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RESEARCH

Health care provider practices in diagnosis 
and treatment of malaria in rural communities 
in Kisumu County, Kenya
Wilfred Ouma Otambo1,2* , Julius O. Olumeh2,3, Kevin O. Ochwedo2,3, Edwin O. Magomere4, Isaiah Debrah2,5, 
Collins Ouma6, Patrick Onyango1, Harrysone Atieli2, Wolfgang R. Mukabana2,3, Chloe Wang7, Ming‑Chieh Lee7, 
Andrew K. Githeko8, Guofa Zhou7, John Githure2, James Kazura9 and Guiyun Yan7 

Abstract 

Background: Accurate malaria diagnosis and appropriate treatment at local health facilities are critical to reducing 
morbidity and human reservoir of infectious gametocytes. The current study assessed the accuracy of malaria diagno‑
sis and treatment practices in three health care facilities in rural western Kenya.

Methods: The accuracy of malaria detection and treatment recommended compliance was monitored in two public 
and one private hospital from November 2019 through March 2020. Blood smears from febrile patients were exam‑
ined by hospital laboratory technicians and re‑examined by an expert microscopists thereafter subjected to real‑time 
polymerase chain reaction (RT‑PCR) for quality assurance. In addition, blood smears from patients diagnosed with 
malaria rapid diagnostic tests (RDT) and presumptively treated with anti‑malarial were re‑examined by an expert 
microscopist.

Results: A total of 1131 febrile outpatients were assessed for slide positivity (936), RDT (126) and presumptive 
diagnosis (69). The overall positivity rate for Plasmodium falciparum was 28% (257/936). The odds of slide positivity 
was higher in public hospitals, 30% (186/624, OR:1.44, 95% CI = 1.05–1.98, p < 0.05) than the private hospital 23% 
(71/312, OR:0.69, 95% CI = 0.51–0.95, p < 0.05). Anti‑malarial treatment was dispensed more at public hospitals (95.2%, 
177/186) than the private hospital (78.9%, 56/71, p < 0.0001). Inappropriate anti‑malarial treatment, i.e. artemether‑
lumefantrine given to blood smear negative patients was higher at public hospitals (14.6%, 64/438) than the private 
hospital (7.1%, 17/241) (p = 0.004). RDT was the most sensitive (73.8%, 95% CI = 39.5–57.4) and specific (89.2%, 95% 
CI = 78.5–95.2) followed by hospital microscopy (sensitivity 47.6%, 95% CI = 38.2–57.1) and specificity (86.7%, 95% 
CI = 80.8–91.0). Presumptive diagnosis had the lowest sensitivity (25.7%, 95% CI = 13.1–43.6) and specificity (75.0%, 
95% CI = 50.6–90.4). RDT had the highest non‑treatment of negatives [98.3% (57/58)] while hospital microscopy had 
the lowest [77.3% (116/150)]. Health facilities misdiagnosis was at 27.9% (77/276). PCR confirmed 5.2% (4/23) of the 77 
misdiagnosed cases as false positive and 68.5% (37/54) as false negative.

Conclusions: The disparity in malaria diagnosis at health facilities with many slide positives reported as negatives 
and high presumptive treatment of slide negative cases, necessitates augmenting microscopic with RDTs and calls 
for Ministry of Health strengthening supportive infrastructure to be in compliance with treatment guidelines of Test, 
Treat, and Track to improve malaria case management.
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Background
Malaria remains a major public health concern and a 
leading cause of morbidity and mortality in the tropics. 
241 million malaria cases were reported globally in 2020, 
with the African region accounting for ~ 95% of all cases 
[1]. Seventy percent of Kenya’s 47 million people are at 
risk of malaria with the western Kenya region bearing the 
highest malaria burden [2]. Challenges to malaria con-
trol in Kenya include not only mosquito vector resistance 
to insecticides and increasing outdoor biting behaviour, 
but also socioeconomic and logistical variables, such as 
poverty and uneven access to appropriate prevention, 
diagnostic and treatment regimens [3]. Children under 
age five years and pregnant women are among the most 
vulnerable demographic groups to malaria morbidity [4, 
5]. School age children and adults have a high prevalence 
of asymptomatic Plasmodium falciparum infection (sub-
clinical malaria), and thus serve as the main reservoir of 
gametocytes that sustain transmission [6].

The primary strategy for malaria treatment is timely 
and accurate diagnosis followed by effective treatment. 
According to WHO guidelines, all patients suspected of 
having malaria should have blood stage infection con-
firmed by microscopic inspection of blood smears or 
a malaria-specific Rapid Diagnostic Test (RDT) before 
anti-malarial drug treatment. Presumptive diagnosis 
based on clinical features and history in the absence of 
laboratory confirmed blood stage infection is appropri-
ate only when expert microscopic inspection of blood 
smears or RDTs are not available [7]. Artemisinin-based 
combination therapy (ACT), such as artemether-lume-
fantrine, (AL), is recommended for treatment of non-
life threatening uncomplicated falciparum malaria while 
parenteral artesunate is recommended for severe malaria 
[7]. Nevertheless, treatment with anti-malarial drugs still 
occurs in some patients in absence of or with negative 
diagnostic tests [8].

The malaria burden in Kenya remains high despite 
efforts by the Ministry of Health to scale up various 
public health interventions, such as long-lasting insec-
ticidal nets and indoor residual spraying of insecticides 
[9–11]. According to the Kenyan National Malaria Treat-
ment Guidelines, all suspected malaria cases should be 
tested for parasites using microscopy or RDTs to ensure 
that patients with fever from other causes are managed 
appropriately and that treatment is directed toward 
patients with confirmed malaria infection.[12]. Although 
algorithms of clinical symptoms indicative of malaria are 
readily available along with expertise in reading blood 

smears and malaria RDTs [13], health care providers may 
still rely on presumptive clinical diagnosis [14]. This is 
problematic since, for example, malaria symptoms such 
as fever, prostration, and myalgia are similar to those of 
other common infectious diseases caused by viral and 
bacterial pathogens [15]. In addition, while malaria RDTs 
are easy to use in remote health facilities, their sensitiv-
ity decreases with low parasitaemia, and false-positive 
results may occur after blood stage parasites have been 
eliminated by prior treatment with anti-malarial drugs 
obtained in local community stores outside the health 
care setting [15]. While microscopy can differentiate 
between the blood stages of various Plasmodium species 
and provide insight into the parasite biomass that can 
serve as indicators of malaria severity, reliable reading of 
blood smears requires skilled microscopists [16].

Performance of blood smears also requires access to 
well-maintained microscopes and electricity, high qual-
ity training and supervision [17]. Inappropriate treatment 
or failure to treat true blood stage infections can lead to 
increased healthcare costs [8, 18, 19]. The current study 
was performed to evaluate health care worker practices 
regarding clinical and parasitological diagnosis and treat-
ment of malaria in three rural hospitals in western Kenya. 
Malaria diagnostic and treatment decisions were com-
pared on the basis of retrospective RT-PCR diagnosis of 
Plasmodium infection, a sensitive and specific diagnostic 
tool that served as an independent “gold” standard con-
firmatory of infection.

Methods
Study design and data collection
This study was conducted in two public hospitals and one 
private hospital in a rural area of Kisumu County, Kenya 
near the shores of Lake Victoria. Communities served by 
public hospital 1, public hospital 2 and the private hospi-
tal had resident populations of 16,123, 8,250 and 16,115, 
respectively. Topographic features of the area include a 
lowland plain near the basin of Lake Victoria at an eleva-
tion of 1100–1200  m above sea level with transition to 
a rocky slope and highland at 1450–1600  m elevation. 
Flooding with commensurate increases in the number of 
mosquito larval habitats generally occur during annual 
periods of heavy rainfall in April to June and October and 
November.

Malaria surveys were conducted in hospitals from 
November 2019 through March 2020. Febrile patients 
seeking treatment at the health facilities were asked to 
enroll in the study. A febrile malaria case was defined as 
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an individual with fever (axillary temperature ≥ 37.5  °C) 
at the time of examination or subjective complaints of 
fever and other non-specific constitutional symptoms 
within the previous 24 h [20]. Patients were interviewed 
using a structured questionnaire related to fever and 
other malaria symptoms. This information was recorded 
on digital tablets using REDCap Survey software (Van-
derbilt University) that was reviewed daily by team super-
visors for quality assurance. Study technicians stationed 
at the hospitals collected clinical and demographic data 
from patients as they were referred to the hospital labo-
ratory for diagnostic testing. Symptoms, diagnoses, treat-
ment regimens, and hospitalization were documented, 
and blood smears were re-examined by an expert micros-
copist. During the enrollment, outpatient febrile cases 
were categorized into three groups: (i) patients who 
were tested for malaria parasite infection by microscopic 
examination of blood smears at the hospital laboratory 
and retrospectively by RT-PCR for quality assurance, (ii) 
those who were tested for malaria parasites by RDT; and 
(iii) presumptive malaria diagnosis with no blood smear 
or RDT at the hospital laboratory. This latter group had 
an axillary temperature ≥ 37.5  °C at the time of exami-
nation and a subjective history of fever in the past 24 h. 
They were triaged by a hospital clinician and prescribed 
either anti-malarial and/or antibiotic treatment. The 
International Center of Excellence for Malaria Research 
(ICEMR) technicians stationed at the health facilities 
prepared blood smears from the suspect cases that were 
sent to the ICEMR laboratory for expert microscopic 
inspection. A total of 1131 febrile cases were enrolled in 
the study: blood smears and dried blood spots (DBS) on 
filter paper were collected from 936 patients at hospitals 
and analysed by microscopy and RT-PCR to determine 
the slide positivity rate and malaria treatment; 126 cases 
diagnosed by regular malaria RDT were evaluated for the 
accuracy of hospital malaria RDT with expert micros-
copy, whereas 55 presumptively diagnosed cases were 
evaluated for the accuracy of clinical diagnosis presump-
tive treatment at health facilities with expert microscopy. 
A subset of 276 samples were chosen at random from the 
936 blood smears and re-examined by expert microsco-
pists for discrepancy in slide reading, misdiagnosis rate, 
and sensitivity and specificity of the hospital microscopy.

Processing of blood smears
Finger prick blood smears were collected in duplicate and 
examined by microscopy. One blood smear was read at 
the hospital laboratory and the other taken to the ICEMR 
laboratory in Homa Bay for independent expert reading 
of blood smears. Thick and thin blood films were stained 
with 10% Giemsa for 15  min and examined using oil 
immersion under magnification × 1,000 to identify and 

count the parasite species. A slide was considered posi-
tive if at least one asexual blood-stage P. falciparum par-
asite was identified. Parasite density was determined by 
counting the number of parasites per 200 leukocytes. The 
count was then converted to the number of parasites to 
the equivalent of 8000 leukocytes/μL blood.

DNA extraction and screening for Plasmodium falciparum 
infection
276 of the 936 dried blood spots were randomly selected 
for DNA extraction. Chelex resin (Chelex-100) saponin 
method was used with slight modifications [21]. Plas-
modium species-specific primers and probes target-
ing 18S ribosomal RNA were used [22]. PCR reaction 
volume was constituted as follows; 6 µL of PerfeCTa® 
qPCR ToughMix™, Low ROX™ Master mix (2X), 0.4 µL 
each of the forward and reverse species-specific primers 
(10  µM), 0.5 µL of the species-specific probe, 0.1 µL of 
double-distilled water and 2 µL of parasite DNA. Ther-
mocycler conditions were set as follows, 50 °C for 2 min, 
(95 °C for 2 min, 95 °C for 3 s and 58 °C for 30 s) for 45 
cycles (QuantStudio™ 3 Real-Time PCR System).

Data analysis
The data were analysed using SPSS. The Chi-square test 
was used to test for differences in malaria prevalence and 
frequency of presumptive treatment. Sensitivity, speci-
ficity, positive predicted value, negative predicted value, 
diagnostic accuracy and Cohen’s kappa statistic were 
used to calculate adjusted agreement between hospital 
microscopy and ICEMR microscopy and RT-PCR results. 
Frequency tables were used to describe categorical vari-
ables (counts and percentages).

Results
Study participant demographics
A total of 1131 patients who visited the outpatient 
departments at the three hospitals because of subjective 
fever and associated non-localizing malaria symptoms 
agreed to take part in the study. Demographic informa-
tion of the study participants is summarized in Table 1. 
There was no significant difference in participants’ sex 
distributions among the three hospitals (χ2 = 1.22; df = 2, 
p = 0.4534); however, there was a higher proportion of 
female than male participants in all hospitals. Signifi-
cant differences in the age distributions and occupation 
of study participants existed amongst the hospitals. A 
higher proportion of patients with secondary school and 
college level education sought care at the private hospital 
than the two public health hospitals (χ2 = 449.72; df = 8, 
p < 0.0001).
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Hospital diagnosis and treatment
Blood smears were prepared and read for 936 febrile 
cases of the 1,131 outpatient study participants 
(Table  2). The overall positivity rate for P. falcipa-
rum was 28% (257/936). The odds of having a positive 
blood smear was higher in the two public hospitals, 
30% (186/624, OR: 1.44, 95% CI = 1.05–1.98, p < 0.05) 
than the private hospital, 23% (71/312, OR: 0.69, 95% 
CI = 0.51–0.95, p < 0.05). There was no significant dif-
ference in smear positivity rates between males and 
females (χ2 = 4.263, df. = 2, p = 0.1197). In contrast, the 

smear positivity rate differed according to age. School 
children aged 5–15  years old had the highest rate 
(χ2 = 45.818, df. = 4, p < 0.001).

Treatment of patients with fever who were blood 
smear positive or blood smear negative was with AL, 
antibiotics and analgesics (Table  3). Appropriate anti-
malarial treatment was dispensed more frequently at 
the public hospitals (95.2%, 177/186) than the private 
hospital (78.9%, 56/71) (χ2 = 16.1, df = 1, p < 0.0001). 
Inappropriate anti-malarial treatment, i.e. AL given to 
blood smear negative patients, was higher at the two 
public hospitals (14.6%, 64/438) than the private hos-
pital (7.1%, 17/241) (χ2 = 8.45, df = 1, p = 0.004). More 
analgesics were given to blood smear negative patients 
at the private hospital.

Treatment of blood smear positive patients who were 
under 5 years and 5–15 years was higher than study par-
ticipants older than 15 years. These differences were not 
statistically significant (p = 0.142) (Table  4). There were 
also no significant differences in prescription of AL treat-
ment among blood smear positive versus blood smear 
negative study participants stratified according to age. 
126 study participants were examined with malaria RDT 
at public hospital 2, of which 48.4% (61/126) were posi-
tive. All these patients were treated with AL.

Table 1 Demographics of study populations in three hospitals

Parameters Hospitals

Details Enrollment
N (%)

Public 1
N (%)

Public 2
N (%)

Private
N (%)

Total enrollment 1131 317 488 326

Blood smear slide examination 936 317 307 312

Malaria rapid diagnosis test 126 0 126 0

Presumptive diagnosis 69 0 55 14

Gender Male 464 (41.0) 127 (40.1) 195 (40.0) 142 (43.6)

Female 687 (59.0) 190 (59.9) 293 (60.0) 184 (56.4)

Age  < 5 years 138 (12.2) 66 (20.8) 60 (12.3) 12 (3.7)

5–15 years 344 (30.4) 96 (30.3) 190 (38.9) 58 (17.8)

 ≥ 15 years 649 (57.4) 155 (48.9) 238 (48.8) 256 (78.5)

Education lliterate 68 (6.0) 6 (1.9) 41 (8.5) 21 (6.4)

Pre‑primary 85 (7.5) 68 (21.5) 9 (1.8%) 8 (2.5)

Primary 454 (40.1) 99 (31.2) 309 (63.3) 46 (14.1)

Secondary 349 (30.9) 107 (33.8) 120 (24.6) 122 (37.4)

College & above 175 (14.8) 37 (11.7) 9 (1.8) 129 (39.6)

Occupation Farmer 135 (11.9) 39 (12.3) 59 (12.1) 37 (11.3)

Business person 227 (20.1) 42 (13.2) 120 (24.6) 65 (19.9)

Office worker 48 (4.2) 15 (4.7) 4 (0.8) 29 (8.9)

Unemployed 71 (6.3) 15 (4.7) 3 (0.6) 53 (16.3)

Student 529 (46.8) 138 (43.5) 266 (54.5) 125 (38.3)

Non‑school child 103 (9.1) 66 (20.8) 31 (6.4) 6 (1.8)

Others 18 (1.6) 2 (0.6) 5 (1.0) 11 (3.4)

Table 2 Plasmodium falciparum Positive Blood Smears Detected 
in Hospital Laboratories

Hospital Public 1 Public 2 Private

Total tested 317 307 312

Positive N (%) 98 (30.9) 88 (28.7) 71 (22.8)

Gender N (%) Male 41/127 (32.3) 41/118 (34.7) 41/136 (30.1)

Female 57/190 (30.0) 47/189 (24.9) 30/176 (17.0)

Age N (%)  < 5 years 28/66 (42.4) 11/41 (26.8) 2/11 (18.2)

5–15 years 40/96 (41.7) 54/114 (47.4) 22/58 (37.9)

 > 15 years 30/155 (19.4) 23/152 (15.1) 47/243 (19.3)
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Presumptive diagnosis of malaria
Sixty-nine of the 1131 febrile cases were diagnosed as 
having malaria without the performance of an appro-
priate laboratory diagnostic test. This occurred dur-
ing a period of labour disputes and strikes that resulted 
in the absence of laboratory technicians. Blood smears 
from 55 of these cases were prepared and examined by 
an independent expert ICEMR microscopist to deter-
mine whether they had malaria infection. Fourteen of 55 
patients had a positive blood smear; nine were appropri-
ately given AL. Forty-one of 55 were blood smear nega-
tive; 26 were inappropriately treated with AL.

Sensitivity and specificity of malaria diagnosis 
and treatment based on hospital microscopy results 
and real time PCR as the standard reference
The sensitivity and specificity of malaria diagnosis 
were determined using 276 blood samples diagnosed 
by microscopic inspection blood smears at the hospi-
tal laboratory, 126 samples diagnosed by malaria RDT 
at public hospital 2, and 55 presumptive (clinical) 
diagnosis of malaria in comparison to expert micros-
copy. Diagnosis by malaria RDT was the most sensi-
tive and specific: 73.8% (95% CI = 39.5–57.4) and 89.2% 
(95% CI = 78.5–95.2), respectively. This was followed 
by hospital microscopy with a sensitivity of 47.6% 
(95% CI = 38.2–57.1) and specificity of 86.7% (95% 

CI = 80.8–91.0). Presumptive diagnosis had the lowest 
sensitivity and specificity: 25.7% (95% CI = 13.1–43.6) 
and 75.0% (95% CI = 50.6–90.4), respectively (Table 5).

The inter-reliability reading between the regular 
RDT and expert microscopy showed a moderate level 
of agreement (kappa = 0.633; 95% CI = 0.50–0.77, 
p < 0.0001). Inter-reliability between hospital laboratory 
microscopy and independent expert microscopy was 
fair (kappa = 0.37; 95% CI = 0.25–0.48, p < 0.0001). The 
value between hospital presumptive diagnosis and inde-
pendent expert microscopy was poor (kappa = 0.006; 
95% CI = 0.00–0.20, p < 0.0001) (Table 5).

Anti-malarial treatment of the cases diagnosed by 
microscopic inspection of blood smears at hospital 
laboratories was 95.8% (69/72), 100% for RDT (52/52) 
and 100% for presumptive diagnosis (14/14) (Table  6). 
Treatment of true positive cases by RDT and presump-
tive diagnosis were all at 100%. Using independent 
expert microscopy as a “gold standard” reference, treat-
ment of true positives was 100% based on RDT and 
95.9% (47/49) based on hospital laboratory microscopy. 
However, clinical diagnosis was 100% (26/26) and hos-
pital microscopy was 95.7% (22/23) effective in treat-
ing false positives, but RDT diagnosis was 0% (0/7). 
Furthermore, RDT diagnosis had the highest non-
treatment of the negatives at 98.3% (57/58). Hospital 
microscopy diagnosis had the lowest at 77.3% (116/150) 
(Table 6).

Table 3 Medications Given to Hospital Blood Smear Negative and Blood Smear Positive Patients

Antibiotics: Amoxicillin, ciprofloxacin, metronidazole, clotrimazole, * referred to buy antimalarial in the local chemist due to stock-out in Public hospital and patients’ 
affordability in a private hospital

Parameters Public Hospital 1 and 2 Private hospital p-value

Blood smear Positive Negative Positive Negative

Number of Treatments n = 186 n = 438 n = 71 n = 241

AL + analgesic 77 (41.4%) 42 (9.6%) 50 (70.4%) 15 (9.9%)  < 0.0001

Antibiotics + analgesic 5 (2.7%) 273 (62.3%) 2 (2.8%) 76 (50.6%)  < 0.0001

AL + antibiotics + analgesic 100 (53.2%) 22 (5.0%) 6 (17.2%) 2 (1.3%)  < 0.0001

Analgesic only 4 (2.4%) * 101 (23.0%) 7 (6.0%) * 59 (38.8%)  < 0.0001

Table 4 Age‑related Comparisons of Treatments Given to Hospital Blood Smear Positive and Blood Smear Negative Study Participants

Antibiotics: Amoxicillin, ciprofloxacin, metronidazole, clotrimazole, * referred to buy antimalarial in the local chemist due to stock-out in the hospital

Parameters  < 5 years 5—15 years  ≥ 15 years p-value

Blood smear Positive Negative Positive Negative Positive Negative

Total N treatments n = 41 n = 77 n = 116 n = 152 n = 100 n = 450

AL + analgesic 30 (73.2%) 4 (5.2%) 88 (75.9%) 15 (9.9%) 70 (70.0%) 26 (5.8%)  < 0.0001

Antibiotics + analgesic 1 (2.4%) 47 (61.0%) 1 (0.9%) 76 (50.6%) 1 (1.0%) 188 (41.8%) 0.059

AL + antibiotics + analgesic 9 (22.0%) 2 (2.6%) 20 (17.2%) 2 (1.3%) 18 (18.0%) 16 (3.6%) 0.356

Analgesic only 1 (2.4%)* 24 (31.2%) 7 (6.0%)* 59 (38.8%) 11 (11.0%)* 220 (48.9%)  < 0.0001
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Additional testing was performed on 276 samples to 
determine the sensitivity and specificity of hospital labo-
ratory microscopy and independent expert microscopy 
as well as whether hospital treatment was appropriate 
using RT-PCR as the gold standard. The hospital micros-
copy sensitivity of 38.3%, (95% CI = 31.1–45.9) was lower 
than independent expert microscopy sensitivity of 55.9% 
(95% CI = 47.9–63.6), but specificity was higher at 91.2% 
(95% CI = 84.6–95.2) compared to 88.7% (95% CI = 81.1–
93.6) (Table 7).

The level of agreement between hospital laboratory 
microscopy and RT-PCR was lower (kappa = 0.26, 95% 
CI = 0.18–0.35, p < 0.0001) than expert microscopy 
(kappa = 0.42, 95% CI = 0.32–0.51, p < 0.0001) (Table 7).

Treatment of positives using RT-PCR as the standard 
was lower at 45.7% (74/162) because the majority of posi-
tives (55.6%, 90/162) were below the number or parasites 
detected by microscopic inspection of blood smears 
(Table 8).

Misdiagnosis by hospital laboratories occurred in 27.9% 
of the cases  (77/276). Real time-PCR confirmed 4/23 of 
the 77 misdiagnosed cases as false positive and 37/54 as 
false negative. Four and one-half percent  of the 94 slide 
positive patients did not receive treatment due to drug 
stock-outs and were referred to local commercial sources 
of anti-malarial drugs. This was particularly evident in the 
patients seeking healthcare at the private hospital. On the 
other hand, RT-PCR confirmed that 19 of the 34 people 
with negative blood smears were infected with malaria 
parasites. 7.3% (15/204) of study participants with nega-
tive blood smears and negative PCR results were inappro-
priately treated with anti-malarial drugs (Fig. 1).

Discussion
The current study examined healthcare provider malaria 
diagnosis and treatment practices in 2019–2020 in rural 
community hospitals in western Kenya. The overall 

Table 5 Sensitivity and specificity of hospital malaria diagnosis based on expert microscopy

Expert Microscopy results as standard 
reference

Hospital laboratory Microscopic 
inspection of blood smear

Rapid diagnostic test Presumptive diagnosis

Positive Negative Positive Negative Positive Negative

Positive 49 54 45 16 9 26

Negative 23 150 7 58 5 15

Sensitivity % (95%CI) 47.6 (38.2, 57.1) 73.8 (60.7, 83.8) 25.7 (13.1, 43.6)

Specificity % (95% CI) 86.7 (80.8, 91.0) 89.2 (78.5, 95.2) 75.0 (50.6, 90.4)

Positive Predictive Value % (95% CI) 68.1 (56.6, 77.7) 86.5 (76.3, 94.0) 64.3 (35.6, 86.0)

Negative Predictive Value % (95% CI) 73.5 (67.1, 79.1) 78.4 (67.0, 86.8) 36.6 (22.6, 53.1)

Diagnostic Accuracy % (95% CI) 72.1 (66.4, 77.3) 81.7 (71.5, 90.9) 43.6 (28.7, 58.5)

Agreement (Cohen’s kappa) 0.37 (0.25, 0.48) 0.63 (0.50, 0.77) 0.006 (0.00, 0.20)

Table 6 Hospital antimalarial treatment based on expert microscopy

Treatment = Treatment with AL

Expert Microscopy results as standard 
reference

Hospital laboratory  
Microscopic inspection of blood  
smear

Rapid diagnostic test Presumptive diagnosis

Positive Negative Positive Negative Positive Negative

Positive expert microscopy 49 54 45 16 9 26

Negative expert microscopy 23 150 7 58 5 15

Treatment of hospital diagnosis positives n (%) 69 (95.8) 52 (100) 9 (64.2)

Treatment of expert microscopy positives n (%) 59 (57.3) 45 (73.8) 22 (62.9)

Treatment of expert microscopy negatives n (%) 56 (32.4) 7 (10.8) 13 (65.0)

Treatment of true positive n (%) 47 (95.9) 45 (100) 7 (77.8)

Treatment of true negative n (%) 34 (16.7) 0 11 (73.3)

Treatment of false positive n (%) 22 (95.7) 7 (100) 2 (40.0)

Treatment of false negative n (%) 12 (22.2) 0 16 (61.5)

Non‑treatment of negatives n (%) 117 (67.6) 58 (89.2) 4 (20.0)
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Table 7 Sensitivity and specificity of hospital malaria diagnosis based real time PCR

Real time PCR results as standard reference Hospital laboratory Microscopic inspection of  
blood smear

Expert Microscopy results

Positive Negative Positive Negative

Positive PCR 62 100 90 71

Negative PCR 10 104 13 102

Sensitivity % (95%CI) 38.3 (31.1, 45.9) 55.9 (47.9, 63.6)

Specificity % (95% CI) 91.2 (84.6, 95.2) 88.7 (81.1, 93.6)

Positive predictive value % (95% CI) 86.1 (76.3, 92.3) 87.4 (79.0, 92.8)

Negative predictive Value % (95% CI) 51.0 (44.2, 57.8) 59.0 (51.2, 66.3)

Diagnostic accuracy % (95% CI) 60.1 (54.1, 66.0) 69.6 (58.1, 79.2)

Agreement (Cohen’s kappa) 0.26 (0.18, 0.35) 0.42 (0.32, 0.51)

Table 8 Hospital antimalarial treatment based on real time PCR

Treatment = Treatment with AL

Real time PCR results as standard reference Hospital laboratory Microscopic inspection of 
blood smear

Expert Microscopy results

Positive Negative Positive Negative

Positive PCR 62 100 90 71

Negative PCR 10 104 13 102

Treatment of positives n (%) 60 (83.3) 55 (53.4)

Treatment of RT‑PCR positives 74 (45.7) 74 (45.9)

Treatment of RT‑PCR negative 21 (18.4) 21 (18.3)

Treatment of true positive n (%) 54 (87.1) 51 (56.7)

Treatment of true negative n (%) 15 (14.4) 17 (16.7)

Treatment of false positive n (%) 6 (60.0) 4 (30.8)

Treatment of false negative n (%) 20 (20.0) 23 (32.4)

Non‑treatment of real time PCR negatives 93 (81.6) 94 (81.7)

Fig. 1 Discrepancy in slide reading and misdiagnosis at health facilities. † + positive,—negative, ‡ All treatments were AL
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hospital-based malaria infection prevalence by micros-
copy was 28%, with public hospitals having a higher slide 
positivity rate (30%) than the private hospital (22.8%). 
The most sensitive and specific diagnostic method was 
malaria RDT, followed by hospital microscopy. Presump-
tive clinical diagnosis without laboratory confirmation 
was the least sensitive and specific. Appropriate anti-
malarial treatment was dispensed more frequently at the 
public hospitals (95.2%) than the private hospital (78.9%) 
(p < 0.0001). Inappropriate anti-malarial treatment, i.e. 
AL given to blood smear negative patients, was higher at 
the two public hospitals (14.6%) than the private hospi-
tal (7.1%). Furthermore, RDT diagnosis had the highest 
rate of non-treatment of negatives (98.3%), while hospital 
microscopy diagnosis had the lowest rate (77.3%).

According to observations in the current study, hospi-
tal microscopy is very specific, but its sensitivity is low. 
Hospital microscopy has also been found to be insensi-
tive in Ethiopia [30], Tanzania [24], and Cameroon [15]. 
The low sensitivity of hospital microscopy may have 
implications regarding the accuracy of diagnosis and 
treatment. Malaria misdiagnosis and inappropriate treat-
ment continue to be major issues in local health facilities, 
resulting in anti-malarial and antibiotic overuse [8, 31, 
32]. According to the current study, the rate of hospital 
microscopy misdiagnosis is 28%, which results in inap-
propriate treatment of patients with AL. Inappropriate 
treatment with anti-malarials among patients with nega-
tive blood smears has been reported elsewhere [33–38]. 
The possible causes of misdiagnosis could be linked 
to artifacts misdiagnosed as parasites, lack of equip-
ment maintenance and supervisory or quality-assurance 
mechanisms in addition to health system infrastructure 
limitations in which laboratory technicians are under 
pressure to produce lab diagnoses for several diseases in 
a short period of time [19]. The current study observed 
that inconsistency in laboratory technicians’ availability 
at health facilities, insufficient laboratory reagents, as 
well as power outages and high patient inflow frequently 
resulted in reduced time of microscopic inspection of 
blood smears. Taken together, these problems likely con-
tributed to the high misdiagnosis rates.

The odds of testing positive for malaria was 1.4 times 
higher in the two public hospitals than in the single pri-
vate hospital where the study was conducted. Appro-
priate anti-malarial treatment was dispensed more 
frequently at the public hospitals (95.2%) than the private 
hospital (78.9%). Malaria infection is common among 
residents from low-income households, and they com-
monly seek treatment in public hospitals rather than 
private hospitals due to lower costs. Low cost treat-
ment in public hospitals may have contributed to the 

inappropriate anti-malarial treatment, i.e. AL was more 
frequently given to blood smear negative patients at the 
two public hospitals (14.6%) than the private hospital 
(7.1%). However, diagnostic laboratory test fees at health 
facilities may be prohibitively expensive for resource-
poor patients, who in turn may resort to self-treatment 
by purchasing drugs from loosely regulated local com-
mercial stores. Patients who have received incorrect 
malaria treatment frequently have other illnesses, par-
ticularly bacterial diseases that are not being treated. 
These comorbidities may increase the overall cost of 
health care in local communities due to longer hospital 
stays and repeated outpatient visits [49].

Parasitological diagnosis is recommended for all 
patients in Kenya suspected of having malaria. Gov-
ernment policy dictates that treatment should not be 
delayed or denied due to an inability to test for malaria 
[51, 52]. Under normal circumstances, fever cases are 
treated with a diagnostic test to confirm malaria infec-
tion, followed by the recommended treatment. However, 
accuracy of misdiagnosis still remains a concern. In the 
current study, inappropriate presumptively treatment 
was at 63.4% i.e. patients presumptively treated with 
the anti-malarial were confirmed negative by an expert 
microscopist. This is consistent with findings from Vihiga 
and Kakamega counties in western Kenya where 36% of 
patients who were presumed positive for malaria by the 
hospital laboratory did not have the blood stage infec-
tion [36]. Such trends have been reported in other health 
facilities [8, 16, 32, 50]. Labour disputes involving health 
workers are not uncommon in Kisumu County, resulting 
in the health facilities’ commitment to clinical excellence 
being compromised.

The effectiveness of malaria intervention strategies 
is determined by whether people with malaria can eas-
ily access and receive appropriate diagnosis and treat-
ment at a reasonable cost. The T3: Test, Treat, Track is a 
WHO initiative that encourages malaria-endemic coun-
tries to test every suspected case of malaria, treat every 
confirmed case, and track the disease through a timely 
and accurate surveillance system [55]. The current study 
findings revealed a high prevalence as well as misdiagno-
sis and inappropriate treatment of malaria in rural com-
munities in Kisumu County. With the high sensitivity 
of malaria RDT, hospitals with poor microscopy should 
augment their diagnostic capability with RDTs to reduce 
the high proportion of misdiagnosed cases. The study, 
therefore, recommends strengthening of supportive 
supervision, monitoring, and evaluation of technicians 
performing the diagnosis in health facilities in order to 
fully implement effective malaria case management.
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Limitations
The current study had some limitations. The study was 
of relatively short duration in 2019 to 2020 and was lim-
ited to three major hospitals in rural Kisumu County. The 
findings may not be generalizable to all hospitals in the 
County. The majority of patients with fever seek health 
care at lower level health facilities outside hospitals. 
Thus, it is possible that the results presented here are not 
representative of malaria diagnosis and treatment prac-
tices in such facilities.

Conclusion
Misdiagnosis and inappropriate treatment of malaria 
were found to be a barrier to compliance with national 
guidelines for malaria management in public and pri-
vate hospitals in Kisumu County. RDT appeared to 
be more sensitive and specific than microscopy with 
specificity within acceptable limits, but insufficient 
sensitivity. The study recommends that the Ministry 
of Health invest more in technical training to improve 
malaria diagnosis capabilities and, for those hospi-
tals that lack microscopists with expertise in reading 
blood smears, laboratory testing be augmented with 
RDTs.

Abbreviations
CI: Confidence interval; DBS: Dried blood spots; DNA: Deoxyribonucleic acid; 
ICEMR: International Center of Excellence for Malaria Research; RDT: Rapid 
diagnosis test; RT‑PCR: Real‑time polymerase chain reaction.

Acknowledgements
Special thanks to the hospital staff for granting us permission to conduct 
this research. Thanks to the lab team led by Sally Mungoi as well as Charles 
Omboko and Polycarp Aduogo for their efforts in data collection and prepara‑
tion as well as the ICEMR team who participated in this research study.

Author contributions
WOO Conceptualization, designed the study, oversaw its implementation, 
performed laboratory assays, interpretations, analyses, drafted the original 
manuscript and edited and reviewed the final manuscript. JOO aided in the 
coordination of sample collection and reviewing the manuscript. KOO and 
EOM conducted laboratory analysis, edited and reviewed the manuscript. ID 
sample collection, reviewed and edited the manuscript. CO and PO provided 
input in data analysis and reviewed the manuscript. HA provided administra‑
tive support. WRM, CW, and GZ contributed to study design, data analysis, 
editing and reviewing the manuscript. MCL helped in designing the figure. 
AKG contributed to study design, editing and reviewing the manuscript. JG 
conceived the study design, reviewed and revised the manuscript. JK contrib‑
uted to study design and editing and reviewed the manuscript. GY contrib‑
uted to study design, editing and review of the manuscript, and funded the 
project. All authors read and approved the final manuscript.

Funding
This research is supported by Grants from the National Institutes of Health 
(U19 AI129326 and D43 TW001505).

Availability of data and materials
The dataset used in this study is available from the corresponding author 
upon request.

Declarations

Ethics approval and consent to participate
The study received ethical approval from the Maseno University Ethics 
Review Committee (reference number: MSU/DRPI/MUERC/00778/19) and 
the University of California Irvine Institutional Review Board (HS# 2017‑3512). 
Individuals seeking treatment at the three hospitals were asked if they wanted 
to participate in the study, and those consenting were recruited. Before the 
study began, the respondents provided written informed consent, and minors 
provided consent through their parents/guardians. Patients who refused 
to participate in the study or changed their mind about participating were 
excluded.

Consent for publication
Not applicable.

Competing interests
Authors have no conflict of interest to disclose.

Author details
1 Department of Zoology, Maseno University, Kisumu, Kenya. 2 International 
Centre of Excellence for Malaria Research, Tom Mboya University College 
of Maseno University, Homa Bay, Kenya. 3 Department of Biology, Faculty 
of Science and Technology, University of Nairobi, Nairobi, Kenya. 4 Department 
of Biochemistry and Molecular Biology, Egerton University, Njoro, Kenya. 5 West 
Africa Centre for Cell Biology of Infectious Pathogen, Department of Biochem‑
istry, Cell and Molecular Biology, University of Ghana, Accra, Ghana. 6 Depart‑
ment of Biomedical Sciences and Technology, Maseno University, Kisumu, 
Kenya. 7 Depatment of Population Health and Disease Prevention, University 
of California, Irvine, CA, USA. 8 Centre for Global Health Research, Kenya Medi‑
cal Research Institute, Kisumu, Kenya. 9 Centre for Global Health and Diseases, 
Case Western University Reserve, Cleveland, OH, USA. 

Received: 8 December 2021   Accepted: 7 April 2022

References
 1. WHO. World malaria report. 20 years of global progress and challenges. 

Geneva: World Health Organization; 2021. p. 2021.
 2. National Malaria Control Programme (NMCP), Kenya National Bureau 

of Statistics (KNBS) and II. Kenya Malaria Indicator Survey 2015. Nairobi, 
Kenya, and Rockville, Maryland, USA: NMCP, KNBS, and ICF International; 
2016.

 3. Guerra M, De SB, Mabale NN, Berzosa P, Arez AP. Malaria determining risk 
factors at the household level in two rural villages of mainland Equatorial 
Guinea. Malar J. 2018;17:203.

 4. Hajison PL, Feresu SA, Mwakikunga BW. Malaria in children under‑five: 
a comparison of risk factors in lakeshore and highland areas, Zomba 
district. Malawi PLoS One. 2018;13:e0207207.

 5. Kwenti TE, Tayong Dizzle Bita Kwenti AL, Njunda LA, Theresa N‑A. Epi‑
demiological and clinical profile of paediatric malaria: a cross sectional 
study performed on febrile children in five epidemiological strata of 
malaria in Cameroon. BMC Infect Dis. 2017;17:499.

 6. Walldorf JA, Cohee LM, Coalson JE, Bauleni A, Nkanaunena K, Kapito‑
Tembo A, et al. School‑age children are a reservoir of malaria infection in 
Malawi. PLoS ONE. 2015;10:e0134061.

 7. WHO. Guidelines for treatment of malaria. Geneva, World Health Organi‑
zation, 2015.

 8. Nyaoke BA, Mureithi MW, Beynon C. Factors associated with treatment 
type of non‑malarial febrile illnesses in under‑fives at Kenyatta National 
Hospital in Nairobi. Kenya PLoS One. 2019;14:e0217980.

 9. National Malaria Control Programme, Ministry of Health. The Kenya 
Malaria Communication Strategy 2016–2021. Nairobi, 2016.

 10. National Malaria Control Programme, Ministry of Health. Kenya Malaria 
Programme Review 2018. Nairobi, 2019.



Page 10 of 11Otambo et al. Malaria Journal          (2022) 21:129 

 11. National Malaria Control Programme, Ministry of Health. The Kenya 
Malaria Strategy 2019–2023. Nairobi, 2019.

 12. National Malaria Control Programme, Ministry of Health. National Guide‑
lines for the diagnosis, treatment and prevention of malaria in Kenya. 
Nairobi, 2016.

 13. Siahaan L, Panggabean M, Panggabean YC. The comparison of detection 
methods of asymptomatic malaria in hypoendemic areas. IOP Conf Ser 
Earth Environ Sci. 2018;125:012019.

 14. Graz B, Willcox M, Szeless T, Rougemont A. “ Test and treat ” or presump‑
tive treatment for malaria in high transmission situations ? A reflection on 
the latest WHO guidelines. Malar J. 2011;10:136.

 15. Mfuh KO, Achonduh‑Atijegbe OA, Bekindaka ON, Esemu LF, Mbakop CD, 
Gandhi K, et al. A comparison of thick‑film microscopy, rapid diagnostic 
test, and polymerase chain reaction for accurate diagnosis of Plasmodium 
falciparum malaria. Malar J. 2019;18:73.

 16. Amir A, Cheong FW, De Silva JR, Lau YL. Diagnostic tools in childhood 
malaria. Parasit Vectors. 2018;11:53.

 17. WHO. Technical consultation to update the WHO Malaria microscopy 
quality assurance manual. Geneva, World Health Organization, 2014.

 18. Oladosu OO, Oyibo WA. Overdiagnosis and overtreatment of malaria 
in children that presented with fever in Lagos. Nigeria ISRN Infect Dis. 
2013;2013:1–6.

 19. Onchiri FM, Pavlinac PB, Singa BO, Naulikha JM, Odundo EA, Farquhar 
C, et al. Frequency and correlates of malaria over‑treatment in areas of 
differing malaria transmission : a cross‑sectional study in rural Western 
Kenya. Malar J. 2015;14:97.

 20. WHO. Informal consultation on fever management in peripheral health 
care settings: a global review of evidence and practice. Geneva, World 
Health Organization, 2013.

 21. Plowe CV, Djimde A, Bouare M, Doumbo O, Wellems TE. Pyrimethamine 
and proguanil resistance‑conferring mutations in Plasmodium falciparum 
dihydrofolate reductase: Polymerase chain reaction methods for surveil‑
lance in Africa. Am J Trop Med Hyg. 1995;52:565–8.

 22. Veron V, Simon S, Carme B. Multiplex real‑time PCR detection of P. 
falciparum, P. vivax and P. malariae in human blood samples. Exp Parasitol. 
2009;121:346–51.

 23. McCreesh P, Mumbengegwi D, Roberts K, Tambo M, Smith J, Whittemore 
B, et al. Subpatent malaria in a low transmission African setting: a cross‑
sectional study using rapid diagnostic testing (RDT) and loop‑mediated 
isothermal amplification (LAMP) from Zambezi region. Namibia Malar J. 
2018;17:480.

 24. Mahende C, Ngasala B, Lusingu J, Yong TS, Lushino P, Lemnge M, et al. 
Performance of rapid diagnostic test, blood‑film microscopy and PCR for 
the diagnosis of malaria infection among febrile children from Korogwe 
District. Tanzania Malar J. 2016;15:391.

 25. Ahmed R, Levy EI, Maratina SS, De Jong JJ, Asih PBS, Rozi IE, et al. Perfor‑
mance of four HRP‑2/pLDH combination rapid diagnostic tests and field 
microscopy as screening tests for malaria in pregnancy in Indonesia: a 
cross‑sectional study. Malar J. 2015;14:420.

 26. Acquah FK, Donu D, Obboh EK, Bredu D, Mawuli B, Amponsah JA, et al. 
Diagnostic performance of an ultrasensitive HRP2‑based malaria rapid 
diagnostic test kit used in surveys of afebrile people living in Southern 
Ghana. Malar J. 2021;20:125.

 27. Umbers AJ, Unger HW, Rosanas‑Urgell A, Wangnapi RA, Kattenberg 
JH, Jally S, et al. Accuracy of an HRP‑2/panLDH rapid diagnostic test to 
detect peripheral and placental Plasmodium falciparum infection in 
Papua New Guinean women with anaemia or suspected malaria. Malar J. 
2015;14:412.

 28. Heutmekers M, Gillet P, Maltha J, Scheirlinck A, Cnops L, Bottieau E, et al. 
Evaluation of the rapid diagnostic test CareStart pLDH Malaria (Pf‑pLDH/
pan‑pLDH) for the diagnosis of malaria in a reference setting. Malar J. 
2012;11:204.

 29. Coldiron ME, Assao B, Langendorf C, Sayinzoga‑Makombe N, Ciglenecki I, 
De La Tour R, et al. Clinical diagnostic evaluation of HRP2 and pLDH‑
based rapid diagnostic tests for malaria in an area receiving seasonal 
malaria chemoprevention in Niger. Malar J. 2019;18:443.

 30. Assefa A, Ahmed AA, Deressa W, Wilson GG, Kebede A, Mohammed H, 
et al. Assessment of subpatent Plasmodium infection in northwestern 
Ethiopia. Malar J. 2020;19:108.

 31. Smith S, Koech R, Nzorubara D, Otieno M, Wong L, Bhat G, et al. Con‑
nected diagnostics : linking digital rapid diagnostic tests and mobile 
health wallets to diagnose and treat brucellosis in Samburu. Kenya BMC 
Med Inform Decis Mak. 2019;19:139.

 32. Kiemde F, Tahita MC, Lompo P, Rouamba T, Some AM, Tinto H, et al. 
Treatable causes of fever among children under five years in a seasonal 
malaria transmission area in Burkina Faso. Infect Dis Poverty. 2018;7:60.

 33. Namuyinga RJ, Mwandama D, Moyo D, Gumbo A, Troell P, Kobayashi 
M, et al. Health worker adherence to malaria treatment guidelines at 
outpatient health facilities in southern Malawi following implementation 
of universal access to diagnostic testing. Malar J. 2017;16:40.

 34. Ling X, Jin J, Zhu G, Wang W, Cao Y, Yang M. Cost‑effectiveness analysis 
of malaria rapid diagnostic tests : a systematic review. Infect Dis Poverty. 
2019;8:104.

 35. Juma E, Zurovac D. Changes in health workers’ malaria diagnosis and 
treatment practices in Kenya. Malar J. 2011;10:1.

 36. Afrane Y, Zhou G, Githeko A, Yan G. Utility of health facility‑based malaria 
data for malaria surveillance. PLoS ONE. 2013;8:e54305.

 37. Amexo M, Tolhurst R, Barnish G, Bates I. Malaria misdiagnosis: Effects on 
the poor and vulnerable. Lancet. 2004;364:1896–8.

 38. Harchut K, Standley C, Dobson A, Klaassen B, Rambaud‑Althaus C, Althaus 
F, et al. Over‑diagnosis of malaria by microscopy in the Kilombero Valley, 
Southern Tanzania: An evaluation of the utility and cost‑effectiveness of 
rapid diagnostic tests. Malar J. 2013;12:159.

 39. Kioko U, Riley C, Dellicour S, Were V, Ouma P, Gutman J, et al. A cross ‑ 
sectional study of the availability and price of anti ‑ malarial medicines 
and malaria rapid diagnostic tests in private sector retail drug outlets in 
rural Western Kenya, 2013. Malar J. 2016;15:359.

 40. Bousema T, Drakeley C. Epidemiology and infectivity of Plasmodium falci-
parum and Plasmodium vivax gametocytes in relation to malaria control 
and elimination. Clin Microbiol Rev. 2011;24:377–410.

 41. Coalson JE, Cohee LM, Buchwald AG, Nyambalo A, Kubale J, Seydel KB, 
et al. Simulation models predict that school‑age children are responsible 
for most human‑to‑mosquito Plasmodium falciparum transmission in 
southern Malawi. Malar J. 2018;17:147.

 42. Zhou Z, Mitchell RM, Kariuki S, Odero C, Otieno P, Otieno K, et al. 
Assessment of submicroscopic infections and gametocyte carriage of 
Plasmodium falciparum during peak malaria transmission season in a 
community‑based cross‑sectional survey in western Kenya, 2012. Malar J. 
2016;15:421.

 43. Jenkins R, Omollo R, Ongecha M, Sifuna P, Othieno C, Ongeri L, et al. 
Prevalence of malaria parasites in adults and its determinants in malaria 
endemic area of Kisumu County. Kenya Malar J. 2015;14:263.

 44. Bousema T, Okell L, Felger I, Drakeley C. Asymptomatic malaria infections: 
detectability, transmissibility and public health relevance. Nat Rev Micro‑
biol. 2014;12:833–40.

 45. Kapesa A, Kweka EJ, Atieli H, Afrane YA, Kamugisha E, Lee MC, et al. The 
current malaria morbidity and mortality in different transmission settings 
in western Kenya. PLoS ONE. 2018;13:e0202031.

 46. Odero NA, Samuels AM, Odongo W, Abong B, Gimnig J, Otieno K, et al. 
Community ‑ based intermittent mass testing and treatment for malaria 
in an area of high transmission intensity, western Kenya : development of 
study site infrastructure and lessons learned. Malar J. 2019;18:255.

 47. Sultana M, Sheikh N, Mahumud RA, Jahir T, Islam Z, Sarker AR. Prevalence 
and associated determinants of malaria parasites among Kenyan chil‑
dren. Trop Med Health. 2017;45:25.

 48. Nankabirwa J, Brooker SJ, Clarke SE, Fernando D, Gitonga CW, Schel‑
lenberg D, et al. Malaria in school‑age children in Africa: an increasingly 
important challenge. Trop Med Int Health. 2014;19:1294–309.

 49. Watts C, Atieli H, Alacapa J, Lee M‑C, Zhou G, Githeko A, et al. Rethinking 
the economic costs of hospitalization for malaria: accounting for the 
comorbidities of malaria patients in western Kenya. Malar J. 2021;20:429.

 50. Aiyenigba B, Ojo A, Aisiri A, Uzim J, Adeusi O, Mwenesi H. Immediate 
assessment of performance of medical laboratory scientists following a 
10‑day malaria microscopy training programme in Nigeria. Glob Health 
Res Policy. 2017;2:32.

 51. Maina JK, Macharia PM, Ouma PO. Coverage of routine reporting on 
malaria parasitological testing in Kenya, 2015–2016. Glob Health Action. 
2017;10:1413266.



Page 11 of 11Otambo et al. Malaria Journal          (2022) 21:129  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 52. Ministry of Health K. Monitoring the Quality of Antimalarial Medicines 
Circulating in Kenya : Round 6. 2017.

 53. Okoro C, Chukwuocha UM, Nwakwuo GC, Ukaga CN. Presumptive 
Diagnosis and Treatment of Malaria in Febrile Children in Parts of South 
Eastern Nigeria. J Infect Dis Ther. 2015;3:240.

 54. WHO. Tailoring malaria interventions in the COVID‑19 response. Geneva, 
World Health Organization, 2020.

 55. WHO. Test. Treat. Track. Scaling up diagnostic testing , treatment and 
surveillance for malaria. Geneva, World Health Organization, 2012.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.


	Health care provider practices in diagnosis and treatment of malaria in rural communities in Kisumu County, Kenya
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Study design and data collection
	Processing of blood smears
	DNA extraction and screening for Plasmodium falciparum infection
	Data analysis

	Results
	Study participant demographics
	Hospital diagnosis and treatment
	Presumptive diagnosis of malaria
	Sensitivity and specificity of malaria diagnosis and treatment based on hospital microscopy results and real time PCR as the standard reference

	Discussion
	Limitations
	Conclusion
	Acknowledgements
	References




