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Abstract
Background

Uganda is prone to Emerging Infectious Diseases (EIDs) which can cause serious epidemics and pandemics. Uganda’s
capacity for EID research, surveillance and control is improving but still low partly due to inadequate highly knowledgeable
and skilled human and animal health workers. To inform the design of training programs that can address Uganda'’s health
workforce capacity gaps, we conducted a training needs assessment.

Methods

A qualitative study involving a desk review, 25 key informant interviews and a 1-day consultative workshop to review study
findings.

Results

The majority of infectious disease research, surveillance and control in Uganda focuses on HIV/AIDS, Tuberculosis, Malaria
and viral hemorrhagic fevers e.g., Ebola and Marburg. Health workforce capacity for surveillance and control is robust
compared to many other resource-constrained settings but research capacity and output are relatively low, especially for EIDs.
Public and private tertiary institutions in Uganda predominantly offer training in primary health care and population studies
through problem-based learning, community-based education and services, and Blended Learning (BL). There are several
training programs in advanced clinical and epidemiological sciences, but few opportunities in biomedical sciences (e.g.
virology, immunology, bioinformatics and predictive modeling), social sciences, One Health and leadership. To address the
gaps, the following interventions were recommended: 1) advanced graduate and/or post-graduate training in basic
biomedical sciences; 2) short-term training for continuous knowledge and skills development in multidisciplinary/One Health
approaches; and 3) pedagogy and mentorship through BL, networking and experiential training programs that effectively
leverage North-South collaborations. Training and mentorship should be achieved by (a) conducting most of the in-person
didactic and experiential training at Southern tertiary and research institutions, (b) utilizing electronic-learning for didactic
training and mentor-mentee interactions with subject-matter experts at Northern institutions, and (c) well-orchestrated
placements at Northern institutions for hands-on experience using the latest advances in science and technology.

Conclusion

Inadequate health workforce capacity for EID research was identified as a priority gap that requires long and short-term
multidisciplinary training interventions. Efficiently leveraging North-South collaborations for e-learning, short-term placements
and mentorship will enable Uganda to remain abreast with latest advances in science and technology for EID research,
surveillance and control.

Background

Uganda is a low-income country that is at high risk of emerging infectious diseases (EIDs) including HIV and high
consequence pathogens such as Ebola and Marburg given its geographic location, biodiversity, and climate [',23,4,°]. EIDs in
Uganda e.g. the recent Anthrax (26 May 2022) and Yellow Fever (23 March 2022) outbreaks [®] can be transmitted locally and
internationally via porous borders and international travel causing epidemics and pandemics which cripple socioeconomic

systems and pose serious existential threats as evidenced by coronavirus disease 2019 (COVID-19) [/,2°,10,11].
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One of the most important steps in eliminating EIDs in Africa is strengthening the human and animal health workforce
including researchers and scientists ['2]. Several public and private tertiary institutions in Uganda e.g. Makerere University
(Mak), Mbarara University of Science and Technology (MUST) and Gulu University (GU) offer training in courses that are
relevant to EID research, surveillance and control; however, few students matriculate at graduate-level and even fewer develop
into independent researchers who can significantly contribute to Uganda's efforts to prevent and respond to EIDs ['3,1415],
This is largely due to a number of structural barriers, limited access to funding, lack of training and mentorship approaches

and programs that are abreast with Uganda’s context-specific health needs and latest advances in science and technology
[1617 1819 20]

To adequately and sustainably address EIDs, we conducted a training needs assessment (TNA) to identify competency,
essential knowledge and skills gaps, and identify training approaches to address the gaps in Uganda.

Methods
Study Design

The TNA was performed using qualitative methods including a desk review and 25 key informant interviews (Klls) among
purposively selected professional cadres who are actively involved in EID research, surveillance and control in Uganda. A 1-
day consultative workshop was held to review and verify the collected data and brief key stakeholders.

Data Collection

Desk review: Following a pre-designed desk-review guide (refer to Supplemental File 1), we performed a PubMED and Google
Scholar search for peer-reviewed articles and abstracts in EID using combinations (and/or) of key words including emerging,
infectious, diseases, research, surveillance, control, health, training, capacity, needs, gaps and Uganda. This generated
relevant search terms/queries including: 1) ‘(emerging) and/or (infectious) and (diseases) and (capacity) and (Uganda)’; 2)
‘(emerging) and/or (infectious) and (diseases) and (training) and/or (needs) and (Uganda)’; 3) ‘(emerging) and/or (infectious)
and (disease) and (research) and (capacity) and/or (needs) and (Uganda); and 4) ‘(health) and (training) and/or (needs) and
(Uganda)'. We selected articles and abstracts for analysis based on key words in titles and setting-specific focus on Uganda.
We also selected grey literature (short-term and graduate-level curricula) from premier tertiary institutions in Uganda i.e.
Makerere University College of Health Sciences (MakCHS), Makerere University College of Veterinary Medicine, Animal
Resources and Biosecurity (MakCOVAB) and Makerere University College of Humanities and Social Sciences (MakCHUSS)
based on the relevance of the title to EID research, surveillance and control. The researchers also selected websites of
institutions involved in tertiary training, and infectious disease research, surveillance and control in Uganda e.g. The Uganda
Ministry of Health (MoH), Mak, MUST, GU, Uganda Virus Institute (UVRI) and Makerere University Walter Reed Project
(MUWRP) based on the availability of Uniform Resource Locators (URL)/links/page titles with either (1) various combinations
of the aforementioned key words or (2) title pages with direct relevance to EIDs and health education. Lastly, we searched the
NIH RePORTER for relevant past and present funded activities using only select combinations of the key words i.e. Uganda,
emerging, infectious, diseases, research, and training. Identifiable information including title, digital object identifier (DOI),
citations and URLs of articles, abstracts, grey literature and websites that were selected for further review and analysis were
summarized in tables in Microsoft Office Word™.

Key informant interviews: We purposively selected key informants who are actively involved in EID research, surveillance and
control in Uganda and contacted them by email and/or phone call to schedule a private interview at their preferred location.
Using a pre-designed semi-structured Kll guide and notetaking forms (refer to Supplemental File 2), and 3) we conducted 25
Klls (including 23 face-to-face interviews and 2 virtual interviews using Zoom) in English and recorded the interviews using an
Olympus voice recorder. The KllIs lasted 30 to 60 minutes and all Key Informants provided written informed consent.

Data Analysis and Management
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Desk review: We performed content and thematic analysis of the selected articles, abstracts, and websites/webpages largely
focusing on reviewing the methods, results/findings and conclusion/key message to identify relevant concepts and themes
including: 1) current capacity for EID research, surveillance and control; 2) relevant training in EID research, surveillance and
control; 3) knowledge and skills gaps in Uganda; 4) present and future training approaches. We also conducted thematic and
content analysis of the selected grey literature focusing on training program description, objectives, curriculum and learning
outcomes to identify content and themes including pedagogy approaches and course units relevant of EID research,
surveillance and control (e.g. research methods, statistical analysis, epidemiology, virology etc). Finally, we reviewed all
search terms/queries including various combinations of key words, selected literature and websites, and summary findings
for completeness and accuracy and stored all data files on password protected computers.

Key informant interviews: We reviewed all audio recordings for completeness, anonymized, and transcribed them verbatim.
Data was coded and reviewed for consistency and consensus. We subsequently performed content analysis to categorize
participant demographics including gender, education and expertise; and thematic analysis to identify the 4 concepts/themes
mentioned above. We summarized the findings in Microsoft Excel™ (Refer to Supplemental File 4). All audio files, transcripts
and summary findings did not contain personal identifiers to ensure privacy and confidentiality

Consultative Workshop: We held a 1-day consultative workshop to share findings through PowerPoint presentations and
open-ended discussions with subject-matter experts and stakeholders in Uganda (Refer to Supplemental File 5 for Workshop
Agenda).

Results

Study Participants Demographics

All 25 Key Informants were at least 18 years old and 84% (n=21) were males. Only 18% (n=5) of the key informants were
heads of academic or research institutions, 40% (n=10) were trainers at tertiary institutions (i.e. professors or lecturers), 52%
(n=13) were EID researchers including 7 senior and 4 early-career researchers, 28% (n=7) were government officials, 16% (n=4)
were in-service professionals /.e. consultants or employees of non-government organizations involved in EID research,
surveillance and control. A majority 88% (n=22) had graduate-level training (i.e. 10 masters and 12 PhDs or MDs), 48% (n=12)
of key informants were public health specialists and 32% (n=8) were basic biomedical scientists practicing either
microbiology, immunology, virology, genomics or bioinformatics. Only 28% (n=7) of key informants were medical doctors and
11% (n=3) were veterinarians.

Current Capacity for EID research, surveillance and control

The reviewed literature revealed that the vast majority of Uganda’s capacity for infectious disease research, surveillance and
control is centered around HIV/AIDS, TB, Malaria and viral hemorrhagic fevers e.g. Ebola and Marburg [21,22,23 2425 26 27] |
2001, Uganda adopted the World Health Organization’s Integrated Disease Surveillance and Response (IDSR) and the Uganda
Ministry of Health (MoH) coordinates most of the on-going activities which largely focus on surveillance and control to meet
the 2005 International Health Regulations (IHR) core capacities to prevent, detect and respond to infectious disease threats
[2829 83031 32] The Global Fund Project and the U.S. President’s Emergency Plan for AIDS Relief (PEPFAR) fund and provide
technical support for most of the on-going surveillance and control activities in HIV/AIDS, TB and Malaria [°3,34], and the few
on-going research activities mainly involve clinical or community-based studies and a limited number of pre-clinical studies
[%]. In 2020, the Essence on Health Research ranked Uganda as having Upper Medium Research Capacity based on the
number of clinical trials, international grants (World RePORT), publications (PuUbMED) and training institutions offering
PhDs[3%]. However, research output is still low mainly due to structural barriers including inadequate funding and government
support and coordination [37,38,39 40 41].
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Evidence from the desk review was further corroborated by a majority of key informants. All key informants mentioned that
Uganda has some capacity for infectious disease research, surveillance and control with particular strengths in field
epidemiology. Fourteen informants mentioned that there is limited funding especially for EID research; 12 mentioned a lack of
adequate laboratory capacity, especially in detecting new pathogens and developing interventions such as diagnostic tools,
vaccines and therapeutics; 9 highlighted the lack of adequate multisectoral coordination and/or One Health approach. Below
are quotes from some key informants highlighting the gaps in EID research, surveillance and control capacity in Uganda:

The research component [of EIDs] is very weak, but surveillance and control is okay. (KI_06).

They [EIDs] are only taken seriously if they emerge, if they are not there, no one listens so that is a challenge in itself. There is
no funding. (KI_09)

So, when you are as a nation, you don’t have that first-line of capacity to be able to detect any emerging disease or
characterize a pathogen, or develop a diagnostic, then you are too dependent on other people [countries with better capacity].
(KI_20)

The most challenging [aspect of EID research, surveillance and control] is working with different partners that have got
different interests and managing those interests. (KI_10)

Relevant Training in EID Research, Surveillance and Control

In Uganda, Mak, MUST, GU and a few other public and private tertiary institutions are the predominant source of the health
workforce including medical, veterinary and social scientists [*2,43,44,45,46 47] However, many Ugandan tertiary institutions
have a limited capacity to offer training in the latest advances in science and technology to address Uganda'’s challenges with
EIDs [8,49,50 5152 53 [54] ‘Makerere University is the premier human and animal health training and research institution in
Uganda with MakCHS, MakCOVAB and MakCHUSS offering about 33 undergraduate programs and 66 graduate (Masters
and/or PhD) programs that are relevant to EID research, surveillance and control [°°,56,57]. All masters programs at Mak are
classroom-based and involve 1 to 1.5 years of didactic lectures and 1 year of research. A majority of the PhD programs are
research only programs where students only need to (1) conduct independent research and publish set-required peer-reviewed
articles, and (2) enroll in select cross-cutting core course units (i.e. advanced research methods; philosophy of method and
scholarly writing communication skills) and electives (i.e. information competence and management, advanced gender
research methodology, advanced quantitative data analysis, advanced qualitative data analysis and clinical epidemiology) at
MakCHSI[?8]. There are only a handful of fully-taught PhD programs that offer didactic classroom-based training in advanced
courses that are relevant to EID research, surveillance and control including PhD in bioinformatics and genomics[>®], PhD in
Health Sciences[®?] and PhD in Public Health[¢']. A majority of the advanced training and research are affiliated with or
hosted at MakCHS [62,63 54] with a few schools dominating the space i.e. the Makerere University School of Public Health
(MakSPH), Makerere University School of Medicine (MakSOM) and Makerere University School of Biomedical Sciences
(MakSBS) [65,55,67],

The vast majority of the advanced training programs in EID research, surveillance and control are donor-funded through
North-South collaborations where foreign institutions provide placements/rotations for advanced knowledge, mentorship, and

hands-on training in new technologies [8]. Recently concluded and on-going training programs include but are not limited to:
1) Uganda Public Health Fellowship Program (UPHFP)[®°]; 2) Fogarty International Center Research Training Programs [’7]; 3)
Training of Ugandans in Basic and Translational Research on TB and Emerging Infectious Diseases [’']; 4) Research Training
and Mentoring Program for Career Development of Faculty at Makerere University College of Health Sciences [’?]; 5) Mbarara
University Research Training Initiative [/3]; 6) Makerere University/Uganda Virus Research Institute Centre of Excellence for
Infection & Immunity Research and Training (MUII) [74]; 7) The Field Epidemiology Training Program (FETP); and 8) Fogarty
Global Health Fellows, Northern Pacific Global Health Fellows consortium (Fogarty-NP) [/°]; and 8) Swedish International
Development Cooperation Agency (SIDA)[”®].
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Knowledge and Skills Gaps in Uganda

Many of the basic and advanced training programs in Uganda that are relevant to infectious disease research, surveillance
and control focus on knowledge and skills development in primary health care (including clinical/laboratory diagnosis and
case management), public health courses (e.g. epidemiology), and community engagement [7,”8]. Compared to other low-
and middle-income countries (LMICs), Uganda has a relatively good number of knowledgeable and skilled professional health
workers (i.e. doctors, pharmacists, nurses, midwives, clinical officers and medical laboratory staff): Uganda'’s IHR scores for
health workforce in 2021 ranged between 3 and 4 which implies developed and demonstrated capacity especially in
epidemiology and public health [’°]. However, the ratio of professional health workers per 1000 population is still below WHO
recommendations [8°] and many of the past and present health workforce capacity building programs focus on increasing
the number and quality of primary health care providers [8'] and only a few (e.g. MUII) specifically develop cutting-edge
knowledge and skills for researchers [22]. There are even fewer programs that support advanced training for veterinary and
social scientists [83].

Lack of adequate advance research training programs has left significant knowledge and skills gaps among researchers in
Uganda which are especially highlighted by the low quantity and quality of research outputs including innovations and
scientific publications with high hindex journals [®4]. Many scholars have documented the need for capacity in advanced
laboratory/basic biomedical sciences (e.g. genetics and bioinformatics) social sciences, implementation science, research
leadership, research ethics, mentorship and professional scientific writing [2°,86,87 88]. Evidence from the desk review was
corroborated by a majority of key informants. Fourteen key informants commented on the lack of an adequate pool of
researchers, and a majority stated that Uganda requires cadres with advanced training in epidemiology (n=13) and
laboratory/basic biomedical sciences (n=12) including virology, microbiology, genomics, bioinformatics, molecular biology,
vaccinology, and immunology. Below are quotes from some key informants:

The issue is most of the people [health workers] are not researchers and they are practitioners, but how do they apply research
knowledge in their practice, that is power question. (KI_13).

Biostatistics, epidemiology, biological dynamics of the diseases and the sociological understanding of the [disease]; you have
to understand them. (KI_11)

I would recommend a background in some basic science, actually going back to physics, but certainly chemistry. And some
of the[Ugandan] students | worked with in Europe, it was really, it was surprising how little they really understood the methods
they were using, they didn't, they could barely tell me how PCR [polymerase chain reaction] was working and what the
chemical structure of the base-pair was or how that is influenced by salt or temperature and things like that. (KI_18)

In addition, several key informants mentioned that multidisciplinary knowledge and skills are required including leadership
(n=7), teamwork/interpersonal/soft skills (n=8), infection prevention and control (n=6), risk analysis (n=7), qualitative
research and community engagement (n=7), and scientific writing (n=5). Sixteen key informants mentioned the relevance of
knowledge and skills in research ethics. Below are quotes from some of the key informants:

You must have managerial and administrative skills because you can't be head of those [EID research, surveillance and
control] programs when you can't supervise people. (KI_16)

It is very important to have an understanding of the society, how it perceives and sees and understands the infectious
diseases. (KI_11)

People being able to write well is a rare skill in our part of the world. (KI_02)

One of the issues we have had is that these [EID] outbreaks come very quickly; they don't give you time to write proposals, go
to ethics and all that, we have to move very quickly. So, one of the, I think, approaches [to navigate ethical processes during
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EID outbreaks] that has been used and we are also using it, is to have ready protocols. In case there are any outbreaks, we can
have quick approvals if] the protocols are ready. (KI_23)

Present and Future Training Approaches

Constructivist approaches to pedagogy i.e. Problem-based learning (PBL) and community-based education and services
(COBES) were introduced at MakCHS in the 2003/2004 academic year to replace traditional instructor-led approaches
[89,29097] PBL is an effective student-centered approach that encourages critical thinking and independent learning [°?]
whereas COBES develops competencies to handle setting-specific and community-level health challenges [*3,°4]. To augment
PBL and COBES, Blended Learning (BL) was also adopted at Mak and other tertiary institutions in Uganda. BL (also known as
hybrid learning) integrates traditional instructor-led classroom-based training with digital technology including electronic-
learning(e-learning) [°°,°¢,%7]. E-learning (e.g. on-line lectures and simulation-based medical education) gained widespread
application during the COVID-19 pandemic, however the approach has several key drawbacks in LMICs including high costs
and unreliable power and internet [?8,%9].

BL is particularly applicable in North-South collaborations where Ugandan students can attend on-line lectures and learn from
subject-matter experts and peers from across the world without the need for travel ['°°]. In Uganda, BL has somewhat
overtaken Joint Degree (sandwich) programs (e.g. the Mak and Karolinska Institutet program) where students had most of
their training at Mak but traveled to Sweden for specialized PhD courses, data analysis, thesis writing and supervision ['97]
because sandwich programs may be costly and have low output ['92]. The aforementioned training approaches are
augmented by experiential learning (e.g. clinic, laboratory and field placements), continuous medical education (CME),
training workshops covering various topics, fellowships (e.g. MUIl and FETP), mentorship and multidisciplinary training
programs (e.g. One Health Institute at Mak) [103,704,105106 107108 109

Evidence about current training approaches in Uganda was corroborated by nearly all key informants. Key informants further
recommended BL training programs that offer either (1) advanced graduate and post-graduate education that is abreast with
contemporary advances in scientific knowledge and technology and aligned to Uganda’s setting-specific challenges with EIDs;
or (2) robust short-term courses and experiential learning opportunities in multidisciplinary skills including data collection and
leadership. Eleven key informants suggested that formative skills development should be achieved through long-term
advanced graduate training i.e. masters, PhD and post-doctoral programs, 5 key informants recommended short-term didactic
courses for in-service professionals who may need advanced training but may not be able to commit to full-time training
programs. 5 key informants recommended that novel training programs should be aligned to target audiences and specific
knowledge and skills required in Uganda. Below are quotes from some of the key informants:

Science is dynamic, things keep on changing. So, what we knew in the past is not exactly the same today. So because of that,
we need to train people in conducting research because it is through research that we are able to understand things [EID
outbreaks] better. (KI_03)

Masters [degree] is good but masters is not so transformative. But if you want to have a sustainable impact, then you have to
train Ugandans at PhD level in that area [of EID research, surveillance or control] and in use of contemporary technologies to
tackle them [EID outbreaks]. You rather train two or three PhD [students] and train them properly, say in USA, and tell them you
go and come back [to Uganda] where we don't have capacity than train fifteen masters, we will have the numbers but we
won't have an impact. (KI_09)

| guess different components [of EID research, surveillance or control] will require different things [trainings], but / think it will
be very good to have people [health workers] in master’s laboratory training [and at] PhD level, because then, there you know
people can do [the work]. At that level they can possibly develop either vaccines, or drugs and all that. But also, being able to
manage [patients] and identify and understand the dynamics of the various infectious diseases in [a] given context [of the]
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people. So, but again maybe one important point is that all this is not about, I think, people in medicine [clinical and laboratory
personnel], but also, we make sure we co-opt, we bring in multidisciplinary [practitioners]. (KI_11)

Don't only look at university training [onlyl, we may train a community health worker, may be for 3 months [and] we give them
the necessary skills to collect information [about EID outbreaks]. (KI_01)

Discussion

A majority of key informants were males (n=23) probably due to the fact that the targeted cadres and career stages are
dominated by males in Uganda ['1°]. We purposively selected key informants from subject matter experts and cadres e.g.
professors, senior researchers, and professionals from renown institutions (e.g. Makerere University and Ministry of Health)
that are actively involved in pedagogy and/or infectious disease research, surveillance and control to ensure targeted
collection of relevant information about Uganda’s capacity for EID research, surveillance and control.

Findings from the desk review and Klls highlighted Uganda'’s strong capacity in HIV/AIDS, TB, Malaria and viral hemorrhagic
fever (VHF) research, surveillance and control compared to many other LMICs. Laboratory infrastructure, surveillance
systems, health workforce and other capacities for HIV/AIDS, TB and Malaria were and are leveraged to establish and
strengthen capacity for research, surveillance and control of other EIDs including VHFs and COVID-19['""]. According to the
U.S. Centers of Disease Control and Prevention (CDC), HIV/AIDS, TB and Malaria are among the top 5 causes of death in
Uganda whereas VHFs (e.g. Ebola and Marburg) are high consequence pathogens which pose serious global health security
threats [112,773]. This prompted the Government of Uganda, donors (e.g. Global Fund and PEPFAR) and public and private
tertiary institutions to logically adopt targeted resource-allocation (including health workforce and funding) to address the
challenges posed by the aforementioned diseases in our resource-limited setting.

Despite the health workforce capacity strengths in surveillance and control (largely due to programs at MakCHS, MakCOVAB
and MoH), Uganda’s capacity for EID research, One Health and animal health remains low. Since the quality and quantity of
the health workforce is directly correlated to research productivity ['14], there is a need for tailored training programs to
address the priority gaps that were identified in basic biomedical sciences, epidemiology and social sciences. However, many
Ugandan tertiary institutions do not have adequate capacity to produce the required pool of highly knowledgeable and skilled
health professionals ['7°,116]. Given the existing capacity gaps, it may be prudent and cost-effective to leverage existing
North-South collaborations and follow KIl recommendations and either: (1) prioritize designing advanced graduate-level
training in biomedical sciences to generate a small pool of highly knowledgeable and skilled individuals who are able to
conduct cutting-edge independent EID research; or (2) sustain and/or improve existing health workforce capacity in-line with
contemporary EID challenges and advances in science and technologies through multidisciplinary and/or One Health short-
courses, CME and experiential training.

Designing such multidisciplinary programs will require improvements to existing short-course, graduate and post-graduate
training (including expedited curricular approval processes) to include (1) more e-learning opportunities with multidisciplinary
subject-matter experts from across the world; (2) experiential training in the latest technologies through well-orchestrated
short-term placements at resource-rich tertiary institutions; and (3) ongoing mentorship and career guidance by matched
mentors in the North-South collaboration. E-learning is already available at Mak and its drawbacks e.g. requirements for
steady power and internet supply are steadily being addressed in Uganda ['"7,178], therefore adoption of novel technologies
and remote learning approaches is no longer far-fetched as evidence by widespread use during the early phases of the
COVID-19 pandemic. Such an approach may generate the required critical pool of professionals who can (1) independently
address the context-specific needs of human and animal health in Uganda in-line with contemporary advances in pedagogy
and science, (2) improve Uganda's research outputs (including quality and quantity) and hopefully (3) contribute
meaningfully to science.

Study Limitations
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Data collection occurred during the early phases of the COVID-19 pandemic in Uganda when there were various restrictions to
public gatherings and travel. Since many of the key informants were involved in the national response, some interviews were
rushed because key informants had little time to spare. In such instances, the researchers ensured that the key informants
responded to all interview questions in brief to ensure complete data collection per study participant. Secondly, it is possible
that the key informants’ preference and recommendation for advanced training programs in epidemiology and basic
biomedical sciences was observed because a majority were human health professionals e.g. medical doctors, public health
specialists and/or biomedical/laboratory scientists. Since (1) all Kls were active practitioners and/or subject-matter experts,
and (2) results from the desk review and Klls were reviewed and verified for correctness during the consultative workshop with
stakeholders, it is highly likely that the identified gaps and recommendations are factually relevant to Uganda, however future
studies may need to collect data from a more diverse group of cadres especially animal health professionals.

Conclusion

The TNA demonstrated health workforce capacity gaps in EID research. We recommend that the following training
interventions should be designed and implemented: 1) advanced graduate and/or post-graduate training in basic biomedical
sciences; 2) short-term training for continuous knowledge and practical skills development in multidisciplinary/One Health
approaches and leadership; and 3) pedagogy and mentorship through BL, networking and experiential training programs that
effectively leverage North-South collaborations by (a) conducting the bulk of in-person didactic and experiential training at
Southern tertiary and research institutions, (b) utilizing electronic-learning for advanced didactic training and mentor-mentee
interactions with subject-matter experts at Northern institutions, and (c) well-orchestrated rotations/placements at Northern
institutions for hands-on experience using the latest advances in science and technology. This will enable Uganda'’s health
workforce to remain abreast with latest advances in science and technology for EID research, surveillance and control.

Abbreviations

BL: Blended learning; CDC: U.S. Centers of Disease Control and Prevention; CME: Continuous Medical Education; COVID-19:
Coronavirus disease 2019; COBES: community-based education and services; DOI: Digital Object Identifier; EID: Emerging
Infectious Diseases; E-learning: Electronic Learning; FETP: Field Epidemiology Training Program; GU: Gulu University; IDSR:
Integrated Disease Surveillance and Response; IHR: International Health Regulations; Kll: Key Informant Interview; LMIC: low-
and middle-income countries; PEPFAR: The U.S. President’s Emergency Plan for AIDS Relief; PBL: Problem-based learning;
Mak: Makerere University; MakCHS: Makerere University College of Health Sciences; MakCHUSS: Makerere University College
of Humanities and Social Sciences; MakCOVAB: Makerere University College of Veterinary Medicine, Animal Resources and
Biosecurity; MakSBS: Makerere University School of Biomedical Sciences; MakSPH: Makerere University School of Public
Health; MakSOM: Makerere University School of Medicine; MoH: Ministry of Health; MUII: Makerere University/Uganda Virus
Research Institute Centre of Excellence for Infection & Immunity Research and Training; MUST: Mbarara University of Science
and Technology; MUWRP: Makerere University Walter Reed Project; SIDA: Swedish International Development Cooperation
Agency; TNA: Training Needs Assessment; UPHFP: Uganda Public Health Fellowship Program; UVRI: Uganda Virus Research
Institute; VHF: Viral hemorrhagic fever.

Declarations

Ethical Approval and Consent to Participate

We obtained ethical approval to conduct the study from Makerere University School of Public Health (MakSPH) Higher
Degrees Research Ethics Committee (HDREC) and the Uganda National Council of Science and Technology (REF Number: SS
4975) as part of a capacity building program titled Addressing Emerging and Re-emerging Infectious Diseases Through
International Partnerships and Multidisciplinary Training in Uganda (ADEPT). All study methods were performed according to
regulations and guidelines of the Makerere University Walter Reed Project (MUWRP), MakSPH-HDREC and UNCST. All Key

Page 10/18



informants provided written informed consent, and all individuals who participated in the consultative workshop provided
verbal informed consent.

Consent for Publication

As part of the consenting process, all key informants approved to having the data and information collected during the study
published. However, no personal identifying information is included.

Availability of Data and Materials

The datasets generated and/or analysed during the current study are not publicly available because completely de-identifying
some of the raw data (e.g. audio files and transcripts) may not be possible since the data was collected from a small pool of
subject-matter experts and professionals at the few institutions that participate in infectious disease research, surveillance
and control in Uganda, but the datasets are available from the corresponding author on reasonable request.

Competing Interests
The authors declare that they have no known competing interests.
Funding

Funding was obtained from the National Institutes of Health through the Global Infectious Disease Research Training D71
Planning grant (project number 1D71TW011249-01). The funder was not involved in data collection, analysis or authoring
this manuscript.

Authors Contributions

Lawrence Mugisha (LM), Fred Wabwire-Mangen (FWM), Francis Kiweewa (FK), Bannet Asingura (BA), Sheila Achabo (SA),
Hannah Kibuuka (HK), Prossy Naluyima (PN), Jauhara Nanyondo (JN), Betty Mwesigwa (BM), Derrick Mimbe (DM) and Allan
Tindikahwa (AT) participated in study design and funding acquisition; BA, SA, Molly McCoy (MM), Martha Kandole and FWM
participated in project administration and supervision. FWM, BA, LM, FK, AT and David Kaawa-Mafigiri (DKM) designed the
data collection methodology and tools. All authors participated in data collection, curation and formal analysis as follows: (1)
the desk review raw data collection was conducted by BA, Allen Eva Okullo (AEO), Patricia Eyu (PE), PN, Justine Nalunga, JN
and Grace Mirembe (GM); (2) DKM and BA reviewed and analyzed desk review data; (3) Klls were conducted by FWM, BA,
AEO and PE; (4) audio files were transcribed by Mathias Ssekitoleko, Josephine Nakakeeto, Jesca Nawatti, Daniel Kbirige,
Winfred Nansalire, Grace Mirembe, Annet Namusisi, Sharon Namubiri and Stephen Mugamba; (5) BA and DKM reviewed and
analyzed Transcripts. FWM, BA, LM, DKM, SA, MM, BM, HK, Dominic Travis, Robert Tweyongyere, Katey Pelican, Shailey
Prasad, Alex Riolexus Ario and Denis Karuhize Byarugaba participated in the consultative workshop. BA, LM, DKM and FWM
participated in original draft preparation; all authors participated in final review and editing.

Acknowledgements

The authors would like to thank all key informants and members of the research team.

References

1. Data for Uganda, low income. Data. https://data.worldbank.org/?locations=UG-XM. Accessed August 23, 2022.

2. Clark D V, Kibuuka H, Millard M, et al. Long-term sequelae after Ebola virus disease in Bundibugyo, Uganda: a
retrospective cohort study. Lancet Infect Dis. 2015;15(8):905-912. doi:10.1016/S1473-3099(15)70152-0

3. Namusisi S, Mahero M, Travis D, Pelican K, Robertson C, Mugisha L. A descriptive study of zoonotic disease risk at the
human-wildlife interface in a biodiversity hot spot in South Western Uganda. Apperson C, ed. PLoS Neg! Trop Dis.

Page 11/18



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

2021;15(1):e0008633. doi:10.1371/journal.pntd.0008633

. Mbonye AK, Sekamatte M. Disease outbreaks and reporting in Uganda. Lancet. 2018;392(10162):2347-2348.

doi:10.1016/S0140-6736(18)32414-0

. Migisha R, Kwesiga B, Mirembe BB, et al. Early cases of SARS-CoV-2 infection in Uganda: epidemiology and lessons

learned from risk-based testing approaches - March-April 2020. Global Health. 2020;16(1):114. Published 2020 Nov 25.
doi:10.1186/s12992-020-00643-7

. World Health Organization. Yellow fever — Uganda. https://www.who.int/emergencies/disease-outbreak-

news/item/2022-DON367. Accessed July 12,2022.

. Confirmation of case of ebola virus disease in Uganda. World Health Organization.

https://www.afro.who.int/news/confirmation-case-ebola-virus-disease-uganda. Accessed June 21, 2022

. Ebola Virus Diseases Readiness Implementation Progress Report WCO Uganda. World Health Organization.

https://www.afro.who.int/sites/default/files/2019-
01/Ebola%20Virus%20Disease%20readiness%20Implementation%20progress%20report.pdf. Accessed June 21, 2022.

. Madhav N, Oppenheim B, Gallivan M, Mulembakani B, Rubin E, Wolfe N. Pandemics: Risks, Impacts, and Mitigation. In:

Disease Control Priorities, Third Edition (Volume 9): Improving Health and Reducing Poverty. The World Bank; 2017:315-
345. doi:10.1596/978-1-4648-0527-1_ch17

World Health Organization. WHO announces COVID-19 outbreak a pandemic. http://www.euro.who.int/en/health-
topics/health-emergencies/coronavirus-covid-19/news/news/2020/3/who-announces-covid-19-outbreak-a-pandemic.
Published March 12, 2020. Accessed August 13, 2020.

Prem K, Liu Y, Russell TW, et al. The effect of control strategies to reduce social mixing on outcomes of the COVID-19
epidemic in Wuhan, China: a modelling study. Lancet Public Heal. 2020;5(5):e261-e270. doi:10.1016/S2468-
2667(20)30073-6

Allen T, Murray KA, Zambrana-Torrelio C, et al. Global hotspots and correlates of emerging zoonotic diseases. Nat
Commun. 2017;8(1):1124. doi:10.1038/s41467-017-00923-8

Obuku EA, Lavis JN, Kinengyere A, et al. Academic research productivity of post-graduate students at Makerere University
College of Health Sciences, Uganda, from 1996 to 2010: a retrospective review. Heal Res Policy Syst. 2017;15(1):30.
doi:10.1186/s12961-017-0194-8

Nakanjako D, Akena D, Kaye DK, et al. A need to accelerate health research productivity in an African University: the case
of Makerere University College of Health Sciences. Heal Res Policy Syst. 2017;15(1):33. doi:10.1186/s12961-017-0196-6

MRC. Rapid local sequencing generates the first Ugandan SARS-CoV-2 full genomes.
https://www.mrcuganda.org/news/rapid-local-sequencing-generates-first-ugandan-sars-cov-2-full-genomes. Accessed
August 13, 2020.

Oluwasanu MM, Atara N, Balogun W, et al. Causes and remedies for low research productivity among postgraduate
scholars and early career researchers on non-communicable diseases in Nigeria. BMC Res Notes. 2019;12(1):403.
doi:10.1186/s13104-019-4458-y

Obuku EA, Sewankambo NK, Mafigiri DK, Sengooba F, Karamagi C, Lavis JN. Use of post-graduate students’ research in
evidence informed health policies: a case study of Makerere University College of Health Sciences, Uganda. Heal Res
Policy Syst. 2018;16(1):77. doi:10.1186/s12961-018-0343-8

Lescano AG, Cohen CR, Raj T, et al. Strengthening Mentoring in Low- and Middle-Income Countries to Advance Global
Health Research: An Overview. Am J Trop Med Hyg. 2019;100(1_Suppl):3-8. doi:10.4269/ajtmh.18-0556

Ssemata AS, Gladding S, John CC, Kiguli S. Developing mentorship in a resource-limited context: a qualitative research
study of the experiences and perceptions of the makerere university student and faculty mentorship programme. BMC
Med Educ. 2017;17(1):123. doi:10.1186/s12909-017-0962-8

Nakanjako D, Byakika-Kibwika P, Kintu K, et al. Mentorship needs at academic institutions in resource-limited settings: a
survey at makerere university college of health sciences. BMC Med Educ. 2011;11(1):53. doi:10.1186/1472-6920-11-53

Page 12/18



21.

22.

23.

24.

25.

26.

27.

28.

29.
30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

CDC in Uganda. The Centers for Disease Control and Prevention.
https://www.cdc.gov/globalhealth/countries/uganda/pdf/Uganda_FS_2022.pdf. Accessed June 21, 2022.

Mbonye AK, Sekamatte M. Disease outbreaks and reporting in Uganda. Lancet. 2018;392(10162):2347-2348.
doi:10.1016/S0140-6736(18)32414-0

Nakanjako D, Akena D, Kaye DK, et al. A need to accelerate health research productivity in an African University: the case
of Makerere University College of Health Sciences. Heal Res Policy Syst. 2017;15(1):33. doi:10.1186/s12961-017-0196-6
Matovu JKB, Wanyenze RK, Mawemuko S, et al. Building capacity for HIV/AIDS program leadership and management in
Uganda through mentored Fellowships. Glob Health Action. 2011;4(1):5815. doi:10.3402/gha.v4i0.5815

Borchert JN, Tappero JW, Downing R, et al. Rapidly building global health security capacity-Uganda demonstration
project, 2013. MMWR Morb Mortal Wkly Rep. 2014;63(4):73-76.

Mbonye MK, Burnett SM, Burua A, et al. Effect of Integrated Capacity-Building Interventions on Malaria Case
Management by Health Professionals in Uganda: A Mixed Design Study with Pre/Post and Cluster Randomized Trial
Components. Diemert DJ, ed. PLoS One. 2014;9(1):e84945. doi:10.1371/journal.pone.0084945

Weaver MR, Crozier |, Eleku S, et al. Capacity-Building and Clinical Competence in Infectious Disease in Uganda: A Mixed-
Design Study with Pre/Post and Cluster-Randomized Trial Components. Diemert DJ, ed. PLoS One. 2012;7(12):€51319.
doi:10.1371/journal.pone.0051319

Ministry of Health Republic of Uganda. National Technical Guidelines for Integrated Disease Surveillance and Response,
Third Edition. September 2021. Kampala-Uganda

Ministry of Health Republic of Uganda. About MOH. https://www.health.go.ug/about-moh/. Accessed June 21, 2022.

Matovu JK, Wanyenze RK, Mawemuko S, Okui O, Bazeyo W, Serwadda D. Strengthening health workforce capacity
through work-based training. BMC Int Health Hum Rights. 2013;13(1):8. doi:10.1186/1472-698X-13-8

Joint External Evaluation of IHR Core Capacities of the Republic of Uganda. Geneva: World Health Organization; 2017.
Licence: CC BY-NC-SA 3.0 IGO

Ario AR, Bulage L, Kadobera D, et al. Uganda public health fellowship program’s contribution to building a resilient and
sustainable public health system in Uganda. Glob Health Action. 2019;12(1):1609825.
doi:10.1080/16549716.2019.1609825

Ministry of Health Republic of Uganda. Global Fund Project in Uganda. https://www.health.go.ug/project/global-fund-
project/. Accessed June 21, 2022.

Wilhelm JA, Qiu M, Paina L, et al. The impact of PEPFAR transition on HIV service delivery at health facilities in Uganda.
Rockers P, ed. PLoS One. 2019;14(10):e0223426. doi:10.1371/journal.pone.0223426

Nakanjako D, Akena D, Kaye DK, et al. A need to accelerate health research productivity in an African University: the case
of Makerere University College of Health Sciences. Heal Res Policy Syst. 2017;15(1):33. doi:10.1186/s12961-017-0196-6

Health research capacity strengthening in low and middle-income countries: current situation and opportunities to
leverage data for better coordination and greater impact. Essence Mechanism Consultant Report 2020.
https://tdr.who.int/docs/librariesprovider10/essence/essence-mechanism-consultant-report-2020.pdf?
sfvrsn=21f38c1a_5. Accessed July 12,2022.

Nakanjako D, Akena D, Kaye DK, et al. A need to accelerate health research productivity in an African University: the case
of Makerere University College of Health Sciences. Heal Res Policy Syst. 2017;15(1):33. doi:10.1186/s12961-017-0196-6.

Fosci M, Loffreda L, Chamberlain A, Naidoo N. Assessing the needs of the research system in Uganda. NA Report Uganda
Dec 2019.
https://assets.publishing.service.gov.uk/media/5ef4adad86650c129b9af059/NA_report_Uganda__Dec_2019_Heart_.pdf.
Accessed July 12,2022,

Chan L, Costa S. Participation in the global knowledge commons. New Libr World. 2005;106(3/4):141-163.
doi:10.1108/03074800510587354

Page 13/18



40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Franzen SRP, Chandler C, Lang T. Health research capacity development in low and middle income countries: reality or
rhetoric? A systematic meta-narrative review of the qualitative literature. BMJ Open. 2017;7(1):e012332.
doi:10.1136/bmjopen-2016-012332

Man JP, Weinkauf JG, Tsang M, Sin JHDD. Why do Some Countries Publish More Than Others? An International
Comparison of Research Funding, English Proficiency and Publication Output in Highly Ranked General Medical
Journals. Eur J Epidemiol. 2003;19(8):811-817. doi:10.1023/B:EJEP.0000036571.00320.b8

The Uganda Ministry of Education and Sports. Recognized Tertiary Institutions. https://www.education.go.ug/wp-
content/uploads/2019/08/List-of-Recognized-Universities-Other-Tertiary-Institutions-2016.pdf. Accessed June 20, 2022

Higher Education Student Financing Board. LIST OF PARTICIPATING PUBLIC ANDPRIVATE CHARTERED UNIVERSITIES.
Approved Institutions and Programmes 2021. https://hesfb.go.ug/approved-institutions-programmes-2021/. Accessed
July 12, 2022.

Mbarara University of Science & Technology. Home. https://www.must.ac.ug/. Published June 30, 2022. Accessed July
12,2022.

Makerere University. Makerere University. Makerere University | We Build For The Future. https://www.mak.ac.ug/.
Accessed July 12, 2022.

Gulu University. Gulu University - For Community Transformation. https://gu.ac.ug/. Published May 24, 2022. Accessed
July 12,2022.

Kyambogo University. Home ~ knowledge and skills for service. https://kyu.ac.ug/. Published August 13, 2020. Accessed
July 12, 2022.

Nangami MN, Rugema L, Tebeje B, Mukose A. Institutional capacity for health systems research in East and Central
Africa schools of public health: enhancing capacity to design and implement teaching programs. Heal Res Policy Syst.
2014;12(1):22. doi:10.1186/1478-4505-12-22

Couper |, Ray S, Blaauw D, et al. Curriculum and training needs of mid-level health workers in Africa: a situational review
from Kenya, Nigeria, South Africa and Uganda. BMC Health Serv Res. 2018;18(1):553. doi:10.1186/s12913-018-3362-9
Nantanda R, Kayingo G, Jones R, van Gemert F, Kirenga BJ. Training needs for Ugandan primary care health workers in
management of respiratory diseases: a cross sectional survey. BMC Health Serv Res. 2020;20(1):402.
doi:10.1186/s12913-020-05135-3

Couper |, Ray S, Blaauw D, et al. Curriculum and training needs of mid-level health workers in Africa: a situational review
from Kenya, Nigeria, South Africa and Uganda. BMC Health Serv Res. 2018;18(1):553. doi:10.1186/s12913-018-3362-9
Telfer M, Zaslow R, Chalo Nabirye R, Nalugo Mbalinda S. Review of midwifery education in Uganda: Toward a framework
for integrated learning and midwifery model of care. Midwifery. 2021;103:103145. doi:10.1016/j.midw.2021.103145
Endacott IC, Ekiri AB, Alafiatayo R, et al. Continuing Education of Animal Health Professionals in Uganda: A Training
Needs Assessment. J Vet Med Educ. June 2021:€20200161. doi:10.3138/jvme-2020-0161

Frenk J, Chen L, Bhutta ZA, et al. Health professionals for a new century: transforming education to strengthen health
systems in an interdependent world. Lancet. 2010;376(9756):1923-1958. doi:10.1016/S0140-6736(10)61854-5
Makerere University College of Health Sciences. Makerere University College Of Health Sciences | MakCHS.
https://chs.mak.ac.ug/. Accessed July 12,2022.

Makerere University College of Veterinary Medicine, Animal Resources and Biosecurity. Academic Programs -COVAB -
Makerere University. https://covab.mak.ac.ug/academic-programs/. Published March 19, 2021. Accessed July 12, 2022.
Makerere University. College of Humanities and Social Sciences - Makerere University. https://chuss.mak.ac.ug/en/.
Accessed July 12,2022,

Makerere University curriculum for cross-cutting courses . Makerere University.
https://rgt.mak.ac.ug/sites/default/files/PhD-Cross-Cutting-Approved-by%20Senate-July-31-2016.pdf. Published July 31,
2016. Accessed July 12, 2022.

Page 14/18



59.

60.

61.

62.
63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77

Makerere University College of Health Sciences School of Biomedical Sciences Department of Immunology & Molecular
Biology. Curriculum for: Doctoral Degree (PhD) Programme in Bioinformatics and Genomics. Feb 2018. Kampala-Uganda

Makerere University College of Health Sciences. Department of Medicine (Clinical Epidemiology Unit) School of Medicine.
Doctor of Philosophy (PhD) in Health Sciences. June 2011. Kampala-Uganda

Makerere University College of Health Sciences School of Public Health. Doctor of Philosopy (PhD) in Public Health. May
2020. Kampala-Uganda

Home - infectious diseases institute. INFECTIOUS DISEASES INSTITUTE. https://idi.mak.ac.ug/. Accessed July 12, 2022.

Uganda Field Epidemiology Training Program (master of public health). TEPHINET. https://www.tephinet.org/training-
programs/uganda-field-epidemiology-training-program-master-of-public-health. Accessed July 12, 2022.

About Muwrp. About MUWRP - Makerere University Walter Reed Project. https://www.muwrp.org/about-muwrp/.
Accessed July 12,2022.

School of Public Health College of Health Sciences. Welcome to Makerere University School of Public Health.
https://sph.mak.ac.ug/. Published September 21, 1970. Accessed July 12, 2022.

Home - welcome to Makerere University School of Biomedical Sciences. Home - Welcome to Makerere University School
of Biomedical Sciences. https://sbs.mak.ac.ug/. Accessed July 12, 2022.

Department of Immunology and Molecular Biology. Home - Department Of Immunology and Molecular Biology.
https://imb.mak.ac.ug/. Accessed July 12, 2022.

Guwatudde D, Bwanga F, Dudley L, et al. Training for health services and systems research in Sub-Saharan Africa - a case
study at four East and Southern African Universities. Hum Resour Health. 2013;11(1):68. doi:10.1186/1478-4491-11-68

Ario AR, Bulage L, Kadobera D, et al. Uganda public health fellowship program’s contribution to building a resilient and
sustainable public health system in Uganda. Glob Health Action. 2019;12(1):1609825.
doi:10.1080/16549716.2019.1609825

Bennett S, Paina L, Ssengooba F, Waswa D, M'Imunya JM. The impact of Fogarty International Center research training
programs on public health policy and program development in Kenya and Uganda. BMC Public Health. 2013;13(1):770.
doi:10.1186/1471-2458-13-770

Nih. Training of Ugandans in basic and translational research on TB and emerging infectious diseases. Grantome.
https://grantome.com/grant/NIH/D43-TW009093-06. Published March 28,2019. Accessed July 12, 2022.

Nurture: Research training and mentoring program for career development of faculty at Makerere University College of
Health Sciences - Fogarty International Center @ NIH. Fogarty International Center.
https://www.fic.nih.gov/Grants/Search/Pages/mepi-jr-faculty-TW010132.aspx. Accessed July 12, 2022.

Wakida EK, Atuhaire CD, Karungi CK, Maling S, Obua C. Mbarara University Research Training Initiative: Experiences and
Accomplishments of the MEPI Junior D43 TW010128 Award in Uganda. Adv Med Educ Pract. 2021;Volume 12:1397-
1410. doi:10.2147/AMEPS339752

Nakanjako D, Zalwango F, Wairagala B, et al. Career development for infection and immunity research in Uganda: a
decade of experience from the Makerere University - Uganda Virus Research Institute research and training programme.
AAS Open Res. 2020;3:26. Published 2020 Aug 17. doi:10.12688/aasopenres.13066.2

Program overview. Program overview | Global Health Fellows. http://fogartyfellows.org/program-overview/. Accessed
July 12,2022.

Freeman P, Johansson E, Thorvaldsson J. Enhancing Research Capacity at Makerere University, Uganda through
collaboration with Swedish Universities, 2000—2008. Past Experiences and Future Direction.
https://cdn.sida.se/publications/files/sida61253en-enhancing-research-capacity-at-makerere-university-uganda-through-
collaboration-with-swedish-universities-2000-2008past-experiences-and-future-direction.pdf. Accessed August 23, 2022.

. von Pressentin KB, Besigye |, Mash R, Malan Z. The state of family medicine training programmes within the Primary

Care and Family Medicine Education network. African J Prim Heal Care Fam Med. 2020;12(1).
doi:10.4102/phcfm.v12i1.2588
Page 15/18



78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.
96.

The Republic of Uganda. Report on the 2021 Uganda Multi-Sectoral Self-Assessment using the JEE Tool and Operational
Planning. September 2021. Kampala-Uganda

The Republic of Uganda. Report on the 2021 Uganda Multi-Sectoral Self-Assessment using the JEE Tool and Operational
Planning. September 2021. Kampala-Uganda

Richard Scheffler, Giorgio Cometto, Kate Tulenko, Tim Bruckner, Jenny Liu, Eric L. Keuffel, Alexander Preker, Barbara
Stilwell, Julia Brasileiro, James Campbell. Health workforce requirements for universal health coverage and the
Sustainable Development Goals — Background paper N.1 to the WHO Global Strategy on Human Resources for Health:
Workforce 2030. Human Resources for Health Observer Series No 17. World Health Organization, 2016.

Guwatudde D, Bwanga F, Dudley L, et al. Training for health services and systems research in Sub-Saharan Africa - a case
study at four East and Southern African Universities. Hum Resour Health. 2013;11(1):68. doi:10.1186/1478-4491-11-68

Nakanjako D, Zalwango F, Wairagala P, et al. Career development for infection and immunity research in Uganda: a
decade of experience from the Makerere University - Uganda Virus Research Institute research and training programme.
AAS Open Res. 2020;3:26. Published 2020 Aug 17. doi:10.12688/aasopenres.13066.2

Endacott IC, Ekiri AB, Alafiatayo R, et al. Continuing Education of Animal Health Professionals in Uganda: A Training
Needs Assessment. J Vet Med Educ. June 2021:€20200161. doi:10.3138/jvme-2020-0161

Fosci M, Loffreda L, Chamberlain A, Naidoo N. Assessing the needs of the research system in Uganda. NA Report Uganda
Dec 2019.
https://assets.publishing.service.gov.uk/media/5ef4adad86650c129b9af059/NA_report_Uganda__Dec_2019_Heart_.pdf.
Accessed July 12,2022.

Endacott IC, Ekiri AB, Alafiatayo R, et al. Continuing Education of Animal Health Professionals in Uganda: A Training
Needs Assessment. J Vet Med Educ. June 2021:€20200161. doi:10.3138/jvme-2020-0161

Nakanjako D, Akena D, Kaye DK, et al. A need to accelerate health research productivity in an African University: the case
of Makerere University College of Health Sciences. Heal Res Policy Syst. 2017;15(1):33. doi:10.1186/s12961-017-0196-6
Guwatudde D, Bwanga F, Dudley L, et al. Training for health services and systems research in Sub-Saharan Africa - a case
study at four East and Southern African Universities. Hum Resour Health. 2013;11(1):68. doi:10.1186/1478-4491-11-68
Nakanjako D, Byakika-Kibwika P, Kintu K, et al. Mentorship needs at academic institutions in resource-limited settings: a
survey at makerere university college of health sciences. BMC Med Educ. 2011;11(1):53. doi:10.1186/1472-6920-11-53
Kiguli-Malwadde E, Kijjambu S, Kiguli S, et al. Problem Based Learning, curriculum development and change process at
Faculty of Medicine, Makerere University, Uganda. Afr Health Sci. 2006;6(2):127-130. doi:10.5555/afhs.2006.6.2.127
Dodge CP, Sewankambo N, Kanyesigye E. Participatory planning for the transformation of the Faculty of Medicine into a
College of Health Sciences. Afr Health Sci. 2003;3(2):94-101.

Dennick R. Constructivism: reflections on twenty five years teaching the constructivist approach in medical education. /nt
J Med Educ. 2016;7:200-205. doi:10.5116/ijme.5763.de11

Barrows HS. Practice-Based Learning: Problem-Based Learning Applied to Medical Education. Springfield, IL: Southern
lllinois University School of Medicine; 1997.

Obol JH, Akera P, Ochola PA, et al. Community-based training of medical students is associated with malaria prevention
and treatment seeking behaviour for children under 5 years in Uganda: a study of MESAU-MEPI COBERS in Uganda. BMC
Med Educ. 2018;18(1):131. doi:10.1186/s12909-018-1250-y

Kaye DK, Mwanika A, Sewankambo N. Influence of the training experience of Makerere University medical and nursing
graduates on willingness and competence to work in rural health facilities. Rural Remote Health. 2010;10(1):1372.

Bonk CJ. The Handbook of Blended Learning: Global Perspectives, Local Designs. San Francisco, Calif: Pfeiffer; 2007.

Choules AP. The use of elearning in medical education: a review of the current situation. Postgrad Med J.
2007;83(978):212-216. doi:10.1136/pgmj.2006.054189

Page 16/18



97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

Protsiv M, Rosales-Klintz S, Bwanga F, Zwarenstein M, Atkins S. Blended learning across universities in a South—North—
South collaboration: a case study. Heal Res Policy Syst. 2016;14(1):67. doi:10.1186/s12961-016-0136-x

Bulamba F, Sendagire C, Kintu A, et al. Feasibility of Simulation-Based Medical Education in a Low-Income Country. Simui
Healthc J Soc Simul Healthc. 2019;14(2):113-120. doi:10.1097/SIH.0000000000000345

Olum R, Atulinda L, Kigozi E, et al. Medical Education and E-Learning During COVID-19 Pandemic: Awareness, Attitudes,
Preferences, and Barriers Among Undergraduate Medicine and Nursing Students at Makerere University, Uganda. J Med
Educ Curric Dev. 2020;7:238212052097321. doi:10.1177/2382120520973212

Protsiv M, Rosales-Klintz S, Bwanga F, Zwarenstein M, Atkins S. Blended learning across universities in a South—North—
South collaboration: a case study. Heal Res Policy Syst. 2016;14(1):67. doi:10.1186/s12961-016-0136-x

Sewankambo N, Tumwine JK, Tomson G, et al. Enabling Dynamic Partnerships through Joint Degrees between Low- and
High-Income Countries for Capacity Development in Global Health Research: Experience from the Karolinska
Institutet/Makerere University Partnership. PLOS Med. 2015;12(2):€1001784. doi:10.1371/journal.pmed.1001784

Sewankambo N, Tumwine JK, Tomson G, et al. Enabling Dynamic Partnerships through Joint Degrees between Low- and
High-Income Countries for Capacity Development in Global Health Research: Experience from the Karolinska
Institutet/Makerere University Partnership. PLOS Med. 2015;12(2):€1001784. doi:10.1371/journal.pmed.1001784

Matovu JK, Wanyenze RK, Mawemuko S, Okui O, Bazeyo W, Serwadda D. Strengthening health workforce capacity
through work-based training. BMC Int Health Hum Rights. 2013;13(1):8. doi:10.1186/1472-698X-13-8

Endacott IC, Ekiri AB, Alafiatayo R, et al. Continuing Education of Animal Health Professionals in Uganda: A Training
Needs Assessment. J Vet Med Educ. June 2021:€20200161. doi:10.3138/jvme-2020-0161

Rodriguez DC, Jessani NS, Zunt J, et al. Experiential Learning and Mentorship in Global Health Leadership Programs:
Capturing Lessons from Across the Globe. Ann Glob Heal. 2021;87(1):61. doi:10.5334/aogh.3194

Munabi IG, Katabira ET, Konde-Lule J. Early undergraduate research experience at Makerere University Faculty of
Medicine: a tool for promoting medical research. Afr Health Sci. 2006;6(3):182-186. doi:10.5555/afhs.2006.6.3.182

Nakanjako D, Byakika-Kibwika P, Kintu K, et al. Mentorship needs at academic institutions in resource-limited settings: a
survey at makerere university college of health sciences. BMC Med Educ. 2011;11(1):53. doi:10.1186/1472-6920-11-53

Buregyeya E, Atusingwize E, Nsamba P, et al. Lessons from a community based interdisciplinary learning exposure:
benefits for both students and communities in Uganda. BMC Med Educ. 2021;21(1):5. doi:10.1186/s12909-020-02429-2

Atusingwize E, Ndejjo R, Tumukunde G, et al. Application of one health approach in training at Makerere University:
experiences from the one health workforce project in Uganda. One Heal Outlook. 2020;2(1):23. doi:10.1186/s42522-020-
00030-7

Witter S, Namakula J, Wurie H, et al. The gendered health workforce: mixed methods analysis from four fragile and post-
conflict contexts. Health Policy Plan. 2017;32(suppl_5):v52-v62. doi:10.1093/heapol/czx102

The Global Fund. Uganda's remarkable response to covid-19 -Blog - The Global Fund to Fight AIDS, Tuberculosis and
Malaria. https://www.theglobalfund.org/en/blog/2021-03-23-ugandas-remarkable-response-to-covid-19/. Accessed July
12,2022.

Centers for Disease Control and Prevention. Uganda | CDC Global Health.
https://www.cdc.gov/globalhealth/countries/uganda/default.htm. Published June 9, 2022. Accessed July 12, 2022.
Centers for Disease Control and Prevention. Diseases caused by high-consequence viruses | DHCPP | CDC.
https://www.cdc.gov/ncezid/dhcpp/vspb/diseases.html. Published March 23, 2022. Accessed July 12, 2022.

Hu J, Gholami A, Stone N, Bartoszko J, Thoma A. An Evaluation of h-Index as a Measure of Research Productivity Among
Canadian Academic Plastic Surgeons. Plast Surg. 2018;26(1):5-10. doi:10.1177/2292550317749508

Nangami MN, Rugema L, Tebeje B, Mukose A. Institutional capacity for health systems research in East and Central

Africa schools of public health: enhancing capacity to design and implement teaching programs. Heal Res Policy Syst.
2014;12(1):22. doi:10.1186/1478-4505-12-22

Page 17/18



116. Couper |, Ray S, Blaauw D, et al. Curriculum and training needs of mid-level health workers in Africa: a situational review
from Kenya, Nigeria, South Africa and Uganda. BMC Health Serv Res. 2018;18(1):553. doi:10.1186/s12913-018-3362-9

117. Gillwald A, Mothobi O, Ndiwalana A, Tusubira T. The State of ICT in Uganda. https://researchictafrica.net/wp/wp-
content/uploads/2019/05/2019_After-Access-The-State-of-ICT-in-Uganda.pdf. Accessed July 12, 2022.

118. The World Bank. Access to electricity (% of population) - Uganda.
https://data.worldbank.org/indicator/EG.ELC.ACCS.ZS?locations=UG. Accessed July 12, 2022.

Supplementary Files

This is a list of supplementary files associated with this preprint. Click to download.

¢ SupplementalFile1ADEPTDeskReviewGuideVersion1.014Nov2019stamped.pdf

e SupplementalFile2Keyinformantinterviewguidesforeachgroupostudyparticipants..pdf
¢ SupplementalFile3NotetakingForm.docx

¢ SupplementalFile4ASummaryKlifindings29Sept2022.xlsx

¢ SupplementalFile5ADEPTConsultativeWorkshopAgenda270ct2020.docx

Page 18/18


https://assets.researchsquare.com/files/rs-2096079/v1/c9c2127d3f186ed8663762ea.pdf
https://assets.researchsquare.com/files/rs-2096079/v1/e4307d2f24165a403b57e631.pdf
https://assets.researchsquare.com/files/rs-2096079/v1/6a69db44d2a4cdf9574199a7.docx
https://assets.researchsquare.com/files/rs-2096079/v1/7ab91f6b3e15d7d6372b3cef.xlsx
https://assets.researchsquare.com/files/rs-2096079/v1/484a5c0e9b0aff6c2f93ffe2.docx

