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Abstract 

Background:  In sub-Saharan Africa, the material and human capacity to diagnose patients reporting with fever to 
healthcare providers is largely insufficient. Febrile patients are typically treated presumptively with antimalarials and/
or antibiotics. Such over-prescription can lead to drug resistance and involves unnecessary costs to the health system. 
International funding for malaria is currently not sufficient to control malaria. Transition to domestic funding is chal-
lenged by UHC efforts and recent COVID-19 outbreak. Herewith we present a digital approach to improve efficiencies 
in diagnosis and treatment of malaria in endemic Kisumu, Kenya: Connected Diagnostics. The objective of this study is 
to evaluate the feasibility, user experience and clinical performance of this approach in Kisumu.

Methods:  Our intervention was performed Oct 2017–Dec 2018 across five private providers in Kisumu. Patients 
were enrolled on M-TIBA platform, diagnostic test results digitized, and only positive patients were digitally entitled to 
malaria treatment. Data on socio-demographics, healthcare transactions and medical outcomes were analysed using 
standard descriptive quantitative statistics. Provider perspectives were gathered by 19 semi-structured interviews.

Results:  In total 11,689 febrile patients were digitally tested through five private providers. Malaria positivity ranged 
from 7.4 to 30.2% between providers, significantly more amongst the poor (p < 0.05). Prescription of antimalarials was 
substantially aberrant from National Guidelines, with 28% over-prescription (4.6–63.3% per provider) and prescription 
of branded versus generic antimalarials differing amongst facilities and correlating with the socioeconomic status of 
clients. Challenges were encountered transitioning from microscopy to RDT.

Conclusion:  We provide full proof-of-concept of innovative Connected Diagnostics to use digitized malaria diagnos-
tics to earmark digital entitlements for correct malaria treatment of patients. This approach has large cost-saving and 
quality improvement potential.
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Background
Sub-Saharan Africa (SSA) continues to face challenges 
attaining accurate diagnosis of both infectious and non-
communicable illnesses. Laboratory diagnosis remains 
suboptimal with much-needed lab equipment often lack-
ing, financial resources being scarce and skilled medi-
cal staff underrepresented [1]. Recently, across 49 SSA 
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countries, only 380 laboratories were accredited against 
international standards, with many countries not even 
hosting one single accredited provider [2]. Also, in urban 
and semi-urban centres where lab facilities and staff are 
usually better available, inaccurate diagnoses with lim-
ited sensitivity and specificity are common practice [1, 
3–5]. Fever is one of the most common reasons peo-
ple in Africa visit health providers. However, due to the 
aforementioned challenges with lab providers across the 
continent, febrile patients are often not diagnosed using 
laboratory tests, but only presumptively, based on clini-
cal grounds [1]. The most common presumptive diag-
nosis in febrile patients is malaria, followed by bacterial 
infection(s), resulting in over-prescription of antimalari-
als and antibiotics. A recent study indicated that more 
than 70% of fever cases in Tanzanian children was caused 
by viral infections, against which antimalarials and anti-
biotics do not work [6].

SSA countries hold a disproportionately high share of 
the global malaria burden. In 2018, the region hosted 93% 
of malaria cases and 94% of malaria deaths [7]. Over 99% 
of malaria cases in malaria-endemic areas of Africa were 
caused by P. falciparum in 2018 [7]. Substantial invest-
ments continue to be needed to reduce malaria morbid-
ity and mortality in Africa. Estimates show that by 2025, 
the global annual malaria investments should increase to 
$7.7 billion [8]. However, global funding for malaria con-
trol and elimination in Africa is flat-lining and the recent 
call for universal health coverage (UHC) puts pressure on 
traditional vertical funds for malaria, such as the Global 
Fund to Fight Aids Tuberculosis and Malaria (GFATM) 
and President’s Malaria Initiative (PMI) [9, 10]. Addi-
tional challenges to malaria service delivery are emerging 
with the recent outbreak of COVID-19 [11]. Important 
drawbacks in combatting malaria were encountered in 
West Africa during the recent Ebola outbreak, setting 
examples for responding to the imminent COVID-19 
pandemic [12], indicating the importance of more effi-
cient, targeted digital malaria service delivery.

Presumptive diagnosis and treatment for malaria in 
febrile patients often lead to over-prescription of malaria 
drugs in malaria-endemic African countries [13, 14]. This 
can have key health implications, including the develop-
ment of drug resistance, higher risk of treatment failure, 
and increased morbidity. Besides, it leads to economic 
implications such as unnecessary drug costs, recurring 
visits, and economic productivity losses due to longer 
sick days. Consequently, the costs for both households 
and healthcare providers increase [15, 16]. Moreover, 
the prescription of ineffective drugs can lead to reduced 
patient trust in healthcare provision with subsequent 
decreased willingness to participate in financial (insur-
ance) schemes for pre-payment and risk-sharing.

Recent developments in digital technology provide new 
opportunities to address the above situation in a radi-
cally different way. Firstly, the emergence of the Internet 
of Things comprising a rapidly growing arsenal of ‘digi-
tal diagnostics’: tools and devices that digitalize and link 
human physical parameters to the internet, complete 
with sensing and measuring capabilities [17]. Secondly, 
the mobile revolution: 75% of the African population has 
access to a mobile phone. In Kenya, mobile penetration is 
at 86%, and still growing rapidly [18, 19]. Thirdly, Africa 
is leapfrogging with the advent of ‘bankless banking’: 
digital payment systems through mobile phones trans-
ferring entitlements between individuals. An example of 
this is M-PESA, launched in 2007 in Kenya: an electronic 
mobile money service to store, send and receive money 
on any mobile phone (smartphone or non-feature) with 
an M-PESA account [20].

Since 2014, the non-profit foundation PharmAccess 
has leveraged the above developments to create a ‘mobile 
health wallet’ linked to the M-PESA payment platform, 
known as M-TIBA (‘mobile therapy’ in Swahili). Today, 
M-TIBA is hosted by CarePay International and repre-
sents the first African digital platform exchanging data 
and funds/entitlements that are exclusively earmarked 
for health and healthcare [21]. M-TIBA works on sim-
ple, non-feature mobile phones as well as smartphones. 
It connects patients, healthcare providers and health-
care payers (such as insurers and donors) and exchanges 
data and entitlements between them. Users can save into 
their own (family) wallets, they can receive money from 
relatives elsewhere in the country, from donors, and even 
from individuals in other countries willing to donate 
directly for health [22]. This is a first step in creating new 
digital solidarity mechanisms where people can finan-
cially contribute to each other’s health: the rich for the 
poor, the healthy for the sick, the young for the old, and 
communities for individuals. As of April 2020, 4.2 million 
people in Kenya, Nigeria, Tanzania and 1500 health pro-
viders on the continent were connected to the platform 
[21].

Given the above developments, we saw an opportu-
nity within the Kenyan context to combine digital diag-
nostics and M-TIBA technology to support marked 
improvements in the efficiency of diagnosis and treat-
ment of febrile diseases. This approach is referred to as 
‘Connected Diagnostics (ConnDx)’. ConnDx introduces 
a new system-wide digital delivery approach for malaria 
care, linking phones to diagnostics and payment systems. 
Providing ConnDx services yields simultaneous real-time 
insight into data and funds exchanged between patients, 
providers, and healthcare payers.

ConnDx digitalizes rapid diagnostic tests (RDTs) 
through photography and interprets and stores results 
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in cloud-based databases through dedicated RDT read-
ers. Such readers are available, like the Fio Deki Reader™ 
[23], i-CalQ lateral flow-test imaging [24] and the Mobile 
Assay ‘lab-on-mobile device’ platform [25]. Moreover, 
some Apps can directly digitalize RDT results [26]. The 
digital diagnostic results subsequently inform a mobile 
phone-based payment system (M-TIBA) to channel dedi-
cated funds for diagnosis and treatment of the pertinent 
disease to the provider and/or patient. A recent proof-of-
principle of ConnDx was provided in Samburu, Kenya, 
in which RDTs interpreted by the Fio Deki Reader™ were 
used to diagnose brucellosis in remote populations [27]. 
Brucellosis, a rare bacterial zoonotic illness, is often 
underdiagnosed due to having similar febrile symptoms 
as malaria [28]. Patients testing positive were directly 
linked to funds through their respective mobile health 
wallets to allow for payment of drugs for the pertinent 
diseases, conditional to a positive diagnosis of these dis-
eases. Feasibility was demonstrated, patients were cor-
rectly treated, their user experience was positive, and 
hotspots of brucellosis were identified [27].

Having proven that ConnDx could be effective in iden-
tifying a rare disease in rural, remote populations, this 
paper reports on the next step: scaling ConnDx to a 
more densely populated area for a more prevalent dis-
ease (malaria) that causes high morbidity, mortality and 
serious economic impact. The objective of this study is to 
evaluate the feasibility, user experience, and clinical per-
formance of a ConnDx intervention in Kisumu, Kenya. 
Additionally, the aim is to assess the over-prescription of 
antimalarials in this population. The location of choice, 
Kisumu County in Kenya, has a population of 1.2 million 
[29], and a reported high malaria prevalence of approxi-
mately 28–35% in the general population [30, 31]. Our 
intervention took place from October 2017–December 
2018 amongst five private health providers and a total 
of ~ 12,000 beneficiaries. The private sector market share 
for malaria is large in Kisumu and the whole of Kenya. 
The majority (three-fourths) of antimalarials are distrib-
uted through private sector providers [32].

Methods
The ConnDx process starts upon patient presentation 
at participating providers or healthcare outreach events. 
The project was announced to the public through post-
ers in the waiting room referring to a free ‘Malaria Test 
& Treat Campaign’. Consenting patients presenting 
with fever and/or malaria symptoms were referred by 
informed clinicians for malaria testing by qualified lab 
technicians using malaria RDTs, digitalized using a Fio 
Deki Reader™. The Reader contained a drop-down menu 
to collect demographic data (gender, age, pregnancy sta-
tus), basic economic data (socioeconomic status) and 

geographic location data (community of residence). For 
socioeconomic status assessment, three questions were 
added to the menu pertinent to access to electricity, toi-
let type and education level of the household head. These 
questions had been previously identified most informa-
tive by principal component analysis using a Multiple 
Indicator Cluster Survey in Nyanza for reference [33]. 
This led to a poverty index, in which level 1 corresponds 
to the poorest category; level 3 to the least poor. With 
geographical location data, malaria hotspots can be iden-
tified. In this context, we define a hotspot as a geographi-
cal area in which the malaria transmission intensity is 
significantly higher than the surrounding area.

Simultaneously, the participating patients were 
enrolled on the M-TIBA platform and individual health 
wallets were created. The collected Fio Deki Reader™ 
demographic data, along with patient test results, was 
uploaded to the Fionet cloud database and linked to the 
patient’s mobile health wallet account using a unique 
M-TIBA transaction code. Only patients with a positive 
diagnosis were entitled to receive funding for antimalari-
als, which (in an interim functionality) was paid to their 
respective healthcare providers, thus effectuating fully 
paid treatment for the patients. Patients received antima-
larials at the same provider as where they received a posi-
tive diagnosis. Figure 1 provides a schematic illustration 
of the ConnDx process.

ConnDx was implemented from October 2017–
December 2018 across five private care providers 
(anonymized A-E) within sub-counties of Kisumu 
County. Providers were selected based on DHIS-2 reg-
istered (high) patient throughput, geographic location 
close to water, the willingness of management to partici-
pate and ranged from smaller providers with set opening 
hours to large 24/7 hospital facilities.

The provider perspectives on the use of ConnDx 
were gathered through 19 semi-structured interviews 
in the participating health providers. Interviewees 
were selected in agreement with the facility man-
ager or based availability of staff members at the time 
of the interviews. Interviewed staff were managers, 
lab technicians, receptionists, and doctors or nurses. 
Informed consents were obtained from each inter-
viewee before the interview. The interview guide, spe-
cifically developed for this study, covered topics related 
to acceptability of the intervention and outstanding 
outcomes of the quantitative data analysis that needed 
further clarification (Additional file  1). In total, four 
types of interview guides were constructed, based on 
the professional background of the respondents. The 
first interview held served as a pilot interview to test 
the interview guide. The interviews took place at the 
work location of the interviewees. One PharmAccess 
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researcher held, transcribed, coded, and analyzed the 
interviews. The first five interviews were coded openly. 
Thereafter, all codes were compared to each other and 
one list of codes was created that was used to code the 
remaining 14 interviews. The interviews were analyzed 
by applying a thematic analysis approach using the soft-
ware Atlas.ti [34]to identify patterns and themes within 
the data. Two other researchers checked the coding and 
theme patterns to ensure consistency in the analysis of 
the interviews.

Quantitative data from both cloud-based databases 
(FIO and M-TIBA) were analyzed through descriptive 
statistics in Stata 12 and Microsoft Excel 2016. Descrip-
tive analyses were done for each provider separate and 
over time. Relationships between categorical variables 
were tested by using the chi-square test to calculate p 
values and compare proportions between groups. A p 
value of < 0.05 was considered statistically significant. For 
geographic location analyses, the subdivision of Kisumu 
County was divided into the 163 administrative com-
munity units, each with roughly 1000–1200 households. 
Participants were asked at the point of care which com-
munity unit their home was based. Geographic analyses 
were performed in QGIS (Version 3.0) [35] by using the 
geographic centre of each community unit as a proxy for 
the location of the participants’ domicile. The project was 
positioned as a quality improvement project of existing 
malaria services according to Kenyan Guidelines and run 
in parallel to existing systems and services. All study par-
ticipants provided consent for participation before the 
enrolment process into M-TIBA.

Results
Between October 2017 and December 2018, 11,689 peo-
ple with fever were tested in five private providers (A-E). 
Figure 2 depicts the numbers of malaria RDTs uploaded 
by location of these providers and participants’ domiciles 
according to the community unit they reported to live in.

Figure 3 shows the participation dynamics per provider 
during the intervention. Providers A and B started with 
ConnDx in October 2017, providers C, D and E enrolled 
in April 2018. Malaria testing rates coincided with the 
rainy seasons in Kisumu for 2017 and 2018 (“long rains” 
from March to June, and “short rains” from October to 
December), known to increase malaria transmission. 
During the study period (2018), rainfall in Kisumu was 
particularly high and prolonged compared to the average 
[36].

We found a variation between the providers regard-
ing positivity rates of malaria tests. Provider B reported 
relatively the least positive malaria tests (7.4%; 290/3908). 
This is followed by provider C (12.6%; 127/1006), pro-
vider E (16.7%; 279/1666) and provider A (18.1%; 
460/2548). Provider D identified the highest malaria pos-
itivity rates (30.2%; 922/3057).

From all 11,689 consenting patients who were tested 
for malaria, there was an 18.3% overall test positivity 
rate. The descriptive analyses showed that slightly more 
women were tested (58.2%), but more positive cases were 
found amongst men (19.0% versus 15.4%). The mean age 
of patients was 23.6  years and 16.5% of patients were 
aged under 5 years old. For children under 5 years of age, 
the percentage of positive malaria cases was comparable 

Fig. 1  Schematic illustration ConnDx process. Step (1) Patient with fever symptoms is tested for malaria and enrolled on M-TIBA. (2) Test results of 
patient are uploaded to the cloud portal of Fionet. (3) The test results are also linked to the M-TIBA account of the patient. (4) Patients with a positive 
test receive funding for treatment. (5) Patient follow-up can be enabled via mobile through M-TIBA
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Fig. 2  Location of the participating providers A–E in Kisumu County and hotspots of malaria tests. Data used to construct this map is gathered 
during this intervention. This map and the layers presenting the data on the map were created using location data from our dataset using QGIS 
software

Fig. 3  Participation dynamics providers A–E during the pilot of ConnDx in Kisumu. Number of transactions (tests) per provider from October 2017–
December 2018 derived from FIO database. Monthly rainfall in 2018 is indicated grey bars per months and in the light blue graph. Derived from 
worldweatheronline.com
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to adults 17.7% (n = 340/1926). From the participants, 
63.1% were a member of NHIF, the national health insur-
ance in Kenya. A chi-square test showed patients in pov-
erty level 1 were significantly more often tested positive 
for malaria than patients with a higher poverty score (p 
value < 0.05).

The RDT result uploads of ConnDx allowed for qual-
ity assessment since the Deki Reader™ indicates ‘error’ at 
point of care when the RDT is not performed correctly. 
Figure  4a–c illustrate the quality improvement of lab 
technicians’ RDT performance represented by reductions 
of error rates over time. Figure 4a demonstrates consid-
erable overall improvement over the first month of RDT 
usage (from 25% range down to below 5%). Figure 4b, c 
provide individual data for later starters E (improvement) 
and D (continued good performance).

For all participating providers, general over-prescrip-
tion of antimalarials was observed. Over-prescription 
is defined by the proportion of antimalarials dispensed 
to the actual number of positive cases as identified by a 
positive malaria test. The overall over-prescription was 
28.0%, fluctuating between 4.6% (provider D) and 63.3% 
(provider B). There were fluctuations in over-prescription 
over time, as illustrated in Fig. 5. High over-prescription 
rates were recorded before the introduction of ConnDx 
at provider B. During the ConnDx intervention, over-
prescription declined significantly. Only towards the end 
of the intervention, an increase was observed.

Figure  6 demonstrates M-TIBA derived information 
on individual provider-specific prescribing behaviour in 
choices of drugs (1st line and 2nd line) for antimalari-
als. Descriptive analyses showed the most common pre-
scriptions were: artemether/lumefantrine (75.4%, either 
branded (Coartem, 43.7%) or generic (28.5%), followed 
by artemether injection, a 2nd line drug (15%). Overall, 
75.6% of all antimalarials dispensed by the providers were 
1st line and 24.4% were 2nd line. It was found that 2nd 
line antimalarials were significantly more frequently pre-
scribed to the more affluent population and to partici-
pants who were not insured with NHIF (p value < 0.05; 
chi-square test). Provider A dispensed most 2nd line anti-
malarials (average 53.7, ranging from 26.5%—100.0%). 
This is followed by provider D (24.7%), provider B (9.2%), 
provider E (7.1%) and provider C (3.9%). Figure  6 illus-
trates that three (A, C, D) out of five private providers 
substantially diverted from the Kenyan guidelines for the 
prescription. The choice of branded versus generic anti-
malarials appeared dichotomous: providers A, B and E 
prescribed predominantly generics and providers C and 
D branded drugs.

Qualitative interviews with the healthcare provid-
ers identified various perceived challenges and oppor-
tunities. Concerning opportunities, ConnDx malaria 

diagnosis through RDT was experienced as easier, more 
efficient, and faster. Providers mentioned patients were 
also positive towards this way of testing for malaria which 
qualified them to receive payments for treatment. More-
over, healthcare providers mentioned ConnDx provid-
ing interesting additional (management) information on 
patients, prescription practices and drug procurement. 
The interviewees appreciated ConnDx to expand access 
to malaria treatment, particularly for the poor patients 
and for children. Providers experienced improvement on 
their awareness that diagnostics should determine treat-
ment decisions, reducing the prescriptions of unneces-
sary drugs.

One of the challenges mentioned by healthcare pro-
viders was a lack of trust in the performance of RDTs. 
Microscopy is still often seen as the gold standard for 
malaria testing in Kenya, despite National Guidelines 
indicating equality of RDT and microscopy as a diagnos-
tic procedure. Some healthcare providers mentioned they 
verified RDT results by microscope. Other challenges 
were more technical, related to lack of electrical power 
and internet connection. Despite these challenges, most 
respondents stated they would continue with ConnDx, as 
it did help many patients.

“It was positive. Because for us being in the com-
munity and a malaria-prone area, it was part of 
the solution that we have been wanting. So, we 
really embraced it, it was positive.”—Respondent 18 
(admin, female).

Discussion
This study describes feasibility and user experience 
through private healthcare providers in Kisumu of a 
novel digital approach to malaria diagnosis that directs 
conditional payments for malaria treatment: ConnDx. 
We demonstrate significant potential for increasing effi-
ciencies of malaria service delivery in the Kenyan private 
healthcare sector concerning better diagnosis, reducing 
over-prescription, selecting correct 1st and 2nd line drug 
combinations and reducing malaria transaction costs, 
while at the same time generating valuable real-time data 
on malaria prevalence and incidence that can be fed into 
the DHIS-2, that captures routine health service data.

ConnDx proved through this pilot its potency to 
monitoring malaria epidemiology in semi-real time and 
generate important data for malaria management. Con-
siderable variation was revealed between providers, with 
malaria positivity rates ranging from 7.4% (provider B) 
to 30.2% (provider D). This led to verifiable assumptions 
such as Provider B being a referral hospital and there-
fore less likely to serve primary malaria cases, while pro-
vider D, being located near wet rice fields, serving known 
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hotspots for malaria. During months with more rainfall, 
there were significantly more malaria tests done at the 
providers than months with less rainfall (p value < 0.05, 
chi-square test). However, no relation was found between 

months with more rainfall and positive malaria test 
results. Providers located in or near low-income settle-
ments (A and E) appeared to have higher malaria posi-
tivity rates. A chi-square test showed a relation between 

Fig. 4  a Overall percentage of RDTs with errors, from October 2017–December 2018. b Provider E percentage of RDTs with errors, from April 2018–
December 2018 c Provider D percentage of RDTs with errors, from April 2018–December 2018
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poorer patients and positive malaria tests (p value < 0.05, 
chi-square test). The quantitative analyses showed a 
relatively low participation rate of children: only 16.5% 
of reported patients were aged < 5  years, with a positiv-
ity rate of 17.7%. Through our qualitative interviews, it 
was learnt that more children were tested for malaria, 
but clients experienced challenges subscribing their chil-
dren to M-TIBA as dependents and sometimes reported 
them incorrectly as adult primary members. This was 
noticed later during the campaign and corrected but 
could have contributed to general underreporting of 
pediatric malaria cases. All in all, it was demonstrated 
that ConnDx can facilitate in semi-real time important 
healthcare provider-differences in malaria case manage-
ment. Such information, when collected at a larger-scale 
level could help policymakers and health system manag-
ers to target their efforts for (human) malaria capacity 
building.

Secondly, this study demonstrated the overall potency 
of ConnDx to monitor provider prescription behaviours 
and identify practices that are significantly aberrant 
from the Kenyan National Guidelines. Important overall 
over-prescription was recorded of antimalarials (28.0%), 
varying between providers from 4.6% (provider D) to 
63.3% (provider B). There are multiple reasons for over-
prescription, ranging from monetary considerations of 
private providers to patient expectation and pressure to 
receive drugs, avoidance of clinicians to take the risk of a 
false negative diagnosis and subsequent fatality, etc. [14]. 
Our qualitative interviews showed patient pressure was 

Fig. 5  Number of positive malaria tests compared with number of antimalarials prescriptions dispensed within provider B throughout the project 
and the 9 months prior to implementation

Fig. 6  Type of antimalarials dispensed during ConnDx pilot per 
provider compared to the treatment guidelines (pie diagram in the 
middle), divided in 1st versus 2nd line
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mentioned as a reason by most of the interviewees when 
addressing this issue. Furthermore, ConnDx revealed 
an unexpected and erroneously high level of prescrip-
tion of 2nd line antimalarials (overall 28.0%). Provider A 
revealed 2nd line prescription levels of overall 53.7%, at 
times going up to even 100%. This is remarkable, as 2nd 
line antimalarials are generally used for severe cases of 
malaria, which represent on average < 2% [37], or in (rare) 
cases of suboptimal parasitological response with 1st line 
antimalarials (resistance). When probed with this obser-
vation, provider A reported a prolonged stock-out of 1st 
line antimalarials and therefore switching to 2nd line. 
Over-prescription of 2nd line antimalarials was more 
often found with more affluent and uninsured partici-
pants. This could indicate providers are aware of the soci-
oeconomic status of their clients and they incorporate 
this into their prescriptions. Moreover, it appeared there 
was a very dichotomous, almost exclusive usage of either 
branded (provider C and D) or generic (provider A, B, 
E) antimalarials. One possibility could be that providers 
serving more affluent customers prefer procurement of 
branded versus generic antimalarials. Conversely, more 
affluent customers might request for branded instead of 
generic antimalarials. Often, generic medicines are con-
sidered to be of poor quality and treated with more suspi-
cion than branded medicines [38, 39].

Third, this study indicates that ConnDx can increase 
efficiency in malaria service delivery by decreasing costs 
in several ways. Over-prescription of antimalarials can 
be monitored, aberrations identified, and actions can be 
undertaken to address those. A 2013 study conducted in 
four providers in western Kenya, noted that presump-
tive malaria treatment can lead to misdiagnosis rates as 
high as 53% in public facilities. [13]. ConnDx can play 
an important role to reduce such a figure in facilities. 
Further cost reductions can potentially be realized by 
ConnDx, such as decreasing paperwork in health pro-
viders; such automated systems saving time, manpower 
and being more accurate in reporting cases [40]. In addi-
tion, ConnDx implies less dependency on expensive and 
maintenance-dependent microscopy, and less electricity 
will be required to perform diagnostics tests. Moreover, 
due to its user-friendliness ConnDx, will provide more 
opportunities for lower trained lab-staff to perform such 
tests, saving personnel costs.

Finally, and most importantly, ConnDx can facilitate 
a much more targeted bottom-up payment for malaria 
services to providers and clients, creating unprecedented 
transparency as compared to current top-down payment 
systems [manuscript in preparation]. During this pilot, 
patients also benefitted from the reduction in costs as 
they received a free RDT test and treatment. However, 
when these would be obtained in a private facility outside 

this pilot, patients would have to pay on average 150 KES 
($1.38 at the time) for an RDT and 150–500 KES ($1.38–
$4.59 at the time) for malaria treatment when tested 
positive, depending on whether they require first line 
or 2nd treatment. In public facilities, the average costs 
to patients per malaria visit were found to be 112 KES 
($1.03) in 2016, including registration fees, diagnosis, and 
treatment [41]. However, in public facilities, there is a gap 
in the availability of both testing and treatment of malaria 
[32].

Overall user experiences of ConnDx from the perspec-
tives of providers were positive. For all providers, the key 
challenge was reservations of their staff to adopt the use 
of RDTs instead of microscopy. In general, microscopy 
was still seen as the golden standard for malaria testing 
in Kenya, despite National Guidelines indicating equal-
ity of RDT and microscopy as diagnostic procedure [42]. 
The fact that microscopy can identify different malaria 
species and quantify the severity of infection is coun-
terargued by the fact that 1st line treatment for uncom-
plicated malaria is identical for Eastern African malaria 
species (see below), independent of their load.

Indeed, ConnDx is dependent on the use of RDTs 
instead of microscopy for malaria diagnostic testing. 
Apart from National Guidelines, also the international 
literature reports sensitivity and specificity of malaria 
RDTs equal to microscopy [43, 44]. RDTs are also rec-
ommended by WHO [3]. Several studies demonstrated 
impaired sensitivity of microscopy in actual field situa-
tions in Africa as compared to perfectly controlled lab-
oratory circumstances, with regular refresher training 
being required [33, 34]. RDTs have the added advantage 
that, in contrast to microscopy, these can easily be exter-
nally quality controlled by visual inspection of independ-
ent third parties. This opportunity is further enhanced 
through the ConnDx feature of making digital photo-
graphs of every test result, stored in secure cloud-based 
databases that can be accessed anywhere in the world. 
An additional advantage of RDT is that results can be 
digitalized, which accelerates data collection to (semi)
real-timeliness, allows for telemedicine-based quality 
control and improves quality and completeness of data 
collection (versus paper-based malaria files being entered 
into national DHIS-2 systems on a several-time-per-year 
basis). These options are all much more problematic 
when performing microscopy. Moreover, in the sub-Saha-
ran African reality, RDTs can readily detect Plasmodium 
falciparum, which causes the highest malaria morbidity 
and mortality and represents 99.7% of cases [35]. RDTs 
indeed are less available that specifically detect P. vivax, 
but this species is virtually absent in the region. Finally, 
indeed RDTs can provide a false-positive result with 
patients who had recent malaria episodes. This can be 
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addressed by building a feature into the ConnDx algo-
rithm that patients should be asked whether (s)he experi-
enced malaria episodes in the past 1–2 months and if so, 
microscopy should be prioritized.

The above-outlined challenges suggest diagnostics tests 
for febrile diseases, such as RDTs, should be embedded 
in a digital infrastructure of logistics and human decision 
support to raise to the next level of effectiveness and cost 
reductions. In the future, ConnDx could be deployed for 
bacterial infections if these can be diagnosed by RDTs 
(e.g. for C Reactive Protein), leading to better-informed 
antibiotic prescriptions, which is important in fighting 
antimicrobial resistance [45].

This study has several strengths and weaknesses. 
Strength is the important innovation of ConnDx pro-
viding reliable, geo-tagged and semi-real-time insights 
in malaria diagnostic and therapeutic services by pri-
vate sector providers in a semi-rural setting in Kenya. 
Kisumu county hosts 94 private providers, which deliver 
approximately half of all primary healthcare services to 
its population (the government supplying care through 
148 additional providers). With the majority (1 million) 
of Kisumu citizens currently connected to M-TIBA [46], 
ConnDx could in principle rapidly be scaled to all pri-
vate providers and supplement the governments’ DHIS-2 
database with valuable real-time private sector informa-
tion. Another strength is the pioneering nature of this 
study that was supported by the local health authori-
ties to run in parallel to existing malaria services. This 
allowed for rapid collection of important data, leading 
to actionable information for policymakers who demon-
strated strong involvement.

In terms of weaknesses, this study was observational 
and not a formal clinical trial. Therefore, there are no sta-
tistically validated results on (improved) diagnostic per-
formance and (improved) clinical outcomes for malaria. 
Moreover, in this study, there were no special provisions 
taken for febrile patients who tested negative for malaria 
and pertinent consequences concerning changes in clini-
cal decision making. For example, it was not studied 
what the effect was of reduced malaria prescription on 
provider prescription of alternative drugs for fever (in 
particular, antibiotics) and what were the clinical conse-
quences of such decisions. Furthermore, as the ConnDx 
process was not yet fully digitalized, several steps were 
still performed manually, such as linkage of cloud-data-
bases and payout mechanisms. Therefore, the study did 
not allow for direct and automated feedback-loops with 
any of the participating stakeholders (patients, providers, 
payers, policymakers). For this reason, progress observed 
concerning quality improvement or increased cost-effi-
ciency during this pilot was modest and likely due to the 
realization of providers that they were being remotely 

observed by the ConnDx intervention. There were also 
external factors that influenced the ConnDx pilot, such 
as civil unrest due to national elections, which hindered 
the uptake of participants due to security issues. Several 
strikes of medical staff put constraints on general malaria 
service provision. Moreover, M-TIBA is using Safaricom 
as the mobile operator (with a market share of 70% of 
Kenya), which became political in Kisumu where most 
of the population is from another tribal background than 
the Safaricom ownership, resulting in temporary boy-
cotts of usage of this platform. Finally, it should be kept in 
mind that ConnDx was implemented in parallel to exist-
ing malaria services covered by the NHIF and the MoH. 
Thus, health providers could in principle benefit by par-
ticipating in two parallel financing mechanisms, which 
could potentially create perverse incentives. This would 
not be the situation when ConnDx is fully integrated into 
NHIF or any other UHC prepayment mechanism and 
made a compulsory condition for payouts.

Conclusions
This paper demonstrates the potential of ConnDx for 
more efficient malaria services at scale. ConnDx links 
important datasets in (semi) real-time, which previously 
were in silos and reported irregularly in DHIS-2. This 
allows for improved efficiencies at all levels of the health-
care system. For clients, the quality of care can improve 
by avoiding over-prescription of ineffective drugs and by 
providing the possibility to save and remunerate funds 
for malaria. Moreover, the linkage of patients’ telephone 
numbers to the platform allows for additional services 
like malaria information, appointment keeping, adher-
ence support, patient feedback loops to providers on 
the experienced quality of care, individual alarms, early 
warning systems for geographic malaria hotspots, etc. 
For providers, better information is given on their diag-
nosis and treatment performance versus the National 
Guidelines, benchmarked and rated against colleagues. 
Moreover, providers save capitation fees when ConnDx 
is integrated into NHIF services, avoiding over-prescrip-
tion of antimalarials. Finally, reputation will be increased 
due to better-quality care delivered. For payers, ConnDx 
reduces overhead costs by increasing transparency, sup-
porting healthcare transactions at marginal costs. Fund-
ing can be traced to pertinent individual patient cases 
and vertical malaria funds can be integrated into larger 
UHC funding pools, covering both the public and pri-
vate sector. For Kenyan policymakers and healthcare 
managers, ConnDx opens ample opportunities to timely 
identify weaknesses in service delivery and undertake 
targeted remedial actions, such as specific training to 
providers.
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With ConnDx linking cloud-based databases of digi-
tal diagnostics data to a digital healthcare exchange 
platform such as M-TIBA, diagnostic results can tar-
get entitlements for malaria treatment directly through 
the mobile phones of M-TIBA users. This improved 
financial transparency, combined with marked qual-
ity gains through ConnDx presents a value proposition 
for scaling through (inter)national funders, such as the 
NHIF in Kenya, supported by the GFATM to channel 
vertical malaria funds through M-TIBA-facilitated pay-
ment platforms and contribute to UHC. ConnDx offers 
ample opportunities to enable more efficient service 
delivery for other high-morbidity medical conditions 
that can be digitally diagnosed, such as cervical cancer 
and cataract.
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