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ABSTRACT 

Objective: To determine the frequency of malaria by polymerase chain reaction in malarial parasite negative 
samples on microscopy. 
Study Design: Cross-sectional study. 
Place and Duration of Study: Haematology department of Pakistan Naval Ship, Shifa Hospital, from Jan 2018 to 
Oct 2018. 
Methodology: This study involved 150 adults of both genders with suspicion of malaria but negative malarial 
parasite on microscopy. Polymerase chain reaction was performed on blood samples from selected patients as per 
protocol. Outcome variable was the frequency of polymerase chain reaction positivity for malarial parasite. A 
pre-designed proforma was used to collect the data that was analyzed through SPSS version 20.0. 
Results: The mean age of patients was 29.51 ± 8.73 years. The majority (75.3%) of the patients had undiagnosed 
fever. Only a small proportion of patients had hemolytic anemia (4.0%), splenomegaly (4.0%), acute renal failure 
(1.3%) and jaundice (1.3%). Polymerase chain reaction was positive in 3 (2.0%) cases. There was no significant 
difference in the frequency of positive polymerase chain reaction across underlying signs/symptoms except 
splenomegaly. Patients with splenomegaly had a significantly higher frequency of positive polymerase chain 
reaction (16.7% vs. 1.4%; p=0.009).  
Conclusion: The frequency of positive polymerase chain reaction was found to be 2.0% in malarial parasite 
negative samples on microscopy. It was significantly higher among patients with splenomegaly. 
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INTRODUCTION 

Malaria is considered a perilous health prob-
lem with major prevalence in the developing part 
of the world. Globally around 3-4 million peoples 
are threatened to face this hazardous ailment. 

World Health Organisation (WHO) reported 
219 million cases of malaria globally (92% in 
Africa) and 435,000 deaths principally among 
children (61%) in the year of 20171. Out of total 
cases, around 1.3 million cases reported in Medi-
terranean region1. Moreover, 5 countries of the 
developing world (Nigeria, India, Congo, Moza-
mbique, and Uganda) are facing the main burden 
that comprises around 50% of worldwide malaria 
cases1. A total of 374,513 (P. Vivax: 84.0%, P. 

Falciparum: 14.9%) confirmed malaria cases have 
been reported in Pakistan in the year of 20182. 

Complications related to malaria can only be 
avoided by the early diagnosis and commence-
ment of effective therapy. Microscopy is regarded 
as gold standard for diagnosis2,3. It is an inexpen-
sive, simple and economical method for parasite 
detection. However, this method is laborious, 
trained eye dependent and time-consuming. Its 
role is particularly questionable in its reliability of 
detecting low parasitemia lesser than 50 parasites 
/µl of blood or mixed infections3-6. Detection of 
low parasitemia is particularly significant in the 
screening of donors for blood transfusion in 
endemic areas where asymptomatic carriers are a 
risk for disease transmission for the recipients7. 

PCR has been introduced as a molecular dia-
gnostic modality for malaria. Since the inception 
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of PCR based techniques for the diagnosis of 
malaria, several modalities have been developed. 
These methods have higher sensitivity in cases 
with low parasitemia and combined parasitic 
infection8,9. These methods were designed to 
create more accuracy in the diagnosis of malaria. 
Among these introduced methods, Real-time 
PCR has replaced the conventional PCR methods 
like nested and semi-nested10. The automated 
PCR method is simpler and rapid one with     
more specificity and higher sensitivity levels. One 
of the studies conducted in Bangladesh and 
Singapore showed sensitivity of Real-time PCR 
95.2% with 98.1% specificity11 and 94.1% sensiti-
vity with 100% specificity for P. Falciparum res-
pectively. Real-time PCR has the sensitivity to 
detect lower parasitemia levels that may be          
as low as 0.01 to 1 parasite/µl of blood12,13 which 
makes it superior over microscopy in terms of 
diagnosis of malaria. Among the disadvantages, 
this method is comparatively expensive; it req-
uires trained staff; and high uncontaminated 
technique. Although, its ability to detect low 
parasitemia overcomes the pitfalls14. 

In the available literature, very few studies 
exist that determine the frequency of PCR based 
diagnosis of malaria in microscopy negative 
cases. This study is designed to determine the sig-
nificance of PCR based investigation to confirm 
the Malaria in symptomatically probable cases. 

METHODOLOGY 

This cross-sectional study was conducted     
at the Hematology department of PNS Shifa 
Hospital Karachi, from January 2018 to October 
2018. Approval to conduct the study was taken 
from the ethics committee of the hospital. Wri-
tten consent was obtained from each patient. This 
study included 150 adults with ages between 15 
to 60 years, who were provisionally diagnosed    
as a case of malaria based on history and exami-
nation, but had negative malarial parasite on 
microscopy of blood smear. Non-probability con-
secutive sampling was employed for the selection 
of the patients. WHO calculator was used to 
determine the sample size, taking the sensitivity 

95.2%11, confidence level 95% with a margin of 
error 4%. 

Samples were collected from indoor & 
outdoor patients. In the EDTA tube, a sample of 
venous blood (3ml) was obtained. DNA extrac-
tion was performed from the blood sample by 
using the DNA purification kit Gentra USA. The 
samples were collected as per the manufacturer's 
instructions. The amplification of the extracted 
DNA was done in batches of 36 samples along 
with positive and negative controls simultaneou-
sly. Real-time PCR was performed by employing 
the Taqman probe following the protocol as 
prescribed by Lee et al5. The Primers used were 
Genus specific, Gen Bank accession no M 19172 
was used for Plasmodium Falciparum and           
X 13926 for P. Vivax. PCR was done by 25 pi 
reaction mixture which had DNA sample,      
DNA Taqman probe, PCR Mix and Primer      
mix. Realtime PCR amplification was done by    
thermal cycler Rotor-Gene Q-series software 1.7 
(QIAGEN company). Denaturing was initially 
done at 95 degrees Celsius for 5 minutes. 40 
cycles of denaturation at 95 degrees Celsius for 15 
seconds and annealing at 60 degrees Celsius for 
60 seconds were performed alternately. Prepara-
tion of positive control was done by pooling sam-
ples which were positive for Plasmodium vivax 
and Plasmodium Falciparum on microscopy. For 
negative control, samples from healthy, afebrile 
individuals who were negative on microscopy 
were used. To calculate the sensitivity, the cycli-
cal threshold (c) of fluorescence was determined 
by serial dilutions. The result was interpreted by 
analysis of PCR quantization curves. 

The data collected was entered into SPSS 
version 20 and analyzed. Age being a numerical 
variable presented as ± 2. While percentage and 
frequency were used to present categorical 
variables including gender, underlying signs and 
symptoms and positive or negative results on 
PCR. Data was arranged for age, gender, and 
underlying signs/symptoms. After stratification 
of data, a chi-square test was applied. A p≤0.05 
was considered as significant. 
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RESULTS 

The mean age of the patients was 29.51 ± 8.73 
years, ranging from 15 years to 50 years. Majority 
90 (60%) were >25 years. 117 (78.0%) males and 
33 (22.0%) females were included in the study. 
Table-I outlines the age variable. The majority 
(75.3%) of the patients had undiagnosed fever 
followed by recurrent fever (7.3%) and vomiting 
(6.0%). Only a small proportion of patients had 
hemolytic anemia (4.0%), splenomegaly (4.0%), 
acute renal failure (1.3%) and jaundice (1.3%). 1 
patient had hematuria (0.8%) as shown in table-II. 

PCR was positive in 3 (2.0%) cases as shown 
in table-I. The positive PCR frequency across age 
(p=0.812) and gender (p=0.353) was not signifi-
cantly different. Similarly, positive PCR freq-
uency across underlying signs/symptoms was 
also not significantly different. Patients with 
splenomegaly had exception with a significantly 

higher frequency of positive PCR (16.7% vs. 1.4%; 
p=0.009). As shown in tables-IV & V. 

DISCUSSION 

This study was designed with objective to 
determine the frequency of malaria by PCR in 
patients with malarial parasite negative samples 
on microscopy. The targeted outcome variable 
was the frequency of PCR positivity for the 
malarial parasite.  

In this study, 2% of the malarial parasite 
negative samples on microscopy were found 
positive on PCR, among them the significantly 
higher proportion of patients was with spleno-
megaly (16.7% with p-value 0.009). Our results 

are comparable with another local study by Iqbal 
et al15 (2014) who reported that 3% of patients 
with negative malarial parasite on microscopy 
were found positive on PCR. Nesha et al16 (2018) 
conducted a study on a comparatively bigger 
sample size of 2333 patients also reported 3.3% 
more cases by PCR method16. Wang et al17 (2014) 

Table-I: Demographics of study participants. 

Characteristics Participants (n=150) 

Age (years)  29.51 ± 8.73 (15-50) 
Age Groups 

≤25 years 60 (40%) 

>25 years 90 (60%) 
Gender 

Male 117 (78%) 

Female 33 (22%) 
Table-II: Frequency of various underlying signs/ 
symptoms. 

Underlying Sign/ 
Symptom 

Frequency Percentage 

Undiagnosed Fever 113 75.3 

Recurrent Fever 11 7.3 

Vomiting 9 6.0 

Hemolytic Anemia 6 4.0 

Splenomegaly 6 4.0 

Acute Renal Failure 2 1.3 

Jaundice 2 1.3 

Hematuria 1 0.8 

Total 150 100 
Table-III: Frequency of Malaria on PCR. 

PCR Diagnosis of 
Malaria 

Frequency Percentage 

Yes 3 2.0 

No 147 98.0 

Total 150 100 
 

Table-IV: Frequency of Malaria on PCR across 
undiagnosed fever (n=150). 

Underlying 
Sign/Symptom 

PCR Diagnosis 
p-value Malaria 

(n=3) 
No Malaria 

(n=147) 

Fever Not 
diagnosed 
(n=113) 

2 (1.8%) 111 (98.2%) 

0.725 Others 
(n=37) 

1 (2.7%) 36 (97.3%) 

Total 3 (2%) 147 (98%) 

Chi-square test, Insignificant statistical difference 

Table-V: Frequency of Malaria on PCR across 
Spleenomegaly (n=150). 

Underlying 
Sign/Symptom 

PCR Diagnosis 
p-value Malaria 

(n=3) 
No Malaria 

(n=147) 

Splenomegaly 
(n=6) 

1 (16.7%) 5 (83.3%) 

0.009* 
Others 
(n=144) 

2 (1.4%) 142 (98.6%) 

Total 3 (2%) 147 (98%) 

Chi-square test, *Insignificant statistical difference  
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reported a frequency of 2.47% more patients 
among the Korean population-based study. 
Nicastri et al18 in 2009 (2.63%) in Africa, Coleman 
et al19 in 2006 (1.17%) in Thailand, Rodulfo et al20 
in 2007 (0.49%) in Venezuela also observed a 
similar frequency of PCR positivity in microscopy 
negative samples. But few others observe higher 
frequencies of positive PCR cases. Johnston et al21 
(2006) observed this frequency to be 9.09% in    
the USA. Ojurongbe et al22 (2013) and Mawili-
Mboumba et al23 (2013) observed a much higher 
frequency and reported it to be 17% and 23% 
respectively among African patients. Billy et al24 

(2019) detected a difference of 10% between the 
two methods. This conflict among studies can    
be a result of the difference in personal skills       
as microscopy is purely an operator-dependent 
technique. Moreover, researchers use different 
modalities of the PCR method that may impact 
on the outcome of the studies.  

There are very few studies conducted in the 
Pakistani population to determine the number of 
cases missed during routine workup but deemed 
as a malaria case. Such cases pose a diagnostic 
challenge to a physician and lead to treatment 
failure due to improper management. It leads to 
dissatisfaction on the part of the patient and 
poses an economic burden over the society. 
Although in this region vivax related malaria       
is prevalent and it considered having benign 
outcomes, but few cases of cerebral malaria        
are also reported with a background of Vivax 
specie25. So the possibilities of life-threatening 
morbidities can't be ruled out with benign consi-
dering malaria. These findings made it prudent to 
diagnose malaria in earlier stages to avoid the 
adverse consequences of this disease. 

Although the overall positive rate was quite 
low to conclude using the PCR technique in all 
microscopy negative patients. But considering the 
morbidities and mortalities associated with mala-
ria, it can be advocated that in patients where 
microscopy negative patients with strong clinical 
suspicion of malaria; PCR should be considered 
to confirm the diagnosis. The result of this study 
also reflects that the symptomatic patients with 

splenomegaly have more probability of malaria 
infection. So in such a patient PCR method 
should be performed for accurate diagnosis of 
Malaria. 

This study has a limitation that, it is con-
ducted on a small sample size of 150 cases in a 
single center. So the conclusion drawn from this 
study should be validated in a multicenter study 
with larger sample size. 
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CONCLUSION 

The PCR method may be used in Microscopy 
negative symptomatic patient to avoid delay in 
the diagnosis and to avoid morbidities associated 
with malaria. 
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