 37(12): 

1608–13. [doi: 

https://doi.org/10.1016/j.vaccine.2019.01.080] 

Fu, Han, Joseph A. Lewnard, Isabel Frost, Ramanan 

Laxminarayan, and Nimalan Arinaminpathy. 2021. 

"Modelling the global burden of drug-resistant 

tuberculosis avertable by a post-exposure vaccine," 

Nature Communications 12(1): 424. [doi: 

https://doi.org/10.1038/s41467–020–20731-x] 

Gikonyo, Joshua N., James Nyangao, Cecilia Mbae, 

Carlene Sang, Eliud Njagi, Joseph Ngeranwa, Mathew 

Esona, Mapaseka L. Seheri, Grace W. Gitau, Kedra Raini, 

and Samuel Kariuki. 2017. "Molecular characterization of 

group A rotaviruses in Mukuru slums Kenya: Detection 

of novel strains circulating in children below 5 years of 

age," BMC Research Notes 10(1): 290. [doi: 

https://doi.org/10.1186/s13104–017–2611-z] 

Gikonyo, Joshua N., Betty Mbatia, Patrick W. Okanya, 

George Obiero, Carlene Sang, Duncan Steele, and James 

Nyangao. 2020. "Post-vaccine rotavirus genotype 

distribution in Nairobi County, Kenya," International 

Journal of Infectious Disease 100: 434–40. [doi: 

https://doi.org/10.1016/j.ijid.2020.09.005] 

Global Antibiotic Resistance Partnership–Kenya Working 

Group. 2011. Situation Analysis and Recommendations: 

Antibiotic Use and Resistance in Kenya. Economics & 

Policy: 21–71.

Hammitt, Laura L., Anthony O. Etyang, Susan C. 

Morpeth, John Ojal, Alex Mutuku, Neema Mturi, Jennifer 

C. Moisi, Ifedayo M. Adetifa, Angela Karani, Donald O. 

Akech, Mark Otiende, Tahreni Bwanaali, Jackline Wafula, 

Christine Mataza, Edward Mumbo, Collins Tabu, Maria D. 

Knoll, Evasius Bauni, Kevin Marsh, Thomas N. Williams, 

Tatu Kamau, Shahnaaz K. Sharif, Orin S. Levine, and 

https://academic.oup.com/cid/article-abstract/50/Supplement_3/S178/318435?redirectedFrom=fulltext
https://www.nejm.org/doi/full/10.1056/NEJMoa040275
https://www.coalitionagainsttyphoid.org/wp-content/uploads/2022/12/Kenya-TCV-Fact-Sheet-Nov2022.pdf
https://www.coalitionagainsttyphoid.org/wp-content/uploads/2024/08/TakeonTyphoid_FactSheet_Kenya_2024_L2.pdf
https://www.gatesfoundation.org/ideas/media-center/press-releases/2023/06/funding-commitment-m72-tbvaccine-candidate


Beresford, Belinda, and Jerald C. Sadoff. 2010. "Update 

on research and development pipeline: Tuberculosis 

vaccines," Clinical Infectious Diseases 50(Suppl 3): 

S178–83. [doi: ]https://doi.org/10.1086/651489

Berkley, James A., Brett S. Lowe, Isaiah Mwangi, Thomas 

Williams, Evasius Bauni, Saleem Mwarumba, Carolin 

Ngetsa, Mary P. Slack, Sally Njenga, Anthony C. Hart, 

Kathryn Maitland, Mike English, Kevin Marsh, and 

Anthony G. Scott. 2005. "Bacteremia among children 

admitted to a rural hospital in Kenya," New England 

Journal of Medicine 352(1): 39–47. [doi: 

https://doi.org/10.1056/NEJMoa040275]

Bill & Melinda Gates Foundation. 2023. Wellcome and 

the Gates Foundation to Fund Late-Stage Development 

of a Tuberculosis M72 Vaccine Candidate That Could Be 

the First in 100 Years If Proven Effective. 

https://www.gatesfoundation.org/ideas/media-center/ 

press-releases/2023/06/funding-commitment-m72-tb-

vaccine-candidate 

Billy, Miaron. A Nurse Attends to Patients in a Remote 

Area in Northern Kenya, Africa. September 25, 2022. 

Photograph. Marsabit, Kenya. Shutterstock.

Birger, Ruthie, Marina Antillón, Joke Bilcke, Christiane 

Dolecek, Gordon Dougan, Andrew J. Pollard, Kathleen 

M. Neuzil, Isabel Frost, Ramanan Laxminarayan, and 

Virginia E. Pitzer. 2022. "Estimating the effect of 

vaccination on antimicrobial-resistant typhoid fever in 73 

countries supported by Gavi: A mathematical modelling 

study," Lancet Infectious Diseases 22(5): 679–91. 

https://doi.org/10.1016/s1473–3099(21)00627–7

Bitek, Austine O., Eric Osoro, Peninah M. Munyua, Mark 

Nanyingi, Yvonne Muthiani, Stella Kiambi, Mathew 

Muturi, Athman Mwatondo, Rees Muriithi, and Sarah 

Cleaveland. 2019. A Hundred Years of Rabies in Kenya 

and the Strategy for Eliminating Dog-Mediated Rabies by 

2030. AAS Open Research 1: 23.

Bonagura, Vincent R., and David W. Rosenthal. 2020. 

Infections That Cause Secondary Immune Deficiency. In 

Stiehm's Immune Deficiencies, 1035–1058. Elsevier.

Borse, Rebekah H., Charisma Y. Atkins, Manoj Gambhir, 

Eduardo A. Undurraga, Jesse D. Blanton, Emily B. Kahn, 

Jessie L. Dyer, Charles E. Rupprecht, and Martin I. 

Meltzer. 2018. Cost-Effectiveness of Dog Rabies 

Vaccination Programs in East Africa. PLoS Neglected 

Tropical Diseases 12(5): e0006490.

Breiman, Robert F., Leonard Cosmas, M. Kariuki Njenga, 

John Williamson, Joshua A. Mott, Mark A. Katz, Dean D. 

Erdman, Eileen Schneider, M. Steven Oberste, and John 

C. Neatherlin. 2015. Severe Acute Respiratory Infection 

in Children in a Densely Populated Urban Slum in Kenya, 

2007–2011. BMC Infectious Diseases 15: 1–11.

Byarugaba, Denis K., Tamer S. Osman, Omar M. Sayyouh, 

Godfrey Wokorach, Collins K. Kigen, James W. Muturi, 

Vanessa N. Onyonyi, Mayar M. Said, Salwa A. Nasrat, and 

Mahmoud Gazo. 2024. Genomic Epidemiology of 

Multidrug-Resistant Escherichia coli and Klebsiella 

pneumoniae in Kenya, Uganda, and Jordan. Emerging 

Infectious Diseases 30(Suppl 2): S33.

Cillóniz, Catia, Carolina Garcia-Vidal, Adrian Ceccato, and 

Antoni Torres. 2018. Antimicrobial Resistance Among 

Streptococcus pneumoniae. Antimicrobial Resistance in the 

21st Century: 13–38.

Coalition Against Typhoid. 2021. Burden of Typhoid in 

Kenya. Take On Typhoid. 

https://www.coalitionagainsttyphoid.org/wp-content/ 

uploads/2024/08/TakeonTyphoid_FactSheet_Kenya_
2024_L2.pdf 

Coalition Against Typhoid. 2022. Potential of Typhoid 

Conjugate Vaccines in Kenya. 

https://www.coalitionagainsttyphoid.org/wp-content/ 

uploads/2022/12/Kenya-TCV-Fact-Sheet-Nov2022.pdf 

Conrad, Melissa D., and Philip J. Rosenthal. 2019. 

Antimalarial Drug Resistance in Africa: The Calm Before 

the Storm? Lancet Infectious Diseases 19(10): e338–351.

Costanzo, Michele, Maria A.R. De Giglio, and Giovanni 

Nicola Roviello. 2022. Anti-Coronavirus Vaccines: Past 

Investigations on SARS-CoV-1 and MERS-CoV, the 

Approved Vaccines from BioNTech/Pfizer, Moderna, 

Oxford/AstraZeneca and Others Under Development 

Against SARSCoV-2 Infection. Current Medicinal 

Chemistry 29(1): 4–18.

32 33

Costanzo, Vincenzo, and Giovanni N. Roviello. 2023. The 

Potential Role of Vaccines in Preventing Antimicrobial 

Resistance (AMR): An Update and Future Perspectives. 

Vaccines 11(2): 333.

Cowgill, Karen D., Moses Ndiritu, Joyce Nyiro, Mary 

Slack, Salome Chiphatsi, Amina Ismail, Tatu Kamau, Isaiah 

Mwangi, Mike English, and Charles Newton. 2006. 

Effectiveness of Haemophilus influenzae Type b 

Conjugate Vaccine Introduction into Routine Childhood 

Immunization in Kenya. JAMA 296(6): 671–8.

Dememew, Zewdu G., Alemayehu A. Deribew, Daniel 

G. Datiko, K Melkieneh, Tesfaye G. Laloto, Seyoum 

Negash, Christopher Gilmartin, Muluken Melese, and 

Pedro G. Suarez. 2024. TB-Related Catastrophic Costs 

and Associated Factors for Patients in Ethiopia. IJTLD 

Open 1(8): 369.

Division of National Malaria Programme Kenya, and ICF. 

2021. Kenya Malaria Indicator Survey 2020. Kenya 

Ministry of Health. 

https://dhsprogram.com/pubs/pdf/MIS36/MIS36.pdf 

Ebohon, Osamudiamen, Francis Iraborc, Ambrose 

Emuobonuvie Akpovonaa, Favour Oghenefejiro 

Okpobrisia, Misheck Nkhatab, Lawrence A. Nnyanzib, 

Kehinde K. Kanmodib, and Ehimwenma S. Omoregieh. 

2024. Use of long-Lasting Insecticide-Treated Nets 

Among Antenatal Clinic Attendees in Delta State, 

Nigeria: A Cross-Sectional Study. FUW Trends in Science 

and Technology Journal 9(2): 20–9.

Elnour, Zuhal, Harald Grethe, Khalid Siddig, and Stephen 

Munga. 2023. Malaria Control and Elimination in Kenya: 

Economy-Wide Benefits and Regional Disparities. 

Malaria Journal 22(1): 117.

European Centre for Disease Prevention and Control. 

2023. Disease Information About Invasive Haemophilus 

influenzae Disease. 

https://www.ecdc.europa.eu/en/invasive-haemophilus-

influenzae-disease/facts#:~:text=Haemophilus%20 

influenzae%20type%20b%20is%20responsible%20for%2

095%25%20of%20all,and%20in%20economically%20dev

eloping%20countries
 

Farhud, Dariush D., and Shaghayegh Zokaei. 2021. A 

Brief Overview of COVID-19 Vaccines. Iranian Journal of 

Public Health 50(7): i.

Fitzwater, Sean P., Padmanabhan Ramachandran, 

Geoffrey D. Kahn, Krishnamoorthy Nedunchelian, 

Saradha Suresh, Mathuram Santosham, and Aruna 

Chandran. 2019. "Impact of the introduction of the 

Haemophilus influenzae type b conjugate vaccine in an 

urban setting in southern India," Vaccine 37(12): 

1608–13. [doi: 

https://doi.org/10.1016/j.vaccine.2019.01.080] 

Fu, Han, Joseph A. Lewnard, Isabel Frost, Ramanan 

Laxminarayan, and Nimalan Arinaminpathy. 2021. 

"Modelling the global burden of drug-resistant 

tuberculosis avertable by a post-exposure vaccine," 

Nature Communications 12(1): 424. [doi: 

https://doi.org/10.1038/s41467–020–20731-x] 

Gikonyo, Joshua N., James Nyangao, Cecilia Mbae, 

Carlene Sang, Eliud Njagi, Joseph Ngeranwa, Mathew 

Esona, Mapaseka L. Seheri, Grace W. Gitau, Kedra Raini, 

and Samuel Kariuki. 2017. "Molecular characterization of 

group A rotaviruses in Mukuru slums Kenya: Detection 

of novel strains circulating in children below 5 years of 

age," BMC Research Notes 10(1): 290. [doi: 

https://doi.org/10.1186/s13104–017–2611-z] 

Gikonyo, Joshua N., Betty Mbatia, Patrick W. Okanya, 

George Obiero, Carlene Sang, Duncan Steele, and James 

Nyangao. 2020. "Post-vaccine rotavirus genotype 

distribution in Nairobi County, Kenya," International 

Journal of Infectious Disease 100: 434–40. [doi: 

https://doi.org/10.1016/j.ijid.2020.09.005] 

Global Antibiotic Resistance Partnership–Kenya Working 

Group. 2011. Situation Analysis and Recommendations: 

Antibiotic Use and Resistance in Kenya. Economics & 

Policy: 21–71.

Hammitt, Laura L., Anthony O. Etyang, Susan C. 

Morpeth, John Ojal, Alex Mutuku, Neema Mturi, Jennifer 

C. Moisi, Ifedayo M. Adetifa, Angela Karani, Donald O. 

Akech, Mark Otiende, Tahreni Bwanaali, Jackline Wafula, 

Christine Mataza, Edward Mumbo, Collins Tabu, Maria D. 

Knoll, Evasius Bauni, Kevin Marsh, Thomas N. Williams, 

Tatu Kamau, Shahnaaz K. Sharif, Orin S. Levine, and 

https://www.sciencedirect.com/science/article/pii/S0264410X19301665?via%3Dihub
https://www.ijidonline.com/article/S1201-9712(20)30719-0/fulltext
https://www.nature.com/articles/s41467-020-20731-x
https://link.springer.com/article/10.1186/s13104-017-2611-z
https://www.ecdc.europa.eu/en/invasive-haemophilus-influenzae-disease/facts#:~:text=Haemophilus%20


Anthony G. Scott. 2019. "Effect of ten-valent 

pneumococcal conjugate vaccine on invasive 

pneumococcal disease and nasopharyngeal carriage in 

Kenya: A longitudinal surveillance study," Lancet 

393(10186): 2146–54. [doi: 

https://doi.org/10.1016/s0140–6736(18)33005–8] 

Ho, Charlotte S., Carlos T. Wong, Thet T. Aung, Rajamani 

Lakshminarayanan, Jodhbir S. Mehta, Saaeha Rauz, Alan 

McNally, Balint Kintses, Sharon J. Peacock, Cesar de la 

Fuente-Nunez, E. Robert Hancock, and Darren S. Ting. 

2024. Antimicrobial Resistance: A Concise Update. 

Lancet Microbe.

Ikaal, Maurice, Caleb Orenge, Olivier B. Kashongwe, and 

Bockline Bebe. 2020. Prevalence of East Coast Fever 

Infections Based on Farmer-Observed Symptoms in 

Smallholder Dairy Herds, North Rift Kenya. International 

Journal of Veterinary Sciences and Animal Husbandry 5.

Ikuta, Kevin S., Lucien R. Swetschinski, Gisela R. Aguilar, 

Fablina Sharara, Tomislav Mestrovic, Authia P. Gray, 

Nicole D. Weaver, Eve E. Wool, Chieh Han, and Anna G. 

Hayoon. 2022. Global Mortality Associated with 33 

Bacterial Pathogens in 2019: A Systematic Analysis for 

the Global Burden of Disease Study 2019. Lancet 

400(10369): 2221–48.

Institute for Health Metrics and Evaluation (IHME). 2023. 

Kenya: Burden of Antimicrobial Resistance. 

https://www.healthdata.org/sites/default/files/2023–09/Ke

nya.pdf

Institute for Health Metrics and Evaluation (IHME). 2025. 

Global Burden of Disease Compare (GBD 2021). 

University of Washington, Washington, United States of 

America. Accessed January 8, 2026. 

https://vizhub.healthdata.org/gbd-compare/
 
Ita, Teresa, Ulzii-Orshikh Luvsansharav, Rachel M. Smith, 

Robert Mugoh, Charchil Ayodo, Beatrice Oduor, 

Moureen Jepleting, Walter Oguta, Caroline Ouma, and 

Jane Juma. 2022. Prevalence of Colonization with 

Multidrug-Resistant Bacteria in Communities and 

Hospitals in Kenya. Scientific Reports 12(1): 22290.

Jansen, Kathrin U., Charles Knirsch, and Annaliesa S. 

Anderson. 2018. The Role of Vaccines in Preventing 

Bacterial Antimicrobial Resistance. Nature Medicine 

24(1): 10–19.

Jansen, Kathrin U., William C. Gruber, Raphael Simon, 

James Wassil, and Annaliesa S. Anderson. 2021. "The 

impact of human vaccines on bacterial antimicrobial 

resistance. A review," Environmental Chemical Letters 

19(6): 4031–62. [doi: 

https://doi.org/10.1007/s10311–021–01274-z]

Janusz, Cara B., Martin K. Mutua, Abram L. Wagner, and 

Matthew L. Boulton. 2021. New Vaccine Introduction 

and Childhood Vaccination Timeliness in Two Urban, 

Informal Settlements in Nairobi, Kenya. American Journal 

of Tropical Medicine and Hygiene 105(1): 245.

Kalanxhi, Erta, Nicole Roberts, Lucy Miller, Felix Bahati, 

and Ramanan Laxminarayan. 2023. The Value of Vaccines 

to Mitigate Antimicrobial Resistance—Evidence from Low- 

and Middle-Income Countries. Washington, DC: One 

Health Trust. https://www.ifpma.org/wp-content/uploads/ 

2023/10/The-Value-of-Vaccines-to-Mitigate-AMR.pdf

Kamita, Moses, Michael Maina, Racheal Kimani, Robert 

Mwangi, Dominic Mureithi, and Cynthia Nduta, and Jesse 

Gitaka. 2022. Point Prevalence Survey to Assess 

Antibiotic Prescribing Pattern Among Hospitalized 

Patients in a County Referral Hospital in Kenya. Frontiers 

in Antibiotics 1: 993271.

Kariuki, Samuel, Robert Onsare, Joyce Mwituria, Ronald 

Ng'Etich, Cynthia NAfula, Kenneth Karimi, Purity Karimi, 

Fridah Njeruh, Patrick Irungu, and Eric Mitema. 2013. 

FAO/WHO Project Report: Improving Food Safety in 

Meat Value Chains in Kenya. General interest paper. 

University of Nairobi, Kenya. 

Kariuki, Samuel, Kelvin Kering, Celestine Wairimu, Robert 

Onsare, and Cecilia Mbae. 2022. Antimicrobial 

Resistance Rates and Surveillance in sub-Saharan Africa: 

Where Are We Now? Infection and Drug Resistance: 

3589–609.

Kasiano, Purity, Susan Kavai, Susan Kiiru, Andrew 

Nyerere, and Samuel Kariuki. 2024. "Typhoidal 

34 35

salmonella disease in Mukuru informal settlement, 

Nairobi Kenya; carriage, diversity, and antimicrobial 

resistant genes," PLoS One 19(2): e0298635. [doi: 

https://doi.org/10.1371/journal.pone.0298635] 

Kasidet, Manakongtreecheep, and Robert Davis. 2017.
A Review of Measles Control in Kenya, with Focus on 

Recent Innovations. Pan African Medical Journal 27(Suppl 

3).

Kasimanickam, Vanmathy, Maadhanki Kasimanickam, and 

Ramanathan Kasimanickam. 2021. "Antibiotics use in 

food animal production: Escalation of antimicrobial 

resistance: Where are we now in combating AMR?" 

Medical Science 9(1). [doi: 

https://doi.org/10.3390/medsci9010014 

Kemp, Steven A., Gina L. Pinchbeck, Eric M. Fèvre, and 

Nicola J. Williams. 2021. A Cross-Sectional Survey of the 

Knowledge, Attitudes, and Practices of Antimicrobial 

Users and Providers in an Area of High-Density 

Livestock-Human Population in Western Kenya. Frontiers 

in Veterinary Science 8: 727365.

Kenya MoH. 2014. National Policy Guidelines on 

Immunization 2013. 

http://guidelines.health.go.ke:8000/media/Kenya_National

_Immunization_Policy_Guidelines_Version_signed.pdf

Kenya MoH. 2018. Kenya Tuberculosis Prevalence Survey 

Report 2016. https://nltp.co.ke/wp-content/uploads/ 

2020/10/Kenya-TB-Prevalence-Survey-Report-March-

2018.pdf 

Kenya MoH. 2022. National Tuberculosis, Leprosy and 

Lung Disease Program—Annual Report 2022. 

https://nltp.co.ke/wp-content/uploads/2024/01/Annual-

Report_2022_22_12_2023.pdf 

Kenya MoH. 2023. Kenya National Immunization Policy 

Guidelines.

Kenya MoH. 2025. “CS Duale Launches Nationwide 

Measles-Rubella and Typhoid Vaccine Campaign to 

Strengthen Child Immunization.” Ministry of Health. July 7, 

2025. Accessed September 5, 2025. 

https://www.health.go.ke/cs-duale-launches-nationwide-

measles-rubella-and-typhoid-vaccine-campaign-

strengthen-child. 

Khattak, Zoia E., and Fatima Anjum. 2023. Haemophilus 

influenzae infection. StatPearls Publishing, Treasure Island, 

United States of America.

Klemm, Elizabeth J., Sadia Shakoor, Andrew J. Page, Farah 

N. Qamar, Kim Judge, Dania K. Saeed, Vanessa K. Wong, 

Timothy J. Dallman, Satheesh Nair, and Stephen Baker. 

2018. Emergence of an Extensively Drug-Resistant 

Salmonella enterica Serovar Typhi Clone Harboring a 

Promiscuous Plasmid Encoding Resistance to 

Fluoroquinolones and Third-Generation Cephalosporins. 

MBio 9(1): 10.1128/mbio.00105–18.

Kobayashi, Miwako, Laura M. Conklin, Godfrey Bigogo, 

Geofrey Jagero, Lee Hampton, Katherine E. Fleming-

Dutra, Muthoni Junghae, Maria da Gloria Carvalho, 

Fabiana Pimenta, and Bernard Beall. 2017. Pneumococcal 

Carriage and Antibiotic Susceptibility Patterns from Two 

Cross-Sectional Colonization Surveys Among Children 

Aged <5 Years prior to the Introduction of 10-Valent 

Pneumococcal Conjugate Vaccine—Kenya, 2009–2010. 

BMC Infectious Diseases 17: 1–12.

Kubik, Andrzej. Masai Shepherd with Herd of Cows in 

Amboseli National Park. January 17, 2024. Photograph. 

Amboseli, Kenya. Shutterstock.

Lee, Bruce Y., Shawn T. Brown, Leila A. Haidari, 

Samantha Clark, Taiwo Abimbola, Sarah E. Pallas, Aaron 

S. Wallace, Elizabeth A. Mitgang, Jim Leonard, and Sarah 

M. Bartsch. 2019. Economic Value of Vaccinating 

Geographically Hard-to-Reach Populations with Measles 

Vaccine: A Modeling Application in Kenya. Vaccine 37(17): 

2377–86.

Leung, Alexander K.C., Kam L. Hon, Kin F. Leong, and 

Consolato M. Sergi. 2018. Measles: A Disease Often 

Forgotten But Not Gone. Hong Kong Medical Journal 

24(5): 512.

Levin, Ann, Colleen Burgess, Stephanie Shendale, 

Winthrop Morgan, Raymond C.W. Hutubessy, and Mark 

Jit. 2023. Cost-Effectiveness of Measles and Rubella 

Elimination in Low-Income and Middle-Income 

Countries. BMJ Global Health 8(7): e011526.

Lewnard, Joseph A., Nathan C. Lo, Nimalan 

Arinaminpathy, Isabel Frost, and Ramanan Laxminarayan. 

https://www.ifpma.org/wp-content/uploads/2023/10/The-Value-of-Vaccines-to-Mitigate-AMR.pdf
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(18)33005-8/fulltext
https://link.springer.com/article/10.1007/s10311-021-01274-z


Anthony G. Scott. 2019. "Effect of ten-valent 

pneumococcal conjugate vaccine on invasive 

pneumococcal disease and nasopharyngeal carriage in 

Kenya: A longitudinal surveillance study," Lancet 

393(10186): 2146–54. [doi: 

https://doi.org/10.1016/s0140–6736(18)33005–8] 

Ho, Charlotte S., Carlos T. Wong, Thet T. Aung, Rajamani 

Lakshminarayanan, Jodhbir S. Mehta, Saaeha Rauz, Alan 

McNally, Balint Kintses, Sharon J. Peacock, Cesar de la 

Fuente-Nunez, E. Robert Hancock, and Darren S. Ting. 

2024. Antimicrobial Resistance: A Concise Update. 

Lancet Microbe.

Ikaal, Maurice, Caleb Orenge, Olivier B. Kashongwe, and 

Bockline Bebe. 2020. Prevalence of East Coast Fever 

Infections Based on Farmer-Observed Symptoms in 

Smallholder Dairy Herds, North Rift Kenya. International 

Journal of Veterinary Sciences and Animal Husbandry 5.

Ikuta, Kevin S., Lucien R. Swetschinski, Gisela R. Aguilar, 

Fablina Sharara, Tomislav Mestrovic, Authia P. Gray, 

Nicole D. Weaver, Eve E. Wool, Chieh Han, and Anna G. 

Hayoon. 2022. Global Mortality Associated with 33 

Bacterial Pathogens in 2019: A Systematic Analysis for 

the Global Burden of Disease Study 2019. Lancet 

400(10369): 2221–48.

Institute for Health Metrics and Evaluation (IHME). 2023. 

Kenya: Burden of Antimicrobial Resistance. 

https://www.healthdata.org/sites/default/files/2023–09/Ke

nya.pdf

Institute for Health Metrics and Evaluation (IHME). 2025. 

Global Burden of Disease Compare (GBD 2021). 

University of Washington, Washington, United States of 

America. Accessed January 8, 2026. 

https://vizhub.healthdata.org/gbd-compare/
 
Ita, Teresa, Ulzii-Orshikh Luvsansharav, Rachel M. Smith, 

Robert Mugoh, Charchil Ayodo, Beatrice Oduor, 

Moureen Jepleting, Walter Oguta, Caroline Ouma, and 

Jane Juma. 2022. Prevalence of Colonization with 

Multidrug-Resistant Bacteria in Communities and 

Hospitals in Kenya. Scientific Reports 12(1): 22290.

Jansen, Kathrin U., Charles Knirsch, and Annaliesa S. 

Anderson. 2018. The Role of Vaccines in Preventing 

Bacterial Antimicrobial Resistance. Nature Medicine 

24(1): 10–19.

Jansen, Kathrin U., William C. Gruber, Raphael Simon, 

James Wassil, and Annaliesa S. Anderson. 2021. "The 

impact of human vaccines on bacterial antimicrobial 

resistance. A review," Environmental Chemical Letters 

19(6): 4031–62. [doi: 

https://doi.org/10.1007/s10311–021–01274-z]

Janusz, Cara B., Martin K. Mutua, Abram L. Wagner, and 

Matthew L. Boulton. 2021. New Vaccine Introduction 

and Childhood Vaccination Timeliness in Two Urban, 

Informal Settlements in Nairobi, Kenya. American Journal 

of Tropical Medicine and Hygiene 105(1): 245.

Kalanxhi, Erta, Nicole Roberts, Lucy Miller, Felix Bahati, 

and Ramanan Laxminarayan. 2023. The Value of Vaccines 

to Mitigate Antimicrobial Resistance—Evidence from Low- 

and Middle-Income Countries. Washington, DC: One 

Health Trust. https://www.ifpma.org/wp-content/uploads/ 

2023/10/The-Value-of-Vaccines-to-Mitigate-AMR.pdf

Kamita, Moses, Michael Maina, Racheal Kimani, Robert 

Mwangi, Dominic Mureithi, and Cynthia Nduta, and Jesse 

Gitaka. 2022. Point Prevalence Survey to Assess 

Antibiotic Prescribing Pattern Among Hospitalized 

Patients in a County Referral Hospital in Kenya. Frontiers 

in Antibiotics 1: 993271.

Kariuki, Samuel, Robert Onsare, Joyce Mwituria, Ronald 

Ng'Etich, Cynthia NAfula, Kenneth Karimi, Purity Karimi, 

Fridah Njeruh, Patrick Irungu, and Eric Mitema. 2013. 

FAO/WHO Project Report: Improving Food Safety in 

Meat Value Chains in Kenya. General interest paper. 

University of Nairobi, Kenya. 

Kariuki, Samuel, Kelvin Kering, Celestine Wairimu, Robert 

Onsare, and Cecilia Mbae. 2022. Antimicrobial 

Resistance Rates and Surveillance in sub-Saharan Africa: 

Where Are We Now? Infection and Drug Resistance: 

3589–609.

Kasiano, Purity, Susan Kavai, Susan Kiiru, Andrew 

Nyerere, and Samuel Kariuki. 2024. "Typhoidal 

34 35

salmonella disease in Mukuru informal settlement, 

Nairobi Kenya; carriage, diversity, and antimicrobial 

resistant genes," PLoS One 19(2): e0298635. [doi: 

https://doi.org/10.1371/journal.pone.0298635] 

Kasidet, Manakongtreecheep, and Robert Davis. 2017.
A Review of Measles Control in Kenya, with Focus on 

Recent Innovations. Pan African Medical Journal 27(Suppl 

3).

Kasimanickam, Vanmathy, Maadhanki Kasimanickam, and 

Ramanathan Kasimanickam. 2021. "Antibiotics use in 

food animal production: Escalation of antimicrobial 

resistance: Where are we now in combating AMR?" 

Medical Science 9(1). [doi: 

https://doi.org/10.3390/medsci9010014 

Kemp, Steven A., Gina L. Pinchbeck, Eric M. Fèvre, and 

Nicola J. Williams. 2021. A Cross-Sectional Survey of the 

Knowledge, Attitudes, and Practices of Antimicrobial 

Users and Providers in an Area of High-Density 

Livestock-Human Population in Western Kenya. Frontiers 

in Veterinary Science 8: 727365.

Kenya MoH. 2014. National Policy Guidelines on 

Immunization 2013. 

http://guidelines.health.go.ke:8000/media/Kenya_National

_Immunization_Policy_Guidelines_Version_signed.pdf

Kenya MoH. 2018. Kenya Tuberculosis Prevalence Survey 

Report 2016. https://nltp.co.ke/wp-content/uploads/ 

2020/10/Kenya-TB-Prevalence-Survey-Report-March-

2018.pdf 

Kenya MoH. 2022. National Tuberculosis, Leprosy and 

Lung Disease Program—Annual Report 2022. 

https://nltp.co.ke/wp-content/uploads/2024/01/Annual-

Report_2022_22_12_2023.pdf 

Kenya MoH. 2023. Kenya National Immunization Policy 

Guidelines.

Kenya MoH. 2025. “CS Duale Launches Nationwide 

Measles-Rubella and Typhoid Vaccine Campaign to 

Strengthen Child Immunization.” Ministry of Health. July 7, 

2025. Accessed September 5, 2025. 

https://www.health.go.ke/cs-duale-launches-nationwide-

measles-rubella-and-typhoid-vaccine-campaign-

strengthen-child. 

Khattak, Zoia E., and Fatima Anjum. 2023. Haemophilus 

influenzae infection. StatPearls Publishing, Treasure Island, 

United States of America.

Klemm, Elizabeth J., Sadia Shakoor, Andrew J. Page, Farah 

N. Qamar, Kim Judge, Dania K. Saeed, Vanessa K. Wong, 

Timothy J. Dallman, Satheesh Nair, and Stephen Baker. 

2018. Emergence of an Extensively Drug-Resistant 

Salmonella enterica Serovar Typhi Clone Harboring a 

Promiscuous Plasmid Encoding Resistance to 

Fluoroquinolones and Third-Generation Cephalosporins. 

MBio 9(1): 10.1128/mbio.00105–18.

Kobayashi, Miwako, Laura M. Conklin, Godfrey Bigogo, 

Geofrey Jagero, Lee Hampton, Katherine E. Fleming-

Dutra, Muthoni Junghae, Maria da Gloria Carvalho, 

Fabiana Pimenta, and Bernard Beall. 2017. Pneumococcal 

Carriage and Antibiotic Susceptibility Patterns from Two 

Cross-Sectional Colonization Surveys Among Children 

Aged <5 Years prior to the Introduction of 10-Valent 

Pneumococcal Conjugate Vaccine—Kenya, 2009–2010. 

BMC Infectious Diseases 17: 1–12.

Kubik, Andrzej. Masai Shepherd with Herd of Cows in 

Amboseli National Park. January 17, 2024. Photograph. 

Amboseli, Kenya. Shutterstock.

Lee, Bruce Y., Shawn T. Brown, Leila A. Haidari, 

Samantha Clark, Taiwo Abimbola, Sarah E. Pallas, Aaron 

S. Wallace, Elizabeth A. Mitgang, Jim Leonard, and Sarah 

M. Bartsch. 2019. Economic Value of Vaccinating 

Geographically Hard-to-Reach Populations with Measles 

Vaccine: A Modeling Application in Kenya. Vaccine 37(17): 

2377–86.

Leung, Alexander K.C., Kam L. Hon, Kin F. Leong, and 

Consolato M. Sergi. 2018. Measles: A Disease Often 

Forgotten But Not Gone. Hong Kong Medical Journal 

24(5): 512.

Levin, Ann, Colleen Burgess, Stephanie Shendale, 

Winthrop Morgan, Raymond C.W. Hutubessy, and Mark 

Jit. 2023. Cost-Effectiveness of Measles and Rubella 

Elimination in Low-Income and Middle-Income 

Countries. BMJ Global Health 8(7): e011526.

Lewnard, Joseph A., Nathan C. Lo, Nimalan 

Arinaminpathy, Isabel Frost, and Ramanan Laxminarayan. 

https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0298635
http://guidelines.health.go.ke:8000/media/Kenya_National_Immunization_Policy_Guidelines_Version_signed.pdf
https://nltp.co.ke/wp-content/uploads/2020/10/Kenya-TB-Prevalence-Survey-Report-March-2018.pdf


2020. "Childhood vaccines and antibiotic use in low- and 

middle-income countries," Nature 581(7806): 94–9. [doi: 

https://doi.org/10.1038/s41586–020–2238–4] 

Lewnard, Joseph A., Esmita Charani, Alec Gleason, Li 

Yang H., Wasif Ali K., Abhilasha Karkey, Clare Chandler, 

Tapfumanei Mashe, Ejaz Ahmed K., Andre Bulabula, Pilar 

Donado-Godoy, and Ramanan Laxminarayan. 2024. 

Burden of Bacterial Antimicrobial Resistance in Low-

Income and Middle-Income Countries Avertible by 

Existing Interventions: An Evidence Review and 

Modelling Analysis. Lancet 403(10442): 2439–54.

Li, Weibin, Tingting Huang, Chaojie Liu, Haishaerjiang 

Wushouer, Xinyi Yang, Ruonan Wang, Haohai Xia, Xiying 

Li, Shengyue Qiu, Shanquan Chen, Hung H. Chak, 

Cunrui Huang, Luwen Shi, Xiaodong Guan, Guobao Tian, 

Gordon Liu, Kristie L. Ebi, and Lianping Yang. 2025. 

Changing Climate and Socioeconomic Factors 

Contribute to Global Antimicrobial Resistance. Nature 

Medicine 31(6): 1798–1808.

Lokuruka, Michael N.I. 2020. Food and Nutrition security in 

East Africa (Kenya, Uganda and Tanzania): Status, 

Challenges and Prospects. IntechOpen limited, London, 

United Kingdom.

Lord, Jennifer, Anthony Gikonyo, and Amos Miwa. 2021. 

Antimicrobial Resistance Among Enterobacteriaceae, 

Staphylococcus aureus, and Pseudomonas spp. Isolates 

from Clinical Specimens from a Hospital in Nairobi, 

Kenya. PeerJ 9: e11958.

Luchs, Adriana, and Mdo C. Timenetsky. 2016. "Group A 

rotavirus gastroenteritis: Post-vaccine era, genotypes and 

zoonotic transmission," Einstein 14(2): 278–87. [doi: 

https://doi.org/10.1590/s1679–45082016rb3582] 

Macheroux-Denault, Nicole. A Nurse Shows the New 

Malaria Vaccine. 2019. Photograph. Siaya County, Kenya. 

Shutterstock.

MacNeil, Adam. 2019. Global Epidemiology of 

Tuberculosis and Progress Toward Achieving Global 

Targets—2017. MMWR 68.

Macpherson, Liana, Morris Ogero, Samuel Akech, 

Jalemba Aluvaala, David Gathara, Grace Irimu, Mike 

English, and Ambrose Agweyu. 2019. Risk Factors for 

Death Among Children Aged 5–14 Years Hospitalised 

with Pneumonia: A Retrospective Cohort Study in 

Kenya. BMJ Global Health 4(5): e001715.

Marchello, Christian S., Samuel D. Carr, and John A. 

Crump. 2020. A Systematic Review on Antimicrobial 

Resistance Among Salmonella Typhi Worldwide. 

American Journal of Tropical Medicine and Hygiene 103(6): 

2518.

Mayer, Riccardo. Cute African Black Boy Gets His First 

Coronavirus Vaccine by an African Medical Doctor. July 

21, 2021. Photograph. Shutterstock.

Mburu, Caroline Ngendo, John Ojal, Rose Chebet, 

Donald Akech, Boniface Karia, James Tuju, Antipa Sigilai, 

Kaja Abbas, Mark Jit, and Sebastian Funk. 2021. The 

Importance of Supplementary Immunisation Activities to 

Prevent Measles Outbreaks During the COVID-19 

Pandemic in Kenya. BMC Medicine 19: 1–10.

Micoli, Francesca, Fabio Bagnoli, Rino Rappuoli, and 

Davide Serruto. 2021. The Role of Vaccines in 

Combatting Antimicrobial Resistance. Nature Reviews 

Microbiology 19(5): 287–302.

Miller, Mark A., and John T. Sentz. 2006. Vaccine-

Preventable Diseases. In Disease and Mortality in Sub-

Saharan Africa. Washington (DC): International Bank for 

Reconstruction and Development/World Bank.

Mohiddin, Abdu, Eva Langat, James Orwa, Violet Naanyu, 

and Marleen Temmerman. 2022. Exploring the Impact of 

Health Worker Strikes on Maternal and Child Health in a 

Kenyan County. BMC Health Services Research 22(1): 

1139.

Moturi, Angela K., Rose Jalang’o, Anitah Cherono, Samuel 

K. Muchiri, Robert W. Snow, and Emelda A. Okiro. 2023. 

Malaria Vaccine Coverage Estimation Using Age-Eligible 

Populations and Service User Denominators in Kenya. 

Malaria Journal 22(1): 287.

Mshana, Stephen E., Calvin Sindato, Mecky I. Matee, and 

Leonard E.G. Mboera. 2021. Antimicrobial Use and 

Resistance in Agriculture And Food Production Systems 

in Africa: A Systematic Review. Antibiotics 10(8): 976.

36 37

Mudenda, S., Chabalenge, B., Daka, V., Mfune, R.L., 

Salachi, K.I., Mohamed, S., Mufwambi, W., Kasanga, M. 

and Matafwali, S.K. 2023. Global Strategies to Combat 

Antimicrobial Resistance: A One Health Perspective. 

Pharmacology & Pharmacy 14(8): 271–328.
Murray, Christopher J.L., Kevin S. Ikuta, Fablina Sharara, 

Lucien Swetschinski, Gisela R. Aguilar, Authia Gray, Chieh 

Han, Catherine Bisignano, Puja Rao, and Eve Wool. 2022. 

Global Burden of Bacterial Antimicrobial Resistance in 

2019: A Systematic Analysis. Lancet 399(10325): 629–55.

Mutua, Maurine, Ernest Wandera, Riona Hatazawa, 

Naohisa Tsutsui, Natsuki Kurokawa, Cyrus Kithiiko, Mary 

Wachira, Eunice Njuguna, Boniface Mwaura, and James 

Nyangau. 2023. Impact of Rotavirus Vaccination on All-

Cause and Rotavirus-Specific Gastroenteritis and Strain 

Distribution in Kiambu, Central Kenya: 11-Year 

Surveillance. Global Health Network Collections.

Nanteza, Ann, Zachary Nsadha, Julius Nsubuga, Stephen 

Oligo, Anne Kazibwe, Clare Terundaja, Enock Matovu, 

and George W. Lubega. 2023. Assessment of the Impact 

of Early Diagnosis and Early Treatment in the Integrated 

Control of East Coast Fever (ECF) Involving Acquired 

Immunity Induced by Natural Infection in Ankole Cattle. 

Pathogens 12(1): 115.

Ng’eno, Eric, Margaret Lind, Allan Audi, Alice Ouma, 

Clifford Oduor, Patrick K. Munywoki, George O. Agogo, 

George Odongo, Samuel Kiplangat, and Newton 

Wamola. 2023. Dynamic Incidence of Typhoid Fever 

Over a 10-Year Period (2010–2019) in Kibera, an Urban 

Informal Settlement in Nairobi, Kenya. American Journal of 

Tropical Medicine and Hygiene 109(1): 22.

Ngari, Moses M., Mohammed A. Rashid, Deche Sanga, 

Hiram Mathenge, Oscar Agoro, Jane K. Mberia, Geoffrey 

G. Katana, Michel Vaillant, and Osman A. Abdullahi. 

2023. Burden of HIV and Treatment Outcomes Among 

TB Patients in Rural Kenya: A 9-Year Longitudinal Study. 

BMC Infectious Diseases 23(1): 362.

Nguipdop-Djomo, Patrick, Einar Heldal, Laura C. 

Rodrigues, Ibrahim Abubakar, and Punam Mangtani. 

2016. "Duration of BCG protection against tuberculosis 

and change in effectiveness with time since vaccination in 

Norway: A retrospective population-based cohort 

study," Lancet Infectious Diseases 16(2): 219–26. [doi: 

https://doi.org/10.1016/s1473–3099(15)00400–4] 

Nyaboke, Emmah, Joseph Ogola, Mitchel Okumu, Joan 

Wasike, Carolyne Naliaka, Victor Lusweti, Lydia 

Anyanzwa, Peter Kamau, Eunice Omesa, Tabitha Kimani, 

and Ruth Omani. 2025. A Point Prevalence Survey of 

Antimicrobial Use in Hospitalized Patients at Two 

Hospitals in Western Kenya: 2022. Discover Public Health 

22(1): 221.

O'Neill, Jim. 2016. Tackling drug-resistant infections 

globally: Final report and recommendations. Government 

of the United Kingdom, UK. 

https://amr-review.org/sites/default/files/160518_Final% 

20paper_with%20cover.pdf

Ochieng, Caroline, Jessica C. Chen, Mike P. Osita, Lee S. 

Katz, Taylor Griswold, Victor Omballa, Eric Ng’eno, Alice 

Ouma, Newton Wamola, and Christine Opiyo. 2022. 

Molecular Characterization of Circulating Salmonella 

Typhi Strains in an Urban Informal Settlement in Kenya. 

PLoS Neglected Tropical Diseases 16(8): e0010704.

Ochieng, Oscar 2023. Malaria Undermines Economic 

Growth and Traps House-Holds in a Cycle of Poverty. 

Institute of Economic Affairs. 

https://ieakenya.or.ke/blog/malaria-undermines-economic 

-growth-and-makes-house-holds-poorer/ 

Ochieng, Oscar, and Darmi Jattani. 2023. The True Social 

and Economic Costs of Malaria in Kenya. Global dev. 

https://globaldev.blog/the-true-social-and-economic-costs 

-of-malaria-in-kenya/ 

Ogalo, Edith A., Chrispine O. Owuor, Kipyego G. Boor, 

and Kennedy K. Mutai. 2016. High Prevalence of Multi-

Drug Resistant Klebsiella pneumoniae in a Tertiary 

Teaching Hospital in Western Kenya. African Journal of 

Infectious Diseases 10(2): 89–95.

Ojal, John, Ulla Griffiths, Laura L. Hammitt, Ifedayo 

Adetifa, Donald Akech, Collins Tabu, Anthony G. Scott, 

and Stefan Flasche. 2019. Sustaining Pneumococcal 

Vaccination After Transitioning from Gavi Support: A 

Modelling and Cost-Effectiveness Study in Kenya. Lancet 

Global Health 7(5): e644-54.



2020. "Childhood vaccines and antibiotic use in low- and 

middle-income countries," Nature 581(7806): 94–9. [doi: 

https://doi.org/10.1038/s41586–020–2238–4] 

Lewnard, Joseph A., Esmita Charani, Alec Gleason, Li 

Yang H., Wasif Ali K., Abhilasha Karkey, Clare Chandler, 

Tapfumanei Mashe, Ejaz Ahmed K., Andre Bulabula, Pilar 

Donado-Godoy, and Ramanan Laxminarayan. 2024. 

Burden of Bacterial Antimicrobial Resistance in Low-

Income and Middle-Income Countries Avertible by 

Existing Interventions: An Evidence Review and 

Modelling Analysis. Lancet 403(10442): 2439–54.

Li, Weibin, Tingting Huang, Chaojie Liu, Haishaerjiang 

Wushouer, Xinyi Yang, Ruonan Wang, Haohai Xia, Xiying 

Li, Shengyue Qiu, Shanquan Chen, Hung H. Chak, 

Cunrui Huang, Luwen Shi, Xiaodong Guan, Guobao Tian, 

Gordon Liu, Kristie L. Ebi, and Lianping Yang. 2025. 

Changing Climate and Socioeconomic Factors 

Contribute to Global Antimicrobial Resistance. Nature 

Medicine 31(6): 1798–1808.

Lokuruka, Michael N.I. 2020. Food and Nutrition security in 

East Africa (Kenya, Uganda and Tanzania): Status, 

Challenges and Prospects. IntechOpen limited, London, 

United Kingdom.

Lord, Jennifer, Anthony Gikonyo, and Amos Miwa. 2021. 

Antimicrobial Resistance Among Enterobacteriaceae, 

Staphylococcus aureus, and Pseudomonas spp. Isolates 

from Clinical Specimens from a Hospital in Nairobi, 

Kenya. PeerJ 9: e11958.

Luchs, Adriana, and Mdo C. Timenetsky. 2016. "Group A 

rotavirus gastroenteritis: Post-vaccine era, genotypes and 

zoonotic transmission," Einstein 14(2): 278–87. [doi: 

https://doi.org/10.1590/s1679–45082016rb3582] 

Macheroux-Denault, Nicole. A Nurse Shows the New 

Malaria Vaccine. 2019. Photograph. Siaya County, Kenya. 

Shutterstock.

MacNeil, Adam. 2019. Global Epidemiology of 

Tuberculosis and Progress Toward Achieving Global 

Targets—2017. MMWR 68.

Macpherson, Liana, Morris Ogero, Samuel Akech, 

Jalemba Aluvaala, David Gathara, Grace Irimu, Mike 

English, and Ambrose Agweyu. 2019. Risk Factors for 

Death Among Children Aged 5–14 Years Hospitalised 

with Pneumonia: A Retrospective Cohort Study in 

Kenya. BMJ Global Health 4(5): e001715.

Marchello, Christian S., Samuel D. Carr, and John A. 

Crump. 2020. A Systematic Review on Antimicrobial 

Resistance Among Salmonella Typhi Worldwide. 

American Journal of Tropical Medicine and Hygiene 103(6): 

2518.

Mayer, Riccardo. Cute African Black Boy Gets His First 

Coronavirus Vaccine by an African Medical Doctor. July 

21, 2021. Photograph. Shutterstock.

Mburu, Caroline Ngendo, John Ojal, Rose Chebet, 

Donald Akech, Boniface Karia, James Tuju, Antipa Sigilai, 

Kaja Abbas, Mark Jit, and Sebastian Funk. 2021. The 

Importance of Supplementary Immunisation Activities to 

Prevent Measles Outbreaks During the COVID-19 

Pandemic in Kenya. BMC Medicine 19: 1–10.

Micoli, Francesca, Fabio Bagnoli, Rino Rappuoli, and 

Davide Serruto. 2021. The Role of Vaccines in 

Combatting Antimicrobial Resistance. Nature Reviews 

Microbiology 19(5): 287–302.

Miller, Mark A., and John T. Sentz. 2006. Vaccine-

Preventable Diseases. In Disease and Mortality in Sub-

Saharan Africa. Washington (DC): International Bank for 

Reconstruction and Development/World Bank.

Mohiddin, Abdu, Eva Langat, James Orwa, Violet Naanyu, 

and Marleen Temmerman. 2022. Exploring the Impact of 

Health Worker Strikes on Maternal and Child Health in a 

Kenyan County. BMC Health Services Research 22(1): 

1139.

Moturi, Angela K., Rose Jalang’o, Anitah Cherono, Samuel 

K. Muchiri, Robert W. Snow, and Emelda A. Okiro. 2023. 

Malaria Vaccine Coverage Estimation Using Age-Eligible 

Populations and Service User Denominators in Kenya. 

Malaria Journal 22(1): 287.

Mshana, Stephen E., Calvin Sindato, Mecky I. Matee, and 

Leonard E.G. Mboera. 2021. Antimicrobial Use and 

Resistance in Agriculture And Food Production Systems 

in Africa: A Systematic Review. Antibiotics 10(8): 976.

36 37

Mudenda, S., Chabalenge, B., Daka, V., Mfune, R.L., 

Salachi, K.I., Mohamed, S., Mufwambi, W., Kasanga, M. 

and Matafwali, S.K. 2023. Global Strategies to Combat 

Antimicrobial Resistance: A One Health Perspective. 

Pharmacology & Pharmacy 14(8): 271–328.
Murray, Christopher J.L., Kevin S. Ikuta, Fablina Sharara, 

Lucien Swetschinski, Gisela R. Aguilar, Authia Gray, Chieh 

Han, Catherine Bisignano, Puja Rao, and Eve Wool. 2022. 

Global Burden of Bacterial Antimicrobial Resistance in 

2019: A Systematic Analysis. Lancet 399(10325): 629–55.

Mutua, Maurine, Ernest Wandera, Riona Hatazawa, 

Naohisa Tsutsui, Natsuki Kurokawa, Cyrus Kithiiko, Mary 

Wachira, Eunice Njuguna, Boniface Mwaura, and James 

Nyangau. 2023. Impact of Rotavirus Vaccination on All-

Cause and Rotavirus-Specific Gastroenteritis and Strain 

Distribution in Kiambu, Central Kenya: 11-Year 

Surveillance. Global Health Network Collections.

Nanteza, Ann, Zachary Nsadha, Julius Nsubuga, Stephen 

Oligo, Anne Kazibwe, Clare Terundaja, Enock Matovu, 

and George W. Lubega. 2023. Assessment of the Impact 

of Early Diagnosis and Early Treatment in the Integrated 

Control of East Coast Fever (ECF) Involving Acquired 

Immunity Induced by Natural Infection in Ankole Cattle. 

Pathogens 12(1): 115.

Ng’eno, Eric, Margaret Lind, Allan Audi, Alice Ouma, 

Clifford Oduor, Patrick K. Munywoki, George O. Agogo, 

George Odongo, Samuel Kiplangat, and Newton 

Wamola. 2023. Dynamic Incidence of Typhoid Fever 

Over a 10-Year Period (2010–2019) in Kibera, an Urban 

Informal Settlement in Nairobi, Kenya. American Journal of 

Tropical Medicine and Hygiene 109(1): 22.

Ngari, Moses M., Mohammed A. Rashid, Deche Sanga, 

Hiram Mathenge, Oscar Agoro, Jane K. Mberia, Geoffrey 

G. Katana, Michel Vaillant, and Osman A. Abdullahi. 

2023. Burden of HIV and Treatment Outcomes Among 

TB Patients in Rural Kenya: A 9-Year Longitudinal Study. 

BMC Infectious Diseases 23(1): 362.

Nguipdop-Djomo, Patrick, Einar Heldal, Laura C. 

Rodrigues, Ibrahim Abubakar, and Punam Mangtani. 

2016. "Duration of BCG protection against tuberculosis 

and change in effectiveness with time since vaccination in 

Norway: A retrospective population-based cohort 

study," Lancet Infectious Diseases 16(2): 219–26. [doi: 

https://doi.org/10.1016/s1473–3099(15)00400–4] 

Nyaboke, Emmah, Joseph Ogola, Mitchel Okumu, Joan 

Wasike, Carolyne Naliaka, Victor Lusweti, Lydia 

Anyanzwa, Peter Kamau, Eunice Omesa, Tabitha Kimani, 

and Ruth Omani. 2025. A Point Prevalence Survey of 

Antimicrobial Use in Hospitalized Patients at Two 

Hospitals in Western Kenya: 2022. Discover Public Health 

22(1): 221.

O'Neill, Jim. 2016. Tackling drug-resistant infections 

globally: Final report and recommendations. Government 

of the United Kingdom, UK. 

https://amr-review.org/sites/default/files/160518_Final% 

20paper_with%20cover.pdf

Ochieng, Caroline, Jessica C. Chen, Mike P. Osita, Lee S. 

Katz, Taylor Griswold, Victor Omballa, Eric Ng’eno, Alice 

Ouma, Newton Wamola, and Christine Opiyo. 2022. 

Molecular Characterization of Circulating Salmonella 

Typhi Strains in an Urban Informal Settlement in Kenya. 

PLoS Neglected Tropical Diseases 16(8): e0010704.

Ochieng, Oscar 2023. Malaria Undermines Economic 

Growth and Traps House-Holds in a Cycle of Poverty. 

Institute of Economic Affairs. 

https://ieakenya.or.ke/blog/malaria-undermines-economic 

-growth-and-makes-house-holds-poorer/ 

Ochieng, Oscar, and Darmi Jattani. 2023. The True Social 

and Economic Costs of Malaria in Kenya. Global dev. 

https://globaldev.blog/the-true-social-and-economic-costs 

-of-malaria-in-kenya/ 

Ogalo, Edith A., Chrispine O. Owuor, Kipyego G. Boor, 

and Kennedy K. Mutai. 2016. High Prevalence of Multi-

Drug Resistant Klebsiella pneumoniae in a Tertiary 

Teaching Hospital in Western Kenya. African Journal of 

Infectious Diseases 10(2): 89–95.

Ojal, John, Ulla Griffiths, Laura L. Hammitt, Ifedayo 

Adetifa, Donald Akech, Collins Tabu, Anthony G. Scott, 

and Stefan Flasche. 2019. Sustaining Pneumococcal 

Vaccination After Transitioning from Gavi Support: A 

Modelling and Cost-Effectiveness Study in Kenya. Lancet 

Global Health 7(5): e644-54.

https://amr-review.org/sites/default/files/160518_Final%20paper_with%20cover.pdf
https://ieakenya.or.ke/blog/malaria-undermines-economic-growth-and-makes-house-holds-poorer/
https://globaldev.blog/the-true-social-and-economic-costs-of-malaria-in-kenya/


Ozgur, Senem K., Ufuk Beyazova, Yusuf K. Kemaloglu, Isil 

Maral, Figen Sahin, Aysu D. Camurdan, Yusuf Kizil, Erdem 

Dinc, and Hakan Tuzun. 2006. Effectiveness of 

Inactivated Influenza Vaccine for Prevention of Otitis 

Media in Children. Pediatric Infectious Disease Journal 

25(5): 401–404.

Peltola, Heikki, 2000. &quot;Worldwide Haemophilus 

influenzae type b disease at the beginning of the 21st 

century: Global analysis of the disease burden 25 years 

after the use of the polysaccharide vaccine and a decade 

after the advent of conjugates,&quot; Clinical 

Microbiology Reviews 13(2):302–17. 

https://doi.org/10.1128/cmr.13.2.302

Peltola, Heikki. 2001. Burden of Meningitis and Other 

Severe Bacterial Infections of Children in Africa: 

Implications for Prevention. Clinical Infectious Diseases 

32(1): 64–75.

Peters, Andrew, Phil Toye, Paul R. Spooner, Giuseppe Di 

Giulio, and Godlieve Lynen. 2020. Registration of the 

East Coast Fever Infection and Treatment Method 

Vaccine (Muguga cocktail) in East Africa. Gates Open 

Research 4:100.

Ray, Banambar, and Abhijeet Raha. 2021. Typhoid and 

Enteric Fevers in Intensive Care Unit. Indian Journal of 

Critical Care Medicine 25(Suppl 2): S144.

Rupprecht, Charles E., Rodney Willoughby, and Dennis 

Slate. 2006. Current and Future Trends in the 

Prevention, Treatment and Control of Rabies. Expert 

Review of Anti-Infective Therapy 4(6): 1021–38.

Rware, Harrison, Kansiime K. Monica, Mugambi Idah, 

Makale Fernadis, Ikiror Davis, Wako Buke, Danielsen 

Solveig, Karanja Daniel, Chacha Duncan, and Byskov 

Morten. 2024. Examining Antibiotic Use in Kenya: 

Farmers’ Knowledge and Practices in Addressing 

Antibiotic Resistance. CABI Agriculture and Bioscience 5(1): 

21.

Salam, Abdus, Yusuf Al-Amin, Moushumi T. Salam, 

Jogendra S. Pawar, Naseem Akhter, Ali A. Rabaan, and 

Mohammed A. Alqumber. 2023. Antimicrobial Resistance: 

A Growing Serious Threat for Global Public Health. 

Healthcare.

Sambala, Evanson Z., Alison B. Wiyeh, Ntombenhle 

Ngcobo, Shingai Machingaidze, and Charles S. Wiysonge. 

2019. New Vaccine Introductions in Africa Before and 

During the Decade of Vaccines—Are We Making 

Progress? Vaccine 37(25): 3290–5.

Sauboin, Christophe, Laure-Anne Van Bellinghen, Nicolas 

Van De Velde, and Ilse Van Vlaenderen. 2019. Economic 

Impact of Introducing the RTS, S Malaria Vaccine: Cost-

Effectiveness and Budget Impact Analysis in 41 

Countries. MDM Policy & Practice 4(2): 

2381468319873324.

Schrag, Stephanie J., Lesley McGee, Cynthia G. Whitney, 

Bernard Beall, Allen S. Craig, Miriam E. Choate, James H. 

Jorgensen, Richard R. Facklam, and Keith P. Klugman. 

2004. Emergence of Streptococcus pneumoniae with Very-

High-Level Resistance to Penicillin. Antimicrobial Agents 

and Chemotherapy 48(8): 3016–23.

Seung, Kwonjune J., Salmaan Keshavjee, and Michael L. 

Rich. 2015. Multidrug-Resistant Tuberculosis and 

Extensively Drug-Resistant Tuberculosis. Cold Spring 

Harbor Perspectives in Medicine 5(9): a017863.

Silaba, Micah, Michael Ooko, Christian Bottomley, Joyce 

Sande, Rachel Benamore, Kate Park, James Ignas, Kathryn 

Maitland, Neema Mturi, Anne Makumi, Mark Otiende, 

Stanley Kagwanja, Sylvester Safari, Victor Ochola, Tahreni 

Bwanaali, Evasius Bauni, Fergus Gleeson, Maria Knoll, 

Ifedayo Adetifa, Kevin Marsh, and Thomas N. Williams. 

2019. "Effect of 10-valent pneumococcal conjugate 

vaccine on the incidence of radiologically-confirmed 

pneumonia and clinically-defined pneumonia in Kenyan 

children: an interrupted time-series analysis," Lancet 

Global Health 7(3): e337–46. [doi: 

https://doi.org/10.1016/s2214–109x(18)30491–1] 

Silva, Sachin, Nimalan Arinaminpathy, Rifat Atun, Eric 

Goosby, and Michael Reid. 2021. "Economic impact of 

tuberculosis mortality in 120 countries and the cost of 

not achieving the Sustainable Development Goals 

tuberculosis targets: A full-income analysis," Lancet Global 

Health 9 (10): e1372–9. [doi: 

https://doi.org/10.1016/s2214–109x(21)00299–0]
 
Simiyu, Kenneth, and Leslie Jamka. 2018. "Typhoid in a 

Kenyan village: Its impact, its prevention," American Journal 

38 39

of Tropical Medicine and Hygiene 99(5): 1112–3. [doi: 

https://doi.org/10.4269/ajtmh.18–0537] 

Simoneau, Michaela, and Katherine Bliss. 2020. Kenya’s 

Immunization System in the post-COVID World. Washington 

DC: Center for Strategic and International Studies.
Sqofield. African People Working in Admission 

Department in Hospital. Emergency Department in 

Africa. May 23, 2017. Photograph. Kisumu, Kenya. 

Shutterstock.

Stop TB Partnership.  Kenya Digital TB Surveillance 

System Assessment Report. 

https://tbassessment.stoptb.org/kenya.html#digital 

Accessed February 27, 2025.

Sultana, Marufa, Nurnabi Sheikh, Rashidul A. Mahumud, 

Tania Jahir, Ziaul Islam, and Abdur R. Sarker. 2017. 

Prevalence and Associated Determinants of Malaria 

Parasites Among Kenyan Children. Tropical Medicine and 

Health 45: 1–9.

Tadesse, Birkneh T., Farhana Khanam, Faisal Ahmmed, 

Justin Im, Taufiqul Islam, Deok R. Kim, Sophie S. Kang, 

Xinxue Liu, Fahima Chowdhury, Tasnuva Ahmed, Asma 

B. Aziz, Masuma Hoque, Juyeon Park, Gideok Pak, 

Khalequ Zaman, Ashraful I. Khan, Andrew J. Pollard, 

Jerome H. Kim, Florian Marks, Firdausi Qadri, and John D. 

Clemens. 2022. Prevention of Typhoid by Vi Conjugate 

Vaccine and Achievable Improvements in Household 

Water, Sanitation, and Hygiene: Evidence From a Cluster-

Randomized Trial in Dhaka, Bangladesh. Clinical Infectious 

Diseases 75(10): 1681–7.

Tait, Dereck R., Mark Hatherill, Olivier Meeren, Ann M. 

Ginsberg, Van E. Brakel, Bruno Salaun, Thomas J. Scriba, 

Elaine J. Akite, Helen M. Ayles, Anne Bollaerts, Marie-

Ange Demoitié, Andreas Diacon, Thomas G. Evans, Paul 

Gillard, Elizabeth Hellström, James C. Innes, Maria 

Lempicki, Mookho Malahleha, Neil Martinson, Doris M. 

Vela, Monde Muyoyeta, Videlis Nduba, Thierry G. Pascal, 

Michele Tameris, Friedrich Thienemann, Robert J. 

Wilkinson, and Francois Roman. 2019. "Final analysis of a 

trial of M72/AS01(E) vaccine to prevent tuberculosis," 

New England Journal of Medicine 381(25): 2429–39. 

https://doi.org/10.1056/NEJMoa1909953 

Tate, Jacqueline E., Richard D. Rheingans, Ciara E. O’Reilly, 

Benson Obonyo, Deron C. Burton, Jeffrey A. Tornheim, 

Kubaje Adazu, Peter Jaron, Benjamin Ochieng, and Tara 

Kerin. 2009. Rotavirus Disease Burden and Impact and 

Cost-Effectiveness of a Rotavirus Vaccination Program in 

Kenya. Journal of Infectious Diseases 200(Supplement_1): 

S76–84.

Toye, Philip, Henry Kiara, Onesmo Ole-MoiYoi, Dolapo 

Enahoro, and Karl M. Rich. 2020. The Management and 

Economics of East Coast Fever. In The Impact of the 

International Livestock Research Institute, 239–73. 

Wallingford UK: CABI.

Troeger, Christopher, Ibrahim A. Khalil, Puja C. Rao, 

Shujin Cao, Brigette F. Blacker, Tahmeed Ahmed, George 

Armah, Julie E. Bines, Thomas G. Brewer, Danny V. 

Colombara, Gagandeep Kang, Beth D. Kirkpatrick, Carl 

D. Kirkwood, Jason M. Mwenda, Umesh D. Parashar, 

William A. Petri, Jr, Mark S. Riddle, Duncan A. Steele, 

Robert L. Thompson, Judd L. Walson, John W. Sanders, 

Ali H. Mokdad, Christopher J.L. Murray, Simon I. Hay, and 

Robert C. Reiner, Jr. 2018. "Rotavirus vaccination and the 

global burden of rotavirus diarrhea among children 

younger than 5 years," JAMA Pediatrics 172(10): 958–65. 

[doi: ] https://doi.org/10.1001/jamapediatrics.2018.1960

Ukuhor, Hyacinth O. 2021. The Interrelationships 

Between Antimicrobial Resistance, COVID-19, Past, and 

Future Pandemics. Journal of Infection and Public Health 

14(1): 53–60.

UNICEF. 2024. Pneumonia. Accessed January 8, 2026. 

https://data.unicef.org/topic/child-health/pneumonia/

Vassall, Anna. 2025. Kenya Perspective: Tuberculosis. 

Copenhagen Consensus Center. 

https://copenhagenconsensus.com/publication/kenya-

perspective-tuberculosis#:~:text=Most%20cases%20 

are%20drug%2Dsensitive,Kenya%20are%20multi%2Ddru

g%20resistant 

Verani, Jennifer R., Daniel Omondi, Arthur Odoyo, 

Herine Odiembo, Alice Ouma, Juliet Ngambi, George 

Aol, Allan Audi, Samwel Kiplangat, Noel Agumba, Patrick 

K. Munywoki, Clayton Onyango, Elizabeth Hunsperger, 

Jennifer L. Farrar, Lindsay Kim, Miwako Kobayashi, Robert 

https://www.thelancet.com/journals/langlo/article/PIIS2214-109X(18)30491-1/fulltext
https://www.thelancet.com/journals/langlo/article/PIIS2214-109X(21)00299-0/fulltext


Ozgur, Senem K., Ufuk Beyazova, Yusuf K. Kemaloglu, Isil 

Maral, Figen Sahin, Aysu D. Camurdan, Yusuf Kizil, Erdem 

Dinc, and Hakan Tuzun. 2006. Effectiveness of 

Inactivated Influenza Vaccine for Prevention of Otitis 

Media in Children. Pediatric Infectious Disease Journal 

25(5): 401–404.

Peltola, Heikki, 2000. &quot;Worldwide Haemophilus 

influenzae type b disease at the beginning of the 21st 

century: Global analysis of the disease burden 25 years 

after the use of the polysaccharide vaccine and a decade 

after the advent of conjugates,&quot; Clinical 

Microbiology Reviews 13(2):302–17. 

https://doi.org/10.1128/cmr.13.2.302

Peltola, Heikki. 2001. Burden of Meningitis and Other 

Severe Bacterial Infections of Children in Africa: 

Implications for Prevention. Clinical Infectious Diseases 

32(1): 64–75.

Peters, Andrew, Phil Toye, Paul R. Spooner, Giuseppe Di 

Giulio, and Godlieve Lynen. 2020. Registration of the 

East Coast Fever Infection and Treatment Method 

Vaccine (Muguga cocktail) in East Africa. Gates Open 

Research 4:100.

Ray, Banambar, and Abhijeet Raha. 2021. Typhoid and 

Enteric Fevers in Intensive Care Unit. Indian Journal of 

Critical Care Medicine 25(Suppl 2): S144.

Rupprecht, Charles E., Rodney Willoughby, and Dennis 

Slate. 2006. Current and Future Trends in the 

Prevention, Treatment and Control of Rabies. Expert 

Review of Anti-Infective Therapy 4(6): 1021–38.

Rware, Harrison, Kansiime K. Monica, Mugambi Idah, 

Makale Fernadis, Ikiror Davis, Wako Buke, Danielsen 

Solveig, Karanja Daniel, Chacha Duncan, and Byskov 

Morten. 2024. Examining Antibiotic Use in Kenya: 

Farmers’ Knowledge and Practices in Addressing 

Antibiotic Resistance. CABI Agriculture and Bioscience 5(1): 

21.

Salam, Abdus, Yusuf Al-Amin, Moushumi T. Salam, 

Jogendra S. Pawar, Naseem Akhter, Ali A. Rabaan, and 

Mohammed A. Alqumber. 2023. Antimicrobial Resistance: 

A Growing Serious Threat for Global Public Health. 

Healthcare.

Sambala, Evanson Z., Alison B. Wiyeh, Ntombenhle 

Ngcobo, Shingai Machingaidze, and Charles S. Wiysonge. 

2019. New Vaccine Introductions in Africa Before and 

During the Decade of Vaccines—Are We Making 

Progress? Vaccine 37(25): 3290–5.

Sauboin, Christophe, Laure-Anne Van Bellinghen, Nicolas 

Van De Velde, and Ilse Van Vlaenderen. 2019. Economic 

Impact of Introducing the RTS, S Malaria Vaccine: Cost-

Effectiveness and Budget Impact Analysis in 41 

Countries. MDM Policy & Practice 4(2): 

2381468319873324.

Schrag, Stephanie J., Lesley McGee, Cynthia G. Whitney, 

Bernard Beall, Allen S. Craig, Miriam E. Choate, James H. 

Jorgensen, Richard R. Facklam, and Keith P. Klugman. 

2004. Emergence of Streptococcus pneumoniae with Very-

High-Level Resistance to Penicillin. Antimicrobial Agents 

and Chemotherapy 48(8): 3016–23.

Seung, Kwonjune J., Salmaan Keshavjee, and Michael L. 

Rich. 2015. Multidrug-Resistant Tuberculosis and 

Extensively Drug-Resistant Tuberculosis. Cold Spring 

Harbor Perspectives in Medicine 5(9): a017863.

Silaba, Micah, Michael Ooko, Christian Bottomley, Joyce 

Sande, Rachel Benamore, Kate Park, James Ignas, Kathryn 

Maitland, Neema Mturi, Anne Makumi, Mark Otiende, 

Stanley Kagwanja, Sylvester Safari, Victor Ochola, Tahreni 

Bwanaali, Evasius Bauni, Fergus Gleeson, Maria Knoll, 

Ifedayo Adetifa, Kevin Marsh, and Thomas N. Williams. 

2019. "Effect of 10-valent pneumococcal conjugate 

vaccine on the incidence of radiologically-confirmed 

pneumonia and clinically-defined pneumonia in Kenyan 

children: an interrupted time-series analysis," Lancet 

Global Health 7(3): e337–46. [doi: 

https://doi.org/10.1016/s2214–109x(18)30491–1] 

Silva, Sachin, Nimalan Arinaminpathy, Rifat Atun, Eric 

Goosby, and Michael Reid. 2021. "Economic impact of 

tuberculosis mortality in 120 countries and the cost of 

not achieving the Sustainable Development Goals 

tuberculosis targets: A full-income analysis," Lancet Global 

Health 9 (10): e1372–9. [doi: 

https://doi.org/10.1016/s2214–109x(21)00299–0]
 
Simiyu, Kenneth, and Leslie Jamka. 2018. "Typhoid in a 

Kenyan village: Its impact, its prevention," American Journal 

38 39

of Tropical Medicine and Hygiene 99(5): 1112–3. [doi: 

https://doi.org/10.4269/ajtmh.18–0537] 

Simoneau, Michaela, and Katherine Bliss. 2020. Kenya’s 

Immunization System in the post-COVID World. Washington 

DC: Center for Strategic and International Studies.
Sqofield. African People Working in Admission 

Department in Hospital. Emergency Department in 

Africa. May 23, 2017. Photograph. Kisumu, Kenya. 

Shutterstock.

Stop TB Partnership.  Kenya Digital TB Surveillance 

System Assessment Report. 

https://tbassessment.stoptb.org/kenya.html#digital 

Accessed February 27, 2025.

Sultana, Marufa, Nurnabi Sheikh, Rashidul A. Mahumud, 

Tania Jahir, Ziaul Islam, and Abdur R. Sarker. 2017. 

Prevalence and Associated Determinants of Malaria 

Parasites Among Kenyan Children. Tropical Medicine and 

Health 45: 1–9.

Tadesse, Birkneh T., Farhana Khanam, Faisal Ahmmed, 

Justin Im, Taufiqul Islam, Deok R. Kim, Sophie S. Kang, 

Xinxue Liu, Fahima Chowdhury, Tasnuva Ahmed, Asma 

B. Aziz, Masuma Hoque, Juyeon Park, Gideok Pak, 

Khalequ Zaman, Ashraful I. Khan, Andrew J. Pollard, 

Jerome H. Kim, Florian Marks, Firdausi Qadri, and John D. 

Clemens. 2022. Prevention of Typhoid by Vi Conjugate 

Vaccine and Achievable Improvements in Household 

Water, Sanitation, and Hygiene: Evidence From a Cluster-

Randomized Trial in Dhaka, Bangladesh. Clinical Infectious 

Diseases 75(10): 1681–7.

Tait, Dereck R., Mark Hatherill, Olivier Meeren, Ann M. 

Ginsberg, Van E. Brakel, Bruno Salaun, Thomas J. Scriba, 

Elaine J. Akite, Helen M. Ayles, Anne Bollaerts, Marie-

Ange Demoitié, Andreas Diacon, Thomas G. Evans, Paul 

Gillard, Elizabeth Hellström, James C. Innes, Maria 

Lempicki, Mookho Malahleha, Neil Martinson, Doris M. 

Vela, Monde Muyoyeta, Videlis Nduba, Thierry G. Pascal, 

Michele Tameris, Friedrich Thienemann, Robert J. 

Wilkinson, and Francois Roman. 2019. "Final analysis of a 

trial of M72/AS01(E) vaccine to prevent tuberculosis," 

New England Journal of Medicine 381(25): 2429–39. 

https://doi.org/10.1056/NEJMoa1909953 

Tate, Jacqueline E., Richard D. Rheingans, Ciara E. O’Reilly, 

Benson Obonyo, Deron C. Burton, Jeffrey A. Tornheim, 

Kubaje Adazu, Peter Jaron, Benjamin Ochieng, and Tara 

Kerin. 2009. Rotavirus Disease Burden and Impact and 

Cost-Effectiveness of a Rotavirus Vaccination Program in 

Kenya. Journal of Infectious Diseases 200(Supplement_1): 

S76–84.

Toye, Philip, Henry Kiara, Onesmo Ole-MoiYoi, Dolapo 

Enahoro, and Karl M. Rich. 2020. The Management and 

Economics of East Coast Fever. In The Impact of the 

International Livestock Research Institute, 239–73. 

Wallingford UK: CABI.

Troeger, Christopher, Ibrahim A. Khalil, Puja C. Rao, 

Shujin Cao, Brigette F. Blacker, Tahmeed Ahmed, George 

Armah, Julie E. Bines, Thomas G. Brewer, Danny V. 

Colombara, Gagandeep Kang, Beth D. Kirkpatrick, Carl 

D. Kirkwood, Jason M. Mwenda, Umesh D. Parashar, 

William A. Petri, Jr, Mark S. Riddle, Duncan A. Steele, 

Robert L. Thompson, Judd L. Walson, John W. Sanders, 

Ali H. Mokdad, Christopher J.L. Murray, Simon I. Hay, and 

Robert C. Reiner, Jr. 2018. "Rotavirus vaccination and the 

global burden of rotavirus diarrhea among children 

younger than 5 years," JAMA Pediatrics 172(10): 958–65. 

[doi: ] https://doi.org/10.1001/jamapediatrics.2018.1960

Ukuhor, Hyacinth O. 2021. The Interrelationships 

Between Antimicrobial Resistance, COVID-19, Past, and 

Future Pandemics. Journal of Infection and Public Health 

14(1): 53–60.

UNICEF. 2024. Pneumonia. Accessed January 8, 2026. 

https://data.unicef.org/topic/child-health/pneumonia/

Vassall, Anna. 2025. Kenya Perspective: Tuberculosis. 

Copenhagen Consensus Center. 

https://copenhagenconsensus.com/publication/kenya-

perspective-tuberculosis#:~:text=Most%20cases%20 

are%20drug%2Dsensitive,Kenya%20are%20multi%2Ddru

g%20resistant 

Verani, Jennifer R., Daniel Omondi, Arthur Odoyo, 

Herine Odiembo, Alice Ouma, Juliet Ngambi, George 

Aol, Allan Audi, Samwel Kiplangat, Noel Agumba, Patrick 

K. Munywoki, Clayton Onyango, Elizabeth Hunsperger, 

Jennifer L. Farrar, Lindsay Kim, Miwako Kobayashi, Robert 

https://jamanetwork.com/journals/jamapediatrics/fullarticle/2696431
https://www.ajtmh.org/view/journals/tpmd/99/5/article-p1112.xml
https://copenhagenconsensus.com/publication/kenya-perspective-tuberculosis#:~:text=Most%20cases%20


F. Breiman, Fabiana C. Pimenta, Maria da Gloria Carvalho, 

Fernanda C. Lessa, and Godfrey Bigogo. 2024. "Long-

term impact of 10-valent pneumococcal conjugate 

vaccine in Kenya: Nasopharyngeal carriage among 

children in a rural and an urban site six years after 

introduction," Vaccine 42(25): 126120. [doi: 

https://doi.org/10.1016/j.vaccine.2024.07.021]

von Specht, Martha, Gabriela G. Gabarrot, Marta 

Mollerach, Laura Bonofiglio, Paula Gagetti, Sara Kaufman, 

Laura Vigliarolo, Inés Toresani, and Horacio A. Lopardo. 

2021. Resistance to β-lactams in Streptococcus 

pneumoniae. Revista Argentina de Microbiología 53(3): 

266–71.

Wandera, Ernest A., Shah Mohammad, Martin Bundi, 

Satoshi Komoto, James Nyangao, Cyrus Kathiiko, Erick 

Odoyo, Gabriel Miring'u, Koki Taniguchi, and Yoshio 

Ichinose. 2017. "Impact of rotavirus vaccination on 

rotavirus and all-cause gastroenteritis in peri-urban 

Kenyan children," Vaccine 35(38): 5217–23. [doi: 

https://doi.org/10.1016/j.vaccine.2017.07.096] 

Wang, Biying, Wanjing Lin, Chen Qian, Youyi Zhang, 

Genming Zhao, Weibing Wang, and Tao Zhang. 2023. 

Disease Burden of Meningitis Caused by Streptococcus 

pneumoniae Among Under-Fives in China: A Systematic 

Review and Meta-Analysis. Infectious Diseases and 

Therapy 12(11): 2567–80.

Waruru, Anthony, Dickens Onyango, Lilly Nyagah, Alex 

Sila, Wanjiru Waruiru, Solomon Sava, Elizabeth Oele, 

Emmanuel Nyakeriga, Sheru W Muuo, and Jacqueline 

Kiboye. 2022. Leading Causes of Death and High 

Mortality Rates in an HIV Endemic Setting (Kisumu 

County, Kenya, 2019). PLoS ONE 17(1): e0261162.

Watt, James P., Lara J. Wolfson, Katherine L. O'Brien, 

Emily Henkle, Maria Deloria-Knoll, Natalie McCall, Ellen 

Lee, Orin S. Levine, Rana Hajjeh, Kim Mulholland, and 

Thomas Cherian. 2009. "Burden of disease caused by 

Haemophilus influenzae type b in children younger than 5 

years: global estimates," Lancet 374 (9693): 903–11. [doi: 

https://doi.org/10.1016/s0140–6736(09)61203–4] 

WHO (World Health Organization) African Region. 

2024. Weekly Bulletin on Outbreaks and Other 

Emergencies.

https://iris.who.int/server/api/core/bitstreams/23eb3781-

facc-4020-8d31-fc183bb0df16/content. 

WHO. 2013. Global Tuberculosis Report 2013. World 

Health Organization. 

https://www.who.int/publications/i/item/9789241564656

WHO. 2016. Antibiotic Resistance: Why Vaccination Is 

Important. https://www.who.int/news-room/questions-

and-answers/item/antibiotic-resistance-why-vaccination-

is-important 

WHO. 2018. New TB Vaccine Research. 

https://www.who.int/teams/global-tuberculosis-

programme/research-innovation/vaccines#:~:text=M72 

/AS01E%20candidate%20vaccine

WHO. 2021. Antimicrobial Resistance. 

https://www.who.int/news-room/fact-sheets/detail/ 

antimicrobial-resistance

WHO. 2023a. The First Malaria Vaccine in Kenya: The 

View from Health Professionals, Community Leaders and 

Parents. https://www.who.int/news-room/photo-story/ 

detail/the-first-malaria-vaccine-in-kenya-view-from-

health-professionals-community-leaders-parents 

WHO. 2023b. Immunization Dashboard: Kenya (African 

Region). 

https://immunizationdata.who.int/dashboard/regions/afric

an-region/KEN. 

WHO. 2023c. The Real Impact of a New Malaria Vaccine 

in Kenya. United Nations. 

https://www.un.org/africarenewal/magazine/may-2023/ 

real-impact-new-malaria-vaccine-kenya 

WHO. 2024a. Better Use of Vaccines Could Reduce 

Antibiotic Use by 2.5 Billion Doses Annually, Says WHO. 

https://www.who.int/news/item/10–10–2024-better-use-

of-vaccines-could-reduce-antibiotic-use-by-2.5-billion-

doses-annually--says-who 

WHO. 2024b. WHO Bacterial Priority Pathogens List, 

2024: Bacterial Pathogens of Public Health Importance, to 

Guide Research, Development, and Strategies to Prevent and 

Control Antimicrobial Resistance. World Health 

Organization.

40 41

WHO. 2025a. Global Tuberculosis Report. 

https://www.who.int/publications/i/item/9789240101531 

WHO. 2025b. Immunization, Vaccines and Biologicals. 

Accessed January 8, 2026. 

https://www.who.int/teams/immunization-vaccines-and-

biologicals/diseases/typhoid. 

WUENIC. 2025. WHO/UNICEF Estimates of National 

Immunization Coverage. Accessed January 8, 2026. 

https://immunizationdata.who.int/dashboard/regions/afric

an-region/KEN

https://www.sciencedirect.com/science/article/pii/S0264410X24007825?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0264410X17310228?via%3Dihub
https://immunizationdata.who.int/dashboard/regions/african-region/KEN
https://www.who.int/news/item/10-10-2024-better-use-of-vaccines-could-reduce-antibiotic-use-by-2.5-billion-doses-annually--says-who
https://www.who.int/teams/global-tuberculosis-programme/research-innovation/vaccines#:~:text=M72
https://www.who.int/news-room/photo-story/
https://africarenewal.un.org/en


F. Breiman, Fabiana C. Pimenta, Maria da Gloria Carvalho, 

Fernanda C. Lessa, and Godfrey Bigogo. 2024. "Long-

term impact of 10-valent pneumococcal conjugate 

vaccine in Kenya: Nasopharyngeal carriage among 

children in a rural and an urban site six years after 

introduction," Vaccine 42(25): 126120. [doi: 

https://doi.org/10.1016/j.vaccine.2024.07.021]

von Specht, Martha, Gabriela G. Gabarrot, Marta 

Mollerach, Laura Bonofiglio, Paula Gagetti, Sara Kaufman, 

Laura Vigliarolo, Inés Toresani, and Horacio A. Lopardo. 

2021. Resistance to β-lactams in Streptococcus 

pneumoniae. Revista Argentina de Microbiología 53(3): 

266–71.

Wandera, Ernest A., Shah Mohammad, Martin Bundi, 

Satoshi Komoto, James Nyangao, Cyrus Kathiiko, Erick 

Odoyo, Gabriel Miring'u, Koki Taniguchi, and Yoshio 

Ichinose. 2017. "Impact of rotavirus vaccination on 

rotavirus and all-cause gastroenteritis in peri-urban 

Kenyan children," Vaccine 35(38): 5217–23. [doi: 

https://doi.org/10.1016/j.vaccine.2017.07.096] 

Wang, Biying, Wanjing Lin, Chen Qian, Youyi Zhang, 

Genming Zhao, Weibing Wang, and Tao Zhang. 2023. 

Disease Burden of Meningitis Caused by Streptococcus 

pneumoniae Among Under-Fives in China: A Systematic 

Review and Meta-Analysis. Infectious Diseases and 

Therapy 12(11): 2567–80.

Waruru, Anthony, Dickens Onyango, Lilly Nyagah, Alex 

Sila, Wanjiru Waruiru, Solomon Sava, Elizabeth Oele, 

Emmanuel Nyakeriga, Sheru W Muuo, and Jacqueline 

Kiboye. 2022. Leading Causes of Death and High 

Mortality Rates in an HIV Endemic Setting (Kisumu 

County, Kenya, 2019). PLoS ONE 17(1): e0261162.

Watt, James P., Lara J. Wolfson, Katherine L. O'Brien, 

Emily Henkle, Maria Deloria-Knoll, Natalie McCall, Ellen 

Lee, Orin S. Levine, Rana Hajjeh, Kim Mulholland, and 

Thomas Cherian. 2009. "Burden of disease caused by 

Haemophilus influenzae type b in children younger than 5 

years: global estimates," Lancet 374 (9693): 903–11. [doi: 

https://doi.org/10.1016/s0140–6736(09)61203–4] 

WHO (World Health Organization) African Region. 

2024. Weekly Bulletin on Outbreaks and Other 

Emergencies.

https://iris.who.int/server/api/core/bitstreams/23eb3781-

facc-4020-8d31-fc183bb0df16/content. 

WHO. 2013. Global Tuberculosis Report 2013. World 

Health Organization. 

https://www.who.int/publications/i/item/9789241564656

WHO. 2016. Antibiotic Resistance: Why Vaccination Is 

Important. https://www.who.int/news-room/questions-

and-answers/item/antibiotic-resistance-why-vaccination-

is-important 

WHO. 2018. New TB Vaccine Research. 

https://www.who.int/teams/global-tuberculosis-

programme/research-innovation/vaccines#:~:text=M72 

/AS01E%20candidate%20vaccine

WHO. 2021. Antimicrobial Resistance. 

https://www.who.int/news-room/fact-sheets/detail/ 

antimicrobial-resistance

WHO. 2023a. The First Malaria Vaccine in Kenya: The 

View from Health Professionals, Community Leaders and 

Parents. https://www.who.int/news-room/photo-story/ 

detail/the-first-malaria-vaccine-in-kenya-view-from-

health-professionals-community-leaders-parents 

WHO. 2023b. Immunization Dashboard: Kenya (African 

Region). 

https://immunizationdata.who.int/dashboard/regions/afric

an-region/KEN. 

WHO. 2023c. The Real Impact of a New Malaria Vaccine 

in Kenya. United Nations. 

https://www.un.org/africarenewal/magazine/may-2023/ 

real-impact-new-malaria-vaccine-kenya 

WHO. 2024a. Better Use of Vaccines Could Reduce 

Antibiotic Use by 2.5 Billion Doses Annually, Says WHO. 

https://www.who.int/news/item/10–10–2024-better-use-

of-vaccines-could-reduce-antibiotic-use-by-2.5-billion-

doses-annually--says-who 

WHO. 2024b. WHO Bacterial Priority Pathogens List, 

2024: Bacterial Pathogens of Public Health Importance, to 

Guide Research, Development, and Strategies to Prevent and 

Control Antimicrobial Resistance. World Health 

Organization.

40 41

WHO. 2025a. Global Tuberculosis Report. 

https://www.who.int/publications/i/item/9789240101531 

WHO. 2025b. Immunization, Vaccines and Biologicals. 

Accessed January 8, 2026. 

https://www.who.int/teams/immunization-vaccines-and-

biologicals/diseases/typhoid. 

WUENIC. 2025. WHO/UNICEF Estimates of National 

Immunization Coverage. Accessed January 8, 2026. 

https://immunizationdata.who.int/dashboard/regions/afric

an-region/KEN

https://immunizationdata.who.int/dashboard/regions/african-region/KEN


Initiated in 2008, the Global Antibiotic Resistance Partnership (GARP) has played a critical role in advancing country-led 

national strategies and policies to address antimicrobial resistance (AMR) in several countries in Africa and Asia. 

GARP’s current focus is generating cross-disciplinary evidence highlighting the impact of vaccines on AMR in country-

specific contexts. 

This policy brief lays out the situation in Kenya and recommends policy measures to use vaccines as tools to control 

AMR in the country.
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