
 

Original Article 
 

Pretreatment elevated erythrocyte sedimentation rate and C-reactive protein 
as a predictor of malarial complications 
 
Sachin Vemula1, Vidyalakshmi Katara2, Unnikrishnan Bhaskaran3, Sushma Adappa1, Mahabala 
Chakrapani1 
 
1 Department of Medicine, Kasturba Medical College, Manipal University, Mangalore, India 
2 Department of Microbiology, Kasturba Medical College, Manipal University, Mangalore, India 
3 Department of Community Medicine, Kasturba Medical College, Manipal University, Mangalore, India 
 
Abstract 
Introduction: Complications of malaria can develop suddenly and unexpectedly. Although various parameters have been associated with 

severity of malaria, they have not been studied as predictors of these events. Many of the malarial complications are inflammatory in nature, 

and C-reactive protein (CRP) and elevated erythrocyte sedimentation rate (ESR) could be early markers of these complications and might 

precede and predict the development of complications. 

Methodology: A total of 122 inpatients with uncomplicated newly diagnosed malaria were studied. CRP, ESR, hemoglobin, and platelets were 

measured before initiating treatment. Patients were monitored closely for the subsequent development of complications based on the World 

Health Organization’s definition of severe malaria. 

Results: Seven patients (5.7%) had worsening of symptoms compared to the day of admission and had higher pretreatment CRP and increased 

ESR compared to those patients who did not develop complications. Area under receiver operator characteristic curve was 0.761(p=0.02) for 

CRP and 0.739 (p = 0.035) for ESR. CRP>124 mg/L and increased ESR (>34.5 mm in the first hour) had a sensitivity of 71.4% and specificity 

of 79.1%, respectively, for predicting complications of malaria. Other parameters did not reach statistical significance for predicting 

complications. Elevated CRP and elevated ESR had a negative predictive value of 97.8%. 

Conclusions: Elevated CRP>124mg/L and increased ESR>34.5 mm in the first hour at the time of diagnosis in patients with uncomplicated 

malaria identifies patients who might subsequently develop complications of malaria. 
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Introduction 
Development of complications during the treatment 

of malaria leads to severe malaria, which has higher 

mortality and morbidity [1]. Complications of malaria 

can develop suddenly and unexpectedly during 

treatment [2-4]. Malaria is an exception to the rule that 

patients with infectious disease who apparently look 

stable and well at presentation rarely develop 

complications [2]. Complications such as renal failure 

and respiratory failure can develop even when patients 

seem to be clinically improving or even when parasite 

load decreases [2]. 

Many parameters have been studied as possible 

predictors of malaria, since it is extremely important to 

differentiate stable patients who will remain stable from 

those who could rapidly progress to develop 

complications. Some of the parameters include anemia, 

spleen enlargement, glucose, lactate, cytokines, and 

strain multiplicity. Most of these parameters have been 

studied in the setting of mixed populations consisting of 

uncomplicated and complicated cases [5]. Although 

various parameters, such as C- reactive protein (CRP), 

have been associated with severity of malaria [6], they 

have not been studied as predictors of these events. 

Severity scores for malaria have been developed and 

validated [7-8]; these are useful in predicting outcomes 

once the complications have developed. They are not 

used to predict the development of these complications 

in a pretreatment setting of stable, uncomplicated 

patients. Inflammatory markers such as tumor necrosis 

factor, interferon-gamma, and CRP have been shown to 

be closely associated with disease severity in vivax 

malaria [6]. Flow cytometry was found to be a good tool 

to identify multiple-infected red blood cells (RBCs), 

which could be a marker of severe disease; however, 

correlation to clinical endpoints of severe disease has 
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not been established for flow cytometry [9]. Parasite 

load has not been found to be useful in predicting the 

development of severe malaria due to the cyclical 

nature of the peripheral parasitemia and to the 

phenomenon of sequestration of parasites in vital 

organs [2,10]. Even studies involving severe malaria 

showed that parasite load had poor prognostic ability in 

terms of mortality prediction [3]. Parasite load had poor 

area under receiver operating characteristic (ROC) 

curve for prognostication in severe malaria, whereas 

elevated lactate level and acidosis at admission in 

severe malaria were found to be very good predictors of 

mortality [3]. Abnormal host inflammatory response is 

one of the possible pathogenetic mechanisms in severe 

malaria. Parasite load was inferior in predicting 

subsequent mortality [11]. Early diagnosis and risk 

stratification are crucial for preventing complications in 

malaria. Parasite load does not predict complications 

adequately [12]. 

Prediction of complications has been shown with 

malaria severity prognostic score by Tangpukdee et al. 

[4]; however, the study involved cases with falciparum 

malaria only, and dehydration was one of the 

parameters in the formula. However, signs of 

dehydration may themselves be a marker for the 

unstable patient. There is a need to predict the 

complications in the stable pretreatment stage. A 

retrospective study of patients admitted for malaria 

showed that hemoglobin and parasitemia at admission 

predicted subsequent multiple organ dysfunction 

syndrome (MODS); however, the study did not exclude 

complicated cases at admission [13]. Intra-neutrophilic 

pigments correlate well with parasitemia and severity of 

complications, but the utility of this finding has not 

been studied in an uncomplicated pretreatment setting. 

ROC and predictive ability of granulocyte pigment 

inclusions was poor for predicting mortality [14]. 

It is necessary to identify those malarial patients 

who are likely to develop complications at the 

beginning of treatment itself, which will help in 

focusing resources to these patients. Measurement of 

acute-phase reactants such as CRP or serum amyloid A 

have been used to monitor the response to antibacterial 

treatment [15]. Many of the malarial complications are 

inflammatory in nature [6]. Abnormal inflammatory 

host response is the possible pathogenetic mechanism 

in severe malaria [11]. At the cellular level, various pro-

inflammatory cytokines and several adhesion 

molecules play important roles in the pathogenesis of 

complicated malaria [7], and CRP and increased 

erythrocyte sedimentation rate (ESR) might represent 

this state of inflammation. Higher levels of high 

mobility group box (HMGB1) were associated with 

higher mortality in patients with severe malaria [11]. 

Although these studies predicted higher mortality using 

biomarkers, the study population included patients who 

already had severe malaria at baseline. This study was 

undertaken to determine if CRP and ESR levels at the 

beginning of treatment of stable, uncomplicated malaria 

could be used as markers to predict the subsequent 

development of complications. 

 

Methodology 
Clinicians recruited patients who had been 

diagnosed with malaria into the study. Non-probability 

sampling was done. Diagnosis of the patient was done 

by thick smear examination, and species identification 

was done by thin smear. Consecutive patients 

diagnosed with falciparum, vivax, and mixed malarial 

infections, fulfilling inclusion and exclusion criteria, 

and willing to be part of the study were included in this 

study. Patients were examined by clinicians every day 

to for signs of hypotension, tachypnea, acidotic 

breathing, symptoms of uremia, oliguria, and altered 

mental status. Based on clinical signs, liver function test 

(LFT), creatinine levels, hemoglobin, blood gas 

analysis, chest X-ray, and electrocardiogram were 

ordered. Patients with any parameter of severe malaria 

[16], with previous malarial infections within two 

months, concurrent bacterial infections, human 

immunodeficiency virus (HIV), diabetes mellitus, 

chronic kidney disease, pre-existing rheumatologic 

conditions, active tuberculosis, active malignancies, 

and patients on steroids were excluded. Based on World 

Health Organization(WHO) guidelines, the parameters 

considered for severe malaria were cerebral malaria 

(unarousable coma with Glasgow coma scale <11/15), 

severe anemia (Hb<5gm/dL, hematocrit <15%), 

respiratory distress (rapid labored acidotic breathing), 

renal failure (urine output <400mL in 24 hours and 

serum creatinine >3gmL/dL), hypoglycemia 

(<40mg/dL), and circulatory collapse (systolic blood 

pressure <70 mm Hg or core skin temperature 

difference >10°C) [16]. Patients with concurrent 

bacterial infections (those who had had fever for 7 days, 

who had been diagnosed with respiratory infection, 

urinary tract infection, and sepsis) were excluded; also, 

those who had had fever from dengue in the preceding 

7 days were excluded from the study. Chronic kidney 

disease was defined by based on National Kidney 

Foundation guidelines as either kidney damage or 

Glomerular filtration rate (GFR) <60mL/min/1.73m2 

for ≥ 3 months [17]. Diabetes was defined based on the 

American Diabetes Association (ADA) guidelines as 
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persons on treatment or fasting plasma glucose ≥126 

mg/dL (7.0 mmol/L), 2-hour postprandial glucose (PG) 

≥200 mg/dL (11.1 mmol/L) during oral glucose 

tolerance test (OGTT) (75g), glycosylated hemoglobin 

(A1C) ≥6.5% (48 mmol/mol), and random PG ≥200 

mg/dL (11.1 mmol/L) [18]. Blood from each patient 

was used for detection and quantification of CRP by 

nephelometry, ESR, hemoglobin, and platelet count. 

Laboratory examination was done in a tertiary care 

hospital in Mangalore, in the National Accreditation 

Board for Testing and Calibration Laboratories 

(NABL). The study protocol was approved by the 

institutional ethics committee, and informed consent 

was obtained from each participant prior to the study. 

This cohort of uncomplicated and stable newly 

diagnosed patients was treated with standard WHO 

guidelines and was monitored closely for the 

subsequent development of any of the complications 

listed in the WHO definition of severe malaria. 

Treatment was given based on 2010 WHO guidelines: 

artesunate and mefloquine for 3 days for uncomplicated 

falciparum malaria (4 mg/kg/day artesunate once a day 

for 3 days and 25 mg/kg of mefloquine 8.3 mg/kg/day 

once a day for 3 days); chloroquine (25 mg/kg over 3 

days and primaquine 15 mg/kg/day for 14 days) for 

uncomplicated vivax malaria, and mixed malaria was 

treated with artemisinin-based combination therapy 

(ACT) and primaquine [19]. 

 

Statistics 

Sample size was calculated using a diagnostic test 

calculator with expected sensitivity of 80%, specificity 

of 60%, and prevalence of 5%. Continuous variables 

(ESR, hemoglobin, platelets, and CRP) were compared 

with Mann-Whitney Test, with p<0.05 considered 

statistically significant. ROC curve analysis was 

performed to evaluate the performance of CRP, ESR, 

hemoglobin, and platelets in predicting complications. 

Area under the ROC curve was calculated with 

corresponding 95% confidence intervals for ESR, CRP, 

hemoglobin, and platelets. Co-ordinates of ROC curve 

were analyzed to find the optimal cut-off value for the 

relevant parameters. Statistical analysis was done using 

SPSS 15.0 statistical software package (IBM, Armonk, 

USA). 

 

Results 
In total, 122 patients with uncomplicated malaria 

were studied. The mean age of the patients was 

33.98±13.85 years. There were 88 (72.13%) males and 

34 (27.87%) females. In total, 86 (70.5%) patients had 

vivax malaria, 15 (12.3%) had falciparum malaria, and 

21 (17.2%) had mixed malaria. 

In total 7 patients (5.7%) developed complications 

during follow-up. Acute respiratory distress syndrome 

(ARDS) developed in 4 (3.2%), severe anemia 

developed in 6 (4.9%), and significant hypotension 

developed in 6 (4.9%) patients during treatment. The 

median day of onset of complications was 2 days 

(range, 2–3 days). There was statistically significant 

elevated CRP and ESR in those patients who 

subsequently developed complications compared to 

those who remained free of complications (Table1). 

Differences in hemoglobin and platelet count were not 

statistically significant. ROC curve analysis showed a 

statistically significant area under the curve for 

pretreatment CRP and pretreatment ESR for predicting 

complications (Table2). Analysis of the coordinates of 

the ROC curve showed that optimal sensitivity and 

specificity was obtained at CRP of 124 mg/L and ESR 

Table 1. Comparison of pretreatment parameters in patients who developed complications and those who remained free of complications.  

Parameter 

Developed complications 

(n = 7) 

Median (IQ) 

No complications 

(n = 115) 

Median (IQ) 

P value 

CRP (mg/L) 133 (72–192) 66.5 (38–97.7) 0.016 

ESR (mg/L) 43 (28–45) 24 (18–32) 0.038 

Platelets (per mm3) 0.69 (0.15–1.04) 0.82 (0.53–1.24) 0.173 

Hemoglobin (gm/L) 11.6 (11.0–13.8) 12.75 (11.3–13.8) 0.358 

CRP: C-reactive protein; ESR: erythrocyte sedimentation rate. 

 
 

Table 2. Area under receiver operator characteristic (AUROC) curve for pretreatment CRP and ESR, with 95% confidence interval, for 

predicting malarial complications. 

Variable Area under the curve P 
95% confidence interval 

Lower bound Upper bound 

ESR 0.739 0.035 0.526 0.951 

CRP 0.761 0.021 0.635 0.887 

CRP: C-reactive protein; ESR: erythrocyte sedimentation rate. 
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of 34.5 mm at the first hour. Both parameters had a 

sensitivity of 71.4% and specificity of 79.1% for 

predicting complications of malaria (Table 3). There 

was a very high negative predictive value (NPV) (98%), 

suggesting that if these parameters were not elevated, 

the possibility of subsequent complications was around 

2%. In vivax malaria, complications developed in 5.8% 

of cases (Table 4). 

 

Discussion 
Although various markers and scoring systems have 

been developed to predict outcome after the 

development of severe malaria [6], simple early 

markers for the prediction of complications are lacking 

[2]. Complications such as renal failure and respiratory 

failure can develop unexpectedly during treatment of 

malaria [2]. In this study, we evaluated the role of acute 

inflammatory response markers in predicting 

subsequent development of malarial complications in a 

cohort of patients with clinically stable uncomplicated 

malaria. Pretreatment CRP and ESR, done at the time 

of diagnosis, were significantly elevated in those 

patients who subsequently developed complications 

compared to those who remained free of complications. 

Our observations showed that ESR or CRP alone had 

good predictive value for complications, similar to the 

malaria severity prognostic score of Tangpukdee et al. 

[4]. Low albumin, which is also an inflammatory 

marker, was shown to be an important parameter in that 

study [4]. Since rising ESR and CRP precede a fall in 

albumin [21], checking ESR in the primary care setting 

might be a useful parameter to risk-stratify patients with 

malaria before clinically recognizable complications 

have set in. 

Seven patients (5.7%) developed complications 

during follow-up, which was similar to Tangpukdee et 

al.’s findings [4]. Predicting development of 

complications has been done successfully in bacterial 

infections and sepsis using acute-phase reactants [7]. 

Pro-inflammatory cytokines, which are secreted in 

severe sepsis, have been the stimuli for these reactants. 

Since unregulated and aggressive host inflammatory 

response is the basis for poor outcome an extensive 

organ damage [12], it seems logical that acute-phase 

reactants are markers for severe malaria. Complications 

of malaria such as acute lung injury and renal failure are 

inflammatory in nature [10]. It is also known that CRP 

elevation occurs within 24 hours of the onset of the 

inflammatory process [21]. Hence, there appears to be 

a strong biological basis for the observation of raised 

CRP levels in those who subsequently develop 

complications. 

Unregulated and aggressive host inflammatory 

response that is out of proportion to the infection is the 

basis for poor outcome and extensive organ damage. 

Parasite load was inferior in predicting malarial 

mortality [3]. Even studies involving severe malaria 

showed that parasite load had prognostic capability in 

terms of mortality prediction. An acute-phase protein 

has been defined as one whose plasma concentration 

increases (positive acute-phase proteins) or decreases 

(negative acute-phase proteins) by at least 25% during 

inflammatory disorders [20]. Cytokines, which are 

inflammatory mediators, stimulate the production of 

acute-phase proteins, including CRP [16]. CRP and 

amyloid A are very early markers of inflammatory 

responses [20]. In addition to elevated CRP in bacterial 

infections, higher levels have also been seen in parasitic 

disease [22]. Previous studies observed higher levels of 

pro-inflammatory mediators in severe malaria and 

improvement in level markers following recovery from 

severe malaria, but the role of pro-inflammatory 

mediators in predicting these complications has not 

been studied [6]. 

Among all the acute-phase reactants, only CRP and 

amyloid A have optimal kinetics with rapid elevation to 

very high levels and subsequent rapid fall during 

recovery [20]. Measurement of amyloid A is not done 

in routine practice. The availability of CRP and ESR 

measurement at point of care [22] makes them ideal 

markers for identifying complications at an early stage 

of malaria and offers an additional advantage for 

prognostication at the primary care level. 

Interestingly, ESR also was found to be a good 

predictor of subsequent complications, though the area 

Table 3. Level of CRP and number of patients developing 

complications. 

CRP level 

(mg/L) 

Developed 

complications 

(n) 

Did not develop 

complications 

(n) 

CRP > 124 5 24 

CRP < 124 2 91 

Sensitivity: 71.4%; Specificity: 79.1%; Positive predictive value: 17.2%; 

Negative predictive value; 97.8%; CRP: C-reactive protein. 
 

 

 

Table 4. Type of malaria, number of patients in each type, and 

percentage of patients developing complications. 

Type of malaria 
Number of 

patients 
Complications 

Vivax malaria 86 5 (5.8%) 

Falciparum 

malaria 
15 1 (6.7%) 

Mixed malaria 21 1 (4.7%) 
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under the curve was slightly less than that for CRP. 

Since ESR is a simple and cost-effective investigation 

and is available in primary care settings, it could be a 

substitute for CRP in predicting complications at a 

pretreatment stage in resource-limited settings. 

CRP is found in trace amounts in normal human 

serum and is markedly increased in inflammatory 

conditions. CRP activates the complement cascade and 

could be an important contributor to the accelerated 

destruction of RBCs in malaria [23]. Thus, CRP, in 

addition to being an acute-phase marker for 

complication, could be an active participant in the 

pathogenesis of this event, which explains the 

observation of this study that a rise in CRP precedes the 

development of complications of malaria. It was also 

observed in another study that CRP and serum amyloid 

A were valuable in assessing the response to 

antimalarial treatment [16], which reinforces the role of 

elevated CRP in the pathogenesis of malarial 

complications. 

Another interesting observation of this study was 

the occurrence of complications in vivax malaria. 

Traditionally, vivax has been considered a benign 

disease. But recently, more cases of vivax-related 

complications and mortality are being reported [10]. 

Our study confirmed the recent observations of 

complications developing in vivax malaria in about 

5.8% of cases (Table 4). Most of the previous studies 

for predicting complications were done exclusively in 

falciparum malaria [4]. Our study has demonstrated that 

ESR and CRP have very good prognostic capability in 

falciparum and vivax malaria. 

The results of this study have important clinical 

implications, especially in third-world countries where 

malaria is endemic. Very high NPV (91/93; 97.8%) 

suggests that only 2% of those with CRP <124mg/L 

developed complications, whereas 17% with CRP >124 

mg/L developed complications. Those with 

pretreatment CRP <124 mg/L or ESR <34.5mm in the 

first hour can safely be assumed to remain free of 

complications with a reasonable amount of confidence, 

which could prevent aggressive and expensive 

monitoring of these patients. Patients with higher levels 

of inflammatory markers can be monitored closely and 

managed aggressively because the outcome of 

treatment for severe malaria is better if it is identified 

and managed early [2]. All the 7 patients experienced 

these complications between the second and third day. 

Physicians managing these patients should be watchful 

during this period when maximum complications are 

anticipated. 

One important limitation of this study was the fact 

that we did not observe any case of cerebral malaria, an 

extremely dangerous complication, in this cohort. 

Moreover, unlike other complications, cerebral malaria 

does not involve any significant inflammation [10]. The 

observations of this study cannot be expected to be true 

for cerebral malaria. Another limitation is the relatively 

small number of patients who developed complications. 

Though statistical and clinical significance was 

achieved in this cohort, it needs to be validated in larger 

samples and various clinical and geographic settings. A 

final limitation was that this was a hospital-based study, 

so extrapolation of the results to the general population 

would be difficult. 

 

Conclusions 
CRP and ESR may help to identify uncomplicated 

malarial patients with a higher risk of developing 

complications during the course of treatment. These 

patients must be monitored closely, especially between 

the second and third day of diagnosis. 
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