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Summary 

English: 

Bacterial antimicrobial resistance due to inappropriate antibiotic use, and poor quality of care are 

major contributors to the unacceptably high childhood mortality in Tanzania. Electronic Clinical 

Decision Support Algorithms (CDSAs) are evidence based digital health tools based on clinical 

guidelines that guide health providers through a consultation to ultimately propose the diagnosis 

and treatment based on the inputs entered. Such tools have been found to reduce antibiotic 

prescription and improve quality of care. Nonetheless, there is a lack of pragmatic studies evaluating 

CDSAs in Tanzania, and there are many remaining challenges with previously developed CDSAs. 

The aim of this project was to improve quality of care and reduce antibiotic prescription at primary 

care level health facilities in Tanzania. This was done by first developing the ePOCT+ clinical decision 

support algorithm, addressing challenges identified in other CDSAs, and secondly evaluating the 

effect of ePOCT+ on antibiotic prescription in a pragmatic cluster randomized controlled trial 

(DYNAMIC Tanzania study).  

To improve uptake, adherence, safety, and potential for antibiotic stewardship, ePOCT+ expanded 

the clinical scope of the clinical algorithms, expanded the age range of patients it could manage, and 

assured comprehensive input from clinical and digital experts, as well as health provider end-users. 

Numerous meetings were conducted, Delphi processes were utilized, and comprehensive piloting 

was performed to develop ePOCT+. In order to assure safety, a systematic review was conducted to 

identify the best performing predictors of severe disease to integrate within the algorithm.  

The DYNAMIC Tanzania study was a pragmatic, open-label, parallel-group, cluster randomized trial in 

40 primary health facilities in the Mbeya and Morogoro regions of Tanzania. Randomization of 

health facilities were stratified by region, council, level of health facility, and attendance rate. The 

intervention consisted of the ePOCT+ CDSA with supporting IT infrastructure, C-reactive protein 

rapid test, hemoglobin rapid test, pulse oximeter, training and supportive mentorship. Co-primary 

outcomes were 1) antibiotic prescription at the time of the initial consultation (superiority analysis), 

and 2) clinical failure at day 7 defined as “not cured” and “not improved”, or unscheduled 

hospitalization (non-inferiority analysis). Secondary safety outcomes include unscheduled re-

attendance visits, non-referred secondary hospitalization and death by day 7. Analyses were 

performed using a random effects logistic regression model using the cluster and patient as random 

effects, with further adjustment using fixed effect terms for randomization stratification factors, and 

baseline characteristics. 
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The systematic review on predictors of severe disease in febrile children presenting from the 

community identified 18 studies evaluating 200 prognostic factors and 25 clinical prediction models 

in 24 530 children. There were few outpatient and primary care studies identified. The most 

common and best preforming predictors of severe disease were malnutrition, altered consciousness, 

markers of acidosis, and poor peripheral perfusion.  

In expanding the age scope of ePOCT+ to manage children 1 day to 15 years, and based on feedback 

from previous studies and CDSAs, additional illnesses were integrated in the ePOCT+ clinical 

algorithm. These include trauma, urinary tract infection, and abdominal pain, selected based on 1) 

incidence, 2) morbidity/mortality, and 3) feasibility at primary care. A Delphi survey among 30 

Tanzanian health providers evaluated feasibility, acceptability and reliability of integrating specific 

predictors within ePOCT+, notably predictors identified within the systematic review. Feasibility tests 

in over 200 patients in 20 health facilities, and pilots in over 2000 consultations, lead to 

modifications to ePOCT+ based on user-experience feedback and observations, notably providing 

option to not measure some clinical signs when not feasible, allow health providers to accept or 

refuse a proposed diagnosis or treatment, provide alternative medicines in case of stock-outs, and 

highlighting clinical elements that would result in referral.  

The DYNAMIC Tanzania cluster randomized trial took place between December 2021 to October 

2022. Over 40,000 children under 15 years of age were enrolled in 20 health facilities (clusters) 

where health providers could use ePOCT+, and 20 health facilities where health providers provided 

care as usual. The co-primary outcomes found that the use of ePOCT+ resulted in a 3-fold reduction 

in the likelihood of a sick child receiving an antibiotic prescription compared to children in usual care 

health facilities. Despite substantially fewer antibiotics prescriptions, the co-primary outcome of 

clinical failure was non-inferior. There were also no differences in the secondary outcomes of death, 

secondary hospitalization, and additional medications after the initial consultations between study 

arms by day 7. 

In conclusion, the ePOCT+ electronic clinical decision support algorithm if implemented to scale 

could help address the urgent problem of antimicrobial resistance by safely reducing antibiotic 

prescribing. Transfer of ownership to the ministry of health of Tanzania and integration within the 

Tanzanian digital health landscape will be essential in order to achieve wide scale implementation.  
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Kiswahili: 

Usugu wa vimelea vya bakteria dhidi ya dawa za antibiotiki unaosababishwa na utumiaji usiofaa wa 

dawa, na huduma za matibabu zisizo bora ni sababu kubwa zinazochangia vifo vya watoto 

visivyokubalika nchini Tanzania. Algorithms ya Uamuzi wa Kliniki ya Elektroniki (CDSAS) ni zana za 

afya za kidigitali zenye miongozo ya matibabu ambayo inaongoza watoa huduma wakati wa 

mahojiano ya matibabu ili kupendekeza utambuzi wa ugonjwa na matibabu kulingana na taarifa 

zilizoingizwa. Zana kama hizi zimeonesha kupunguza matumizi ya dawa za antibiotiki na kuboresha 

ubora wa matibabu. Walakini, kuna ukosefu wa tafiti za kipragmatiki zinazotathmini CDSAs nchini 

Tanzania, na changamoto nyingi zilizoainishwa na CDSA za zamani.  

Kusudi la mradi huu lilikuwa kuboresha huduma za matibabu na kupunguza matumizi ya dawa za 

antibiotiki katika vituo vya afya vya msingi nchini Tanzania. Hii ilifanyika kwanza kwa kuunda 

ePOCT+, muongozo unaosaidia kufanya maamuzi ya kimatibabu, kushughulikia changamoto 

zilizoainishwa katika CDSAs zingine, na pili kutathmini ufanisi wa  ePOCT+ juu ya matumizi ya dawa 

za antibiotiki katika jaribio la kisayansi(Dynamic Tanzania).  

Ili kuboresha uchukuliwaji, ufuatiliaji, usalama, na matumizi sahihi ya antibiotiki , ePOCT+ 

ilipanuawigo wa miongozo ya matibabu, ikaongeza umri wa wagonjwa inayoweza kutibu, na 

kuhakikisha inapokea mrejesho kutoka kwa wataalamu wa afya na kidigitalina vile vile watoa 

huduma wa afya ambao ni watumiaji wa mwisho. Mikutano mingi ilifanywa, michakato ya Delphi 

ilitumiwa, na majaribio kamili yalifanywa ili kuunda ePOCT+. Ili kuhakikisha usalama, mapitio ya 

machapisho za kisayansi yalifanyika ili kubaini viashiria vya magonjwa hatari na kujumuisha ndani ya 

muongozo.  

Utafiti wa DYNAMIC Tanzania ulikuwa ni jaribio la kisayansi katika vituo 40 vya afya ya msingi nchini 

Tanzania. Uboreshaji wa vituo vya afya ulifanyika kulingana na mkoa, halmashauri, aina ya kituo cha 

afya, na kiwango cha mahudhurio. utafiti ulihusisha ePOCT+ CDSA ikisaidiwa na miundombinu za 

kitehama,  kipimo cha haraka cha C-reactive protein, kipimo cha haraka wa wingi wa damu, kipima 

oksijeni,mafunzo na usimamizi elekezi. Matokeo ya msingi yalikuwa 1) matumizi ya dawa za 

antibiotiki wakati wa hudhurio la awali la matibabu (uchambuzi wa ukuu), na 2) kufeli kwa matibabu 

siku ya 7 kunakotafsirika kama "kutokupona" na "kutokupata nafuu", au kulazwa pasipo kuratibiwa 

(uchambuzi usio wa udhalili) . Matokeo ya pili ya usalamani pamoja na mahudhurio ya marudio 

yasiyoratibiwa, kulazwa hospitalini na kifo kwa siku ya 7. Uchanganuzi ulifanywa kwa kutumia 

muundo wa random effect logistic regression kwa kutumia nguzo na mgonjwa kama athari za bahati 

nasibu, na marekebisho zaidi kwa kutumia masharti ya athari ya kubadilika kwa ubinafsishaji 

mambo, na sifa za msingi.  
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Mapitio ya machapisho ya kisayansi juu ya viashiria vya magonjwa hatari kwa watoto wenye homa 

kutoka kwa jamii yaligundua machapisho 18 yenye kutathmini viashiria 200 vya maendeleo na 

mifano 25 ya utabiri wa kliniki katika watoto 24 530. Kulikuwa na machapisho machache juu ya 

kliniki za nje na huduma za afya ya msingi yaliyotambuliwa. Viashiria vya kawaida na vyenye ubora 

wa kuashiria ugonjwa wa hatari  vilikuwa niutapiamlo, kupoteza fahamu, alama za acidosis, na 

mzunguko duni wa damu.  

Katika kupanua wigo wa umri wa ePOCT+ kuhudumia watoto wa siku 1 hadi miaka 15, na kwa 

kuzingatia maoni kutoka tafiti za zamani na CDSAs, magonjwa ya ziada yalijumuishwa katika 

muongozo wa matibabu wa EPOCT+. Hii ni pamoja na majeraha, maambukizi ya njia ya mkojo, na 

maumivu ya tumbo, iliyochaguliwa kulingana na 1) visa vipya, 2) hali mbaya/vifo, na 3) uwezekano 

katika vituo vya afya vya msingi. Utafiti wa Delphi kati ya watoa huduma  wa afya 30 wa Tanzania 

ulitathmini uwezekano, kukubalika na kutegemewa kwa kujumuishwa viashiria maalum ndani ya 

EPOCT+, hasa viashiria vilivyobainiwa ndani ya mapitio ya machapisho ya kisayansi. Vipimo vya 

uwezekano katika wagonjwa zaidi ya 200 katika vituo 20 vya afya, na majaribio katika mahojiano ya 

kimatibabu zaidi ya 2000, ulipelekea marekebisho ya EPOCT+ kulingana na maoni ya kiuzoefu na 

uchunguzi wa watumiaji, haswa kutoa chaguo la kutopima ishara kadhaa za ugonjwa wakati 

haiwezekani, kuruhusu watoa huduma wa afya kukubali au kukataa utambuzi wa ugonjwa au 

matibabu yaliyopendekezwa, kutoa dawa mbadala wakati wa kuishiwa kwa stoku, na kuainisha kwa 

vipengele vinavyoweza kupelekea rufaa.  

Jaribio la DYNAMIC Tanzania lilifanyika kati ya Desemba 2021 hadi Oktoba 2022 katika mikoa ya 

Mbeya na Morogoro  Tanzania. Zaidi ya watoto 40,000 chini ya umri wa miaka 15 waliandikishwa 

katika vituo 20 vya afya (vikundi) ambapo watoa huduma wa afya waliweza kutumia ePOCT+, na 

vituo 20 vya afya ambapo watoa huduma za afya walitoa huduma kama kawaida.  Matokeo ya msingi 

yaligundua kuwa matumizi ya ePOCT+ yalisababisha kupungua mara 3 kwa uwezekano wa mtoto 

mgonjwa kupokea dawa ya antibiotiki ikilinganishwa na watoto katika vituo vya afya vya. Licha ya 

matumizi machache ya dawa za antibiotiki, matokeo ya msingi ya kufeli kwa matibabu hayakuwa 

duni. Hakukuwa na tofauti yoyote katika matokeo ya pili juu ya kifo, kulazwa hospitalini, na dawa za 

ziada baada ya mashauriano ya awali baina ya makundi ya kitafiti.  

Kwa kuhitimisha, ePOCT+  muongozo wa kielektroniki wa kusaidia maamuzi ya matibabu ikiwa 

unatekelezwa kwa kiwango unaweza kusaidia kushughulikia shida ya haraka ya usugu wa antibiotiki l 

kwa kupunguza matumizi ya antibiotiki kiusalama. Uhamisho wa umiliki kwenda Wizara ya Afya ya 

Tanzania na ujumuishaji ndani ya mazingira ya afya ya kidigitali ya Tanzania itakuwa muhimu ili 

kufikia utekelezaji wa kiwango kikubwa.  
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1.2. Abbreviations 

AMR Antimicrobial resistance 
CDSA Clinical Decision Support Algorithm 
CRP C-reactive protein 

EMR Electronic Medical Records 

ePOCT+ 
Not an abbreviation, the name of the clinical 
algorithm 

IMCI Integrated Management of Childhood Illness 

LMIC Low- and middle-income countries 
POCT Point-of-care test 

RCT Randomized Controlled Trial 

SMART 
Standards-based, Machine-readable, Adaptive, 
Requirements-based, and Testable 

UNICEF United Nations Children’s Fund 

WHO World Health Organization 
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2. Introduction 

 

2.1. Challenges in quality of care for sick children in primary care level 

health facilities in low-resource settings 

Since 1990 there has been a 59% decrease in global childhood mortality rates, in part due to 

health interventions driven by the introduction of the Millennium Development Goals (Sharrow et al, 

2022). Nonetheless, millions of children die from preventable or treatable causes every year, with 

the highest concentration occurring in Sub-Saharan Africa (Sharrow et al, 2022; UN IGME, 2023). 

Much of these preventable or treatable causes of death due to poor quality health services (Kruk et 

al, 2018a).  

Quality health services is defined by the World Health Organization (WHO) as being effective, 

safe, people-centered, timely, equitable, integrated and efficient (World Health Organization, 

2018a). Achieving this requires well-trained and sufficient healthcare providers. Staff shortages in 

primary care health facilities in low- and middle- income countries (LMIC) is all too common 

(Anyangwe & Mtonga, 2007; Willcox et al, 2015; World Health Organization, 2016a). The lack of 

medical doctors has resulted in the reliance on non-physician clinicians and community health 

workers at primary care level health facilities (Mullan & Frehywot, 2007; The Lancet Global, 2017; 

World Health Organization, 2016a). These health providers generally follow a 2-3 year program, 

receive very limited post-graduate training and infrequent supervision compared to the 5 year 

training and ongoing post-graduate training and supervision of medical doctors (Mullan & Frehywot, 

2007). Despite this, many healthcare providers at primary care health facilities in Sub-Saharan Africa 

often demonstrate dedication and compassion for their patients, filling an important role in health 

services around the globe. Furthermore, the task-shifting of work traditionally done by medical 

doctors to non-physician clinicians or community health workers has been vital to the success of 

tackling HIV and reducing childhood mortality, and can often achieve similar or equivalent patient 

outcomes as compared to medical doctors (Emdin et al, 2013; Eyal et al, 2015; Mullan & Frehywot, 

2007). Nonetheless there remains critical clinical knowledge gaps for which clinical guidelines, 

further training, supervision and mentoring could help address (Di Giorgio et al, 2020; Murphy et al, 

2019).  

Another challenge to achieving quality care health services in primary care health facilities in 

LMICs include the limited number of diagnostic tests available (Fleming et al, 2021). Diagnostic tests 

are essential for the diagnosis of specific diseases, distinguishing severity, prognostication, and 
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guiding treatment, and often perform better than clinical signs alone (Fleming et al, 2021; Keitel, 

2019; Keitel et al, 2019a). These challenges complicated by the often limited resources available, 

may explain the poor quality of health services found in many low- and middle- income countries 

(Das et al, 2008; Di Giorgio et al, 2020; Kruk et al, 2017; Kruk & Freedman, 2008; Kruk et al, 2018b; 

Macarayan et al, 2018; van de Maat et al, 2021). Consequently, this contributes to millions of 

preventable deaths in children (Kruk et al, 2018a).  

 The Integrated Management of Childhood Illnesses (IMCI) chart book was introduced in the 

1990s by the World Health Organization (WHO) and the United Nations Children’s Fund (UNICEF) to 

address high childhood mortality and poor quality of care (World Health Organization, 2014). IMCI 

has been implemented in over 100 countries, found to likely improve quality of care, and may 

reduce mortality (Gera et al, 2016). Notwithstanding, poor adherence to IMCI protocols is common, 

consequently limiting its effectiveness (Kiplagat et al, 2014; Krüger et al, 2017; Lange et al, 2014). 

Among a myriad of causes, “cognitive overload”, lack of motivation, and poor remunerations are 

important factors (Lange et al, 2014). Consequently, the introduction of guidelines, provision of 

printed material, and training without ongoing support has been found to have little to no effect on 

quality of care (Oxman et al, 1995). Evidence on methods to improve the implementation of IMCI by 

addressing issues in regards to poor adherence, and need of ongoing support is required.  

 While better implementation and adherence to IMCI can improve quality of care, there are 

still a number of clinical limitations to the guidelines. One major clinical limitation involves the 

identification of sick children in most need of a referral at primary care level health facilities (Buntinx 

et al, 2011). Identifying clinical signs, symptoms or tests that accurately predict which child is at risk 

of severe disease can help reduce morbidity/mortality of sick children and reduce misallocation of 

limited health care resources (Chandna et al, 2021a; McDonald et al, 2018; Molyneux et al, 2006). 

 Work from this PhD thesis addresses the challenges of poor quality of care in primary care 

health facilities in LMIC in a number of ways:  

1) In chapter 3.1 we performed a systematic review to identify predictors and models that identify 

febrile children from the community that are at highest risk of developing a severe disease 

(manuscript published in BMJ Global Health, shared first author),  

2) In chapter 3.2 we describe the development of the ePOCT+ clinical algorithm (manuscript 

published in PLOS Digital Health, first author) for which we:  

a) Analyzed the predictors of severe disease from two previous clinical decision support 

algorithms (ePOCT and ALMANACH),  
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b) Performed a delphi survey on the appropriateness of specific clinical predictors for 

implementation at primary care, and  

c) Evaluated how predictors of severe disease can be integrated in clinical algorithms, 

including the integration of clinical gestalt. 

 

2.2. Challenges of bacterial antimicrobial resistance at primary care 

level health facilities in low-resource settings 

Antibiotic prescription is inappropriately high in outpatient primary care settings in low- and 

middle- income countries (LMICs) (Chem et al, 2018; Fink et al, 2020; Gasson et al, 2018; Khalfan et 

al, 2021; Levine et al, 2022; Sulis et al, 2020), as well as in high-income countries (Durkin et al, 2018; 

Shively et al, 2018; van de Maat et al, 2019). Most recently a meta-analysis found that antibiotic 

prescription in LMICs occurs in 52% of consultations at primary care facilities (Sulis et al, 2020). High 

rates of antibiotic prescriptions have progressively increased over the last decade, and is projected 

to continue to increase over the next years (Klein et al, 2018; Van Boeckel et al, 2014). Inappropriate 

antibiotic prescription is one of the biggest contributors to the development of bacterial 

antimicrobial resistance (AMR) (Franco et al, 2009; Holmes et al, 2016; Rogues et al, 2007). 

Consequently, bacterial AMR is responsible for over 1.2 million deaths a year, as much as malaria 

and HIV combined (Murray et al, 2022).  As such, AMR has been declared by the World Health 

Organization (WHO) as ‘one of the biggest threats to global health, food security and development 

today’ (World Health Organization, 2020). As AMR continues to rise and spread globally, antibiotic 

stewardship interventions are urgently needed (Laxminarayan et al, 2013; O'Neill, 2014). 

With over 80% of antibiotic prescription occurring at primary care (Duffy et al, 2018; Suda et al, 

2013; Wise et al, 1998), the need for antibiotic stewardship programs at the community level is 

especially important (Blanchette et al, 2018). Reducing antibiotic prescription at the community level 

has been found to be more effective in terms of reduction in bacterial AMR compared to the same 

proportion of antibiotic prescription reduction at the hospital level (MacFadden et al, 2019). The 

factors driving antibiotic prescription include the lack of awareness on the problems related to AMR 

by patients and healthcare providers, perceived and communicated pressure by patients and 

caregivers on health providers to prescribe antibiotics, economic incentives, fear of poor clinical 

outcomes, inappropriate peer norms and poor modelling by seniors (Eibs et al, 2020; Emgård et al, 

2021; Radyowijati & Haak, 2003). In addition diagnostic and prescribing uncertainty, driven by the 

lack of available diagnostic tools, poor adherence to guidelines, and limited training and supervision, 
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are other important factors driving antibiotic prescription (Lopez-Vazquez et al, 2012; Md Rezal et al, 

2015; Teixeira Rodrigues et al, 2013; Tonkin-Crine et al, 2017). 

Antibiotic stewardship programs tend to be concentrated at the hospital level, nonetheless 

there is a growing call for more community based programs which are growing in numbers every 

year (Delory, 2022; Donà et al, 2020; Drekonja et al, 2015). One fundamental framework to reduce 

antibiotic prescription involves helping health providers distinguish whether their patient has 

bacterial versus viral illness. Clinical guidelines can help achieve this goal by providing clear guidance, 

protocols or algorithms to help distinguish whether the patient requires antibiotics. However, 

clinical guidance based on clinical signs alone is often insufficient to be able to accurately distinguish 

bacterial from viral illnesses. A recent analysis using the biggest and most geographically diverse 

childhood pneumonia dataset found that clinical signs and symptoms were poor predictors of 

radiographic pneumonia, an often used proxy for distinguishing bacterial pneumonia (Rees et al, 

2020). The help of inflammatory marker diagnostic tests, can help. An evaluation of prediction rules 

and guidelines in detecting serious bacterial infections among Tanzanian febrile children, found that 

the integration of diagnostic tests within these prediction rules performed better than prediction 

rules that relied on clinical signs alone (Keitel et al, 2019a). C-reactive protein (CRP) and 

procalcitonin are the most common and researched diagnostic tests used to distinguish bacterial 

versus viral illnesses. Due to the availability of low-cost point of care CRP tests, and performing as 

well, if not better than procalcitonin (Erdman et al, 2015; Lubell et al, 2015), CRP has been the point 

of care diagnostic tests most often researched in low- and middle- income countries. A number of 

meta-analyses have found that CRP likely reduces antibiotic prescription, does not reduce clinical 

recovery, nor does it increase death or hospitalization, and no difference in patient satisfaction 

(Smedemark et al, 2022; Verbakel et al, 2019) . A closer look at the biggest randomized trials 

evaluating CRP finds similar problems: low uptake of CRP test use, low adherence to CRP results, 

high variability in prescribing, and ultimately high absolute proportion of patients receiving 

antibiotics and only a small reduction compared to control arm (Althaus et al, 2019; Do et al, 2016; 

Do et al, 2023). Another major issue plaguing many of these studies, surrounds the lack of guidance 

on which patients should be tested, resulting in a high number of patients with low pre-test 

probability of a bacterial illness being tested, and as such a risk of false positives, and unclear 

threshold to use to guide health providers (Keitel, 2019).  Better selection of patients to be tested 

with CRP integrated within clinical guidance via digital tools may help address this issue. Indeed 

success of different antibiotic stewardship interventions are variable, with acknowledgment that 

multi-faceted interventions addressing many factors driving antibiotic prescription are often more 

successful (Cox et al, 2017; Zay Ya et al, 2023). 
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Work from this PhD thesis addresses the challenges of high antibiotic prescription in primary 

care health facilities in LMIC in two sections: 

a) Evaluating methods to improve antibiotic stewardship in the design of ePOCT+ by notably 

including point-of-care tests (POCT) such as C-Reactive Protein (CRP) in chapter 3.2 

(published manuscript in PLOS Digital Health, first author).  

b) Evaluating the impact of using ePOCT+ in primary care health facilities in a cluster 

randomized controlled trial (published manuscript in Nature Medicine, first author) 

 

2.3. Digital clinical support tools to improve care in primary care level 

health facilities 

With the rapid expansion of digital technology, there is rising enthusiasm for leveraging digital 

health to enhance healthcare systems (World Health Organization, 2018b). Clinical decision support 

system (CDSS) are digital tools that present recommendations to users based on patient-specific 

information, ranging from simple information alerts in an electronic medical record system, to 

complex and comprehensive decision support (Musen et al, 2021). Clinical decision support 

algorithms (CDSAs) are categorized as a subtype of CDSS’, and the focus of digital health tools 

discussed in this thesis. These tools are usually tablet-based or mobile health applications that 

comprehensively guide healthcare workers through the whole consultation, prompting them on 

what symptoms, signs and tests to assess in order to propose the appropriate diagnosis and 

treatment (Keitel & D'Acremont, 2018; Pellé et al, 2020). Such tools are among the 28 groups of 

digital health interventions outlined by WHO showing promise for improving quality of care (World 

Health Organization, 2019).  

CDSAs can improve quality of care at the primary care level in a number of ways. First, they help 

health providers to better adhere to clinical guidelines. This is done by guiding providers step-by-

step through assessment of relevant symptoms and signs, and providing suggested diagnoses and 

treatments based on their responses. While some paper guidelines follow a step-by-step format, the 

digital version can integrate mandatory responses to ensure systematic assessment, which of course 

is not possible for paper guidelines. A number of studies have demonstrated improvements in 

guideline adherence by healthcare providers using CDSAs compared to paper guidelines. For 

example,  in Tanzania healthcare providers  assessed 70.9% of children for all ten essential clinical 

symptoms and signs when using a CDSA, compared to 20.7% of children when using paper guidelines 

(p<0.001) (Mitchell et al, 2013). Further studies in Tanzania, Afghanistan, Nigeria, and Burkina Faso 
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have shown similar benefits (Bernasconi et al, 2019; Bernasconi et al, 2018a; Rambaud-Althaus et al, 

2017; Sarrassat et al, 2021).  

Improved quality of care through the use of CDSAs has translated to improved clinical outcomes 

by a number of tools. First, clinical cure was found to be higher in health facilities using CDSAs 

compared to routine care in a number of trials in Tanzania and Nigeria (Keitel et al, 2017; Schmitz et 

al, 2022; Shao et al, 2015a). Second, some studies have found major reductions in antibiotic 

prescriptions through the use of CDSAs with similar or improved proportion of clinical cure (Keitel et 

al, 2017; Shao et al, 2015a). Third, patient/caregiver satisfaction may be improved, with for example 

some reporting to be especially happy that “[children were] touched by nurses much more often 

than before” due to increased physical examinations performed (Bessat et al, 2019). In addition 

qualitative studies with healthcare providers often found that the use of CDSAs improved knowledge 

and skills, and simplified work (Bessat et al, 2019; Finette et al, 2019; Jensen et al, 2020; Mitchell et 

al, 2012; Shao et al, 2015b). Finally, a cost-effectiveness study found positive results when evaluating 

the implementation of the IeDA CDSA in Burkina Faso (Cousens et al, 2018). 

While there is much enthusiasm for the successful implementation of CDSAs, the impact remains 

heterogeneous. A recent study in South Africa found quality of care to be worse when using a CDSA 

compared to paper guidelines (Horwood et al, 2023), and a recent systematic review of CDSAs 

determined that evidence of improvements in quality of primary care was uncertain (Agarwal et al, 

2021). In addition, a number of limitations of the CDSAs have been highlighted by health providers 

using CDSAs, notably the limited scope of diagnoses and patient age groups (Bessat et al, 2019; 

Jensen et al, 2020; Mitchell et al, 2012; Shao et al, 2015b), and IT challenges (Chirambo et al, 2021; 

Jensen et al, 2020; Shao et al, 2015b). Such limitations may explain in part difficulties with uptake of 

CDSAs (Jensen & McKerrow, 2022; Jensen et al, 2020; Shao et al, 2015b), and why some tools had 

little to no impact on antibiotic stewardship (Bernasconi et al, 2019; Horwood et al, 2023; Kapisi et 

al, 2023; Sarrassat et al, 2021; Schmitz et al, 2022). Furthermore to date a number of methodological 

issues renders the interpretation of results difficult, with many studies not randomized (Bernasconi 

et al, 2019; Bernasconi et al, 2018b; Mitchell et al, 2013; Schmitz et al, 2022; Shao et al, 2015a), and 

even fewer randomized trials in close-to real-world settings (Rambaud-Althaus et al, 2017; Sarrassat 

et al, 2021). To date, no cluster randomized trial has evaluated the impact of a CDSA powered for 

clinical outcomes (Agarwal et al, 2021; Keitel & D'Acremont, 2018). 

Work from this PhD thesis addresses the gap in evidence of CDSAs in two sections: 

c) Development of the ePOCT+ CDSA, and the medAL-suite app in chapter 3.2 (published 

manuscript in PLOS Digital Health, first author). 
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d) Evaluating the impact of using ePOCT+ in primary care health facilities in a cluster 

randomized controlled trial (in review at Nature Medicine, preprint on In Review platform, 

first author) 

 

2.4. Setting: Tanzanian context 

The majority of the work from this PhD was conducted in the United Republic of Tanzania, in Sub-

Saharan Africa. In order to contextualize the three previous chapters from a Tanzanian perspective, 

the present section will briefly summarize pertinent demographic data, health system organization, 

evidence on quality of care, antibiotic use, antibiotic stewardship initiatives, and the use of digital 

health tools in Tanzania. 

Demographic overview 

Tanzania has a population of 61,741,120 people, doubling in size over the past two decades, 

comprising over 100 different tribes, with 65% living in rural areas (United Republic of Tanzania 

(URT), 2022). Children under 15 years comprise 42.8% of the total population (United Republic of 

Tanzania (URT), 2022). The Gross Domestic Product (GDP) at purchasing power parity (PPP) per 

capita of Tanzania was 3,600$, which ranks Tanzania 161th out of 192 countries (International 

Monetary Fund, 2023). 

Healthcare system 

The Tanzanian healthcare system is structured around a multi-tiered decentralized structure (table 

1). Community care is provided by village health workers or community health workers directly at 

the homes of patients or at community health posts by village/community health workers with no 

formal health training. At the primary care level, care is provided at dispensaries by enrolled nurses 

(2 years training after secondary school), clinical assistants (2 year training after secondary school), 

or clinical officers (3 years training after secondary school, and in health centers where it is run with 

the same health providers as dispensaries with the rare addition of assistant medical officers (clinical 

officers with an additional 2 years of clinical training) or medical doctors (5 year training after 

secondary school) in some facilities (Kwesigabo et al, 2012). 

Table 1: Tanzanian health system structure 

Care level Administrative level Structure Highest level health 
providers 

Community Care Village - Homes Village/Community 
Health Worker 
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- Community Health 
Post 

Primary Care Ward Dispensary Clinical Officer, 
Enrolled nurses 

Primary Care Divisions Health Centre Medical Doctor*, 
Assistant Medical 
Officers, Clinical 
Officers 

Secondary Care District District Hospital Medical Doctor, 
Assistant Medical 
Officers 

Tertiary Care Region Regional Hospital Specialist Medical 
Doctor 

Zone Referral/Specialized 
Zonal Hospital 

Specialist Medical 
Doctor 

National Referral/Specialized 
National Hospital 

Specialist Medical 
Doctor 

*The presence of medical doctors at health centres is at present rare, most are staffed by clinical 

officers 

In 2018, there were 0.5 medical doctors and 5.5 nursing and midwifery personnel per 10,000 

population (World Health Organization, 2023), well below the minimum density of doctors, nurses, 

and midwives as defined by the WHO’s “Sustainable Development Goal index threshold” of 44.5 per 

10,000 population (World Health Organization, 2016b). Given this shortage, Tanzania has drastically 

increased the number of medical doctors it trains, however the number of postings available have 

not kept up, leaving many new medical doctor graduates without jobs (Goodell et al, 2016). 

Furthermore, despite government incentives to encourage doctors to work in rural areas, many 

recent graduates do not wish to work in rural areas, where the majority of Tanzanians live, resulting 

in inequitable and uneven geographical distribution of doctors (Goodell et al, 2016; Sirili et al, 2019). 

To compensate for this shortage, as described in chapter 2.1, non-physician clinicians such as clinical 

officers and assistant medical officers in Tanzania, take on the responsibilities of medical doctors in 

many primary care level health facilities. 

Health care for acute illnesses at government or government designated primary health facilities are 

free of charge for children under 5 years, including the cost of medications such as antibiotics. For 

patients above 5 years, health care expenses are at the charge of the patient, unless they have a 

health insurance plan (around 10% of Tanzanians) (Amu et al, 2018). 

Quality of Care and Health Outcomes 

There are many successes due to longstanding efforts within the Tanzanian health care system to 

improve quality of care and improve health outcomes. Efforts to improve care seeking for ill children 

in Tanzania has lead to 79% of children with symptoms of acute respiratory illnesses, and 78% of 
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children with fever to seek care within the Tanzanian Health System (Ministry of Health (MoH) 

Tanzania Mainland et al, 2023). Over the past 2.5 decades, Tanzania has seen incredible progress in 

health outcomes, with notably a more than a 3-fold reduction in under-5 mortality, a 2-fold increase 

in the percentage of women receiving antenatal care from a skilled provider for their last live birth 

(currently 85%), a 2-fold increase in the proportion of children age 0-5 months being exclusively 

breastfed, and a 1.5 fold reduction in the proportion of children under age 5 years who are stunted 

(short for their age) (Ministry of Health (MoH) Tanzania Mainland et al, 2023). In addition over the 

last 15 years, malaria prevention programs, notably the distribution of insecticide-treated bednets, 

have driven a 2-fold reduction in the proportion of febrile children age 6-59 months testing positive 

for malaria (currently 8%) (Ministry of Health (MoH) Tanzania Mainland et al, 2023).  

Nonetheless, the under-5 mortality of 43 deaths per 1,000 live births, infant mortality of 33 

deaths/1,000 live births, and neonatal mortality of 24 deaths/1,000 live births remains unacceptably 

high (Ministry of Health (MoH) Tanzania Mainland et al, 2023). Unsatisfactory quality of care, and 

overall low performance of health service delivery may be partly to blame. Common problems 

include: 

 Insufficient health workers, and poor morale (Afnan-Holmes et al, 2015; Kwesigabo et al, 

2012; Mamdani & Bangser, 2004) 

 Poor adherence to clinical guidelines (Kiplagat et al, 2014; Krüger et al, 2017; van de Maat et 

al, 2021; Walter et al, 2009) 

 Lack of clinical examinations by health providers (Kahabuka et al, 2012) 

 Little to no supervision and mentorship of health workers (Kwesigabo et al, 2012; Manzi et 

al, 2012; Renggli et al, 2019) 

 Lack of essential drugs (Kahabuka et al, 2012; Ministry of Health and Social Welfare, 2007)  

 Lack of equipment and medical supplies (Kahabuka et al, 2012; Kwesigabo et al, 2012) 

 Problems with hygiene, notably a lack of safe and continuous water supplies in some health 

facilities (Kahabuka et al, 2012) 

Addressing these problems has been the priority for the Ministry of Health and other stakeholders 

(Gage et al, 2020; Yahya & Mohamed, 2018), and part of the overall goal of this PhD. 

Antibiotic use and antibiotic stewardship 

As found around the world, and especially in low- and middle- income countries, excessive antibiotic 

use is common in Tanzania (Fink et al, 2020; Keitel et al, 2017; Levine et al, 2022; van de Maat et al, 

2021), and increasing (Mbwasi et al, 2020; Sangeda et al, 2021). In response, the Tanzanian 
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government released Tanzania’s National Action Plan on AMR, describing the strategy for 

surveillance of antibiotic use and AMR, and outlining how to reduce AMR, by notably decreasing 

human and animal antibiotic use (United Republic of Tanzania Ministry of Health Commmunity 

Development Gender elderly and children, 2017). While this action plan has already resulted in 

several achievements (development of coordination committees, governance structures, 

surveillance structures, awareness campaigns, and guidelines), there remains much work to be done 

and numerous challenges to overcome (Frumence et al, 2021). 

Digital health 

Tanzania is seen as a leader in the digital health world (Watts, 2020), with over 160 digital health or 

health-related systems (Tanzania Ministry of Health, 2019). Recognizing the potential of such digital 

tools, the Tanzanian government developed important guidance on the investment road map of 

digital health (Government of Tanzania, 2017), and the Tanzanian digital health strategy (Tanzania 

Ministry of Health, 2019). The latter was developed with the goal of “accelerating increased access 

to and improved quality of effective and efficient health care to all Tanzanians through digitally 

enabled transformation of the health system” (Tanzania Ministry of Health, 2019). The digital health 

tools implemented in Tanzania are wide ranging, from electronic health records systems (Hamad, 

2019), data collection tools for supported supervision (Renggli et al, 2018), disease surveillance 

systems (Mustafa et al, 2023), e-learning tools (Meaney et al, 2023), guideline based CDSAs (Beynon 

et al, 2023; Keitel & D'Acremont, 2018), and artificial intelligence-based innovations (Sukums et al, 

2023). 

More specifically, some of the first electronic clinical decision support algorithms were developed in 

Tanzania, notably eIMCI (Mitchell et al, 2012; Mitchell et al, 2013), ALMANACH (Rambaud-Althaus et 

al, 2015; Shao et al, 2015a), and ePOCT (Keitel et al, 2017). However the three aforementioned 

CDSAs were never truly implemented in routine settings, and health providers have called for 

expanded content within the algorithms to include other pathologies and age-groups (Shao et al, 

2015b). 

 

2.5. Rationale for PhD thesis 

Within this introduction we have seen the potential benefit of electronic clinical decision support 

algorithms to address the problems of quality of care and inappropriate antibiotic use in primary 

care health facilities in Tanzania. The lack of pragmatic, real world studies on the use of CDSAs 
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implemented in Tanzania, the limited scope and challenges with previous CDSAs were the primary 

reasons for the topic of this PhD thesis.  
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3. Goals and Objectives 

 

3.1. Research questions 

 What clinical symptoms, signs, or tests can be used to identify which febrile child will 

develop a severe illness? 

 How to develop and implement a digital clinical decision support algorithm? 

 Will health providers use and adhere to a digital clinical decision support algorithm 

implemented in a close to real-world setting? 

 Will health providers follow treatment recommendations of a clinical decision support 

algorithm implemented in close to real-world setting, and thus reduce overall antibiotic 

prescription? Will such a reduction of antibiotic prescription be safe? 

 

3.2. Goal 

To improve quality of care and reduce antibiotic prescription in the management of sick children less 

than 15 years old using digital clinical decision support algorithms at primary care level health 

facilities in Tanzania. 

3.3. Objectives 

 To identify the best predictors and models of severe disease in febrile children presenting to 

care 

 To develop ePOCT+, a digital clinical decision support algorithm (CDSA), for the management 

of sick children less than 15 years old at primary care level health facilities in Tanzania. 

 To evaluate the impact of ePOCT+ compared to usual care on antibiotic prescription and 

clinical outcome of sick children less than 15 years old visiting a primary care level health 

facilities in Tanzania 
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4. Methodological overview 

This PhD was divided in two steps, the first surrounded the development of the ePOCT+ clinical 

decision support algorithm, and step two the evaluation of ePOCT+ in a cluster-randomized 

controlled trial. 

4.1. Step 1: Development of ePOCT+ 

The first step of developing ePOCT+ was divided in two subprojects. First, we performed a 

systematic review on predictors of severe disease in febrile children, and secondly, integrating the 

findings of this systematic review and other findings to develop ePOCT+.  

Systematic review on predictors of severe disease in febrile children: 

The systematic review included prognostic studies including children aged >28 days and <19 years 

presenting from the community with an acute febrile illness. Studies that did not have disaggregated 

pediatric data, only included patients with a specific syndrome or illness, or enrolled less than 20 

patients were excluded. The primary outcome was any objective measure of disease severity within 

30 days of measurement of the predictors or during hospitalization. The search was restricted to 

MEDLINE, Embase and Web of Science databases, without language restrictions, and limiting to 

studies between 31 May 2019 to 30 April 2020. All title, abstract, and full-text screening were 

performed by two reviewers, data was extracted by one reviewer and reviewed by another, and risk 

of bias and applicability was evaluated by three reviewers. Prognostic factors were compared using 

the positive likelihood ratio, and negative likelihood ratio, while clinical prediction models were 

compared using the area under the receiver operating characteristic curve.  

Development of ePOCT+: 

Numerous processes were undertaken to develop ePOCT+: 

Scope: Demographic scope in terms of age was determined based on the clinical relevance of having 

a single algorithm for all pediatric patients, and considering the high morbidity/mortality of young 

infants less than 2 months old. The scope of clinical syndromes and illnesses, were evaluated based 

on three major criteria: 1)incidence of presenting symptoms and diagnoses at primary care health 

facilities in Tanzania; 2) Morbidity, mortality, and outbreak potential; and 3) Capacity to diagnose 

and manage at the primary care level health facilities. In addition conditions included in IMCI and 

national clinical guidelines were considered. 

Clinical algorithm and digital adaptation: 
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a) Feasibility, acceptability, and reliability of predictors: To assure optimal utilization, each 

symptom, sign and test included in the algorithm must be feasible, acceptable, and reliably 

assessed by health providers. To assess this we performed a Delphi survey among 30 

Tanzanian health care workers and conducted feasibility tests using a preliminary versions of 

ePOCT+ on real and fictional cases, observing use, and collecting feedback. 

b) Diagnostic and prognostic value of predictors: Results from the systematic review described 

previously, as well as an exploratory analysis on the prognostic value of predictors 

integrated in two previous generation clinical decision support algorithms were analyzed. 

These findings, in addition to other previous work(De Santis et al, 2017; Keitel et al, 2019b; 

Tan et al, 2020), were integrated into ePOCT+ to assure safety. 

c) Decision logic: was then developed based on IMCI and national clinical guidelines, the 

previous methods described, and integrating overall clinical impression when possible. 

Sensitivity and specificity of algorithm branches were considered in relation to severity and 

pre-test probability of conditions to assure safety for severe conditions, limiting antibiotics 

for less severe illnesses, and limiting misallocation of limited health care resources 

d) Expert review: all clinical algorithms were reviewed and approved by an international panel 

of digital health experts, and clinical experts from each country of implementation.  

Validation tests and piloting: 

Validation tests were conducted for each diagnosis to ensure that inputted data resulted in the 

expected result. In addition desk-based user interface tests were conducted to assess user interface.  

Finally ePOCT+ was piloted in over 2000 consultations, with adaptations based on feedback 

occurring at various steps along the way. 

4.2. Step 2: Evaluation of ePOCT+ in a cluster-randomized controlled 

trial 

Study design: Pragmatic, open-label, parallel-group cluster randomized trial. 

Setting: 5 councils (two semi-urban, and three rural) in the Mbeya and Morogoro region including 

areas with high and low malaria prevalence. 

Cluster inclusion criteria: Primary care health facilities (dispensaries or health centers) performing 

20 or more consultations per week of children 2 to 59 months, were government or government 

designated health facilities, and located less than 150km from the two research institutions located 

in Mbeya city and Ifakara town. 
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Patient inclusion criteria: Infants and children aged 1 day old to less than 15 years of age seeking 

care for an acute medical or surgical condition at participating health facilities.  

Randomization: Health facilities were randomized 1:1 stratified by region, council, level of health 

facility (health center versus dispensary), and attendance rate. Computer-generated randomization 

was performed by an independent statistician. 

Intervention: ePOCT+ clinical decision support algorithm, with supporting IT infrastructure, C-

reactive protein lateral flow test, hemoglobin point-of-care test, pulse oximeter, training and 

supportive mentorship. 

Study procedures: Screening and enrollment was conducted by research assistants on workdays at 

health facilities. Health providers entered data on presenting complaints, final diagnosis, treatment, 

and referral status. 7 days after a patient visit, research assistants called the caregivers of patients to 

assess if the child is cured, improved, the same, worse, hospitalized or dead, and assessed whether 

other medications not prescribed on day 0 were taken. 

Outcomes: The co-primary outcome measures were 1) antibiotic prescription at the time of the 

initial consultation (superiority analysis), and 2) Clinical failure (“not cured” and “not improved”, or 

unscheduled hospitalization) at day 7 (non-inferiority analysis). Secondary safety outcomes include 

unscheduled re-attendance visits, non-referred secondary hospitalization, and death by day 7. 

Sample size: Sample size was based on the co-primary outcome of non-inferiority of clinical failure 

(requires higher sample size). Assuming a cluster size of 900 patients per health facility over 6 

months, an intraclass correlation coefficient of 0.002, and a clinical failure rate of 3%, we would have 

80% power to detect an acceptable non-inferiority margin of a relative risk of 1.3%, with 19 clusters 

per arm. Given the uncertainty of some of the assumptions, the total number of health facilities was 

rounded up to 20 clusters per arm. 

Statistical analysis: A random effects logistic regression model using the cluster and patient as 

random effects was used. Further adjustment using fixed effect terms were used including 

randomization stratification factors, and baseline characteristics hypothesized to be associated with 

the outcome, imbalances between arms, and imbalances between characteristics among patients fro 

who day 7 data was available and not available. 
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5. Publications 

5.1. Predictors of severity in febrile children attending primary care 

health facilities: a systematic review of prognostic studies 

Title Predictors of disease severity in children presenting from the community 
with febrile illnesses: a systematic review of prognostic studies 

Full author list Arjun Chandna*, Rainer Tan*, Michael Carter, Ann Van Den Bruel, Jan 
Verbakel, Constantinos Koshiaris, Nahya Salim, Yoel Lubell, Paul Turner**, 
Kristina Keitel** 

*Contributed equally – shared first authorship 

**Contributed equally – shared last authorship 

Journal BMJ Global Health 

Date of publication 20 January 2021 

Doi: http://dx.doi.org/10.1136/bmjgh-2020-003451 

Supplementary 
material / annexes 

https://gh.bmj.com/content/bmjgh/6/1/e003451.full.pdf?with-ds=yes 

 

RT contribution Developed study design; Defined the review strategy; Conducted the 
search, screened retrieved articles and extracted the data; Assessed quality 
of included articles; Analyzed the data and drafted the report. 

Specific division of tasks between the two shared first authorship authors:  

RT: Led all aspects related to the clinical prediction models: data analysis 
and writing sections of the manuscript on the clinical prediction models 

AC: Led all aspects related to the individual prognostic factors: data 
analysis and writing sections of the manuscript on the individual prognostic 
factors 

The rest of the work was done equally between both first authors.  
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5.1.1. Abstract 

5.1.2. Introduction 
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5.1.3. Methods 
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5.1.4. Results 
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5.1.5. Discussion 
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5.1.6. References 
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5.3.1. Abstract 

Excessive antibiotic use and antimicrobial resistance are major global public health threats. We 

developed ePOCT+, a digital Clinical Decision Support Algorithm in combination with C-reactive 

protein test, haemoglobin test, pulse oximeter and mentorship, to guide healthcare providers in 

managing acutely sick children under 15 years old.  To evaluate the impact of ePOCT+ compared to 

usual care, we conducted a cluster-randomized controlled trial in Tanzanian primary care facilities 

(NCT05144763). Over 11 months, 23 593 consultations were included in 20 ePOCT+ health facilities, 

and 20 713 in 20 usual care facilities. The use of ePOCT+ in intervention facilities resulted in a 

reducion in the co-primary outcome of antibiotic prescription compared to usual care, 23.2% 

versus70.1%, adjusted difference -46.4%, 95% confidence interval (CI) -57.6 to -35.2. The co-primary 

outcome of day 7 clinical failure was non-inferior in ePOCT+ facilities compared to usual care 

facilities (adjusted relative risk 0.97, 95% CI 0.85 to 1.10). There was no difference in the secondary 

safety outcomes of death and non-referred secondary hospitalizations by day 7. Using ePOCT+ could 

help address the urgent problem of antimicrobial resistance by safely reducing antibiotic prescribing.  

Introduction 

Bacterial antimicrobial resistance (AMR) was responsible for 1.27 million deaths in 2019, with the 

highest burden in Sub-Saharan Africa.1 This is as many deaths as malaria and HIV combined. 

Inappropriate and excessive prescription of antibiotics represents one of the primary contributors of 

AMR.2-4  In Tanzania and many resource constrained countries, more than 50% of sick children 

receive antibiotics when visiting a health facility,5-8 with 80-90% of such antibiotics prescribed at the 

outpatient level6,9,10 and most deemed innapropriate.5,9-11 Antibiotic use and AMR are projected to 

increase over the next years, indicating the urgency to take action.12-14 Accordingly, the World Health 
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Organization (WHO) has declared AMR as ‘one of the biggest threats to global health, food security 

and development today’.15 In response, countries worldwide, including Tanzania, have developed 

National Action Plans on Antimicrobial resistance to address this important problem. 16,17 

Electronic Clinical Decision Support Algorithms (CDSAs) are digital health or mobile health (mHealth) 

tools that guide healthcare providers on what symptoms and signs to assess, advise on what tests to 

perform, and finally propose the appropriate diagnoses, treatments and managements. 18,19 Previous 

efficacy studies under controlled research conditions have shown the potential for digital CDSAs to 

significantly reduce antibiotic prescription in children 2 to 59 months old.20,21 However, many close 

to real-world studies have shown little to no reduction in antibiotic prescription. 22-24 In addition, 

many of the close to real-world studies have a number of methodological limitations as health 

facilities were not randomized, and/or safety was not evaluated,18,24,25 emphasizing the need for 

more evidence on the impact of CDSAs on antibiotic prescription. Finally, poor uptake remains a 

challenge with previous and existing CDSAs.26,27  

We developed ePOCT+, a novel CDSA with point-of-care tests, to address these challenges.28 The 

scope of ePOCT+ was expanded from previous versions of the CDSA to include infants under 2 

months and children up to age 14 years old, and to address syndromes and diagnoses not 

considered by other CDSAs.20,29 The aim of this study was to evaluate the impact of ePOCT+ 

compared to usual care on antibiotic prescription and day 7 clinical outcome, in a pragmatic, cluster 

randomized controlled trial in acutely sick children under 15 years of age presenting to Tanzanian 

primary care facilities. 

 

 

5.3.2. Results 

Baseline characteristics of health facilities and patients 

A total of 68 out of 259 health facilities from the participating councils met eligibility criteria (Fig 1). 

122 health facilities were ineligible as they were either hospitals, or private dispensary or health 

centres, and 69 because they did not see enough patients per week. A stratified random sampling 

process identified 40 health facilities for inclusion in the study (24 in Morogoro region, and 16 in 

Mbeya region), which were randomized 1:1 to ePOCT+ (intervention) or usual care (control). 

Between 1 December 2021, and 31 October 2022, 59 875 children were screened for inclusion, and 

44 306 (74%) consultations were enrolled (23 593 in ePOCT+ health facilities, and 20 713 

consultations in usual care health facilities). The first health facilities started enrolling patients on 1 

December 2021, and the last health facilities started enrolling patients on 13 April 2022. A total of 28 

243 unique patients were enrolled with an average of 1.6 consultations per patient over the 

duration of the study. Among those enrolled in the intervention health facilities, 17 985 (76.2%) 

consultations were managed using ePOCT+, and day 7 outcome was ascertained in 20 355 

consultations (86.3%). In usual care health facilities, 18 937 (91.4%) consultations had final 

treatment documented in the eCRF and 17 292 consultations (83.5%) had day 7 outcome 

ascertained. IT problems and power outages were reported by research assistants in respectively 

293 (7.3%) and 245 (6.1%) health facility-days in ePOCT+ facilities, and 160 (4.1%) and 245 (6.1%) 
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health facility days in usual care facilities. Both issues contributed to children not being able to be 

enrolled in the study. 

Figure 1: Health facility and patient flow diagram 

 

Figure 1 Legend: Boxes highlighted in grey correspond to the co-primary outcome populations  
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Intervention health facilities saw similar numbers of consultations, but had a slightly lower Service 

Availability and Readiness Assessment Pediatric score (table 1).30 Patients in both study arms were 

similar in age, sex, type of consultation and previous hospitalization (table 1). Malaria prevalence 

among those tested were similar in both study arms (table 1). Young infants less than 2 months of 

age in the intervention health facilities presented more frequently for fever, convulsions or lethargy, 

and slightly less for respiratory conditions, while patients 2 months and above had a similar 

distribution in presenting complaints (table 2). Age, phone availability, and level of health facility 

differed between patients with and without day 7 outcome ascertained (Supplementary table S1 and 

S2). Patients managed and not managed per-protocol were similar, except for the level of health 

facility (Supplementary table S3). 

Table 1: Baseline characteristics of enrolled participants and health facilities 

Health facilities ePOCT+ (n=20) Usual Care (n=20) 

Level of health facilit, n 

     Dispensaries 

 

16 

 

16 

     Health centres 4 4 

Region, n 

     Morogoro 

 
12 

 
12 

     Mbeya 8 8 

Average number of enrolled patients per health 

facility per month, median (IQR) 

127 (IQR 101; 199)  136 (IQR 73; 163) 

Service Availability and Readiness Assessmenta: 

    General Service Readiness Score, mean (SD) 

 
 
60.3% +/-10.8 

 
 
63.7% +/-9.4 

    Pediatric Score, mean (SD) 55.9% +/-10.8 64.9% +/-10.6 

Participants ePOCT+ (n=23,593) Usual Care (n=20,713) 

Sex: Female, % (n) 51.2% (12,085) 51.3% (10,075) 

Age in days, median (IQR) 583 (IQR 263; 1,202) 555 (IQR 246; 1,189) 

Age group, % (n) 

   0 to <2 months 4.0% (954) 5.0% (1,038) 

   2 to <60 months 84.1% (19,845) 82.0% (16,984) 

   5 to <15 years 11.8% (2,794) 13.0% (2,691) 

Type of consultation, % (n) 

    New consultation 91.9% (21,680) 90.7% (18,789) 

    Re-attendance 7.8% (1,841) 9.2% (1,899) 

   Referral from another health facility 0.3% (72) 0.1% (25) 

 

xxx 

5.3.3. Discussion: 

In this cluster randomized controlled trial involving 44 306 sick children under 15 years of age in 

Tanzania, the use of the ePOCT+ digital clinical decision support algorithm (CDSA) package resulted 

in a 3-fold reduction in the likelihood of a sick child receiving an antibiotic prescription compared to 

children in usual care facilities. Despite substantially fewer antibiotic prescriptions, clinical failure did 

not increase in intervention facilities. Such findings align with Tanzania’s National Action Plan to 
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reduce antibiotic use,17 and in line with the Tanzania digital health strategy to improve quality of 

care.31 

 

The reduction of antibiotic prescription associated with the ePOCT+ intervention in our study is 

consistent with our previous research with CDSAs in Tanzania in more controlled research 

settings.20,21,32 However, the results differ from other studies evaluating CDSAs implemented in 

routine health programs in Nigeria, Afghanistan, Burkina Faso, and South-Africa, and in controlled 

study setting in Uganda, which found little to no reduction in antibiotic prescription. 22-24,33-35 There 

are a number of differences that may explain the divergent results. First and foremost, the clinical 

algorithm of ePOCT+ differs from other CDSAs. It notably has a wider scope including additional 

conditions and point-of-care tests such as CRP, not included in IMCI.28 A randomized controlled trial 

comparing two different CDSAs found differences in the impact of antibiotic stewardship due to the 

addition of CRP and other algorithm modifications, demonstrating that not all CDSAs are equal. 20 

Other differences that may explain the divergent results include 1) differences in the supportive 

training and mentorship provided, 2) disease epidemiology (notably malaria prevalence), and 3) 

healthcare provider skills and adherence. The extent of the impact on antibiotic stewardship in our 

study is also greater than those observed in other antibiotic stewardship studies that included one 

single intervention rather than an intervention package.36,37 ePOCT+ integrates multiple proven 

antibiotic stewardship interventions together, including clinical decision support, 20,21,32 the use of 

point-of-care CRP tests,38 pulse oximeter,39 and continuous quality improvement mentorship support 

with data feedback to healthcare providers utilizing benchmarking of health facilities. 40,41  

 

Clinical failure was not higher in patients managed in ePOCT+ health facilities, despite a significant 

reduction in antibiotic prescription in line with other antibiotic stewardship studies.38 Similarly the 

proportion of children who died, were hospitalized without referral, or had unplanned re-

attendance visits were not higher. While previous CDSA studies were able to demonstrate significant 

reductions in clinical failure, the current trial was not powered to do so.20,21,23  Nonetheless, the 

greatest benefit on clinical cure compared to usual care was observed in the subgroup of under 2 

month olds, important results given that this population represents more than 50% of mortality in 

under 5 year olds.42  

 

While the present findings are encouraging it is important to note that nearly 25% of patients were 

not managed using ePOCT+ in the intervention arm. Lower uptake of the tool, indeed could reduce 

the positive impact of antibiotic stewardship as seen in the lower reduction in antibiotic prescription 

in the ITT population. It is reasonable that not all health providers use the digital tool to manage all 

cases, just as health providers do not consult the IMCI paper chartbook when seeing every patient. 

Indeed CDSAs have been found to improve adherence to IMCI guidelines,23,24,43,44 nonetheless many 

challenges in adherence to paper guidelines remain for digital tools, notably low motivation, lack of 

onsite mentoring, and cognitive overload.45,46 The use of electronic medical record (EMR) systems in 

some health facilities may also explain poor uptake, as some providers were expected to input 

clinical data in ePOCT+, the EMR, and a paper log, prolonging the consultation t ime. Integration of 

clinical decision support within the EMR system instead of separate standalone systems could help 

and are currently being explored. In addition to harmonization of digital health tools, numerous 

other considerations must be considered and are currently being evaluated in order for ePOCT+ and 

similar tools to be adequately scaled in Tanzania, and in other countries. They include, a better 
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understanding on why health providers did not use ePOCT+ and how the clinical algorithms of 

ePOCT+ can be further improved, how health providers can be better supported to use the digital  
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5.3.5. Methods 

De-identified data can be found on https://doi.org/10.5281/zenodo.8043523, including case, patient 

and health facility identification number, study arm allocation, baseline characteristics, and all 

outcomes. 

Code availability 

The code for the medAL-reader application used to collect data entered by health providers 

(including demographic, clinical, diagnosis, prescription, and referral data of the consultations) can 

be found here: https://github.com/Wavemind/liwi-medal-reader 
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5.3.7 Extended data 

Table S1: Baseline characteristics of enrolled participants lost to follow-up compared to not 

being lost to follow-up (complete case) in the per-protocol population 

 Complete case % Lost to follow-up % 

Number of cases, % (n) 85.8% (31,668) 14.2% (5,254) 

Sex (female), % (n) 51.2% (16,218) 52.2% (2,742) 

Age group, % (n) 

   0 to <2 months 4.3% (1,360) 5.0% (265) 

   2 to <12 months 30.3% (9,606) 35.7% (1,875) 

   12 to <60 months 52.1% (16,485) 50.8% (2,670) 

   5 to <15 years 13.3% (4,217) 8.5% (444) 

Type of consultation, % (n) 

    New consultation 90.8% (28,759) 91.9% (4,827) 

    Follow-up 8.9% (2830) 8.0% (419) 

   Referral from another health facility 0.3% (79) 0.2% (8) 

Hospitalized in the last 14 days, % (n) 0.3% (101) 0.4% (23) 

Availability of phone, % (n) 85.0% (26,909) 70.9% (3,725) 

Level of health facility, % (n) 

  Health centre 

 

18.9% (6,108) 

 

23.7% (1,097) 

  Dispensary 81.1% (26,185) 76.3% (3,532) 

Table S2: Presenting complaints of enrolled participants lost to follow-up compared to not being 

lost to follow-up (complete case) 

Presenting complaints in <2 months Complete case, % 

(N=1,360) 

Lost to follow-up, % 

(N=265) 

Fever, convulsions, lethargy 18.2% 20.0% 

Respiratory 46.0% 44.2% 

Gastrointestinal 21.1% 20.7% 

Skin 14.3% 12.8% 

Ear/mouth 1.7% 0.8% 

Eye 6.5% 3.8% 

Feeding / weight 0.6% 0.8% 

Malformation 0.3% 1.1% 

Injuries 0.3% 0% 

Other 6.8% 9.4% 

Presenting complaints in >=2 months to <15 years Complete case, % 

(N=31,668) 

Lost to follow-up, % 

(N=5,254) 
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Fever 56.5% 56.9% 

Respiratory (cough / difficulty breathing 46.6% 45.1% 

Gastrointestinal (diarrhea/vomiting) 21.5% 23.9% 

Skin 11.8% 10.9% 

Ear/throat/mouth 2.4% 1.8% 

Eye 2% 1.9% 

Genitourinary (UTI, STI) 2.2% 1.7% 

Neurological (Headache, stiff neck) 2.1% 1.7% 

Accident / muskuloskeletal (incl. burns, wounds, 

poison) 

1.7% 1.6% 

Other 3.1% 2.8% 

 

Table S3: Baseline characteristics of all enrolled participants managed per protocol compared to 

those not managed per protocol 

 Per protocol Not per-protocol 

Number, % (n) 83.3% (36,922) 16.7% (7,384) 

Sex (female) , % (n) 51.4% (18,960) 50.8% (3,748) 

Age group, % (n) 

   0 to <2 months 4.4% (1,625) 4.7% (343) 

   2 to <12 months 31.1% (11,481) 33.1% (2,444) 

   12 to <60 months 51.9% (19,155) 51.1% (3,775) 

   5 to <15 years 12.6% (4,661) 11.1% (822) 

Type of consultation, % (n) 

    New consultation 91% (33,586) 93,2% (6,883) 

    Follow-up 8.8% (3249) 6.7% (491) 

    Referral from another health facility 0.2% (87) 0.1% (10) 

Hospitalized in the last 14 days, % (n) 0.3% (124) 0.2% (14) 

Availability of phone, % (n) 83.0% (30,634) 86.1% (6,360) 

Level of health facility, % (n) 

   Health centre 

 

19.5% (7,205) 

 

31.5% (2,328) 

   Dispensary 80.5% (29,717) 68.5% (5,056) 

 

Table S4: Primary, secondary and exploratory outcomes in initial cases in the intention to treat 

population 

 ePOCT+, % 

(n/N) 

Usual Care, % 

(n/N) 

Adjusted 

Difference 

(95% CI) 

Crude 

Relative 

Risk (95% 

CI) 

p-

value 

Adjusted 

relative risk 

(95% CI) 

p-value 

Primary outcomes 

Antibiotic 

prescription at 

day 0*  

42% 

(9,105/21,680) 

72.6% 

(13,642/18,789) 

-34.2% (-

42.1% ; -

26.4%) 

0.33 (0.32; 

0.34) 

<0.001 0.55 ( 0.47, 

0.64) 

<0.001 

Clinical failure 

by day 7 

3.8% 

(708/18,670) 

3.8% 

(599/15,661) 

-0.1% (-

0.6%; 0.3%) 

0.99 (0.89; 

1.10) 

0.88 0.97 (0.86, 

1.09) 

0.60 

Secondary outcomes 
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Death by day 7 0.1% 

(9/18,670) 

0.1% 

(11/15,661) 

-0.0% (-

0.1%; 0.0%) 

0.69 (0.28; 

1.66) 

0.40 0.59 (0.21; 

1.65) 

0.31 

Exploratory outcomes 

Subjectively 

worse by day 

7** 

0.3% 

(60/18,670) 

0.3% 

(44/15,661) 

0.0% (-

0.1%; 0.6%) 

1.14 (0.78; 

1.69) 

0.50 1.08 (0.73; 

1.62 

0.69 

Hospitalizations 

by day 7** 

1.0% 

(189/18,670) 

0.9% 

(145/15,661) 

0.1% (-

0.1%; 0.3%)  

1.09 (0.88; 

1.36) 

0.42 1.26 (0.86; 

1.85) 

0.25 

Additional 

medication 

taken after 

initial 

consultation up 

to day 7 

7.0% 

(1,301/18,473) 

7.2% 

(1,109/15,512) 

-0.7% (-

1.9%; 0.4%) 

0.99 (0.91; 

1.06) 

0.70 0.90 (0.77; 

1.06) 

0.21 

Table legend: Secondary and exploratory outcomes that rely on data collected on day 0 are not shown as this 

information is not available for all ITT patients (non-referred secondary hospitalizations by day 7, completed 
referral, primary referrals at day 0). All outcomes that rel y on day 7 outcomes are complete case analyses. 

Adjusted relative risks and differences were estimated using a random-effects logistic regression model 
adjusting for clustering (health facility, and patient), and individual and health facility baseline characteristics 

that were available for all ITT cases (age, sex, availability of phone, council of health facility, level of health 

facility, average number of patients seen per month at the health facility). *Considering that all cases that were 
not managed per protocol were prescribed an antibiotic; **Post-hoc exploratory outcomes 

 

Table S5: Primary and secondary outcomes for all consultations (initial and re-attendance visits) in 

the per-protocol and complete case population  

 ePOCT+, % 

(n/N) 

Usual Care, % 

(n/N) 

Adjusted 

difference 

(95% CI) 

Crude 

relative 

risk (95% 

CI) 

p-value Adjusted 

relative 

risk (95% 

CI) 

p-value 

Primary outcomes      

Antibiotic prescription 

at day 0 

23.4% 

(4,215/17,985) 

69.7% 

(13,197/18,937) 

-45.0%  

(-56.3%; -

33.6%) 

0.34 (0.33; 

0.35) 

<0.001 0.36 (0.31; 

0.44) 

<0.001 

Clinical failure at day 

7 

3.9% 

(612/15,832) 

3.9% 

(624/15,836) 

-0.2%  

(-0.7%; 

0.3%) 

0.98 (0.88; 

1.09) 

0.73 0.95 (0.84; 

1.07) 

0.84 

Secondary and exploratory outcomes      

Death by day 7 0.1% 

(11/15,832) 

0.1% 

(12/15,836) 

-0.0% (-

0.1%; 

0.1%) 

0.92 (0.40; 

2.08) 

0.84 0.73 (0.29; 

1.83) 

0.51 

Subjectively worse at 

day 7* 

0.3% 

(47/15,832) 

0.3% 

(45/15,836) 

0.0% (-

0.1%; 

0.2%) 

1.04 

(0.69;1.57) 

0.83 1.12 (0.74; 

1.71) 

0.59 

Non-referred 

secondary 

hospitalizations by 

day 7 

0.5% 

(76/15,832) 

0.4% 

(59/15,836) 

0.1% (-

0.0%; 

0.2%) 

1.29 (0.92; 

1.81) 

0.14 1.26 

(0.89;1.80) 

0.19 
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Hospitalizations by 

day 7* 

1.2% 

(189/15,832) 

1.0% 

(159/15,836) 

0.4% (-

0.0%; 

0.8%) 

1.19 (0.96; 

1.47) 

0.11 1.39 (0.97; 

2.0) 

0.08 

Completed referral 

(Hospitalization by 

day 7 if referred) 

23.4% (43/184) 20.8% (33/159) 4.3% (-

4.3%; 

12.8%) 

1.13 (0.75; 

1.68) 

0.56 1.21 (0.82; 

1.80) 

0.33 

Primary referrals at 

day 0 

1.3% 

(233/17,985) 

1.0% 

(187/18,937) 

0.2% (-

0.1; 0.5%)  

1.16 (0.94; 

1.43) 

0.17 1.19 (0.93; 

1.53) 

0.17 

Uplanned re-

attendance visits by 

day 7 

1.8% 

(288/15,832) 

3.1% 

(495/15,836) 

-0.9% (-

3.1%; 

0.1%) 

0.58 (0.50; 

0.67) 

<0.001 0.71 (0.32; 

1.56) 

0.39 

Additional medication 

taken after initial 

consultation up to 

day 7 

7.4% 

(1,153/15,634) 

7.5% 

(1,169/15,673) 

-0.8% (-

2.2%; 

0.5%)  

0.99 (0.91; 

1.07) 

0.78 0.89 (0.74; 

1.06) 

0.20 

Table legend: All outcomes that rely on day 7 outcomes are complete case analyses. Adjusted relative risks 
and differences were estimated using a random-effects logistic regression model adjusting for clustering 

(health facility, and patient), and individual and health facility baseline characteristics (age, sex, complaints, 

availability of phone, council of health facility, level of health facility, average number of patients seen per month at the  

health facility). Formal adjustments were not performed for multiple test ing.  *Post-hoc exploratory outcomes 

Table S6: Referral to specialized outpatient clinics in initial cases of the per protocol population 

 ePOCT+, % (n) 

N=14,602 

Usual Care, % (n) 

N=14,723 

Malnutrition clinic  0.1% (10) 0.0% (4) 

Tuberculosis investigations 0.0% (5) 0.0% (0) 

HIV clinic 0.1% (16) 0.1% (9) 

Any referral to specialized outpatient clinics 0.2% (31) 0.1% (13) 

 

Table S7: Stratified subgroup analysis for antibiotic prescription at D0 in initial consultations in the 

per-protocol population 

Subgroup ePOCT+, % 

(n/N) 

Usual Care, % 

(n/N) 

Adjusted 

Difference 

(95% CI) 

Crude 

relative 

risk (95% 

CI) 

p-value Adjusted 

relative risk 

(95% CI) 

p-value 

All cases 23.2% 

(3,806/16,381) 

70.1% 

(12,058/17,205) 

-46.4% (-

57.6%; -

35.2%) 

0.33 (0.32; 

0.34) 

<0.001 0.35 (0.29; 

0.43) 

<0.001 

Sex (female)  23.4% 

(1,971/8,429) 

70,1% 

(6,194/8,835) 

-48.5 (-56.0%; 

-40.9%) 

0.33 (0.32; 

0.35) 

<0.001 0.32 (0.28; 

0.38) 

<0.001 

Sex (Male) 23.1% 

(1,835/7,952) 

70.1% 

(5,864/8,370) 

-48.5% (-

56.1%; -

40.9%) 

0.33 (0.32; 

0.34) 

<0.001 0.32 (0.27; 

0.38) 

<0.001 

Age < 2 months 34.7% 

(233/672) 

60.2% 

(524/871) 

-31.1% (-

40.2%; -

22.0%) 

0.58 (0.51; 

0.65) 

<0.001 0.56 (0.47; 

0.66) 

<0.001 
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6. Discussion 

The present thesis sought to evaluate how to improve quality of care and reduce antibiotic 

prescription using digital clinical decision support algorithms at primary care level health facilities for 

the management of sick children less than 15 years old. More specifically this thesis outlined new 

evidence on the improved identification of febrile children at risk of severe disease, developed a 

novel clinical decision support algorithm based on a new software platform for implementation in 

primary care settings and finally evaluated the impact of this digital tool (ePOCT+) on antibiotic 

prescription and clinical outcome. 

This work contributes to helping improve quality of care and reduce antibiotic prescription at 

primary care level health facilities using digital tools. However, careful interpretation is required 

considering limitations and additional needs in order for this evidence to be successfully applied. 

 

6.1. Identification of children with severe disease 

The systematic review in chapter 5.1 identified individual predictors and models to identify febrile 

children at risk of severe outcome. Findings from this study, helped inform the clinical algorithms for 

ePOCT+ described in chapter 5.2, can help in the development of other clinical algorithms and 

guidelines, and help clinicians assessing febrile children. In addition, prognostic data collected in the 

frame of the cluster randomized-controlled trial described in chapter 5.3 also provide insight into 

how to better identify children at risk of severe illness. If well implemented prognostic models and 

individual predictors with proven efficacy can reduce morbidity and mortality, while allowing for 

better allocation of limited healthcare resources (McDonald et al, 2018; Molyneux et al, 2006). 

Integrating such evidence at the primary care level is complex and must consider a number of 

elements. 

Appropriateness of predictors for primary care level health facilities 

The appropriateness of individual predictors to integrate within clinical guidelines must be assessed 

in regard to the setting of implementation. Some individual predictors may not be routinely 

collected, or even feasible to assess depending on the context. In chapter 5.2 (supplementary 

material) I describe a Delphi survey we performed among 30 Tanzanian health care providers that 

found that some clinical predictors are not appropriate for primary care level health facilities in 

Tanzania.  Specifically, we looked at the feasibility, acceptability and reliability of different clinical 

predictors, and found that capillary refill time, the assessment of cool peripheries, and weak and fast 
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pulse, were not appropriate for primary care level health facilities, despite being helpful predictors 

to identify children with severe disease. While subjective, appropriateness of predictors considered 

results of the Delphi survey on feasibility, acceptability, and reliability. As such models identified in 

the review, such as, AQUAMAT (George et al, 2015; von Seidlein et al, 2012), FEAST-PET (George et 

al, 2015), Kwizera models (Kwizera et al, 2019), PEWS (Parshuram et al, 2009), and SICK model 

(Kumar et al, 2003), could not be integrated at primary care. While specific training could be 

provided in order to allow current health providers to reliably and feasibly assess for such signs, this 

must be considered within the global training curriculum of health providers and weighed in 

importance based on prognostic value and incidence. 

Other individual predictors may simply not be feasible at primary level health facilities based on 

available human and material resources and costs. Examples identified in the review include oxygen 

saturation, blood pressure, and laboratory tests such as lactate, glucose, and potassium. As such, 

models identified in the review that would not be applicable for primary care settings include 

AQUAMAT (George et al, 2015; von Seidlein et al, 2012), FEAST-PETaL (George et al, 2015), ELSHOUT 

(Elshout et al, 2015), PEWS (Parshuram et al, 2009), q-SOFA (Seymour et al, 2016), q-SOFA-L (van 

Nassau et al, 2018), SCOTT (Scott et al, 2020), SICK (Kumar et al, 2003), and SIRS (Goldstein et al, 

2005). Nonetheless, some have demonstrated high prognostic value (Robinson et al, 2019), which 

merits evaluation on cost-effectiveness and pertinence of such tests for integration at the primary 

care setting. The introduction of point-of-care tests can also help address challenges related to 

healthcare provider training and reliability. Indeed, clinical scores integrating point-of-care tests 

often perform better than with clinical signs alone (Keitel et al, 2019a). As such the scale-up of 

diagnostics at the primary care level is an essential process that may increase the feasibility of 

integrating important predictors at the primary care level (Fleming et al, 2021).  

Need and challenge of prognostic studies at the primary care level 

The aforementioned limitations reflect the hospital level bias of studies evaluating the prediction of 

severe disease. Indeed only 2/18 studies identified in the systematic review, and 765/24 530 (3.1%) 

of children were from the primary care level. More prognostic studies at the primary care level is 

essential to better help guide clinical guidelines at this level of care. Not only would such studies 

better provide evidence on predictors more frequently available or more feasible/reliable to be 

assessed by the health providers at the primary care setting, but it would better contextualize the 

performance of such predictors in this setting. Indeed, the performance of predictors may differ 

substantially when evaluated in a hospital setting compared to primary care level setting. 
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The lack of primary care level prognostic studies may not be solely due to a lack of researchers 

interested in this setting, but likely also to the complexity of conducting research at this level. 

Primary care level health facilities generally see much less severe patients compared to hospitals, as 

such one would have to include sometimes more than 20 times more primary care health facilities 

than hospitals in order to include the same number of patients with the sought after endpoint of 

death or prolonged hospitalization. Coordinating data collection in numerous health facilities, that 

are often in more rural and hard to reach locations is certainly more challenging than at a centralized 

hospital. Severe outcome definitions often include criteria such as prolonged hospitalization, in-

hospital mortality, admission to intensive care units, or progression to organ dysfunction, which 

requires hospital data.  Linking this data with primary care level health facility data further 

complicates data collection and interpretation. Finally, severe outcomes and predictors of severe 

disease are rare at primary care level health facilities. In the cluster randomized trial described in 

chapter 5.3, we found only 20/34,331 (0.1%) of patients in 40 primary care level health facilities died 

by day 7, and only 334/34,331 (1.0%) were hospitalized. Developing a prognostic model based on 

the widely used criteria of 10 events per variable (Moons et al, 2015), would mean that only 2 

variables could be included from a dataset of 40 health facilities over 11 months. Developing a 

prognostic model including 5 variables would thus require around 28 primary care facilities 

collecting data over one year. External validation of such a model, for which the general rule of 

thumb requires at least 100 events (Collins et al, 2016; Vergouwe et al, 2005), would again require 

56 health facilities over one year. Finally, if one were to evaluate the benefit on mortality reduction 

in a prospective individual or cluster randomized trial, the studies would require respectively 392 

and 1,238 health facilities recruiting patients over one year (table 2). 

 

Table 2: Sample size requirements for different type of studies evaluating mortality at primary 

care level health facilities* 

Research study type Sample size 
requirement 

Required sample 
size 

Number of health 
facilities over one 
year 

Prognostic model 
development predicting 
mortality 

10 Events Per Variable 
x 5 variables 

50,000 28 

External validation of a 
prognostic model 
predicting mortality 

100 events 100,000 56 

Individually randomized 
controlled trial 

Demonstrate a 20% 
reduction in mortality 
(80% power, alpha 0.05 

705,760 392 
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Cluster Randomized-
Controlled trial** 

Demonstrate a 20% 
reduction in mortality 
(80% power, alpha 
0.05) 

2,228,400 1,238 

*Assuming mortality of 0.1%, mean cluster size of 150/month = 1800/year based on the DYNAMIC 

TZ cluster RCT (Tan et al, 2023) 

**Assuming intracluster correlation coefficient of 0.001, and coefficient of variation of cluster size of 

0.7 

 

Mortality may thus not be the most relevant clinical outcome for the primary care level. Indeed 

mortality is a useful prognostic outcome in order to identify those requiring admission to intensive 

care units, at the primary care level the clinical question pertains more to the necessity of 

hospitalization or not. As such less severe outcomes that remain somewhat objective could include 

persistent fever (Elshout et al, 2015), prolonged hospitalization (van Nassau et al, 2018), and 

secondary hospitalization (Barbara et al, 2013). While previous attempts at developing clinical 

prediction models with less severe outcomes resulted in low predictive performance, most were 

done in high-income settings (Chandna et al, 2021b). Evaluating predictive performance and 

derivation of a clinical model to predict severe disease using data from the DYNAMIC project, may 

help fill this important clinical gap (Miauton et al manuscript in preparation). 

 

Opportunities and challenges for better clinical prognostic data 

Digital health tools such as CDSAs and electronic medical records (EMRs) provide an opportunity for 

addressing the dearth of clinical prognostic data at the primary care level.  The documentation of 

clinical symptoms, signs, and test results of primary care consultations can be collected in a more 

standardized manner, ensuring consistent and comprehensive collection of information, enabling 

more accurate prognostic assessments. Using data from the DYNAMIC Tanzania study described in 

chapter 5.3, and data from other studies using ePOCT+, we are in the process of evaluating the 

prognostic value of clinical predictors and developing a clinical model to predict severe illness.  

However, to fully harness the potential of digital health tools for developing and validating clinical 

prognostic models, it is crucial to link data from primary care health facilities, and data from 

hospitals and/or death certificate. This is addressed in part within Tanzania's Digital Health 

Investment Road Map, but not yet implemented (Government of Tanzania, 2017). In the DYNAMIC 

Tanzania study presented in chapter 5.3, we collected such data via phone call 7 days after their 

initial consultation. While this is possible in a clinical study context, collection of this data through 

routine mechanisms via data linkage would be ideal. Despite the benefits, linking such data 
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introduces legal and ethical challenges. Patient privacy and data security must be protected to 

ensure compliance with healthcare regulations and maintain patient trust. Data sharing agreements, 

consent mechanisms, and stringent data anonymization techniques must be implemented to 

address these concerns. Moreover, interoperability among various digital health tools and systems is 

necessary to facilitate the seamless exchange of information while maintaining data integrity and 

privacy. This introduces a significant amount of work and coordination that should be considered at 

the start of any digital health project in order to succeed. Specifically, data governance frameworks 

should be planned with established roles, responsibilities, and processes for data linkage and 

maintenance, in addition to standardization of data formats, terminologies, and protocols.  

 

6.2. Lessons learnt and future improvements based on the 

development and implementation of ePOCT+ 

Chapter 5.2 described the development of the CDSA ePOCT+ based on the medAL-suite digital 

platform for CDSAs. At the time of conception ePOCT+ was piloted in just over 2000 patients in 20 

health facilities. Since then ePOCT+ and the medAL-suite has been used for over 300,000 

consultations in Tanzania, Rwanda, Kenya, Senegal and India (Beynon et al, 2023), including over 

16,000 consultations within the cluster randomized-controlled trial in Tanzania described in chapter 

5.3. Here I will describe lessons learnt and future perspectives on improving ePOCT+.  

Improving ePOCT+ algorithms and uptake through use logs of health providers 

The WHO’s Standards-based, Machine-readable, Adaptive, Requirements-based, and Testable 

(SMART) Guidelines provide advice on the digitalization of clinical guidelines (Mehl et al, 2021). The 

framework of these guidelines is structured around knowledge ‘layers’ based on previous work by 

Boxwala et al (Boxwala et al, 2011). The different layers of the SMART guidelines include the 

clinical/narrative guidelines (Layer 1), semi-structured “human readable” decision trees and digital 

adaptation kits (Layer 2), computer/machine readable structured and agnostic algorithms (Layer 3), 

the executable form of the software (Layer 4), and finally dynamic algorithms trained and optimized 

to local data (Layer 5). The final layer is also reflected within the principles of digital development in 

order to be data driven (Waugaman, 2016). 

In line with these principles, in addition to the other principles for digital development; “Be 

collaborative”, “Design with the user”, and “Reuse and Improve”, the next section will explore how 

findings based on the experience of ePOCT+ since development could help improve ePOCT+ and 

other CDSAs for better antibiotic stewardship, improved quality of care, and improved clinical 

outcome. A number of approaches can be used to understand how ePOCT+ was used and how it can 
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be improved. First, qualitative and mixed-method approaches can be used by conducting in-depth 

interviews, focus group discussions, and surveys; second, evaluate use logs to understand how the 

use of ePOCT+ can inform modifications; and third, evaluate uptake in association to 

implementation. 

One method ePOCT+ sought to integrate health providers’ judgment in order to render the tool 

more participative, was to allow them to “accept” or “reject” diagnoses reached by the algorithm, 

and to indicate if they truly referred a patient. This allows health providers to integrate other clinical 

information not incorporated in the algorithms, while allowing data analysis to understand which 

diagnoses are rejected more often. This data could help identify which sub-algorithms require 

modifications.  

A preliminary analysis from ePOCT+ use logs from the cluster randomized-controlled trial described 

in chapter 5.3 combined with in-depth interviews and surveys, found three main group of diagnoses 

that were rejected at high frequency (Manuscript in preparation). The first, are diagnoses related to 

malnutrition such as complicated or uncomplicated severe acute malnutrition, or very low weight-

for-age. To reach these diagnoses, a child must meet specific objective anthropometric measures 

based on z-scores or absolute measures in the case of mid-upper arm circumference (MUAC), 

sometimes in combination with clinical signs. These algorithms are in line with IMCI and training 

provided, as such it is indeed surprising that such diagnoses would be highly rejected. In-depth 

interviews found that health providers rejected these diagnoses for a number of reasons. First, many 

acknowledged that anthropometric measurements were not always measured the same day of 

evaluation, as such if indicating past measurements or estimated measurements, there is a 

possibility of a false diagnosis of malnutrition. Indeed it is very common for health providers in 

primary health facilities to not measure anthropometric measures, so not surprising that many used 

past or estimated measures. Second, health providers felt there was a discrepancy in terms of the 

anthropometric measurements of malnutrition, and their visual assessment. Such an approach has 

been found to be less accurate (Hamer et al, 2004; Mogeni et al, 2011), and results in worse clinical 

outcomes  (Tan et al, 2020). Third, there was sometimes a misunderstanding of malnutrition 

diagnoses, such as the difference between complicated and uncomplicated severe acute 

malnutrition. 

Another group of diagnoses frequently rejected were severe diagnoses that would require referral, 

including diagnoses such as severe pneumonia, very severe disease (IMCI danger signs), and 

complicated severe acute malnutrition. The rationale for rejection of severe diagnoses and rejection 

of referral to hospitals are many. One reason could be related to cases of false positives, for which 
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the algorithm may have identified the child as having a severe disease; however the reality may be 

that it is not a true severe case, and the child does not truly need to be hospitalized. Within the 

cluster randomized trial described in chapter 5.3 agreement to referral for hospitalization by ePOCT+ 

was low, healthcare providers only referred 20.5% (119/582) of children for whom ePOCT+ 

recommended a referral. However clinical failure in cases for which ePOCT+ proposed a referral that 

was rejected by the healthcare provider compared to cases where the referral was accepted were 

similar (4.6% vs 4.3%). Health providers may thus be correctly rejecting referral and severe 

diagnoses. The systematic review on predictors of severe disease described in chapter 5.1, supports 

this theory, for which it was found that the specificity of IMCI danger signs were relatively poor. In 

addition, the incorporation of health provider clinical gestalt or overall impression often helps 

identify children who indeed do not require referral (Meredith et al, 2019; Van den Bruel et al, 

2012). These types of rejections may be helpful to avoid over-referral of patients to conserve limited 

health resources. Future work to identify how algorithms can be adapted in order to avoid over-

referral, while maintaining a minimum sensitivity to ensure the algorithms are safe should be 

pursued. 

Another reason for a high proportion of rejection of severe diagnoses may be due to the socio-

economic and health system challenges of referring a child to a hospital. Such rejections could be 

due to refusal by patients/caregivers, and/or health providers perceived hesitancy/aversion of 

patients to be hospitalized (Chandna et al, 2021a). While care for children under 5 years is often 

provided for free in most low- and middle- income countries, there are many additional costs that 

are not free, especially in those hospitalized. This was most recently demonstrated in randomized 

trials in Nigeria, Democratic Republic of Congo, and Uganda, where they found the use of pre-

referral rectal-Artesunate increased mortality compared to parenteral Artesunate, due to 

incomplete referral of patients receiving rectal Artesunate (Hetzel et al, 2023). Similar challenges 

have been found in attending health consultations in patients with HIV, where food and fare were 

major barriers (Hodgson et al, 2014). Better understanding on why health providers and 

patients/caregivers reject severe diagnoses and/or referral through qualitative analyses could help 

identify how these challenges can be addressed. 

Finally, a number of diagnoses may have been rejected due to misunderstanding of the algorithm. 

While efforts were made to train health providers on the use of ePOCT+, it was not possible to 

review every single diagnosis. Diagnoses such as “Suspected malaria”, “Suspicion of Tuberculosis”, 

and “Prevention and Screening”, are likely examples of diagnoses that were misunderstood. In-

depth interviews confirmed this hypothesis, where when asked why some of these diagnoses were 

rejected, it was often clear that the goal/intention of the diagnosis was not understood (Manuscript 



PhD Thesis Rainer Tan 87 | P a g e  
 

in preparation). For some problems the problem may be due to inappropriate labelling of diagnoses, 

while in other situations it may be due to inadequate training.  

In all situations, better understanding on rejection of diagnoses and referrals can help improve 

ePOCT+ and subsequently improve uptake of ePOCT+, improve resource allocation by better 

identifying sick children who truly require hospitalization, and improve adherence to guidance.  

 

Data driven improvements for improved quality of care: example of diagnostic models 

The abundance of granular data collected via the use of CDSA have great potential to improve 

clinical care, as each symptom, sign, test result, diagnosis and treatment plan is documented as 

independent variables. In chapter 5.1, improvements to ePOCT+ and generating new evidence based 

on data collected from CDSAs was discussed in the context of prognosis, notably better identifying 

severe disease. In addition to developing new evidence and clinical models using clinical outcome 

data, data driven evaluations could help the development or evaluation of diagnostic models. Such 

analyses can help improve ePOCT+ and clinical practice more widely.  

The development and evaluation of clinical models requires an objective reference standard to act 

as the “gold standard”. In the case of ePOCT+, the use of laboratory tests can act as useful reference 

standards for certain diagnoses. For example C-Reactive Protein (CRP) is used to distinguish bacterial 

versus viral pneumonia, hemoglobin to identify anemia, and malaria rapid diagnostic test for 

malaria.  

The use of ePOCT+ in the cluster randomized trial described in chapter 5.3 found that the use of a 

point-of-care hemoglobinometer increased the proportion of children with mild/moderate and 

severe anemia. These results however come at an increased monetary cost, and increased 

greenhouse gas emissions (Karlen et al. Manuscript in preparation). Evaluating the predictive value 

of other clinical signs in identifying anemia based on hemoglobin values, could thus help improve the 

identification of anemia without the use hemoglobin measurement. While previous efforts have 

shown the limited value of clinical signs such as pallor to detect anemia, most previous studies have 

been limited to the hospital setting, and smaller sample sizes (Chalco et al, 2005), justifying the value 

of such analyses within the ePOCT+ dataset. 

Distinguishing bacterial versus viral pneumonia is challenging with radiographic infiltrates often used 

as a reference standard for bacterial pneumonia despite its limited predictive value (Rees et al, 

2020). However, x-rays are rarely available in primary care level health facilities. CRP has been 

shown to be a relatively good predictor of radiologic pneumonia (Erdman et al, 2015). Within the 
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DYNAMIC Tanzania cluster randomized controlled trial dataset, CRP data could thus be used as a 

reference standard to explore the predictive value of clinical variables, or to develop a new model to 

predict bacterial pneumonia. 

Finally, the DYNAMIC Tanzania and Rwanda dataset can also be used to validate previously derived 

models. Using malaria test results, we evaluated the accuracy of the IMCI malaria algorithm in low 

risk areas (defined by IMCI as <5% malaria prevalence in febrile children age 2 to 59 months). Our 

analysis found that the IMCI strategy of only testing for malaria in children with fever without an 

obvious cause of fever or recent travel had a sensitivity of 27.0% (Cattaneo et al. Manuscript in 

preparation). Results that have important implications for Ministries of Health deciding on national 

adaptations to IMCI, and to the WHO evaluating changes to IMCI.  

 

Understanding the impact of implementation measures on uptake and adherence to ePOCT+ 

The implementation of ePOCT+ within the DYNAMIC Tanzania cluster RCT included mentorship 

activities including: regular monitoring calls, health facility visits, and the use clinical dashboards 

which allowed health providers to compare their performance compared to other health facilities 

(also known as “Benchmarking”). Such mentorship activities are similar to what is done with other 

CDSAs including ALMANACH in Nigeria (Schmitz et al, 2022), and IeDA in Burkina Faso (Sarrassat et 

al, 2021). The use of benchmarking has been shown to improve antibiotic stewardship strategies at 

the primary care level in some high-income countries (Gulliford et al, 2019; Hallsworth et al, 2016; 

Schwartz et al, 2021), with little to no impact in other high-income settings (Aghlmandi et al, 2023; 

Hemkens et al, 2017; Marwick et al, 2022), and little to no studies in LMICs (Willmington et al, 2022). 

Understanding the overall impact of the ePOCT+ CDSA compared to the impact of mentorship 

activities of ePOCT+ (including clinical dashboards), in the form of a cluster randomized-trial, will be 

important to understand whether such mentorship activities are required when implementing 

CDSAs such as ePOCT+. More specifically this could inform us if such mentorship activities and 

clinical dashboards help increase uptake, reduce antibiotic prescription, and improve quality of care.  

 

Scale-up and uptake of ePOCT+: mobilizing government support and ownership 

One of the most important factors to be considered for scale-up and uptake of tools such as ePOCT+ 

for routine use in primary care level health facilities is government ownership and support. Such 

support is required for all aspects of implementation, digital health harmonization and integration, 

and wide-scale implementation through local government actors for IT system installation, training 

and on-going mentorship of health providers, and monitoring and evaluation on the outputs and 
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outcomes. The example of the Integrated e-Diagnostic Approach (IeDA) CDSA, which is implemented 

in 86% of primary care health facilities in Burkina Faso by a collaboration between the Ministry of 

Health of Burkina Faso and the non-governmental organization Terre Des Hommes, provides good 

framework on how government ownership can be achieved. The scale-up of IeDA has been a long 

endeavor involving stakeholder mapping to assure all essential stakeholders are involved in the 

project, the development of a multi-stakeholder steering committee, and successful funding 

acquisition led by the government (Lampariello & Ancellin-Panzani, 2021). Lampariello et al. notably 

highlight the need for multi-sectorial engagement not limited to the health sector, and the 

identification of local champions that have political weight and interest to be able to push for wide 

scale implementation of the CDSA. With over 160 digital health tools in use in Tanzania, the 

Tanzanian government is actively trying to coordinate, harmonize and limit the digital tools being 

implemented in primary care health facilities (Watts, 2020). This strategy was outlined within the 

Tanzania National Digital Health Strategy 2019-2024, where the government specifies how they 

want to take control in a coordinated and interoperable manner (Tanzania Ministry of Health, 2019). 

As such government support, acceptance and ownership will likely be the deciding factor on the 

future of ePOCT+ and similar tools. 

 

Expanding the scope of ePOCT+ 

Drawing from the lessons learned from past generation CDSAs, a prominent modification introduced 

in ePOCT+ was its broadened scope. Notably, ePOCT+ expanded it demographic scope to include 

young infants less than 2 months, and older children 5 to 15 years old. Furthermore it expanded the 

range of syndrome and diagnoses. This extension in age coverage allowed for further improvements 

to quality of care and antibiotic stewardship in these new age groups. While the expanded scope of 

diagnoses we hope increases uptake as it meets the need of health providers as often requested. 

Embracing a similar expansion in the scope of ePOCT+ and other CDSAs to include adolescents and 

adults would help meet an unmet need, further improving quality of care and antibiotic stewardship. 

Indeed, only one CDSA that managed acutely sick adolescents and adults was identified by two 

recent structured and systematic reviews (Agarwal et al, 2021; Keitel & D'Acremont, 2018). This 

study was however limited to managing only three conditions – fever, diarrhea, and respiratory 

problems (Gautham et al, 2015). 

 

6.3. Reflexivity statement 
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I am a Swiss, Canadian, Malaysian, bi-racial (White-Asian), heterosexual cisgender male, educated 

and raised in high-income countries (Canada and Switzerland). I recognize that such a status comes 

with privilege, and puts me in the group of the oppressor in our patriarchal, racist and unequal 

society. As a bi-racial individual, I have been racialized as Asian, and thus understand the 

multifaceted ways in which racial identity can shape one’s experiences and opportunities.  While I 

have faced discrimination due to my Asian “race”, I also acknowledge the advantages and privileges 

that come with being identified as white.  

My personal identity and status in the group of the “oppressor” is of particular relevance in the 

context of the work of this PhD, categorized as “Global Health” or “Tropical Medicine” research. 

Racism, colonialism, and post-colonialism are all firmly imbedded concepts in the historical roots of 

research practices in low- and middle- income countries, and continues to be perpetrated today 

(Birn, 2014; Hirsch, 2021; Kim et al, 2019; Kwete et al, 2022). During my research in Tanzania, I have 

very likely perpetrated, and facilitated such structures, inadvertently upholding inequities and 

reinforcing colonial narratives. 

I stand committed to self-reflection and continuous education, understanding that acknowledging 

my privilege, and the role I play in such structures as only the first step towards the decolonization 

of research in global health and more widely research in low- and middle- income countries. In line 

with this commitment it is important for me to acknowledge the personal gain, recognition, and 

career progression, I have benefited from the research I have conducted within these structures. 

Initial drafts of this reflexivity statement included efforts done by our research group and more 

specifically what I have done to limit/fight against the racist and colonial structures of global health. 

However it is important to recognize that even well-intentioned efforts can inadvertently perpetuate 

harmful dynamics. Furthermore, focusing on past actions or limited accomplishments, can merely 

perpetuate a sense of complacency. As such, I will only concentrate on future actions. 

 Based on the work of Khan et al. and Costello et al. (Costello & Zumla, 2000; Khan et al, 2021) I 

specifically commit to the following concepts in order to limit my role in perpetuating inequities and 

contributing to the decolonization of global health: 

 Engage in early, meaningful, and cooperative engagement with researchers and 

beneficiaries from the country of implementation in all stages of global health research 

projects 

 Ensure ownership of research projects by researchers from LMICs 

 Direct resources and employment opportunities to LMICs 
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 Support training opportunities for collaborators from LMICs 

 Direct resources towards sustainability and generalizability of research findings 

 Assure opportunity for research outputs by collaborators from LMICs 

 Cite and promote research produced by LMIC researchers 
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7. Conclusion 

The development of the ePOCT+ clinical decision support algorithm integrated multiple clinical 

guidelines, considering the latest evidence on the prognostic value of clinical signs from a systematic 

review, and health care provider feedback on usability, user experience, and needs. Evaluated in a 

cluster randomized trial in 40 primary care health facilities in Tanzania, ePOCT+ and its 

implementation package significantly reduced antibiotic prescription without compromising clinical 

cure. Such findings are encouraging and helps provide close to real-world evidence on the benefit of 

digital clinical decision support algorithms for antibiotic stewardship.  If scaled, ePOCT+ could truly 

help tackle the urgent public health problem of bacterial antimicrobial resistance. 

The systematic review on predictors of severe disease in febrile children outlined helpful predictors 

that should be considered in future clinical algorithms to assure safety and performance. 

Nonetheless the lack of studies from primary care settings is a limitation that needs to be addressed.  

The development of ePOCT+ took a rigorous approach to improve usability, uptake and safety. Such 

an approach complemented by the recent SMART guidelines by the WHO could help inspire the 

development of other CDSAs. Nonetheless findings from the pragmatic cluster randomized trial 

demonstrates that uptake was not optimal. One known limitation was the limited age scope, which 

means some patients can be managed using ePOCT+, while other patients managed using paper 

guidelines. As such future expansion of clinical algorithms to manage adolescents and adults would 

be beneficial. Understanding the reasons for lower uptake, and adherence will be important, 

evaluating not only individual factors, but also systemic internal and external factors that may 

influence this.  

The significant reduction of antibiotic prescription and non-inferior clinical outcomes are indeed 

measures of quality of care, nonetheless further investigations are required to better understand the 

impact on specific quality of care measures. Furthermore the specific impact on the mentorship 

package including clinical dashboards, and the specific impact of point-of-care diagnostic tests 

compared to the use of ePOCT+ alone are needed. Such findings can help refine future 

implementation strategies and help public health stakeholders strategize scale-up. The future 

success of ePOCT+ and similar digital health strategies depends on the handover and eventual 

ownership of the digital health tool by the Ministry of Health. Only then can the harmonization and 

integration of ePOCT+ within the digital health landscape in primary care level health facilities be 

achieved. 
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8. Recommendations 

 Malnutrition, hypoxia, altered consciousness, and makers of acidosis and poor peripheral 

perfusion are good clinical predictors of severe disease that should be considered in clinical 

guidelines and algorithms when evaluating a sick child 

 Careful interpretation is required when using prognostic data from the hospital setting for 

implementation at the primary care / community setting, notably by considering reliability 

and feasibility of clinical predictors, availability of diagnostic tests and tools, and pre-test 

probability of severe disease 

 More evidence is required on how best to identify severe disease in febrile children from the 

primary care level, including the use of novel inflammatory marker diagnostic tests.  

 Recognizing the large sample sizes required to identify severe disease in settings of low 

prevalence, novel approaches to collecting data including large scale collaborations and the 

use of digital health tools, in addition to more appropriate primary care level clinical 

outcomes are required. 

 Data governance frameworks, data standardization, and coordination of digital health tools 

can help optimize the collection of data in order to  generate findings that will be helpful for 

clinicians and public health experts to improve the health of patients.  

 Multi-stakeholder engagement from multiple sectors is important at all stages of 

development of CDSAs to facilitate handover and ownership by Ministry of Health 

 Further investigations are needed to understand the added value of diagnostic tests 

integrated in ePOCT+, and whether clinical models can adequately predict their results, to 

reduce the monetary and greenhouse gas emission cost of individual point-of-care tests. 

 Future CDSAs should also help manage sick adults and adolescents in addition to children, to 

further reduce antibiotic prescription and improve quality of care at primary care health 

facilities. 

 

 

  



PhD Thesis Rainer Tan 94 | P a g e  
 

9. References 

Afnan-Holmes, H., Magoma, M., John, T., Levira, F., Msemo, G., Armstrong, C. E., Martínez-Álvarez, 
M., Kerber, K., Kihinga, C., Makuwani, A., Rusibamayila, N., Hussein, A. & Lawn, J. E. (2015) 
Tanzania's countdown to 2015: an analysis of two decades of progress and gaps for reproductive, 
maternal, newborn, and child health, to inform priorities for post-2015. Lancet Glob Health, 3(7), 
e396-409. 

Agarwal, S., Glenton, C., Tamrat, T., Henschke, N., Maayan, N., Fønhus, M. S., Mehl, G. L. & Lewin, S. 
(2021) Decision-support tools via mobile devices to improve quality of care in primary healthcare 
settings. Cochrane Database Syst Rev, 7(7), Cd012944. 

Aghlmandi, S., Halbeisen, F. S., Saccilotto, R., Godet, P., Signorell, A., Sigrist, S., Glinz, D., Moffa, G., 
Zeller, A., Widmer, A. F., Kronenberg, A., Bielicki, J. & Bucher, H. C. (2023) Effect of Antibiotic 
Prescription Audit and Feedback on Antibiotic Prescribing in Primary Care: A Randomized Clinical 
Trial. JAMA Intern Med, 183(3), 213-220. 

Althaus, T., Greer, R. C., Swe, M. M. M., Cohen, J., Tun, N. N., Heaton, J., Nedsuwan, S., Intralawan, 
D., Sumpradit, N., Dittrich, S., Doran, Z., Waithira, N., Thu, H. M., Win, H., Thaipadungpanit, J., 
Srilohasin, P., Mukaka, M., Smit, P. W., Charoenboon, E. N., Haenssgen, M. J., Wangrangsimakul, T., 
Blacksell, S., Limmathurotsakul, D., Day, N., Smithuis, F. & Lubell, Y. (2019) Effect of point-of-care C-
reactive protein testing on antibiotic prescription in febrile patients attending primary care in 
Thailand and Myanmar: an open-label, randomised, controlled trial. Lancet Glob Health, 7(1), e119-
e131. 

Amu, H., Dickson, K. S., Kumi-Kyereme, A. & Darteh, E. K. M. (2018) Understanding variations in 
health insurance coverage in Ghana, Kenya, Nigeria, and Tanzania: Evidence from demographic and 
health surveys. PLOS ONE, 13(8), e0201833. 

Anyangwe, S. C. & Mtonga, C. (2007) Inequities in the global health workforce: the greatest 
impediment to health in sub-Saharan Africa. Int J Environ Res Public Health, 4(2), 93-100. 

Barbara, J., Jason, J., Greg, S., Caroline, V., Al, J., Jeffrey, F., Herman, P., Ben, B., Paula, G., Naresh, K., 
Todd, A., Peter, H. & Nathan, D. (2013) Impact of an electronic decision support tool on outcomes 
for emergency department patients with pneumonia. European Respiratory Journal, 42(Suppl 57), 
5044. 

Bernasconi, A., Crabbé, F., Adedeji, A. M., Bello, A., Schmitz, T., Landi, M. & Rossi, R. (2019) Results 
from one-year use of an electronic Clinical Decision Support System in a post-conflict context: An 
implementation research. PLoS One, 14(12), e0225634. 

Bernasconi, A., Crabbé, F., Raab, M. & Rossi, R. (2018a) Can the use of digital algorithms improve 
quality care? An example from Afghanistan. PloS one, 13(11), e0207233-e0207233. 

Bernasconi, A., Crabbé, F., Rossi, R., Qani, I., Vanobberghen, A., Raab, M. & Du Mortier, S. (2018b) 
The ALMANACH Project: Preliminary results and potentiality from Afghanistan. International journal 
of medical informatics, 114, 130-135. 

Bessat, C., Zonon, N. A. & D'Acremont, V. (2019) Large-scale implementation of electronic Integrated 
Management of Childhood Illness (eIMCI) at the primary care level in Burkina Faso: a qualitative 
study on health worker perception of its medical content, usability and impact on antibiotic 
prescription and resistance. BMC Public Health, 19(1), 449. 

Beynon, F., Guérin, F., Lampariello, R., Schmitz, T., Tan, R., Ratanaprayul, N., Tamrat, T., Pellé, K. G., 
Catho, G. & Keitel, K. (2023) Digitalizing Clinical Guidelines: Experiences in the Development of 
Clinical Decision Support Algorithms for Management of Childhood Illness in Resource-Constrained 
Settings. Global Health: Science and Practice. 

Birn, A.-E. (2014) Philanthrocapitalism, past and present: The Rockefeller Foundation, the Gates 
Foundation, and the setting (s) of the international/global health agenda. Hypothesis, 12(1), e8. 



PhD Thesis Rainer Tan 95 | P a g e  
 

Blanchette, L., Gauthier, T., Heil, E., Klepser, M., Kelly, K. M., Nailor, M., Wei, W. & Suda, K. (2018) 
The essential role of pharmacists in antibiotic stewardship in outpatient care: An official position 
statement of the Society of Infectious Diseases Pharmacists. Journal of the American Pharmacists 
Association, 58(5), 481-484. 

Boxwala, A. A., Rocha, B. H., Maviglia, S., Kashyap, V., Meltzer, S., Kim, J., Tsurikova, R., Wright, A., 
Paterno, M. D., Fairbanks, A. & Middleton, B. (2011) A multi-layered framework for disseminating 
knowledge for computer-based decision support. Journal of the American Medical Informatics 
Association : JAMIA, 18 Suppl 1(Suppl 1), i132-i139. 

Buntinx, F., Mant, D., Van den Bruel, A., Donner-Banzhof, N. & Dinant, G.-J. (2011) Dealing with low-
incidence serious diseases in general practice. British Journal of General Practice, 61(582), 43. 

Chalco, J. P., Huicho, L., Alamo, C., Carreazo, N. Y. & Bada, C. A. (2005) Accuracy of clinical pallor in 
the diagnosis of anaemia in children: a meta-analysis. BMC Pediatr, 5, 46. 

Chandna, A., Osborn, J., Bassat, Q., Bell, D., Burza, S., D'Acremont, V., Fernandez-Carballo, B. L., Kain, 
K. C., Mayxay, M., Wiens, M. & Dittrich, S. (2021a) Anticipating the future: prognostic tools as a 
complementary strategy to improve care for patients with febrile illnesses in resource-limited 
settings. BMJ Glob Health, 6(7). 

Chandna, A., Tan, R., Carter, M., Van Den Bruel, A., Verbakel, J., Koshiaris, C., Salim, N., Lubell, Y., 
Turner, P. & Keitel, K. (2021b) Predictors of disease severity in children presenting from the 
community with febrile illnesses: a systematic review of prognostic studies. BMJ Glob Health, 6(1). 

Chem, E. D., Anong, D. N. & Akoachere, J. K. T. (2018) Prescribing patterns and associated factors of 
antibiotic prescription in primary health care facilities of Kumbo East and Kumbo West Health 
Districts, North West Cameroon. PLoS One, 13(3), e0193353. 

Chirambo, G. B., Muula, A. S., Thompson, M., Hardy, V. E., Heavin, C., Connor, Y. O., Mastellos, N., 
Andersson, B. & Donoghue, J. O. (2021) End-user perspectives of two mHealth decision support 
tools: Electronic Community Case Management in Northern Malawi. Int J Med Inform, 145, 104323. 

Collins, G. S., Ogundimu, E. O. & Altman, D. G. (2016) Sample size considerations for the external 
validation of a multivariable prognostic model: a resampling study. Statistics in medicine, 35(2), 214-
226. 

Costello, A. & Zumla, A. (2000) Moving to research partnerships in developing countries. BMJ, 
321(7264), 827. 

Cousens, S., Pozo-Martin, F. L., James, Sarrassat, S. S., Arsene Some 

Somda, Serge & Blanchet, K. (2018) Economic impact study of the Integrated eDiagnosis Approach 
(IeDA) for the managmeent of illness in under-five children at the primary health care level in Burkina 
Faso.London, United Kingdom. 

Cox, J. A., Vlieghe, E., Mendelson, M., Wertheim, H., Ndegwa, L., Villegas, M. V., Gould, I. & Levy 
Hara, G. (2017) Antibiotic stewardship in low- and middle-income countries: the same but different? 
Clinical Microbiology and Infection, 23(11), 812-818. 

Das, J., Hammer, J. & Leonard, K. (2008) The quality of medical advice in low-income countries. J 
Econ Perspect, 22(2), 93-114. 

De Santis, O., Kilowoko, M., Kyungu, E., Sangu, W., Cherpillod, P., Kaiser, L., Genton, B. & 
D'Acremont, V. (2017) Predictive value of clinical and laboratory features for the main febrile 
diseases in children living in Tanzania: A prospective observational study. PLoS One, 12(5), e0173314. 

Delory, T. (2022) Time to evaluate decision support systems for antimicrobial prescribing outside the 
hospital. The Lancet Infectious Diseases, 22(10), 1408-1409. 

Di Giorgio, L., Evans, D. K., Lindelow, M., Nguyen, S. N., Svensson, J., Wane, W. & Welander 
Tärneberg, A. (2020) Analysis of clinical knowledge, absenteeism and availability of resources for 



PhD Thesis Rainer Tan 96 | P a g e  
 

maternal and child health: a cross-sectional quality of care study in 10 African countries. BMJ Glob 
Health, 5(12). 

Do, N. T., Ta, N. T., Tran, N. T., Than, H. M., Vu, B. T., Hoang, L. B., van Doorn, H. R., Vu, D. T., Cals, J. 
W., Chandna, A., Lubell, Y., Nadjm, B., Thwaites, G., Wolbers, M., Nguyen, K. V. & Wertheim, H. F. 
(2016) Point-of-care C-reactive protein testing to reduce inappropriate use of antibiotics for non-
severe acute respiratory infections in Vietnamese primary health care: a randomised controlled trial. 
Lancet Glob Health, 4(9), e633-41. 

Do, N. T. T., Vu, T. V. D., Greer, R. C., Dittrich, S., Vandendorpe, M., Pham, N. T., Ta, D. N.,  Cao, H. T., 
Khuong, T. V. & Le, T. B. T. (2023) Implementation of point-of-care testing of C-reactive protein 
concentrations to improve antibiotic targeting in respiratory illness in Vietnamese primary care: a 
pragmatic cluster-randomised controlled trial. The Lancet Infectious Diseases. 

Donà, D., Barbieri, E., Daverio, M., Lundin, R., Giaquinto, C., Zaoutis, T. & Sharland, M. (2020) 
Implementation and impact of pediatric antimicrobial stewardship programs: a systematic scoping 
review. Antimicrob Resist Infect Control, 9(1), 3. 

Drekonja, D. M., Filice, G. A., Greer, N., Olson, A., MacDonald, R., Rutks, I. & Wilt, T. J. (2015) 
Antimicrobial stewardship in outpatient settings: a systematic review. Infect Control Hosp Epidemiol, 
36(2), 142-52. 

Duffy, E., Ritchie, S., Metcalfe, S., Van Bakel, B. & Thomas, M. G. (2018) Antibacterials dispensed in 
the community comprise 85%-95% of total human antibacterial consumption. J Clin Pharm Ther, 
43(1), 59-64. 

Durkin, M. J., Jafarzadeh, S. R., Hsueh, K., Sallah, Y. H., Munshi, K. D., Henderson, R. R. & Fraser, V. J. 
(2018) Outpatient Antibiotic Prescription Trends in the United States: A National Cohort Study. Infect 
Control Hosp Epidemiol, 39(5), 584-589. 

Eibs, T., Koscalova, A., Nair, M., Grohma, P., Kohler, G., Bakhit, R. G., Thurashvili, M., Lasry, E., Bauer, 
S. W. & Jimenez, C. (2020) Qualitative study of antibiotic prescription patterns and associated drivers 
in Sudan, Guinea-Bissau, Central African Republic and Democratic Republic of Congo. BMJ Open, 
10(9), e036530. 

Elshout, G., Kool, M., Bohnen, A. M., Koes, B. W., Moll, H. A. & Berger, M. Y. (2015) Predicting 
prolonged duration of fever in children: a cohort study in primary care. Br J Gen Pract, 65(638), e578-
84. 

Emdin, C. A., Chong, N. J. & Millson, P. E. (2013) Non-physician clinician provided HIV treatment 
results in equivalent outcomes as physician-provided care: a meta-analysis. J Int AIDS Soc, 16(1), 
18445. 

Emgård, M., Mwangi, R., Mayo, C., Mshana, E., Nkini, G., Andersson, R., Msuya, S. E., Lepp, M., 
Muro, F. & Skovbjerg, S. (2021) Tanzanian primary healthcare workers' experiences of antibiotic 
prescription and understanding of antibiotic resistance in common childhood infections: a 
qualitative phenomenographic study. Antimicrob Resist Infect Control, 10(1), 94. 

Erdman, L. K., D'Acremont, V., Hayford, K., Rajwans, N., Kilowoko, M., Kyungu, E., Hongoa, P., Alamo, 
L., Streiner, D. L., Genton, B. & Kain, K. C. (2015) Biomarkers of Host Response Predict Primary End-
Point Radiological Pneumonia in Tanzanian Children with Clinical Pneumonia: A Prospective Cohort 
Study. PLoS One, 10(9), e0137592. 

Eyal, N., Cancedda, C., Kyamanywa, P. & Hurst, S. A. (2015) Non-physician Clinicians in Sub-Saharan 
Africa and the Evolving Role of Physicians. Int J Health Policy Manag, 5(3), 149-53. 

Finette, B. A., McLaughlin, M., Scarpino, S. V., Canning, J., Grunauer, M., Teran, E., Bahamonde, M., 
Quizhpe, E., Shah, R., Swedberg, E., Rahman, K. A., Khondker, H., Chakma, I., Muhoza, D., Seck, A., 
Kabore, A., Nibitanga, S. & Heath, B. (2019) Development and Initial Validation of a Frontline Health 
Worker mHealth Assessment Platform (MEDSINC(®)) for Children 2-60 Months of Age. Am J Trop 
Med Hyg, 100(6), 1556-1565. 



PhD Thesis Rainer Tan 97 | P a g e  
 

Fink, G., D'Acremont, V., Leslie, H. H. & Cohen, J. (2020) Antibiotic exposure among children younger 
than 5 years in low-income and middle-income countries: a cross-sectional study of nationally 
representative facility-based and household-based surveys. The Lancet Infectious Diseases, 20(2), 
179-187. 

Fleming, K. A., Horton, S., Wilson, M. L., Atun, R., DeStigter, K., Flanigan, J., Sayed, S., Adam, P., 
Aguilar, B. & Andronikou, S. (2021) The Lancet Commission on diagnostics: transforming access to 
diagnostics. The Lancet, 398(10315), 1997-2050. 

Franco, B. E., Altagracia Martínez, M., Sánchez Rodríguez, M. A. & Wertheimer, A. I. (2009) The 
determinants of the antibiotic resistance process. Infect Drug Resist, 2, 1-11. 

Frumence, G., Mboera, L. E. G., Sindato, C., Katale, B. Z., Kimera, S., Metta, E., Durrance-Bagale, A., 
Jung, A. S., Mshana, S. E., Clark, T. G., Rweyemamu, M., Legido-Quigley, H. & Matee, M. I. N. (2021) 
The Governance and Implementation of the National Action Plan on Antimicrobial Resistance in 
Tanzania: A Qualitative Study. Antibiotics (Basel), 10(3). 

Gage, A. D., Yahya, T., Kruk, M. E., Eliakimu, E., Mohamed, M., Shamba, D. & Roder-DeWan, S. (2020) 
Assessment of health facility quality improvements, United Republic of Tanzania. Bull World Health 
Organ, 98(12), 849-858a. 

Gasson, J., Blockman, M. & Willems, B. (2018) Antibiotic prescribing practice and adherence to 
guidelines in primary care in the Cape Town Metro District, South Africa. S Afr Med J, 108(4), 304-
310. 

Gautham, M., Iyengar, M. S. & Johnson, C. W. (2015) Mobile phone-based clinical guidance for rural 
health providers in India. Health Informatics J, 21(4), 253-66. 

George, E. C., Walker, A. S., Kiguli, S., Olupot-Olupot, P., Opoka, R. O., Engoru, C., Akech, S. O., 
Nyeko, R., Mtove, G., Reyburn, H., Berkley, J. A., Mpoya, A., Levin, M., Crawley, J., Gibb, D. M., 
Maitland, K. & Babiker, A. G. (2015) Predicting mortality in sick African children: the FEAST Paediatric 
Emergency Triage (PET) Score. BMC Med, 13, 174. 

Gera, T., Shah, D., Garner, P., Richardson, M. & Sachdev, H. S. (2016) Integrated management of 
childhood illness (IMCI) strategy for children under five. Cochrane Database Syst Rev(6), Cd010123. 

Goldstein, B., Giroir, B. & Randolph, A. (2005) International pediatric sepsis consensus conference: 
definitions for sepsis and organ dysfunction in pediatrics. Pediatr Crit Care Med, 6(1), 2-8. 

Goodell, A. J., Kahn, J. G., Ndeki, S. S., Kaale, E., Kaaya, E. E. & Macfarlane, S. B. J. (2016) Modeling 
solutions to Tanzania's physician workforce challenge. Global Health Action, 9(1), 31597. 

Government of Tanzania (2017) Tanzania's Digital Health Investment Road Map 2017-2023.  
Available online: 
https://media.path.org/documents/Tanzania_Digital_Health_Investment_Road_Map.2017_to_2023
.pdf?_gl=1*zkje4h*_gcl_au*MTMwMzQwNzQ2Ny4xNjk1MDYzODQw*_ga*Mzc2ODM5MjQ1LjE2OT
UwNjM4NDA.*_ga_YBSE7ZKDQM*MTY5NTA2MzgzOS4xLjAuMTY5NTA2MzgzOS42MC4wLjA. 
[Accessed 18 September 2023]. 

Gulliford, M. C., Prevost, A. T., Charlton, J., Juszczyk, D., Soames, J., McDermott, L., Sultana, K., 
Wright, M., Fox, R., Hay, A. D., Little, P., Moore, M. V., Yardley, L. & Ashworth, M. (2019) 
Effectiveness and safety of electronically delivered prescribing feedback and decision support on 
antibiotic use for respiratory illness in primary care: REDUCE cluster randomised trial. Bmj, 364, l236. 

Hallsworth, M., Chadborn, T., Sallis, A., Sanders, M., Berry, D., Greaves, F., Clements, L. & Davies, S. 
C. (2016) Provision of social norm feedback to high prescribers of antibiotics in general practice: a 
pragmatic national randomised controlled trial. Lancet, 387(10029), 1743-52. 

Hamad, W. B. (2019) Current position and challenges of e-health in Tanzania: A review of literature. 
Global Scientific Journal, 7(9). 

https://media.path.org/documents/Tanzania_Digital_Health_Investment_Road_Map.2017_to_2023.pdf?_gl=1*zkje4h*_gcl_au*MTMwMzQwNzQ2Ny4xNjk1MDYzODQw*_ga*Mzc2ODM5MjQ1LjE2OTUwNjM4NDA.*_ga_YBSE7ZKDQM*MTY5NTA2MzgzOS4xLjAuMTY5NTA2MzgzOS42MC4wLjA
https://media.path.org/documents/Tanzania_Digital_Health_Investment_Road_Map.2017_to_2023.pdf?_gl=1*zkje4h*_gcl_au*MTMwMzQwNzQ2Ny4xNjk1MDYzODQw*_ga*Mzc2ODM5MjQ1LjE2OTUwNjM4NDA.*_ga_YBSE7ZKDQM*MTY5NTA2MzgzOS4xLjAuMTY5NTA2MzgzOS42MC4wLjA
https://media.path.org/documents/Tanzania_Digital_Health_Investment_Road_Map.2017_to_2023.pdf?_gl=1*zkje4h*_gcl_au*MTMwMzQwNzQ2Ny4xNjk1MDYzODQw*_ga*Mzc2ODM5MjQ1LjE2OTUwNjM4NDA.*_ga_YBSE7ZKDQM*MTY5NTA2MzgzOS4xLjAuMTY5NTA2MzgzOS42MC4wLjA


PhD Thesis Rainer Tan 98 | P a g e  
 

Hamer, C., Kvatum, K., Jeffries, D. & Allen, S. (2004) Detection of severe protein-energy malnutrition 
by nurses in The Gambia. Arch Dis Child, 89(2), 181-4. 

Hemkens, L. G., Saccilotto, R., Reyes, S. L., Glinz, D., Zumbrunn, T., Grolimund, O., Gloy, V., Raatz, H., 
Widmer, A., Zeller, A. & Bucher, H. C. (2017) Personalized Prescription Feedback Using Routinely 
Collected Data to Reduce Antibiotic Use in Primary Care: A Randomized Clinical Trial. JAMA Intern 
Med, 177(2), 176-183. 

Hetzel, M. W., Awor, P., Tshefu, A., Omoluabi, E., Burri, C., Signorell, A., Lambiris, M. J., Visser, T., 
Cohen, J. M., Buj, V. & Lengeler, C. (2023) Pre-referral rectal artesunate: no cure for unhealthy 
systems. The Lancet Infectious Diseases, 23(6), e213-e217. 

Hirsch, L. A. (2021) Is it possible to decolonise global health institutions? The Lancet, 397(10270), 
189-190. 

Hodgson, I., Plummer, M. L., Konopka, S. N., Colvin, C. J., Jonas, E., Albertini, J., Amzel, A. & Fogg, K. 
P. (2014) A systematic review of individual and contextual factors affecting ART initiation, 
adherence, and retention for HIV-infected pregnant and postpartum women. PloS one, 9(11), 
e111421. 

Holmes, A. H., Moore, L. S., Sundsfjord, A., Steinbakk, M., Regmi, S., Karkey, A., Guerin, P. J. & 
Piddock, L. J. (2016) Understanding the mechanisms and drivers of antimicrobial resistance. Lancet, 
387(10014), 176-87. 

Horwood, C., Haskins, L., Mapumulo, S., Connolly, C., Luthuli, S., Jensen, C., Pansegrouw, D. & 
McKerrow, N. (2023) Electronic Integrated Management of Childhood Illness (eIMCI): a randomized 
controlled trial to evaluate an electronic clinical decision-making support system for management of 
sick children in primary health care facilities in South Africa.  

International Monetary Fund (2023) World Economic Outlook Database, April 2023, 2023. Available 
online: 
https://www.imf.org/external/datamapper/NGDP_RPCH@WEO/OEMDC/ADVEC/WEOWORLD 
[Accessed. 

Jensen, C. & McKerrow, N. H. (2022) The feasibility and ongoing use of electronic decision support to 
strengthen the implementation of IMCI in KwaZulu-Natal, South Africa. BMC Pediatrics, 22(1), 80. 

Jensen, C., McKerrow, N. H. & Wills, G. (2020) Acceptability and uptake of an electronic decision-
making tool to support the implementation of IMCI in primary healthcare facilities in KwaZulu-Natal, 
South Africa. Paediatr Int Child Health, 40(4), 215-226. 

Kahabuka, C., Moland, K. M., Kvåle, G. & Hinderaker, S. G. (2012) Unfulfilled expectations to services 
offered at primary health care facilities: Experiences of caretakers of underfive children in rural 
Tanzania. BMC Health Services Research, 12(1), 158. 

Kapisi, J., Sserwanga, A., Kitutu, F. E., Rutebemberwa, E., Awor, P., Weber, S., Keller, T., Kaawa-
Mafigiri, D., Ekusai-Sebatta, D., Horgan, P., Dittrich, S., Moore, C. E., Salami, O., Olliaro, P., 
Nkeramahame, J. & Hopkins, H. (2023) Impact of the Introduction of a Package of Diagnostic Tools, 
Diagnostic Algorithm, and Training and Communication on Outpatient Acute Fever Case 
Management at 3 Diverse Sites in Uganda: Results of a Randomized Controlled Trial. Clinical 
Infectious Diseases, 77(Supplement_2), S156-S170. 

Keitel, K. (2019) Biomarkers to improve rational antibiotic use in low-resource settings. The Lancet 
Global Health, 7(1), e14-e15. 

Keitel, K. & D'Acremont, V. (2018) Electronic clinical decision algorithms for the integrated primary 
care management of febrile children in low-resource settings: review of existing tools. Clin Microbiol 
Infect, 24(8), 845-855. 

Keitel, K., Kagoro, F., Samaka, J., Masimba, J., Said, Z., Temba, H., Mlaganile, T., Sangu, W., Rambaud-
Althaus, C., Gervaix, A., Genton, B. & D'Acremont, V. (2017) A novel electronic algorithm using host 

https://www.imf.org/external/datamapper/NGDP_RPCH@WEO/OEMDC/ADVEC/WEOWORLD


PhD Thesis Rainer Tan 99 | P a g e  
 

biomarker point-of-care tests for the management of febrile illnesses in Tanzanian children (e-
POCT): A randomized, controlled non-inferiority trial. PLoS Med, 14(10), e1002411. 

Keitel, K., Kilowoko, M., Kyungu, E., Genton, B. & D'Acremont, V. (2019a) Performance of prediction 
rules and guidelines in detecting serious bacterial infections among Tanzanian febrile children. BMC 
infectious diseases, 19(1), 769-769. 

Keitel, K., Samaka, J., Masimba, J., Temba, H., Said, Z., Kagoro, F., Mlaganile, T., Sangu, W., Genton,  
B. & D'Acremont, V. (2019b) Safety and Efficacy of C-reactive Protein-guided Antibiotic Use to Treat 
Acute Respiratory Infections in Tanzanian Children: A Planned Subgroup Analysis of a Randomized 
Controlled Noninferiority Trial Evaluating a Novel Electronic Clinical Decision Algorithm (ePOCT). 
Clinical Infectious Diseases, 69(11), 1926-1934. 

Khalfan, M. A., Sasi, P. G. & Mugusi, S. F. (2021) The prevalence and pattern of antibiotic prescription 
among insured patients in Dar es Salaam Tanzania. Pan Afr Med J, 40, 140. 

Khan, M., Abimbola, S., Aloudat, T., Capobianco, E., Hawkes, S. & Rahman-Shepherd, A. (2021) 
Decolonising global health in 2021: a roadmap to move from rhetoric to reform. BMJ Specialist 
Journals. 

Kim, H., Novakovic, U., Muntaner, C. & Hawkes, M. T. (2019) A critical assessment of the ideological 
underpinnings of current practice in global health and their historical origins. Glob Health Action, 
12(1), 1651017. 

Kiplagat, A., Musto, R., Mwizamholya, D. & Morona, D. (2014) Factors influencing the 
implementation of integrated management of childhood illness (IMCI) by healthcare workers at 
public health centers & dispensaries in Mwanza, Tanzania. BMC Public Health, 14, 277. 

Klein, E. Y., Van Boeckel, T. P., Martinez, E. M., Pant, S., Gandra, S., Levin, S. A., Goossens, H. & 
Laxminarayan, R. (2018) Global increase and geographic convergence in antibiotic consumption 
between 2000 and 2015. Proc Natl Acad Sci U S A, 115(15), E3463-e3470. 

Krüger, C., Heinzel-Gutenbrunner, M. & Ali, M. (2017) Adherence to the integrated management of 
childhood illness guidelines in Namibia, Kenya, Tanzania and Uganda: evidence from the national 
service provision assessment surveys. BMC Health Serv Res, 17(1), 822. 

Kruk, M. E., Chukwuma, A., Mbaruku, G. & Leslie, H. H. (2017) Variation in quality of primary-care 
services in Kenya, Malawi, Namibia, Rwanda, Senegal, Uganda and the United Republic of Tanzania. 
Bull World Health Organ, 95(6), 408-418. 

Kruk, M. E. & Freedman, L. P. (2008) Assessing health system performance in developing countries: A 
review of the literature. Health Policy, 85(3), 263-276. 

Kruk, M. E., Gage, A. D., Joseph, N. T., Danaei, G., García-Saisó, S. & Salomon, J. A. (2018a) Mortality 
due to low-quality health systems in the universal health coverage era: a systematic analysis of 
amenable deaths in 137 countries. The Lancet, 392(10160), 2203-2212. 

Kruk, M. E., Gage, A. D., Mbaruku, G. M. & Leslie, H. H. (2018b) Content of care in 15,000 sick child 
consultations in nine lower‐income countries. Health services research, 53(4), 2084-2098. 

Kumar, N., Thomas, N., Singhal, D., Puliyel, J. M. & Sreenivas, V. (2003) Triage score for severity of 
illness. Indian Pediatr, 40(3), 204-10. 

Kwesigabo, G., Mwangu, M. A., Kakoko, D. C., Warriner, I., Mkony, C. A., Killewo, J., Macfarlane, S. B., 
Kaaya, E. E. & Freeman, P. (2012) Tanzania's health system and workforce crisis. Journal of Public 
Health Policy, 33(1), S35-S44. 

Kwete, X., Tang, K., Chen, L., Ren, R., Chen, Q., Wu, Z., Cai, Y. & Li, H. (2022) Decolonizing global 
health: what should be the target of this movement and where does it lead us? Global Health 
Research and Policy, 7(1), 3. 



PhD Thesis Rainer Tan 100 | P a g e  
 

Kwizera, A., Kissoon, N., Musa, N., Urayeneza, O., Mujyarugamba, P., Patterson, A. J., Harmon, L., 
Farmer, J. C., Dünser, M. W. & Meier, J. (2019) A Machine Learning-Based Triage Tool for Children 
With Acute Infection in a Low Resource Setting. Pediatr Crit Care Med, 20(12), e524-e530. 

Lampariello, R. & Ancellin-Panzani, S. (2021) Mastering stakeholders' engagement to reach national 
scale, sustainability and wide adoption of digital health initiatives: lessons learnt from Burkina Faso. 
Fam Med Community Health, 9(3). 

Lange, S., Mwisongo, A. & Mæstad, O. (2014) Why don't clinicians adhere more consistently to 
guidelines for the Integrated Management of Childhood Illness (IMCI)? Soc Sci Med, 104, 56-63. 

Laxminarayan, R., Duse, A., Wattal, C., Zaidi, A. K., Wertheim, H. F., Sumpradit, N., Vlieghe, E., Hara, 
G. L., Gould, I. M., Goossens, H., Greko, C., So, A. D., Bigdeli, M., Tomson, G., Woodhouse, W., 
Ombaka, E., Peralta, A. Q., Qamar, F. N., Mir, F., Kariuki, S., Bhutta, Z. A., Coates, A., Bergstrom, R., 
Wright, G. D., Brown, E. D. & Cars, O. (2013) Antibiotic resistance-the need for global solutions. 
Lancet Infect Dis, 13(12), 1057-98. 

Levine, G., Bielicki, J. & Fink, G. (2022) Cumulative Antibiotic Exposure in the First Five Years of Life: 
Estimates for 45 Low- and Middle-income Countries from Demographic and Health Survey Data. 
Clinical Infectious Diseases, ciac225. 

Lopez-Vazquez, P., Vazquez-Lago, J. M. & Figueiras, A. (2012) Misprescription of antibiotics in 
primary care: a critical systematic review of its determinants. J Eval Clin Pract, 18(2), 473-84. 

Lubell, Y., Blacksell, S. D., Dunachie, S., Tanganuchitcharnchai, A., Althaus, T., Watthanaworawit, W., 
Paris, D. H., Mayxay, M., Peto, T. J. & Dondorp, A. M. (2015) Performance of C-reactive protein and 
procalcitonin to distinguish viral from bacterial and malarial causes of fever in Southeast Asia. BMC 
infectious diseases, 15(1), 1-10. 

Macarayan, E. K., Gage, A. D., Doubova, S. V., Guanais, F., Lemango, E. T., Ndiaye, Y., Waiswa, P. & 
Kruk, M. E. (2018) Assessment of quality of primary care with facility surveys: a descriptive analysis 
in ten low-income and middle-income countries. The Lancet Global Health, 6(11), e1176-e1185. 

MacFadden, D. R., Fisman, D. N., Hanage, W. P. & Lipsitch, M. (2019) The Relative Impact of 
Community and Hospital Antibiotic Use on the Selection of Extended-spectrum Beta-lactamase-
producing Escherichia coli. Clin Infect Dis, 69(1), 182-188. 

Mamdani, M. & Bangser, M. (2004) Poor People's Experiences of Health Services in Tanzania. 
Reproductive Health Matters, 12(24), 138-153. 

Manzi, F., Schellenberg, J. A., Hutton, G., Wyss, K., Mbuya, C., Shirima, K., Mshinda, H., Tanner, M. & 
Schellenberg, D. (2012) Human resources for health care delivery in Tanzania: a multifaceted 
problem. Human Resources for Health, 10(1), 3. 

Marwick, C. A., Hossain, A., Nogueira, R., Sneddon, J., Kavanagh, K., Bennie, M., Seaton, R. A., 
Guthrie, B. & Malcolm, W. (2022) Feedback of Antibiotic Prescribing in Primary Care (FAPPC) trial: 
results of a real-world cluster randomized controlled trial in Scotland, UK. J Antimicrob Chemother, 
77(12), 3291-3300. 

Mbwasi, R., Mapunjo, S., Wittenauer, R., Valimba, R., Msovela, K., Werth, B. J., Khea, A. M., Nkiligi, E. 
A., Lusaya, E., Stergachis, A. & Konduri, N. (2020) National Consumption of Antimicrobials in 
Tanzania: 2017–2019. Frontiers in Pharmacology, 11. 

McDonald, C. R., Weckman, A., Richard-Greenblatt, M., Leligdowicz, A. & Kain, K. C. (2018) 
Integrated fever management: disease severity markers to triage children with malaria and non-
malarial febrile illness. Malaria Journal, 17(1), 353. 

Md Rezal, R. S., Hassali, M. A., Alrasheedy, A. A., Saleem, F., Md Yusof, F. A. & Godman, B. (2015) 
Physicians' knowledge, perceptions and behaviour towards antibiotic prescribing: a systematic 
review of the literature. Expert Rev Anti Infect Ther, 13(5), 665-80. 



PhD Thesis Rainer Tan 101 | P a g e  
 

Meaney, P. A., Hokororo, A., Masenge, T., Mwanga, J., Kalabamu, F. S., Berg, M., Rozenfeld, B., 
Smith, Z., Chami, N., Mkopi, N., Mwanga, C. & Agweyu, A. (2023) Development of pediatric acute 
care education (PACE): An adaptive electronic learning (e-learning) environment for healthcare 
providers in Tanzania. DIGITAL HEALTH, 9, 20552076231180471. 

Mehl, G., Tunçalp, Ö., Ratanaprayul, N., Tamrat, T., Barreix, M., Lowrance, D., Bartolomeos, K., Say, 
L., Kostanjsek, N., Jakob, R., Grove, J., Mariano, B., Jr. & Swaminathan, S. (2021) WHO SMART 
guidelines: optimising country-level use of guideline recommendations in the digital age. The Lancet 
Digital Health. 

Meredith, V., Sandra, M., Eamon, C., Geoff, N., Jonathan, S., Matthew, S., Kelly, D. & Amanda, P. 
(2019) Experienced physician descriptions of intuition in clinical reasoning: a typology. Diagnosis, 
6(3), 259-268. 

Ministry of Health (MoH) Tanzania Mainland, Ministry of Health (MoH) Zanzibar, (NBS), N. B. o. S., 
(OCGS), O. o. t. C. G. S. & ICF (2023) Tanzania Demographic and Health Survey and Malaria Indicator 
Survey 2022 Key Indicators Report.  Dodoma, Tanzania, and Rockville, Maryland, USA: MoH, NBS, 
OCGS, and ICF:  Available online: https://dhsprogram.com/pubs/pdf/PR144/PPR144.pdf [Accessed 
01 May 2023]. 

Ministry of Health and Social Welfare (2007) Primary health services development programme–
MMAM 2007–2017. Dar es Salaam: Ministry of Health and Social Welfare. 

Mitchell, M., Getchell, M., Nkaka, M., Msellemu, D., Van Esch, J. & Hedt-Gauthier, B. (2012) 
Perceived Improvement in Integrated Management of Childhood Illness Implementation through 
Use of Mobile Technology: Qualitative Evidence From a Pilot Study in Tanzania. Journal of Health 
Communication, 17(sup1), 118-127. 

Mitchell, M., Hedt-Gauthier, B. L., Msellemu, D., Nkaka, M. & Lesh, N. (2013) Using electronic 
technology to improve clinical care - results from a before-after cluster trial to evaluate assessment 
and classification of sick children according to Integrated Management of Childhood Illness (IMCI) 
protocol in Tanzania. BMC Med Inform Decis Mak, 13, 95. 

Mogeni, P., Twahir, H., Bandika, V., Mwalekwa, L., Thitiri, J., Ngari, M., Toromo, C., Maitland, K. & 
Berkley, J. A. (2011) Diagnostic performance of visible severe wasting for identifying severe acute 
malnutrition in children admitted to hospital in Kenya. Bull World Health Organ, 89(12), 900-6. 

Molyneux, E., Ahmad, S. & Robertson, A. (2006) Improved triage and emergency care for children 
reduces inpatient mortality in a resource-constrained setting. Bull World Health Organ, 84(4), 314-9. 

Moons, K. G. M., Altman, D. G., Reitsma, J. B., Ioannidis, J. P. A., Macaskill, P., Steyerberg, E. W., 
Vickers, A. J., Ransohoff, D. F. & Collins, G. S. (2015) Transparent Reporting of a multivariable 
prediction model for Individual Prognosis Or Diagnosis (TRIPOD): Explanation and Elaboration. 
Annals of Internal Medicine, 162(1), W1-W73. 

Mullan, F. & Frehywot, S. (2007) Non-physician clinicians in 47 sub-Saharan African countries. The 
Lancet, 370(9605), 2158-2163. 

Murphy, G. A. V., Gathara, D., Mwaniki, A., Nabea, G., Mwachiro, J., Abuya, N. & English, M. (2019) 
Nursing knowledge of essential maternal and newborn care in a high-mortality urban African setting: 
A cross-sectional study. J Clin Nurs, 28(5-6), 882-893. 

Murray, C. J. L., Ikuta, K. S., Sharara, F., Swetschinski, L., Robles Aguilar, G., Gray, A., Han, C., 
Bisignano, C., Rao, P., Wool, E., Johnson, S. C., Browne, A. J., Chipeta, M. G., Fell, F., Hackett, S., 
Haines-Woodhouse, G., Kashef Hamadani, B. H., Kumaran, E. A. P., McManigal, B., Agarwal, R., 
Akech, S., Albertson, S., Amuasi, J., Andrews, J., Aravkin, A., Ashley, E., Bailey, F., Baker, S., Basnyat, 
B., Bekker, A., Bender, R., Bethou, A., Bielicki, J., Boonkasidecha, S., Bukosia, J., Carvalheiro, C., 
Castañeda-Orjuela, C., Chansamouth, V., Chaurasia, S., Chiurchiù, S., Chowdhury, F., Cook, A. J., 
Cooper, B., Cressey, T. R., Criollo-Mora, E., Cunningham, M., Darboe, S., Day, N. P. J., De Luca, M., 
Dokova, K., Dramowski, A., Dunachie, S. J., Eckmanns, T., Eibach, D., Emami, A., Feasey, N., Fisher-

https://dhsprogram.com/pubs/pdf/PR144/PPR144.pdf


PhD Thesis Rainer Tan 102 | P a g e  
 

Pearson, N., Forrest, K., Garrett, D., Gastmeier, P., Giref, A. Z., Greer, R. C., Gupta, V., Haller, S., 
Haselbeck, A., Hay, S. I., Holm, M., Hopkins, S., Iregbu, K. C., Jacobs, J., Jarovsky, D., Javanmardi, F., 
Khorana, M., Kissoon, N., Kobeissi, E., Kostyanev, T., Krapp, F., Krumkamp, R., Kumar, A., Kyu, H. H., 
Lim, C., Limmathurotsakul, D., Loftus, M. J., Lunn, M., Ma, J., Mturi, N., Munera-Huertas, T., Musicha, 
P., Mussi-Pinhata, M. M., Nakamura, T., Nanavati, R., Nangia, S., Newton, P., Ngoun, C., Novotney, 
A., Nwakanma, D., Obiero, C. W., Olivas-Martinez, A., Olliaro, P., Ooko, E., et al (2022) Global burden 
of bacterial antimicrobial resistance in 2019: a systematic analysis. The Lancet. 

Musen, M. A., Middleton, B. & Greenes, R. A. (2021) Clinical decision-support systems, Biomedical 
informatics: computer applications in health care and biomedicineSpringer, 795-840. 

Mustafa, U.-k., Kreppel, K. S., Brinkel, J. & Sauli, E. (2023) Digital technologies to enhance infectious 
disease surveillance in Tanzania: a scoping review, Healthcare. MDPI. 

O'Neill, J. (2014) Antimicrobial Resistance: Tackling a Crisis for the Health and Wealth of Nations. 

Oxman, A. D., Thomson, M. A., Davis, D. A. & Haynes, R. B. (1995) No magic bullets: a systematic 
review of 102 trials of interventions to improve professional practice. Cmaj, 153(10), 1423-31. 

Parshuram, C. S., Hutchison, J. & Middaugh, K. (2009) Development and initial validation of the 
Bedside Paediatric Early Warning System score. Critical Care, 13(4), R135. 

Pellé, K. G., Rambaud-Althaus, C., Acremont, V., Moran, G., Sampath, R., Katz, Z., Moussy, F. G., 
Mehl, G. L. & Dittrich, S. (2020) Electronic clinical decision support algorithms incorporating point -of-
care diagnostic tests in low-resource settings: a target product profile. BMJ Global Health, 5(2), 
e002067. 

Radyowijati, A. & Haak, H. (2003) Improving antibiotic use in low-income countries: an overview of 
evidence on determinants. Social Science & Medicine, 57(4), 733-744. 

Rambaud-Althaus, C., Shao, A., Samaka, J., Swai, N., Perri, S., Kahama-Maro, J., Mitchell, M., 
D'Acremont, V. & Genton, B. (2017) Performance of Health Workers Using an Electronic Algorithm 
for the Management of Childhood Illness in Tanzania: A Pilot Implementation Study. Am J Trop Med 
Hyg, 96(1), 249-257. 

Rambaud-Althaus, C., Shao, A. F., Kahama-Maro, J., Genton, B. & d'Acremont, V. (2015) Managing 
the Sick Child in the Era of Declining Malaria Transmission: Development of ALMANACH, an 
Electronic Algorithm for Appropriate Use of Antimicrobials. PLoS One, 10(7), e0127674. 

Rees, C. A., Basnet, S., Gentile, A., Gessner, B. D., Kartasasmita, C. B., Lucero, M., Martinez, L., Grady, 
K.-A. F., Ruvinsky, R. O., Turner, C., Campbell, H., Nair, H., Falconer, J., Williams, L. J., Horne, M., 
Strand, T., Nisar, Y. B., Qazi, S. A. & Neuman, M. I. (2020) An analysis of clinical predictive values for 
radiographic pneumonia in children. BMJ Global Health, 5(8), e002708. 

Renggli, S., Mayumana, I., Mboya, D., Charles, C., Maeda, J., Mshana, C., Kessy, F., Tediosi, F., 
Pfeiffer, C., Schulze, A., Aerts, A. & Lengeler, C. (2018) Towards improved health service quality in 
Tanzania: An approach to increase efficiency and effectiveness of routine supportive supervision. 
PLOS ONE, 13(9), e0202735. 

Renggli, S., Mayumana, I., Mboya, D., Charles, C., Mshana, C., Kessy, F., Glass, T. R., Lengeler, C., 
Schulze, A., Aerts, A. & Pfeiffer, C. (2019) Towards improved health service quality in Tanzania: 
contribution of a supportive supervision approach to increased quality of primary healthcare. BMC 
Health Services Research, 19(1), 848. 

Robinson, M. L., Workneh, M., Dittrich, S., Kurlekar, S., Yee, R., Nirmalraj, M. C., Robinson, K. A. & 
Manabe, Y. C. (2019) Host biomarkers to predict the severity of acute febrile illness: A scoping 
review. medRxiv, 2019.12.21.19014753. 

Rogues, A. M., Dumartin, C., Amadéo, B., Venier, A. G., Marty, N., Parneix, P. & Gachie, J. P. (2007) 
Relationship between rates of antimicrobial consumption and the incidence of antimicrobial 



PhD Thesis Rainer Tan 103 | P a g e  
 

resistance in Staphylococcus aureus and Pseudomonas aeruginosa isolates from 47 French hospitals. 
Infect Control Hosp Epidemiol, 28(12), 1389-95. 

Sangeda, R. Z., Saburi, H. A., Masatu, F. C., Aiko, B. G., Mboya, E. A., Mkumbwa, S., Bitegeko, A., 
Mwalwisi, Y. H., Nkiligi, E. A., Chambuso, M., Sillo, H. B., Fimbo, A. M. & Horumpende, P. G. (2021) 
National Antibiotics Utilization Trends for Human Use in Tanzania from 2010 to 2016 Inferred from 
Tanzania Medicines and Medical Devices Authority Importation Data. Antibiotics (Basel), 10(10). 

Sarrassat, S., Lewis, J. J., Some, A. S., Somda, S., Cousens, S. & Blanchet, K. (2021) An Integrated 
eDiagnosis Approach (IeDA) versus standard IMCI for assessing and managing childhood illness in 
Burkina Faso: a stepped-wedge cluster randomised trial. BMC health services research, 21(1), 354-
354. 

Schmitz, T., Beynon, F., Musard, C., Kwiatkowski, M., Landi, M., Ishaya, D., Zira, J., Muazu, M., 
Renner, C., Emmanuel, E., Bulus, S. G. & Rossi, R. (2022) Effectiveness of an electronic clinical 
decision support system in improving the management of childhood illness in primary care in rural 
Nigeria: an observational study. BMJ Open, 12(7), e055315. 

Schwartz, K. L., Ivers, N., Langford, B. J., Taljaard, M., Neish, D., Brown, K. A., Leung, V., Daneman, N., 
Alloo, J., Silverman, M., Shing, E., Grimshaw, J. M., Leis, J. A., Wu, J. H. C. & Garber, G. (2021) Effect 
of Antibiotic-Prescribing Feedback to High-Volume Primary Care Physicians on Number of Antibiotic 
Prescriptions: A Randomized Clinical Trial. JAMA Intern Med, 181(9), 1165-1173. 

Scott, H. F., Colborn, K. L., Sevick, C. J., Bajaj, L., Kissoon, N., Davies, S. J. D. & Kempe, A. (2020) 
Development and Validation of a Predictive Model of the Risk of Pediatric Septic Shock Using Data 
Known at the Time of Hospital Arrival. Journal of Pediatrics, 217, 145-+. 

Seymour, C. W., Liu, V. X., Iwashyna, T. J., Brunkhorst, F. M., Rea, T. D., Scherag, A., Rubenfeld, G., 
Kahn, J. M., Shankar-Hari, M., Singer, M., Deutschman, C. S., Escobar, G. J. & Angus, D. C. (2016) 
Assessment of Clinical Criteria for Sepsis: For the Third International Consensus Definitions for Sepsis 
and Septic Shock (Sepsis-3). JAMA, 315(8), 762-774. 

Shao, A. F., Rambaud-Althaus, C., Samaka, J., Faustine, A. F., Perri-Moore, S., Swai, N., Kahama-Maro, 
J., Mitchell, M., Genton, B. & D'Acremont, V. (2015a) New Algorithm for Managing Childhood Illness 
Using Mobile Technology (ALMANACH): A Controlled Non-Inferiority Study on Clinical Outcome and 
Antibiotic Use in Tanzania. PLoS One, 10(7), e0132316. 

Shao, A. F., Rambaud-Althaus, C., Swai, N., Kahama-Maro, J., Genton, B., D'Acremont, V. & Pfeiffer, 
C. (2015b) Can smartphones and tablets improve the management of childhood illness in Tanzania? 
A qualitative study from a primary health care worker's perspective. BMC health services research, 
15, 135-135. 

Sharrow, D., Hug, L., You, D., Alkema, L., Black, R., Cousens, S., Croft, T., Gaigbe-Togbe, V., Gerland, 
P., Guillot, M., Hill, K., Masquelier, B., Mathers, C., Pedersen, J., Strong, K. L., Suzuki, E., Wakefield, J. 
& Walker, N. (2022) Global, regional, and national trends in under-5 mortality between 1990 and 
2019 with scenario-based projections until 2030: a systematic analysis by the UN Inter-agency Group 
for Child Mortality Estimation. The Lancet Global Health, 10(2), e195-e206. 

Shively, N. R., Buehrle, D. J., Clancy, C. J. & Decker, B. K. (2018) Prevalence of Inappropriate 
Antibiotic Prescribing in Primary Care Clinics within a Veterans Affairs Health Care System. 
Antimicrob Agents Chemother, 62(8). 

Sirili, N., Frumence, G., Kiwara, A., Mwangu, M., Goicolea, I. & Hurtig, A.-K. (2019) “Doctors ready to 
be posted are jobless on the street…” the deployment process and shortage of doctors in Tanzania. 
Human Resources for Health, 17(1), 11. 

Smedemark, S. A., Aabenhus, R., Llor, C., Fournaise, A., Olsen, O. & Jørgensen, K. J. (2022) 
Biomarkers as point-of-care tests to guide prescription of antibiotics in people with acute respiratory 
infections in primary care. Cochrane Database Syst Rev, 10(10), Cd010130. 



PhD Thesis Rainer Tan 104 | P a g e  
 

Suda, K. J., Hicks, L. A., Roberts, R. M., Hunkler, R. J. & Danziger, L. H. (2013) A national evaluation of 
antibiotic expenditures by healthcare setting in the United States, 2009. Journal of Antimicrobial 
Chemotherapy, 68(3), 715-718. 

Sukums, F., Mzurikwao, D., Sabas, D., Chaula, R., Mbuke, J., Kabika, T., Kaswija, J., Ngowi, B., Noll, J., 
Winkler, A. S. & Andersson, S. W. (2023) The use of artificial intelligence-based innovations in the 
health sector in Tanzania: A scoping review. Health Policy and Technology, 12(1), 100728. 

Sulis, G., Adam, P., Nafade, V., Gore, G., Daniels, B., Daftary, A., Das, J., Gandra, S. & Pai, M. (2020) 
Antibiotic prescription practices in primary care in low- and middle-income countries: A systematic 
review and meta-analysis. PLOS Medicine, 17(6), e1003139. 

Tan, R., Kagoro, F., Levine, G. A., Masimba, J., Samaka, J., Sangu, W., Genton, B., D'Acremont, V. & 
Keitel, K. (2020) Clinical Outcome of Febrile Tanzanian Children with Severe Malnutrition Using 
Anthropometry in Comparison to Clinical Signs. American Journal of Tropical Medicine and Hygiene, 
102(2), 427-435. 

Tan, R., Kavishe, G., Luwanda, L. B., Kulinkina, A. V., Renggli, S., Mangu, C., Ashery, G., Jorram, M., 
Mtebene, I. E., Agrea, P., Mhagama, H., Vonlanthen, A., Faivre, V., Thabard, J., Levine, G., Le Pogam, 
M.-A., Keitel, K., Taffé, P., Ntinginya, N., Masanja, H. & D’Acremont, V. (2023) A digital health 
algorithm to guide antibiotic prescription in pediatric outpatient care: a cluster randomized 
controlled trial. Nature Medicine. 

Tanzania Ministry of Health, C. D., Gender, Elderly and Children (2019) Tanzania digital health 
strategy 2019-2024.  Available online: 
https://media.path.org/documents/Tanzania_Digital_Health_Strategy_2019_-
2024.pdf?_gl=1*r7rhke*_gcl_au*MTMwMzQwNzQ2Ny4xNjk1MDYzODQw*_ga*Mzc2ODM5MjQ1LjE
2OTUwNjM4NDA.*_ga_YBSE7ZKDQM*MTY5NTA2NTY4OS4yLjEuMTY5NTA2NjgxOC42MC4wLjA. 
[Accessed  

Teixeira Rodrigues, A., Roque, F., Falcão, A., Figueiras, A. & Herdeiro, M. T. (2013) Understanding 
physician antibiotic prescribing behaviour: a systematic review of qualitative studies. Int J Antimicrob 
Agents, 41(3), 203-12. 

The Lancet Global, H. (2017) Community health workers: emerging from the shadows? The Lancet 
Global Health, 5(5), e467. 

Tonkin-Crine, S. K., Tan, P. S., van Hecke, O., Wang, K., Roberts, N. W., McCullough, A., Hansen, M. P., 
Butler, C. C. & Del Mar, C. B. (2017) Clinician-targeted interventions to influence antibiotic 
prescribing behaviour for acute respiratory infections in primary care: an overview of systematic 
reviews. Cochrane Database Syst Rev, 9(9), Cd012252. 

UN IGME (2023) Levels & Trends in Child Mortality Report 2022 : Estimates developed by the United 
Nations Inter-agency Group for Child Mortality Estimation.New York. 

United Republic of Tanzania (URT), M. o. F. a. P., Tanzania National Bureau of Statistics and 
President’s Office - Finance and Planning, Office of the Chief Government Statistician, Zanzibar. 
(2022) The 2022 Population and Housing Census: Administrative Units Population Distribution 
Report.Tanzania. 

United Republic of Tanzania Ministry of Health Commmunity Development Gender elderly and 
children (2017) The National Action Plan on Antimicrobial Resistance 2017-2022.  Tanzania:  
Available online: https://www.who.int/publications/m/item/united-republic-of-tanzania-the-
national-action-plan-on-antimicrobial-resistance [Accessed 20 July 2023]. 

Van Boeckel, T. P., Gandra, S., Ashok, A., Caudron, Q., Grenfell, B. T., Levin, S. A. & Laxminarayan, R. 
(2014) Global antibiotic consumption 2000 to 2010: an analysis of national pharmaceutical sales 
data. The Lancet Infectious Diseases, 14(8), 742-750. 

https://media.path.org/documents/Tanzania_Digital_Health_Strategy_2019_-2024.pdf?_gl=1*r7rhke*_gcl_au*MTMwMzQwNzQ2Ny4xNjk1MDYzODQw*_ga*Mzc2ODM5MjQ1LjE2OTUwNjM4NDA.*_ga_YBSE7ZKDQM*MTY5NTA2NTY4OS4yLjEuMTY5NTA2NjgxOC42MC4wLjA
https://media.path.org/documents/Tanzania_Digital_Health_Strategy_2019_-2024.pdf?_gl=1*r7rhke*_gcl_au*MTMwMzQwNzQ2Ny4xNjk1MDYzODQw*_ga*Mzc2ODM5MjQ1LjE2OTUwNjM4NDA.*_ga_YBSE7ZKDQM*MTY5NTA2NTY4OS4yLjEuMTY5NTA2NjgxOC42MC4wLjA
https://media.path.org/documents/Tanzania_Digital_Health_Strategy_2019_-2024.pdf?_gl=1*r7rhke*_gcl_au*MTMwMzQwNzQ2Ny4xNjk1MDYzODQw*_ga*Mzc2ODM5MjQ1LjE2OTUwNjM4NDA.*_ga_YBSE7ZKDQM*MTY5NTA2NTY4OS4yLjEuMTY5NTA2NjgxOC42MC4wLjA
https://www.who.int/publications/m/item/united-republic-of-tanzania-the-national-action-plan-on-antimicrobial-resistance
https://www.who.int/publications/m/item/united-republic-of-tanzania-the-national-action-plan-on-antimicrobial-resistance


PhD Thesis Rainer Tan 105 | P a g e  
 

van de Maat, J., De Santis, O., Luwanda, L., Tan, R. & Keitel, K. (2021) Primary Care Case 
Management of Febrile Children: Insights From the ePOCT Routine Care Cohort in Dar es Salaam, 
Tanzania. Frontiers in Pediatrics, 9(465). 

van de Maat, J., van de Voort, E., Mintegi, S., Gervaix, A., Nieboer, D., Moll, H., Oostenbrink, R., 
Olesen, H., Bonnelykke, C. L., Angoulvant, F., Dubos, F., Gras-Leguen, C., Desmarest, M., Aurel, M., 
Gajdos, V., Joffre, C., Bognar, Z., Parri, N., Fichera, V., Arrhigini, A., Bressan, S., Da Dalt, L., Moll, H. A., 
Oostenbrink, R., van Veen, M., Noordzij, J., Smit, F., van Wermeskerken, A. M., Pinto, S., Sa, G., 
Macao, P., Silva, D., Zarcos, M., Moldovan, D., Dreghiciu, D. M. N., Mintegi, S., Acedo, Y., Garcia, L. 
H., Medina, I., Cozar, J. A., Arribas, J. L. F., Seiler, M., Gervaix, A., Maconochie, I., Yilmaz, H. L., Gokay, 
S. S. & Res European Pediat Emergency, M. (2019) Antibiotic prescription for febrile children in 
European emergency departments: a cross-sectional, observational study. Lancet Infectious 
Diseases, 19(4), 382-391. 

Van den Bruel, A., Thompson, M., Buntinx, F. & Mant, D. (2012) Clinicians’ gut feeling about serious 
infections in children: observational study. BMJ : British Medical Journal, 345, e6144. 

van Nassau, S. C., van Beek, R. H., Driessen, G. J., Hazelzet, J. A., van Wering, H. M. & Boeddha, N. P. 
(2018) Translating Sepsis-3 Criteria in Children: Prognostic Accuracy of Age-Adjusted Quick SOFA 
Score in Children Visiting the Emergency Department With Suspected Bacterial Infection. Front 
Pediatr, 6, 266. 

Verbakel, J. Y., Lee, J. J., Goyder, C., San Tan, P., Ananthakumar, T., Turner, P. J., Hayward, G. & Van 
den Bruel, A. (2019) Impact of point-of-care C reactive protein in ambulatory care: a systematic 
review and meta-analysis. BMJ open, 9(1), e025036. 

Vergouwe, Y., Steyerberg, E. W., Eijkemans, M. J. & Habbema, J. D. (2005) Substantial effective 
sample sizes were required for external validation studies of predictive logistic regression models. J 
Clin Epidemiol, 58(5), 475-83. 

von Seidlein, L., Olaosebikan, R., Hendriksen, I. C. E., Lee, S. J., Adedoyin, O. T., Agbenyega, T., Nguah, 
S. B., Bojang, K., Deen, J. L., Evans, J., Fanello, C. I., Gomes, E. , Pedro, A. J., Kahabuka, C., Karema, C., 
Kivaya, E., Maitland, K., Mokuolu, O. A., Mtove, G., Mwanga-Amumpaire, J., Nadjm, B., Nansumba, 
M., Ngum, W. P., Onyamboko, M. A., Reyburn, H., Sakulthaew, T., Silamut, K., Tshefu, A. K., Umulisa, 
N., Gesase, S., Day, N. P. J., White, N. J. & Dondorp, A. M. (2012) Predicting the Clinical Outcome of 
Severe Falciparum Malaria in African Children: Findings From a Large Randomized Trial. Clinical 
Infectious Diseases, 54(8), 1080-1090. 

Walter, N. D., Lyimo, T., Skarbinski, J., Metta, E., Kahigwa, E., Flannery, B., Dowell, S. F., Abdulla, S. & 
Kachur, S. P. (2009) Why first-level health workers fail to follow guidelines for managing severe 
disease in children in the Coast Region, the United Republic of Tanzania. Bull World Health Organ, 
87(2), 99-107. 

Watts, G. (2020) The Tanzanian digital health agenda. The Lancet Digital Health, 2(2), e62-e63. 

Waugaman, A. (2016) From principle to practice: implementing the principles for digital 
development. Proceedings of the Principles for Digital Development Working Group, 4. 

Willcox, M. L., Peersman, W., Daou, P., Diakité, C., Bajunirwe, F., Mubangizi, V., Mahmoud, E. H., 
Moosa, S., Phaladze, N., Nkomazana, O., Khogali, M., Diallo, D., De Maeseneer, J. & Mant, D. (2015) 
Human resources for primary health care in sub-Saharan Africa: progress or stagnation? Hum Resour 
Health, 13, 76. 

Willmington, C., Belardi, P., Murante, A. M. & Vainieri, M. (2022) The contribution of benchmarking 
to quality improvement in healthcare. A systematic literature review. BMC Health Serv Res, 22(1), 
139. 

Wise, R., Hart, T., Cars, O., Streulens, M., Helmuth, R., Huovinen, P. & Sprenger, M. (1998) 
Antimicrobial resistance. Is a major threat to public health. Bmj, 317(7159), 609-10. 

World Health Organization (2014) Integrated Management of Childhood Ilness Chartbook.Geneva. 



PhD Thesis Rainer Tan 106 | P a g e  
 

World Health Organization (2016a) Global strategy on human resources for health: workforce 2030.  

World Health Organization (2016b) Health workforce requirements for universal health coverage and 
the sustainable development goals.(human resources for health observer, 17).Geneva. 

World Health Organization (2018a) Standards for improving the quality of care for children and 
young adolescents in health facilities. 

World Health Organization (2018b) WHO Handbook for Digitalizing Primary Health Care, 2018b. 
Available online: https://apps.who.int/iris/bitstream/handle/10665/326573/WHO-HIS-SDS-2018.55-
eng.pdf?sequence=1 [Accessed. 

World Health Organization (2019) WHO guideline: recommendations on digital interventions for 
health system strengthening.Geneva. 

World Health Organization (2020) Antibiotic resistance, 2020. Available online: 
https://www.who.int/en/news-room/fact-sheets/detail/antibiotic-resistance [Accessed. 

World Health Organization (2023) The National health Workforce Accounts database.Geneva. 

Yahya, T. & Mohamed, M. (2018) Raising a mirror to quality of care in Tanzania: the five-star 
assessment. Lancet Glob Health, 6(11), e1155-e1157. 

Zay Ya, K., Win, P. T. N., Bielicki, J., Lambiris, M. & Fink, G. (2023) Association Between Antimicrobial 
Stewardship Programs and Antibiotic Use Globally: A Systematic Review and Meta-Analysis. JAMA 
Network Open, 6(2), e2253806-e2253806. 

 

  

https://apps.who.int/iris/bitstream/handle/10665/326573/WHO-HIS-SDS-2018.55-eng.pdf?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/326573/WHO-HIS-SDS-2018.55-eng.pdf?sequence=1
https://www.who.int/en/news-room/fact-sheets/detail/antibiotic-resistance


PhD Thesis Rainer Tan 107 | P a g e  
 

10 Curriculum Vitae 

Lausanne, Switzerland; 02 October 2023 

 

Rainer Tan 
MD, FMH Internal Medicine 

Ave Mon-Repos 2, 1005 Lausanne, Switzerland 

Rainer.tan@unisante.ch 

 

Education / Qualifications: 

Ongoing PhD in Clinical epidemiology, Sw iss Tropical and Public Health Institute, Basel, Sw itzerland 

 Thesis: Clinical Decision Support Algorithm for the improved management of sick children 

2019 Medical Doctorate , University of Lausanne, Lausanne, Sw itzerland 

 Thesis: Severe malnutrition subgroup analysis of the ePOCT RCT 

2014 Bachelor (2011) and Master (2014) of Medicine , University of Lausanne, Lausanne, Sw itzerland 

2007 Honors Bachelor of Health Sciences, University of Ottaw a, Ottaw a, Canada 

  

Professional Experience: 

Apr 2023 – Ongoing (50-60%) 

Attending / Head of the Migration Health Unit, Unisanté, University of Lausanne, Switzerland ; Department 

of Vulnerable and Social Medicine 

Activities: Patient care of asylum seekers of the canton of Vaud, Supervision of chief residents and residents 

(medical doctors) and nurses, Organization and coordination of clinical activities. Research related to health 

equity and migration health. 

May 2018 – Ongoing (50-100%) 

Research physician, Unisanté, University of Lausanne, Switzerland; Digital and Global Health Unit 

Activities: Development, implementation, and analysis of the ePOCT+, clinical decision support algorithm, 

evaluated in a cluster RCT in Tanzania. Other research related to global health. 

July 2021 - Ongoing (10-20%) 

Consultant, World Health Organization (via SwissTPH since Aug 2023), Switzerland, Iraq and Cameroon 

Activities: Support development of clinical content for the digitalization of IMCI into an electronic clinical decision 

support algorithm. Contribute to design, implementation, and pilot methodology. Work w ith Ministries of Health 

(Iraq and Cameroon) to adapt clinical algorithms to reflect national guidelines and needs. 

November 2014 – October 2019 (100%) 

Resident clinician, Internal Medicine  

Rotations: Emergency medicine, internal medicine, infectious diseases, tropical medicine, general medicine, 

cardiology, pneumology, paediatrics, research 

August 2007 – August 2009 (100%) 

Tanzania Field Coordinator, Canada Africa Community Health Alliance (CACHA)  

Activities: Coordination of projects in Tanzania. Mission-lead (2 missions) and logistics for medical missions in 

Tanzania, Benin, Gabon, and Uganda 

January 2009 – Ongoing 

Co-founder, first president, and advisor  

mailto:Rainer.tan@unisante.ch


PhD Thesis Rainer Tan 108 | P a g e  
 

METIS (Student Movement Working Against Health Inequities) – Switzerland & Tanzania 

Activities: Creation of the by-law s, structure and development of projects w orking to improve access to health of 

vulnerable populations in Sw itzerland and abroad 

 

Language Proficiency: 

Language Reading Speaking Writing 

English Native Native Native 

French Advanced Advanced Advanced 

Spanish Intermediate Intermediate Intermediate 

Swahili Basic Intermediate Basic 

 

Professional Titles: 

2019 Internal Medicine Board certif ication: Sw iss Medical Association (FMH) 

2019 Certif icate of Travel Medicine: International Society of Travel Medicine 

 

Society Membership: 

1. American Society of Tropical Medicine and Hygiene 

2. Sw iss Medical Association (FMH) 

3. International Society of Travel Medicine 

4. Sw iss Society of Tropical Medicine and Parasitology 

5. British Society for Antimicrobial Chemotherapy  

Grants: 

 Ambizione – Swiss National Science Foundation – August 2023 

o Principal investigator (CHF 878,439) 

 Foster interuniversity initiatives and collaborations – Swiss School of Public Health – May 2023 

o Co-leader (CHF 25,000) 

 

Publications: 

 Tan, Rainer, Kavishe, G., Luw anda, L. B., Kulinkina, A. V., … Ntinginya, N., Masanja, H. & D’Acremont, V. 

(2023) A digital health algorithm to guide antibiotic prescription in pediatric outpatient care: a cluster 

randomized controlled trial. Nature Medicine. 

 Beynon, F., Guérin, F., Lampariello, R., Schmitz, T., Tan, Rainer, Ratanaprayul, N., . . . Keitel, K. (2023). 

Digitalizing Clinical Guidelines: Experiences in the Development of Clinical Decision Support Algorithms for 

Management of Childhood Illness in Resource-Constrained Settings. Global Health: Science and Practice.  

 Beynon, F., Salzmann, T., Faye, P. M., Thiongane, A., Ndiaye, O., Luw anda, L. B., . . . Tan, Rainer (2023). 

[Paediatric digital clinical decision support for global health]. Rev Med Suisse, 19(836), 1398-1403. 

doi:10.53738/revmed.2023.19.836.1398 

 Tan, Rainer., Cobuccio, L., Beynon, F., . . . D’Acremont, V. (2023). ePOCT+ and the medAL-suite: 

Development of an electronic clinical decision support algorithm and digital platform for pediatric outpatients 

in low - and middle-income countries. PLOS Digital Health, 2(1), e0000170. doi:10.1371/journal.pdig.0000170 

 Trottet, C., Vogels, T., Keitel, K., Kulinkina, A. V., Tan, Rainer, Cobuccio, L., . . . Hartley, M. A. (2023). 

Modular Clinical Decision Support Netw orks (MoDN)-Updatable, interpretable, and portable predictions for 

evolving clinical environments. PLOS Digit Health, 2(7), e0000108. doi:10.1371/journal.pdig.0000108 



PhD Thesis Rainer Tan 109 | P a g e  
 

 Tan, Rainer, Emery, N., Miauton, A., Genton, B., & D'Acremont, V. (2022). [Eco-tourism: w hat 

recommendations?]. Rev Med Suisse, 18(780), 886-889. doi:10.53738/revmed.2022.18.780.886 

 Chandna, A.*, Tan, Rainer*, Carter, M., Van Den Bruel,. . . Keitel, K. (2021). Predictors of disease severity in 

children presenting from the community w ith febrile illnesses: a systematic review  of prognostic studies. BMJ 

Glob Health, 6(1). doi:10.1136/bmjgh-2020-003451 *Co-primary author 

 van de Maat, J., De Santis, O., Luw anda, L., Tan, Rainer, & Keitel, K. (2021). Primary Care Case 

Management of Febrile Children: Insights From the ePOCT Routine Care Cohort in Dar es Salaam, Tanzania. 

Front Pediatr, 9(465). doi:10.3389/fped.2021.626386 

 Tan, Rainer, Kagoro, F., Levine, G. A., . . . Keitel, K. (2020). Clinical Outcome of Febrile Tanzanian Children 

w ith Severe Malnutrition Using Anthropometry in Comparison to Clinical Signs. American Journal of Tropical 

Medicine and Hygiene, 102(2), 427-435. doi:10.4269/ajtmh.19-0553 

 Miauton, A.*, Tan, Rainer*., Pantazou, V., Du Pasquier, R., & Genton, B. (2020). Vaccine-associated 

measles in a patient treated w ith natalizumab: a case report. BMC Infectious Diseases, 20(1), 753. 

doi:10.1186/s12879-020-05475-9 *Co-primary author 

 Tan, Rainer, Elmers, J., & Genton, B. (2019). Malaria standby emergency treatment (SBET) for travellers 

visiting malaria endemic areas: a systematic review  and meta-analysis. J Travel Med, 26(4). 

doi:10.1093/jtm/taz027 

 Tan, Rainer, Hugli, O., Cavassini, M., & Darling, K. (2018). Non-targeted HIV testing in the emergency 

department: not just how  but w here. Expert Rev Anti Infect Ther, 16(12), 893-905. 

doi:10.1080/14787210.2018.1545575 

 


