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1. Introduction

The annual incidence rate of indigenous malaria 
in China is decreasing, but malaria is still a very 
significant health problem, especially the importation 
of malaria has been an important challenge against 
malaria elimination in this country (1,2). Precise and 
prompt laboratory diagnosis and appropriate treatment 
is a key strategy to control and eliminate malaria. There 
are many limitations such as low sensitivity within the 
detection limit, poor specificity due to morphological 
changes that are enhanced by staining and similarities 
between several parasites, and operator dependence 
because even highly qualified microscopists can 
make an incorrect or incomplete assessment of the 
Plasmodium spp. A variety of diagnostic methods 

are used for Plasmodium parasites identification and 
speciation. However, malaria microscopy on Giemsa-
stained thick and thin blood smears with species 
identification and parasite counting is still the gold 
standard method recommended by the World Health 
Organization (WHO) for malaria diagnosis, clinical 
trials efficacy evaluation and epidemiological surveys. 
Moreover, qualified microscopy competency is a 
major indicator of WHO procedures for certification of 
malaria elimination (3). 
 However, it is difficult to maintain competency in 
malaria microscopy with the rapid decline of indigenous 
malaria cases, especially in first line clinics, due to its 
complexity and time-consuming and inconsistency of 
results compared with other diagnostic assays such 
as rapid diagnostic tests (RDT) and polymerase chain 
reactions (PCR) (4-6). It is also potentially due to the 
lack of fiscal and personnel investments in malaria 
microscopy (7).
 Therefore, the China malaria diagnosis reference 
laboratory network (8) based on centres for disease 
control and prevention or institutes of parasitic diseases 
at different levels covering all 24 historical malaria-
endemic provinces has been set up. It performs 
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quality assurance to guarantee and maintain the 
performance of diagnostic assays including malaria 
microscopy in clinics and in the field. Meanwhile, 
China participates in different external assessment 
activities about malaria microscopy organized by 
WHO. In addition, competency in malaria microscopy 
at different administrative levels was expected to 
improve through systematic training before technique 
competitions for malaria parasite detection (9). Above 
all, a comprehensive analysis of the competency in 
malaria microscopy in China can help us identify the 
challenges in this skill and provide some suggestions 
for improvement, and contribute to the achievement of 
malaria elimination by 2020 in China.

2. Competency in malaria microscopy

First of all, three rounds of External Competency 
Assessment (ECA) of malaria microscopists were held 
in China organized by WHO by 2015. Microscopists 
(35 person-times) from the malaria endemic provinces 
including Anhui, Yunnan, Henan, Hubei, Hainan, 
Jiangsu, Sichuan, Shanghai, Guangxi, Fujian and 
National Institute of Parasitic Diseases (NIPD) in the 
year 2010; Yunnan, Anhui, Jiangsu, Henan, Hainan, 
Shanghai, Shandong, Guizhou, Guangxi and NIPD in 
the year 2012; and Yunnan, Jiangsu, Sichuan, Henan, 
Guangxi, Shanghai, Fujian, Guizhou, Shandong, Anhui, 
Tengchong of Yunnan and NIPD in the year 2015, 
were assessed through a scheduled examination of 
Plasmodium spp identification and parasite counting 
respectively. Overall, their performance was generally 
good (χ2 = 2.520, p = 0.112). In detail, there was one 
microscopist ranked in Level 1, seven Level 2 and four 
Level 3 in 2010; five Level 1, four Level 2 and two 
Level 3 in 2012; and eight Level 1, two Level 2 and two 
Level 4 in 2015. And five microscopists were assessed 
repeatedly, and two of them raised their competency 
from level 2 to level 1 and the other three remained the 
same (two remained level 1, one remained level 2). 
 Moreover,  two rounds of External  Quali ty 
Assessment (EQA) Programme for malaria microscopy 
(10) in NIPD each year were also organized by WHO 
during 2013 and 2015, 15 slides were included per 
round, totally covering 34 slides of P. falciparum, 23 
slides of P. vivax, 3 slides each of P. malariae and P. 
knowlesi, 2 slides of P. ovale and 25 negative slides. 

As a result, all the P. falciparum-positive slides and 
negative slides were identified correctly, while 3 slides 
of P. vivax-positve were misdiagnosed as P. ovale, one 
slide of P. malariae-positive was misdiagnosed as P. 
knowlesi, one P. knowlesi-positive was misdiagnosed 
as P. ovale, one P. knowlesi-positive and one P. 
ovale-positive as P. vivax (Table 1). As a result, no 
significance was found in the identification of species 
(χ2 = 2.217, p = 0.330), while parasite counting was 
statistically different among these three years (χ2 = 
13.665, p = 0.001): 2014 was better than 2013 (χ2 = 
8.627, p = 0.003), no difference in 2015 vs. 2013 (χ2 
= 3.391, p = 0.066) and 2015 vs. 2014 (χ2 = 0.996, p = 
0.318).
 Since then, a national competency assessment 
programme concerning Plasmodium spp identification 
only has been organized by national laboratory (8). 
Briefly, nineteen microscopists from 19 provincial 
malaria diagnosis laboratories took part in the activity. 
Only two participants correctly identified all 20 slides, 
seven failed in one slide, six incorrectly identified 
two slides, two individuals failed in three slides, and 
one each incorrectly identified four and six slides, 
respectively. Particularly, twelve participants identified 
the P. vivax-positive slide as P. ovale. There existed a P. 
ovale positive slide that was the most difficult one for 
participants with nine failing to identify it with most of 
them (6/9) incorrectly identifying it as P. vivax. 
 Last but not least, malaria microscopy including blood 
slide preparation and Plasmodium spp identification and 
parasite counting is a very important part of National 
technique competition for diagnosis of parasitic diseases 
carried out in China, four representatives working 
for disease control and prevention at different levels 
were selected as contestants (age < 45 and at least two 
contestants from county-level) per province every year 
with no duplicates in the entries between years. Although 
a quite good performance was found in every year, the 
competency in malaria microscopy was not good enough 
(Table 2). There was significance of performance in 
blood film preparation (F = 17.3, p < 0.01) and malaria 
microscopy on the whole (F = 4.5, p < 0.01) from 
2011 to 2015 (Table 2). Moreover, malaria parasite 
identification of P. falciparum (F = 14.2, p < 0.01) and 
P. vivax (F = 3.4, p < 0.01) were also different among 
these five competitions (Table 2). Additionally, P. ovale-
positive slides were added into the competition from the 
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Table 1. Results of malaria microscopy in EQAs, 2013-2015

Scoring

Win
Lose
Total

2013-1

39
6
45

2013-2

43
2
45

EQA, External Quality Assessment.

2014-1

42
3
45

2014-2

42
3
45

2015-1

42
3
45

2015-2

42
0
42

2013-1

11
4
15

2013-2

9
9
18

2014-1

15
0
15

2014-2

16
2
18

2015-1

16
2
18

2015-2

14
4

18

                                Identification of species                                                                         Quantification of parasite counts
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be considered in routine malaria diagnosis, especially 
because of its advantages in detecting asymptomatic 
infections. In addition, quality assurance of malaria 
diagnosis must be carried out regularly.
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