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Objective: This study aimed to evaluate both theoretical knowledge proficiency 
and practical skills among practitioners specializing in parasitic diseases in Hainan 
province, providing essential groundwork for ongoing capacity enhancement 
efforts.

Methods: A cross-sectional study using two-stage stratified random sampling 
was conducted in Hainan province. City or county-level representatives 
from Centers for Disease Control and Prevention and other institutes, as 
well as medical institutions focusing on parasitic diseases, participated in this 
subnational assessment process. They were evaluated across several key areas, 
including theoretical knowledge, smear sample examination, and microscopic 
identification, with a specific focus on Plasmodium species and parasite eggs.

Result: A total of 54 county-level representatives participated in this study, 
with 23 from 41 CDCs and 31 from medical institutes. Significant differences 
were observed in theoretical knowledge scores across various parasitic species 
(χ2 = 81.563, p < 0.001), with Plasmodium spp. achieving the highest score at 
82.22%, while other species scored the lowest at 53.31%. The average scores for 
malaria blood films and modified Kato–Katz smears were reported as 6.39 ± 2.35 
and 9.13 ± 1.54, respectively. The radar chart revealed that blood film staining 
had the lowest scoring rate at 41.96%, while extruded film achieved the highest 
at 86.16%. Significant differences were also found among different Plasmodium 
species (χ2 = 35.161; p < 0.001), with Plasmodium ovale recording the lowest 
score of 0.00%. The eggs of roundworm had the highest positive detection rate 
at 82.61%, whereas the eggs of Schistosoma japonicum had the lowest at 5.89%. 
Furthermore, women outperformed men in total scores, smears, and microscopic 
examinations (p < 0.05), while results indicated higher performance in eastern 
regions compared to western ones (p = 0.039). According to their overall scores, 
14.8% of participants achieved certification at Level 1, while 51.9% attained Level 2.

Conclusion: These findings underscore an ongoing necessity to bolster both 
theoretical understanding and skill proficiencies related to parasitic diseases—
particularly in malaria blood smear analysis, detection of Plasmodium ovale, 
and identification of Schistosoma japonicum eggs, especially among men and 
western Hainan’s practitioner community.
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Background

Parasitic infections remain a significant global health burden, 
particularly in developing nations, causing substantial morbidity and 
socioeconomic effects (1, 6). Despite extensive efforts such as nationwide 
vector control programs, precision surveillance systems, and cross-sector 
collaboration over several decades, China has not reported any 
indigenous malaria cases since 2017 and was officially certified malaria-
free by the World Health Organization (WHO) on 30 June 2021 (3). 
However, the country continues to face challenges from various parasitic 
diseases, including not only imported malaria cases but also soil-
transmitted helminthiasis and food-borne parasites (FBPs) (4), such as 
Clonorchis sinensis, Schistosoma japonicum, and Necator americanus.

Hainan Province, China’s southernmost tropical island, presents 
unique challenges related to parasitic diseases. Its tropical climate and 
environment are conducive to the breeding of Anopheles dirus and 
Anopheles minimus, while human behaviors, such as entering forested 
areas, further facilitate the transmission of malaria and other parasitic 
pathogens (5, 6). Historically, Hainan Island was endemic for 
Plasmodium vivax and Plasmodium falciparum (7). However, the 
geographical range of locally transmitted malaria has significantly 
contracted, with the last indigenous case of Plasmodium malaria 
reported in 2015, and no indigenous cases reported in 2016 (6). In 
2018, the Chinese government approved the establishment of the China 
(Hainan) Pilot Free Trade Zone on Hainan Island, with a strategic focus 
on the development of international tourism and high-end medical 
services (8). The increase in international travel over the past decade 
has significantly contributed to the spread of parasitic diseases. 
Consequently, the increasing risks of imported parasitic diseases, such 
as schistosomiasis, leishmaniasis, resurgence of controlled endemic 
diseases, and the emergence of novel pathogens, remain a critical 
concern, even in the post-elimination stage in Hainan Province. This 
evolving parasitic disease landscape has imposed greater demands and 
challenges on the region’s healthcare system to effectively manage 
imported cases from aboard (5).

Professional technicians constitute the primary workforce for 
addressing parasitic diseases. However, the competency level of these 
technicians, particularly in responding to parasitic diseases such as 
malaria, remains unclear in Hainan province. Therefore, our study 
aims to assess these critical capacities, including detection competency,  
to inform targeted training programs and strengthen Hainan’s 
parasitic disease control framework.

Methods

Study population

Provincial authorities delineated the scope and established the 
selection criteria: participants from city or county-level CDCs and 
institutes and medical institutions specializing in parasitic diseases 
were involved in this subnational evaluation process. Each city or 
county was tasked with selecting three representatives to partake in 

the assessment: one from the local Centers for Disease Control and 
Prevention (CDC), another from a local general hospital, and the third 
selected randomly. Then, participants were randomly selected from 
each city or county, and they subsequently underwent a standardized 
assessment in June 2022. For this cross-sectional study, demographic 
characteristics were extracted, including age, sex, education level, 
professional title, and institutional affiliation, along with location 
information. Participants were categorized into three geographical 
regions—east, west, and central—based on the location of their 
respective CDC or hospital, as shown in Figure 1.

Study procedures

All participants were subjected to a competency assessment 
designed to evaluate their knowledge and skills in relation to the 
parasites, using a blind methodology.

Theoretical knowledge assessment

The questionnaire development for the theoretical knowledge 
assessment followed a structured process. First, content domains were 
identified through expert consultation, covering parasite biology (life 
cycles and transmission routes), disease characteristics (etiology and 
clinical manifestations), diagnostic approaches (morphological 
identification and molecular methods), and treatment protocols and 
control measures. Second, the final assessment instrument consisted 
of 50 multiple-choice items (scored 0–100). Specifically, 26 questions 
addressed food-borne parasites, 5 focused on soil-borne parasites, 5 
on Plasmodium species, 7 on other parasitic species, and 7 on multiple 
species combined. The electronic testing platform automatically 
scored responses and generated performance reports through the 
Laboratory Information Management System.

Practical skills assessment

The skills assessment encompassed specimen preparation (malaria 
blood smear: 10 points and modified Kato–Katz smear preparation: 
10 points) and microscopic identification (including microscopic 
examination of Plasmodium: 30 points and identification of key 
parasite eggs: 50 points), for a total score of 100. The skill assessment 
adhered to standardized criteria, which included uniform investigation 
methods, standardized equipment, and rigorous quality control.

All investigators completed a comprehensive training protocol 
followed by standardized competency assessments. Final proficiency 
ratings were determined using a hierarchical evaluation system: the 
composite score was computed through the sum of categorical scores, 
with subsequent tiered classification based on multidimensional 
performance criteria. Level 1 certification (advanced competency) 
required simultaneous achievement of ≥75th percentile thresholds in 
aggregate scores, domain-specific knowledge, and technical skill 
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assessments. The intermediate proficiency designation (Level 2) was 
conferred when all evaluation metrics fell between the 50th and 75th 
percentiles. Complete quantitative thresholds and scoring matrices are 
detailed in Supplementary Table S1.

Statistical analyses

Categorical variables were summarized as frequencies and 
percentages. Group comparisons were conducted using χ2 tests or 
Fisher’s exact tests, as appropriate. Continuous variables were presented 
as means with standard deviations and compared using the t-test and 
one-way ANOVA. Tukey’s multiple comparison test was applied for 
pairwise comparisons.

All the data were collected using Excel 2016, and statistical 
analyses were performed in SPSS22. A p-value of < 0.05 was 
considered statistically significant.

Results

Demographics characteristics

A total of 54 participants [15 male (27.8%) and 39 female (72.2%) 
individuals] were included in the full-process assessment of 
competency levels in knowledge and skills. Specifically, 23 participants 
(42.6%) were from the CDC, while 31 (57.4%) were from hospitals. 
Furthermore, 9 participants (16.7%) graduated from college 
departments, 44 (81.4%) from university departments, and only a 
small proportion (1.8%) obtained a master’s degree.

Theoretical knowledge assessment

The total average score was 112.18 ± 36.45 points, with the 
theoretical knowledge component averaging 62.71 ± 21.53 points 
(Table 1). Further analysis of scoring rates across different parasitic 
species showed a significant difference (χ2 = 81.563, p < 0.001) (shown 

in Supplementary Table S2). The highest scoring rate was recorded for 
Plasmodium spp. (82.22%), while the lowest was recorded for other 
species (53.31%).

Practical skills assessment

Malaria blood smear and modified Kato–Katz 
smear

The mean scores for malaria blood smears and modified Kato–Katz 
smears were 6.39 ± 2.35 and 9.13 ± 1.54 points, respectively (Table 1). 
The radar chart indicated that the highest scoring rate for the malaria 
blood smear was observed in smear rules (97.39%), while the lowest was 
in blood film staining (41.96%), as shown in Supplementary Figure S1. 
In contrast, the highest scoring rate for the modified Kato–Katz smear 
was achieved in the placement of quantitative plates to fill fecal samples 
and manure scraping and sampling (100%), whereas the lowest was 
observed in extruded film (86.16%).

Microscopic examination of plasmodium and key 
parasite eggs

The mean scores for microscopic examination of Plasmodium and 
key parasite eggs were 11.67 ± 9.92 and 22.26 ± 11.37 points, respectively 
(Table 1). Further analysis revealed a significant difference in scoring 
rates among various Plasmodium species (χ2 = 35.161, p < 0.001), as 
shown in Supplementary Table S3. The highest scoring rate among 
different plasmodium species was observed for Plasmodium vivax 
(51.85%), while no instances were recorded for Plasmodium ovale 
(0.00%). Figure 2 shows that the ova of roundworm had the highest 
positive detection rate at 82.61%, whereas the ova of Schistosoma had the 
lowest rate at 5.89%.

Analysis of the associated factors of total 
scores

The mean total scores for the female group (118.75 ± 35.63 vs. 
95.09 ± 33.93; p = 0.031), specimen preparation (16.13 ± 2.51 vs. 

FIGURE 1

Maps in Hainan Island, China. (A) Map of China (GS(2022)4316); (B) Map of Hainan (GS(2019)3333): 海南岛 (Hainan island); 海口市 (Haikou city); 三亚市

(Sanya city); 儋州市 (Danzhou city).
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13.92 ± 3.71; p = 0.014), and microscopic examination 
(37.59 ± 18.29 vs. 24.40 ± 13.34; p = 0.014) were significantly higher 
than those for the male group (Table  2). Similarly, significant 
differences were observed in total score (p = 0.013), specimen 
preparation (p = 0 0.008), and microscopic examination (p = 0.005) 
among geographical areas, with pairwise comparison revealing 
significant disparities between the eastern and western regions in 
total score, specimen preparation, and microscopic examination 
(Supplementary Figure S2). Moreover, the eastern region differed 
significantly from the central region in terms of total score and 
microscopic examination, while statistical significance was also 
found for theoretical knowledge among educational groups 
(p = 0.045). No statistically significant differences were identified 
for other parameters.

Total competency analysis

The competency results of knowledge and skills are shown in 
Table 1. According to the total score, 14.8% of the participants were 
certified at Level 1, 51.9% at Level 2, and the other participants were 
certified at either Level 3 or Level 4.

Discussion

Despite the exceptional improvements that have been 
accomplished in fighting parasites over the last 60 years in China, 
imported parasitic disease cases are inevitable, and such cases have 
increasingly been reported as a result of enhanced globalization and 
international or regional cooperation (9). The prompt and precise 
diagnosis of symptomatic and asymptomatic carriers is the key aspect 
in preventing the transmission of parasitic disease. Our study addressed 
this critical gap by systematically evaluating—for the first time in 
Hainan province—the diagnostic capabilities of frontline laboratory 
personnel, revealing both strengths and vulnerabilities in their parasite 
identification capacity.

The assessment used knowledge examination and practical 
operation training, including 54 representatives from the CDC and 
hospitals, to determine competency levels and strengthen the 
laboratory network for parasite diagnosis in Haikou. The average 
score for theoretical knowledge was 62.71 ± 21.53, suggesting that 
participants had a good grasp of the basic theory of parasitic diseases, 
consistent with findings from Jiangsu and Shandong provinces (10, 
11). The sources of theoretical knowledge included food-borne 
parasites, soil-borne parasites, Plasmodium, and other species. 
Notably, the comparatively lower performance on “other species” 
(53.31%) likely reflected their lower epidemiological prevalence 
relative to more frequently encountered parasite categories. These 
findings underscore the need for targeted training programs focusing 
on rare parasitic species to strengthen comprehensive 
diagnostic capacity.

The specimen preparation results revealed divergent performance 
between techniques: modified Kato–Katz smear achieved moderately 
high scores (9.13 ± 1.54), whereas malaria blood smears 
demonstrated notably lower proficiency (6.39 ± 2.35). Particularly 
concerning was the blood film staining step (41.96% pass rate), 
falling below minimum competency thresholds. This deficiency 
warrants attention given the critical role of staining quality in the 
microscopic diagnosis of parasitic diseases (12). Interestingly, the 
modified Kato–Katz technique showed consistently strong 
performance across all evaluation metrics(9.13 ± 1.54), even 
surpassing reported benchmarks from Shandong province 
(8.92 ± 1.15) (10). This disparity likely reflects Hainan province’s 
established training protocols and routine clinical application of the 
Kato–Katz method for intestinal parasite screening.

Conventional smear and light microscopy are considered the 
“gold standard” for parasite identification and confirmation (13). 
However, the average scores for microscopic examination of 

TABLE 1 Competency results of 54 participants in Hainan province.

Variables Total score 
(200 points)

Theoretical 
knowledge 
(100 points)

Blood smears Microscopy

For malaria 
(10 points)

Kato–Katz smear 
(10 points)

Plasmodium 
(30 points)

Parasite eggs 
(50 points)

L1 14.8% 27.8% 42.6% 92.6% 20.3% 13.0%

L2 51.9% 42.5% 29.6% 5.5% 16.7% 27.8%

L3 31.5% 27.8% 22.2% 0% 16.7% 37.0%

L4 1.9% 1.9% 5.6% 1.9% 46.3% 22.2%

*: Mean ⦁ (x ), standard deviation(SD).

FIGURE 2

Scoring rate of egg detection of different priority parasites.  Y : Scoring 
rate, indicating the detection scoring rate of parasite eggs.  X : Parasite 
egg species ranked by scoring rate in descending order.
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Plasmodium and key parasite eggs were lower compared to those for 
smear preparation, especially for the different Plasmodium species 
and Plasmodium ovale. These findings demonstrate low competency 
of Plasmodium species and ova of Schistosoma identification using 
microscopes. However, there was an outbreak of Plasmodium 
malariae infection among forest goers in Sanya City of Hainan Island 
in 2015, and an innovative three-layer strategy targeted at forest goers 
was implemented, which was effective in blocking the outbreak by 
P. malariae among forest goers in Hainan in the malaria elimination 
stage (14). In China, only Sanya has reported locally sequentially 
indigenous cases of P. malariae (15). On the other hand, in recent 
years, the incidence of food-borne and soil-borne parasites has 
shown a downward trend (16). Thus, the identification of rare parasite 
species and eggs still remains a weak link in the prevention and 
control of parasites in our province. Therefore, for the identification 
of parasite eggs, it is essential to conduct a series of educational 
technology training to improve professional technicians’ ability to 
master microscopic technologies.

To determine the impact of different factors, a significance analysis 
was performed. Statistical analysis revealed significant gender-based 
disparities in assessment outcomes, with female participants 

demonstrating superior performance in total scores (p < 0.05), 
specimen preparation, and microscopic examination. These findings 
are consistent with previous studies by Cai (17), which reported in 
2016 that theoretical and microscopic examination scores of female 
participants were significantly higher than those of male participants 
(U = 753.50, 775.50, p < 0.05), and in 2019 that female participants 
outperformed male participants in malaria slide-making (U = 775.50, 
p = 0.01). This convergent evidence suggests that women tend to 
be more attentive and patient in smear processing and microscopic 
techniques than men. Based on these robust findings, we recommend 
establishing peer-learning dyads that pair high-performing female 
participants with male participants requiring improvement in future 
training programs. Such evidence-based strategies could effectively 
bridge the competency gap, while capitalizing on demonstrated female 
expertise in cytological diagnostics.

The regional performance disparities revealed significant 
differences in technical competencies between eastern and western 
regions (total score, specimen preparation, and microscopic 
examination, all p < 0.05). These findings align with previous 
observations that malaria-endemic regions (particularly Class I/II 
counties) and Global Fund-supported provinces demonstrate 

TABLE 2 Analysis of the associated factors of competency results.

Variables n Theoretical 
knowledge  

[ x  ± s]

P Blood 
smears  
[ x  ± s]

P Microscopy  
[ x  ± s]

P Total score  
[ x  ± s]

P

Sex

Male 15 56.77 ± 23.06
0.210

13.92 ± 3.71
0.014*

24.40 ± 13.34
0.014*

95.09 ± 33.93
0.031*

Female 39 65.03 ± 20.77 16.13 ± 2.51 37.59 ± 18.29 118.75 ± 35.63

Age group

≤25 11 62.18 ± 21.40

0.947

13.56 ± 3.55

0.055

32.00 ± 13.59

0.378

106.74 ± 27.93

0.595
26 ~ 30 24 63.60 ± 17.89 16.26 ± 2.26 35.21 ± 17.33 115.08 ± 32.40

31 ~ 35 11 60.27 ± 30.09 15.06 ± 3.96 27.46 ± 20.68 102.79 ± 49.17

≥36 8 65.63 ± 22.02 16.61 ± 1.55 41.63 ± 20.85 123.86 ± 40.91

Professional title

Junior 44 60.64 ± 21.44

0.318

15.25 ± 3.29

0.243

31.31 ± 17.24

0.074

107.20 ± 35.48

0.097Intermediate 5 68.60 ± 14.67 16.00 ± 1.50 40.80 ± 17.63 125.40 ± 20.73

Senior 5 75.00 ± 29.39 17.66 ± 0.96 49.40 ± 21.70 142.06 ± 51.41

Educational level

College degree or 

below
9 49.81 ± 22.11

0.045*

14.94 ± 2.67

0.621

28.75 ± 23.05

0.213

93.50 ± 43.23

0.056
Undergraduate 

degree
44 64.20 ± 20.41 15.57 ± 3.11 34.22 ± 16.76 113.99 ± 33.64

Post-graduate 

degree or above
1 100.00 ± 0.00 18.00 ± 0.00 62.00 ± 0.00 180.00 ± 0.00

Institution

CDC 23 63.08 ± 20.35
0.916

14.86 ± 2.93
0.153

37.67 ± 18.27
0.173

115.61 ± 35.43
0.541

Hospital 31 62.45 ± 22.78 16.05 ± 3.04 30.93 ± 17.43 109.43 ± 37.62

Regions

Eastern 18 227.75 ± 39.78

0.073

51.65 ± 2.76

0.008*

140.50 ± 36.80

0.005*

419.90 ± 75.16

0.013*Middle 18 163.75 ± 41.88 46.02 ± 4.55 91.33 ± 35.43 301.10 ± 69.15

Western 18 173.08 ± 59.32 42.00 ± 5.89 73.50 ± 13.37 288.58 ± 75.33

*P < 0.05 was determined to represent a statistically significant difference.
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superior slide preparation and microscopic reading skills (18). These 
findings underscore the necessity for: (a) standardized competency-
based training programs in western regions and (b) equitable 
resource allocation to establish a sustainable parasitic disease 
surveillance network.

The total average score was 112.18 ± 36.4, with 14.8% of 
participants certified at Level 1, 51.9% at Level 2, and 30% scoring 
below proficiency thresholds—particularly alarming given Hainan’s 
status as China’s only tropical island with unique parasite 
transmission risks. The results revealed that the majority of 
participants were competent in theoretical knowledge and practical 
operations. However, 30% of participants had lower scores, indicating 
potential gaps in competency for theoretical knowledge and practical 
skills related to parasitic diseases. It is imperative to pay attention and 
make efforts to provide support to help these individuals develop into 
skilled professionals within their organizations.

There are still several shortcomings in the present study, which 
need to be further improved in the competency assessment of parasitic 
disease diagnosis in the future. First, the sample size was relatively 
small and insufficient to reflect the actual competency. Second, this 
study had a relatively large number of primary professional titles, but 
a small number of middle or senior professional titles. Finally, the 
assessment methodology could not capture the full spectrum of real-
world diagnostic scenarios encountered in routine clinical practice.

Conclusion

In conclusion, the findings suggest that there is still a need for 
sustained strengthening of theoretical knowledge and practical 
operation competency in parasitic diseases through training and 
practice, and regular quality assurance supported by adequate policy 
support, particularly in the areas of malaria blood smear analysis, 
detection of Plasmodium ovale, and identification Schistosoma ova, 
especially among practitioners in Western Hainan.

Data availability statement

The original contributions presented in the study are included in 
the article/Supplementary material, further inquiries can be directed 
to the corresponding author.

Ethics statement

Ethical approval was not required for the study involving humans 
in accordance with the local legislation and institutional 
requirements. Written informed consent to participate in this study 
was not required from the participants or the participants’ legal 
guardians/next of kin in accordance with the national legislation and 
the institutional requirements.

Author contributions

WL: Writing – review & editing, Writing – original draft, 
Validation. GX: Methodology, Software, Formal analysis, Writing – 
original draft. XH: Data curation, Resources, Writing – review & 
editing. SY: Writing – review & editing, Formal analysis. RZ: Writing 
– review & editing, Funding acquisition. YL: Funding acquisition, 
conceptualization, Writing – review & editing.

Funding

The author(s) declare that financial support was received for the 
research and/or publication of this article. This study was supported 
by the Hainan Joint Project of Health Science and Technology 
Innovation (WSJK2024MS167), the National Natural Science 
Foundation of China (82160634) and (72361127506), and the 
Innovation Topics for College Students (X202411810146).

Acknowledgments

The authors would like to thank all the participants in this study.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Generative AI statement

The authors declare that no Gen AI was used in the creation of 
this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated organizations, 
or those of the publisher, the editors and the reviewers. Any product 
that may be evaluated in this article, or claim that may be made by its 
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online 
at: https://www.frontiersin.org/articles/10.3389/fpubh.2025.1600908/
full#supplementary-material

References
 1. Xu C, Wang Y, Li J, Zhou B, Xiao T, Sun H, et al. Molecular detection and 

species identification of plasmodium spp. infection among imported cases in 
eastern China, 2012-2018. Parasitol Res. (2023) 122:1695–9. doi: 
10.1007/s00436-023-07865-9

 2. Ma JY, Li MY, Qi ZZ, Fu M, Sun TF, Elsheikha HM, et al. Waterborne protozoan 
outbreaks: an update on the global, regional, and national prevalence from 2017 to 2020 
and sources of contamination. Sci Total Environ. (2022) 806:150562. doi: 
10.1016/j.scitotenv.2021.150562

https://doi.org/10.3389/fpubh.2025.1600908
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fpubh.2025.1600908/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpubh.2025.1600908/full#supplementary-material
https://doi.org/10.1007/s00436-023-07865-9
https://doi.org/10.1016/j.scitotenv.2021.150562


Liang et al. 10.3389/fpubh.2025.1600908

Frontiers in Public Health 07 frontiersin.org

 3. Feng J, Zhang L, Huang F, Yin JH, Tu H, Xia ZG, et al. Ready for malaria 
elimination: zero indigenous case reported in the People's Republic of China. Malar J. 
(2018) 17:315. doi: 10.1186/s12936-018-2444-9

 4. Zhang SS, Feng J, Zhang L, Ren X, Geoffroy E, Manguin S, et al. Imported malaria 
cases in former endemic and non-malaria endemic areas in China: are there differences 
in case profile and time to response? Infect Dis Poverty. (2019) 8:61. doi: 
10.1186/s40249-019-0571-3

 5. Li Y, Huang X, Qing L, Zeng W, Zeng X, Meng F, et al. Geographical origin of 
plasmodium vivax in the Hainan Island, China: insights from mitochondrial genome. 
Malar J. (2023) 22:84. doi: 10.1186/s12936-023-04520-7

 6. Li Y, Wang S, Hu X, Huang Y, Chen R, Lin M, et al. Surveillance and response 
systems driving malaria elimination in the mountain areas of Hainan Province. Adv 
Parasit. (2022) 116:69–113. doi: 10.1016/bs.apar.2022.01.001

 7. Yin JH, Zhou SS, Xia ZG, Wang RB, Qian YJ, Yang WZ, et al. Historical patterns of 
malaria transmission in China. Adv Parasit. (2014) 86:1–19. doi: 10.1016/
B978-0-12-800869-0.00001-9

 8. Chen J, Yang J, Huang S, Li X, Liu G. Forecasting tourist arrivals for Hainan Island 
in China with decomposed broad learning before the COVID-19 pandemic. Entropy. 
(2023) 25:338. doi: 10.3390/e25020338

 9. Wang JL, Li TT, Huang SY, Cong W, Zhu XQ. Major parasitic diseases of poverty in 
mainland China: perspectives for better control. Infect Dis Poverty. (2016) 5:67. doi: 
10.1186/s40249-016-0159-0

 10. Xu Y, Wang YB, Zhang BG, Zhao CL, Bu XQ, Wang LJ, et al. Evaluation of parasitic 
diseases prevention and control abilities of professional technicians in Shandong 
Province based on competition. Chin J Endemiol. (2021) 40:464–9. doi: 10.3760/cma.j.
cn231583-20200715-00193

 11. Cao YY, Zhu GD, Gu YP, Xu XZ, Jin XL, Zhou HY, et al. Diagnostic knowledge 
and skills of parasitic diseases based on competition of professional personnel in Jiangsu 
Province, China. Chin J Schistosomiasis Control. (2017) 29:508–11. doi: 
10.16250/j.32.1374.2016212

 12. Feleke DG, Alemu Y, Yemanebirhane N. Performance of rapid diagnostic tests, 
microscopy, loop-mediated isothermal amplification (LAMP) and PCR for malaria 
diagnosis in Ethiopia: a systematic review and meta-analysis. Malar J. (2021) 20:384. doi: 
10.1186/s12936-021-03923-8

 13. Li M, Huang F, Yin J, Yan H, Zhou S, Xia Z. Malaria microscopy competency in 
the subnational verification, China: implications for malaria elimination and the 
prevention of malaria reestablishment. Can J Infect Dis Med. (2022) 8003845. doi: 
10.1155/2022/8003845

 14. Li Y, Huang Y, Chen R, Huang W, Xu H, Ye R, et al. An innovative three-layer strategy 
in response to a quartan malaria outbreak among forest goers in Hainan Island, China: a 
retrospective study. Infect Dis Poverty. (2022) 11:97. doi: 10.1186/s40249-022-01015-6

 15. Zhang L, Feng J, Zhang SS, Xia ZG, Zhou YS. Malaria situation in the People's 
Republic of China in 2015. Zhongguo Ji Sheng Chong Xue Yu Ji Sheng Chong Bing Za Zhi. 
(2016) 34:477–81.

 16. Sun DW, Liu Y, Wang GZ, Lin SX, Tong CJ, Chen DY, et al. Endemic status of 
human important parasitic infection in Hainan Province, China in 2015. Zhongguo Ji 
Sheng Chong Xue Yu Ji Sheng Chong Bing Za Zhi. (2019) 37:254–9. doi: 10.12140/j.
issn.1000-7423.2019.03.003

 17. Cai JJ, Xu JR, Li ZF, Tan Y, Xiang Y. Analysis of the results of the Chongqing 
parasitic disease prevention and control technology competition from 2016 to 2021. 
Journal of Tropical Diseases and Parasitology. (2022) 20:264–9. doi: 10.3969/j.
issn.1672-2302.2022.05.007

 18. Fu Q, Li SZ, Wang Q, Zhang L, Liu W, Zheng X, et al. Report of analysis of National 
Technique Competition for diagnosis of parasitic diseases in 2011 part II analysis of 
capabilities of plasmodium detection. Chin J Schisto Control. (2012) 24:274–8. doi: 
10.16250/j.32.1374.2012.03.024

https://doi.org/10.3389/fpubh.2025.1600908
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1186/s12936-018-2444-9
https://doi.org/10.1186/s40249-019-0571-3
https://doi.org/10.1186/s12936-023-04520-7
https://doi.org/10.1016/bs.apar.2022.01.001
https://doi.org/10.1016/B978-0-12-800869-0.00001-9
https://doi.org/10.1016/B978-0-12-800869-0.00001-9
https://doi.org/10.3390/e25020338
https://doi.org/10.1186/s40249-016-0159-0
https://doi.org/10.3760/cma.j.cn231583-20200715-00193
https://doi.org/10.3760/cma.j.cn231583-20200715-00193
https://doi.org/10.16250/j.32.1374.2016212
https://doi.org/10.1186/s12936-021-03923-8
https://doi.org/10.1155/2022/8003845
https://doi.org/10.1186/s40249-022-01015-6
https://doi.org/10.12140/j.issn.1000-7423.2019.03.003
https://doi.org/10.12140/j.issn.1000-7423.2019.03.003
https://doi.org/10.3969/j.issn.1672-2302.2022.05.007
https://doi.org/10.3969/j.issn.1672-2302.2022.05.007
https://doi.org/10.16250/j.32.1374.2012.03.024

	Evaluation and analysis of theoretical knowledge proficiency and practical skills among parasitic disease practitioners in Hainan province: a cross-sectional survey
	Background
	Methods
	Study population
	Study procedures
	Theoretical knowledge assessment
	Practical skills assessment
	Statistical analyses

	Results
	Demographics characteristics
	Theoretical knowledge assessment
	Practical skills assessment
	Malaria blood smear and modified Kato–Katz smear
	Microscopic examination of plasmodium and key parasite eggs
	Analysis of the associated factors of total scores
	Total competency analysis

	Discussion
	Conclusion

	References

