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Abstract 

Background: Hyperreactive Malarial Splenomegaly 

Syndrome (HMSS) is characterized by massive 

splenomegaly in the tropical areas. HMSS is prevalent in 

malaria endemic areas like Pakistan. 

Objective: Serum neuron specific enolase (NSE) in 

hyperreactive Malarial Splenomegaly Syndrome (HMSS) 

and its correlation with IgM, IFN𝛾 and IL10 cytokines. 

Designs: Case control study 

Setting: Department of Medicine, Liaquat University of 

Medical and Health Sciences Jamshoro/Hyderabad, Sindh, 

Pakistan, from December 2014 to May 2016. 

Materials and Methods: A sample of 37 diagnosed cases 

of HMSS and 21 normal subjects as controls was selected. 

Thick and thin films were prepared. Serum NSE, IgM, 

IFN𝛾 and IL10 were detected by standard methods. 

Sysmex hematoanalyzer was used for blood analysis. 

Ethical approval was taken from the Advanced Review 

Board and Ethics Committee of LUMHS Jamshoro. Study 

was conducted according to the guideline of the 

“Declaration of Helsinki” for human studies. Consent 

form was mandatory for the participation of volunteer’s 

subjects.  

Results: HMSS patients revealed showed elevated serum 

NSE, IgM, IFN-ϒ and IL-10, spleen size and liver span 

(P<0.05). Serum IgM, IFN-ϒ and IL-10 and spleen size 

showed positive Pearson` correlation with serum NSE (r = 

0.621 – 0.772, P = 0.0001). A multiple regression was run 

to predict NSE from IgM (mg/mL), IFN-ϒ, IL-10 and 

spleen size. All 4 variables added statistically significantly 

to the prediction of NSE (F= 57.039, P= 0001, R2 = 

0.761). 

Conclusion: The present study reports the serum neurons 

specific enolase (NSE) was elevated in hyperreactive 

malarial splenomegaly syndrome. NSE may be used as 

alternative to IgM, IFN𝛾 and IL10 for clinical diagnosis. 

Keywords: Neuron specific enolase IgM           

Interferon-𝛾      Interleukin-10  
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Introduction 

According to World health organization an estimated 300 

– 500 cases of malaria occur each year with a death toll of 

1.5 to 2.7 million people. Malaria prevalence in Pakistan 

is about 1.5 million cases annually [1, 2]. Hyperreactive 

Malarial Splenomegaly Syndrome (HMSS) is 

characterized by massive splenomegaly in the tropical 

areas. HMSS is prevalent in malaria endemic areas in 

particular the Southeast Asian and African countries [3, 

4]. Natural course of HMSS is not documented and carries 

a high toll of mortality. A 5-year-mortality rate of 50% 

has been observed in some countries such as the Uganda 

and New Guinea [5].  

A suggested mechanism of HMS is exaggerated activation 

of the immune system. Cytotoxic CD8+ T- cells and 

CD8+ T- suppressor show abnormal physiology. They 

activate the B cells produce large quantities of IgM. 

Monocyte-macrophage system hyperplasia results in 

progressive enlargement of spleen [6]. Activated 

monocyte- macrophages release many cytokines, enzymes 

and other mediators. One of such enzyme is the neuron-

specific enolase (NSE) [7]. NSE is an enzyme of 

glycolysis termed as the phosphopyruvate hydratase. 

Primarily the NSE was isolated from the neurons, but later 

studies proved it is of Pleiotropic origin [8, 9]. Elevated 

serum NSE has been reported in bacterial meningitis [10], 

lung diseases [11], pulmonary tuberculosis [12] and 

cardiac arrest [13].  

Diagnosis of HMSS in early phases is a clinical dilemma 

in developing countries. There is no any well established 

serological marker for HMSS diagnosis in clinical 

practice.  

Keeping in mind, the observation of previous study [7] 

that the macrophages release NSE, the present study was 

designed to determine the serum NSE as clinical marker 

of hyperreactive malarial splenomegaly syndrome. The 

present study determined the serum NSE and its 

predictive value as clinical marker of hyperreactive 

malarial splenomegaly syndrome at a tertiary care hospital 

of Sindh.  

Subjects and Methods 

The present case control study was conducted at the 

Department of Medicine, Liaquat University of Medical 

and Health Sciences Jamshoro/Hyderabad, Sindh, 

Pakistan, from December 2014 to May 2016.  

Inclusion criteria 

Diagnosed cases of hyperreactive malarial splenomegaly 

syndrome of 18 - 60 years of both genders were included. 

Exclusion criteria 

Concomitant systemic disease such as myeloproliferative 

disorders, Lymphadenopathy, autoimmune disorders, 

chronic viral hepatitis, liver cirrhosis, portal hypertension, 

chronic kidney disease and renal failure were excluded.  

Clinical history and Physical examination 

Inclusion and exclusion criteria were ensured by patient’s 

clinical history. Clinical history findings were noted in a 

pre structured proforma. Physical examination was 

performed first by medical officer followed by a 

Consultant Physician. 

Study Groups  

A sample of 37 diagnosed cases of HMSS and 21 normal 

subjects as controls was selected. Hyperreactive malarial 

splenomegaly syndrome was diagnosed on the basis of 

standard criteria of Bates et al [14].  

All cases with HMS were treated with chloroquine 300mg 

weekly, in accordance with local treatment protocol, and 

they were instructed to report to the study team at the 

hospital for follow-up once a month for 3 months. 

Blood sampling 

10 ml blood was taken by Venepuncture into a 

disposable syringe (BD, USA) and processed properly. 

Blood centrifugation was performed at 4000 rpm for 15 

https://en.wikipedia.org/wiki/Phosphopyruvate_hydratase
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minutes. Sera were stored at temperature of -200C for 

the detection of biochemical parameters.  

Parasitological Examination 

Thick and thin films were prepared from all study 

subjects, stained with Giemsa’s and examined under 

microscope. Films were considered negative after 

examination of 300 oil fields without detection of malaria 

parasites.  

Measurement of IgM - IgM total was estimated by 

MININEPHTM IgM (Human) Kit Binding Site, UK.  

Serum Neurons specific enzyme: Serum NSE was 

measured by “Quantikine Human” solid phase ELISA 

assay.  

IFN𝛾 and IL10 cytokines: IFN𝛾 and IL10 cytokines 

were measured from sera of cases (HMSS) and controls. 

Double sandwich ELISA using commercially available 

kit (R & D system Elisa kits - Germany).  

Blood parameters- Haemoglobin, hematocrii (Hct) and 

white blood cell counts were measured. Sysmex 

hematoanalyzer was used for blood analysis.  

Anti malarial drug administration- All patients with 

HMS were treated with chloroquine 300mg weekly in 

accordance with the standard treatment protocol and were 

instructed to report to the study team at the health centers 

for follow up once a month for 3 consecutive months.  

Ethical approval and consent form 

Ethical approval was taken from the Advanced Review 

Board and Ethics Committee of LUMHS Jamshoro. Study 

was conducted according to the guideline of the 

“Declaration of Helsinki” for human studies. Consent 

form was mandatory for the participation of volunteer’s 

subjects.  

Statistical analysis 

Data was analyzed on “Statistix 10.0” software (USA).  

Paired sample t-test and Chi-square test were used for the 

analysis of continuous (ENO-2, serum cholesterol, 

hsCRP) and categorical (gender) variables respectively. 

Pearson`s correlation and Multiple regression analysis 

was conducted for the ENO-2, hsCRP and serum 

cholesterol. Statistical significance was at taken 95% 

confidence interval (P ≤ 0.05).  

Results 

The characteristics and laboratory findings of study 

subjects are shown in the table 1. Of 37 HMSS cases, 

plasmodia species were isolated in 23 (62.1%). Serum 

NSE, IgM, IFN-ϒ and IL-10 showed statistically 

significant differences (P<0.05). HMSS showed elevated 

serum NSE, IgM, IFN-ϒ and IL-10, spleen size and liver 

span (P<0.05) (graph 1-4). Serum IgM, IFN-ϒ and IL-10 

and spleen size showed positive Pearson` correlation with 

serum NSE (r = 0.621 – 0.772, P = 0.0001) (Table 2, 

Graph- 5). 

Multiple linear regression analysis was performed by 

Enter method. A multiple regression was run to predict 

NSE from IgM (mg/mL), IFN-ϒ (pg/ml) and IL-10 

(pg/ml). These variables statistically significantly 

predicted the NSE, F= 57.039, P= 0001, R2 = 0.761. 

Results are shown in table 3 for the IgM, IFN-ϒ and IL-

10 and spleen size. All 4 variables added statistically 

significantly to the prediction of NSE (P= 0.0001). 
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Table 1. Characteristics and laboratory findings of study subjects (n=58) 

 

Study groups 

 

Mean SD 

95% CI  

P value  Low Upper 

Age (years) Controls 40.81 4.35 
7.58 19.25 

 

0.051 Cases  39.39 12.90 

Body weight (kg) Controls 64.00 8.38 
7.58 15.71 

 

0.0001 Cases  52.35 4.63 

Systolic BP (mmHg) Controls 128.43 10.27 
3.91 13.53 

 

0.0001 Cases  119.70 3.83 

Diastolic BP(mmHg) Controls 78.24 6.91 
3.61 10.85 

 

0.0001 Cases  71.00 5.79 

NSE (ng/dl) Controls 10.54 1.50 
-6.58 -3.78 

 

0.0001 Cases  15.72 3.73 

IgM (mg/mL) Controls 170.48 25.59 
-57.18 -25.20 

 

0.0001 Cases  211.68 34.58 

IFN-ϒ  (pg/ml) Controls 60.88 15.67 
-27.96 -11.79 

 

0.0001 Cases  80.76 12.39 

IL-10 (pg/ml) Controls 1.65 .40 
-2.54 -1.85 

 

0.0001 Cases  3.84 .90 

Spleen size (cm) Controls 11.79 .99 
-7.25 -5.97 

 

0.0001 Cases  18.41 1.42 

Liver span (cm) Controls 11.79 .99 
-3.09 -1.80 

 

0.0001 Cases  14.24 1.44 

Hb (g/dl) Controls 14.89 .69 
4.08 5.60 

 

0.0001 Cases  10.04 2.11 

Hct (%) Controls 48.11 1.56 
17.03 20.83 

 

0.0001 Cases  29.18 5.35 

WBC (µL) Controls 

7744.14 2770.92 
2080.72 4773.50 

 

0.0001 

NSE- Neuron specific enolase  

IgM-  Immunoglobulin M 

IFN-ϒ – interferon-gamma 

IL-10- Interleukin 10 

Hb- Hemoglobin 
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Hct- Hematocrit 

WBC- white blood cells 

 

Table 2. Pearson`s correlation  of Neuron specific enolase (n=58) 

 Neuron Specific Enolase  

 Correlation co-efficient 

 (r-value) P-value 

 

IgM (mg/mL) 0.772 0.0001 

 

IFN-ϒ  (pg/ml) 0.754 0.0001 

 

IL-10 (pg/ml) 0.782 0.0001 

 

Spleen size (cm) 0.621 0.0001 

IgM-  Immunoglobulin M 

IFN-ϒ – interferon-gamma 

IL-10- Interleukin 10 

Table 3. Multiple Linear Regression Analysis 

 

B 

 

SE B 

 

β 

 

t-value 

 

P-value 

 

(Constant) -2.522 1.710 - -1.475 0.146 

IgM (mg/mL) 0.044 0.010 0.408 4.546 0.0001 

IFN-ϒ  (pg/ml) 0.068 0.025 0.282 2.674 0.010 

IL-10 (pg/ml) 0.876 0.342 0.298 2.658 0.0001 

Spleen size  0.15 0.132 0.013 0.112 0.911 

a. Dependent Variable: Neuron Specific Enolase (ng/dl) 

IgM- Immunoglobulin M 

IFN-ϒ – interferon-gamma 

IL-10- Interleukin 10 
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Graph 1. Serum Neuron specific enolase of controls and cases 

 

 
Graph 2. Serum Immunoglobulin M (IgM) of controls and cases 

 
Graph 3. Serum interferon-ϒ (pg/ml) of controls and cases 
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Graph 4 Serum Interleukin-10 (pg/ml) of controls and cases 

 
Graph 5.  Scatter plot of NSE, IgM, IFN-ϒ, IL-10 and spleen size 

 

Discussion 

Pakistan is reported as the hyper endemic country for the 

malaria. The malaria exists in the community throughout 

the year. Chronic inflammatory reaction against malaria 

parasite casues splenomegaly, increases antibody 

production IgM, and release of different cytokines such 

serum NSE, IFN𝛾 and IL10. The present study is the first 

research on the hyperreactive malarial splenomegaly 

syndrome (HMSS) conducted at a tertiary care hospital 

which evaluated diagnostic and predictive value of serum 

NSE for the first time. Malaria is a significant cause of 

tropical splenomegaly [2, 15]. The production of IgM, 

IFN𝛾 and IL10 cytokines in response to malaria antigens 

has been shown to be important in induction and 

maintenance of immunity to malaria in naturally exposed 

population. IFN-𝛾 plays an important role in host defense 

against many infectious diseases [16]. Several studies [15, 

16] have suggested that IFN-𝛾 plays an important role in 

the regulation of immune responses during the course of 

infection by the activation of macrophages involved in 

both the intracellular and extracellular destruction of the 

parasite.  
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A number of studies have shown that IFN-𝛾 is associated 

with the pathogenesis, as seen in malaria-infected mice, 

and that the pathogenic effect of IFN-𝛾 is counterbalanced 

by the anti-inflammatory cytokine, IL10 [17]. The IL-10 

is a pleiotropic immunomodulatory cytokine regulating 

not onlyTh1 but also Th2-type reactions in many 

instances [18, 19]. High levels of IL-10 observed during 

malaria episodes may be beneficial in reducing the 

inflammatory response, but it may also be detrimental by 

decreasing antiparasitic cellular immune responses [18]. 

We found that the plasma levels of NSE, IgM, IFN-𝛾 and 

IL10 cytokines were significantly elevated in HMS 

patients. This is the first research showing the diagnostic 

utility of serum NSE and its predictive value from the 

IgM, IFN-𝛾 and IL10 in HMSS patients, suggesting that 

serum NSE might have an important role in the protection 

and/or pathogenesis of HMSS which may be exploited for 

the earlier diagnosis of HMSS in malaria endemic 

countries.  

A reliable biological marker of HMSS is major problem 

for clinicians in developing countries, which often result 

in treatment failures, massive splenomegaly, Splenic 

rupture and mortality. Serum NSE has been reported as a 

disease marker for small cell carcinoma lungs, 

neruoblastoma, retinoblastoma [8, 9] and tuberculous 

meningitis [20, 21]. At present sufficient evidence is 

present to use serum NSE as disease marker in malignant 

and non-malignant disorders where there is involvement 

of macrophages, such as the HMSS [8, 9, 20, 21]. 

However, role of serum NSE in HMSS prediction needs 

further exploration.  Serum NSE was raised in HMSS 

15.72 ±3.73 (pg/ml) compared to controls as 10.54 ±1.50 

(pg/ml). The findings of serum NSE correlated with serum 

IgM, IFN𝛾 and IL10 and spleen size. Serum NSE revealed 

positive correlation with IgM (r = 0.772, p = 0.0001), 

IFN𝛾   (r = 0.754, p = 0.0001), IL10 (r = 0.782, p = 

0.0001) and Spleen size (r = 0.621, p = 0.0001) (Scatter 

plot 5).   

The evidence based findings of present study show the 

serum NSE may prove useful clinical laboratory marker 

for HMSS diagnosis and prediction. Further research is 

needed to set cut off values of NSE for the HMSS.  

As the malaria is endemic in Pakistan [22, 23] the clinical 

diagnosis is highly suspicious and clinicians are always in 

search of some specific serological tests for diagnosis. If 

serum NSE proves validated it will be a great success in 

clinical diagnosis.  The origin of serum NSE is certainly 

from macrophages which secrete it. The present study 

reports 2 important findings, first- the serum NSE levels 

were found elevated in HMSS similar IgM, IFN𝛾 and 

IL10 levels. Second – serum NSE levels were positively 

correlated with IgM, IFN𝛾, IL10 and spleen size.  

The finding serum NSE may be interpreted as of clinical 

importance for the diagnosis of HMSS as a single 

laboratory investigation, however this needs further 

validation with large sample size conducted at the national 

level. The main limitation of present study is the small 

sample size, but the finding of raised serum NSE and its 

predictive value for HMSS are worth findings to report.  

Conclusion 

The serum NSE was found raised in hyperreactive 

malarial splenomegaly syndrome. Serum NSE showed 

positive correlation with IgM, IFN𝛾, IL10 and spleen size. 

The present study reports the clinically diagnostic and 

predictive value of serum NSE; hence it may be used as 

novel clinical marker for the hyperreactive malarial 

splenomegaly syndrome. 
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