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Abstract 

Background Nonadherence to national standards for malaria diagnosis and treatment has been reported in Sudan. 
In this study, qualitative research examined the clinical domains of nonadherence, factors influencing nonadherent 
practices and health workers’ views on how to improve adherence.

Methods In September 2023, five Focus Group Discussions (FGDs) were undertaken with 104 health workers from 42 
health facilities in Sudan’s Northern State. The participants included medical assistants, doctors, nurses, laboratory 
personnel, pharmacists and public health officers. The FGDs followed a semi-structured guide reflecting the national 
malaria case management protocol. Qualitative thematic analysis was performed.

Results Nonadherent practices included disregarding parasitological test results, suboptimal paediatric artemether–
lumefantrine (AL) dosing, lack of counselling, use of prohibited artemether injections for uncomplicated and severe 
malaria, artesunate dose approximations and suboptimal preparations, lack of AL follow on treatment for severe 
malaria; and rare use of primaquine for radical Plasmodium vivax treatment and dihydroartemisinin-piperaquine 
as the second-line treatment for uncomplicated malaria. Factors influencing nonadherence included stock-outs 
of anti-malarials and RDTs; staff shortages; lack of training, job aids and supervision; malpractice by specialists; distrust 
of malaria microscopy and RDTs; and patient pressure for diagnosis and treatment. Health workers recommended 
strengthening the supply chain; hiring personnel; providing in-service protocol training including specialists; estab-
lishing external quality assurance for malaria diagnosis; and providing onsite supportive supervision and public health 
campaigns.

Conclusions This study revealed a broad spectrum of behavioural and systemic challenges in malaria management 
among frontline health workers in Northern Sudan, including nonadherence to protocols due to resource shortages, 
training gaps, a lack of supportive supervision and patient pressure. These insights, including health workers’ views 
about improvements, will inform evidence-based interventions by Sudan’s National Malaria Control Programme 
to improve health systems readiness and the quality of malaria case management.
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Background
Malaria, a significant public health concern, continues 
to cast a shadow over Sudan’s healthcare landscape. The 
malaria burden in Sudan was estimated to be 3.7 million 
cases, and 1760 deaths accounted for 17.0% of the num-
ber of outpatients admitted and 14.7% of the total number 
of hospital admissions in 2021 [1, 2]. Plasmodium falci-
parum accounts for 87.6%, Plasmodium vivax accounts 
for 8.1%, and other Plasmodium species account for 
approximately 4.3% of malaria infections [2]. The coun-
try’s struggle with malaria is further complicated by the 
COVID-19 pandemic [3], the persistent spectre of war 
[4] and the ensuing internal displacement of populations 
[5]. In this fragile environment, effective evidence-based 
management of malaria cases is paramount, safeguard-
ing the well-being of communities and alleviating the 
economic burden associated with the disease. Sudan 
malaria case management standards reflect the WHO 
2010 “test and treat” recommendations [6], and promote 
a shift from presumptive treatment of fevers to con-
firmed malaria diagnosis with either malaria microscopy 
or rapid diagnostic tests (RDT) and targeted treatment 
with artemisinin-based combination therapy (ACT) with 
appropriate weight-based dosing, drug dispensing and 
patient counselling [7]. Artemether–lumefantrine (AL) 
and dihydroartemisinin–piperaquine (DHAP) are the 
recommended first- and second-line artemisinin-based 
combinations for both P. falciparum and P. vivax uncom-
plicated malaria, while patients with P. vivax should also 
receive radical primaquine treatment. Regarding severe 
malaria management, the 2023 protocols have unam-
biguously recommended the use of artesunate injections 
and reserved parenteral quinine only when artesunate is 
contraindicated or unavailable [8]. Injectable artemether 
has been policy discontinued and banned since 2017 due 
to its prior irrational use [7, 9].

Despite evidence-based policies and recommendations, 
health worker adherence to national guidelines is the 
key factor determining the real-world cost-effectiveness 
of the “test and treat” policy for malaria [10]. Improved 
adherence to malaria guidelines decreases malaria mor-
tality [11] and highlights the importance of poor quality 
of care as a major contributor to mortality in low- and 
middle-income countries [12]. The levels, trends and 
factors of healthcare providers’ adherence to national 
malaria guidelines have been studied across Africa [13–
16]. Despite some improvements, adherence was found 
to be insufficient in many settings [17–20] with series 
of studies evaluating outpatient malaria case manage-
ment and observing deviations from testing indications 
[21, 22]. Additionally, a tendency to prescribe non-rec-
ommended anti-malarials even for confirmed cases [23, 
24] and provide irrational anti-malarial treatments to 

patients who test negative for malaria has commonly 
been reported [25, 26]. Furthermore, a number of stud-
ies highlighted missed opportunities in delivering timely 
anti-malarial treatment at healthcare facilities [27, 28]. 
With respect to inpatient management, suboptimal 
quality-of-care has also been observed. Specifically, low 
testing rates of febrile patients on admission, persistence 
of presumptive anti-malarial treatment without testing 
or despite negative malaria tests, lack of parasitological 
monitoring, use of non-recommended anti-malarials and 
incomplete treatments are only few of the clinical defi-
ciencies observed [29–33].

In Sudan, the quality of malaria case management, 
characterized by health workers’ adherence to national 
protocols, has been a challenge [2]. Nonadherence to 
standards for diagnosing and treating uncomplicated and 
severe malaria has been reported in different settings [9, 
34–36]. For instance, despite the availability of test and 
treat commodities for malaria, a national outpatient 
survey revealed that 67% of febrile patients tested, 64% 
of confirmed cases treated with ACT, 17% of test-nega-
tive patients treated for malaria, 6% of prescribed ACT 
patients weighed, 3% promptly administered the first 
ACT dose and 87%, 61% and 3% of patients, respectively, 
counselled on dosing, treatment completion and vomit-
ing [9]. Inpatient management of severe malaria was less 
commonly evaluated, however a 20-hospital survey in 
Gezira State suggested that only 54% of severe malaria 
patients received the correct dose and dosing regimen 
[36].

Quantitative research can estimate the magnitude of 
the problem, but there is a need for qualitative research 
to understand the subtle factors and provide more 
nuanced recommendations for policy implementers to 
improve adherence. In the absence of such data in Sudan, 
this qualitative study embarks on an exploration of non-
adherence among healthcare providers to malaria case 
management protocols in the Northern State of Sudan. 
Delving into the intricate web of healthcare practices, 
this research endeavours to unearth factors undermin-
ing adherence, as perceived by the very individuals 
entrenched in the frontline of healthcare delivery. Fur-
thermore, it seeks to harness their collective wisdom by 
capturing their recommendations, thereby paving the 
way towards enhanced adherence.

Methods
Study design
This study utilized a qualitative research design with 
focus group discussions (FGDs) to explore healthcare 
providers’ adherence to national malaria case manage-
ment protocols, specifically to identify nonadherent 
practices, factors influencing such practices, and gather 
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health workers’ views on how to improve adherence to 
national protocols.

Study area
Northern State, one of Sudan’s 18 states, covers 
348,765  km, with Dongola as its capital. Comprising 
seven localities, it is home to an estimated population 
of 1,511,442 primarily residing in rural areas along the 
River Nile [37]. Malaria transmission is hypoendemic, 
and the Sahara Desert is constrained, with an estimated 
incidence of 175 cases per 1000 population [37]. The 
selection of Northern State for the study area involved 
the delivery of in-service malaria case management train-
ing for health workers, an implementation platform con-
veniently used for the conduct of FGDs prior to training 
sessions. The state hosts 314 health facilities and 2345 
healthcare providers distributed across various levels of 
care, including family health units, primary health cen-
tres, primary hospitals, and secondary and tertiary facili-
ties [38]. At primary healthcare (PHC) facilities, RDTs 
serve as the exclusive diagnostic method, especially at the 
family health units, where the lower PHC level is oper-
ated by medical assistants (clinical practitioners with 
basic medical training). Health centres, representing the 
higher PHC levels, provide malaria microscopy services 
conducted by medical laboratory technologists and out-
patient services provided by medical doctors. Malaria 
microscopy is also available at laboratories in local, gen-
eral, referral, and teaching hospitals, encompassing sec-
ondary and tertiary levels of care, where outpatient and 
inpatient curative services are overseen by medical doc-
tors [39]. Malaria services are supervised by the Federal 
and State Ministries of Health, which also oversee tasks 
such as updating protocols and providing training on 
them. The Ministry of Health also ensures the provision 
of essential supplies, including malaria RDTs and anti-
malarial medications, most of which are free of charge. 
However, malaria microscopy services are still subject to 
charges. In 2023, a significant increase in population and 
healthcare providers occurred with the influx of inter-
nally displaced people, many of whom were originally 
from regions with high malaria transmission [40, 41].

Study participants
A total of five FGDs were held at Primary Health Care 
Directorate venues in five out of seven localities within 
Sudan’s Northern State in September 2023. Healthcare 
providers from 42 health facilities participated in the 
FGDs (Fig.  1). The participants, who had diverse pro-
fessional backgrounds, were chosen by the state and 
locality malaria control programmes to attend orien-
tation training sessions (total of 8 training sessions 
for 200 health workers) on the updated malaria case 

management protocol [8]. The FGDs included all health 
workers attending an orientation session, and all study 
participants provided informed consent. The point of 
saturation through iterative data analysis after each 
FGD was reached after the completion of five FGD ses-
sions, which included 104 participants in total (Fig. 2).

Data collection
At the initiation of the orientation sessions, the collec-
tion of demographic data were collected, encompass-
ing participants’ occupations, gender, and workplace 
locations. FGDs were purposefully directed toward 
understanding healthcare providers’ adherence to the 
national case management protocol, unravelling factors 
influencing nonadherence, and soliciting recommen-
dations to enhance adherence. Each session of these 
FGDs was conducted in the Arabic language, span-
ning approximately 2 to 3  h, punctuated with breaks 
and composed of a total of 104 healthcare providers 
and 19 to 25 participants at each FGD. The manuscript 
author (SKM), following semistructured guide tai-
lored to reflect on the study objectives on adherence to 
malaria case management protocols, factors affecting 
adherence, and recommendations to improve adher-
ence [8], moderated the discussions. The guide, with 
respect to the management of uncomplicated malaria, 
included inquiries into participants’ knowledge regard-
ing malaria symptoms, diagnostic procedures, first- and 
second-line treatments, dosage specifics, and patient 
counselling. Regarding severe malaria management, 
the guide comprised inquiries on symptoms, signs, 
laboratory findings, diagnostic criteria, initial manage-
ment strategies, treatment locations, dosage calcula-
tions, drug preparation and administration techniques, 
treatment duration, discharge protocols, and second-
line management. Additional questions delved into 
the diagnosis and management of malaria in pregnant 
women. Prior to its use, the guide was pretested with 
health workers not involved in the study (Additional 
file  1). Finally, participant responses prompted explo-
ration of the underlying causes of nonadherence to the 
protocols, eliciting valuable suggestions to improve the 
training at which focus group discussions were con-
ducted and to provide potential improvement recom-
mendations to the Federal Ministry of Health. During 
the discussions, the moderator preserved neutrality and 
ensured that all participants felt comfortable and simi-
larly engaged. Simultaneously with discussions, notes 
were taken in Arabic language, which subsequently 
underwent dual forward translation by two investiga-
tors (SKM and DKM) into English and transcription for 
comprehensive analysis.
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Data analysis
Qualitative thematic analysis was conducted [42]. It 
comprised seven sequential stages leveraging tran-
scripts from FGDs and handwritten notes. Initially, 
all transcripts and notes were collected. Subsequently, 
the researcher thoroughly reviewed sample files, iden-
tifying words, phrases, or sentences pertaining to 
adherence to malaria diagnosis and treatment proto-
cols. Following this, coding categories were developed 
using a deductive approach, with the protocol serving 
as the analytical framework. The fourth stage involved 
the coding of all files and text. The fifth stage encom-
passed scrutiny of the consistency in code, subthemes, 
and theme utilization. The sixth step entailed the inter-
pretation of themes, drawing inferences from observed 
patterns, relationships, and codes, subthemes, and 
theme attributes. Finally, the seventh stage encom-
passed the presentation of findings, complemented by 
supporting quotes and verbatim quotes. A total of four 
to five themes was identified answering the research 

questions on healthcare providers’ adherence, factors 
and recommendations (Additional file 2).

Results
Characteristics of participants
Of 104 participants across five FGDs, most of them were 
males (68.2%) and most worked at the primary health 
care facilities (75.5%). The number of participants ranged 
between FGDs from 19 in Al-Golead to 25 in Dongola 
locality (Table  1). Healthcare providers from various 
backgrounds participated in the study, most commonly 
medical assistants (59; 56.7%), followed by doctors (13; 
12.5%), public health officers (13; 12.5%), nurses (9; 8.7%), 
laboratory personnel (7; 6.7%) and pharmacists (3; 2.9%).

Nonadherence to national malaria protocols
Four main themes reflecting health worker clinical prac-
tices nonadherent with national malaria case manage-
ment protocols were identified in the analysis (Table 2). 
These included malaria diagnosis practices based on 

Fig. 1 Map of Sudan showing Northern State and participant’s health facilities along the River Nile
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parasitological tests and clinical practices related to the 
treatment of uncomplicated malaria, severe malaria 
and patients harbouring P. vivax and mixed malaria 
infections.

Nonadherence to malaria diagnosis based on parasitological 
tests
Universal testing of fevers and targeted anti-malarial 
treatment is the backbone of malaria case manage-
ment in Sudan. Healthcare providers reported common 

ordering of a parasitological test upon suspecting malaria 
but highlighted distrust in the test results and many 
reported practicing presumed malaria diagnosis. Spe-
cifically, regarding uncomplicated malaria, several health 
workers reported that patients with negative test results 
are still diagnosed presumptively and treated for malaria:

“Sometimes the test result comes negative for 
malaria, I test other causes of fever, and if all of 
them come negative I presume that patient has 
malaria” (Medical assistant)

Higher cadres of health workers also reported pre-
sumptive treatment practices, as medical officer manag-
ing hospital outpatients similarly observed.

“After excluding other causes of fever, even if the 
parasitological test is negative I treat patients as 
malaria and prescribe Coartem” (Medical doctor)

Regarding the management of severely ill patients, 
most health workers did not mention parasitological 
testing and reported that anti-malarial treatment is the 
standard management for severe disease, as observed by 
medical officer working at a secondary hospital.

“Febrile comatose patients are treated with broad 
spectrum antibiotic, antiviral therapy and anti-
malarial treatment usually quinine, this is an 
umbrella approach commonly used” (Medical doc-
tor)

Nonadherence to uncomplicated malaria treatment
The AL treatment of uncomplicated malaria was highly 
accepted by health workers, and most participants 
were knowledgeable about adult doses and schedules, 
particularly about the importance of the second dose 
administration 8 h after the first dose and the third dose 
administered 24  h after the first dose. However, some 
healthcare providers have shown little knowledge about 
paediatric dosage schedules potentially resulting in the 
underdosing and overdosing of malaria patients, as dem-
onstrated by medical assistant practicing at outpatient 
health centre.

“From five to ten kilograms that is one tab of Coar-
tem, from ten to twenty that is two tabs of Coartem, 
from twenty to thirty that is three tabs of Coartem” 
(Medical assistant)

Most health workers during the FGDs acknowledged 
a lack of AL dispensing and counselling knowledge 
on the administration of the first dose under observa-
tion, AL dosing with a fatty meal, repeating the dose 
if the patient vomited within 30 min and stressing the 
point of taking the dose as prescribed. Some, however, 

Fig. 2 Schematic flow of the sampling process
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highlighted that forgetfulness and unclear counselling 
responsibilities between different health worker cadres 
encountering malaria patients within health facilities 
contribute to poor practices. Hospital doctor and phar-
macist echoed these observations.

“I try my best to counsel all the patients but some-
times I forget” (Medical doctor).
“Usually we do not counsel patients and we pre-
sume that their doctor told them how to take the 
drug” (Pharmacist)

Oral administration of dihydroartemisinin–pipe-
raquine is the recommended second-line treatment for 
uncomplicated malaria in Sudan. However, its avail-
ability is scarce, dosing knowledge is low and health 
workers do not prescribe it. A healthcare provider 
humorously remarked on DHAP:

“DHAP (dihydroartemisinin–piperaquine) is as 
rare as gold (referring to the literal meaning of 
Dhap in Arabic), and it is nowhere to be found” 
(Medical assistant)

In this context, patients considered to have AL treat-
ment failure are often prescribed artesunate injections 
reserved for severe malaria—the practice justified by 
the scarcity and unavailability of DHAP in the pub-
lic and private sectors, as highlighted by the hospital 
doctor:

“Patients may present with recurrent malaria even 
after taking Coartem, DHAP is not available, we 
have no other choice but to prescribe artesunate 
injections” (Medical doctor)

Finally, despite high acceptance of AL by health work-
ers, healthcare providers at lower levels of care (PHCs 
and family health units) reported the use of artemether 
injections as a treatment for uncomplicated malaria upon 
patient request:

“Sometimes the patient refuse it when I prescribe 
them tabs and insist that they want the oily injec-
tions (known name for artemether injections in 
Sudan) and I have no other choice but to prescribe it 
to them” (Medical assistant)

Table 1 Distribution of participants by occupation and FGDs

Occupation Locality

AL-Golead (FGD 1) Dongola (FGD 2) Al-Dabba (FGD 3) AL-Burgaig (FGD 4) Marawi 
(FGD 5)

Pharmacist 0 2 0 0 1

Medical assistant 9 18 10 10 12

Nurse 2 0 2 2 3

Doctor 5 2 1 2 3

Laboratory staff 0 0 5 1 1

Public health officer 4 3 2 4 0

Total 19 25 20 20 20

Table 2 Schematic presentation of nonadherence themes and subthemes

Themes Subthemes

1. Nonadherence to malaria diagnosis based on parasitological tests 1.1 Presumed diagnosis of uncomplicated malaria
1.2 Presumed diagnosis of severe malaria

2. Nonadherence to uncomplicated malaria treatment 2.1 Nonadherence to the paediatric AL dosages
2.2 Lack of AL counselling practices
2.3 Nonadherence to the second-line recommendations
2.4 Irrational use of injectable anti-malarials

3. Nonadherence to severe malaria treatment 3.1 Use of prohibited artemether injections
3.2 Lack of weight-based artesunate dosing
3.3 Poor injectable artesunate preparation and disposal practices
3.4 Lack of AL follow on treatment and discharge on artesunate injections

4. Nonadherence to P. vivax and mixed infection treatments 4.1 Unknown risks and incorrect dosage schedules of primaquine
4.2 Dismissal of mixed infection test results
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Nonadherence to severe malaria treatment
Health workers reported several treatment practices 
nonadherent to protocols for the management of severe 
malaria. Such practices spanned from the selection of 
non-recommended parenteral anti-malarial treatments 
to the lack of weight-based dosing; poor parenteral solu-
tion preparation, administration and disposal; and com-
promised completion of follow on ACT treatment after 
parenteral therapies. Participants acknowledged the 
frequent use of artemether injections, partly due to the 
patients’ pressure but also due to a lack of understand-
ing of why artemether was prohibited while remaining 
available on the market. Most significantly, continued 
artemether use by consultants and specialists acting as 
supervisors and role models for front-line clinicians fur-
ther undermined the treatment policy, as clearly stated 
by several participants of different cadres:

“I know we should not use artemether injections, but 
I should do what my boss says” (Medical doctor)

A medical assistant added,

“When a specialist prescribes artemether injections, 
I find myself wondering, who am I not to do the 
same?”

Most participants acknowledged not weighing adult 
patients but uniformly administering a 120 mg dose cor-
responding to a single vial of artesunate, which in turn, 
based on artesunate dosing recommendations of 2.4 mg/
kg, results in dosing needs for patients weighing 50 kg. A 
lack of weighing practice in adults was well observed by 
the hospital doctor:

“Usually we prescribe 120 mg to all adults, we don’t 
weigh them and calculate the dose accordingly, 
weight dependant dosage are common in paediatrics 
but not the common in adults” (Medical doctor)

While weighing was probably more common in chil-
dren, some healthcare providers acknowledged that the 
lack of weight-based artesunate dosing may also occur 
among paediatric patients:

“I usually weigh the child before prescribing any 
medication not just malaria medications, but some-
times, when the load is heavy in the ER or the clinic I 
just estimate the child’s weight” (Medical doctor)

Most participants reported uncertainties about how to 
prepare and administer injectable artesunate, particularly 
clinicians whose responsibility was related to prescribing 
artesunate but not to the preparing and administering of 
parenteral therapy:

“We don’t prepare artesunate since it’s a nurse 

responsibility, but when we find ourselves in a 
position to do this, when nurses aren’t available, 
we check the directions in the box, but we weren’t 
trained on this before” (Registrar)

Nurses were, however, less comfortable with IM artesu-
nate preparations as well as with determining the num-
ber of vials needed for preparation, preparing solutions 
other than 120  mg for adults and disposing of unused 
solutions. The following remarks from hospital nurses 
illustrate these concerns:

“We usually prepare IV artesunate solutions but we 
are not familiar with IM preparations” (Nurse)
“We are used to a standard dose of 120mg of artesu-
nate injection, mixing vials to accommodate it to the 
patient needed dose isn’t a regular practice for us” 
(Nurse)
“We usually use the remaining solution for the next 
dose, we don’t dispose it and we think it will be bet-
ter to save it in the refrigerator” (Nurse)

The full course of AL should follow on IV artesu-
nate treatment, which is administered to severe malaria 
patients upon admission, repeated minimally at 12 h and 
24 h, and thereafter once a day until the patient can toler-
ate oral medicines and be discharged on oral AL therapy. 
Most participants, however, expressed a lack of aware-
ness about AL follow on treatment, as clearly noted by 
the medical doctor:

“I didn’t hear about this before, but if it’s in the pro-
tocol then I will do it” (Medical doctor)

Moreover, incompletion of three minimally required 
IV artesunate doses at the hospital was common and 
discharge on injectable artesunate treatments for home 
administration was commonly reported:

“I’m used to neighbours knocking my door asking 
me to give a patient artesunate injections at home” 
(Medical assistant)
“It’s true, I get the same neighbours asking for similar 
favours, and to be honest, if the patient is vitally sta-
ble we discharge him on artesunate at home” (Medi-
cal doctor)

Nonadherence to P. vivax and mixed infection treatments
While most participants were aware of radical P. vivax 
treatment with primaquine, the scarcity of primaquine 
on the market contributed to the low number of prescrip-
tions. When primaquine is prescribed, health workers 
often have limited knowledge about primaquine doses, 
glucose-6-phosphate dehydrogenase (G6PD) risks, and 
adjusted dosing schedules for G6PD-deficient patients, as 
shown below:
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“If a patient has P. vivax I prescribe them with 15 
mg primaquine tabs twice daily for 2 weeks, I don’t 
ask specific questions to get a clue if the patient has 
G6PD honestly” (Medical assistant)
“I didn’t know about the contraindication of pri-
maquine with G6PD, even the paediatric weight 
dependant dose, I’m used to prescribe 7.5  mg tabs 
once per day for 14 days to all paediatric patients” 
(House officer)

Moreover, heath workers were less familiar with the 
possibility of mixed infections, particulary with test 
result interpretations, as observed by medical assistant 
below:

“Sometimes the RDT shows both P. falciparum and 
P. vivax, I don’t know what the meaning of this is, 
I presume that the RDT is not working well and 
I diagnose the patient with having P. falciparum 
infection” (Medical assistant)

Factors influencing nonadherence to protocols
Four broad themes describing factors influencing non-
adherence to case management protocols were identi-
fied (Table  3). These included lack of commodities and 
shortage of human resources, poor knowledge of health 
workers about case management protocols, distrust 
in parasitological test results and patient pressure on 
modalities of clinical malaria management.

Lack of commodities and shortage of human resources
The absence of diagnostics and medicines precludes 
adherence to case management protocols. Common 
stock-outs of anti-malarials and RDTs at public health 
facilities, the reliance upon the private sector for costly 
purchases and the nearly universal absence of pri-
maquine and DHAP from the market have been com-
monly reported by most participants, as illustrated by the 
hospital doctor:

“Malaria medications and RDTs aren’t always 

available in the hospital, most can be found in the 
private pharmacies and laboratories, except for pri-
maquine and DHAP, they are hard to find” (Medical 
doctor)

The lack of commodities is limited not only to medi-
cines and diagnostics but also to basic facility equipment, 
such as weighing scales, which are required to implement 
appropriate weight-based dosing of patients. The major-
ity of participants seconded the frustrations highlighted 
by the medical assistant:

“I don’t have a weight scale in my centre, how am I 
supposed to adopt a weight dependent approach?!” 
(Medical assistant)

Moreover, even when commodities are available a 
major effort may be required to adhere to the protocols 
due to high patient workloads in the face of staff short-
ages, as also well observed by the hospital nurse:

“Now I understand I should prepare quinine dose 
just before administration, but I’m working alone 
and usually I have many patients to observe, this 
will definitely be a challenge” (Nurse)

Lack of training and lack of continuous support for protocol 
adherence
Participants commonly attributed nonadherence to a lack 
of knowledge and information transfer through interven-
tions such as regular in-service training and supportive 
supervision, including the delivery of reminders about 
good practices. For instance, the role of job aids such as 
poster wall charts and protocol booklets was repeatedly 
emphasized by the participants:

“If I have a poster in my centre it will remind me if I 
forget” (Medical assistant)

This was similarly echoed by medical doctors in hospi-
tal settings:

“Posters help us train our house officers and as he 

Table 3 Schematic presentation of themes and subthemes related to nonadherence factors

Themes Subthemes

1. Lack of commodities and shortage of human resources 1.1 Lack of anti-malarials and RDTs
1.2 Lack of weighing scales
1.3 High workload and insufficient human resources

2. Lack of training and lack of continuous support for protocol adherence 2.1 Lack of job aids and protocol booklets
2.2 Lack of continuous training especially higher level cadres
2.3 Lack of onsite supportive supervision

3. Distrust in parasitological test results 3.1 Distrust in malaria microscopy
3.2 Distrust in malaria RDTs

4. Patient pressure 4.1 Patient pressure about malaria diagnosis
4.2 Patient pressure about malaria treatment
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said it helps reminding us if we forget” (Registrar)

With respect to more formal capacity building, in-ser-
vice training has been acknowledged as a valuable inter-
vention in transmitting knowledge and enhancing case 
management readiness for all health workers, however, 
it appears that consultants and specialists have not been 
sufficiently reached:

“When prestigious consultants treat malaria differ-
ently than us, we lose patients trust” (Medical assis-
tant)

Finally, most participants acknowledged that the lack of 
supportive supervision to address the availability of com-
modities and provide on-job support and problem solv-
ing for front-line health workers may further facilitate 
nonadherent practices:

“You ask us to do things but at the same time you 
don’t avail the needed requirements for us, why don’t 
you come and see the setting at which we are practic-
ing first?” (Medical assistant)

Distrust in parasitological test results
Treatment nonadherent to malaria test results due to 
the distrust of malaria microscopy and doubtful quality 
of laboratory services was a recurrent theme among the 
participants:

“Sometimes a patient presents with fever, we exclude 
all other causes, but if the microscopic test results 
come back negative from the lab, we do not trust, 
we manage as malaria, and we observe dramatic 
improvement in patients.” (Medical officer)

Notably, clinicians’ distrust in malaria microscopy has 
been exclusively directed towards negative test results, as 
well remarked by laboratory specialist:

“If I provide a negative result, the healthcare pro-
vider will not trust me, and they will send the 
patient to another lab that gives them positive 
results” (Laboratory specialist)

Discontinuation of external quality assurance systems 
for laboratories and a lack of recent refresher training for 
malaria microscopists does not mitigate the distrust in 
test results:

“Previously the program used to take slides from our 
lab for verification and provide training if the staff is 
giving wrong readings, but now this is not happen-
ing!” (Laboratory specialist)

Finally, similar levels of distrust were reported with 
respect to malaria RDT results. Furthermore, much of 
the confusion was reported in the PHC facilities with 

regard to the appropriate performance and interpretation 
of RDTs produced by different companies:

“The RDTs I have only gives me a negative result 
no matter what, I suspect it might be due to storage 
conditions” (Medical assistant)
“I don’t understand how to use RDTs, some com-
panies require waiting for 15 min, some for more 
or less, having RDTs from different companies each 
time is tiring and exhausting because I’m already 
overworked” (Medical assistant)

Patient pressure
In addition to health worker and health system fac-
tors, patient pressure may also influence health worker 
adherence to malaria case management protocols and 
alter health worker clinical practices. For instance, some 
health workers illustrated how patients may influence 
diagnosing practices for malaria:

“When you ask the patient what are you complain-
ing from he says malaria! And when I try to explain 
that I’m asking about the symptoms he says I know 
my malaria just order me the test” (Medical doctor)
“Patients insist it’s malaria even if the test is nega-
tive” (Medical assistant)

The other participants illustrated how patients may 
influence treatment practices:

“Patients insist its malaria even if the test is nega-
tive, they insist on being treated for malaria and if 
I didn’t write the drug they will buy it themselves” 
(Medical assistant)
“Sometimes the patient have malaria but he 
demands injectable treatment although they should 
just take tabs, some insist on taking artemether 
injections even after I counsel them about it” (Medi-
cal doctor)

Health worker recommendations to improve adherence
The participants provided valuable insights into what 
could be done to address the identified challenges and 
improve adherence to malaria case management proto-
cols, as summarized in Table 4.

Ensuring the availability of case management commodities
Health workers emphasized the responsibility of the 
Ministry of Health to strengthen the effective supply 
chain for malaria commodities and ensure the universal, 
continuous and affordable availability of malaria diagnos-
tic and treatment commodities. Such steps would present 
a basic prerequisite for adherence improvements:
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“If RDTs are free and available we can take a step 
towards accurate diagnosis of malaria” (Medical 
assistant)
“I don’t prescribe primaquine for patients with 
P. vivax because it’s not available, same goes for 
DHAP” (Medical assistant)

Improving the balance between human resources 
and workload
Quality of care is dependent on adequate human 
resources and calls for additional personnel to balance 
heavy workloads were the theme of transpiring discus-
sions across the cadres of participants:

“Now I understand I should prepare quinine dose 
just before administration, but I’m working alone 
and usually I have many patients to observe, this 
will definitely be a challenge, I need more people to 
work with me” (Nurse)
“Being overworked and not have much sleep can 
alter your cognitive skills! This is scientifically 
proven! The Ministry of Health should decrease our 
workload because this isn’t just affecting malaria 
management, this is affecting all patient’s health 
outcome” (Medical doctor)

In‑service training on case management protocols
Participants emphasized the importance of continuous 
training for all health workers. Recognizing the influen-
tial role played by specialists and consultants in hospital 
settings, they also underscored the importance of tar-
geted training and interventions for these professionals:

“Now, I know the updated protocol, but my boss 
doesn’t, I may adhere to it in my private outpatient 
clinic but in the hospital it’s the consultant’s deci-
sion, not mine, you have to orient him too with the 
protocol” (Medical officer)

Moreover, whether implemented during training 
or through separate communication channels, health 
workers expected clarifications about the reasons for 
artemether injection prohibitions:

“The consultant in my unit is prescribing artemether 
injection, I do too since I don’t understand why is it 
prohibited at the first place, if you are afraid of the 
resistance because of the mono-therapies, why would 
you put artesunate injection in the protocol?” (Medi-
cal doctor)

Quality assurance for malaria diagnosis and supervision 
activities
Most of the participants called for external quality assess-
ments at public laboratories through onsite supervisory 
visits for malaria microscopy and RDTs:

“I don’t trust the lab results, supervising the lab and 
making sure it’s well equipped and its staff is quali-
fied will be great” (Medical doctor)
“The RDTs I have only give a negative result, I would 
like if the Ministry of Health came and saw if it’s 
working or not or if its storage is well or not” (Medi-
cal assistant)

Some hospital clinicians further emphasized MoH 
supervision at public pharmacies and laboratories with 
respect to the enforcement of free policy for government 
procured RDTs and artesunate vials:

“When artesunate is available in the hospital, only 
the first dose is free, the patient has to buy other 
doses from the private pharmacy, you should talk 
to them to make sure they provide all doses for free” 
(Medical officer)

Finally, participants highlighted the importance of 
extending supervision to the private pharmacies to 
ensure the delivery of quality products and compliance 
with artmether injection prohibition:

Table 4 Schematic presentation of recommendation themes and subthemes

Theme Subtheme

1. Ensuring availability of case management commodities 1.1 Ensuring availability of malaria diagnostics
1.2 Ensuring availability of malaria medicines

2. Improving balance between human resources and workload 2.1 Hiring more healthcare providers
2.2 Advocating for a balanced workload and working hours

3. In-service training on case management protocols 3.1 Training focusing on specialists and consultants
3.2 Understanding the prohibition of artemether injections

4. Quality assurance for diagnosis and supervision activities 4.1 External quality assessments for malaria diagnosis
4.2 Supervision of public health facilities
4.3 Supervision of private pharmacies

5. Health promotion campaigns 5.1 Promotion of parasitological malaria diagnosis
5.2 Promotion of rational anti-malarial use
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“If artemether is prohibited then why the govern-
ment doesn’t enforce its prohibition by law? Super-
vise the private pharmacies!” (Medical assistant)
“Artesunate injection isn’t available in the public 
hospital, patients buy it from the private pharma-
cies and the quality of the drug available isn’t good” 
(Medical doctor)

Health promotion campaigns
Participants emphasized that public campaigns are nec-
essary to promote malaria diagnosis based on parasito-
logical test results and to increase the understanding of 
the rational use of anti-malarial medicines:

“Patients and co-patients don’t trust the parasito-
logical test and insist on the malaria diagnosis, the 
concept “I know my Malaria” needs to be fought” 
(Medical assistant)
“Patients insist on being treated for malaria even 
they don’t have malaria, and if they do they insist 
on being treated through injections rather than tabs, 
let alone those who request artemether injections” 
(Medical doctor)

Discussion
Sudan health workers from Northern State revealed a 
broad spectrum of protocol nonadherent malaria case 
management practices, factors influencing such prac-
tices and recommendations of relevance for policy 
implementers to improve the adherence to and quality 
of malaria care. The problem of malaria diagnosis tran-
spired throughout the study. Stock-outs of diagnostic 
commodities such as RDTs, distrust of malaria micros-
copy, but also RDTs, limited in-service training and lack 
of supportive supervision for laboratories and clinicians 
have been highlighted in this study, as similarly observed 
in various settings across Africa [26–29, 43, 44]. More 
recently, compliance with test negative test results and 
the rational use of anti-malarials have improved in other 
countries [14, 25], and many of these achievements have 
been attributed to the implementation of quality assur-
ance programmes for malaria diagnosis supported with 
systems readiness and case management monitoring 
[15, 45]. In Sudan, as also suggested by the study find-
ings, the quality assurance programmes traditionally 
targeting malaria microscopy should be re-established 
but also expanded to include RDTs through the onsite 
supervision of non-laboratory personnel, in line with 
recently developed quality assurance guidelines [46]. To 
mitigate human resource issues, outpatient use of RDTs 
for initial febrile visits should be promoted at all levels 
of care, including hospitals, while complex to perform 
malaria microscopy should be reserved for follow-up of 

treatments and monitoring of parasitaemia for severely 
admitted patients [47, 48].

Another quality of care aspect severely compromising 
the effectiveness of malaria case management is non-
adherence to treatment recommendations [47]. Health 
workers revealed several suboptimal treatment practices. 
First, lack of patients’ weighing and the practice of dose 
approximations, the clinical deficiencies not unique to 
Sudan [29, 33], are widespread and inevitably result in 
overdosed and underdosed treatments. Although the lack 
of weighing scales may provide a plausible explanation, 
uniformed artesunate prescriptions for adults based on 
a single 120 mg vial may also reflect cost considerations, 
ease of administration and waste minimization. Second, 
paediatric anti-malarial misdosing reported by health 
workers may not only be due to the absence of weighing 
scales but also due to deficient dosing knowledge. Third, 
suboptimal counselling practices, as similarly observed 
for outpatients in other settings [9, 28, 34], are important 
components of malaria case management, compromis-
ing the promptness of the treatment, patient adherence, 
cure rates, and follow-up needs [49, 50]. While acknowl-
edged in the protocols, patient counselling has been a 
neglected topic and has indeed not been addressed dur-
ing case management in-service trainings for health 
workers in Sudan [51]. Fourth, while the first-line treat-
ment recommendations for uncomplicated malaria are 
highly accepted by health workers, the use of injectable 
artemether due to patient pressure seems to compro-
mise the implementation of the treatment policy. This 
irrational treatment pattern was observed during ear-
lier national surveys [9, 40], raised concerns about drug 
resistance and ultimately led to the prohibition of inject-
able artemether in Sudan [7]. Although the findings of 
this study suggest persistent artemether use for uncom-
plicated malaria, quantitative assessments are required to 
estimate the scale of this malpractice. Fifth, regarding the 
treatment of severe malaria, the widespread use of inject-
able artemether, the inferior anti-malarial choice for this 
category of patients, as well as incomplete ACT follow on 
treatments are the nonadherent aspects of care described 
previously [29, 30], and are perhaps the most concern-
ing since they directly compromise patient outcomes [52, 
53]. Artemether preferences, especially common among 
role model cadres such as consultants and specialists, 
might reflect a lack of updates about treatment effective-
ness but also weak regulatory enforcements given the 
banned status of the product on the market. Finally, the 
recommended management of the treatment failures 
and radical treatment of P. vivax infections is uncommon 
in Sudan due to the very low availability of respective 
treatments for these special patient groups, DHAP and 
primaquine.
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Quality improvement initiatives targeting the readiness 
of health systems and the adherence of health workers to 
evidence-based case management protocols are malaria 
control priorities in Sudan [36]. Reinforcement of the 
test and treat practices is important not only for deliver-
ing quality of care and curbing malaria mortality but also 
for establishing reliable disease surveillance and malaria 
elimination foundations to which the country, and in 
particular the northern states of Sudan, are aspiring to. 
The study health workers in the Northern State suggested 
several valuable interventions that concur with broad 
strategic plans of the National Malaria Control Program 
(NMCP) [37]. Quality assurance for malaria diagnosis, 
the programmatic intervention mentioned earlier, is one 
of the control priorities. Regarding the initiatives target-
ing clinicians, only smaller-scale, multifaceted projects 
have been piloted [54], while programmatic interventions 
focusing mainly on supply, protocols and training have 
had limited reach [2]. In the following years, the Sudan 
NMCP plans to implement a package of multifaceted, 
evidence-based, country-adapted, quality improvement 
interventions focusing on the provision of diagnostics 
and medicines; supportive supervision, including audit, 
feedback and mentorship; and in-service training coupled 
with monitoring and group problem solving, interven-
tions that have been shown to have significant positive 
effects [55]. Clinical algorithms in the format of job aids 
will be integral components of the multifaceted training 
and supervision interventions, required to remind health 
workers but also policy makers about key case manage-
ment standards. However, it should be emphasized that 
improved performance through health worker supportive 
interventions such as job aids, training and supervision 
can be realized only if basic prerequisites are in place, i.e., 
universal and continuous availability of “test and treat” 
commodities and services for malaria [56]. Finally, regu-
lar assessments of the quality of care will be established 
to provide reliable quantitative indicators to inform pro-
gress in health system readiness and adherence to outpa-
tient and inpatient malaria case management protocols 
[9, 33, 57].

In addition to health system interventions, health cam-
paigns have been suggested for Sudan’s Northern State to 
mitigate patient pressure by increasing public awareness 
of parasitological diagnosis and decreasing demand for 
injectable medicines, especially for artemether injections. 
Other countries reported differing effects of patient pres-
sure on anti-malarial prescriptions [58]. In Sudan, further 
quantitative research is needed to assess relation between 
appropriate counselling, patient pressure and patient 
satisfaction level. Finally, while staff shortages are a per-
tinent health system problem in Sudan and additional 
hiring, as requested by health workers, is a long-term 

solution, more effective use of available resources such as 
task shifting of RDT performance is a more realistic pal-
liative solution in the short term.

Several study limitations should be acknowledged. 
First, while the study findings represent Northern State 
health workers, they may not be generalizable to other 
parts of Sudan. Second, the study did not include policy 
makers and implementers what limited insights into 
adherence factors only to the recipients of the case man-
agement interventions. Third, while the social desirability 
bias in reporting clinical behaviour cannot be excluded, 
this bias appeared to be controlled given the extent of 
reported nonadherent practices. Finally, the identifica-
tion and exploration of nonadherent topics were guided 
by case management protocols and not by quantitative 
adherence data in the study area. Future studies explor-
ing adherence to protocols should deploy mixed methods 
designs.

Conclusions
This study revealed a broad spectrum of behavioural 
and systemic challenges in malaria management among 
Northern Sudan’s frontline health workers, includ-
ing nonadherence to protocols due to resource short-
ages, training gaps, lack of supportive supervision and 
patient pressure. These insights, including health work-
ers’ views about improvements, will inform evidence-
based interventions by Sudan’s National Malaria Control 
Programme to improve health system readiness and the 
quality of malaria case management.
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