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BACKGROUND: Over 90% of all cases of malaria worldwide occur in Africa. Current methods 

of diagnosis are time and labor intensive, and could lead to delayed treatment.

METHODS: In this study we investigated the effectiveness of measurements of spleen, liver, 

and optic nerve sheath diameter (ONSD) in identifying patients with malaria or severe malaria through 

the use of hand-held ultrasound devices. We recruited 40 adult patients with malaria and 16 adult 

control subjects at two hospitals in Mwanza, Tanzania. Ultrasonographic diagnosis was compared with 

rapid antigen diagnostic test and peripheral blood smear as the gold standards. An receiver operating 

characteristic curve test was performed to determine the most optimal diagnostic threshold for malaria 

and severe malaria, using each of the measurements for liver size, spleen size, and ONSD. The 

thresholds were determined to be >12 cm for spleen length and >15.1 cm for liver length, whereas 

ONSD was not signifi cant in this study.

RESULTS: The sensitivities for malaria diagnosis were 66.7% and 58.3% for liver and spleen 

length respectively, suggesting that these measurements may not be suitable for identifying patients 

with severe malaria. However, the high specificity of 90.9% for spleen length and the acceptable 

specifi city of 75.0% for liver length suggest that these measurements can be used as a method to 

eliminate false-positive diagnoses (i.e. patients who do not have severe malaria but are classifi ed as 

having it by a test with a high sensitivity), giving a high positive predictive value.

CONCLUSIONS: We report a high specifi city for spleen size and a moderate specifi city for liver 

size in the ultrasonographic diagnosis of severe malaria. Thus when paired with a highly sensitive 

method of malaria diagnosis, ultrasonographic measurement of spleen and liver size is promising as 

part of a diagnostic algorithm for malaria. It could be used to stratify risk in patients diagnosed with 

malaria and assist in their triage. If no sensitive tests are available, ultrasound might be useful to 

suggest malaria as a cause of a patient's constellation of clinical symptoms.
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INTRODUCTION
Diagnosis of malaria remains a major problem in 

endemic regions especially in the absence of a gold 

standard.
[1–3]

 Optical microscopy and rapid diagnostic 

test (RDT) are the most commonly used methods. 

Optical microscopy entails an examination of a Giemsa-

stained peripheral blood smear. This method requires 

the skill of a trained medical professional to identify 

signs of a parasite through its life cycle and density in 

the bloodstream. Despite its high effi cacy and low cost, 
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microscopy is a time-intensive method that requires 

dedicated equipment and experienced technicians.
[4,5]

 

Malaria RDTs detect specific antigens produced by 

malaria parasites in the infected individual. Some RDTs 

are specific for the different species of Plasmodium as 

well. The accepted level of sensitivity for rapid diagnostic 

tests is 95%, with sensitivities ranging from 77 % to 

98% and specificities ranging from 83% to 98% for P. 

falciparum.
[6]

 Various RDTs are allowed for diagnosis of 

malaria in the absence of trained technicians or laboratory 

equipment. However, temperature and humidity can affect 

the performance of RDTs.
[7–9]

 Additionally, the optimal 

accuracy for RDTs and microscopy is often not achieved 

in low-resource settings due to lack of quality control 

measures.
[10]

 Furthermore, RDTs only provide qualitative 

results and cannot determine parasite load, which is 

important in diagnosing malaria and classifying the 

severity of the disease.
[11,12]

Several studies have examined the effectiveness 

of using single or a combination of clinical signs to 

diagnose malaria. Redd et al
[3]

 showed that symptoms 

of the nail bed pallor, splenomegaly, and fever history 

have a sensitivity of 85%, but a specificity of 41% in 

identifying children with P. falciparum parasitemia. 

Chandramohan et al
[13]

 reported that in urban areas of 

India with a low malaria endemic, a palpable spleen plus 

fever in the absence of cough or vomiting was 99.8% 

specific in detecting malaria although the sensitivity 

was only 0.6%. Maroushek et al
[14]

 reported a moderate 

sensitivity of 64% and a high specificity of 94% for 

splenomegaly on physical examination detecting malaria 

in Liberian refugee children. When splenomegaly was 

evaluated alongside thrombocytopenia and fever, the 

sensitivity rose to 71% and the specifi city was 88%.

Furthermore, ultrasound can detect splenic rupture, a 

complication of massive splenomegaly that can be seen 

in malaria patients.
[15]

In our study, we investigated the utility of several 

clinical findings for the diagnosis of malaria in the 

endemic region of Mwanza, Tanzania. The findings 

included hepatomegaly, splenomegaly and widened 

optical nerve sheath diameter (ONSD), which were 

reported to be associated with malaria.
[16,17]

 As cerebral 

malaria becomes more severe, the intracranial pressure 

rises, resulting in papilledema on physical examination 

and widening of the ONSD on ultrasound.
[18]

In contrast to previous studies, we used ultrasound 

instead of palpation and fundoscopy as a main 

diagnostic tool, since low-cost ultrasound units are 

increasingly available in low resource health clinics.
[19,20]

 

Ultrasonography has proven more accurate than palpation 

in identifying hepatosplenomegaly.
[21–23]

METHODS
We measured sonographic dimensions of the liver, 

spleen, and ONSD for patients in Mwanza, Tanzania.

Study population
Adult patients who had undergone peripheral blood 

smear test or RDT at Mwananchi Hospital or Buzuruga 

Clinic in Mwanza, Tanzania were divided into three 

groups: patients with uncomplicated or non-severe 

malaria; patients with complicated or severe malaria; 

and controls who had negative test results. All patients 

with suspected malaria underwent initial screening with 

RDT. In the patients with positive RDT results, those 

who manifested clinical symptoms of severe malaria 

were tested with peripheral blood smear under optic 

microscopy. Symptoms of severe malaria that warranted 

further evaluation with blood smear included high fever 

greater than 40 °C, altered mental status, convulsions, 

prostration, jaundice, hypoglycemia with blood glucose 

less than 40 mg/dL (2.2 mmol/L), or severe anemia 

with hemoglobin less than 50 g/dL or hematocrit less 

than 15%. A diagnosis of severe malaria was made if 

there were over 2 000 parasites per 200 white blood 

cells. Researchers were not involved in the diagnosis of 

patients. Patients with trauma to the eye, liver, or spleen 

were excluded. 

The study protocol was approved by the Institutional 

Review Board of the University of California Irvine, as 

well as the Ethics Approval Committee of the Tandabui 

Institute of Health Science and Technology, which 

served as the ethics approval board for the two hospitals. 

Informed consent was received from the subjects who 

were English-speaking patients aged 18 and older. The 

Declaration of Helsinki was followed.

Methods of imaging
Trained researchers performed ultrasound using 

Sonosite Nanomaxx battery-powered, hand-carried 

ultrasound machines (Bothell, WA). A 5–10 MHz linear 

transducer was used to measure ONSD, and a 3.5–5 MHz 

curvilinear transducer was used to measure the liver and 

spleen, with the patient in the supine position. As shown 

in Figure 1, we measured the longitudinal dimension 

of the spleen from the most superomedial to most 

inferolateral borders with the transducer in the coronal 
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plane on the patient's left midaxillary line. We measured 

the longitudinal liver size along the right mid-clavicular 

line in the sagittal plane (Figure 2). We obtained bilateral 

ONSD measurements, 3 mm posterior to the retina, with 

the linear transducer on the patient's closed eyelid in the 

transverse view of the optic nerve (Figure 3).

Method of analysis
We calculated the average ONSD, liver and spleen 

sizes for patients in the non-severe malaria, severe 

malaria, and control groups, and Student's t tests 

were performed to evaluate the significance of these 

measurements in the different groups. Because the 

populations in malaria-endemic regions exhibit larger 

than average liver and spleen sizes, we did not use the 

standard diagnostic criteria (liver >15 cm and spleen > 

11 cm) to classify hepatosplenomegaly.
[24,25]

 Instead, we 

adjusted these measurements by using receiver operating 

characteristic (ROC) curves. Using these curves we 

were able to fi nd the best cut-off values to maximize the 

sensitivity and specifi city of diagnosing either malaria or 

severe malaria. This allowed us to appropriately assess 

the diagnostic use of ultrasound in diagnosing malaria 

in populations from malaria-endemic regions. Using this 

information, we could select the most optimal model for 

diagnostic criteria and design an appropriate diagnostic 

algorithm (Figure 4).

RESULTS
Table 1 shows the average measurements of hepatic 

dimensions, splenic dimensions and ONSD in the severe 

malaria, non-severe malaria and control groups. Based 

on the results of Student's t test, the liver and spleen sizes 

of the patients with severe malaria were significantly 

larger than those of the controls (P=0.02), whereas the 

ONSD was not signifi cantly larger (P=0.44). In contrast 

to the control group, the non-severe malaria group had 

significantly larger liver sizes (P=0.03), but the spleen 

Figure 2. Longitudinal measurement of liver dimension in the sagittal 
plane at the midclavicular line.

Figure 3. Measurement of optic nerve sheath diameter. Arrows 
indicate the retina and ONSD.

Figure 1. Longitudinal measurement of spleen dimension in the 
coronal plane at the midaxillary line.
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Figure 4. Algorithm for malaria diagnosis using ultrasound. 
Because splenomegaly >12 cm had a high specificity of 90.9% and 
hepatomegaly >15.1 cm had a moderate specifi city of 75% for severe 
malaria, we used hepatosplenomegaly via ultrasound as one of the 
features to determine severe malaria and subsequent treatment.
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Variables Results

Total number of malaria patients 40 (M/F = 8/32)

Hepatomegaly (>15.1 cm) 16/40

Splenomegaly (>12 cm) 12/40

Average liver size (cm) 14.76±2.47

Average spleen size (cm) 11.03±1.82

Average ONSD (mm)   3.81±0.59

Severe malaria 12

  Average liver size (cm) 14.75±1.89

  Average spleen size (cm) 11.95±1.97

  Average ONSD (mm)   3.87±0.63

Non-severe malaria 28

  Average liver size (cm) 14.76±2.71

  Average spleen size (cm) 10.58±1.59

  Average ONSD (mm)   3.78±0.58

Controls 16

  Average liver size (cm) 13.35±1.62

  Average spleen size (cm) 10.61±0.93

  Average ONSD (mm)   3.84±0.47

Table 1. The average liver size, spleen size and ONSD of the patients 

in the three groups
and ONSD measurements were not significantly larger 

(P=0.48, P=0.36, respectively).

ROC plots were constructed to evaluate the 

effectiveness of using these clinical symptoms to 

diagnose malaria (Figure 5) and severe malaria (Figure 

6). The result of ROC analysis revealed that none of 

the indicators (liver size, spleen size and ONSD) was 

sensitive or specific enough for the diagnosis of non-

severe malaria. However, for severe malaria, the results 

of ROC analysis showed promising sensitivity vs. 

specifi city performances, especially for spleen and liver 

lengths. We found the most optimal combination of 

sensitivity (58.3%) and specificity (75.0%) in patients 

with severe malaria with liver length >15.1 cm as 

the indicator for hepatomegaly. The sensitivity and 

specificity in all patients with malaria were 40% and 

87.5% respectively with 15.1 cm as the cut off value. For 

spleen size, we chose a cut-off value of 12 cm to indicate 

splenomegaly in patients with severe malaria because of 

its optimal sensitivity of 66.7% and specifi city of 90.9%. 

However, the increased sample size could improve the 

accuracy of diagnosis.

DISCUSSION
In our study, we examined the effectiveness of 

sonographic measurements of the spleen, liver, and 

ONSD in the diagnosis of malaria and differentiation 

of patients with severe malaria from those with 

uncomplicated malaria. Hand-held ultrasound devices 

were used to quantify these clinical manifestations 

because of the application of ultrasonography in areas 

with low resources. Statistical analysis revealed that 

spleen and liver dimensions are significantly larger in 

patients with the severe malaria group compared with the 

control group. Liver dimension was significantly higher 

in the uncomplicated malaria group than in the control 

group. There was no statistically significant difference 

in ONSD in the severe malaria group or the non-severe 

malaria group as compared with the control group.

ROC test was performed to find the most optimal 

diagnostic threshold for the malaria and severe malaria 

groups using the measurements of liver size, spleen 

size, and ONSD. These thresholds were determined 

to be >12 cm for spleen length and >15.1 cm for 

liver length. The low sensitivities (66.7% and 58.3%, 

respectively) suggested that spleen and liver length 

might not be suitable to screen patients with severe 

malaria. However, the high specificities (90.9% for the 

spleen and 75.0% for the liver) suggested that spleen and 

Figure 5. The ROC of spleen size, liver size and ONSD in the 
diagnosis of malaria. Area under curve for spleen size=0.5359, liver 
size=0.6383, ONSD=0.4742.
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Figure 6. The ROC curve of spleen size, liver size and ONSD in the 
diagnosis of severe malaria. Area under curve for spleen size=0.7415, 
liver size=0.6089, ONSD=0.5310. Spleen size showed the highest 
accuracy of the three measurements.
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liver dimension can be used to filter out false-positive 

diagnoses with a high positive predictive value. Because 

splenomegaly >12 cm has a high specificity of 90.9% 

for severe malaria, we conclude that splenomegaly 

via ultrasound is useful for the confirmation of severe 

malaria. Hepatomegaly >15.1 cm may also be useful, 

since it procurs a specifi city of 75%. Again, the accuracy 

of the method may be diminished because of our limited 

sample size. Currently, severe malaria is diagnosed 

in malaria patients presenting with signs of altered 

consciousness, severe anemia, respiratory distress, 

prostration, convulsions, circulatory collapse or shock, 

clinical jaundice, hemoglobinuria, abnormal spontaneous 

bleeding, and pulmonary edema. Laboratory findings 

of severe malaria include hypoglycemia, metabolic 

acidosis, severe normocytic anemia, hyperlactatemia, 

and renal impairment.
[26,27]

 While these are sensitive for 

the diagnosis of severe malaria, they are also present in 

other illnesses.
[2,28,29,30]

 Thus when paired with a highly 

sensitive method of malaria diagnosis, ultrasonographic 

measurement of spleen and liver size is promising as part 

of the diagnostic algorithm for malaria.
[2]

Over-diagnosis of severe malaria not only induces 

unnecessary economical burden for the patients and 

healthcare providers, but also leads to the failure in 

treating other life-threatening diseases. Sicuri et al
[31]

 

indicated that on average the cost for the treatment of 

severe cases of malaria, which requires hospitalization, is 

at least an order of magnitude higher than the treatment 

cost of uncomplicated malaria. Furthermore, 70% of 

the treatment costs were assumed by the household. 

Therefore, having an effective and easily accessible 

method such as the ultrasonographic measurement of the 

spleen and liver size is extremely valuable, particularly 

in low-resource communities.
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