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Background
The management of biosafety laboratories for pathogenic microorganisms is directly related to public health and the effectiveness of biological experiments. However, persistent non-compliance issues in biosafety level 2 (BSL-2) laboratory management remain a challenge. This study aimed to assess the quality control of BSL-2 laboratories for pathogenic microorganisms in Lishui.
Methods
By combining the Biosafety Online Supervision Systems and on-site inspections, this study assessed the quality control of 73 medical institutions and the 128 biosafety laboratories under their management in Lishui.
Results
The results discovered that the 73 medical institutions had low compliance rates in several fields: Responsibilities of the biosafety management (80.82%), development of system documentation (65.75%), risk assessment (84.56%), training of laboratory personnel (82.19%), and biosafety labeling (52.05%). Additionally, 128 laboratories had low pass rates for the access control management system (85.94%), hand/eye wash and shower stations (85.94%), and biosafety cabinet operations (89.06%).
Conclusion
This study demonstrates that future efforts should focus on strengthening laboratory personnel training and implementing biosafety management responsibilities to ensure safe and regulation-compliant operations in laboratories handling pathogenic microorganisms.
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1 INTRODUCTION
Laboratory biosafety management, a critical component of the public health system, is defined as the aggregation of measures designed to prevent the unintentional exposure of biohazardous materials (World Health Organization, 2020), and it plays a pivotal role in the disease surveillance system (Brown et al., 2015; Edwards and Jeggo, 2010). The significance of laboratory biosafety management has been accentuated in the context of the increasing frequency of public health events. Furthermore, it could ensure the protection of laboratory personnel from potentially harmful biological agents (Global Health Security Agenda, 2014). Nevertheless, despite the existence of numerous pertinent standards and guidelines for biosafety management in laboratories, insufficient comprehension among personnel has directly elevated risks of biosafety incidents (Pašalić et al., 2022). As highlighted in a study, 80% of laboratory infections are attributable to human factors, underscoring the significance of rigorous adherence to standards and guidelines for laboratory biosafety management (Mohsen and Dpagh, 2015).
Moreover, disease outbreaks resulting from laboratory accidents can exert a considerable impact on economic development (Siengsanan-Lamont and Blacksell, 2018) and substantially impede progress toward the United Nations Sustainable Development Goals (Min and Perucci, 2020). It has been demonstrated that a substantial proportion of laboratories faced operational and sustainability challenges prior to the COVID-19 pandemic (Davies et al., 2017), which have subsequently emerged as critical risks to global public health systems (Hamilton et al., 2018). It is noteworthy that a significant proportion of high-protection laboratories are situated in or planned for urban centers, where the accidental or deliberate release of pathogens can lead to serious consequences (Klotz and Sylvester, 2014). Countries that have established or are planning to establish BSL-3 and BSL-4 laboratories have received low ratings on the indicators used to assess the biosafety of their laboratories (Lentzos and Koblentz, 2023). In addition, the proliferation of BSL-3 and BSL-4 facilities in recent years has led to an increase in the risk of biosafety incidents, underscoring the necessity for timely and pertinent training for laboratory personnel (Morrison and Simoneau, 2023). This training is crucial for enhancing biosafety awareness and enabling the effective fulfillment of their supervisory roles in the development and implementation of pathogen research (Qasmi et al., 2022).
To address these concerns, the Laboratory Biosafety Manual, published by the World Health Organization (WHO) in 2020, advocates laboratory biosafety management based on current knowledge to mitigate the risk of pathogen escape (World Health Organization, 2020), particularly in resource-limited laboratory settings (Blacksell et al., 2023). The global “risk-driven” strategy similarly demonstrates the significance of building on the manual to enhance laboratory biosafety management (Kojima et al., 2018). Recent studies have underscored the biosafety imperative in animal experimentation, which stems from persistent occupational exposure risks in which researchers routinely handle pathogens or have direct contact with infected specimens during experimental procedures (Alderman et al., 2018). The previous COVID-19 pandemic further demonstrated the magnitude of laboratory biosafety management in preventing the further transmission of emerging pathogens (Lippi and Plebani, 2020).
In China, the development of legal and regulatory systems for laboratory biosafety management was formally initiated in the 1980s (Cao, 2021). Additionally, the management of biosafety in laboratories has risen to the level of a national strategy, in response to the increasing number of public health emergencies (Chen et al., 2020). Nonetheless, laboratories in healthcare delivery organizations (HDOs) and public health authorities (PHAs) face persistent biosafety management challenges. In addressing these challenges, Zhejiang Province has pioneered the establishment of the “Provincial Laboratory Biosafety Online Supervision Systems.” This system allows the supervisory authority to monitor laboratory biosafety in real time, identify and address potential risks in a timely manner, and effectively prevent and control biosafety incidents. In addition, the system can detect potential biosafety risks and trends by analyzing big data, providing a scientific basis for decision-making, thereby significantly improving supervision and data accuracy (Gao et al., 2024). Furthermore, it is worth noting that for the common issues identified in biosafety management, we should refer to the Zhejiang Provincial Local Standard Specifications for the Evaluation of Biosafety Laboratory Management (DB33/T 2540-2022) to achieve the standardization of laboratory construction, management, operation, transportation, decontamination, and waste disposal.
This study aimed to analyze the management level of BSL-2 laboratories for pathogenic microorganisms in Lishui from 2023 to 2024, using the Provincial Laboratory Biosafety Online Supervision System, in order to provide a basis for improving biosafety management and serve as a reference for other regions and laboratories.
2 MATERIALS AND METHODS
2.1 Data collection
In this study, data were collected on compliant and non-compliant items for 26 assessment indicators from 73 healthcare institutions and 19 indicators from 128 affiliated laboratories by using the Zhejiang Provincial Laboratory Biosafety Online Supervision Systems. These inspections, covering 9 counties (districts) and cities in Lishui, China from 2023 to 2024, were conducted through random sampling by provincial and municipal quality control centers. The healthcare institutions were categorized into three groups: HDOs (general hospitals, private hospitals, and community health centers), PHAs (maternal and child health hospitals and CDCs), and others. The laboratories were classified into the following types: microbiology, biochemistry, immunology, blood transfusion, pathology, and outpatient departments.
2.2 Laboratory self-inspections and external quality control assessments
An assessment framework comprising 45 criteria across eight domains was established through the Zhejiang Provincial Pathogenic Microorganism Laboratory Biosafety Assessment System (https://syspj.wsjkw.zj.gov.cn:888) to achieve closed-loop management of biosafety laboratories. This digital platform integrated self-inspections, quality control assessments, and post-assessment corrections. All designated laboratories were required to complete self-assessments and corrective actions within specified timelines, ensuring 100% institutional coverage. Based on submitted self-reports, on-site assessments were conducted through stratified random sampling by provincial and municipal quality control centers. Assessment teams consisted of 3–5 experts specializing in laboratory biosafety management and clinical microbiology, recruited from hospitals and CDCs.
2.3 Content of quality control assessments
The quality control assessments during 2023–2024 were conducted according to the Zhejiang Provincial Standard Biosafety Laboratory Management Assessment Specifications (DB33/T 2540-2022) (Zhejiang Provincial Administration for Market Regulation, 2022). The assessment focused on eight key fields: organizational management, laboratory facilities and equipment, personnel management, management of pathogenic strains and biological samples, laboratory waste management, laboratory management and material labeling, security and confidentiality protocols, and other respects.
2.4 Post inspection remediation and closed-loop compliance verification
Following on-site inspections, identified non-conformities were documented in real time by assessment experts using a mobile application integrated with the Zhejiang Provincial Pathogenic Microorganism Laboratory Biosafety Assessment System. Non-compliant items were categorized based on the above standard, and digital assessment reports were generated after mutual confirmation. Inspected institutions were required to submit corrective action plans within 30 calendar days, with all corrective actions recorded in the centralized platform. The results of the corrective actions were subsequently verified by assessment panels, while the closed-loop verification of compliance was independently audited by the Lishui Municipal Health Commission to ensure procedural accountability.
2.5 Statistical analysis
Data analysis was performed using Microsoft Excel (Version 2503, Microsoft Corp) supplemented with the Data Analysis ToolPak. Raw datasets that did not contain non-compliant items were systematically cleaned; visual outputs (including bar charts, heat maps, horizontal bar charts, and bubble charts) were also generated to improve interpretability.
3 RESULTS
3.1 Distribution of provincial quality control inspections for biosafety laboratories
As of 30 December 2024, a total of 261 registered biosafety laboratories (distributed across 140 institutions) were documented in Lishui through the Zhejiang Provincial Biosafety Online Supervision Systems. These included 6 BSL-1 laboratories, 253 BSL-2 laboratories, and 2 enhanced BSL-2 laboratories. According to the difference of institution types, the stratified random sampling was divided into 73 institutions: 23 in Liandu district; 12 in Qingtian county; 7 in Yunhe and Jingning counties; 6 in Longquan city; 5 in Qingyuan and Songyang counties; and 4 in Suichang and Yunhe counties (Table 1). According to the laboratories managed by different institutions, the stratified random sampling was divided into 128 laboratories: 38 in Liandu district; 24 in Qingtian county; 14 in Yunhe and Jingning counties; 13 in Longquan city; 9 in Qingyuan county; 8 in Songyang county; and 7 in Suichang county (Table 2).
TABLE 1 | Distribution of quality control evaluation by laboratory-establishing institutions in Lishui (2023–2024).	Administrative districts	Healthcare delivery organizations	Public health authorities	Others	Total
	Liandu district	17	2	4	23
	Qingtian county	9	2	1	12
	Jinyun county	6	1	0	7
	Jingning county	5	2	0	7
	Longquan city	4	1	1	6
	Qingyuan county	4	1	0	5
	Songyang county	3	2	0	5
	Suichang county	2	2	0	4
	Yunhe county	3	1	0	4
	Total	53	14	6	73


TABLE 2 | Distribution of quality control evaluation by individual laboratory in Lishui (2023–2024).	Administrative districts	Healthcare delivery organizations	Public health authorities	Others	Total
	Liandu district	24	8	6	38
	Qingtian county	20	3	1	24
	Jinyun county	10	4	0	14
	Jingning county	13	0	0	13
	Longquan city	6	3	0	9
	Qingyuan county	4	3	1	8
	Songyang county	8	0	0	8
	Suichang county	5	2	0	7
	Yunhe county	3	4	0	7
	Total	93	27	8	128


3.2 Analysis of biosafety laboratory assessment indicators: stratified by laboratory-establishing institutions and individual laboratory
Based on assessment indicators stratified by laboratory-establishing institutions, 73 institutions exhibited low compliance rates (≤90%) in the following aspects: responsibilities of the biosafety management (80.82%; 59/73), development of system documentation (65.75%; 48/73), risk assessment (83.56%; 61/73), laboratory personnel training (82.19%; 60/73), and biosafety labelling (52.05%; 38/73) (Figure 1A). According to assessment indicators stratified by individual laboratory, 128 laboratories displayed low compliance rates (≤90%) in the following domains: access control management system (84.38%; 108/128), hand/eye wash and shower stations (85.94%; 110/128), and biosafety cabinet operations (89.06%; 114/128) (Figure 1B).
[image: Assessment of laboratory compliance is shown through two bar graphs. Graph A details compliance in laboratory-establishing institutions across various aspects, such as organizational management and personnel training. Compliance rates range from 65.75% to 98.63%, with numerous areas showing high compliance.Graph B illustrates compliance in individual laboratories, covering management, facilities, and safety. Compliance rates range from 84.38% to 99.22%, similarly demonstrating high adherence, especially in organizational management and safety protocols. Non-compliance is visually distinguished by lighter bars.]FIGURE 1 | Analysis of assessment indicators. (A) Assessment indicators stratified by laboratory-establishing institutions. (B) Assessment indicators stratified by individual laboratory.3.3 Analysis of assessment indicators: across administrative districts and in laboratories managed by these districts
According to assessment indicators for cross-administrative districts, Liandu district showed low compliance rates (≤70%) in laboratory personnel training (65.22%) and biosafety labelling (60.87%); Qingtian county showed a low compliance rate in biosafety labelling (41.67%); Jinyun county showed low compliance rates in development of system documentation (42.86%), risk assessment (42.86%), and biosafety labelling (42.86%); Jingning county showed low compliance rates in development of system documentation (57.14%) and biosafety labelling (28.57%); Longquan city showed low compliance rates in development of system documentation (66.67%), biosafety labelling (50.00%), and safety plan requirements (66.67%); Qingyuan county showed low compliance rates in development of system documentation (40.00%), risk assessment (60.00%), and biosafety labelling (60.00%); Songyang county showed a low compliance rate in development of system documentation (40.00%); Suichang county showed low compliance rates in responsibilities of the biosafety management (50.00%), development of system documentation (50.00%), and biosafety labelling (50.00%); Yunhe county showed low compliance rates in development of system documentation (50.00%), filing requirements (50.00%), transportation packaging and handover protocols (50.00%), experimental waste packaging (50.00%), experimental waste storage (50.00%), and biosafety labelling (50.00%) (Figure 2A).
[image: Heatmap chart showing compliance rates for various assessment indicators across different administrative districts. In panel A, metrics like laboratory operation and risk management have varied compliance, with green indicating high and red indicating low compliance. In panel B, indicators such as biosafety cabinet operations and authorization show a similar color-coded compliance range. Each district and indicator combination is assessed, with the color gradient from green to red representing compliance percentages from 100 to 30%.]FIGURE 2 | Analysis of compliance rates. (A) Compliance rates for assessment indicators across administrative districts (%). (B) Compliance rates for assessment indicators of laboratories managed by different administrative districts (%).On the basis of assessment indicators for laboratories managed by these districts, Jinyun county demonstrated a low compliance rate (≤70%) in access control management system (64.29%); Longquan city demonstrated a low compliance rate in biosafety cabinet operations (66.67%); Qingyuan county demonstrated a compliance rate of 62.50% for both hand/eye wash stations and biosafety cabinet operations; Suichang county demonstrated a low compliance rate in access control management system (28.57%) (Figure 2B).
3.4 Analysis of assessment indicators: across different institutions and in laboratories managed by these institutions
Through assessment indicators for cross-institutions, they presented low average compliance rates (≤90%) in responsibilities of the biosafety management department (80.82%), preparation of management system documentation (65.75%), risk assessment (83.56%), laboratory personnel training (82.19%), and biosafety labelling (52.05%). Additionally, HDOs presented a low compliance rate (≤70%) in biosafety labelling (49.06%); PHAs presented a low compliance rate in preparation of management system documentation (50.00%); other institutions presented low compliance rates in biosafety committee (66.67%), preparation of management system documentation (33.33%), and biosafety labelling (33.33%) (Figure 3A).
[image: Bar chart comparing compliance rates across institutions, with categories such as legal responsibilities and laboratory management. Compliance is shown for other institutions, public health authorities, and healthcare delivery organizations. Each bar represents compliance percentages, with an average marked by a line.]FIGURE 3 | Analysis of compliance rates for assessment indicators. (A) Compliance rates for assessment indicators across different institutions (%). (B) Compliance rates for assessment indicators of laboratories managed by different institutions (%).Based on assessment indicators for laboratories managed by these institutions, they exhibited low average compliance rates (≤90%) in access control management system (84.38%), hand/eye wash and shower stations (85.94%), and biosafety cabinet operations (89.06%). Moreover, other institutions presented a low compliance rate in decontamination and sterilization equipment (50.00%) (Figure 3B).
3.5 Analysis of non-compliance rates: across different institutions and for laboratories managed by these institutions in different administrative districts
The analysis of non-compliance rates across various institutions and administrative districts reveals high rates (≥10%) in specific areas. In Liandu district, the non-compliance rate is 13.46%, while in Longquan city, it is 11.54%. Furthermore, PHAs in Jinyun county show a rate of 15.38%, Jingning county has a rate of 11.54%, Longquan city again has 11.54%, and Suichang county has a rate of 13.46%. Additionally, HDOs in Suichang county and Yunhe county exhibit rates of 15.38% and 16.67%, respectively (Figure 4A). Based on non-compliance rates for laboratories managed by these institutions in different administrative districts, they demonstrated high non-compliance rates in other institutions in Liandu district (10.53%) (Figure 4B).
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This study presented the results of the biosafety quality control (QC) assessment in Lishui city from 2023 to 2024. In terms of the assessment indicators set up at the unit level, lower compliance rates were particularly evident in the development of system documentation (65.75%, 48/73) and biosafety labelling (52.05%, 38/73). This suggested that laboratory personnel lacked continuous training and failed to work in accordance with the latest national standards and codes. In addition, in low-resource biological laboratory environments, the availability of adequately trained and experienced laboratory personnel was limited, thereby reducing the level of laboratory biosafety management. Regarding the assessment indicators set up by individual laboratories, the combined pass rate for the 128 biosafety laboratories in Lishui city in terms of laboratory facilities and equipment (89.06%) was significantly lower than for the other assessment indicators. This reflected a lack of attention to this work by laboratory management, who failed to calibrate infrastructure and equipment in a timely manner, which increased the risk of damage. There also remained a risk that existing medical equipment might not comply with the latest biosafety standards (Siengsanan-Lamont et al., 2019).
Biosafety is one of the most important areas of concern in biomedical laboratories, and it has been reported that a risk-based approach to biosafety management can ensure the safety of laboratory personnel and the public by reducing the incidence of pathogen escapes (Kojima et al., 2018). A study revealed that 40% of instruments and equipment in hospitals in developing countries were inoperative due to a lack of timely calibration and maintenance (Trye et al., 2020). Unused medical equipment that contains dangerous and infectious pathogens poses a severe risk to both humans and the environment (Forti et al., 2020). Meanwhile, the existing medical equipment in some lower-middle-income or lower-income countries is far insufficient to meet their needs, and they continue to struggle to find adequate and appropriate instrumentation (Faust et al., 2020).
Notably, healthcare facilities in Yunhe county had significantly lower pass rates than other administrative districts for assessment indicators such as transportation packaging and handover protocols (50.00%), experimental waste packaging (50.00%), and storage (50.00%). This indicated that the specimen packaging system in Yunhe county urgently requires improvement. Biological specimens were vulnerable to external conditions, and factors like physical impact and prolonged transport time can significantly alter their structure and properties (Pillai and Raybould, 2023). Furthermore, inappropriate transport and storage conditions, such as extreme temperatures, may alter the inherent microbiota of specimens (Plebani, 2021).
In addition, PHAs (50.00%) and other institutions (33.33%) in Lishui city showed lower pass rates than HDOs (73.58%) for the assessment indicators in terms of system documentation. This revealed a lack of biosafety training for laboratory personnel. Several studies have emphasized the crucial role of biosafety training in improving understanding and application in laboratory settings (Back et al., 2022; Muneer et al., 2021). Other studies have similarly illustrated the significance of providing relevant training in the laboratory environment to raise awareness of biosafety and the importance of biosecurity measures (Butucel et al., 2022). Besides basic theoretical courses, practical sessions on specific themes can significantly enhance laboratory personnel’s learning in biosafety (Cruz et al., 2015).
To address these challenges, it was essential to enhance individual awareness of biosafety by quantifying the performance indicators of laboratory personnel in this area (Blatter et al., 2023). Additionally, biosafety could be promoted by identifying deficiencies in the existing biosafety system when resources are limited (Xue and Shang, 2022). The efficiency of departmental cooperation should be improved by introducing smart technologies to achieve seamless management and form action teams capable of rapid response (Peretti et al., 2022). While not all medical institutions in Lishui city were included, the study encompassed various institutions across the city’s nine counties and districts. This approach provides a more accurate representation of the overall laboratory capacity.
5 CONCLUSION
This study revealed deficiencies in the pathogenic microbiological laboratories in Lishui through analysis of data from the Zhejiang Provincial Online Laboratory Biosafety Supervision System. Future efforts should focus on strengthening laboratory personnel training and implementing biosafety management responsibilities to ensure safe and regulation-compliant operations in laboratories handling pathogenic microorganisms. Additionally, it is essential to enhance interdisciplinary cooperation and innovative strategies should be continuously explored to address the evolving biosafety challenges.
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