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Abstract 

Background: More than 250 million people are infected by malaria parasites annu-
ally while around one million children less than 5 years of age die every year due 
to malaria. We aimed to assess the seasonal trends and usefulness of capillary and 
venous blood for rapid diagnosis of malaria.  
Methods: This cross-sectional study of 18 months duration was conducted at the 
National Institute of Child Health (NICH), Karachi. All patients reporting fever 
as chief complaint were recruited as study subjects. A semi-structured question-
naire was used to collect demographic information, presenting complaints, aware-
ness of caregivers regarding malaria, preventive measures and history of malaria 
fever. Three ml Venous (2-3ml) as well as peripheral blood (3-4 drops) samples of 
all patients were collected for microscopy and rapid diagnostic tests (RDTs). 
Results: Out of total 477 patients with fever Venous and Capillary Blood RDTs 
methods detected 33(6.9%) and 30(6.3%) as the malaria positive while Venous 
and Capillary Blood Microscopy detected 30(6.1%) and 32(6.7%) cases respective-
ly. Plasmodium Vivax infection was the most prevalent (87.9%) and majority 
(39.39%) of the cases occurred in the quarter, July to September.  
Conclusion: July to September is the peak season for malaria and P. Vivax (87.9%) 
is the predominant strain in Karachi. Venous and capillary blood are equally useful 
for malaria diagnosis however, convenience and less invasiveness may justify the 
preference of capillary blood over venous blood for early diagnosis of malaria. 
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Introduction 
 

alaria is the major cause of morbidi-
ty and mortality in tropical and sub-
tropical countries; accounts for 

more than 3/4th of the global infectious bur-
den (1). Malaria remains a life-threatening is-
sue and creates devastating effects on the 
health of children (2), especially, on those who 
are malnourished and have low immunity sta-
tus (3). It is transmitted to people through 
bites of infected mosquitoes. Four different 
species are responsible for the spread of malar-
ia, which includes Plasmodium falciparum, P. Vi-
vax, P. ovale, and P. malariae (4). Malaria kills 
one child under the age of five every 75 sec-
onds. Many of these deaths are avoidable and 
treatable. In 2019, there were 229 million cas-
es of malaria worldwide, with 558,000 deaths. 
Seventy four percent (416,000) of these deaths 
occurred in children under the age of five. 
This equates to nearly 750 children under the 
age of five per day. According to the WHO 
report on malaria in 2022, more than 60% of 
Pakistan’s population resides in malaria-
endemic regions (5). It is reported that 
500,000 malaria infections and 50,000 malaria 
deaths occur each year in Pakistan (5, 6) at a 
hospital in southeastern Pakistan very ill chil-
dren with a microscopic diagnosis of P. Vivax 
have long been noted (7).  Of all the species, P. 
falciparum reported higher mortality rates than 
other malarial parasites. According to pub-
lished work, 31% of the total reported cases 
of malaria in Pakistan are due to P. falciparum 
(8). 

Malaria usually predominates in areas that 
provide favorable ground for their breeding 
such as tropical and subtropical regions, as 
they have optimal temperature and rainfall (9). 
Transmission of malaria in Pakistan is pre-
dominantly seasonal and particularly occurs in 
Khyber Pakhtunkhwa (KPK), the Baluchistan 
province, and the Sindh province (10). It is 
believed that transmission of malaria occurs in 
two seasons mostly in Sep to Nov after the 

monsoon season and with a small period of 
transmission in Mar and Apr (10-12). 

The accurate diagnosis of malaria is key to 
the effective management of malaria patients 
to reduce complications and mortality rates. 
Clinical diagnosis of malaria is often difficult 
as the signs and symptoms of the disease 
mimic other tropical infections, hence labora-
tory diagnosis is usually required (13). Several 
techniques including microscopy, serology, 
and PCR are available for the diagnosis but 
microscopic examination of Giemsa’s stained 
blood films is the most widely used method 
and considered the gold standard for the diag-
nosis of malaria owing to its higher sensitivity, 
ability to differentiate between different spe-
cies, ability to show the level of parasitemia 
and cost-effectiveness (14). Blood films can be 
prepared using venous blood as well as capil-
lary blood but the sensitivity of both types of 
specimens is a subject of debate nowadays. 
Some recent studies suggest that capillary 
blood specimen is more sensitive as compared 
to venous blood (15).  

 We focused on the pediatric population 
with high-grade fever visiting NICH; to assess 
the frequency, pattern, and seasonal variation 
and to compare the positivity rate of capillary 
and venous blood samples for diagnosis of 
malaria. 
 

Materials & Methods 
 
Study design, settings, and duration: 

This was a cross-sectional study conducted 
at the National Institute of Child Health 
(NICH), Karachi, Pakistan for 18-month du-
ration. A semi-structured questionnaire was 
used to record data. 
 
Sample size 

The sample size of 440 was calculated at a 
95% confidence interval with 2% precision, 
using Epi software 6 based on our recently 
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published work that showed 10.3% of patients 
visiting OPD presented with a history of fever 
(16). As per hospital records, it is estimated 
that among the children who visited NICH 
OPD  with complaints of high-grade fever 
50% were under 5 years of age.  In this way, 
the calculated Sample size was 440, we added 
44 (10%) for non-compliance 440+44=488. 
Hence, the final sample size was 488. 
 
Inclusion Criteria 

Children irrespective of gender, less than 5 
years of age, with a history of fever as primary 
complaint and visiting the Emergency de-
partment and OPD for treatment were includ-
ed as study subjects. 

Parents with written informed consent to 
provide information about the child, history, 
and mortality related to malaria in other family 
members, if any.  
 
Exclusion Criteria 
Children already taking anti-malarial drugs or 
those taken treatment for malaria in the last 24 
h were excluded. 
 

Methods 
 

The study followed a purposive sampling 
technique. Parents/ caregivers of all children 
up to 5 years of age with the presentation of 
fever as a major cause to visit health facility; 
were contacted at emergency as well as OPD 
of NICH throughout the year (12 months). 
Total of 477 children < 5 years of age pre-
sented with fever as a major complaint at 
OPD or the Emergency department of NICH 
and were recruited for the study after taking 
informed consent(annexure-I).. Parents were 
interviewed for socioeconomic status, demo-
graphic information, recall of the history of 
malaria-related mortality, etc. (annexure-II). 
For the comparative part, the intravenous 
sample along with the peripheral blood sample 
of the study participant was subjected to the 
comparative diagnosis of microscopy and 

RDT, and information was collected on the 
additional sheet (annexure-III). 

PI /CI rechecked all collected data via hos-
pital records / via cell phones directly from 
the parents of participants. In case of any am-
biguity about collected data, the cases were 
not included for final analysis and were con-
sidered dropouts. 

 
Blood Sampling 

Capillary blood was obtained from finger 
pricks and venous blood was obtained from 
cubital vein puncture. Capillary and venous 
sampling was performed in parallel within a 5-
minute interval. Before sample preparation, 
blood from both sources was first collected in 
separate containers coated with ethylenedia-
minetetraacetic acid (EDTA) to prevent blood 
clotting (250 µL tubes for CAP blood and 3 
mL tubes for VEN blood). After blood collec-
tion, the following steps were taken: For each 
patient, one thick two thick smears of both 
capillary and venous blood were made with 
standardized amounts of 10 µl, while 2 thin 
smears of capillary and venous blood were 
made with 5µl blood. One drop of venous 
blood was poured on one RDT kit while one 
drop of capillary blood was poured on another 
RDT kit (16). 
 

Screening and comparing diagnostic sen-
sitivity 

Venous and peripheral blood of all clinically 
suspected malarial cases was tested for malaria 
using microscopy and rapid diagnostic kit 
(RDT) kits. Thick and thin smear slides of ca-
pillary blood were prepared for all study par-
ticipants (12). The result of the RDT kit was 
immediately communicated to both the pa-
tient and the treating physician. The infor-
mation was recorded on a pre-designed record 
sheet and semi-structured questionnaire.  

 
Ethical Considerations 

Ethical approval for the study was obtained 
from IERB of NICH via reference No. 
IERB/07/2015 (Annexure IV). 
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Data Analysis 
Data entry and analysis were done using Sta-

tistical package for social sciences (SPSS) ver-
sion 21.0 (IBM Corp., Armonk, NY, USA). 
Frequency and percentages have been calcu-
lated for categorical variables like gender, eth-
nicity, and test results while mean and ± 
standard deviation (S.D) has been calculated 
for numerical variables like age, number of 
mosquito nets, number of family members 
and number of family members etc. The chi-
square test has been used to determine the 
association of different factors including so-
cio-demographic features, knowledge and 
practices about Malaria, with malaria positivity. 
P-values less than 0.05 were considered statis-
tically significant for all comparisons.   

 
Results 
 

Out of 477 patients recruited for the study 
after taking informed consent 200 (41.9%) 
were male and 277 (58.1%) were female. The 

mean age of study participants was 33.6 ± 8.7 
months including 33 (6.9%) patients had a 
positive test for malaria collectively for all 
tests. Thirty (6.3%) patients yielded a positive 
test result for malaria on microscopy while 33 
(6.9%) patients were positive for malaria by 
the rapid immuno-chromatographic method.  

Among the total 477 participants 237 (50%) 
patients were accompanied by their mother at 
the health facility followed by their fathers 169 
(35.43%), uncle 20 (4.2%), etc.  

Socioeconomic status was calculated based 
on monthly income only, which showed that 
445 (93.3%) patients belonged to the low-
income group with a monthly income of less 
than PKR 20,000/= (i.e. less than 200 USD). 
The majority of respondents i.e. 274 (57.44%) 
had no formal education at all while 88.8% 
had an education below or up to-matriculation 
level. No significant difference (P-value >0.05) 
in malaria-positive or negative cases was seen 
in terms of ethnicity, socioeconomic status, or 
literacy (Table 1). 

 
Table 1: Association of gender, ethnicity, education level and monthly income on frequency of malaria 

 

Variable Total 
(n=277) 

Malaria Positive 
(n=33) 

Malaria Negative 
(n=244) 

P-value 

Gender 
Male 204 11 5.7 193 94.6 0.17 
Female 273 22 8.8 251 91.9 
Ethnicity 
Sindhi 97 8 9.0 89 91.7 0.93 
Urdu 127 8 6.7 119 93.7 
Punjabi 62 4 6.9 58 93.4 
Saraiki 15 1 7.1 14 92.9 
Pashto 108 9 9.1 99 91.6 
Balochi 12 0 0.0 12 100.0 
other 56 3 5.7 53 94.5 
Education level 
None 274 21 8.3 253 92.3 0.66 
can read & 
write 

13 0 0.0 13 100.0 

Primary 33 2 6.5 31 93.8 
less matric 31 3 10.7 28 90.0 

Matric 73 2 2.8 71 97.2 
Under 26 3 13.0 23 88.0 
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graduate 

Graduate 22 2 10.0 20 90.5 
Post gradu-
ate 

5 0 0.0 5 100.0 

MonthlyIncome 
<10000 87 6 7.4% 81 93.0% 0.53 
11000-
20000 

356 26 7.9% 330 92.7% 

21000-
30000 

25 0 0.0% 25 100.0% 

>30000 9 1 12.5% 8 87.7% 

 

The mean duration of illness (i.e. fever) be-
fore visiting NICH was found to be 14.3± 
15.1 with a minimum of 1 day and a maxi-
mum of 90 days. Mode is 7 i.e. most 52 (11%) 
patients reported on the 7th day of unresolved 
high-grade fever.  Only 38 (5.7%) patients vis-
ited the hospital within three days of the onset 
of the fever and 24 (5%) tried self-treating the 
fever before visiting the hospital. There was a 
statistically significant difference (P-value 
<0.005) in the mean duration of illness be-
tween malaria-positive and malaria-negative 
cases, it was significantly higher among malar-
ia-positive cases.  

Regarding accessibility to NICH for patient 
treatment or care majority of 350 (73.4%), pa-
tients lived at a distance of more than 11 kil-
ometers with 209 (43.8%) patients living more 
than 20 kilometers away from NICH and had 
to arrange conveyance for their visit. The ma-
jority 267 (56%) of them reported availing of 
public bus service for the purpose followed by  
motorcycles 118 (24.7%). The mean expendi-
ture per visit per patient was PKR 155.9 ± 
311.1 with the majority 365 (76.51%) having 
to pay less than 100 PKR (i.e.<1 USD). The 
majority 289 (60.6%) of attendants reported 
that it takes them more than an hour to be 

seen by the doctor. The majority 88.6% and 
59.3% attendants reported that their children 
get free treatment and diagnostic tests from 
the hospital respectively. 

Results of awareness and practices  regard-
ing malaria among attendants accompanying 
patients showed that a majority 364(76%)of 
the subjects were not using mosquito nets , 
341 (71.48%) attendants said they have not 
heard about malaria while 398  (83.43%) at-
tendants said that malaria can be prevented by 
killing mosquitoes. Chi square test of associa-
tion showed a significant association i.e. P-
value 0.00001 is less than alpha that was set to 
be 0.05 as significant Table 2. The most 
common symptoms besides fever in all sus-
pected cases included headache 193 (40.5%), 
rigors 193 (40.5%), nausea/vomiting 189 
(39.6%), diarrhea 182 (38.2%) and chills 166 
(34.81%) however, no significant different (P-
value >0.05) existed in malaria positive and 
malaria negative cases regarding these symp-
toms. 

Out of 33 positive cases, 29 (87.9%) cases 
were P. Vivax, 2 (6.1%) were P. falciparum 
while two (6.1%) patients had a mix infection 
of P. Vivax, and P. falciparum. 
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Table 2: Association of Malaria related knowledge and practices with Malaria positivity 

 
 

Variable Malaria Positive 
 

Malaria 
Negative 

 

P-Value 

Knowledge About Malaria 

Have you Heard about malaria?  
Yes 5 74 0 .69 
No 28 341 
How malaria is transmitted?    
Mosquito 05 67  

 
0.717 

Flies 00 02 
Air 00 07 
Don’t Know 05 42 
Malaria can kill if not treated    
Yes 03 51 0.897 
No 14 165 
Don’t Know 04 39 
Is Malaria preventable    
Yes 04 51 0.621 
No 12 167 
Don’t Know 04 31  

How Malaria can be prevented?    

By killing Mosquito 31 398 0.891 
By Medicine 00 18 
Cleanliness 00 15 
Proper treatment 00 03 
By sleeping in net 00 03 
Precaution 01 03 
Vaccine 01 04 
Malaria preventive practices 
Has your house sprayed?    

Yes 0 08 0.646 
No 20 262 
Use of Mosquito nets    
Yes 3 15 0.001 

No 24 364 
Type of net    
Insecticide treated 2 10 1.0 
Untreated 2 10 
Quantity of nets in home    
01 00 04 0.700 
02 01 08 
≥03 00 02 
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Discussion 
 

 

Malaria is endemic in Pakistan and a rise in 
malaria cases is seen every year during the 
rainy season, which is attributable to the in-
crease in mosquito activity during that time. In 
the present study, we observed that 477 chil-
dren (less than five years of age) presented 
with suspected malaria (high-grade fever as 
the primary complaint) reported in OPD, and 
the emergency department of NICH.  

The frequency of malaria among all fever 
cases was found to be 6.1% - 6.9% which 
shows that around 7% of fever cases being 
reported at NICH were malaria positive. This 
frequency is lower than that reported in a 
study from Southern Khyber Pakhtunkhwa in 
which 28.8% of patients reporting at the hos-
pital with fever were found to be malaria posi-
tive but they adopted a strict case definition to 
include only suspected cases of malaria and 
not all fever cases (17). 

Most of the patients presenting at the hospi-
tal had an unresolved fever for more than sev-
en days, which depicts the health-seeking be-
havior of parents for their children. Various 
national and international studies have report-
ed low levels of care seeking from outside the 
home in low and middle-income countries 
including Pakistan (18-19). These low levels 
are attributed to different factors including 
lack of awareness, resources, cultural and so-
ciodemographic features, and poor health ser-
vices system itself (18, 19).  Besides fever, oth-
er reported symptoms included rigors and 
nausea/vomiting to be more common among 
malaria-positive cases. However, no significant 
statistical difference (P-value >0.05) -was ob-
served for these symptoms in our study which 
might be due to the low frequency of malaria 
in our selected population 

Regarding socio-demographic factors, our 
study did not suggest any significant differ-
ence with respect to residence type, education 
level, monthly income and race/ethnicity. 
Globally, studies have shown that ethnicity is 

an important determinant of malaria transmis-
sion and severity of disease (20, 21). Similarly 
genetic studies suggests that individual risk for 
malaria infection is complex and multifactori-
al, with host genetic factors contributing to 
25% of individual variation in susceptibility to 
clinical malaria (20). However, our findings are 
in consensus with earlier studies from Pakistan 
(22-24).  

Seasonal variation in terms of malaria fre-
quency showed that while malaria cases are 
seen throughout the year but a peak was rec-
orded during the quarter from July to Sep. 
This is in concordance with another study 
where since July to Sep is considered the rainy 
season in Karachi, Pakistan with moderate 
temperatures that facilitates the growth of 
mosquitoes (25). 

As previous studies reported from different 
regions of Pakistan, our study also showed a 
predominance of P. Vivax infections in our 
population followed by P. falciparum and mixed 
infection of P. Vivax and P. falciparum (26-32). 

Comparison of positivity rates of ICT, thin 
& thick smears, and capillary & venous blood 
showed a better performance of ICT in terms 
of positivity rate (6.9%) followed by capillary 
blood thick smear (6.7%) while the least posi-
tivity was observed in case of capillary blood 
thin smears (6.1%).  However, there was no 
statistically significant difference between ca-
pillary and venous blood.  Capillary blood mi-
croscopy is more sensitive as compared to ve-
nous blood for malaria (12) diagnosis but we 
though observed a comparatively high positiv-
ity rate in capillary blood thick smear but that 
was not significant. This may be due to a low 
overall positivity rate in our study since we 
included all fever cases not only suspected 
cases of malaria. 
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Conclusion  

 
Quarter starting from July and ending at Sep-
tember is the peak season for malaria and P. 
Vivax (87.9%) is the predominant strain in 
Karachi. Use of either venous or capillary 
blood does not affect the sensitivity and speci-
ficity of the ICT or Microscopy tests, howev-
er, convenience and less invasiveness may jus-
tify the preference of capillary blood over ve-
nous blood for early diagnosis of malaria. 
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